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Executive Summary
The Isles of Scilly Inshore fisheries and
Conservation Authority began a shellfish
monitoring project within the Isles of Scilly district
in 2013. This project aimed to study the
distribution, reproduction, movement and growth
patterns of two large decapod species; the
European Common Lobster H.gammarus and the
European Crawfish Palinurus elephas, both of
which are economically important marine
resources to the islands fishing industry. The
project, now in its third year, has gathered data on
almost 8,000 animals.
In 2014 the value of the lobster fishery of the Isles of Scilly was approximately £140,000 and the
crawfish fishery was £45,000 (MMO Landing records). Although more valuable per unit at market the
crawfish is far less abundant than the lobster within the Isles of Scilly district. Both species are
managed by national legislation but there is considerably more protection offered to the European
Lobster at a local scale. The Isles of Scilly has one of the few remaining fisheries for the crawfish, which
has been declining in abundance since the 1970s. In light of this, the Spiny Lobster was designated in
2013 as a feature of the islands’ MCZ and has been given a ‘recover to favourable condition’
conservation objective as part of scheme.
The results of this project show a sustainable level of exploitation for the local lobster populations.
Both male and female lobsters were sampled in equal proportions and of those sampled
approximately half were returned the fishery. A V-notching scheme is being used to protect the
reproductive output of this stock. However for the crawfish there was a notable imbalance in sex and
size distribution of the population. Over 70% of catches are removed from the fishery and over 80%
of ovigerous, or egg bearing, females caught were also removed.
Our dataset can now be used as a benchmark to assess the condition of both the lobster and crawfish
stocks and, hopefully, evidence the recovery of the crawfish towards a favourable status within the
district. Current management measures are unlikely to support the natural recovery of the crawfish
stocks; action should be taken to prevent further deterioration of populations within the district so
that the islands may continue to support a fishery for this species. Protection of berried females has
been shown to benefit the lobster stocks, therefore should be considered for crawfish. More work is
needed to assess whether the Scillonian stock is self-propagating or whether the reproductive output
of the area is being transported elsewhere during planktonic development. If so, management
measures will need to be wider ranging to influence the sustainability of the entire metapopulation,
however until more is known steps should be taken to increase the reproductive output of the local
population. Prohibiting the removal of berried females and/or raising the minimum landing size of all
individuals should be considered as steps to support the recovery of crawfish populations. As it is likely
that the stocks are linked between regions it would make sense to coordinate with neighbouring
districts e.g. Cornwall and Devon and Severn IFCAs.
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Introduction
The European lobster (Homarus gammarus; hereafter ‘lobster’) and the European spiny lobster
(Palinurus elephas; hereafter ‘crawfish’) are two large decapod crustacean species with natural
distributions encompassing the United Kingdom. Both are commercially important to the British
fishing industry, although a decline in population abundance of crawfish has led to very few targeted
fisheries for the species remaining in the UK. One stock of crawfish still being commercially exploited
is the Isles of Scilly (IOS) inshore fishery. Situated 28 miles from the most south-western extent of
mainland UK, the IOS consists of over 200 granite islands covering approximately 1600ha and are
renowned as a pristine coastal environment, important to many nationally rare, threatened or
vulnerable marine species and habitats. The IOS shellfish fleet consists of 23 day-boats operating from
the 5 inhabited islands; fishing is an important economic sector for the island communities and
provides a relatively high level of employment in comparison with the rest of the south west UK.
The Isles of Scilly Inshore Fisheries and Conservation Authority (IOSIFCA) is responsible for the
regulation and management of all fishing activities within the Isles of Scilly Inshore District (6nm
seaward from the baseline which the UK territorial waters are measured) which includes a European
Marine Site (EMS) and a Marine Conservation Zones (MCZ) made up of eleven sub-sites. Fisheries
within the district are regulated by management measures including local byelaws enforced by the
IOSIFCA. At present no commercial vessel exceeding 10 tonnes or 11m overall length may remove fish
of any species from the IOS district. The fishery for lobsters is regulated by a Minimum Landing Size
(MLS) of 90mm carapace length (CL) (local byelaw), and a voluntary ‘V-notching’ scheme for eggbearing (berried) females, both of which aim to support the reproductive output of the stock. The
process of V-notching is the removal of a triangular section from the tail fan of a berried lobster female
in order to mark the animal as one actively contributing to egg production (see Figure 1). Once
notched, these individuals cannot be landed or sold by law until the notch has grown out of the tail
fan. A V-notch typically last up to 3 moults, meaning notched individuals will be protected from landing
for at least 3 years, typically reproducing again during this time. Lobster stocks are also supplemented
annually within the IOS district through the release of approximately 2000 juveniles reared by the
National Lobster Hatchery. The crawfish fishery is regulated only by a national MLS of 95mm CL.

Figure 1.Female Lobsters with V-notch (circled).

