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CRYNODEB GWEITHREDOL

Mae poblogaethau’r cimwch coch, Palinurus elephas,nyfroedd Cymru wedi dirywio’n
sylweddol ers yr 1960au a’r 1970au pan ddigwyddoddid mewn arferion pysgota. Mae'’r
cramennog mor-waelodol mawr hwn yn rhywogaeth alhet mewn nodweddion riffiau yn yr
Ardaloedd Cadwraeth Arbennig (ACA) morol presenacdhefyd yng nghyd-destun ehangach
ecosystem forol Cymru. Ystyrir ei bod yn bwysig edpoblogaethau’r cimwch coch er mwyn
sicrhau Statws Amgylcheddol Da i ecosystemau ma@ah Gyfarwyddeb Fframwaith y
Strategaeth Forol (MSFD). Mae’r adroddiad hwn yesaspotensial y mesurau rheoli presennol
a darpar fesurau rheoli i gynorthwyo i adfer pohlleitpau’r cimwch coch yn nyfroedd Cymru
drwy hunan-luosogi ac yn gwneud argymhellion ar ofygion o safowynt casglu data ir
dyfodol.

Un o'’r prif anawsterau wrth wneud asesiad o’r masuheoli i hwyluso adferiad y cimwch coch
yw'r diffyg data ar fioleg a physgodfa’r rhywogaetion, ac mae hynny'n golygu nad yw'n
bosibl gwneud asesiadau dadansoddol o’r stoc. Me¢énsial i'w hadfer felly’'n cael ei asesu ar
sail y wybodaeth bresennol am fioleg y rhywogaeth &'i holl ddosbarthiadau daearyddol, ac o
astudiaethau a wnaed ar gimychiaid pigog erailldBta pysgodfeydd, ar ffurf glaniadau am bob
uned ymdrech (LPUE), yn cael ei gasglu ar gyfelgpgéeydd cimwch coch yn ne Cymru ers y
1980au dan gynllun trwydded pysgod cregyn a sefydlgan Bwyllgor Pysgodfeydd Mor De
Cymru (SWSFC). Mae'r set ddata hon wedi’'i dynodinfeincnod i gynrychioli adferiad tuag at
darged adfer interim sy’'n anelu at boblogaeth s&tdnodweddion perthnasol i gynrychioli
Statws Amgylcheddol Da.

Ymysg y mesurau rheoli presennol y mae maint ll@afgyfer glanio (MLS), dynodiadau
cadwraeth natur, a chyfyngiad ar ddal anfasnadfiobod y cyfyngiadau ar ddal ar MLS yn
benodol i'r cimwch coch, nid ydynt wedi esgor arndatynnydd mewn LPUE ers eu cyflwyno.
Nid oes gan y dynodiadau cadwraeth natur sydd weskfydlu ar hyn o bryd ddim mesurau
rheoli gorfodol yn benodol i'r cimwch coch, er batdal gaeedig i rwydo yn cael ei
gweithredu’n wirfoddol yng ngwarchodfa natur fo(@NF) Skomer ac ymrwymiad gwirfoddol
ymysg deifwyr hamdden i beidio & chymryd dim cimiith coch. Mae'’r asesiad yn dod i'r
casgliad nad oes dim un o’r mesurau rheoli syddi'wesgfydlu ar hyn o bryd yn debygol o
gyfrannu at adfer cimychiaid coch yn nyfroedd Cymru

O’r mesurau rheoli posibl a aseswyd, ystyriwyd méneini sy'n rheoli gweithgaredd pysgota
yw'’r rhai sydd &r potensial mwyaf i gynorthwyo adifad y cimwch coch, yn hytrach na
dynodiadau cadwraeth natur newydd. Wrth gau arddlaethol a gwahardd glanio’r cimwch

coch, fel ei gilydd, ceir y potensial i leihau mataethau yn sgil pysgota a chynyddu allbown
atgenhedlu’r boblogaeth. Wrth gyflwyno maint glatigiaf a mwyaf priodol ar y cyd, ceir y

potensial i gynyddu allbwn atgenhedlu’r boblogaetistyriwyd bod rhai o’r mesurau rheoli

pysgodfeydd y'u haseswyd yn fwy addas i'w defnydgyola phoblogaeth sydd yn adfer. Ymysg
y rhain yr oedd cyfyngiadau ar offer, gwaharddiadawddulliau pysgota unigol, cyfyngiad ar
faint dalfeydd, a chyfnodau cau tymhorol. Cafoddd&shodfeydd Morol Gwarchodedig lawn

(HPMCZ) yng Nghymru a Pharthau Cadwraeth Morol (M@Z Lloegr hefyd eu hasesu, fodd
bynnag, gallai eu maint cymharol fychan a’r ffocess gefnogi swyddogaeth ac amrywiaeth
ecosystemau gyfyngu ar eu potensial i fod o fuadféer y cimwch coch.

Mae ymchwil pellach yn ofynnol er mwyn penderfyraunai o’r mesurau rheoli fyddai fwyaf
effeithiol yn hwyluso adferiad poblogaethau’r cimiwooch yn nyfroedd Cymru. Ar hyn o bryd
nid yw’'n glir a fyddai cynnydd yn allbwn atgenhetdlboblogaeth yn arwain yn uniongyrchol at
gynnydd mewn lefelau recriwtio i'r boblogaeth. Maeysylltiad rhwng poblogaethau yn
nyfroedd Cymru hefyd yn bwysig i benderfynu ar &l y byddai angen cyflwyno mesurau
rheoli o bosibl. Oherwydd diffyg gwybodaeth am retio i boblogaethau’r cimwch coch yng
Nghymru, mesurau rheoli a fydd yn cyfyngu ar dyoddi wrth y boblogaeth ac yn cynyddu’r
allbwn atgynhyrchu posibl sy’'n debygol o fod yn faf\effeithiol i hwyluso eu hadferiad. Mae
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gwybodaeth bellach hefyd yn ofynnol i benderfyniyagdai poblogaethau Cymru yn elwa o
fesurau rheoli a weithredir ar lefel y moroedd fbemhol neu’r UE. Mae’r fframwaith
deddfwriaethol ar gyfer gweithredu mesurau rhegdigndfeydd yn ystyriaeth bwysig o
safbwynt effeithiolrwydd mesurau rheoli a dylid rlystyriaeth i hwn yn ystod y broses
benderfynu.

Vil
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EXECUTIVE SUMMARY

Populations of the crawfistRalinurus elephasin Welsh waters have declined significantly

since the 1960s and 1970s when changes in fishiagtipe took place. This large benthic

crustacean is a key species in reef features watkisting marine Special Areas of Conservation
(SACs) and also within the wider context of the Bearine ecosystem. Recovery of crawfish
populations is considered important in gaining G&oswironmental Status (GES) for marine

ecosystems under the Marine Strategy Frameworkctiee(MSFD). This report assesses the
potential for both existing and potential managetmeeasures to aid in the self-propagated
recovery of crawfish populations in Welsh waterd amakes some recommendations on future
data collection requirements.

One of the main difficulties in carrying out an @ssment of management measures in
facilitating crawfish recovery is a lack of data bath the biology and fishery of this species,

which means that analytical stock assessmentsarpassible. The potential for recovery is

therefore assessed based on existing knowleddne dfidlogy of this species from throughout its

geographical distribution, and from studies caroetion other spiny lobsters. Fisheries data, in
the form of landings per unit effort (LPUE), hashecollected for crawfish fisheries in south

Wales since the 1980s under a shellfish permitraehput in place by the South Wales Sea
Fisheries Committee (SWSFC). This dataset has lsrified as a benchmark to represent
recovery towards an interim recovering target hegdowards a population with the relevant

characteristics to represent GES.

Existing management measures include minimum landizes (MLS), nature conservation
designations, and a non-commercial catch limit. ilgvine catch limits and MLS are specific to
crawfish they have not elicited any increase in EPtince they were introduced. The nature
conservation designations currently in place dohase any mandatory management measures
specific to crawfish, although there is a voluntatgsed area to netting within the Skomer
Marine Nature Reserve (MNR) and a voluntary no-takerawfish by recreational divers. The
assessment concluded that none of the managemesturas currently in place are likely to
contribute to the recovery of crawfish in Welsh evat

Of the potential management measures assesse@, Whash controlled fishing activity were
deemed to have the most potential to aid crawfistovery, as opposed to new nature
conservation designations. Both appropriatelyctete area closures and a prohibition on the
landing of crawfish have potential to both redusiihg mortality and increase the reproductive
output of the population. The introduction of agmiate minimum and maximum landing sizes
concurrently, and prohibitions on the landing ofrieel crawfish, both have the potential to
increase the reproductive output of the populatiSome of the fisheries management measures
assessed were deemed to be more suitable for afptiavithin a recovering population. These
included gear restrictions, prohibitions of indiwa fishing methods, catch limits, and seasonal
closures. Highly Protected Marine Conservation eér{HPMCZ) in Wales and Marine
Conservation Zones (MCZ) in England were also asskshowever, their relatively small size
and focus on supporting ecosystem diversity andtiom may limit their potential to benefit the
recovery of crawfish.

Further research is required in order to determihieh of the management measures would be
most effective in facilitating the recovery of cfast populations in Welsh waters. At present it
is not clear if increases in the reproductive otutpluthe population would directly result in
increased recruitment to the population. The cotimgy of populations within Welsh waters is
also important in determining at what level managethhmeasures may need to be introduced.
Due to the lack of information surrounding recrwetmh to Welsh crawfish populations,
management measures which both reduce removals fih@mpopulation and increase the
potential reproductive output are likely to be meffective in facilitating recovery. Further
information is also required to make a determimabbwhether or not Welsh populations would

viii
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benefit from management measures implemented atEtheor regional seas level. The
legislative framework for implementing fisheries magement measures is an important
consideration on the effectiveness of managemenasumes and should be taken into
consideration during the decision making process.
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1 INTRODUCTION

The crawfish,Palinurus elephasis a large benthic crustacean found mainly orkyaseabeds
from the Azores in the south to Norway in the Naatid throughout the Mediterranean. This
species is commercially valuable and has beent&ddey fisheries for over a century; however,
fisheries in Wales and beyond have seen a stedmalec landings since the 1960s which
coincided with the introduction of net fisheries this species.

The crawfish is a priority species for the UK Bieelisity Action Plan and is also an important
component of Special Areas of Conservation (SAGsighated for rocky reefs. It has been
identified by the National Assembly for Wales a® @fi the species of ‘principle importance for

the purpose of conserving biodiversity’ in Walesl a listed in the Natural Environment Rural

Communities (NERC) Act 2006. This act requirest thieeps be taken that are ‘reasonably
practicable to further the conservation of thengriorganisms’ listed and to ‘promote the taking
by others of such steps’. It is therefore impdrtanunderstand the potential impact of fisheries
management measures, and other management measutks,recovery of this species both in
designated areas and within the wider context ofsWevaters as a whole, including the

potential impact of regulations or management nressin adjacent waters.

The aim of this report is to establish the potén&Hectiveness of existing and possible
management measures (both fishery and nature e@tiser based) to enable self-propagated
recovery ofP. elephagopulations in Welsh waters, within the contextlwdir declined status.
This is to be carried out through a review of ralgvliterature on this and other crustacean
species to determine, using the best available aladainformation, the potential benefit of the
different management measures.

1.1 Biology

Two reviews have been carried out presenting thay baf information on the biology of
Palinurus elephagHunter, 1999, Gofi and Latrouite, 2005). Thdofeing sections focus on
the aspects of biology which are most relevanth® gelf-propagated recovery of crawfish in
Welsh waters.

1.1.1 Distribution and Habitat Preferences

The European spiny lobster, or crawfisRalinurus elephas Fabricius, 1787), is widely
distributed from its southern limit in west Afrida its northern limit off western Norway
(Mercer, 1973) but also includes the Mediterranéaares, and the Adriatic and Aegean Seas
(Goiii and Latrouite, 2005, Jacksehal, 2009). Around the British IsleP, elephashas been
found to occur mainly along the west coast althosgme historical records have recorded
sightings ofP. elephason the Scottish east coast (Ansell and Robb, 197He authors also
noted the occurrence Bf elephadarvae in this area.

Palinurus elephashow a preference for exposed areas of reef witng currents and often
steep topography with crevices. Mercer (1973) meothatP. elephaspreferred reef areas
close to relatively deep water of at least 30 mll A elephascollected by Ansell and Robb
(1977), using SCUBA divers, were from areas ofrggridal currents on shallow inshore reefs
which were interspersed with steep vertical roade$a The authors noted that the majority of
specimens were found on rocky surfaces in the op@mong weed but occasionally some were
found in crevices. This has particularly been ddta juveniles which can be found grouped
together, although in separate crevices within [ty gdones, in prep). Ansell and Robb (1977)
noted a varying depth of capture from 5 to 20 naywiard and Ryland (2004) reported a depth
distribution of between 20 and 70 m. However, linfation cited in Gofii and Latrouite (2005)
suggest that their distribution extends down to 200

10
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There is no known published information available the depth distribution and habitat
preference oP. elephaswithin Welsh waters. Underwater SCUBA diving beam 1960 and
2006 documented 62 recordskafelephagrecords held by Marine Recorder and suppliedhéo t
authors by CCW). Of these, only 24 had a biotopdecassigned to the location and these
consisted of either Infralittoral Rock (IR) or Calittoral Rock (CR). Where the classification
extended beyond this, both rock habitats were ethas either high energy or moderate energy
sites. A large amount of habitat data for the Iseut Irish Sea is available through the
HABMAP project (see Robinsoet al, 2009a; Robinsoet al, 2009b; Robinsort al, 2011).
The majority of the area presented utilises predidtabitat mapping based on existing data, but
some sub-areas were intensively surveyed with bBehigegree of confidence closer to shore.
The results do show that, based on the biotopesifitzgion, suitable habitat fdP. elephads
present within Welsh waters, including within thaséing SACs of Pembrokeshire Marine and
Pen LEn a’r Sarnau. Due to the predictive nature of HRBMAP data it is not possible to
utilise it to make any precise estimates of theaotxtent and distribution of available crawfish
habitat within Welsh waters.

Ansell and Robb (1977) suggested tRatelephasmay have a seasonal migratory pattern in
Scottish waters as there is an increased catcthaftosy waters during spring and summer,
moving to deeper waters in the winter. Althoughl #uthors note this pattern may be due to a
seasonal variation in the fishing pattern rathanthn actual seasonal migration, the findings are
corroborated by Mercer (1973). Mercer (1973) alecorded smaller scale movements of
P. elephasnoving to deeper water, during moulting, for stsefrom swell and strong currents.
Mercer (1973) defined seven different types of nmoest carried out by. elephasin Irish
waters. These movement types were:

Type A Regular onshore/offshore migrations of eseakoccurrence

Type B Large-scale migrations involving a majoogurtion of the population moving either
in single files or ‘en masse’

Type C Reproductive migrations and movements

Type D Relatively small local movements for feegdand moulting
Type E Migrations due to weather conditions

Type F Isolatory movements of animals of the sameor juveniles
Type G Random wanderings

The author noted that although other studies dideuwnrd all of the above movement types, this
was most probably due to the methodology used rétiae the lack of movement type within a
particular population. Movement Type G was con&de source of natural repopulation of reef
systems which had experienced heavy fishing pressuth repopulation estimated to take
between a week and ten days (Mercer, 1973). Hawévis would only apply if there was a
thriving, widespreadP. elephaspopulation in the near vicinity. Gofi and Latreui(2005)
reported on tag-recapture studies which suggesteaxanum movement d?. elephaof 20 km
after one to eight years at large, although moshals were found to move less than 5 km (see
also Follesat al, 2009). The authors also noted some addition@liest in the Mediterranean
which report movements of 50 and 70 km. Follesal. (2009) reported on a total of 389
recaptured, tagged animals and showed that 60%captures moved less than 2 km from the
release site (nearly 80% were found <5 km fromr#lease site) and only 2.3% of crawfish
moved further than 20 km. The greatest movemesst wade by an 80 mm CL female which
covered a distance of 134 km over 712 days. Howekiese results should be treated with a
degree of caution as all animals were initiallyeesled in the centre of a protected area
irrespective of their initial catch location. Thisay have had a corresponding effect on the
distance travelled with regard to potential disot@ion effects.

11
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Tagging ofPanulirus argushas shown that juveniles appeared to be more mdingin mature
individuals, which were more residential in nat{Pavis, 1977). Goiiet al (2001) suggested
that juvenilePalinurus elephasettled in shallow water but then underwent a atign to deeper
water at between two and three years of age. TUhw®es suggested that this migration took
place during winter or spring.

