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Workpackage 1 of EDFAM

The draft final report of EDFAM describes 3 priralipleliverables of Work Package (WP) 1
of EDFAM

1. The current monitoring and research activitiesGorstacean Fisheries in Europe
(this document)

2. A newly developed metadatabase which holds metaditeant to the biology and
fisheries for crustaceans in Europe. This is hostethe www and available to the
public (this document)

3.

A series of papers reviewing the biology and figsefor each of the commercially
important decapod crustaceans in Europe (repaftkt, Part I11)
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1. Biological Data on Decapods held by Participants

1. Trinity College Dublin, Marine Institute and IrishSea Fisheries Board

The description below represents the data availableeland rather than in Trinity College
only (data by TCD, BIM and MI)

The fisheries

In Ireland the following species of crustaceartetisin order of economic importance, are
fished commercially

- Nephrops norvegicus, Cancer pagurus, Homarus gamspdPalaemon serratus, Maja
squinado, Palinurus elephas, Necora puber, Carcmesnas, Chaceon affinis

These species are to some degree the subject afdnspecies fisheries. For instance
Homarus, CancerPalinurus and Necoracan be captured by the same trap on the same
fishing day on the same fishing ground. These sjseare captured both inshore in very
shallow water and in the case @ancerand Chaceonto the edge of the continental shelf at
200 and up to 800 m depth respectivalephropss the subject of a trawl fishery in the Irish
Sea, Celtic Sea and west coasts although tramdjsioir this species has previously taken
place on the south coagtalaemonis captured by specialised traps in shallow water
embayments on the south and west coast. Thersinigle fishery foMaja, on the south west
coast, although fisheries in other areas on the eassst are being developed. This species is
at the northern end of it's range in Irish waters.

Monitoring

Catch and effort : Landings data are compiled ley Diepartment of Commications, Marine
and Natural Resources. Fishing effort and CPUEJBS statistical square can be estimated
from log book data foNephrops Effort and landings data by average daily GPStiposare
also available for the offshore component of @@ cerfishery on the north west coast. This
has been generated through specific research tgadjather than a long term monitoring
programme operated by the state. More recentlyntaiy logbooks have been introduced to
the inshore crustacean fishery and approximated 28hing days are currently reported.

Size distributions: Size distribution data for Neggts have been collected on a monthly basis
for a number of years from the different ICES mamagnt units. More recently size
distribution data for lobster by region and for thain Cancerfisheries have been collected.
A new program for shrimpPalaemon began in 2003. Fishers collect random samples fro
the catch on alternate weeks during the fishing@eand freeze and store these samples for
collection by BIM. Age, growth, mortality and yiefger recruit estimates will be obtained.

Research: The majority of data on crustacean fishdrave arisen as a result of particular
research projects. These projects are funded ditheational government or under the EU
research programmes and are not designed for ésngrhonitoring of the fisheries.

Nephrops norvegicus :

Annual or bi-annual research surveys were undentakehe Irish Sea between 1986-2000.
The objectives were to detect changes in stockddnee using the CPUE from standardised
30 minute trawls. Because of short term changesatohability however it is difficult to
standardise the CPUE and it is unclear how chamgst®ck are reflected in the survey data.
Numerous factors such as time of day, tide andorkptive status affect catchability of
Nephrops
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Size distribution data are collected on the surv&gatial variability in the shape of the
distributions were described in 1989 and 1990 amcetations between growth and mortality
and sediments, temperature and fishing effort e estimated. Estimates of Z and spatial
distribution of fishing effort are correlated.

Extensive analysis of size distribution data haenbendertaken in order to derive growth and
mortality estimates

Studies on size at morphometric and physiologicatiunity of males and females have been
carried out in the Irish Sea.

Population structures have been preliminarily definsing isozyme data.

The use of age pigments (lipofuscin) to estimageattpe structure ddephropsn the Irish Sea
has been investigated with limited success.

Spawning stock biomass dfephropsin the Irish Sea has been investigated on a nuwiber
occasions from egg and larval production estimates

The size (growth rate) and metabolic conditionN&phropslarvae in relation to physical
oceanographic conditions have been studied in #stamn Irish Sea gyre.

Stock Assessment : This species is assessed @ESNephrops WG who use a pseudo-age
based VPA technique to estimate population sizefiahthg mortality.

Management : This species is managed by a TAC ahdLs that varies geographically.

Homarus gammarus :

Catch and effort : On the south east coast mongoof catch and effort has been in place
since 1995 as part of an assessment of the impadjastments to technical conservation
measures in the area. Daily catch of legal, ungedsand v-notched lobster are recorded on a
daily basis by between 10 and 25 vessels depemdingar. Soak time for traps is recorded.
Older data from the 1950s and 1960s are availavléhe south east coast fishery. A small
amount of data on catch and effort is availableglersouth west coast for 1996-1999.