7

Despite the commercial importance of both lobster and crawfish, there remains a considerable
knowledge deficit regarding the ecology of both species. Only limited research has been done into
either species within the UK and aside from the anecdotal knowledge of local fishermen, which is often
extensive, no tangible research has been carried out within the Isles of Scilly district that could be used
to inform evidence-based policy. Both species have complex life histories which are heavily influenced
by environmental factors, and are generally slow growing and long lived, making populations
vulnerable to over exploitation (Wahle 2003). Both lobsters and crawfish are opportunistic feeders,
probably adapting their diet as a function of local prey availability, so they fulfil an important ecological
role in maintaining a balance between benthic mollusc, echinoderm and crustacean communities. As
such, exploitation is expected to have ecosystem-level implications. Lobsters typically show high site
fidelity, so are conducive to management by spatial or temporal strategies. Both lobsters and crawfish
show a preference for complex rocky habitats which offer food sources and shelter, during adult
stages (Smith et al.2001, Goñi and Latrouite, 2005). Links have made between a variable carrying
capacity dependent on; habitat complexity, habitat roughness, near-bed current speed and the
dispersion range of lobsters (Howard and Nunny, 1983). Crawfish is similarly associated with complex
cobble and boulder habitats, with previous studies indicating high site fidelity (Goñi and Latrouite,
2005). Some authors (Mercer 1973; Ansell and Robb 1977; Goñi et al. 2001) have suggested a seasonal
inshore and offshore movement may occur in some size classes, associated with water temperature.
The scarcity and high market value of the species, crawfish in particular, may be the cause of reduced
sampling and experimental possibilities; the IOSIFCA has a unique opportunity to carry out noninvasive study of these animals whilst working alongside local fishermen.
An obvious decline in numbers of crawfish being landed in the UK since the 1960s (Hepper, 1971) led
to its designation as a priority species on the UK Biodiversity Action Plan (UK BAP). The UK BAP has
recently been replaced with the UK Post-2010 Biodiversity Framework, published in July 2012, which
describes crawfish as ‘not viable’, meaning without immediate and appropriate management
measures it’s population will continue to decline eventually leading to a complete absence of the
species in UK waters. The species is also a feature of the Isles of Scilly Marine Conservation Zone (MCZ),
one of the few features to have a ‘recover’ rather than ‘maintain’ objective, highlighting the
importance and need for research into crawfish populations around the islands. The collapse of
crawfish population abundance within the southwest can be attributed to a change in capture gear
from pots or traps to the use of tangle and trammel nets during the 1960s onwards (Hepper 1977),
which lie across the seabed and capture the animals as they move into them. Where traps only allow
individuals of a certain size to be caught, by permitting juveniles to escape and preventing large
animals from entering, nets show no such selectivity. Undersized individuals may still be caught via
nets and, although released back into the water, may be in a condition which heavily compromises
their short-term survival. Additionally, since clutch size increases with female body size, the removal
of very large individuals deprives the population of its most prodigious breeders, having a detrimental
effect on larval production and, presumably, future recruitment.
In an effort to understand these important shellfish stocks, and given the considerable data
deficiencies on lobster and crawfish within the Isles of Scilly, a capture-mark-recapture (CMR) tagging
program was developed and initiated by the IOSIFCA. CMR tagging methods are widely used to study
wild animal populations (Williams et al., 2002) since this methodology gives an insight into population
characteristics such as abundance and movement. This research will evidence the population statuses
and viability of current exploitation rates of lobster and crawfish stocks within the IOS. The project will
provide vital information for fisheries management of these species, including population
characteristics, movement, growth and recapture rate, in order to ensure that conservation
management strategies are best designed to safeguard them and the livelihoods their fisheries
support.
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The primary goal of this project is to begin to assess the sustainability of current levels of exploitation
to ensure that shellfish stocks are conserved effectively. There is a dearth of scientific data on lobster
and crawfish population biology at local and national scales, so ongoing data collection will help to
alleviate uncertainties in stock status and demography and inform management and policy.

This product has been derived in part from material obtained from the UK Hydrogaphic Office with the permission of the Controller of her Majesty’s Stationary Office and the UK Hydrographic Office
(www.ukho.gov.uk). © British Crown and Seazone Solution Ltd 2004. All rights reserved. Data Licence No. 122004. NOT TO BE USED FOR NAVIGATION

Figure 2.Location of the Isles of Scilly, also showing 6nm limit.
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Project Methodology
2.1 Data Collection
Data was collected on-board commercial vessels targeting lobsters, crawfish or both from May 2013
to December 2015. The opportunities for data collection were subject to the timing of the fishing
season (March to December) and the number of vessels fishing at any time; poor weather conditions
often prevented data collection. Thirteen vessels were used for on-board sampling throughout the
project, only four actively targeted crawfish using trammel or tangle nets however occasional a
crawfish would be caught in the pot of a vessel primarily targeting lobsters. Collecting data over this
extended period of time meant a higher volume of animals were tagged but also that periodic events
(e.g. spawning) and demographic processes (e.g. growth and survival) in lobster and crawfish ecology
would be detected via sampling and/or recaptures. As such, we hoped to pin point the timings of such
events and define population demographic structure within the Isles of Scilly district. The gear used
varied between vessels due to skipper preference but all gear was static and deployed at the seabed,
typically with two but occasionally up to five days between hauls.
As fishing gear was recovered, all captured individuals of both species were measured and sexed, and
the overall condition of the animal noted. Individuals under the MLS, V-notched, ovigerous (eggbearing) or unmarketable were tagged before being returned to the sea; as there is no legislation
prohibiting the sale of ovigerous females the return of these animals to the sea was entirely at the
discretion of the fishermen . The data collected on each individual consisted of: date and GPS location
of capture and or release; species; carapace length (CL); sex; presence and colour of eggs (lobsters
only as the colour of crawfish eggs does not vary during incubation); any absence of limbs particularly
claws; presence of ‘V-notch’, and; the number of tag inserted, if applicable. Sex was determined by
inspection of the first pair of pleopods in lobsters, for crawfish and by the pleopod morphology and
the presence or absence of male genital openings (MGO; Figure 3). CL length was measured using
vernier callipers, for lobsters measurements were taken from the back of the eye socket to the
posterior margin of the carapace parallel to the midline and for the crawfish measurements were
taken from the tip of the inter-orbital spine to the posterior margin of the carapace, again parallel to
the midline (Figure 4C, D). The colour of the eggs was recorded as this indicates the stage of embryonic
development for lobsters; newly extruded eggs are a green colour which progresses to black and then
red, and the embryonic eye becomes increasingly visible throughout the incubation period
(Charmantier and Mounet-Guillaume, 1992). Damage to individuals was described as one of the
following categories; ‘Crippled’-one damaged claw, ‘No Claw’- both claws damaged or missing,
‘Antenna’, Legs’ and ’Other’.
The location of capture and release was recorded using hand held GPS; animals were released as soon
as possible after tagging to return individuals as close as possible to the site of capture to ensure
natural dispersal patterns are maintained. The tags used were Floy TagTM polythene streamer tags
(100mm x 3mm) which read ‘IOSIFCA’ and were numbered consecutively from 0001 upwards. These
tags were inserted dorsally using a needle into soft tissues visible between the end of the carapace
and the first or second tail segment, with the needle subsequently discarded to leave the two ends of
the tag visible (Figure 4A,B). Animals were placed into a container of seawater following tagging to aid
the wound to seal faster and allow recovery from any shock, before the animal was then released.
Figure 1 shows examples of inserted tags. Prior to the beginning of the study in 2013, individuals of
both species had been tagged and held for observation to confirm that the tagging process did not
result in mortality. Fishermen were rewarded for returning recaptured tag data with monetary
incentives (£2/tag) and raffle prizes kindly donated by local companies. Data required from fishermen
included the date of and location recapture, tag number and size of individual. Following the collection
of data from recaptured animals, they were then either re-released or landed if they were viable in
accordance with local bylaws.
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Figure3. Dorsal view of the external morphology of both species’ male and female. Berried and Vnotched female (A) and male lobster (B); note the differing morphology of the first pleopod pair.
Female (C) and male crawfish (D); pleopods vary obviously in morphology and the presence of MGO.
During 2015, sixteen data storage tags (DSTs) were donated by the Marine Biological Association
(MBA) to supplement the information gathered on the crawfish species. These archival tags were
programmed to record the temperature and pressure of the surrounding water column at specific
time intervals. The tags were attached using veterinarian grade glue to the carapace of crawfish which
were newly moulted (as indicated by an exoskeleton free from encrusting organisms) (Figure5). The
size of DST-tagged animals ranged from 96 to 160mm CL, and these animals were also tagged with
numbered streamer tags before release. DST retrieval required recapture of the animal prior to its
next moult, as the DSTs would be discarded with the replaced carapace during this process. The data
from animal-fixed DSTs was calibrated via a stationary DST placed on the seabed within the islands to
assess the movements of crawfish, both spatially and temporally, at a much finer scale than that of
the streamer tags.
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Figure 4.Examples of a lobster (A) and a crawfish (B) tagged using blue Floy TagsTM
and measuring techniques for both species (C & D).