1.1.1.1 Distribution of larval and post-larval stages

Palinurus elephashatch from the egg into a planktonic larval stagggmed a phyllosoma.
Phyllosoma go through several stages of developmeithin the plankton before
metamorphosing into the puerulus stage. The puemsthge is a transitional stage to a benthic
existence prior to becoming an adult (see sectibr8 Tor further information).

There are no free-swimming larval stagesPinelephas(Mercer, 1973). The author reports
phyllosoma larval Stages | and Il as common in anstwaters, close to shore off west Ireland,
from May to early July. Stage Il larvae were rarel only found in July and August off Ireland
with a possible Stage IV recorded in mid-August (64, 1973). The author noted no
recordings of further larval stages or of the plesstage off Ireland. The later stage larvae are
not found in near-shore environments but are foatndariable distances, possibly 100 miles or
more, offshore (Mercer, 1973). The phyllosomaadastages are poor horizontal swimmers but
are competent in making vertical movements withia tvater column (Gofi and Latrouite,
2005). Several studies were cited by Mercer (19%Bh regard to larval distribution and
corresponding interconnectivity. All the studieged were from exposed areas such as
California, Hawaii, and South Africa with all stedi suggesting an initial offshore movement of
larvae followed by a corresponding onshore moverdewéen by eddies potentially operating off
the main current system. The author also notetlaHack of information on currents would
make predictions of larval distribution very harét.is not clear whether such a system would
function in a more enclosed area such as that aifegv It has been suggested that larvae
produced in south Wales could be taken offshorghleyCarnsore current and then return to
Welsh waters via the Lands End Corner current (E3v1999).

Lambkin et al. (2010) carried out an in-depth analysis of rediduarents around British and
Irish coasts extending out into the Atlantic. Mmerk carried out by Lambkiet al. (2010) had
several caveats, two of which were in regard toxinity to shore, and vertical movements.
Confidence in the model produced by Lambé&iral. (2010) is reduced in areas close to shore, at
and around headlands, and when depth of the aromalarticle does not remain constant.
Overall there seemed to be very little residuakenis at 50% depth in Welsh waters off the
Cardigan Bay/south Irish Sea area for all four aeas(Lambkinet al, 2010) suggesting
phyllosoma larvae may remain within the area feubstantial period. Annual residual current
and direction for 50% depth reported by Lambkinal. (2010) are shown in Figure 1.1. As
mentioned previously, the phyllosoma stages exlahitinitial close correlation with inshore
waters before being carried offshore where theyahte to undertake vertical migrations in the
water column (Mercer, 1973). Based on the daten ftambkinet al. (2010) connectivity in
terms of larval supply to otheP. elephaspopulations may be possible via a southerly
distribution out of the Irish Sea along the southhl coast to the Atlantic and also north along
the west of England coastline into Scottish watehscoming residual currents would, in the
south, come from the southwest of England and fiteemorth along the Northern Ireland coast.
This is based on residual currents at 50% depthagsdmes no vertical movements. Detailed
information on localised currents would have taabpelied to the larval biology in the area while
considering natural variation of larva release wuelimatic conditions (see Section 1.1.3).
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Figure 1.1 Annual residual currents and direction at 50%tlidémm surface obtained from Lambleén al. (2010).
This data should be taken when interpreting thita da relation toPalinurus elephadarval distribution, as
discussed in the text.
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1.1.2Growth

Growth, of no more than four millimetres carapasmgth, has been recorded at the moulPfor
elephas although in some cases change in length was xigteat but weight increases, in some
cases of over 50%, were observed (Ansell and R®®B7). Such small growth increments,
sometimes negligible, were also reported by Mefd&73) who also noted that such small
increases were not uncommon in captive animals.ppkie (1977), studying 46 recaptured
animals off Cornwall, recorded a range of growtbréments of one to eight millimetres and
calculated a mean growth increment of 1.96 + 1.88 nThe mean annual length increase of an
Irish P elephaspopulation, measured in their natural habitat, wasculated as 12.2 mm CL
(30.5 mm total length, n = 7) for males and 12.0 @m (35.1 mm TL, n = 8) for females
(Mercer, 1973). A larger growth study was conddadé Corsica but these results should be
treated with caution when comparing to the coldienes of the Atlantic (cited in Hunter, 1999)
as it is well known that temperature has an eftectgrowth rates. Age at length data was
estimated by Mercer (1973) but extreme caution khba taken when applying the estimates
(see Table 1.1). The author estimated males ofih1CL and females of 110 mm CL both to
be about four to five years old.

Table 1.1 Estimated age at size f@alinurus elephagaken from Mercer (1973) Lengths refer to carapace
lengths (CL).

Male Female
CL (mm) Age (years) CL (mm) Age (years)
87 2-3 86 2-3
99 3-4 98 3-4
111 4-5 110 4-5
123 5-6 122 5-6
136 6-7 134 6-7
148 7-8 146 7-8
160 8-9 158 8-9
172 9-10

* The author attached a cautionary warning to thi@a énd recommended that if used, the lower
age estimates should be considered.

Males are larger than females (Ansell and Robby 1Biépper, 1977, Goii and Latrouite, 2005)
throughout their geographic distribution. The &sgganimals caught off the west coast of
Scotland were measured as 170 mm carapace lenggjhif@ales and 158 mm CL in females

(Ansell and Robb, 1977). The authors noted a anityl from studies in other geographic areas,
namely an Irish population (males: 165 mm CL; fesatll51 mm CL) and one from Cornwall

(males: 182 mm CL; females: 152 mm CL).
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1.1.3Reproductive Biology

The reproductive biology of an Irish populationRednulirus elephasvas extensively examined
by Mercer (1973) with several additional studieporting on the reproduction &?. elephas
from various geographic locations. Much of thiormation has been summarised in two
reviews (see Hunter, 1999, Goii and Latrouite, 2005

In UK waters femald®. elephasnoult in the summer months from July to Septem{ercer,
1973, Ansell and Robb, 1977, Hepper, 1977, Hui@99) and the moult is completed in ten to
15 minutes (Mercer, 1973, and see Hunter, 1998 feview). In Irish waters}. elephasmove

to deeper water to moult (Mercer, 1973) but onSkettish west coast, moulting was observed
to occur in inshore areas (Ansell and Robb, 197Afer moulting, the new shell hardens within
seven to 19 days (see Hunter, 1999 for a revidgting has been observed to take place within
two weeks of the female moult (Ansell and Robb, 7)9%ith egg laying occurring five to ten
days after this. The positioning of the spermatwplduring mating is important and therefore
the male and female must be of a similar size (B8v1999). The female then carries the eggs
throughout the winter before they hatch in thedwihg spring (Ansell and Robb, 1977).
Mercer (1973) found egg hatching to have occuryedhinl-May, although the author noted that
this can vary depending on seasonal temperatuceufitions. In the Atlantic, incubation lasts
around nine months and hatching takes two to alglygs (Hunter, 1999). In the Atlantic, post
hatchingP. elephaspend up to a year in the water column as a l@®@ also Section 1.1.1.1),
termed phyllosoma (see Hunter, 1999, and Gofi atcbuite, 2005 for reviews). There is very
little observed information from post larva, termpderulus, through to adulthood (Hunter,
1999).

Gorii et al. (2003a) found that there was considerable vanairo egg production between
females of similar size. The number of eggs patcbl was found to increase linearly with
increasing body size, however the maximum reprodeigteld, in terms of eggs per unit weight,
occurred in females from 100 to 110 mm CL (Gefial, 2003a). Hunter (1999) stated that, “as
a general rule, fecundity iR. elephags three to five times smaller than in spiny l@bstof the
generalasusandPanulirus. Egg loss during incubation under laboratory ditions has been
shown to vary from 10 to 30% (Mercer, 1973, anddaater, 1999 for a review) but this may
not be representative of conditions in the wild.

The smallest berried female varied geographicadgging from 67 mm CL to 121 mm CL with
the smaller animals recorded in warmer waters khaster, 1999 for a review). Huntet al.
(1996) reported the smallest berried female inlsmast England measuring 90 mm CL and 121
mm CL in Wales while the smallest berried female&ootland, measured by Ansell and Robb
(1977), was 98 mm CL. Sexual maturity in an Ipgipulation was estimated between 70 and 94
mm CL, with 50% maturity at 82 mm CL (Mercer, 1973An assessment of the female
reproductive biology oP. elephasn the Spanish Mediterranean indicated that fesnedached
physiological and functional maturity at 76 to 7mncL, although individuals with ripe ovaries
were observed as small as 69 mm CL (Garal, 2003a). Information on particular size at 50%
maturity is summarised in Table 1.2. Males weighdly larger, reaching physiological maturity
at 82.5 mm CL (Goriet al, 2003a). When looking at the female size whef# 5@ individuals
are mature this varied from 95 mm CL in Brittanyofitand Latrouite, 2005) to 139.9 mm CL in
Wales (Hunteet al, 1996), as shown in Table 1.2.

There is a difference in reproductive behaviouatreé to female size with larger females mating
and laying eggs early in the breeding season amdleanfiemales laying eggs later in the season.
Male P. elephashave been shown to mate repeatedly throughoubriseding season (GoBt

al., 2003a).

15



CCW Contract Science Report No 989

1.1.4Biology Summary

The biology ofPalinurus elephasas been studied in several geographic locatidattgnaits
distribution. On a large geographic scale, twainits areas of investigation were identified from
the literature; the cooler Atlantic and the warnMediterranean. In the context of Welsh
populations, studies from the latter region shalldays be treated with a degree of caution as
temperature is a known variable affecting growtiesand the reproductive cycle. Interpretation
of data collected from other species should alsedvaed out with caution, as aspects of their
biology and location will be different to populat®ofP. elephasn Welsh waters.

Many studies have examined the reproductive biotddy. elephasn different geographic areas
(see Section 1.1.3). There is a substantial amoiumformation available, although some data
is deficient or scarce (e.g. information on maldurigy and female fecundity in Welsh waters,
see Table 1.2). The reproductive cycle from thmake moult through to egg hatching, larval
phase, to puerulus stage can range from around 22 mnonths, based on the findings in Section
1.1.3, with the puerulus stage probably occurriognfaround April through to July, based on a
moulting period of July to Septemberhere is very little information in the literaturegarding
the puerulus stage to adulthood. It was suggdsgellercer (1973) fromn situ observations
that this stage may “prefer low salinity environrs3rbut little to no data is available regarding
aspects such as; time spent in low salinity enwvirents, growth rates, and ecology to name but a
few. Larval connectivity is one of the main are&slata deficiency with regards to the biology
of P. elephasn Welsh waters (see Section 1.1.1.1). Furthekwauld have to be conducted in
order to investigate this fully.
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Table 1.2 Data on size at maturity and fecundity fr&alinurus elepha different areas. The relationship between nemadf eggs (E) and carapace length (CL) are shohenw

available.
Location Q size at 50% Smallest ovigerous Q fecundity J size at Reference
maturity Q (mm) maturity
(mm CL) (n=total females sampled)
Wales 139.8 (mean size 121 (n=135) Huntegt al. (1996)
of berried?)
SW England 135.0 (mean size 90 (n=1592) Hunteet al. (1996)
of berried?)
East Cornwall 65 000 to 184 000 Hepper (1977)
Ireland 82 70-90 E = 2553CL - 165602 84.5 Mercer (1973), cited in Huntet
40 560 to 214 128 al. (1996)
NW Ireland 119 (mean size of 85 (n=232) Robinsoet al. (2008)
berried?)
Scotland 98 Ansell and Robb (1977)
Bay of Biscay 100 000 Valenciennes (1858)
Brittany 95 (mean size of 92 cited in Gofi and Latrouite
berried?) (2005)
Portugal 110 84 E = 3355CL — 283832 Galhardcet al. (2006)
Portugal 82 000 to 209 000 as reported by Hunter (1999)
Portugal E = 2520CL — 196225 cited in Galhardet al. (2006)
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Spanish Mediterranean 76.5 (n=192) 69 23 483 to 201 549 82.7 (n=94) Goiiet al.(2003a)
E =2428CL — 148998

Corsica 70 20 000 to 210 000 Campillo and Amétier8)
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1.2 Fishery

Palinurus elephazommand a high market price and have been sutgeftshing activity for
centuries, with fisheries in the UK and Ireland eleping in the early 1900s. These fisheries
were mainly carried out using pots until the introtion of trammel (and tangle) nets in the
1960s and 1970s (Groeneveital, 2006). This resulted in increased fishing effortl greater
efficiency of gear, and stocks declined. More ndlgethere have been reported declines in
Palinurus spp P. elephasandP. mauritanicuy throughout all European and African countries
between 1988 and 1996 (e.g. Galhamoal, 2006). It is generally accepted that that
modernisation of fishing fleets and changes inifighgear have resulted in over-fishing of
crawfish stocks during these periods. Howevelsdme cases, there is a lack of fisheries data
with which to scientifically corroborate this.

1.2.1Fishing Methods

The three main methods for catchiRg elephasare netting (tangle and trammel), potting, and
dive fisheries. Historically fisheries began byttpa for crawfish and this was followed by the
introduction of more efficient dive and net fistesi Crawfish caught in pots in Welsh waters
are a bycatch of fisheries for lobsters and cridese is no targeted pot fishery. Traditional rush
traps have been used to catch crawfish in the Meditean. However, as the skills required to
produce them are lost, modern plastic traps haga lmoked at as an alternative to trammel nets
which are considered to be unsustainable due tb bégch rates. A study by Gristina and
Gagliano (2004) showed, under experimental conultithat there was not a difference in catch
rates between traditional rush traps and moderstipl&raps. The efficiency of targeted trap
fisheries is affected by soak time with the catate rfalling after two nights fishing (Robinson
and Dimitriou, 1963). Potting activity for lobssetand crabs around the Welsh coast is
widespread and there are several different kingstf in use (CCW, 2010).

Netting is a more effective method of fishing feawfish than potting (Hepper, 1977, Gristina
and Gagliano, 2004). In Welsh waters crawfishcaeght as a bycatch in spider crab fisheries.
A comparison of percentage catch rates betweeretargs and pots in south Wales during
1997, showed that nets represented 37,850% ofatheapch (Davies, 1999). Goéi al(2003b)
have reported that there are differences in thehadility of male and female crawfish in both
pot and trammel net fisheries. This showed thatpibt fishery did not accurately represent the
size structure of the population and preferentiedlyght females.

Net fisheries are carried out all along the Welshst although tangle netting appears generally
to be concentrated along the Pembrokeshire coasthenLin peninsula and along the north
coast of Wales to the east of Anglesey (CCW, 201@)thin what was the South Wales Sea
Fisheries Committee area net fisheries for crustaEeeaked in 1993 when 33 vessels were
actively working and 90% of the ten to 12 tonneckawvas taken using tangle nets. By 2001
only four vessels were registered to take crusteces net with a further six vessels registered
to use pots and nets (as reported in Thomas, 2038s than one tonne of crawfish was landed
in 2001, with net fisheries landing over 260 tonakspider crabs.

Scuba diving has been identified as a cause opdmpalation decline in crawfish in parts of
Wales in the late 1970s where a dive fishery arahed_n peninsula led to a rapid decline in
numbers in that area such that within two yeargndifor crawfish was no longer economically
viable (R. Sharp pers. comm.). In dive fisheriesf the south of Wales it has been reported
that they preferentially removed females from aeaaeaving males behind, this would then
attract more females into the area which couldisgieetl again a few weeks later (P. Coates pers.
comm.). Preferential removal of females like tbauld affect the potential for recovery by
reducing the reproductive output of the population.
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Dive fisheries can also affect the behaviour ohggdbbsters. A study in Florida observing
Panulirus argusshowed that there was increased dispersal of ighahis following a period of
fishing in an area that had been previously cldedashing (Davis, 1977). It was suggested that
this dispersal may be as much related to pertunbdily divers as reduction in numbers and
indicated that increased dispersion could have atsps terms of exposure to predators, and
disruption of social structure.

