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Introduction
The European Common lobster (Homarus gammarus) and the European Spiny Lobster (Palinurus
elephas), also referred to as the crawfish, are two species of large decapod crustacean with a natural
distribution encompassing the United Kingdom. Both are commercially important, however a decline
in populations of P.elephas has lead to very few fisheries for the species remaining, one such fishery
is found on the Isles of Scilly. Situated 28 miles from the most south-western extent of mainland UK,
the Isles of Scilly consist of over 200 granite islands covering approximately 1600ha and are
renowned as a pristine marine environment, important to many nationally rare, threatened or
vulnerable marine species and habitats. The islands shellfish industry consists of twenty three
vessels and is still an important economic sector providing employment for a much larger number of
people, relatively, than in the rest of the South West UK.
The Isles of Scilly Inshore Fisheries and Conservation Authority (IOS IFCA) is responsible for the
regulation and management of all fishing activities within the Isles of Scilly District (6nm seaward
from the baseline which the UK territorial waters are measured). At present, the fishery of
H.gammarus is regulated by local byelaws enforced by IOS IFCA including a Minimum Landing Size
(MLS) of 90mm, and a voluntary V-notching scheme for egg-bearing (berried) females, the aim of the
former is to avoid landing functionally immature individuals who’ve yet to reproduce (See LizárragaCubedo et al., 2003) and the latter to protect those individuals known to be successful breeders.
P.elephas landings are subject to a MLS of 95mm in addition to a ban on the use of trammel or
entangling nets of mesh size between 70-90mm. Within the IOS district no vessel exceeding ten
tonnes or 11m overall length may remove fish. Appropriate and biologically relevant management is
imperative to supporting a profitable and sustainable fishing industry. With climate change and
habitat degradation already putting pressure on marine life appropriate regulation of fisheries
impacts is more important than ever. A centralised top down approach to management makes it
difficult to adapt legislation to the specificities of small coastal fisheries. The Common Fisheries
Policy (CFP) reform of 2014 highlights that regionalisation is vital in making biologically and
economically specific legislation and management, including more self management of the industry
by increasing fishermen’s involvement in policy making and adaptation to local need. The CFP
wishes to boost the role of fishermen’s organisations and provide additional opportunities for
sustainable resource exploitation. The IOS IFCA works with local stakeholder groups including the
Isles of Scilly Fishermen’s Association (IOS FA) to ensure regulations take into account the socioeconomic consequences linked to the fisheries management
An obvious decline in numbers of P.elephas being landed since the 1960s has lead to its designation
as a priority species on the UK Biodiversity Action Plan (UK BAP). The UK BAP which has recently
been replaced with the UK Post-2010 Biodiversity Framework, published in July 2012, describes
P.elephas as ‘not viable’, meaning without immediate and appropriate management measures it’s
populations 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 Zones (MCZs), one of
the few features to have a ‘recover’ rather than ‘maintain’ objective, highlighting the importance
and need for research on the populations around the islands. The most evident cause of the
unfavourable conditions of P.elephas populations within the southwest can be attributed to the
change from the use of lobster pots or traps to the use of tangle and trammel nets (Hepper, 1977),
these nets lie across the seabed and capture the animals as they move across 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 bias. Undersized individuals may still be caught via
nets and, although released back into the water, may be in a state which heavily compromises their
survival ability upon return to the seabed, in addition the capture and removal of larger individuals
which are usually the most successful breeders from the population has detrimental effects on the
reproductive success.