2.2 Data Analysis
Data collected from merchant’s premises is representative of the landed catch rather than the wild
population, so this data has been removed from some aspects of analysis to prevent bias. Similarly,
data on the oversize crawfish that were purchased directly from fishermen and tagged and released,
in an attempt to improve the recapture rate of this species, has been included in analysis as the
landable proportion of the catch.
The size composition of the catch of both species was analysed by size groups which increased from
the smallest recorded animal in increments of 5mm. Male, female and berried female size distribution
was analysed separately for comparison. Statistical analysis was used to determine the strength and
significance of correlations present within the data in the analytical package IBM SPSS (version 23).
For certain months the size of samples was <30 individuals and therefore excluded from analysis.
Significance was based on p values <0.05. GPS coordinates were used to calculate the distance
travelled and time between release and recapture, referred to as time at large (DAL) and recorded in
days. Growth increments were calculated as the difference in CL between that originally recorded and
that recorded at subsequent recapture(s). Where this incremental value was negative it was clearly a
result of differences/error between measurements of an animal that had not moulted, so this value
was converted to zero. Only data returns with complete GPS locations and measurements were
included in the analysis of relationships between growth, distance travelled and time at large (DAL).
MapInfo, a GIS package, was used to display the distribution and density of animals within the IOS
district.
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To date no DSTs have been recovered from tagged crawfish. With work of this nature there is a risk
that DSTs will be dislodged or lost due to moulting before they can be retrieved. However, there is
also a possibility that tagged individuals may be recaptured within the district, or elsewhere, during
the fishing season of 2016.

Figure 5.Crawfish with data storage tag (DST) attached to the lower area of the
carapace. Copyright Tim Allsop.
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Results
3.1 Data Availability
A total of 7970 animals were sampled throughout the three year project; 7225 lobsters and 745
crawfish (Appendix 1). The high proportion of lobsters sampled was due to comparatively high catch
rate relative to crawfish. The data returned on recaptured individuals was occasionally incomplete
(e.g. missing GPS coordinates or accurate size measurements) and therefore could not be used in all
aspects of analysis.
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Over the course of the project, public engagement with fishers increased awareness of the research
which enhanced the data reporting. Throughout 2014 and 2015, many volunteers worked on the
project, which also added to the volume of data generated.
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Figure 6.The lobster (A) and crawfish (B) sampled each month as a percentage of the total animals
sampled from 2013-2015. The sampling effort shown is the number of days spent on-board
commercial vessels each month relative to the total number of days spent sampling throughout the
project.
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3.2 Results - Lobster
3.2.1 Population Characteristics- Lobster
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Figure 7.Size distribution of all male and all female individuals of lobsters sampled to date (2013,
2014 and 2015). MLS indicated by dashed red line.
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The lobsters sampled constituted almost equal proportions of males and females, 3664 and 3561
individuals respectively, and 50% of the lobsters caught were landed (Figure 8). The CL of the sample
was between 35 and 170mm (mean CL= 91.65mm ± 0.16SE). A significant difference was found
between the mean CL of males and females (t (7221) = -2.292, p = 0.022), with females (92.04mm
±0.23SE) being larger on average than males (91.3mm ±0.24SE) (Figure 10). Univariate analysis was
used to determine a significant difference between lobster CL across the three years of sampling
(Figure 9, F (2) = 30.11, p=0.001). Post hoc analysis showed that the CL from 2014 (92.3 ± 0.26 SE, p=
0.001) and 2015 (90.5 ±0.46SE, p= 0.001) were significantly lower than 2013 (94.4 ±0.23SE) and that
variance was also significant between these two years (p=0.001). The 2013 sample showed a higher
proportion of females and berried females than the following two years but the sample was mostly
taken from the beginning of the fishing season (May to June), as this is when the initial pilot study
began. 2014 and 2015 had larger sample sizes (2776 and 3621 respectively) show a more even
distribution of males and females.
Female
Returned
(Tagged)
24%

Male Landed
25%

Male Returned
(Tagged)
26%

Female Landed
25%

Figure 8.The catch composition of the total lobster sample; the population was evenly distributed
between males and females and by the individuals landed or returned (most of which would have also
been tagged).
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Figure 9.The mean CL +/- SE of lobsters for the three years sampled. CL decreases significantly
throughout sampling period, n= sample size for each year.
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Figure 10.Lobster population characteristics from the total sample. Data shows mean CL ±SE for all
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Throughout the fishing season the mean CL of male and female lobsters fluctuated around the 90mm
ML (Figure 11). ANOVA showed a statistically non-significant result for the variation in CL between
months (F(5)=4.717, p=0.057) however this should be interpreted with caution as a significant
difference between CL was found when comparing males and females for each month (F(5)=4.794,
p=0.001) and post hoc analysis showed distinct variations between the months. May (mean=87.4 ±
0.6SE, n= 471) was significantly different to April (92.5 ± 0.9SE, n= 239, p=0.001), June (92.1 ± 0.3SE,
n=2269 p= 0.001) July (90.5 ± 0.3SE, n=1825 , p=0.001 ), August (90.2 ± 0.5SE, n = 841 ,p =0.008 ) and
September (94.2 ± 0.34SE, n=1553, p=0.001). June and September had larger sample sizes and CL for
these months was significantly large than all months except April (June; July (p=0.007), August
(p=0.015) and September (p=0.001)), (September; July (P=0.001), August (p=0.001)). July and august
did not vary significantly (Figure 11). A t-test showed that, for May, females (89.8 ± 0.9SE) were larger
than males (85.2 ± 0.7SE, t(469)=3.87, p=0.001), the same result was found for August (female mean
CL=92.0 ±0.7SE, Male = 88.6 ± 0.7SE, t(839)=3.56, p= 0.001).
3.2.2. Reproduction - Lobster
In total throughout all years, 213 berried individuals were sampled. These females were caught
between April and December with the majority sampled between May, June and July (Figure 13). The
mean CL of berried individuals was 105.57mm (Figure 10) with a range of 79-159mm. Only 10.6% of
berried individuals (n = 23) were caught under the MLS. However, 105 berried females were returned
to the sea, of which 63 were V-notched before they were returned. Among non- berried females, 72
were captured with previously V-notched tails and therefore also returned (Figure 12). As expected,
the mean CL of berried individuals (105.5mm ± 0.95SE, n= 213) (and hence those with V-notches (111.1
± 1.6SE, n=135)) was larger than non-berried females (91.2 ±0.2SE, n=3347, t(3558)=-15.231, p=0.001)
(Figure 10).
Figure 13 shows the average percentage of berried females caught in relation to total number of
females sampled throughout the project. A slight increase is noticeable for the months of May and
June, followed by a decline in the abundance of berried females in catches until September. Females
were caught with eggs in various stages of development, as evidenced by egg colour which ranged
from green to black and red. The majority of berried females caught (129 individuals) were carrying
black eggs (indicative of undeveloped embryos).Red eggs (indicative of developed embryos) were less
common (28 individuals), and only two berried individuals were recorded as having green coloured
eggs (indicative of freshly laid eggs). No obvious seasonal pattern or change was found in the colour
of eggs recorded, black remained the dominant egg colour in catches throughout the fishing season.
Berried
returned and
V-notched
29%