1.2.2 Status of the fishery

A shellfish permit scheme introduced in the Southl& Sea Fisheries Committee (SWSFC)
area in 1980 has resulted in the collection offcated effort data for the crawfish fishery in this
area. The annual landings data, broken down bynfistype, are shown in Figure 1.2. A report
on data collected via this scheme was produced dyed (1999) for the period 1980 to 1997.
This showed that landings were under two tonneg/@ar with the exception of the period from
1990 to 1993 which saw a peak to 12 tonnes in (8&%ies, 1999). The peak in landings
observed around 1992, which can be attributedreethoats, was due to the identification of an
area of inshore reef where crawfish were carryingeomigration and nets were specifically set
between two areas of kelp (P. Coates, pers. corhmwever, the fishery became uneconomic by
1993. Landings from the pot fishery have showreaegal pattern of decline since 1980 when
annual landings were around 1.2 tonnes, to receatsywhere landings have remained largely
below 0.5 tonnes since 1993 (Figure 1.2). Thawith the exception of 2007 which saw the
highest annual landings from the pot fishery dutimg data collection period at 1.4 tonnes. The
dive fishery landed around 0.4 tonnes in 1980 &8l but no commercial dive fishing has been
recorded in the south Wales area since 1986. fdatathe Marine Management Organisation
for the period 2000 to 2011, show that some comialediving took place in 2010 but that it
made up a small proportion of the total catch (kg Total annual landings of crawfish since
the peak in 1992 have remained relatively low amlings from Welsh vessels have remained
at less than two tonnes per year since 2000 (Mdviaeagement Organisation). Although the
volume of catch remains low and it is not a targdighery, it is of significant value to fishermen
with the two tonnes landed by nine vessels in 2@§/ing a value of £56,000.
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Figure 1.2 AnnualPalinurus elephatandings from all fishing gears (not effort reld}én the south Wales shellfish
permit area (formerly the South Wales Sea Fish&mamittee Area). Data from the Welsh Government.
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Landings per unit effort (LPUE) calculated from thet fishery (Figure 1.3) have also shown a
pattern of decline from a high of 0.65 kg per 1@® Ipauls in 1980 to below 0.1 kg per pot haul
since 1988, with lows of around 0.003 kg per patl @ 2003 and 2010 (Figure 1.3). Again the
exception to this was in 2007 when LPUE increase@d.15 kg per pot haul. The reason for the
observed increase in both landings and LPUE froepitt fishery in 2007 is not clear. Mean
monthly LPUE for the period 1980 to 1997 showedekakpin June, this coincided with the peak
activity in the fishery whereby the landings betwé&ay and September represented between 77
and 90.5% of the total for the year (Davies, 199Bhe lowest catch rates were recorded in the
period from October to March. LPUE from tanglesnetere also calculated (1991 to 1997) and
ranged from 0.93 to 1.37 kg perl100 meters of newvdsen 1991 and 1993 followed by a sharp
decline in 1994 to a low of <0.13 kg per100 m met996. This increased slightly to 0.52 kg per
100m net in 1997. During this period the total f@mof shellfish permits issued by SWSFC,
and the number of full time fishermen in the at&@th increased as did the total number of pots
fished (Davies, 1999). This increase is not spedd crawfish fisheries however, and
interpretation in this context should be taken witire. Given the decrease in pot LPUE
alongside the introduction and decline of a tamgiefishery, it is probable that there was over-
fishing of crawfish in this area during this period
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Figure 1.3 Annual Landings Per Unit Effort (LPUE) from thetpfishery forPalinurus elephagrom the south
Wales shellfish permit area (formerly the South ¥gafea Fisheries Committee Area). Data from thésWe
Government.

A shellfish permit scheme also applies to the NdoMest and North Wales Sea Fisheries
Committee area which also collects data on catchedfort from the fishery (P. Coates pers.
comm.). Although more detailed analysis of thisadget is not currently available it should be
possible to compare this with information from Huaith.

Data from the Marine Management Organisation shat Welsh registered vessels fishing for
crawfish have landed just under five tonnes sir@@02wvhich is a relatively small amount when
compared to landings from other areas of the Ul§yfa 1.4)
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Figure 1.4 Annual UK landings oPalinurus elepha®y nationality of vessel (Data from the Marine Mgament
Organisation).

In addition to the fishery for crawfish in Walesth have also been targeted crawfish fisheries
around Cornwall. These were mainly carried ounhgsgpots until the introduction of diver
fishing in the 1960s. However, dive fishing wasisidered to be uneconomical by the end of
the 1960s (Huntest al, 1996). The introduction of net fisheries in t870s gradually replaced
pot fisheries and landings have reduced considersibte that time. There has also been a
change in the length frequency distribution of disfwfrom the Cornish fishery, whereby the
distribution has skewed to a higher proportionrmoélier individuals (Hunteet al, 1996).

Hunter (1999) reported landings Bf elephasin Scottish waters from 1983 up to 1997. All
landings up to, and including, 1991 were below fimenes per year. Landings increased in 1992
to more than 40 tonnes per year and remained laigbveé 30 tonnes per year) until a peak in
1995 of about 54 tonnes per year. The peak lasdiegveen 1992 and 1995 corresponded with
the introduction of tangle netting. Landings fbe tyears following the peak in 1995 were of a
similar size to those prior to the increase: Iésstabout six tonnes per year. Landings data for
2000 to 2011 are presented in Figure 1.4 and shoeonénuing trend of yearly landings less
than 7.2 tonnes.

The Irish fishery for crawfish in the late 1960sasna pot fishery which targeted both lobsters
and crawfish simultaneously (Molloy, 1970). Altlgtuthe extent and location of the fishery
was not thought to have varied much at this tirhe, annual catch was shown to fluctuate
considerably and there was an overall decline mdlitags. It was also reported that the mean
length of crawfish was lowered in some areas (MpIB70), although it was not possible to
determine if this was caused by over-fishing. Moeeently fisheries in Ireland have been
carried out using trammel nets, with a bycatch rafnish taken in other set nets (Goii and
Latrouite, 2005). This change from pot to netifighis reported to have resulted in depletion of
the stocks and a reduction in the mean size ofiedals (Goii and Latrouite, 2005).

A recurring trend in the literature on crawfishhigsies, as reviewed by Goii and Latrouite
(2005), is the decline in population levels duechanges in fishing practice from the use of
relatively inefficient pot and trap fisheries to amumore efficient net fisheries from the 1960s to
1980s. Stocks d?. elephasare depleted over much of its European rangeydnag Wales.
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1.3 Legislation

This section outlines fisheries legislation thatrédevant to crawfish fisheries, although this
report is not intended to provide a full review fidheries legislation. Definition of the
geographical boundaries at which relevant legshatipplies is also pertinent to the assessment
of management measures. The fisheries legisl#tianapplies to Welsh waters is listed in the
Sea Fishing Atlas of Wales (CCW, 2010) and thiduides regulations from the European
Union, the United Kingdom, and the Welsh GovernmenfThe Marine Management
Organisation also produces a Blue Bbuakich consolidates UK and EU legislation.

Within six nautical miles, only vessels registereadhe UK may fish. Crawfish fisheries are
regulated through bylaws which were implementedhsy Sea Fisheries Committees (now the
Welsh Government) and have been transferred totStgtinstruments which apply within the 6
nm limit. These specify a 95 mm carapace length) (@inimum landing size (MLS) in the
north and a 110 mm CL MLS in the south. Betweam®6and 12nm historical fishing rights
permit vessels from outside the UK to fish. Thesdude vessels from France, Belgium, and
Ireland and the distribution of these rights isomgd in CCW (2010). Welsh Statutory
Instruments, such as the Lobsters and Crawfishh{Bitmn of Fishing and Landing) (Wales)
Order 2002, S12002/676, apply within the 12 nm fimit only to UK vessels. In order to extend
management measures within the 12 nm limit to ohelall vessels it is possible to obtain
derogations for the conservation and managemeriisoéries resources under Article 9 of
Council Regulation 2371/2002 on the conservatiod austainable exploitation of fisheries
resources under the Common Fisheries Policy.

Within the six nautical mile limit all fisheries magement powers are devolved to the Welsh
Government. In 2010 the area of responsibility fifsheries policy, management, and marine
enforcement was extended to the median line boxiterthe Republic of Ireland, Isle of Man,
and England via The Welsh Zone (Boundaries andsftearof Functions Order) 2010. Under
this legislation Welsh Statutory Instruments cobkl extended to the median line border but
would still remain applicable only to UK vesselsU legislation, including a MLS of 95 mm CL
for crawfish, applies to all Welsh waters.

The Habitats Directive has resulted in the designadf marine Special Areas of Conservation
(SAC) in Welsh waters. The scope of the sitesvegleto crawfish is set out in Section 3.1.2.
The Sea Fishing Atlas of Wales (CCW, 2010) listsn@etent Authorities for different fishing
techniques and the relevant fisheries legislatibickvapplies within Welsh marine SACs. The
Skomer Marine Nature Reserve was designated uhdaéwildlife and Countryside Act and its
relevance is set out in Section 3.1.3.

! http://www.marinemanagement.org.uk/fisheries/manhiig/regulations_bluebook.htm
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2 METHODS

For the purposes of this report the term “crawfigh'used to represeRalinurus elephasand
both terms are used interchangeably throughouteré/hecessary, in order to provide the most
complete assessment of potential management measexamples have been drawn from
studies on other Palinurid species, and other @eplarustacean species.

2.1 Assessment of Management Measures

In order to assess the potential effectivenesxigtieg and potential management measures for
the recovery of Welsh populations Bf elephasa review of available information has been
carried out in the form of a literature review, luing grey literature, and through liaison with
persons with specific relevant expertise. Wherssjibe direct examples of recovery attributed
to different management measures are reporteddimgjuimescales (see also Table 3.1). Where
direct examples are not available, comparisons daeavn and aspects of the biology of
P. elephasare interpreted with regards to the specific managnt measure in question. Where
relevant management measures are applied in atljawsas with the potential to aid recovery in
Welsh waters, these are also included. The limoitatof each management measure in aiding
the potential recovery of crawfish populations ielgh waters are also discussed.

The assessment provided in this report is not dedno provide recommendations on future
management of crawfish in Welsh waters or to reviesvsocio-economic implications of each

management measure, nor does the scope of thetraghide any proactive recovery measures
such as husbandry techniques.

2.2 Definition of Recovery

The Marine Strategy Framework Directive (MSFD) set$ in its quantitative descriptors for
determining good environmental status tii&opulations of all commercially exploited fish
and shellfish are within safe biological limits, ekibiting a population age and size
distribution that is indicative of a healthy stock”, thus setting a mandate for recovery of
crawfish populations in Welsh (and UK waters). [oe purpose of the MSFD “within safe
biological limits” is defined as beingxploited sustainably consistent with high long-ten
yields and to have full reproductive capacity(Pietet al, 2010). The authors also add that in
assessing these attributes a precautionary apptmadcaken in setting target levels of fishing
effort and spawning stock biomass. The age and digtribution of a healthy stock is
considered to consist of greater numbers of olddrlarger individuals. Achieving these targets
would result in good environmental status (GES)Herstock.

Currently there is no information available on Higtorical, or current, stocks & elephagrom
Welsh waters, or indeed from the UK with which tefide “safe biological limits”, nor with
which to compare a population size distributiont tisaindicative of a healthy stock. It is not
possible therefore to make any formal analyticsthdéries assessment on the stocks of crawfish
around the Welsh coast, nor to determine what @ojun size and structure would represent
GES. Neither is it possible to draw direct comgams with other spiny lobster fisheries, as in
most cases it has not been attempted to calcliatatisolute abundance. Where the relative
abundance has been estimated from catch ratehedfipopulations the differing gear used in
each fishery precludes any comparison betweenep@dorgan, 1980).

In addition to the identified areas of data deficie with regards to the fishery which prohibit
the use of formal assessment techniques, the@sardiological knowledge gaps with respect to
the behaviour and reproduction of crawfish in Welglters. It is nevertheless important to
utilise the available information to make reasomedgments on the potential for different
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management measures, alone or in combination, miricote to the recovery of crawfish
populations.

A demarcation of what constitutes ‘recovery’ is e to undertake this review of management
measures for their effectiveness in enabling selt@ated recovery of crawfish. The MSFD
target is an acceptable descriptive recovery tdogatrawfish, but these targets are not, and can
not be, defined numerically. However, it is im@mtt to know what the status of the crawfish
population in Welsh waters currently is, what thesiced population status is and hence the
magnitude of recovery that the various managemeatsores need to redress.

Landings Per Unit Effort (LPUE) data are availafdethe South Wales Sea Fishery Committee
area since 1980 when declines in crawfish had dyrdsecome evident. In 1980 when the
population was already being exploited LPUE wasmed at 0.7 kg per 100 pots, while current
LPUE is much lower and has remained at around R@per 100 pots as recorded in 1997
(Davies, 1999). It is recognised that data fronpat-hauled method is not an accurate
representation of a crawfish population as it ielatively inefficient fishing method and has
been shown to be selective for females (Gatiial, 2003b). LPUE does, however, provide a
relative index of abundance in the crawfish popaiat

This data from south Wales can be used to inditeestatus of crawfish populations in Wales

historically and to indicate the magnitude of remgvthat is desired (bearing in mind that

declines in crawfish were already evident during pferiod for which this data exists). Use of

this data as a benchmark does not facilitate nualemodelling of effectiveness of management
measures, but serves as a context in which logisdjements can be made about the
effectiveness of the management measures in egatdicovery. This will be based on an

appreciation of their declined status in Welsh, @Kd European waters, and using knowledge
of crawfish biology and ecology, of PalinuridaeBtdr population dynamics and the effects of
fishing on populations.

LPUE data does not represent all attributes of fishwrecovery, for example it does not
encompass the age and size distribution in a popalaTherefore, historical Welsh LPUE data
from the 1980s can be viewed as only an interintovering’ target heading towards a
population with a density, size distribution an@gephical distribution that would represent the
achievement of GES and recovery of crawfish. LPd#a should also be considered as an
interim target because crawfish have been fisheddweeral decades before the 1980s and LPUE
data from this period is unlikely to representectvered’ state.

This report assesses the potential effectivenesaadf management measure with respect to their
ability to reduce or restrict fishing effort, inase reproductive output or reduce catch rates, and
provides indications on the potential scale of vecyp and time implications where possible.
The future implementation of any management measugg be assessed through the collection
of new LPUE data and comparisons made with theoiticsti data that is available. The aim
being to reach a population level where LPUE vahresgreater than those observed in the early
1980s and are able to be maintained within presdriinits in order to maintain GES.
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3 ASSESSMENT OF MANAGEMENT MEASURES

Management measures for the protectioRainurus elephagopulations include those affected
both through fisheries legislation and through reataonservation legislation as set out in
Section 1.3. Potential recovery rates, relatingh different management measures, reported
from different areas or with regards to other spgare summarised in Section 3.3.

3.1 Existing Management Measures
3.1.1Minimum Landing Sizes

The main function of a minimum landing size (MLS)tb allow individuals to reach sexual
maturity and to reproduce prior to entering thédiy. The aim of this is to prevent recruitment
over-fishing, by which the individuals remaining the population do not have a sufficient
reproductive output to replace those removed byirfgs It is important therefore that the MLS
set for a fishery is greater than the size at firaturity of the target species within the are¢hef
fishery. Two separate MLS are currently in forcghim Welsh waters. This is as a result of
differing management measures put in place bywuteSea Fisheries Committees whose role
has now been taken over by the Welsh Governmehe EU minimum landing size of 95 mm
carapace length (CL) is in force in the North Wastl North Wales Sea Fisheries Committee
(NW&NWSFC) area, while in 1997 the South Wales Fesheries Committee (SWSFC)
adopted a more conservative MLS of 110 mm CL. s Ibylaw only extends to the six nautical
mile limit, it does not provide protection for crbgh caught further offshore which would be
subject to the EU limit.

The mean size at maturity (SOM) of crawfish hasnbsleown to vary regionally (Gofi and
Latrouite, 2005) and examples from the literatuee@esented in Table 1.2. Researcllasus
edwardsiihas also shown that SOM can vary with depth (Lmenet al, 2009). The size at
maturity is often taken to be the size of the sesdlberried female and this varied from 69 mm
CL in the Spanish Mediterranean to 121 mm CL intlsowales. These data provide an
indication of the possible individual SOM; howetbris value may not be representative of the
population as a whole. A study in Portugal showrat 50% of females were mature at a
carapace length of 110 mm (Galhaetaal, 2006), although the smallest ovigerous female was
84 mm CL. The authors showed that an increase lii$ Mfom 80 to 95 mm CL had little
potential to increase reproductive output as leas 20% of females under 95 mm were mature
(Galhardoet al, 2006). Gofi and Latrouite (2005) also reportt tRH.S in fisheries from
Croatia (80 mm CL) and Brittany (> mean SOM) weog sufficient to protect stocks from over-
fishing or to elicit recovery of stocks.