The Marine and Coastal Access Act passed and granted Royal Assent in November 2009 aims to;
‘ensure clean, healthy, safe, productive and biologically diverse oceans and seas by putting in place a
new system for improved management and protection of the marine and coastal environment’
(Marine and Coastal Access Act), it provides the legal framework in which to carry out its eight key
elements, one of which is the designation of Marine Conservation Zones (MCZs) of which P.elephas
is defined as an important feature. Jointly implemented by the JNCC and Natural England, the
purpose of MCZs is to assess the impact of the activities which take place within its area upon the
designating features and habitats at risk and do mitigate such activities to a level which is conducive
to maintaining and restoring favourable conservation. However, guidance for the designation and
management of MCZs highlights the need to ‘regard to any economic or social consequences’ which
may occur as result such designations and seek active input from relevant regional stakeholders
(JNCC and Natural England, 2011).
The commercial importance of both H.gammarus and P.elephas species is teamed with a knowledge
deficit regarding their ecology, only limited research has been done into either species within the UK
and aside from local fisher knowledge no tangible research has been carried out in recent years
within the Isles of Scilly district that could be used to inform evidence based policy making. Both
species are slow growing and long lived, meaning the populations are vulnerable to individual
removal; these crustaceans are also known to have complex life histories with variable traits which
are heavily influenced by environmental factors and can impact on the ecological success of a
population (Wahle 2003). Spawning of both species is not well understood and assumptions of
annual spawning by individuals may be inaccurate (Tully et al., 2001). It is likely that, as both
H.gammarus and P.elephas are opportunistic feeders, they will adapt their diet as a function of local
abundance of benthic assemblages, from such one may assume that these species have an
important, ecological role in maintaining a balance between the mollusc, echinoderm and
crustacean communities on which they feed- a factor which should be taken into account when
considering the wider implications on unsustainable exploitation. H.gammarus has been identified
as a species with high site fidelity, which can be appropriately managed through spatial or temporal
systems. Both the H.gammarus and P.elephas species show a preference for complex rocky habitats
offering food sources and shelter. Links have been drawn highlighting a variable carrying capacity
dependent on; habitat complexity, habitat roughness, near bed current speed and the dispersion
range of H.gammarus (Howard and Nunny, 1983). Similarly to H.gammarus, P.elephas has been
associated with complex cobble and boulder habitats, with previous results indicating high site
fidelity (Goni and Latrouite, 2005). Some authors have suggested a seasonal inshore and offshore
movement may occur, associated with water temperature The scarcity and high market value of the
species, P.elephas in particular, may be the cause of reduced sampling and experimental
possibilities; the IOS IFCA has a unique opportunity to carry out non-invasive study of these animals
whilst working alongside local fishermen.
In an effort to understand these important stocks and given the significant data deficiencies on
H.gammarus and P.elephas 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
viability of the current H.gammarus and P.elephas stocks within the Isles of Scilly. The project will
provide vital information for fisheries management of these species, including population
characteristics, movement, growth and recapture rate.
The primary goal of this project is to evidence the viability of shellfish stocks and ensure that
current levels of exploitation are managed correctly so that sustainable fishing may continue
around the islands for many generations to come. There is little confidence in the growth rates of
H.gammarus and P.elephas at local and national scales, ongoing data collection will alleviate this