Berried
landed
51%

Berried
returned
20%

Figure 12 The proportion of all berried females that are landed or returned and the relative percentage
of those which are returned to the sea with a V-notch.
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Figure 13.The percentage of female lobster sampled each month that were berried.

3.2.3 Damaged individuals - Lobster
Damaged individuals were found in samples throughout the fishing season. The amount or severity of
damage to the individual did not depend on lobster size or sex, with approximately 3.9% of damaged
individuals recorded in samples of both males and females (Appendix Table 1). Individuals exhibiting
damage ranged in size between 58-159mm CL and were usually returned to the sea due to their low
market value. The mean CL of damaged individuals (86.1 ± 0.78SE, n=284) was smaller than that of
non-damaged lobsters (91.9 ± 0.17SE, n=6941, t(7225)=6.681, p=0.015, Figure10).
Crippled animals were most common, closely followed by animals with both claws missing or damaged
beyond (No Claw). Animals that had begun to re-grow lost claws were also recorded and were the
third most common amongst damaged individuals. Small proportions of catches sampled showed
damage to legs, antennae or other areas of the body such as the rostrum or tail. Only one female was
recorded with a soft exoskeleton, indicating that moulting had recently taken place. For both male
and female lobsters <10% of the animals sample were damaged per month (Figure 14). A t-test
showed no significant differences between the mean CL of damaged males (86.9 ± 1.0SE, n=142) and
females (85.4 ±1.2SE, n=142, t(282)=0.983, p= 0.327). Univariate analysis showed that the number of
damaged individuals did not vary significantly between months (Figure 14) for either males (F(5)=0.3,
p=0.912) or females (F(7)=0.67, p= 0.697).
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Figure 14.The percentage of individuals that were damaged each month for male (A) and female (B)
lobsters and the mean CL ±SE of damaged and non-damaged individuals.
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3.3.4 Distribution - Lobster

Figure 15 shows the location of lobsters sampled throughout the project. Distribution of fishing
effort was spread between habitats of approximately 10-80m depth within the Isles of Scilly district,
across a variety of structurally complex habitat types. The data provides only a rough estimate of
Catch per unit effort as vessel and gear size varied between areas, without further data on fishing
effort the confidence in CPUE is low. An absence of fishing effort can be seen in the shallow area
between the main inhabited islands due to the difficulty in accessing shallow water depths with
fishing vessels and the inappropriate habitat types.
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Figure 15.Distribution of lobster
catches within the Isles of Scilly
district. X indicates an area of little or
no fishing activity targeting lobsters.

X
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3.3.5 Capture-Mark-Recapture data - Lobster

Approximately 14% of lobsters tagged and released were recaptured within the time frame of the
project. Several animals were repeatedly recaptured and released (e.g. up to four times) within the
same area. The number of recaptures recorded corresponds to fishing effort and was therefore higher
during the summer months (Figure 6A). Recaptures of males were reported more frequently than
females (Table 1).
Table 1.Number of lobsters recaptured throughout the project, several individuals were recaptured
more than once.
Recap Number

Males

Females

Total

1st
2nd

253 (13.5% of males 179 (10% of females 432 (11.8% of all
tagged)
tagged)
tagged)
44 (2.3%)
26 (1.5%)
70 (1.9%)

3rd

9 (0.5%)

5 (0.2%)

14 (0.4%)

4th

1 (0.05%)

0

1 (0.03%)

Days at liberty - 302 male lobsters and 208 female lobsters were recaptured and reported with
accurate dates of initial capture and recapture. Days at liberty (DAL) ranged from 1-797 days, with an
average of 145.98 days. DAL may have been influenced by the fisheries voluntary closed period
between December and March wherein no data collection took place. The initial size class of
recaptured lobster was not relevant to DAL between captures (ANOVA, F(3)=0.233, p=0.873).
Table 2.Movement and time between recaptures of all tagged lobsters recaptured between 20132015.
Distance (m)
<500m