A study carried out in south Wales (Hungral, 1996) between Strumble Head in the north and
St Govan’s Head in the south reported that the nseanof males was 155.5 mm CL (range 89
to 182 mm CL) and the mean size of berried femaigs 138.7 mm CL (range 121 to 150 mm
CL, see Table 1.2). The smallest unberried femederded was 113 mm CL. The results of this
study would indicate that the current EU MLS is appropriate for crawfish in this area and that
even the higher MLS introduced by the SWSFC of &t CL would do little to increase the
reproductive output of the population as all repicitvely active females, and the majority of
males, were larger than the MLS. The sample sizdsis study were relatively small however
and the smallest ovigerous females found in Corpwaland, and Scotland were smaller than
that reported for south Wales (see Table 1.2Jnay be that there are smaller individuals within
the Welsh population, but for some reason, theyewt captured during this particular study.
Hunteret al (1996) also examined physiological maturity infétales (including the smallest
individuals from the Cornish fishery) and surmigkdt the majority of crawfish from around the
UK would be sexually mature before they enteredfisigery (i.e. at 95 mm carapace length).
As data from Mediterranean populations of crawfisdicates that females become both
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physiologically and functionally mature at the saimge (Gofiiet al, 2003a) this would indicate
that the SOM in Welsh populations could be smatlem the size range of berried females
described by Hunter (1996), but further data ctilbecis required to affirm this.

Given the disparity between the existing MLS anchewhat contradictory length frequency and
SOM data presented by Huntdral. (1996), it is possible that a substantially hight'S would

be required to increase the reproductive poteafiatawfish populations in Wales. The scale of
any recovery of crawfish populations through insegh MLS is difficult to predict for several
reasons. It is not clear what the current lengdlgqudency distribution of the population is and
therefore what proportion of individuals would lemoved from the fishery. Length frequency
data, along with information on SOM, are also reggiito determine the potential gains with
respect to egg production. Should increased eggdugtion occur and result in enhanced
recruitment in Welsh populations it would be expdcto take a minimum of four to five years
before any upturn was observed in the fisheryhasis the predicted length of time it would
take for both males and females to reach a cardpagéh similar to the current MLS (see Table
1.1). Should populations in Wales be clearly Ishke larval production from a population
outside UK waters then an increased MLS set aEtlvepean level, or another appropriate sea
area, may be considered appropriate in order ibtéde recovery in Welsh waters.

A further consideration with regards to the recgwvalr crawfish populations is the attainment of

an age and length structure that is indicative lnéathy stock, which is considered to consist of
greater numbers of larger and older individual&t(Bi al, 2010). The use of MLS alone may

not provide a means by which GES, with regardsetayth frequency, could be attained or
maintained, as larger individuals would be the foofi the fishery. This could be particularly

important should any recovery in terms of abundattact greater fishing effort.

3.1.2Marine Special Area of Conservation Management Measures

Marine Special Areas of Conservation were desighataler the European Habitats Directive,
which has been transposed by The Conservation bitdds and Species Regulations 2010 in
England and Wales. The legislative process regire Secretary of State to propose a list of
sites which are important for habitats and/or sge¢listed in Annexes | and Il of the Habitats
Directive respectively) to the European Commissio8ites are then identified as Sites of
Community Importance (SCI) and must then be dessghas a Special Area of Conservation
(SAC) within six years (JNCC; http://jncc.defra.gak/page-1379). Features of the
Pembrokeshire Marine SAC include eight habitat syfisted in Annex | of the Habitats
Directive, one of which is ‘reefs’, and seven speogroups listed in Annex Il of the Habitats
Directive (www.pembrokeshiremarinesac.org.uk). téess of the Pen kh a'r Sarnau SAC
include eight habitat types listed in Annex | oétHabitats Directive, one of which is ‘reefs’,
and four species groups listed in Annex Il of the ablhts Directive
(www.penllynarsarnau.co.uk). Reefs form importaalbitats forPalinurus elephagsee Section
1.1.1) and, althougR. elephasare not listed in Annex Il of the Habitats Diree€tj they are one
of the largest benthic predators in Welsh waterd as such having a healthy crawfish
population would contribute to attaining favourabtenservation status for the reef habitat.

3.1.2.1 Pembrokeshire Marine SAC

The management scheme for Pembrokeshire Marine i8&gifies that net fishing (fixed, gill,
tangle, and trammel) is increasing within the sifEhe report also indicates that there is the
potential for this to have an effect on the dedigddeatures of interest, but that at present there
is not sufficient data to determine if any advezffects are actually occurring. This is also the
case with continuing potting activity, which is w&pread throughout the site (CCW, 2010). It
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should be noted that any fishing activity withiretsite which removed crawfish would be
affecting the status of the features of interestraw/fish are part of the reef feature.

There are no fisheries specific management measutesh the SAC management scheme
which would enable crawfish recovery. There aggeats of the management of the site which
have potential benefits for the local populatiort kadhich are unlikely to contribute to any
recovery. These include the possible introductibbiodegradable latches in pots. This might
benefit crawfish through the reduced potential fayrtality of individuals by ghost fishing of
lost gear. The extent to which this occurs witthia site is unclear, and pot fishing for crawfish
is not as efficient as other methods so it is Yikiblat the impacts of this management measure
would be relatively minimal. Management measurbgkvprotect the water quality within the
area may well have a beneficial effect with regeydhe planktonic life stages of crawfish,
however, the sensitivity of this species to contation in the water column, including
eutrophication, is not well described (Jacksoal, 2009).

The management scheme action plan does includetam @0 “establish sustainable limits for
each species/stock and a range of appropriate reargag measures to maintain catches within
those limits”. With regards to the recovery ofwfiah, the setting of sustainable limits would
need to be applied within the context of Good Emwvnental Status as required by the Marine
Strategy Framework Directive, as it is possibld thaustained fishery can be carried out on a
depleted population. A further proposed item dste the management scheme is the
establishment of unexploited scientific “controlites, although the plan, timescale, and
likelihood of their introduction is not clear. Tde could potentially provide refuges for
populations ofP. elephasand would also provide the ideal situation teeasgpotential recovery
of populations. Site selection specifically foawfish study would be desirable in order to gain
the greatest possible benefit from such a managemeasure (see also Section 3.2.7). The
management scheme includes actions on the coledfofisheries data including spatial
distribution and effort within the site, and spemfly in the Skomer Marine Nature Reserve
(MNR), to inform SAC management. Whilst this cogdbvide a valuable source of baseline
data on which future assessments could be basedge thctions do not relate to direct
management action and would not contribute to regov A permit scheme exists for shellfish
fisheries in the south Wales area. This was implged by the SWSFC (now the Welsh
Government) and although it is not implementeduglothe SAC management scheme, it would
mean that annual licence applications could beidered a plan or project and would therefore
trigger an appropriate assessment.

3.1.2.2 Pen Llyn a’r Sarnau Marine SAC

Potting for crustaceans and tangle netting for éisd crustaceans is carried out within the Pen
LIyn marine SAC. Fishing activity around theyhl Peninsula is reported as being
predominantly part-time (Thomas, 2003), with paticarried out during the summer months
and netting in spring and autumn. Diving is cafraut within the site and recreational catch
limits apply, with permits required for any propdseollection activity greater than the limits
would allow. A shellfish permit system was alsd puplace by the NW&NWSFC (now the
Welsh Government) as in the south. Although thpsemit systems are not implemented
through the SAC management plan, applications &mgs could constitute a plan or project
and therefore be subject to appropriate assessment.

The management plan for this SAC states that tiser® evidence at present to suggest that
either netting or diving is having an adverse dfteteither the features of interest within the sit
or the wider coastal ecosystem through the removVahrget species. It should be noted,
however, that as fishing with both pots and netgamied out within the site, there is the
potential for crawfish populations to be reduces crawfish are a component of the reef this
could be considered to be detrimental to the featof interest.
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With regards to the self-propagated recovery ofvish there are no management actions within
the SAC management plan which specifically relatectawfish or which would confer any
benefits to recovery of this species within the sibundary, or beyond.

3.1.3Skomer Marine Nature Reserve

Fishing activity within the Skomer Marine Nature deeve (MNR) is regulated through two
fisheries byelaws. These are Byelaw 27 which fithithe use of dredges and beam trawls
within the Skomer area; and Byelaw 28 which prdkilthe removal of any scallopP€cten
maximusand Chlamys opercularjsfrom the MNR area. These measures do not spaltyfi
protect crawfish, and although it is possible thamall bycatch oP. elephasn mobile fishing
gear may have been prevented, this is unlikelyetsignificant (P. Newman, pers. comm.).

Both pot and net fisheries are permitted within $ite with pots targeting lobstersigmarus
gammaruy brown crabs Gancer pagurus spider crabsMaia squinad®, and velvet crabs
(Necora pubex. In the last decade potting has been carriedbpuwip to ten vessels although this
activity has covered between 55 and 85% of the sifbere has been a marked increase in
potting effort around Skomer since 2001, and algolevels were reported to have reduced
somewhat in 2010 they remain around three timdsenithan they were in 1989 (Newmainal,
2011).

There is currently a voluntary netting exclusiomeowhich covers 50 m from the island coast,
but netting elsewhere in the MNR is permitted. rEhis currently little net fishing activity
within the MNR area and no activity at all was netedl in 2010 (Newmaret al, 2011).
Crawfish were targeted through the use of netshér 1970s and 1980s (B. Bullimore, pers.
comm.) within the MNR and were also targeted thloogts elsewhere along the Pembrokeshire
coast during this same period.

There is a voluntary no take policy (which inclugeawfish) in the MNR'’s code of practice for
recreational divers and this is largely adherethytovisiting divers (P. Newman, pers. comm.).
Whilst recreational divers did take crawfish fromthbwithin the MNR and elsewhere around the
Pembrokeshire coast in the 1970s and early 19B8sntensity of this activity has never been
documented. There was a short lived and intensiwvemercial dive fishery in the late 1970s,
but this was not within the MNR itself and mosttycfissed on the offshore reefs around west
Pembrokeshire, such as at the Hats and Barrels, ragbroximately 10 - 15 miles west of the
MNR (B. Bullimore, pers. comm.).

Whilst MNR monitoring does not specifically gathelata on crawfish, non-systematic
observations by MNR staff and volunteer divers heeforted increasing sightings of juvenile
crawfish within the reserve since 2000, althoughltsdare less common (P. Newman pers.
comm.). These informal observations of juvenileravnot made by MNR staff prior to this
time, despite the same sites being surveyed eagh yAlthough these observations are not
backed up by quantitative data they suggest anrappacrease in recruitment, either via larval
advection to the area or through migrations of fifes into the MNR area. The source of the
juvenile crawfish within the site is not clear hoxge, and this should be taken into consideration
when assessing the effectiveness of the MNR tanatige recovery of crawfish.

In the case of an increase in recruitment to theRylthe adherence by recreational divers to the
voluntary no take policy, including crawfish, withithe MNR area will contribute to
survivorship of juveniles to adulthood and reprddigcmaturity, with possible spill over effects
outside the MNR area in the future (see also Se@i@.7). Any spill over effects would be
dependent on the increased numbers of juvenileg lmeihg found within the site, and would
assume that the increase was a direct result ofagesment measures within the MNR, as
opposed to a general increase in recruitment withénwider area. The reduction in netting
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occurring within the site is likely also to conuiie to increased survivorship of juveniles to
adulthood.

3.1.4Non-Commercial Catch Limit

Non-commercial catch limits apply to divers/snoetsl and recreational potting vessels. The
bylaws introduced by the sea fisheries committ¢gte shat in the both the NW&NWSFC area
and the SWSFC area there is a catch limit of oasvftsh per person per day. All persons
wishing to fish using pots or traps are limitedit@ pots per person and the catch limits set out
above still apply. The introduction of voluntargdes of conduct in some diving organisations,
which promote a no take policy, may also have reduthe potential for divers to remove
crawfish when they are found. For all non-comnarishing activity the existing MLS of 95
mm CL in the north and 110 mm CL in the south sgilply.

Davis (1977) observed a recreational diver fisheityin a protected area which allowed each
diver to take twdPanulirus argus The area observed within this study was a natipark area
which attracted a large number of recreational divend the sport fishery had a significant
impact both on the behaviour and number® oarguswithin the area. In this specific instance
the author reported that such a level of removalld/@ot have been sustainable within the area
and reported substantial decreases in experimeatah rates and lair occupancy after eight
months of fishing (see also Section 3.2.3.2). 6Gitlee current depleted status of the Welsh
crawfish fishery, and the fact that this study wasgied out on different species, the catch limit
and scale of change reported may not be direcibyaat to Welsh waters. This example does,
however provide a useful context within which teenmpret the potential for such a measure to
aid in the recovery of Welsh crawfish populations.

The determination of a specific catch limit for @pplation within a specified area, such that it
contributed to population recovery, would need @oblased on an assessment of the abundance
of crawfish within the area and on the potential thoe population to recover. The potential
benefits of the non-commercial catch limit are idifft to assess. This is largely due to
difficulties in quantifying the level of recreatiahfishing and its potential to impact upon
populations. It has been shown that foiPanulirus argusnon-commercial dive fishery,
restricted by catch limits, can cause significastutbance to the distribution and social structure
of the population and that while distribution cataver in a period of months, the recovery in
terms of numbers of individuals may take severarydDavis, 1977). This may need to be
factored into assessments of recovery in areasenheer fisheries are prevalent.

As there is no information available on the levadsion-commercial removal of crawfish within
Welsh waters it is not clear what benefit this nggamaent measure has. The presence of a non-
commercial catch limit is certainly preferable ted access; however it is unlikely that it is
providing any current benefit to the recovery ofpleged crawfish populations, as non-
commercial catches are likely to be low. In a keximg population however, where crawfish
were more abundant and therefore more availabledpture, the existence of appropriate catch
limits could prove beneficial, supporting recovdsy limiting any renewed interest in non-
commercial collection. This would be particulargievant for recreational diver collection,
which is a more efficient and selective method alfection than potting and which may also
have wider effects on the population as descrilbeda

3.2 Potential Management Measures

3.2.1Maximum Landing Size

The introduction of a maximum landing size{\5) is carried out in order to protect the largest
and most fecund individuals in the population frbgming mortality. The fecundity of female
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Palinurus elephashas been shown to increase linearly with size (Gafal, 2003a) and
therefore by protecting the larger females in tlopypation it is possible to attain a greater
reproductive potential from the protected individuaLarger females have also been shown to
produce larger eggs and it is suggested that thmege produce larvae that are better able to
survive when the food supply was low (Gafial, 2003a). While absolute fecundity increases
with size, maximum relative fecundity (the greatesinber of eggs per gram of body weight) is
seen in females with a carapace length of 100 @ riin in the Mediterranean (Goét al,
2003a). Maximum relative fecundity for Welsh pagtidns is likely to differ from this range
given the differing environmental conditions. Gatltho et al. (2006) showed that in a
Portuguese population 50% of females were matuee Grapace length of 110 mm, and that
although females above this size represented dilyobthe population they produced 59% of
the egg production. It can therefore be seenttt@introduction of a MLS could protect and
increase the reproductive potential of a populatwth regards to egg production.

A MyLS for male lobsters can be effective in protecting reproductive potential of a fished

population where sperm limitation may be a facféeaing reproduction. Introducing aM.S

for females only can have implications on potentiareases in the reproductive output of the
population through increased fishing pressure olesnaSperm limitation can become an issue if
large females are unable to find a suitable maladte with, either through reduced numbers of
males due to fishing mortality, or through a ladkr@les of a suitable size with which to mate.
Reducing the numbers of males within the populatian result in the remaining males being
unable to produce enough sperm to successfulliliger@all of the receptive females through

sperm depletion resulting in an inability to mate.

Egg production can also be reduced through inseffichumbers of sperm being transferred to
the female. A reduction in the numbers of speramgferred to females has been shown for
several species of crab, for exam@lallinectes sapidufKendallet al, 2002) andParalithoides
brevipes(Satoet al, 2006). InPanulirus argusthe size of the spermatophore transferred has a
greater impact on the brood size than the sizhefdmale (MacDiarmid and Butler, 1999b). In
both P. argusand Jasus edwardsifemales that mated with smaller males producedisma
broods than those females that mated with largesn@lacDiarmid and Butler, 1999a, 1999b).
ForJ. edwardsiit was shown that female size, male size, and wrater all affected the number
of eggs produced by the female (MacDiarmid and éutl999a). Femald. edwardsiiare
reported to have only a short window of opporturidy mating and should there be a lack of
suitable mates, the female will resorb her eggsc@iamid et al, 1999). This resorbtion of
ovarian tissue has repercussions in the followirgeting season where females were seen to
have largely atrophied ovaries, and the small amofunormal egg development resulted in very
small brood sizes.