The size distribution of the landings has beenngsx annually from 1995-2000 on the south
east coast and during the 1998-1999 seasons othall coasts. Data for the south east coast
were collected also in the 1960s.

Biological characteristics : Data on size at m&yuand the size fecundity relationship were
obtained for all coasts in 1998 and 1999 as paasihdtU biological studies programme. Some
information on moult increments were obtained fr@g returns in the 1960s and 1990s on
the south east coast. Growth rates were estimatdld south east coast in the 1960s.

Larval distribution : Data on the distribution aadundance of larvae are sparse. Most of the
data are for Galway Bay on the mid west coast fi@82-1985 and for the south east coast
from 1995-1999. Vertical migratory behaviour of thevae has been described.

Juvenile ecology : Despite numerous surveys noalatavailable for the early benthic phase.
In fact the early juveniles have never been found.

Assessments : Yield and egg per recruit models baea developed and have been used to
make recommendations to industry on technical ceaien measures and effort control.
Mark recapture data have been used to estimatk stoe and exploitation rate on the south
east coast from repeated Petersen estimates.
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Regulation : Lobster fisheries are managed by mimintanding size which is currently 87
mm. Legislation to protect v-notched females (feesalith a v-notched mark on the tail fan)
is also in place since 1994. Release of hatchamedejuveniles has been practised in some
areas during the 1990s. Discussions are underwagdinict entry into this open access
fishery through a licensing scheme.

Cancer pagurus :

The major fishery, representing 80% of nationatliags, is on the north west coast. The fleet
is mainly artisanal making daily trips usually withl0 km of the coast. A small fleet of
larger vivier vessels fish offshore to the edgehef continental shelf. Effort is increasing in
the offshore sector.

Catch and effort : Data has been collated fronpthete diaries of the offshore vessels since
this fishery began in 1990. For each ‘string’ oblifaps deployed the GPS position at the
start and end of the string, the total number apgron the string, the soak time and the
resulting catch is available. Catch and effort tbe inshore fishery has been collated
indirectly by reviewing purchase records of localaperatives and processing plants that buy
crab from the inshore fleet. These data give tte# hame and the total weight of crab landed
on a daily basis. Effort has been associated it datch by interviewing skippers to find
out the total number of traps used by each boat.

Size distribution of the landings : Available fo®97-1998 and for 2001-2003 for the north
west coast fishery. These data have been collettéide spatial scales and have associated
GPS data.

Biological characteristics : Data on size at phiggjwal maturity of females and
morphometric maturity of males was collected in 29998 and again in 2003 on a regional
basis. Fecundity data are also available for 19881 Moult increment data of juveniles are
available from individuals held in re-circulatiogyssems and from modal analysis of size
distributions collected by suction samples from feabed. Growth data are also available
from mark recapture studies. Tagging has been tsadonitor migration of males and
females.

Larval and juvenile ecology : Some data on the@®asoccurrence of larvae is available for
the south east coast and for Galway Bay. A dedicsievey was completed in 2002 off the
north west coast to the edge of the continentalf sbedescribe vertical and horizontal
distribution using Longhurst Hardy Plankton Recoyd8ulf VII and Neuston samplers.
Densities of early juvenile stages on the seab&d baen quantified on the south east coast
by SCUBA operated suction sampling. Seabed mappasgoeen undertaken in a number of
coastal areas with a view to describing Cancertsaigsassociations and variability in sex
ratio and size distributions on different subssate

Interactions with other fisheries : Soft shell amiite faced (recently moulted) crab are used
as bait in the whelk fishery on the south east east coasts. Data on the amount of crab
going to this fishery have been evaluated.

Assessment : No formal assessments have beendcantieThe catch and effort data may be
suitable for production modelling or through a tiseries analyis forecasting of CPUE may
be possible. The fine spatial scale data on catch edfort facilitates the application of
depletion methods while minimising violation of thesumptions of the models. Movement
of crab and short term changes in catchability, éxew, complicate a straightforward
application of these methods. Incorporation of madapture data into the depletion has been
evaluated in collaboration with CEFAS. Yield percmgt analysis is possible although
construction of a representative size frequencyribigion is difficult for this migratory
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stock. Yield per recruit analysis is important istspecies because the yield or recoverable
meat from a crab varies substantially during thelingycle. Identifying individuals with high
meat content is a problem in the species.

Management : The fishery is managed by a natiorialmmm landing size of 130 mm
carapace width. The market, however, which preteebd greater than 140 mm has more
effect on the size of crab landed from the offshiigshery. The fishery is in open access
within the constraints set by MAGP IV.

Palinurus elephas :

This fishery has declined substantially and no érexists in many coastal areas where this
speceis was once common. Overfishing by tangleindtze 19970s is thought to have been
the main cause of the stock collapse. Possibly é3els currently target this species on a
seasonal basis nationally.