uncertainty and support evidence based policy making. Enhancing the understanding of local
shellfish fisheries for all stakeholders, including fishermen, merchants, restauranteurs and
consumers could result in income diversification.
2. Material and methods
2.1 Project collaboration
The first stage of the Isles of Scilly IFCA Tagging Project began in May 2013 as a pilot study for the
current, larger scale project now operating. This initial week of data collection was carried out as a
joint effort between IOS and Cornwall IFCOs, the latter of which had previous experience
researching the H.gammarus species within Cornish fisheries and was able to provide invaluable
guidance on methodology and stakeholder involvement. A marine biology student also took part in
data collection for this initial study and highlighted the mutual benefits of volunteer involvement in
the project. In the summer of 2014 eleven students from Plymouth, Bristol and Southampton
Universities came to the islands as project volunteers, in addition staff members from Cornwall IFCA
and the National Lobster Hatchery gave up there time to assist in the project, it is hopeful that such
partnerships will continue in future years.
Data has been collected on the size and sex distribution of landed H.gammarus and P.elephas,
alongside the tagging project, to give a more detailed insight into the catch composition of both
species. Originally this data was collected during the packing and storage of animals on the quay of
St Mary’s before catches were shipped to shellfish merchants, however due to practicality such data
is now collected onboard fishing vessels alongside data on tagged animals, or at shellfish merchant’s
premises whenever possible. The weight (kg) of each commercial vessel’s catch is also recorded as
statutory Monthly Shellfish Activity returns for the Marine Management Organisation (MMO) and as
such this data is also available to the IOS IFCA for analysis. By sharing datasets with organisations
such as the MMO, other IFCAs and Centre for Environment, Fisheries and Aquaculture Science
(CEFAS) the information available across the country can be increased whilst avoiding unnecessary
duplication of effort, intrusion upon fishermen and costs of parallel sampling. Although IOS IFCA
strongly advocates the use of local data for local management, comparing population statistics and
management measures between different areas of the UK can highlight successes and prevent
mistakes being repeated throughout the country.
2.2 Data Collection
The majority of data collection took place onboard commercial fishing vessels targeting either the
H.gammarus and P.elephas species during the summer months (May to September), although due to
the full time employment of a research assistant continued until the closure of the fishing season at
Christmas time. Collecting data over this extended period of time meant a higher volume of animals
were tagged but also that both the proposed breeding periods of H.gammarus and P.elephas would
be sampled, meaning we may be able to pin point the exact timings of such events within the Isles of
Scilly district. The gear used was static and included tangle nets placed upon the seabed and inkwell
or parlour pots.
As fishing gear was recovered, individuals under the MLS, berried (egg-bearing) or unmarketable
(both claws damaged or missing) were measured, sexed and finally tagged before being returned to
the sea. The data collected on each individual consisted of; date caught, species, carapace length
(CL), sex, presence and colour of eggs, any absence of limbs particularly claws, presence of ‘V-notch’
and the number of tag inserted. Sex of the H.gammarus species is determined by inspection of the
first pair of pleopods, for the P.elephas species the presence or absence of spermatophores is used.
CL length was measured using vernier callipers, for H.gammarus measurements were taken from the
back of the eye socket to the posterior margin of the carapace parallel to the midline and from the

tip of the inter-orbital spine to the posterior margin of the carapace, again parallel to the midline for
P.elephas. The colour of the eggs of berried females was recorded as this data can be used to
indicate the stage of embryo development; newly extruded eggs are a green colour which
progresses to black and then red as the embryonic eye become visible throughout the incubation
period (Charmantier and Mounet-Guillaume, 1992).
A ‘V-Notch’ is a triangular section was is removed by fishermen from the mid section of a berried
H.gammarus females tail fan, the process of V-notching is an entirely voluntary method of
conservation which mark the breeding individuals of the population, once notched these individuals
cannot be landed and sold by law. A V-notch typically last up to three moults, meaning notched
individuals will be protected from landing during and hopefully reproduce again in this time. In
addition to species data, the location of capture and release was recorded using GPS, animals were
released as soon as possible to reduce the shock of tagging and to return individuals as close as
possible to the capture sight in which they were foraging to ensure natural dispersal patterns are
maintained. Vessel, port registration, gear type, bait (if any) and soak time (hours) was also
recorded.
The tags used were Floy TagTM polythene streamer tags (100mm x 3mm) which read IOS IFCA and
were numbered from 0001 upwards. These tags were inserted dorsally using a needle into the soft
portion of the body visible between the end of the carapace and the first or second tail segment, the
needle was subsequently discarded leaving the two ends of the tag visible. Animals were held
overboard to recover for a few seconds before being released; this practice aimed to reduce any
shock incurred as a result of tag insertion. Figure 1 shows examples of inserted tags. 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, these animals were then either released again or
landed if they had achieved a size of 90mm CL.

Fig. 1. Examples of tagged H.gammarus (top left) and P.elephas (top right),
measuring technique (bottom left) and commercially available Floy TagsTM (bottom
right).