Davies (1999) states that successful mating in ftcsawvill only occur where the mating pair are
similar in size as the positioning of the spermhtop is important. It would therefore be
prudent to introduce a M.S for both sexes in order to achieve the maximassyble gains in
terms of egg production and reducing the poterftal sperm limitation. This would be
especially important if there were other measutss protecting females (e.g. prohibitions on
landing berried females). It is however, diffictdtdetermine the relationship between increased
egg production and recruitment levels. Factord agpredation on each of the different larval
and juvenile life stages, and density dependenar, affect recruitment. The relationships
between these different factors are often compladt laard to assess making it difficult to
determine the relationship between egg producti@hracruitment.

A possible concern with the introduction of a5 is that it could result in larger individuals
utilising the resources which would otherwise bailable to smaller, faster growing individuals,
which can be considered detrimental to the stottlafan, 2003). In such a case it is possible
that the benefits of increased egg production ctxlchegated by a decrease in numbers. As
crawfish populations within Welsh waters are cutlsenepleted it is unlikely that resources
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would be a limiting factor. The potential for litad shelters/habitat to limit numbers of crawfish
in an area is reduced as crawfish can sometimésube sharing refuges in suitable habitats.

Setting locally appropriate and meaningful M5 within Welsh waters will be important. The
length composition of crustacean populations cay,\&metimes over relatively small spatial
scales (e.g. Tuclkt al, 2000). InJasus edwardsiit has been shown that SOM can vary by
depth (Linnaneet al, 2009). If significant spatial variability was sdrved in Welsh crawfish
populations it may be that more than ongll® could be appropriate in order incorporate local
variability. Given the depleted status of the drslw populations in Wales it may be the case
that fewer large individuals are currently preseithin the population, as has been observed in
other areas (Galhardet al, 2006). This could compromise the initial potehtfor the
introduction of a M,LS to increase the reproductive output of the pafoh. It may be that a
MaxLS could be introduced, along with appropriate aleaures (see also Section 3.2.7), within
which individuals would be allowed to reach themeér sizes through protection from fishing
effort. Data on the length frequency distributiminpopulations would be required in order to
determine the scale and level of such a measurevaether or not it should be implemented
alongside area closures.

The aim of this management measure is to incréesesproductive output of the population. If
this is successful, and results in increased reoaunt, it would take a minimum of four to five
years for this to translate into increased cattbsran the fishery, based on the growth rates of
crawfish and the current MLS (see Table 1.1). 3¢ede of any recovery may be limited by the
current depleted status of crawfish in Welsh watd8snefits with regards to a return to an age
length frequency that is indicative of GES may bbieved more quickly (depending on the
current length frequency distribution) with theemrgtion of older larger individuals within the
population.

As there is uncertainty about the source of recraitt into the Welsh crawfish population it is
not possible to determine the impacts on recruitn@@nthe introduction of a MLS at a
European scale or other relevant sea area. Howaweuld connectivity between populations be
identified then a MLS, at an appropriate scale, would be importaninaximising recovery
potential. In the absence of firmly establishirgnmectivity between Welsh populations and
those in other areas, the main benefit the intrbolnof an EU or sea area,MS would be if it
was introduced to mirror a management measure mgléed for Welsh waters. As Welsh
Statutory instruments would only apply to UK vesstlis would mean that all vessels fishing
crawfish populations in Welsh waters would be scigie to the same M.S.

3.2.2Landing Prohibition

As crawfish are captured as a bycatch in otheefisk, prohibitions in the context of this section
of the report are taken to mean the prohibitiolanfling crawfish rather than a direct prohibition
of all fishing activity. A landing prohibition adiscussed here would apply to all crawfish
caught, irrespective of the fishing method used.

A prohibition on landing crawfish using a Welsh t8tary Instrument could be applied to the
Welsh Zone, i.e. out to the meridian line with &madl, England and the Isle of Man (see Section
1.3); this would only apply to UK vessels fishingthis area. However, this would not prevent
UK vessels, including Welsh vessels, from landimgrtcatch in another country. Depending on
the extent to which this would be an issue, comaitten could be given to inter-country landing
prohibitions on crawfish. It is known that Belgiaeam trawlers do catch crawfish in Welsh
waters (P. Coates, pers. comm.) and that Frenchretdvessels also have historical fishing
rights within the six to 12 nm limit. The total Ukindings of crawfish by non-UK registered
vessels in the period 2001 to 2011 was 0.0457 wand of this less than 2% of this total was
landed in Wales (data from the Marine Managememga@sation). The Marine Management
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Organisation does not hold information on fishimgnlg carried out by foreign vessels within the
six to 12 nm zone that is landed outside the UKis Ipossible therefore that a proportion of
fisheries removals from the Welsh crawfish popolais not accounted for nationally and would
not be able to be controlled through the introductf Statutory Instruments. If the catch by
foreign vessels was found to be significant oreasing, this could be addressed by seeking a
derogation to make the Welsh Sl applicable to gtevant Member States in order to facilitate
and maintain recovery of crawfish in Welsh waters.

Prohibitions on landing are likely to be most effee in pot and dive fisheries as there are likely
to be high survival rates of live returns from thdisheries. Net fisheries can however result in
mortalities of captured crawfish depending on #reth of time they have been caught in the net
and on levels of damage through contact with thie nEurther information on the spatial
distribution of crawfish captured in net fisheriesuld permit area prohibitions in order to
mitigate any fishing mortality if it was considertabe a significant problem.

The effectiveness of a Welsh landing prohibitiam terms of recovery of stocks, will also be
affected by the source of recruitment into Welspipations. If larvae are being produced by
populations in other areas and then brought to NMekters through the movement of tides and
currents, the level of recruitment will not be atfsd by a Welsh prohibition on landing crawfish.
However, in this situation a landing prohibition wig increase population numbers and could
eventually benefit recruitment in an area outsideldNV waters. A regional sea or EU level
prohibition could aid recovery in Welsh waterstifwas implemented to protect an area with
proven larval connectivity to Welsh crawfish pogidas. Should the source of recruiting
individuals be from within Welsh stocks, the potahtate of recovery could be increased
through both the reduction in removals from theafon by fishing, and through increased
recruitment to the resident population.

A prohibition on the landing of crawfish in Welshaters could contribute to the recovery of
crawfish. The rate of recovery facilitated by s@cmanagement measure in the context of the
depleted status of Welsh crawfish populations isalear however. Preventing the removal of
individuals and potentially enhancing recruitmemid both increase the abundance of crawfish
and result in changes in length frequency distrdoutowards one that was indicative of GES.
These potential benefits may make this a more t&ff'eananagement measure in terms of
recovery, than one which only protects part of plopulation (e.g. MLS) or has a spatial or
temporal component (e.g. area or seasonal closwtesh still permitted fishing activity. It may
be appropriate to review a landing prohibition ireaovering population in order to determine if
other management measures, which allowed the rdrobwralividuals, could be introduced.

3.2.3Gear Restrictions

It has been shown that pot fishing is the leastatiffe method for catching crawfish although it
is relatively environmentally benign (Emd al, 2001). Dive fishing has the potential to cause
the least disturbance to the surrounding habitayever it can result in quite high catch rates
and the potential for localized depletion of thecks. The use of nets for capturifgelephass

the most effective, from a fisheries point of vieamd there are concerns relating to damage to
other marine life and potential bycatch issues.

Prior to considering any prohibitions relative tshing gear it is important to assess to what
extent the different methods are used and in whaisa Both net and pot fisheries have
continued to land crawfish in recent years, howetlez dive fishery has declined and is now
almost non-existent (Marine Management Organisatiogure 1.2). It is important to gather
further data about the geographical extent of dattery and the effort deployed in order to
determine the potential for any prohibition to aff@ recovery in the population. A further
consideration would be changes in fishing type tdu#e prohibition of a single fishing gear and
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what the implications of this change would be fopgplation levels of crawfish. As with other
potential management measures the implicationheflidgislative framework will need to be
considered with regards to the effectiveness ofi @aeasure.

3.2.3.1 Prohibition of tangle netting

Prohibitions, as discussed in this section, redemeasures implemented in discrete areas rather
than a prohibition of the tangle net fishery as laol®. Tangle netting is one of the most
effective methods for catching crawfish and is ¢fi@e popular with fishermen. It can,
however, have an impact on the surrounding envienmtrboth through the bycatch of non-target
species and also by causing damage to fragilelsessi species. This is particularly relevant to
marine SAC sites that have been designated forfeagfires. The total landings of crawfish
from all set net fisheries carried out by Welshseds were 2,373.6 kg in the period 2000 to 2011
(Marine Management Organisation). Data collecteslouth Wales showed that the catch rate of
nets, expressed as a percentage of catch ratpstirwas 37,850% (Davies, 1999). It is also
possible for fishermen to set nets on crawfish atign routes which can significantly increase
catch rates (see Section 1.2), whereas pot fisheely on individuals being attracted to the
fishing gear. It would therefore stand to reasbat,tfor comparable levels of effort, the
prohibition of fishing for crawfish by tangle nettj could provide much greater potential for
recovery than a prohibition of potting. Althougbngral data is available on the distribution of
net fisheries (CCW, 2010) more detailed data oare#ind spatial resolution for each gear type
in use within Welsh waters would be very usefuldetermining the potential recovery of
crawfish through the prohibition of netting.

There are also potential benefits of a prohibitnnet fisheries in terms of reduced fishing
mortality on the non-commercial component of thielta As nets are not very selective they can
result in catches of undersized individuals. Ifsnare not cleared regularly, this can result in
juvenile mortalities, which would normally be reted live to the sea (M. Robinson, pers.
comm.). Nets can also cause considerable damagédsiney trap recently moulted individuals

which are soft, although catch rates of such imhligls tend to be low (Galhar@t al, 2006).

Prohibitions on net fisheries could contribute b@ trecovery of crawfish, through reduced
removals from the population. There would alsoldss chance of mortality of undersized
individuals being caught in gear. This would inrntuprovide the potential for greater

reproductive output of the population and possitdeeased recruitment. Reduced fishing effort
could also result in changes in the length frequetistribution to one that better represented
GES. Should prohibitions of netting be carried suisolation however, the benefits of any
recovery could be reduced through pot or dive fighi This could reduce the impact of any
increase in population numbers and would limit @oeyential changes in the length frequency
distribution of the population relative to GES.

3.2.3.2 Prohibition of diver collection

Commercial diver collection of crawfish can be #ilecive fishing method, particularly in areas

where potting or netting is not possible, for exéamm steep rock faces. Diver collection does
have the potential to severely deplete localisepufadions, although the extent of removals
would be limited by the depth at which divers ceh fand there will therefore be a depth refuge
for this species where collection cannot take plattbough other fisheries can.

The effects of diver collection have been showhdadwo-fold in populations d?anulirus argus
(Davis, 1977), with both a behavioural aspect amduction in numbers.Panulirus argus
populations have been shown to recover reasonaitilyg from the behavioural effects of diver
capture, however, recovery in terms of numbersndividuals was much slower and may take
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several years. The introduction of a recreatiain fishery forP. argusin a previously closed
area showed a reduction in trap catch rate by 5880aa42% decrease in lair occupancy rates,
over a period of just eight months, even with aledimit of two P. argusper diver (Davis,
1977). The recovery of this area post fishing wlaserved and it was shown that the catch rate
increased to 78% of the pre harvest level afteryma and lair occupancy levels recovered to
71% after 16 months, however, overall numbem.airgusdid not recover quickly.

There has been little commercial collection of dralw carried out in Welsh waters in recent
years with a total of only 8.8 kg landed over tweparate years (Marine Management
Organisation). It therefore stands to reason dhattohibition of commercial diver collection at

current levels would have little or no impact oe tiecovery of crawfish populations. Despite
current levels of commercial dive fishing beingadbw level, this fishery could become viable
again in a recovering population of crawfish. Mstsituation a prohibition on dive fisheries

could be a necessary management measure to peflierant dive fisheries from reducing the

impact of any recovery. If commercial diving wamsidered to be a threat to recovery, it would
also be appropriate to introduce a zero catch lifort recreational divers alongside any
prohibition on commercial dive fisheries.

3.2.3.3 Prohibition of potting

Prohibitions of potting activity as discussed instlsection refer to the implementation of
management measures in discrete areas rather baordhibition of pot fisheries in general.
The total landings of crawfish by Welsh vesselkifig with pots between 2000 and 2011 were
2,554 kg (Marine Management Organisation), whicls sigghtly higher than the landings from
net fisheries. The prohibition of potting in dist® areas could therefore provide as much
potential benefit in terms of absolute removalsrirthe fishery as a prohibition of net fisheries.
It is worth bearing in mind however that pot fisksralso catch other species which are
important components of inshore fisheries. Du¢hwrelative inefficiency of pot fisheries in
capturing crawfish, a prohibition could have a digrtionate knock on effect on several other
fisheries. Should the size of areas required toirgepositive benefits for crawfish populations
mean that knock on effects on other fisheries ardsaue, a prohibition on the landing of
crawfish may be a more appropriate management(seel Section 3.2.2). As noted in Section
3.2.3.1, tangle netting is a much more efficienthmod for capture of crawfish and also has the
potential to cause greater environmental impacionsitieration would need to be taken to
fishermen changing to fish with nets should pottoggprohibited. Again this may mean that a
prohibition on landing crawfish was a more effeetmanagement measure.

As for net fisheries, a prohibition on potting woulave the potential to benefit the recovery of
crawfish in terms of reduced removals from the drishand the potential for increased
recruitment. In terms of reduced landings, theefiesh with respect to increased crawfish
abundance would be similar to those seen througbroaibition of netting, although the

characteristics (e.g. age and length distributioex of individuals) of the catch may vary
between fishing methods. As potting is a relayiviekfficient method for capturing crawfish,

which is a bycatch species, it may be more appatgrio look at a prohibition on landing

crawfish from pot fisheries, as there is likelyde high survivability of live returns from this

fishery.

3.2.3.4 Design specifications for gear

Design features of gear could include features agkescape gaps within pots which would
allow smaller or undersized individuals to leave thot before it is hauled; this reduces any
potential handling stress. Specifying the typegaots which could be fished could have an
impact on the catch of crawfish. Inkwell pots héarger entrances or eyes than parlour pots and
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therefore are easier for crawfish to enter andtingithe numbers of these pots could reduce
landings of crawfish from pot fisheries.

Nets with greater area appear to have a higher LPRDHvies, 1999). It may therefore be
possible to modify net design to reduce the catte to a level which was considered
appropriate for a specific area/fishery. The Sglaihediterranean fishery féralinurus elephas

is managed using net regulations which includeezifipd mesh size and length of trammel net
(Goili and Latrouite, 2005).

Given the depleted status of the fishery it is kel that design specifications for gear would
have a significant effect on the recovery of crawfas a stand-alone measure. Design features,
such as escape gaps in pots, could be more usedutas where recovery was observed through
increased numbers of juveniles, as these wouldleeta leave the pot while commercial sized
individuals would be retained. The effectivenebsuxh measures for crawfish pot fisheries is
unclear and reducing the catch of smaller indivisiweould not aid recovery of the population
with regards to a length frequency distributiontthepresented GES. Technical conservation
measures such as gear design specifications are likely to be appropriate in managing a
fishery on a recovering population, or one that masle good progress towards recovery, rather
than for the purpose of effecting recovery itself.

3.2.4Catch Limits

The implications of the existing non-commercialctatimits were discussed in Section 3.1.4;
however it is possible that a commercial catchtlioauld also be set to reduce the effects of
fishing on crawfish populations. The levels atethsuch a catch limit should be set would have
to be determined based on the current depletedigtopu status and the levels of fishing being
carried out.