All recaptures

Time between recaptures for both males and females

Males Females 0-1/2Yr

1

1-2Yr

2-3Yr

188

78

15

1

117

212

/2 -1Yr

Total
306

500-1000

25

15

27

10

3

0
40

>1000m

81

65

83

49

12

3
147

Total recaptures 294

197

322

137

30

4

Movement – 491 recaptures provided location data of sufficient accuracy to be included in analysis.
The range of distance travelled (distance between capture locations) by individuals within the Isles of
Scilly district was 0-14.2km, although three individuals were recaptured by Cornish commercial fishing
vessels a considerable distance outside the district (see section on Individual cases of interest). No
significant difference was found between sexes in the distance travelled between recapture (MannWhitney U=28638, p = 0.561) and there was little correlation between DAL and distance moved (males
R2= 0.023; females R2= 0.011, All R2=0.0093) Table 2 shows the number of recaptures to have moved
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less than 500m, between 500-1000m and over 1000m from the place of release. The majority of
lobsters showed high site fidelity, typically being recaptured less than 500m from release point, even
up to 2-3 years after release. More animals were recaptured over 1000m away from release location
than were in the intermediate group of 500-1000m from release location, a pattern shown by both
males and females. No net direction of movement was detected at any point in the season, indicating
a lack of seasonal migration. Distance travelled before recapture was found to be independent of size
for both sexes (F(4)= 0.511, p=0.728).
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Figure16.The mean ±SE percentage growth increment per moult for the different size classes of
lobsters.
Growth-For the analysis of growth, data from 472 individuals was collected with complete
measurement of CL at both point of release and recapture. Recaptured animals ranged from 64103mm CL for males and 68-128mm CL for females. Some animals had not moulted/grown, while the
maximum growth reported was an increase of 46.9% from the carapace measured at initial point of
capture. A Mann-Whitney analysis showed that the mean growth per DAL did not vary significantly
between recaptured males and females (U=26831, p = 0.845), but correlation between growth and
DAL was markedly higher for males (R2=0.658) than for females (R2=0.342). When separated into size
classes (Figure 16), animals showed a significant decrease in percentage growth increment with
increasing size (F(3)=25.181, p=0.001), however the small sample sizes for the 60-69 and 90-99 classes
indicates a need for caution when considering this result. Unfortunately as animals reached the MLS
they were usually removed from the fishery therefore growth data on size classes above 90mm CL is
scarce in comparison to smaller classes. The growth of berried and damaged individuals was lower
than that of other lobsters although the sample size of these groups was too small to draw accurate
conclusions. Although several berried females were tagged, fishermen often preferred to release
these individuals with a v-notch rather than a tag as the tagging process was perceived to dislodge
eggs on very large females. Several recaptured V-notched females were recorded and although this
evidences that a v-notch can be retained for up to 311 days (longest DAL for a recaptured V-notched
female), a longer time frame (>3 years) would be needed to assess the rate at which a V-notch is lost
through moult and growth.
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Individual cases of interestThe individual identified by tag number 2490 was the only lobster to be recaptured four times,
(approximate distance and trajectory represented by a red square in Figure 18). Originally tagged and
released on the 14/04/2015, this individual was caught again twice in the following month less than
500m from release location, and then again in the subsequent June and August almost 7km away.
Growth data showed that this individual increased in size by 3mm CL on two occasions, although such
a small growth increment is likely an error in measurement and/or recording (Table 3).
Table 3.The date of recaptures, distance from previous capture, DAL and CL at recapture of lobster
tagged 2490.
Recapture
1st (22/05/2015)
2nd (29/05/2015)
3rd (25/06/2015)
4th (01/08/2015)

Distance from
previous capture (km)
0.22
0.06
6.96
6.99

Days at liberty

CL (mm)

38
7
27
37

3
0
3
0

Three lobsters were recaptured outside the Isles of Scilly district; all three had travelled considerable
distance from release location along either the north or south coast of Cornwall (Table 4).
Table 4.Details of the three recaptured lobsters reported outside the Isles of Scilly district.
Tag Number

Sex

1507
2550
2197

F
M
F

Distance from previous
capture (km)
152.79 Port Isaac
79.00 Mullion
53.06 Lands End

DAL

Initial CL

Recaptured CL

384
86
58

79
87
81

90
87
81
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Figure 17.An example of nine
individuals who were recaptured
at least three times after release.
Each individual is represented by
a different symbol.
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3.3 Results- Crawfish
3.3.1 Population Characteristics- Crawfish
Crawfish were far less abundant within catch samples than lobsters. Of the catch sampled on-board,
males ranged from 75- 152mm CL and females from 75-149mm CL (Figure 18). Unlike lobsters the
catch composition of crawfish was not evenly divided between males and females nor was there a
balanced between oversize and undersize individuals (Figure 19). The ratio of males to females was
approximately 2:1 and 70% of all animals caught were landed.
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Figure 18. The distribution of carapace length within the crawfish population sampled on board
vessels for 2014 and 2015. MLS indicated by dashed red line.
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Figure 19.The catch composition of crawfish.
Mean CL of the whole sample was 109.6mm ±0.8SE (Figure 20); both males and females showed a
mean CL over that of the MLS. Females (M=112.1mm ± 1.5SE, n=163) were larger than males (108.4
±0.9SE, n= 343) however the variation was slight (Figure 20, Mann-Whitney U=24929, p=0.49).
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Figure 20.Population characteristics of crawfish sample, data shows mean CL (mm) ± standard error
for all males, all females, berried females, damaged individuals and the total sample
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Figure 21.The variation in mean CL of crawfish from June to October.
Seasonal variation in the size structure of crawfish catches was assessed to determine whether the
most abundant size class varies throughout the fishing season.
3.3.2 Reproduction - Crawfish

All berried individuals sampled were over the MLS and ranged between 100-144mm CL with the mean
CL being 121mm±2.5SE (Figure 21), the CL of berried and non-berried (111.6 ±1.5SE, n= 140)
individuals did differ significantly (t(177)=2.282, p=0.024) however this result should be interpreted
with caution as the sample size of berried females was only 23. The majority of berried females were
caught during September (16) and October (5) and over 70% were landed. The colouring of crawfish
eggs was recorded as orange for all berried females sampled and is not known to vary during
development as those of lobsters do.

3.3.3 Damaged Individuals - Crawfish
Thirty nine damaged individuals were recorded through on-board sampling ranging in size from 79mm
CL to 152mm CL, 22 of which were male and 17 female. Damage to antennas was the most prevalent
comprising over half of all damaged individuals, Crippled and No Claw individuals were the second
most common equalling a quarter, other damage was to the legs or spines of the animals. Five newly
moult females were caught and recorded as ‘soft’. Damaged individuals were sampled from July to
October and the mean CL of damaged individuals (110.3 ±2.5SE, n=39) was not distinct from that of
undamaged individuals (109.6 ±0.9SE, n=462, Mann-Whitney U=9376, p=0.672) although monthly
samples were too small to show any significant variation in CL or abundance.
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3.3.5 Distribution - Crawfish
The distribution of crawfish catches within the Isles of Scilly district are shown in Figure 22, this
information shows the number of animals caught per visit to the area that was sampled as part of the
project and should not be taken as Catch per unit effort data. Crawfish were caught between depths
of 20m to 90m within complex habitats of mixed sediment and rocky reefs. The distribution of crawfish
catches is notably more confined to the south-western area of the district than that of the lobster
which ranges throughout district without noticeable bias (Figure 15).
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Figure 22.Distribution of crawfish
within the Isles of Scilly district
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3.3.6 CMR Data- Crawfish
Only one recapture was reported for crawfish during the project, equating to a recapture rate of <1%.
The recaptured individual had travelled 8.68km from the point at which it was originally tagged and
released over a period of 348 days (Figure 23). The individual, tagged with number 1243, was male
and had increased in size from 98 to 108mm CL.