Sporadic data on size distributions are availatenfthe 1960s and 1990s. Total landings
data are collected by port.

A small amount of CPUE data are available for thtls west coast.
No assessments have been carried out.
Recent EU legislation has set a minimum size ofrhhcarapace length.

Palaemon serratus :

Fishing for this species began in the 1970s omtitewest coast. Today the species is fished
on the mid west and south west coast. It is shbvied (3-4 years) that other decapod species
fished in Ireland. The fishery is prone to localrtétment failure.

Landings and effort : Landings data are recordegday and have increased substantially in
the late 1990s but has declined since 2001. Nateffata are available but it is increasing
significantly.

Size distributions : Some size distribution dataghlbeen collected on the west and south west
Catch and effort data : CPUE has been estimatedlyrfabm commercial data

Biological characteristics : Age and growth hasrbealculated from analysis of length
frequency distributions. Maturity of females ané geasonal cycle of reproduction has been
estimated from observations of ovigerous femalesamthe development of the gonad.

Larval distributions : Data on the seasonal oceueeof larvae are available for Galway Bay.

Assessments : No formal assessments have beeedcaut. Yield per recruit is an important
consideration as the fishery may begin too earlth@nseason to allow growth of juveniles.
Protection of local spawning stock may be importastdispersal of larvae may be restricted.
Unknown patterns of migration and stock structuakenit difficult to collect representative
size and age frequency data.

Management : There are no management controls
Maja squinado

This species is fished in one location on the saght coast. The stock structure is unknown.
New fisheries on the west coast are beginning.
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Catch and effort : Total landings data are collécEffort is unknown. Indices of CPUE have
been developed although it is unclear if they epFesentative of stock changes

Size distributions : Size distribution of the lamgk for certain years are available and indicate
a strong within season impact on size.

Assessments : None available

Necora puber

This species is common on all coasts. Only landidas are available. Some biological
information was collected previously on the easistdishery. Size at maturity and size
fecundity relationship are currently being evaldatdo assessments have been undertaken.

Carcinus meanas
Since 2001 a fishery has developed for Carcinusagan the west coasts of Ireland. Data
on catch rate have been collected.
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2. Centre for Environment, Fisheries and Aquaculturecience (CEFAS), UK

The following are the data collection programmescfoistacean fisheries in the UK

Fisheries

The decapod crustacean fisheries around the cbmt binited Kingdom are routinely
monitored by three Government Agencies, the CdatrEnvironment, Fisheries and
Aquaculture Science (CEFAS) in England and Walehdfies Research Services (FRS) in
Scotland, and the Department of Agriculture andaRDevelopment in Northern Ireland
(DARDNI). The role of the agencies is to carry anitoring and assessment of fish and
shellfish stocks, and to provide advice on theinagement to the UK Government. All three
organisations also carry out research activitigschvinclude the collection of data that may
be incorporated into stock assessments and fishmamagement advice. In addition there
are a number of regional bodies which have their data collection programmes, for
example the Sea Fisheries Committees in England\falds, and to a lesser extent
Universities and other academic institutions cairyresearch programmes that may produce
important data in relation to stock assessmenfiahdries management.

In general, data on crustacean fisheries in theadX characterised by long time series of
landings data on a relatively fine scale, in softaees since the beginning of thé"aentury,
but because of the artisanal nature of the fishetlee true landings may be significantly
underestimated in some areas. Data on fishingteffe not well documented on a national
basis for all species, although locally some fisHeg book schemes provide good reliable
information. Size distribution data have beenemitd on a regular basis since the early
1970s for most species on a reasonably fine spatiale. The following paragraphs
summarise the main data collection programmesdoh species in the UK. The summaries
are split into routine monitoring programmes arskegch projects which have collected large
amounts of data which could be used in assessmé&his.is by no means an exhaustive list,
but is meant purely to give the reader a flavouheflevel of data that is available for the UK
fisheries.

Nephrops norvegicus

Routine monitoringNephropsfisheries have been monitored routinely for thet B0 years
by CEFAS, FRS and DARDNI. Landings data are cetlaby port, and effort data are
compiled from obligatory EU log books. Size distion data are also collected monthly at
all the main ports. Landings dfephropshave been relatively stable in the UK over recent
years, and assessment of these stocks is cartidxyy thhe ICENephropsWorking Group.

Research studies: In addition there has beeni@sser major research programmes which
have collected data which are useful for stockssseent. Discard surveys Nephropsare
routinely carried out in many fisheries, indeperidieawl surveys are undertaken, and for
many years Scottish scientists, and in more regeats, English scientists, have undertaken
underwater TV surveys dfiephropsburrows, which are used to derive fishery-indegend
estimates of stock abundance. Larvae surveys lheee carried out on humerous occasions
for the variousNephrops stocks, and these have also been used to provstiery-
independent estimates of stock abundance. Fisle sffort mapping of the fishery, and
growth studies in relation to the nature of thestt#te are two facets of a major research
programme omMephrop<carried out by FRS in Scotland over the last twoadles.