While the introduction of catch limits would restrthe landings of crawfish, it would not reduce
levels of fishing activity. Continued fishing adty can alter the size distribution of a
population by removing larger individual with retsody implications for reproductive output of
the population (see Sections 3.1.1 and 3.2.1). réhmoval of larger individuals could well be
accelerated where commercial catch limits were iegpif fishermen were ‘high grading’,
preferentially keeping only the largest individufds landing due to their higher market value.
This could reduce the potential benefits of managenwith regards to the reproductive output
of the population and also result in a length/agegdency distribution which was not
representative of GES. As crawfish are a bycapstiss caught at relatively low levels care
would need to be taken that individuals were notpéy stored at sea in keep creels and then
landed according to the catch limits in place. M/l@ommercial catch limits could provide
protection to crawfish populations through limititendings, in view of the depleted state of
crawfish populations, it is likely that this measwvould have limited effect on the initial
recovery of crawfish as a stand-alone measurmait be more appropriate to implement a catch
limit to manage fishing activity within a more adwad recovering crawfish population where
removal of individuals was permitted.

3.2.5V-notching

V-notching can be an effective methodology for temapily removing individuals, usually
females, from the fished population thus allowidgerh to continue breeding without the
potential of removal. Legislation is already irag# for Welsh waters out to 12 nautical miles,
which prohibits the landing of v-notched crawfisthrough the Lobsters and Crawfish
(Prohibition of Fishing and Landing)(Wales) Ord&02. The effectiveness of this management
measure will depend on a number of factors: thgtleof time the v-notch will remain visible in
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the tail, the frequency of reproduction of the indual, and the ability of the individual to find a
suitable mate. In European lobstdfi®iarus gammaryst is generally thought that the v-notch
will remain visible for around four years, howevaer,larger individuals that may moult less
frequently this period may be longer. Moult freqog in crawfish does decrease with size,
particularly in females, with the largest individmanoulting once every two years (Hunter,
1999). It has been reported that v-notching cdstautially increase the reproductive potential
of highly exploited small scalél. gammarusfisheries and increased catch rates of juvenile
lobsters were reported four to five years afterithglementation of a v-notching scheme (Tully,
2001). However, reports from a v-notching expentrearried out orH. gammarusn Orkney
indicated that the egg production of v-notched fiemétotalling 5,728 individuals) represented
only a small portion of that produced by the tgapulation (Chapman, 2003). V-notching of
crawfish has been carried out in Ireland, howeettively high mortality rates were observed
(M. Robinson pers. comm.). The telson of the cistwis not as calcified as that of a lobster and
this could mean that the v-notching process cageester tissue damage, and healing may not
be as straightforward as is seenHngammarus This may make v-notching a less relevant
option as a management tool to facilitate recowrg it would certainly limit any potential
benefits. However, if v-notching was carried autnight be considered appropriate to notch
both males and females in order to prevent anyntiatesperm limitation, as discussed in
Section 3.2.1.

The effectiveness of v-notching in recovery of guyation of crawfish will be difficult to
determine and any changes in LPUE would be likeltake a minimum of four to five years at
the current MLS (see Table 1.1). V-notching ensuhe potential for increased levels of egg
production within a population; however, this magt franslate into recovery in terms of
numbers of individuals. The length of the planktdarval phase and the potential for dispersal
of the larvae needs to be taken into consideratlbm-notching is taking place in an area where
there is a net removal of larvae from the area thenll not be effective in restoring the local
population, but may have benefits in areas remam the management measure. Given the
potentially high levels of mortality associated lwit-notching it is unlikely there would be a
straightforward gain in increased egg productiorthat population level. The potential gains
through v-notching could also be limited in a dégdepopulation where there would be reduced
opportunities to notch individuals through low datates. As such this management measure is
unlikely to be effective in terms of the recovefyaadepleted crawfish population.

3.2.6 Prohibiting the landing of berried females

For some crustacean fisheries the landing of owigepr “berried” females is not permitted and
these individuals are returned to the sea to campiheir reproductive cycle. Such a prohibition
exists in the Portuguese fishery (Galhardb al, 2006) although no assessment of its
effectiveness has been carried out. This methaod bea particularly appropriate where the
minimum landing size is close to the size at matuas it ensures that berried females are
permitted to breed prior to entering the fisherit. has been indicated that for the lobster
(Homarus gammargdishery in south Wales, the potential for inceshggg production through
protecting berried females was much greater thaough the introduction of a minimum landing
size (Davies, 1999). This is likely to also be tase for crawfish, as larger reproductively
active females produce greater numbers of eggs.

In order to assess the potential benefits of aipitidn on the landing of berried females it is
important to determine when, and at what levelsy thppear in the populations. Hunétral
(1996) reported that the first berried females warserved in August and represented 10% of
females caught in the south Wales fishery. By &aper 23% of females from the Welsh
fishery and 17% of caught Cornish females wereidxkrrin the Cornish fishery this increased to
89% in December and 90% in January. No data opeheentage of berried females during the
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winter for the south Wales fishery were availalaihough it can be assumed that the values
would be similar. Hunteet al (1996) also reported that in May 57% of femalasght in south
Wales were still carrying eggs. These data inddlhat the majority of females are spawning
annually and would therefore be protected by aipiabn on the landing of berried females.
They would however, still be available to the fish&hen not carrying eggs.

It is has been reported that pot fisheries preteaiiy catch females (Goret al, 2003b), which
would increase the impact of this management measuthose fishermen using pots to fish for
crawfish. Although this is a relatively straighti@ard management measure to apply, it has
resulted in the rather unscrupulous practice ofitdmng the eggs off in fisheries for the
European lobsteHomarus gammarygs Given the high value of crawfish it is possibitat this
method could be used to illegally land berried flEzmas it is difficult to detect. Where females
are returned to the sea survival rates are likellget high, however, egg loss through capture is
possible and this may particularly be the casddngle net fisheries where the action of the net
could remove eggs. Should these factors be a noaceeasonal prohibition of fishing in areas
where berried females were found may be a moreogppte measure should the protection of
berried females be considered a management priority

The scale of recovery produced through the introdocof a prohibition on the landing of
berried females is difficult to assess. As theadatggest that the majority of females moult on
an annual basis this measure could result in isectagg production. Although a prohibition on
the landing of berried females would protect eggdpction during the winter months when
females were berried, it would not prevent thenmfioeing caught during the summer months
when they were not carrying eggs. Data from theodel980 to 1997 (see also Section 1.2.2)
showed that between 77 and 90% of the catch waedabetween May and September (Davies,
1999) when the majority of females would not bebierry. This could compromise the
effectiveness of a prohibition on the landing ofrieel females, should the pattern of fishing
activity remain in this seasonal pattern.

Up to date information on the catch rates of bdrfemales, fecundity, and length distribution of
females caught in the Welsh fishery would allowcatdtions of the potential increases in egg
production which could be expected through thishgmtion. Should larvae produced through
this increased potential recruit to the populaitomould take around four to five years for them
to reach the fishery with the current MLS in plgsee Table 1.1). If larvae are not retained in
the same area as the prohibition there may notpesabstantial benefits in terms of population
recovery as females would still be available toftbleery for several months of the year.

3.2.7 Area Restrictions

There is a large volume of literature on the effaxftarea closures on spiny lobster populations,
largely through studies on marine protected ar®d®AS). The information provided here is not
intended to be a review of the effectiveness of lBAprotecting fished species in general, but
rather a collation of the most relevant informatwmith regards to the recovery of crawfish
within Welsh waters.

There are several factors which should be congiderethe use of area restrictions for the
protection of crawfish. These include the scale lmcation of the area and its relevance to the
behavioural and ecological requirements of crawfedhtive to its life history (Childress, 1997).
Permanent area restrictions will be most effectiveere there is a resident population. If the
population which is protected within the area i§/gresent for a particular part of the life cycle
the closure will not afford protection to the pogidn at other times. MacDairmid and Breen
(1993) indicated that extensive migrations of juleedasus verreauxresulted in ineffective
protection for this species through a marine resemn the same reserve an increase in density
of Jasus edwardsivas much more stable in females than males amsdwhs linked to the
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migratory behaviour of adult males taking them mig&ghe reserve where they were subject to
fishing activity (MacDiarmid and Breen, 1993). fatg studies of a Mediterranean population
of Palinurus elephasave shown that there was little movement of imdigls and that larger
animals in particular were more likely to remaisident (Follesat al, 2009), however, it has
been shown that some Atlantic populations do ualertseasonal reproductive migrations
onshore in spring and offshore in the autumn @ngell and Robb, 1977).

There may be habitats which are important to dffiéistages of the life cycle, for example areas
with suitable habitat for the settlement of juverilmay be different to those required by adult
individuals. In Ireland, high densities of juventdrawfish were discovered on exposed vertical
habitats which had a high proportion of fissured hales for shelter (Robinsat al, 2008). In

the Spanish Mediterranean concentrations of jugenilvere found in deeper water after

migrating from shallower settlement areas (Gefiial, 2001). Where specific areas can be

identified that are important to the life cycle foart of the year, e.g. spawning grounds, these
could also be identified for a seasonal restrictiofishing (see Section 3.2.8).

It has been shown that closing an area to fish@aeshave considerable benefits in terms of
numbers of crawfish. Goret al. (2001) calculated an abundance index Rorelephasfrom
fished areas and from within a reserve which hashb®osed to fishing for eight years. They
showed that the abundance of crawfish within tebed areas was around 0.6 to 20% of that in
the reserve. Catch rates from experimental fishimitpin the protected area showed CPUE
values of four to 154 crawfish per 600 m of net gay while outside the protected area CPUE
was in the range zero to ten crawfish per 600 medfer day (Goret al, 2006). Following the
establishment of a marine reserve in 1976 the tlenéi). edwardsiiwas seen to increase 4.5
fold between 1978 and 1983, whereupon density llededff (MacDiarmid and Breen, 1993).
Sampling catch rates in areas closed to dive fisfonP. argusshowed an increase of 5% after
29 months, compared to a 22% reduction in an afeiahwhad been open to dive fisheries
(Davis, 1977).

The selection of the location and scale of a clomexh will affect the potential benefits to a
fished species. Where closed areas are locatarkas with unsuitable conditions (e.g. limited
habitat, food, or unsuitable temperature or sgijrthhere can be significantly reduced benefits to
exploited species. If suitable habitats are lichifier example, there may be no benefit, in terms
of increased density, to closing an area (MacDidremd Breen, 1993). The size of a closed
area is also important. Positive outcomes in trenagement of spiny lobsters have been
observed in the Columbretes Islands Marine Regartlee Spanish Mediterranean which covers
an area of 14 kfmand has shown benefits Ralinurus elephagopulations within, and to
fisheries outside this area (Gadtial, 2001, 2006, 2010). Dry Tortugas protected anddarida
closed a total of 19 kMmto all harvesting ofPanulirus argusand allowed a temporary
recreational dive fishery in a further 95 k(®avis, 1977) which resulted in increased densities
of lobsters. In Looe Key National Marine Sanctuarythe Florida KeysP. argusabundance
and length frequency were similar, both within amaside the area closed to commercial
fisheries, over a period of two years and the astlattributed this to the small size of the
protected area 0.5 KitHuntet al, 1991). Although small areas (~4 Rrhave been shown to be
effective in the protection and recovery of craWwfsocks with regards to body size (Bevacqua
et al, 2010), it has been shown that individuals willdi#e to move into adjacent areas where
fishing is permitted (Childress, 1997, Rowe, 200dllesaet al, 2009) and therefore the benefits
of the closure will be reduced.

The movement of individuals outside a protectech ar@n have beneficial effects for fisheries
(Goii et al, 2008) which may mitigate to some extent the reshaf fishing grounds at
closure/designation (Kellgt al, 2002, Gofiet al, 2010). Catch per unit effort was examined
for crawfish trammel net fisheries outside a resarvthe Spanish Mediterranean (Columbretes
Islands Marine Reserve). It was seen that catels raere elevated at the reserve edge and there
was a gradient of density decrease with increadisigince from the protected area up to 4.5 km
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(Gofniet al, 2006). The authors also report that the levedpilf over from the closed area had
the potential to maintain stable catch rates up,5®0 m from the edge of the reserve. This
potential for increased abundance adjacent toveseran attract additional fishing effort (Gofii
et al, 2006, Goiiiet al, 2008). Impacts of this increased effort coulduee the effect of
increased numbers of crawfish in the surroundireg &Goniet al, 2010). There could also be
cumulative increases in effort due to displacenoéfishing activity from the closed area.

It is important to note that the scale of incre@sabundance within an area will be related to the
level of fishing within the area. Where the remlevinrough fishing activity are high the
provision of a closed area would provide a sigaific refuge, with resulting proportional
increases in abundance within the closed arearelas where fishing effort is low, the impact of
an area closed to fishing crawfish would be likedybe much less significant. This is an
important consideration within the current depleseatus of Welsh crawfish populations, where
crawfish abundance is low and removals througHigiery are low. This may reduce the speed
and scale of any recovery that could be broughtiethmough area closures.

When looking at the impacts of protected areas hen recovery of a population it is also
important to note that data on the population pt@miprotection is important in assessing its
success. This data is often not collected ansl thérefore not possible to quantify effectively
the level of protection that such a closed arealavafiect (Gofiiet al, 2001).

The potential rates of recovery from various stadiee summarised in Table 3.3. It is possible
that in appropriately identified areas, recovergm@wfish populations with respect to abundance
(and therefore CPUE) could be observed within genaff months and that the potential scale of
recovery (both abundance and reproductive outmutldcbe high. However, changes relative to
the size structure of the population may take lorigeachieve and therefore GES may be a
longer term objective achieved through the amalgemaf various short term interim gains as

indicated in Section 2.2. Care should be takanterpretation of data with regards to the timing

and scale of recovery possible through area clesuré/Nelsh waters, as the environmental
conditions are different to those in the exampétosit above (see Section 1.1.4).

3.2.8Seasonal Restrictions

Seasonal restrictions are useful in protecting gbpulation during specific periods of their
reproductive cycle, for example mating periods lmsares for the avoidance of capture of
berried females. Female crawfish have been showarry their eggs for a period of eight to
nine months (Hunteet al, 1996) with egg bearing females seen in the pdopualdrom August

to May. Should a total closure of the fishery leemed necessary for the protection of berried
females (as opposed to a prohibition on landingidetrfemales see Section 3.2.6) a seasonal
closure covering all or part of this time perioduMbprotect berried females from the fishery. A
six month closed season (September to February}thrprotection of berried females is
implemented in the Spanish Mediterranean, and esughiowed that catch rates of crawfish were
higher following this closed period (Goéi al, 2001). Benefits such as these would depend on
the status of the population and fishery. As theldW crawfish population is depleted, increases
in catch rates of this bycatch species may novlagpparent.

Seasonal closures in isolation may not reduce twadfart on the population as they could result

in a shorter more intense period of fishing pressunile the fishery is open. Given the depleted
status of Welsh crawfish stocks, seasonal regiristimay be more appropriate as a fisheries
management tool to protect a population which h@&ady shown signs of recovery, rather than
for the specific purpose of facilitating initiala@very of crawfish.
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3.2.9Highly Protected Marine Conservation Zones in Welsh Waters

The role of Highly Protected Marine Conservatiomn&e (HPMCZs) in Welsh waters is to
“contribute to the recovery and resilience of maracosystems” and designation will result in
the prohibition of resource extraction, meaning fisheries would not be permitted within their
limits. Itis proposed that three to four HPMCEesiwould be identified and that these are likely
to be located within existing Marine Protected Ar¢slPAS) in Welsh waters (Welsh Assembly
Government, 2011). The total area included in@asignated area, along with the proportion of
suitable habitat contained within, would have dedafon its potential ability to aid recovery of
crawfish populations. Areas which are designatdnfiore general nature conservation or
ecosystem objectives may have consequential berfefitcrawfish populations in providing a
refuge from fishing activity; however, it should laken into consideration that closures
designed specifically for the recovery of crawfislterms of their location and size are likely to
be more effective for this species. At the timepadducing this report proposed HPMCZs in
Welsh waters have not yet gone out to public caagsah and therefore the assessment of their
potential to aid in the recovery of crawfish popiaas is limited to theoretical consideration.

The principles and criteria for selecting HPMCZWelsh waters were set out in site selection
guidance produced by the Welsh Government in 2@0lldwing a period of public comment
(Welsh Assembly Government, 2011). Eleven ecobdgiciteria have been set out which will
be used to identify Focus Sites, these will therrddmed to provide a shorter list of Potential
Sites. Of the broad scale habitats identifiedpi@tection shallow and deep water rock habitats
would be relevant to crawfish (see Section 1.1.Ajeas with high habitat heterogeneity will
receive a higher rank in the site assessment BocHse stated minimum size for a habitat patch
within a site is 500 m to 1 km in diameter, withetmitial size for site selection being
approximately 5 ki The guidance states that “sites will be no lafi@n is necessary to
encompass the minimum patch sizes within them &ater a viable site” (Welsh Assembly
Government, 2011). This has the potential to tasuites with relatively small areas of habitat
suitable for crawfish, which would limit their potgal to affect recovery. The size of MPAs
which have facilitated spiny lobster recovery irhest areas is generally greater than that
suggested as the minimum patch size and site sggested for HPMCZs in Wales (see Section
3.2.7).