Figure 23.Trajectory and distance moved by crawfish 1243 shown from initial capture (green dot) and
recapture location (red dot).
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Discussion
Data Availability- The data commonly available to assess the state of exploited populations of
shellfish is often derived only from the proportion that are landed and removed from the fishery, so
there is a dearth of information on the dynamics of the population as a whole, and particularly on prerecruits. By collecting data on-board commercial vessels the IOSIFCA has, for the first time within the
IOS district, been able to gain a far more comprehensive view of the populations of lobsters and
crawfish that includes those individuals under the MLS. This method of data collection has the
advantage that the population may be sampled in areas of the bathymetric range that are inaccessible
to in situ sampling methods (e.g. SCUBA), although data is inevitably influenced by the methods
employed by the fishing industry. For example, the data on geographical distribution of the two
species will actually be the location of fishing effort. Although this is expected to reflect the natural
dispersal of the animals (since fishers exert effort where they expect to catch them), the spatial
pattern of fishing effort is also influenced by factors such as bottom topography (e.g. where gear can
be deployed and retained most easily). Secondly the size of the animals sampled is subject to the
selectivity of the gear used to target the species; lobsters are mainly targeted using pots which exclude
the very smallest and largest members of the population due to the size of entrance points. In contrast,
tangle or trammel nets are the primary means of targeting crawfish and are by design nondiscriminate in the size of animals they catch. Landable (>MLS) individuals are usually removed from
the fishery when caught therefore data on growth and movement was typically confined to smaller
animals that could be tagged before being returned to the sea as usual.
Judged via the number of samples recorded, the catch rate for lobsters corresponded to fishing effort
throughout the season in all years, whereas crawfish catch peaked in late summer and autumn despite
fishing effort actually declining. It is well documented in other Atlantic populations of crawfish that
they undertake an onshore migration in the spring (Mercer, 1973; Ansell & Robb, 1977), mate
between June and October (Goñi and Latrouite 2005), and move offshore again in late autumn having
spawned. Our findings concur with these previous studies, although some local fishermen also believe
that a portion of the local crawfish population, which they refer to as ‘Homers’, remains resident
within the district all year round. Unfortunately this study has not yielded data to corroborate the
scientific merit of this theory.
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Population Characteristics- There was very little annual variation in the size distribution of
lobster catches, with approximately equal numbers of animals caught under and over the MLS, so that
the mean CL remained just above the MLS (Table1). This balance, and that found between males and
females, could be taken as an indication that the current level of exploitation is not disrupting the
natural dispersal of sex and size within the population. The presence of juveniles within samples
indicates successful recruitment to the population. Within the district there is a voluntary practice of
returning ovigerous or berried female European lobsters to the sea: our findings show that almost half
these individuals are returned and of these lobsters, over half are also protected from removal in
future years by the practice of V-notching. Fecundity of lobsters increases with body size (LizárragaCubedo et al.2003, Tully et al. 2001, Agnalt et al. 2007, Agnalt 2008, Ellis et al.2015) therefore
preference for the protection of larger females through the V-notching scheme provides a twofold
benefit by not only protecting reproducing females but also the more fecund of those females.
However, mating is likely to be more successful with females and males of a similar body size (Gosselin
et al. 2003) therefore the protection of larger males, as is afforded through the current fishing method
employed, is also important in maintaining a high reproductive output.