2.3 Analysis
Data analysis has at present taken on a highly exploratory approach to observe several factors within
the populations of both species. It is hoped that the results of this analysis will provide a future
direction for investigations for both H.gammarus and P.elephas. As such, many avenues of
investigation have been undertaken including; presenting data in graphical format (Microsoft Excel
and Access), analysing particularly obvious patterns from such graphs using univariate analysis in the
statistical software IBM SPSS, using GIS software (MapInfo) to view geographical dispersal of data.
Efforts are continuous to refine the data collection and storage processes, streamlining efforts and
ensuring data is secure as this has been a problem with many people accessing the one dataset.
For growth data from recaptured individuals, only growth increments of 5mm or more were included
in analysis to prevent discrepancies in measurements altering the results of overall growth rate. This
will also account for human error in recording CL due to ability, sea state or measuring equipment
used. All measurements of Time ‘til recapture (days), or ‘time at large’ and distance travelled (km)
were included in analysis, although like growth data this must be interpreted with the ecology of the
species in mind, as suggesting an individual moved directly between capture points at a constant rate
would be irrational. IBM SPSS statistical software was used to calculate any significant differences
between the populations’ characteristics. The distribution of the data was determined using a
Kolmogorov-Smirnoff test for normality and then an appropriate form of analysis selected, most
commonly a one-way ANOVA or Mann-Whitney U.

3. Results
3.1 Data Availability
The total numbers of animals tagged and recaptured for both species can be seen in Table 1. Due to
the use of commercial fishing vessels geographical distribution data will be biased to areas where
fishing effort is highest, although it is likely that this mirrors the natural dispersal of adult
H.gammarus and P.elephas. Such sampling method also results in relative under sampling of certain
cohorts or size groups of the population, especially where size selective fishing gear such as pots are
used. In addition as very few individuals over the MLS are tagged, therefore movement and growth
data will focus mainly on the smaller (CL <90mm for H.gammarus and <95mm for P.elephas)
proportion of the populations. Due to the many different avenues of analysis applicable to this
dataset and abridged version of current findings only has been included here, for example Catch per
Unit Effort (CPUE) research is at present in very early stages.
Table 1 Number of H.gammarus and P.elephas tagged and recaptured as part of the shellfish
project. Including the number of individuals of both species sampled in total via onboard data
collection and landings monitoring.
H.gammarus
1609
134
28
4
3166

Tagged to date
Recapture - First
- Second
- Third
Total sampled Inc. Landings

P.elephas
89
334

3.2 Population Characteristics
Table 2 Population characteristics of both species from combined tagging and landings data. Results
show average sizes above the MLS for both species.

CL (mm)

H.gammarus
M
F
90.35±
91.39±
13.83
12.08

B
104.17±
9.28

Total
91.26±
13.207

P.elephas
M
F
111.34±
112.95±
17.308
15.21

B
117.14±
31.96

Total
112.05±
16.53

Table 3 The comparison of CL (mm) between males and females and berried and non-berried
females of both species. Significant results shown in bold. For analysis of berried the Mann-Whitney
U test proved more appropriate than ANOVA.

Group
H.gammarus M/ F
Berried/non-berried females
P.elephas
M/F
Berried/non-berried females

N
1517/1649
90/1559
222/112
14/98

ANOVA
F =13.659 P<0.001

Mann-Whitney U
Z = 8.003 P<0.001

F =1.091 P = 0.297
Z = 1.021 P = 0.307

Only data for H.gammarus proved to show significant differences when analysed (Table 3), higher
sampling effort for P.elephas may lead to significant results found.
Table 4 Individuals were divided into size groups according to CL (mm), data is combined from both
tagged and landed animals.

Size Groups (CL)
30-39
40-49
50-59
60-69
70-79
80-89
90-99
100-109
110-119
120-129
130-139
140-149
150-159
160-169

H.gammarus

P.elephas
1
0
3
82
432
1033
952
393
169
53
22
22
4
0

0
0
0
0
10
40
35
49
60
86
40
14
0
0

The size groups sampled show the influence of capture methods, pots exclude the smallest and
largest individuals of the populations. The primary method of capture for P.elephas on the islands is
nets, this form of capture is less discriminate than pots, and therefore the lack of juvenile P.elephas
with a CL lower than 80mm cannot be solely attributed to fishing method.
3.3 Recapture data- Movement, growth and time at sea.
Table 5 Rate of travel per day for size groups of H.gammarus calculated from recapture data
showing the inequality in distribution of individuals between the groups.
Size Group
(CL)
60-69
70-79
80-89
90-99