The viability of protected areas is set out in theommendations as requiring a minimum viable
area for the sites to be self-sufficient. Vialilis linked to the biology of individual speciesdan

it is acknowledged that for species with extendashkionic phases the size of the area required
to be incorporate their life cycle would be prohil@ly large. The estimated size of area needed
to encompass the life cycle Bf elephaswith its planktonic phase of ten to 12 months],,B36
km? (Hill et al, 2010). Given this substantial, albeit cauti®stimate the authors suggest that a
series of connected MPAs would be the most appmtgprapproach for crawfish. The
connectivity of HPMCZ sites is to be consideredstge two of the process for identifying
Potential Sites in Welsh waters and will includé BIPAs including Special Areas of
Conservation. The other designated sites in Weksiers will not necessarily provide the same
level of protection to fished species compared e HPMCZs which prevent any fishing
activity. In addition other designated sites mapt wontain current or historical crawfish
grounds, and connectivity with specific referencerawfish recovery will need to be considered
when the sites are announced.

The HPMCZ site selection guidance lists variouscig®e of conservation concern, which
includes those which have declining populationsvbrch are threatened, though crawfish are
not specifically listed and priority would be givemthose species which contribute to ecosystem
structure and/or function (e.g. oysters). It isoahoted that the focus of HPMCZ should be
ecosystem recovery and resilience, and as suclmreeads that the protection of individual
species should be considered using other desigisafM/elsh Assembly Government, 2011).
Therefore the site selection guidance specifies the presence of species of conservation
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concern should not be used to select sites butbeaysed to decide between otherwise similar
sites at subsequent stages in the process.

Social and economic considerations will also beliagpo the HPMCZ site selection process
both during and after the identification of Potah&ites. While fishing has been identified as an
activity which is incompatible with site designatjothe Welsh HPMCZ guidance states that
consideration should be taken to fishing activiithv the site, the potential for displacement of
effort, the potential benefits to critical life ges of fished species (Welsh Assembly
Government, 2011). The implementation of HPMCZs Wrelsh waters could result in
displacement of fishing effort into areas thatianportant for crawfish.

The potential ecosystem benefits of Highly Protcharine Reserves were discussed by
Gubbay (2006). This report also highlighted thiéiailties in predicting the potential benefits
and their timescales within such protected ar€d#e author noted that increases in abundance
and biomass for species that were commerciallye@isprior to designation could be observed
within a few years. The role of HPMCZ in the codtef crawfish population recovery in Welsh
waters is likely to be limited however. This isedio the relatively small scale and low number
of sites to be considered, their focus on ecosysemmvery and resilience, and the prioritisation
of sites with high habitat heterogeneity. It maytbat crawfish will be present within some of
the sites and therefore offered some protectiom fiishing pressure; however, this is unlikely to
benefit crawfish populations as whole or to conittésignificantly to population increases.

3.2.10 Marine Conservation Zones in England

Marine conservation zones (MCZ) in England, adjateMWelsh waters could have the potential
to aid in the recovery of Welsh populations of dialvthrough net movement of individuals out
of the site or through increased reproductive autghich resulted in the transport of juveniles or
larvae into Welsh waters. The total area includedany designated area along with the
proportion of suitable habitat contained within, ulb have an effect on its potential for the
recovery of the stock. The ability of closed areasside Welsh waters to elicit recovery of
crawfish stocks would depend on the connectivitgitds and on source — sink dynamics of the
populations. The direct implications of a closeglaa such as an MCZ, are discussed in Section
3.2.7.

As with the guidelines for Welsh sites, prioritygiven to areas that are representative of several
broadscale habitats and habitats of conservatiopoftance. The recommendations for
particular habitat patch size is consistent witHa@ecommendations, with additional reference
to an average overall site size of ten to 20 knmeizr (Ashworttet al, 2010). The ecological
guidelines for the selection of sites within Enlglisvaters also state that “guidelines on
connectivity are considered to be secondary to rotpgédelines for the network design
principles”.  There is however a commitment from v&mment and the devolved
administrations to deliver “an ecologically cohdreetwork of MPAS”. It is suggested that in
the absence of species specific information sikesilsl be within 40 to 80 km of each other.
Crawfish have been shown to travel up to 70 kmugihomany individuals were observed to
move much shorter distances than this (see Settibd). The most recent timetable for the
implementation suggests that the first MCZs willdesignated in summer 2013. The guidelines
set out by Natural England and JNCC (Ashwaathal, 2010) include crawfish on a list of 29
low or limited mobility species of conservation iorfance which should be protected where
they occur. They also set out a minimum viablelpaize of 5 km diameter for crawfish. The
size of MPAs which have facilitated spiny lobstecavery in other areas is generally greater
than that suggested as the minimum patch size steghésee Section 3.2.7).

English MCZ sites will only benefit Welsh populat®if they are a source of net immigration of
juvenile or adult crawfish, or if they provide ausce of larval advection into the area. Research
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in the Mediterranean has shown that although saowigiduals have been observed to move up
to 70 km the majority (80%) of crawfish remain vifitta 5 km radius of where they were tagged
and only 2.3% travel further than 20 km (see Sectid.1). Although this movement data is not
specific to Welsh waters, it does suggest that dyZs in very close proximity to Welsh
waters would have the potential to aid populatiecovery through immigration of juvenile or
adult individuals. Any spill-over would be limitad area (see also Section 3.2.7) and as such
juvenile and adult immigration is unlikely to cabuite significantly to crawfish recovery within
Welsh waters. Spill-over can also attract incrdafsghing effort; any potential benefits from
such closed areas may need to be augmented byoaddifisheries management measures.
Residual current movements suggest that it mayobsilple for larvae to be transported from the
Southwest England into Welsh waters and also framhnwest England via the Irish Sea;
however, this more information on currents relatvéhe behaviour of larvae and seasons would
be required before any larval connectivity linksikcbbe proven.
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3.3 Potential Recovery Rates

The following table outlines the potential scale@tovery which has been observed through thedattion of management measuresPatinurus
elephasin other areas, and also for other Palinurid sseciln interpreting this data care should be tasthe scale of recovery can potentially be
affected by the geographical location of each sttiuy original status of the population and thddyy of the population/species under investigation
(see also Section 1.1).

Table 3.1 Examples oPalinurus elephasecovery in other areas, and for other specias, patential timescales for recovery where theriméation is available.

Management Measure| Examples Recovery References
Minimum landing size | Predictions using LCA on Large percentage increases in yield per recruitamahass per| (Addison and Bennett,
brown crab Cancer pagurus | recruit predicted. Increases in yield per redaitmales 1992)
populations ranging from around 5 to 35% in three years.
V-notching V-notch programme for Catch rates of juvenile lobsters increased fodiveyears after (Tully, 2001)
Homarus gammarus v-notching
Area restrictions Reserve closed to fishing for | Population index 80 to 99.2% higher than fishe@sre (Goiliet al, 2001)
(including Marine Palinurus elephas Spawning potential five to 20 times greater thahdid areas. | (Gofiet al, 2003a)
protected areas)
10% net increase in catch weight eight to 17 years (Goiliet al, 2010)
Closed area for diver caught CPUE at 78% of pre-harvest levels after one year (Davis, 1977)

Panulirus arguqclosed for 29
months followed by an eight | Lair occupancy rate 71% of pre-harvest levels dféemonths | (Davis, 1977)
month experimental sport
harvest then a further closure to
assess recovery)

Small MPA (~4 knf) closed to | Body size dispersion (interquartile range) increlasg0.9 mm | (Bevacqueet al, 2010)
commercial fishing year" within the MPA and decreased by 0.6 mm yeautside
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A ten year study can provide only partial evideatthe (Bevacqueet al, 2010)
recovery of populations ¢f. elephasvith regards to body size.

Over a period of ten years the percentage of iddads greater
than the MLS was 33% inside the closed area andut%ide (Bevacquzet al, 2010)

Increase in density (x4.5) observed over a sevanperiod (MacDiarmid and
Breen, 1993)

(MacDiarmid and
Breen, 1993)

Increase in size of individuals

Marine reserve closed to fishin . . . .
of Jasus edwardsii 9Marked increase in density over a ten year period (Coleet al, 1990)
Seasonal Closures Annual six month closure . | Abundance significantly higher following closed ipelr (Goiiiet al, 2001)

elephadishery in Spanish
Mediterranean
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4 DATA REQUIREMENTS TO ENABLE ASSESSMENT OF WELSH
CRAWFISH POPULATION(S)

The Marine Strategy Framework Directive (MSFD) setd three key attributes in order to
determine Good Environmental Status (GES) for coriakly exploited species which should:

1) Be exploited sustainably consistent with highgderm yield
2) Have full reproductive capacity
3) Have a healthy age and size distribution

GES can only be attained if all three criteria fiélled. Two approaches to assessing these
three attributes are set out which differ in thgita requirements (Piet al, 2010). Where there

is sufficient data for analytical assessments egieg levels can be set as indicators of GES.
These would include calculations of fishing effogtative to maximum sustainable yield (F>
Fusy) and determination of what the spawning stock laiesn(SSB) should be in order to avoid
any risks of impairment of recruitment. A reviedWanalytical stock assessment methods for
crustacean fisheries has been carried out by Samth Addison (2003) which compares
analytical methods that model stock and/or fisltgnyamics using commercial fisheries data and
in some cases fisheries independent data. SmitlAddison (2003) provide information on the
data requirements for each method along with thdiwrantages and disadvantages. They also
provide examples of where the different assessrmethods have been used for spiny lobster
fisheries.

Where there is insufficient data to carry out atiedy stock assessments and in the absence of
set reference points, it is suggested by Piatl. (2010) that analysis and observations of data
trends can be used to assess GES. This secomh epduld be the most appropriate for the
Welsh crawfish fishery which has significant idéieti data deficiencies. The data requirements
of this approach are a measure of abundance orals®mrhased on surveys or commercial
catches, and data on the length frequency distoibut

The data required to fulfil the criteria using tlees robust methodology as set out by Piedl
(2010) is: a ratio of catch to biomass which carob&ined from a time series of CPUE data
preferably obtained by survey; log-transformed pation abundance, and the™percentile of
the population distribution. For GES to be attditieere should be no degradation gradient in
these indicators. It is therefore suggested tlkat aninimum, in order to assess the Welsh
crawfish population within the context of GES, léndrequency and CPUE data should be
collected using targeted surveys to supplementcttteh and effort data currently available.
These surveys should be “sufficiently represengatie. in terms of the area covered as well as
the sampling method” and “capable of delivering rappate data, i.e. recorded numbers at
length” (Pietet al, 2010).

The collection of length frequency data can be ulsiefr observing changes to the population
which could be caused by fishing pressure, or idddg®nges which were indicative of a period
of recovery within the population. Changes inlgregth frequency distribution which are driven

by fisheries typically show a reduction in the mesaze of the population as larger individuals

are removed (Galhardat al, 2006). Goiiet al. (2003b) carried out a study on a population of
P. elephaswhich had been protected for almost ten yearsutiiroa marine reserve. They

suggested that the size structure of the populati@nawfish in the area would have approached
that of the virgin, un-fished population in thisng, which represented half of the maximum life
span forP. elephasas suggested by Mercer (1973).

Length frequency data is not only valuable in tewhs biological descriptor relative to GES,
but would also help to inform management decisisnsh as changes in landing sizes.
Information on the size, sex and numbers of indigld in the population would also allow
interpretation of management measures to be caou&dfor example, it would be possible to
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calculate potential egg production from various ponents of the population. Other data which
should be collected would include information oa tkeproductive cycle, such as the proportion
of berried females within the population; at whehe of year they are present and their
geographical distribution. These data would infattme potential use of measures such as
prohibition of landing berried females, changekmding size, and area or seasonal closures.

Differences in the biology and behaviour of variotmmponents of the population could
substantially alter the length frequency distribatiof the population at different times of the
year and it is therefore important to record degpresentative of the population, in the form of a
continuous time series where possible. There ne&y lze a significant spatial element to the
data which would also need to be considered anglsanaccordingly. A seasonal reproductive
migration in a Mediterranean population of crawfigsulted in changes in the abundance of
females, but not their length frequency distribafibowever the length frequency distribution
for males showed marked seasonal changes (6oél, 2001). The methodology for data
collection should also be considered when lookitglemgth frequency as a population
descriptor. Hepper (1977) looked at the lengtlguesncy distributions of the catch from
different fishing methods and reported that while tistributions were similar, the catch from
pots was slightly smaller than that caught in tangtts and by divers. In addition tangle nets
tend to be indiscriminate in the individuals theypture while pot fisheries can be more selective
(e.g. Goiiiet al, 2003Db).

Catch per unit effort (CPUE) and landings per wfibrt (LPUE) data can both be used as an
index of abundance within a fishery. CPUE represdme total catch including that which is
discarded (e.g. undersized, soft), while LPUE idekionly the retained portion of the catch.
Fishermen’s catch and effort data, if collectedbtighout the year, can be used as a proxy
indicator as to the status of the stocks. Obsemnvatand analysis on LPUE within each fishery
can provide a useful indicator of abundance andatsmbe used to determine real time changes
in the fishery. A time series of data is requitednalyse trends in LPUE and an understanding
of the biology of crawfish is important in interpaion of any trends in LPUE. Care should be
taken in the recording of CPUE and LPUE data s¢ #my changes in fishing practice are
incorporated in the analysis. For pot fisherigs thould incorporate data from four different
kinds of pots fished (Davies, 1999), each of whigh have different levels of efficiency at
catching crawfish. In the case of net fisheries,example, the increased landings reported for
Wales in the period around 1997 (where fishermescadiered a migration route and
preferentially exploited it) would have resultedan increase in LPUE. This increase in LPUE
would not have been representative of any changianabundance of crawfish, but rather
represents changes in fisher's behaviour. Theezormf the data collected is important to its
interpretation.

The introduction of technical conservation measgass also affect LPUE data from the fishery
through increased discarding of individuals e.godigh the introduction of MLS or MaxLS or

through prohibition of landing berried females. eThkalue of observer trips in recording
information on the entire catch (both that landed discarded) is evident here.

The data requirements set out above are key irssiageGES under the MSFD, however, in
order to determine the most appropriate managemeasures in order to facilitate recovery of
Welsh crawfish populations the collection of furthgiological and fisheries data will be
required. The collection of this data could alsmf the basis of analytical stock assessments in
order to provide a more robust methodology fordétermination of GES.

More detailed information on the behaviour and nmogets of Welsh crawfish would also be
extremely beneficial in assessing the potentialealf management measures, such as area or
seasonal closures. It has been shown that nerigshin particular can target migration routes of
crawfish and increase catch rates and landingss type of fishing is very efficient and has the
potential to significantly reduce crawfish numbekser a relatively short period of time. 1t is
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important therefore to identify migratory routesigfhcould inform area or seasonal closures to
protect crawfish at a stage in their life cycle whéhey are particularly vulnerable to fishing
effort.

One of the main limiting factors in assessing tb&eptial for recovery of crawfish populations,

via management measures which increase the repnoglpotential of the population, is data on

recruitment. While it is thought that populaticsfsP. elephascan occur in areas where there is
larval retention through gyres (M. Robinson, persmm.), the source of larvae for Welsh

populations is not clear and the available inforarabn larval behaviour and prevailing currents
does not permit identification of larval source amk dynamics. Mark-recapture and genetic
studies could provide useful information in detarimg the connectivity of crawfish populations

in Welsh waters with those in other areas. Thisld@llow an informed assessment of whether
or not those measures which increase the repraguotitput of the population would benefit

recovery of Welsh populations or not. Informatimm larval source and sink dynamics overall
would help inform the management of crawfish popofes and their recovery at the most

appropriate geographical scale: Wales, regional@dauropean level.

Fisheries data is currently collected through pesuhemes, and while this provides a useful
record of catch and effort there are inconsistentighe spatial resolution of the data recorded
by fishermen (P. Coates, pers. comm.). Standatdaigkection of spatial fisheries data would be
extremely valuable in determining which managenmeeasures would be most appropriate and
in determining the relevant legislative frameworkthwregards to the geographic scale of
management measure required.