Approximately 70% of crawfish were over the MLS and there was a strongly skewed sex ratio, with
two thirds of both undersize and oversize individuals being male. Unlike lobsters, the size distribution
of crawfish did not peak around the MLS but actually showed a decrease at 95mm which could indicate
variations in catchability (Goñi et al. 2003) or annual recruitment strength. The sample size of crawfish
was <10% that of the lobster and the range in CL was smaller, despite less selective gear being used
to target the species. The low numbers of juvenile (<MLS) crawfish present in catches could indicate
a lack of recruitment to the population, although it is unclear if and how individuals <95mm use the
habitat within the district. When considering the gear used to target crawfish it can be assumed that
the population sampled is not being abridged by gear selectivity, as it is for lobsters, although cryptic
behaviour of sub-adults is known in other spiny lobster species (e.g. Panulirus guttatus; BrionesFourzan et al., 2015). During moulting an individual’s foraging activity, and therefore catchability, will
be reduced (Ziegler et al., 2004). The bias towards males in the catches could be attributed to a
seasonal variation in the catchability of females. If crawfish are moving onshore into the district in
spring in order to mate, then catches of females would predictably be lower than males as females
undergo a moult during breeding. Catch rates of both males and females increased during the month
of September. 20% of females sampled during September were berried which equated to>90% of all
berried females sampled, agreeing with the work of Mercer (1973) and Hunter et al(1996) who found
that egg-laying, or oviposition, peaks in the Atlantic at this time. Unlike crawfish, berried lobsters were
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seen throughout the fishing season; showing an increased presence of berried females in spring prior
to egg release, a decline throughout the summer when mating takes place and an increased presence
of newly berried females in autumn (Agnalt et al. 2007).
Comparing this contemporary data on the Isles of Scilly crawfish stocks with the limited previous works
is difficult as different methodologies were employed by the authors. Previous works available include
that of Hepper (1971) on the pot fishery for crawfish in the Isles of Scilly during the 1960s and Hunter
et al. (1996) whose research encompassed the entire south west of England. These studies concerned
a much larger fishery for crawfish than that which remains today in the Isles of Scilly and report a
larger mean CL for males and females caught within the Isles of Scilly area, 147.13 and 121.03mm
respectively (Hepper, 1971) and a larger mean CL (135mm) and range (smallest individual recorded at
90mm CL) for berried females (Hunter et al. 1996) than seen in this study.
Damaged individuals were found in equal
proportions (<8%) within the samples of both
species and the sex of an individual had no
apparent influence on the occurrence of damage
for either species. Damage to lobsters was more
prevalent in smaller individuals presumably as a
consequence of their additional susceptibility to
injury during interactions with conspecifics
within pots, and/or the process of it being hauled
(Frusher and Hoenig, 2001). The damage to claws
seen in lobster is likely due to the species’
tendency towards aggressive interactions while
in confinement, either with conspecifics or other
species especially in pots where individuals may
be in closer proximity for longer than would occur
naturally. Damaged lobsters fetch a lower price
at market, but the majority of damage was
recorded in undersize individuals and those
above the MLS and damaged are usually returned
to the fishery voluntarily. A high survivability for
the discarded catch of the lobster species teamed
with its ability to regenerate limbs during moults
means that damage is unlikely to be a large
influencing factor in the sustainability of the stock at current levels. Crawfish are gregarious at certain
stages of their life cycle (Goñi and Latrouite, 2005) and aggressive behaviour to conspecifics is less
common than in lobsters. The antennas were the most commonly damaged area on crawfish;
although great care was often taken by fishermen retrieving crawfish when nets are hauled it is not
uncommon for the antennas to become tangled and snapped. Crawfish are not as resilient to damage
as lobsters and can readily bleed to death if damaged limbs are not removed at the joint. The survival
rate of damaged individuals that are returned to the sea is unknown, but is likely to be lower than that
of damaged lobsters.
Distribution- The marine environment surrounding the Isles of Scilly is composed of a variety
of habitat types, many of which are structurally complex enough to support an array of species. The
distribution of lobsters is widely spread across the district, encompassing all but the shallowest of
habitats. Spatial sampling effort was subject to the preference of the fishing industry and many of the
vessels used for sampling were small ‘day boats’ which could only travel limited distances from shore.
Our findings show that the lobsters utilises the shelter provided by the complex bottom topography
of the many granite islands, agreeing with the findings of Howard and Nunny (1983) that lobsters,
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especially smaller individuals, require the shelter of rocky outcrops to mitigate the effects of near-bed
currents. Crawfish use similar habitat types to lobsters (Goñi and Latrouite, 2005) however catches of
crawfish were mostly restricted to deeper, more exposed habitats in the south-west extent of the
islands, corresponding with the reports of Leslie and Shelmerdine (2012) that found crawfish show a
preference for areas of reef with crevices, strong currents and steep topography. It is possible that
overlap in distribution with lobsters and resultant competition for resources and ecological niches
means that crawfish are displaced and prevented from settling by the more abundant lobster
population. Unfortunately no historical data is available on the extent of crawfish within the district
prior to its decline with which to assess the changes, if any, in geographical distribution. Of the eleven
MCZs designated within the IOS District, nine have crawfish classified as a FOCI (Feature of
Conservation Interest). At the time of designation Natural England’s confidence in the presence and
extent of spiny lobsters within the Isles of Scilly MCZ was considered Moderate for the following subsites; Bishop to Crim, Bristows to the Stones, Gilstone to Gorregan, Men a Vaur to White Island,
Peninnis to Dry Ledge and Smith Sound Tide Swept Channel, and High for the remaining sub-sites;
Hanjague to Deep Ledge , Lower ridge to Innisvouls and Plympton to Spanish Ledge (Natural England,
2013, See Appendix 2).The data collected in this study supplements that currently available on the
abundance and demographic status of crawfish confirming the presence of this species within the
Bishop to Crim and Gilstone to Gorregan MCZ sub-sites (See Appendix 2).
CMR data-Recaptured lobsters were far more abundant than crawfish and poor return rates
of recapture data has been attributed to a combination of low occurrence of crawfish <MLS and
sparse distribution of the crawfish species in general. Stakeholder involvement has increased as the
project progressed to now include all / most of the fishers targeting crawfish, so a lack of reporting is
unlikely to be a contributory factor. Results of the CMR program showed interesting variation in the
movement patterns of undersize lobster. The majority of lobsters had travelled < 500m from previous
capture location agreeing with the findings of previous authors (Linnane et al. 2005, Moland et al.,
2005, Agnalt et al.,2007) that lobsters exhibit high site fidelity. Linnane et al.(2005) reports that
lobsters usually inhabit a ‘home range’ of up to 2km2 containing suitable shelter. Skerritt et al. (2015)
recent work with acoustic telemetry corroborates these findings and shows a reduced home range
during winter months. Although it is highly likely that these ranges overlap the territoriality of this
species and high densities of lobsters within the district may explain why certain individuals travelled
much larger distances potentially in search of suitable size-specific shelter, although movements may
also be motivated by periodic dispersal to forage or breed. Those larger movements recorded both
within the district and outside appear to be comparable to the nomadic behaviour of the southern
rock lobster, Jasus edwardsii (Linnane et al., 2005) and the larger migrations (798km) of Homarus
americanus seen by Campbell and Stasko (1986). Nomadic movement is usually demonstrated by
immature individuals in areas of high population density where competition for food and shelter is
most intense (Linnane et al., 2005). The majority of recaptures were of individuals between 80-100mm
and demonstrated site fidelity, so it seems likely that adult lobsters typically remain resident in a single
area until pressured to disperse in order to shift or expand their home range. It is evident from this
study that lobsters show predominantly resident behaviour, throughout the months of March to
December at least, but also that some transient individuals undertake extensive migration. Although
no data was collected during the winter months, the activity of lobsters is linked via metabolic rate to
temperature and greatly reduces during this time (Moland et al., 2011). As such, the existence of any
migratory behaviours during winter that would have been missed by this study are highly unlikely.
With regards to management, the fact that a large proportion of the H.gammarus stock remains
resident within the Isles of Scilly district suggests spatially limited legislation can be more effective in
achieving conservation aims than would be the case for highly mobile species.
The time between recaptures is likely to be a function of movement and fishing effort; animals
remaining in a small area that is regularly fished have a higher probability of being sampled however
individuals who travel beyond these areas, potentially to seek out resources exhausted due to over
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population (e.g. shelter), will be sampled less often. Further work with acoustic telemetry or the
recovery of the archival tags deployed earlier this year may provide a better insight into the fine scale
movement patterns of the two decapod species within the district. Growth rates of the lobsters
followed the same trend as has been widely reported (e.g. Sheeny et al., 1999) where moult
increments decrease with increasing size, for which CL has been used as a proxy. The regeneration of
damaged limbs can negatively impact the growth increment of lobster but the presence of individuals
with new limbs (most commonly claws) showed that many lobsters do recovery from considerable
damage. The growth of recaptured male lobsters was shown to correlate more closely to days at
liberty whereas that of females did not indicating a more regular moult pattern is present. As females
generally moult in order to reproduce and were recorded as ovigerous throughout the fishing season
it is possible that the inter-moult period varies more widely than that of males.
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Recommendations
European Lobster - H.gammarus
European lobsters within the Isles of Scilly district are currently exploited at what appears to be a
sustainable level. Several factors including: the selectivity of fishing gear; an increased MLS; voluntary
protection of ovigerous females through V-notching, and; hatchery restocking are likely to be
contributing to the general abundance of the species and protection of reproductive output.
Monitoring should continue to ensure the continued favourable condition of the fishery. Data
collected to date should be annually updated to preserve its integrity and usefulness as a monitoring
tool and elucidate any longer-term trends. As a consideration to protect undersize lobsters from
damage due to interactions within pots, escape gaps could be introduced that are of adequate size to
allow individuals <MLS to leave the pot whilst still retaining those animals of legal size.
Spiny Lobster/Crawfish - P.elephas
The decline seen in crawfish landings around the Isles of Scilly has been noted elsewhere (e.g. Leslie
and Shelmerdine 2012) and is primarily attributed to a change in fishing methods, including the
introduction of nets and hand removal by divers. The Isles of Scilly now possesses one of the last
remaining fisheries to regularly encounter crawfish. Many regulatory bodies have taken steps to
support the restoration of crawfish stocks, although present legislation governing the IOSIFCA district
is limited to a national MLS only. Options for further management to try and safeguard crawfish in the
IOS District include;
-

Increase to the MLS and/or the introduction of a maximum landing size.
Prohibition of the removal of ovigerous females.
Voluntary scheme similar to V-notching.
Introduction of areas closed to fishing within existing MPAs.
Introduction of mandatory closed seasons.
Prohibition of tangle and trammel nets.
Complete closure of the crawfish fishery.