Movement
(km/day) ± SE
0.035 ± 0.04
0.066 ± 0.104
0.059 ± 0.124
0.004 ±0.003

N
4
22
128
6

Max distance
(km)
3.118
9.331
15.981
2.908

Min distance
(km)
0.202
0.005
0.008
0.047

At present, univariate analysis suggests no significant differences between the average rate of
Movement (km/day) or Time ‘til Recapture (days) of the H.gammarus individuals when defined by
sex or CL (Table 5 and 6).
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Fig.2. Size distribution of male, female and berried individuals of H.gammarus (a) and P.elephas (b)
populations sampled to date. The H.gammarus population is normally distributed with a slightly
larger size of females. The distribution of P.elephas data highlights the reduced number of females
sampled within the population and the need for more sampling effort. Both graphs highlight the lack
of data available on berried individuals. Populations of H.gammarus sampled over two consecutive
years (2013-14, not shown here) showed little variation over the time period. Thus far only data
from 2014 has been collected for P.elephas.

Table 6 Recapture data for H.gammarus, only growth increments over 5mm were included in
analysis reducing the amount of usable growth data.
H.gammarus
Time until
Recapture
(days)
Increase in CL
(% of body
size)
Movement
(Km/day)

M
96.36±
131.48

F
70.25±
94.52

B
221.43±
163.42

Total
101.40±
131.36

13.445
±5.72

13.08±
4.84

9.49±
0.27

13.12±
5.30

0.05±
0.11

0.06±
0.13

0.07±
0.16

0.05±
0.10

Many recaptured individuals, both male and female, showed no growth despite the time until
recapture being well over 100 days, whereas other animals showed a 10% increase CL after 20-40
days. The rate of recapture at present is highly variable and requires continued, uniform sampling
effort to accurately calculate the moult rate of individuals. There was also no distinction between
growth rate of different size groups, however the current bias of sampling towards the 80-89 and
90-99 size groups will be influencing results.

Fig.3. There was very little correlation between the three factors measured through
recapture data. As with the study done by Cornwall a very low correlation coefficient
was found between time at sea and growth/increase in CL (R2=0.036), time at sea
(time until recapture) and distance travelled (R2=0.007) or distance travelled and
growth (R2=0.016).

4. Discussion
This project relies heavily upon the participation of local fishermen and their help with data
collection, especially on recaptured animals. It is hoped that, as awareness of the project is raised,
the level of fisher involvement will also increase and therefore the level of tag reporting and volume
of data available for analysis.
4.1 Population Characteristics
-

H.gammarus

The data collected on the common lobster species at present positively suggests that current levels
of exploitation of the species are being managed sustainably. The population has normal
distribution of CL (Fig. 2), the average CL of 91.26mm (Table 2) is higher than the MLS suggesting
current fishing effort is not leading to a population depleted of functional (capable of reproducing)
individuals, however this is only by a small margin and should continue to be monitored. At present
the distribution of CL for H.gammarus across 2013 and 2014 samples are similar, continuous data
collection will allow us to track any changes to population dynamics and advise any amendments to
management measures as and when they are needed.
Analysis of CL length between all male and female lobsters showed a significant difference
(P=0.001), with females having a larger average CL, a factor which is likely caused by the return of
females over the MLS by conscientious fishermen. The statistically significant difference between
the CL of berried and non-berried females is to be expected as females must reach functional
maturity, usually coupled with a larger body size, before they mate and produce eggs. The average
size of berried females during the beginning, middle and end of the fishing season was also analysed
and is discussed later. In future analysis of the growth rate of a wider range of CL may evidence
whether local environmental factors such as sea temperature and pH influence the intermoult
period, such a dataset will be useful in determining the effects of processes such as ocean
acidification upon crustaceans.
-