48



CCW Contract Science Report No 989
5 DISCUSSION

Populations oPalinurus elephasvithin Welsh waters are generally accepted tonbe depleted
state due to changes in fishing practice in the0$%nd 1970s. This report has set out the
potential for both existing and possible managemeetsures to aid the self-propagated
recovery of crawfish. Although it is not the puspoof this report to make recommendations on
the future management of crawfish within Welsh wsteonclusions can be drawn about the
relative suitability of different management opson The potential for recovery is assessed
within the broad context of achieving Good Envir@antal Status (GES) as defined in the
Marine Strategy Framework Directive (MSFD) Task @ydreport on Commercially Exploited
Fish and Shellfish (Piedt al, 2010).

It is accepted that current data deficiencies enbilbblogy and exploitation of crawfish in Welsh
waters mean that it is not possible to carry oatlital stock assessments; however, historical
LPUE data has been identified as a benchmark onhadeicovery can be assessed (see Section
2.2). There are limitations to the use of sucladetwever; as it is only available from late 1980
onwards it can only provide an insight into a resrawg population rather than one which has
recovered. Lack of historical data also produdéfgdlties in determining what GES actually
represents in relation to crawfish population alaumo@é and length frequency distribution prior to
the commencement of fishing. Interpretation of EPWata, while useful in assessing initial
recovery, will need to be supplemented by additioia@a collection in order to determine if the
population is moving towards a level which représ€?ES, as set out in Section 4.

5.1 Existing management measures

Assessment of the existing management measures Witelsh waters indicated that there was
limited potential for aiding recovery of crawfislofulations. There have been no significant
changes in LPUE from the fishery following the aduction of the 110 mm CL MLS in 1997 in
south Wales, the European 95 mm CL MLS in 199ugh the existence of marine SACs for
over a decade, or via the non-commercial catchidimAlthough the increased MLS introduced
in south Wales is more conservative than the EUtlwh 95 mm CL it is limited by the
geographical extent of the bylaw which extendsitxonautical miles. Length frequency data
also indicate that the 110 mm CL MLS may be toolbmih regards to the size frequency of
individuals and size at 50% maturity (see Tablg Wighin the population (Huntest al, 1996).

In addition to the possible disparity between thegth frequency and SOM of the population
and MLS, the continued removal of larger individudahrough on-going exploitation could
disproportionately affect the reproductive outpithee population as larger females contribute a
greater proportion of eggs (Goéii al, 2003a, Galhardet al, 2006), see also Section 3.2.1. In
isolation the use of MLS to aid recovery of cralWwfreay well be limited for these reasons and it
is likely that both an appropriate MLS and, M5 would be required to produce greater gains in
reproductive output.

While this report does not consider the socio-enunoimplications of management, a
significant increase in MLS could have a considierainpact on existing fisheries through
reduction in catches, and this can result in nangl@nce (Galhardet al, 2006). Although
catches of crawfish in Wales are relatively lowisita high value species and as such can make
up an important part of fishers income (P. Cogbess. comm.) so nhon-compliance could be a
consideration.

The management strategies for Pembrokeshire Mamntkthe Pen Eh a'r Sarnau Marine

Special Areas of Conservation do not currently mlevany specific measures which would
encourage the self-propagated recovery of cramiidlile in the Skomer Marine Nature Reserve
a voluntary ban on net fishing and voluntary retogal diver no-take, could have potential to
aid recovery. The management structures for theseggnated sites do provide a mechanism
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through which potential conservation measures (wally and statutory) could be discussed and
agreed.

Within the context of attaining GES for Welsh cralif populations under the Marine Strategy
Framework Directive, the current management measureplace in Welsh waters are not
effective in facilitating recovery, nor are theysuéing in recovery towards historical levels of
LPUE.

5.2 Possible Management Measures

Of the potential management measures outlined is réport, those which regulate fishing
activity are likely to have the most positive impaa the recovery of crawfish in Welsh waters.
The establishment of HPMCZs may well provide refufpg crawfish where areas of protection
include suitable habitats. However, as their nfanction is to protect ecosystem function and
resilience, as opposed to specifically facilitaticrgwfish recovery, their potential impacts for
this species are likely to be limited. The potandiirect benefits of each management measure
are summarised in Table 5.1, along with possiblmlsoations of measures which could
enhance the potential to aid crawfish recovery. eWitonsidering changes to fisheries
management it is also important to take into casition displacement of effort and
diversification into alternative fishing methodsth of which can have implications for the
success of any management measure in ensuringdbeery ofP. elephagopulations in Welsh
waters.

There are several management measures which hayaoténtial to increase the reproductive
output of the population while placing no limits effort or restrictions on the area fished. Of
these the introduction of a prohibition of landipgrried females could be an appropriate initial
or interim management measure, should fishing iagtiluring the winter months when females
area berried, be identified as a concern. Thissomeawould also apply to all sectors of the
fishing fleet and would not require the collectiminadditional biological or fisheries data. This
would protect a portion of the Welsh crawfish p@pian from fishing and also increase the
reproductive potential of the population, while giddhal data collection was carried out to
inform further management measures. V-notchirgfigther method by which the reproductive
potential of the population could be increasedlagdalation is in place to prohibit the landing of
notched individuals. However, given the potenyidligh mortality rates associated with this
technique for crawfish, it is not considered toabé@able option for aiding in the recovery of this
species.

The introduction of an appropriate MLS and,,\M5 for crawfish also has the potential to
increase the reproductive output of the populati@iven the greater reproductive potential of
larger individuals and the current depleted stafube stocks, the introduction of both measures
simultaneously would provide greater potential gamterms of egg production and would also
help to promote a length frequency distributiont theetter reflected GES. Introducing
appropriate limits would, however, depend on thiéection of appropriate length frequency data
from the fishery and further biological information the size at maturity of Welsh stocks. It is
possible that a revised MLS could be introducecetdasn existing data (see Table 1.2) as an
interim measure while data was collected to proWieemost appropriate landing sizes based on
the current length distribution of the population.

Technical conservation measures such as gear etibins can be beneficial in reducing catch
rates and also preventing the capture of juvenilés/en the current depleted status of Welsh
crawfish populations, and the relatively low leved$ landings, it is unlikely that gear
modifications would have any impact on the recowrthe population. The application of such
measures is more likely to be beneficial in arebser@ recovery has been facilitated, as they can
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provide a degree of protection to populations whicly be subjected to renewed fisheries
interest.

Prohibiting individual fishing methods in discreteeas, while reducing removals from the
population, may be limited in terms of facilitatimgcovery and attaining GES for crawfish

populations. If a prohibition is implemented famlyp one gear type fishing can be continued
using other methods, and this would reduce anynpiatebenefits with respect to changes in the
length frequency distribution, and any gains immrof increased abundance or reproductive
output. Prohibitions on specific gear types maynhare relevant to management within a
recovering population. For example, where numlbérsrawfish were shown to be increasing

this may make them more attractive to fishing byeds and a prohibition would prevent

recovery from being inhibited by increased fishaffprt.

Prohibitions on landing crawfish may be more effexin eliciting recovery than prohibitions of
fishing with certain gear types, particularly aawfish are a bycatch species. Given the current
low levels of UK landings of crawfish by foreignsaels it is likely that prohibitions on landing
P. elephasimplemented through a Welsh Statutory Instrumemuld be appropriate in
facilitating recovery of crawfish. However, meciams by which to gauge any increase in
fishing by EU vessels within the Welsh Zone woudddalvisable in order to make sure that any
recovery gains made through domestic legislatiomewwt being undermined by increased
fishing effort from non-UK vessels. A reduction time catch limits or a zero catch limit for
recreational fisheries may also be appropriategaioie a prohibition on landings, particularly as
there is little information about the level of noommercial activity carried out. These measures
together would ensure reduced removals from theulptipn from both commercial and
recreational effort. It is possible that a protds on landing crawfish could still result in some
fisheries related mortalities, particularly in fisheries. Investigations into the mortality ratds
live returns from net fisheries should be carriedl io order to determine if prohibitions on net
fishing in areas of high crawfish catch rates woaldo be required alongside a landing
prohibition in order to gain the greatest poterfbalrecovery.

Area closures have been shown to be effective fopulations of P. elephasin the
Mediterranean, and also for other species of spabgter. Care should be taken in the
interpretation of the effectiveness of such measasethe environmental conditions and level of
fisheries is different from that observed in Welshters. The scale and speed of recovery
achievable within depleted Welsh populations ofwigh may not be comparable to studies
carried out in the Mediterranean. The implemeataf any area closures in Welsh waters
would need to be based on detailed informationh@ncurrent extent of crawfish populations.
This would facilitate selection of the most apprag areas for closure in order to produce the
best possible gains in terms of recovery.

Where management measures are intended to indreaseproductive output of the population
it is very difficult to determine if this will resudirectly in increased recruitment. This is lelg
due to the long pelagic phase of the larvae duwhgh time they could be transported large
distances. During this time the larvae are nosipasbut will undergo movements within the
water column, and this makes it very difficult tetermine connectivity between populations via
larval transport. There are also other factordhsag predation and density dependence which
can have a significant effect on the survival ofgnile crawfish when they settle out of the water
column and during their subsequent growth priagritering the fishery. These factors mean that
it is very difficult to determine the link betweencreased reproductive output and increased
recruitment from within the same population.

Time scales for recovery based on increased reoeunit to the population give an estimate of a
minimum of four to five years for recovery to besebved in the fishery, based on age data
presented by Mercer (1973). The interpretatiothisf data should be approached with great care
as pointed out by the author (Table 1.1), and wallo regards to the growth data presented in
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Section 1.1.2, which showed tHat elephascan show zero growth in terms of length following
the moult. It may be the case that any recovesyltiag from increases in the reproductive
output of the population could take many more yehas this to have a significant impact on
CPUE. Measures to determine levels of recruitni@iihe population (i.e. individuals below the
MLS) would allow assessment of recovery over shdimeescales.

The implementation of suitable management measwisbe affected by the legislative
framework and jurisdiction of relevant legislatiauth respect to both the area covered and the
nationality of vessels affected. Should the iderdiion of management measures for the
recovery of crawfish extend beyond 6 nm then lagjish which applies at the Welsh and UK
level may not be sufficient to facilitate recovesy crawfish due to fishing by vessels from
outside the UK which would only be bound by EU #agfion. Information on the level of
fishing being carried out by such vessels woulg el determine the potential impact on any
management measures applied beyond 6 nm.

The presence of juveniles within surveyed areashén south of Wales indicates that some
recovery of populations may already be occurringpugh this cannot be evidenced
quantitatively and any reasons behind it are redrcl It is important that recovery itself is taken
into consideration when planning any fisheries daseasures. Once population levels are seen
to increase there could be renewed interest idishery. Both tangle netting and dive fisheries
have been shown to be efficient at reducing pojauatof crawfish and this would suggest that
the reintroduction of sustained fishing effort abuwjuickly reduce the effects of any existing
crawfish recovery.

It is important that data collection is carried aut the current status of crawfish populations.
This will provide a baseline from which recoverywtrds GES can be determined and would
also provide a mechanism by which the effectiveéssdividual management measures can be
assessed and kept under review.
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Table 5.1 The potentiallirect effectsfor each management measure, if implemented efédgtito contribute to the recovery Balinurus elephag Welsh waters. The capability

for increased reproductive output does not necigsafer increased recruitment.

Increased abundamfers directly to the

management measure negueimovals from the

fishery, rather than through increases in recruitnirought about by the resultant increased remtddr output (though these may also be possibR)tential combinations of
measures refer to the potential measures set thisineport.

Management Measure

Increased Reproductive Output

Increased Abundance

Potential Combinations of Measures

Maximum landing size

Yes — protection of larger and mo
fecund individuals

permitted to reach the minimum landing s
without being caught by the fishery

r@ossibly in the long term if individuals a

ra8enefits in terms of reproductive outp
zepuld be increased if combined with
appropriate MLS

Landing Prohibition

Yes — protection of reproductively acti

e&es — removal of fishing mortality (althoug

Hmplementation alongside a zero ng

with mortality rates

available to the fishery again

individuals mortalities through net fishing should beommercial catch rate would provide the
monitored). maximum  potential gains in  both
reproductive  output  and increased
abundance
Gear restrictions No Yes - localised Gear restrictions along with prohibitions
could reduce the potential for net related
mortalities of crawfish in areas with a high
catch rate
Prohibitions of diver collection could
safeguard any recovery facilitated by other
management measures
Catch Limits No - high grading may reducgeYes — although this would be limited Could be used as a measure to protect a
reproductive output by preferential recovering stock where the removal |of
removal of larger and more fecund individuals had previously been prohibited
individuals which would attain a better
price
V-notching Potentially, although there are concefr@nly temporary — individuals will become

Prohibiting the landing
of Berried females

Yes — although could be limited as pe
fishery may not overlap with berrie

aBnly temporary individuals will b

chvailable to the fishery when not berried

D
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season

Area Restrictions

Yes —Ilo

calised

Yes - localised

Seasonal Restrictions

Possibly if  restrictions  allowedOnly temporary — could result in increased
reproduction in females

effort following closures

HPMCZ in Wales No - designations not specific fdJnlikely
crawfish

MCZ - England No - designations not specific tdJnlikely
crawfish
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5.3 Conclusions

Historical fishing records and data indicate thiapesent Welsh populations of the crawfish
Palinurus elephasre depleted. Current management measures ia foitbin Welsh waters;
minimum landing sizes, non-commercial catch limatsd marine SACs do not appear to be
facilitating the self-propagated recovery of thieasies as LPUE remains at a low level. Of the
potential management measures set out in thistregpose with the greatest capacity to facilitate
recovery are those which manage fishing activisyppposed to nature conservation measures.
It may be necessary for these measures to be uteddat the EU or inter-country level in order
to incorporate fishing carried out by vessels framside the UK inside Welsh waters. Although
at present fishing by non-UK vessels is not thoughbe significant and the establishment of
measures at the Welsh level may be appropriatesiimterim.

Where management measures result in the potentiahéreased reproductive output of the
population it is not clear if this would result & direct increase in the population, as the
recruitment mechanisms for Welsh populations arelean. Given the current lack of
information in this regard it is likely that managent measures such as landing prohibitions
which both reduce removals from the population ammtease the reproductive output of the
population are likely to be the most effective iapgorting recovery of Welsh crawfish
populations (see Table 5.1). The introduction afhty Protected Marine Conservation Zones
(HPMCZ) in Welsh waters and Marine Conservation @oi(MCZ) in English waters do not
appear to provide an effective mechanism for featihig crawfish recovery. This is due to their
focus on the protection of habitats and also ttedatively small size.

The potential rate of recovery which could be aebiefrom a depleted population level is not
clear. Indications are that any increase in récremt would take at least four to five years to be
seen in the fished population. The MSFD aims tuea® GES by 2020, so even if appropriate
management measures were implemented immediatéyhighly unlikely that GES for Welsh
crawfish populations will be achieved in this tifname. It is, however, possible that some
indications of recovery towards the LPUE value®rded in the 1980s could be achieved.

Fisheries data are collected providing a time sesfecrawfish LPUE data since the 1980s and
this can be used as a proxy indicator of stoclustahd a benchmark by which recovery can be
assessed. A more extensive data collection prageamill also be required in order to assess
individual management measures within the contéxGBS as set out in the MSFD and to
inform future reviews of management. The data irequwill include length frequency
distributions, information on the reproductive bigy of crawfish in Welsh waters and
information on the geographical distribution of therrent population. Not only will this
additional information provide an essential backigi on which to base management decisions,
it could also facilitate the future analytical assment of the stocks using numerical modelling
techniques.
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Appendix 1: Data archive appendix

Data outputs associated with this project are aechas Project No. 353 and Media No. 1332 on
server—based storage at the Countryside Councdifdes.

The data archive contains:

[A] The final_reporin Microsoft Word and Adobe PDF formats.

« CCW Science Report No. 989 - Management measureselbpropagated future
recovery of crawfishPalinurus elephasn Welsh waters.doc

« CCW Science Report No. 989 - Management measureselbpropagated future
recovery of crawfishRalinurus elephasn Welsh waters.pdf

Metadata for this project is publicly accessibletigh Countryside Council for Wales’ Library
Cataloguénttp://www-library.ccw.gov.uk/olibcgi/w24.cdy searching ‘Dataset Titles’. The
metadata is held as record ht4818

Date: 30 March 2012
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