The potential implication of these various regulations, and their strengths and weaknesses, are
discussed below.
Increase in the MLS–A higher MLS would give individuals
greater opportunities to reproduce before being removed
from the fishery. For example, if the MLS was increased to
110mm, as it is throughout the inshore districts of Cornwall,
Devon and Severn IFCA and the entire territorial waters of
France, then both males and females would be afforded at
least one more moult period (approximately one year) in the
fishery before removal. Figure 24 shows how the catch
composition of the crawfish sampled through the project
would have looked if the current MLS was 110mm CL rather
than 95mm. The predicted catch shows a greater balance
between landed and returned portions of the population. A
phased approach to any increase would reduce the socioeconomic impacts upon the local fishing industry, for the
case mentioned above the increase could be implemented
over three years, with a 5mm increase each year.
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Figure 24.Catch composition of crawfish sample based on a MLS of 110mm CL.
Prohibition of the removal of ovigerous females- At present only a small proportion of ovigerous
crawfish is returned to the sea, however a prohibition on landing ovigerous females would
immediately increase the reproductive output of the population. According to previous works
(Mercer, 1973; Hunter, 1999) crawfish egg incubation lasts from 6-10 months, meaning that both
mating and egg release takes place inshore and therefore within the Isles of Scilly district, making the
protection of ovigerous females crucial in the preservation of the population. Ovigerous females made
up approximately 3% of the crawfish sampled, although a more exact figure should be confirmed
through further investigation. A ban would result in a loss of income however this is comparatively
minor when considering the long term benefits of increased reproductive output.
Voluntary scheme similar to V-notching -Voluntary protection of reproductive output, such as the Vnotching of lobsters, is popular with fishermen and has proved successful. These measures are
preferable as they promote an amicable working relationship between regulating bodies and
stakeholders. However in the case of crawfish there is no current procedure for marking individuals in
a similar manner as performed by a V-notch in lobsters. The tail fans of crawfish are not sclerotized
(shelled) as occurs in lobsters, and are often mutilated through natural causes and capture processes,
so any tail-based notches would be difficult to distinguish from such damage. It has also been found
that, under certain conditions, V-notching can reduce the survival of crawfish (Mallol et al. 2014).
Introduction of areas closed to fishing within existing MPAs -The already designated MCZs provide
the opportunity to close specific areas to the crawfish fishery that have been deemed as important
for the species. However a thorough investigation into the actual use of these habitats by the crawfish
population, the volume of the fishing activity that takes places within these areas and the impact that
displacement of fishing effort would have is needed to assess the impacts and likely success of a
closure.
Introduction of mandatory closed seasons –For a closed season to have an adequate positive effect
on the restoration of the crawfish population it would have to cover a vital point of the crawfish life
cycle, for example breeding or a time during which fishing activity is high. There is a school of thought
amongst the industry that the exposed nature of the Isles of Scilly district means the fishery is
regulated greatly by weather and sea conditions that often prevent fishing even during summer
months- a poorly timed closed season could cause further disruption to incomes.
Prohibition of tangle and trammel nets - A prohibition of tangle or trammel nets would prevent
unselective removal of crawfish and reduce the rate of individual removal greatly, as well as reducing
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by-catch. However as the species is primarily targeted through this method, and individuals are rarely
caught in traps and other methods, this measure could result in the loss of the fishery as an economic
asset to the area. The same situation would arise from a complete closure of the crawfish fishery.
In order to make conservation management as effective as possible, inshore legislation should be
maintained beyond existing inshore management boundaries (e.g. beyond the 6nm limit to cover all
British territorial waters), especially with regards to the crawfish species that is known to migrate
large distances and whose natural range is likely to move between management areas. However, this
is beyond the remit of the IOSIFCA and is an issue that must be addressed at a national and
international level by the policy of the relevant governing bodies. IOSIFCA does however have an
obligation to ensure that populations of vulnerable species are protected effectively within the
district, even if their use of this area is transient. Management may be even more imperative if, as has
been reported by several authors, populations are moving into the district specifically during the
summer period to breed.
The tagged lobsters that were recaptured inside Cornwall IFCA district evidences the connectivity of
the stocks between management areas, and it is highly likely that crawfish migrate throughout the
regions of the South west UK and Channel areas, if not further afield (Palero et al., 2008). Metapopulations are likely spread more widely and sparsely than that of the European lobster, inhibiting
the effectiveness of local management measures in sustaining a productive capture fishery. At present
management areas neighbouring the IOSIFCA district, through which crawfish populations are likely
to move, include Cornwall, Devon and France; all of which have implemented legislation prohibiting
the landing off berried females or individuals under 110mm CL.
Barriers in the form of knowledge gaps and pressure to retain an economically productive fishery are
hindering progress of the recovery of vulnerable species such as Palinurus elephas. However,
adequate management must be in place to achieve the conservation objectives of Tranche One MCZs
and their features by the end of 2016. The IOSIFCA recommends that the IFCA committee introduces
two of the considered additional management measures; an increase in MLS to 110mm CL, in a phased
approach over three years; and the prohibition of the removal of ovigerous females. We further
suggest that the impact of these additional management measures be evaluated by continuing the
monitoring program initiated during this study.
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Appendix 1
Table 1 Number of lobster and crawfish sampled as part of the shellfish project. Including the
number of individuals of both species sampled in total via on-board data collection and
landings monitoring. NB Part of the crawfish sample included oversize that were purchased
and released and catches sampled at merchants (where no undersize would’ve been present),
this data has not been included in some parts of analysis to maintain an accurate
representation of the actual exploited population.
Column1
Total
Berried
Crippled
Soft Shell
V-Notched
Recaps
Landed
Returned/ Tagged

Homarus gammarusn5
M
F
Total
3664
3561
7225
0
213
213
142
141
283
0
1
1
0
138
138
307
210
517
1788
1781
3569
1876
1780
3656

Palinurus elephas
M
F
526
219
0
23
22
17
0
5
0
0
1
0
331
131
195
88

Total
745
23
39
5
0
1
462
283
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Appendix 2
Location
of MCZ
within the
IOS
District.
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Bishop to Crim
and Gilstone to
Gorregan MCZ
sites showing the
presence
of
crawfish as a
feature.
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