P.elephas

Figure 2(b) shows the size distribution data collected on P.elephas so far. Although this data is only
from 2014 it does suggest a bias towards males within the population and could indicate more
management measures are needed to raise the number of females within the fishery. During the
summer of 2014 only 89 undersized crawfish were tagged and returned to the sea, whereas 341
individuals over the MLS were sampled. For H.gammarus the ratio of individuals over the MLS
sampled to undersize tagged is 1557:1609 (Table 1), a far more equal divide. Although these
numbers are undoubtedly a relic of sampling effort, the low number of juvenile P.elephas being
caught maybe cause for concern. Through continued data collection the IFCA hopes to be able to
inform further on both afore mentioned matters, at present the amount of data available for
analysis is too little to draw any accurate conclusions with regards to the sustainability of the
crawfish stocks.
The average size of crawfish within the fishery according to the data collected thus far as part of the
tagging project and landing samples is 112.05mm carapace length (Table 2), suggesting that the IOS
IFCA could potentially introduce a byelaw raising the MLS from 95 to 100mm without causing any
serious socio-economic impacts. It is generally agreed that the size at which P.elephas reaches
maturity is 80mm CL (JNCC UK Priority Species data collation, 2010) however there is evidence that
this differs between males and females and locations (Goñi et al. 2003), any increase in MLS would
lead to a greater chance of individuals reproducing at least once before entering the fishery. Table 2
shows the distribution of sampled individuals across size groups, for H.gammarus there is a larger

number (1033) of animals just below the MLS suggesting an abundance of individuals capable of
reproducing being returned to the fishery. However for P.elephas the majority of individuals
sampled were over 100mm, again indicating that raising the MLS could enhance the number
reproducing animals within the population and have little detrimental economic effects. At present
we have large inequality between the sample sizes of the two species, so comparison between the
populations is limited.
4.2 Recapture data- Movement, growth and time at sea.
Linnane et al. (2005) describes the movement of a lobster species in the Southern Ocean, although
geographically irrelevant to this present study the categorisation of movements can be applied.
Homing, nomadism and migration was described as the three forms of lobster movement. Homing
indicated ‘periodic excursions from a shelter to nearby foraging grounds’ (Linnane et al., 2005),
usually with the animal returning to the same shelter with 24hours. Many of the H.gammarus
recaptured showed movement of less than half a kilometre suggesting they favoured this type of
behaviour. It has been proposed that H.gammarus may be territorial and occupy a ‘home range’ of
up to 2km2 in which an individual will forage, Table 5 shows the rate of movement (km/Day) of the
four size groups recaptured, the largest group (90-99) shows the lowest average rate of movement
(0.004 ±0.003km/day) which could be due to the larger individuals keeping a more constant
territory. However the low numbers of replicates within this group means more sampling is needed
before anything more than speculative conclusions can be drawn.
For certain H.gammarus individuals the distance travelled was up to 15km over the two year period
of data collection (See Table 5), a distance remnant of the second behaviour described; nomadism.
‘Nomadism’- a movement without distinct start and end points (Linnane et al., 2005) is usually found
amongst immature individuals in areas of high population density where appropriate shelter habitat
is limited, juveniles must search further for food and shelter than an established individual exhibiting
homing behaviour. Such behaviour can lead to a ‘spillover’ effect, there is a possibility that the
movement of H.gammarus within and out of the Isles of Scilly district is highly density dependant,
indicating a healthy stock and that the area may be functioning in a similar manner to Marine
Protected Areas (MPAs) and No-take zones established elsewhere (e.g. Goñi et al., 2008). This
variety of movement behaviour explains the lack of clear correlation or pattern shown between time
until recapture and distance travelled (Fig. 3.), it is unclear as to what influences an individual’s
success in locating a suitable ‘home range’ or shelter but it is likely that overall fitness is heavily
influenced by both shelter and food supply.
So far there is no movement data for the P.elephas; this lack of recaptured individuals could suggest
a low population density, although may also be due to the lower volume of tagged animals and will
become clearer with continued data collection. The overlapping ecological niches of P.elephas and
H.gammarus with regards to shelter and foraging preference may be causing P.elephas juveniles to
be outcompeted by the well established H.gammarus populations although there is a noted
difference in the preferred depth distributions of the two species. Migration behaviour has been
recorded for spiny lobster species coinciding with specific life cycle periods and temporal
environmental variations (Linnane et al., 2005) Many studies based in the Mediterranean have
shown that P.elephas undertakes an onshore, pre-reproduction migration in spring coupled with an
offshore, post-reproduction migration in autumn (See Goñi and Latrouite 2005), there is anecdotal
evidence from local fishermen that a similar behaviour takes place with Scillonian populations, with
continued data collection this pattern may become more apparent.
Time at sea is likely to be a function of movement and fishing effort; animals remaining in small area
that is regularly fished have a higher probability of being sampled and therefore bias results. Table 6

shows the extreme variability in time until recapture which is likely explained by the density
dependant variability of movement behaviour explained earlier.
Growth rates shown in Table 6 are in line with generally accepted by the scientific community of an
average increase in body size by 10-15% per moult depending on factors including environmental
parameters such as sea temperature and food availability. Up until the point of functional maturity it
can be assumed that male and female lobsters would show no difference in growth rate as
supported by the similarity shown between growth rates of male and female H.gammarus under the
MLS in this study (Table 6). In some cases the need to regenerate a limb will result in an increase the
intermoult period (time between moulting) and reduce the growth increment. The growth rate for
berried individuals was approximately 4% lower than no berried females and males; females cannot
moult and increase in length whilst bearing eggs so a lower growth rate is expected. Incubation
periods vary with environmental factors such as sea temperature, the estimated period for
H.gammarus in UK waters is 6-9 months.
4.3 Reproductive cycles
Coupled with the collection of movement and growth data is the analysis of the reproductive cycles
and timings within both species of crustacean. Berried individuals made up a very low percentage of
both population samples (2.8% for H.gammarus, 3.9% for P.elephas) therefore accurate conclusions
on their average size, growth or movement cannot be made from this data. It does serve to highlight
the low numbers of such individuals- however this may be attributed to the timing of sampling. By
sampling from May to December the proposed mating periods of both species are sampled. During
mating females moult leaving them without a hard exoskeleton and vulnerable to attack or
predation, it is probable that whilst in this compromised state females have reduced foraging activity
and are unlikely to be caught and sampled as part of this project, this hypothesis is supported by the
reality that only one berried individual was captured with eggs in an early stage of development
(green in colour). It has been found both in field (Goñi et al. 2003) and lab studies (Corson 2005) that
females of both spiny and common lobster species may have staged development of ovaries
according to their size or age, where older females’ ovaries develop earlier in the mating season and
females just reaching maturity develop later. Our data on berried females at present is not adequate
to measure such patterns and thus far no significant differences have been found between the
average CL of berried females between the beginning and end of the breeding season, in future
equal sampling effort of berried individuals will be sought wherever possible for each month.
With ongoing work the IOS IFCA hope to be able to pin point more accurately the timing of spawning
around the islands, identifying whether this is a regional variation due to environmental factors such
as sea temperature. With regards to management, identifying the most fecund size group of females
of both populations would be useful. Goñi et al. (2003) discovered that for a western Mediterranean
population of P.elephas females with a CL of 100-110mm held the largest number of eggs relative to
body size; similarly Lizárraga-Cubedo et al. (2003) carried out research into the fecundity of
H.gammarus species in two separate populations in Scotland and showed that fecundity can also
vary regionally. However this sort of investigation is destructive to the broods sampled and requires
skills and equipment not available to the IFCA. Short of identifying an appropriate, non invasive
proxy to measure fecundity of P.elephas or H.gammarus only estimations from previous work can be
used to inform management, as this work is not local it would have to be interpreted cautiously. At
present our data, and the opinions of fishermen suggests that H.gammarus populations are not in
fact at risk and therefore more management measures would perhaps be unnecessary immediately
but should not be completely disregarded in future. However the numbers of P.elephas are very low
in comparison and would suggest further management needed. In the absence of fecundity data and
with the low confidence currently placed in P.elephas stocks affording further protection via
management measures for berried individuals would encourage higher reproductive success of the

populations. Such action would require a more thorough investigation, as will continue via the
Tagging Project, and an evaluation of the socio-economic impacts before being implemented.
4.4 Regional variations between populations
It is not known whether neighbouring stocks share the same characteristics or whether the relative
isolation of the Isles of Scilly from Cornwall has resulted in subtle differences between the
H.gammarus and P.elephas populations. In future comparison of stock characteristics may be
worthwhile to investigate the effects of different MLS on population structure, for example within
the inshore fishing district of Cornwall the MLS are different from those within the Isles of Scilly; for
H.gammarus the MLS is 90mm CL but 100mm CL for P.elephas. A study into the geographical
variation in the onset of sexual maturity could inform highly specific regional management but
would require a morphological analysis of the functional maturity of populations (See LizárragaCubedo et al., 2003) and may not be feasible at present.
4.5 Sustainability of the fishery
In his report into Fish and Fisheries of the Isles of Scilly, Henderson (2009) reports that; ‘The fisheries
of the Isles of Scilly are generally small-scale and localised. They are of social and economic
importance to the islands and appear to have low environmental impact.’ Whilst unarguably true, he
then poses the question does this make Scillonian fisheries sustainable? By examining current
criteria for ‘sustainability’ we are hoping to tailor the data we collect to evidence this claim. Fishing
for lobster and crawfish uses static gear including pots and tangle nets, such gear has minimum
impact on the environment as it is not dragged across fragile seabed communities, the ecology of
these species means fishing does not tend to take place in areas considered vulnerable to fishing
gear such as seagrass beds or areas of sponges and sea fans. There is a risk of ‘ghost fishing’ by
abandoned gear, however any lost gear tends to be recovered as far as possible and care is taken by
Scillonian fishermen to remove gear before storms or destructive weather arrives. The mortality to
non-target species or individuals less than the MLS is very low with both pots and tangle nets, both
H.gammarus and P.elephas are required to arrive at the merchant’s premises alive so gear is
designed with this in mind, any non-target species caught are simply returned to the sea once
removed from fishing gear therefore the effects on non-target populations is limited.
Many fishermen choose to return animals missing a claw, carrying eggs or larger than the optimum
size for the restaurant trade. Larger individuals are the most fecund of the population and therefore
vitally important as breeders. This conscientious approach to stock management works at the lowest
level possible and shows the strong dedication to sustainability present on the islands, it is this
attitude that means the fishing community of the islands lend themselves to projects such as the
shellfish tagging, the cooperation between regulatory body and stakeholder greatly adds to the
success of such ventures.
4.6 Future work
This project, which started as an exploratory analysis of shellfish populations around the islands with
certain goals in mind has highlighted the potential for further conservation work. Scarcity of nursery
habitat has been suggested as a limiting factor in populations of lobster species (Wahle 2003). By
enhancing the nursery habitat available particularly to the rare P.elephas species the effects of post
settlement processes upon on the survival to recruitment of juveniles may be reduced. Using GIS
software (MapInfo) the capture and recapture location of animals has been plotted onto charts of
the Isles of Scilly district. H.gammarus moves throughout the entire Isles of Scilly District however
P.elephas is fished only in certain areas (see Appendix 1) most likely due to increased depth, it is rare
to catch this species in less than 40m depth of water. It is the aim of the IOS IFCA to use habitat
mapping equipment teamed with GIS data to locate areas of high juvenile P.elephas density in which
nursery habitat may be increased.

In future the collection of morphometric data from individuals may be useful as a proxy for
functional maturity, allowing IOS IFCA to calculate the exact size at which the populations are able to
reproduce and therefore inform management as relevant as possible. However collecting data of
this kind will require further training and may be too time consuming to be practical onboard
commercial vessels with limited deck space. Ongoing data collection is required for both species
within the Isles of Scilly district and is projected to continue at least until the end of December 2015,
the data collected will form a useful baseline for future studies and monitoring programs. A wider
review of existing literature will be carried out in order to assess the state of the local shellfish stocks
in relation to those previously investigated. The sustainability of the shellfish fisheries will be
evidenced by the findings of this study and subsequently appropriate evidence based management
can be implemented. It is hoped that further funding will be available to continue the project,
providing an ongoing means to monitor the shellfish stocks, aside from landings only data, and
assess the causes and implications of any changes within the stock.
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7. Appendix 1

Location of P.elephas initial captures.
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