Homarus gammarus

Routine monitoring: Landings of lobsters are roeiyncollected around the coast of the UK
on a port basis and have been for most of thisucgnt Currently landings are relatively
stable, although they were higher at various timeke early part of the 30century up to the



EDFAM Workpackage 1: Biology of European Decapodstaceans

1960s. Effort data are recorded but generally Hreyof poor quality. In England and Wales
size distribution data are collected by port by thonThis data set extends back to 1972 and
is extensive for many fishing areas, but is not glete for a number of less important fishing
regions. Catch per unit effort (CPUE) data recdrde a daily basis have also been collected
by CEFAS on ammad hocbasis since the 1960s, but more systematicallafound 50 vessels
since 1987. Similar data collection schemes fodilegs, effort and log book data exist in
Scotland and Northern Ireland. In addition 8 of 2 Sea Fisheries Committees (regional
fisheries management bodies in England and Walag® kshellfish permit schemes which
require the completion of daily catch rate inforimatfor the lobster and crab pot fishery.
These data sets provide a comprehensive summafighiofig effort, fishing position and
landings for all the lobster and crab vessels fighvithin 6 miles of the coast in each area.
Some permit schemes have been in operation foraslyort period of time, but the scheme
in South Wales has now been running for 23 yeanrd,pgovides an excellent database with
which to carry out assessments. In 2004 a rastiticensing scheme for crustacean (pot and
net) fisheries will be introduced. Licence holdei#i have to provide obligatory returns of
catch and effort data on a daily basis, which ghasignificantly improve assessment
capability. Assessment of lobsters is carried amtently on a regional and national basis at
present using local growth data, and maturity adifidity data collected on a large regional
scale.

Research studies: Three major research studies leae carried out by CEFAS which
provide a range of data that may be useful forkst@msessment. Firstly, a long term study of
the Bridlington lobster fishery over 15 years hesvmled information on spatial and temporal
variation in catch rates, in addition to pre-retindices which can be used to predict catch
rates in the following year. Secondly a major pamgme of release of hatchery-reared
juvenile lobsters has shown that they can survvestruit to the fishery, and has provided
important information on growth rates and survimatl movement patterns within the fishery.
In parallel hatchery-reared lobsters have beerasekt in three other sites by the Sea Fish
Industry Authority and North Western and North \Walgea Fisheries Committee. Two
lobster hatcheries, in Cornwall and Orkney, ar@peration currently. Thirdly an ongoing
programme on age determination by Leicester Unityeis conjunction with CEFAS has
produced a size-age relationship for lobsters basedccumulation of lipofuscin pigment.
There have also been a number of programmes otefsteround the UK which may have a
bearing on assessments. For example, Southamptean@graphy Centre have been
studying lobster behaviour on an artificial reefdaimvestigating movement patterns in
relation to habitat selection and catchability,j@as bodies have received PESCA funding to
initiate V-notching programmes for lobsters, andange of tagging programmes has been
carried out. There have been two larvae surveykbsters on the east coast of England but
little sound quantitative data are available.

Cancer pagurus

Routine monitoring: The fishery for brown crabsdsitinely monitored in the same way as
for lobsters described above, and indeed in mskirfy areas, lobsters and crabs are caught in
the same gear. Currently the status of stockesaonsiderably around the UK, with fishing
mortality rates very high in some of the traditibfishing areas, whereas some offshore areas
are only lightly exploited. As with lobsters, ldcdea Fisheries Committees also collect
landings and effort data on a fine spatial and tmalpscale, and the forthcoming introduction
of the shellfish licensing scheme will provide moeecurate data for assessments.
Assessments are carried out for England and Wakast|land and Northern Ireland based on
local growth data and fecundity and maturity daddlected on a relatively large regional
scale. A recent European Commission funded prajecsidered both new and conventional
approaches to crab stock assessment includingsthefudepletion methods.

Research studies: A major series of tagging studees carried out by CEFAS in the 1960s
and 1970s and this has provided considerable irdtiom on growth rates and migratory

10
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movements of female crabs between fishing areas. retent years CEFAS has also
undertaken very detailed catch monitoring on a fipatial scale in both the North Sea and
English Channel fisheries. This has provided irtgodr information on small scale
movements of crabs which could have important aqusieces for assessments based on local
size distribution. Three detailed larvae surveggehbeen carried out in the North Sea and
one in the English Channel and the results of thesweys in conjunction with new
hydrographic information are casting new light dack definition of crabs. An ongoing
programme on age determination by Leicester Uniyeis conjunction with CEFAS has
produced a size-age relationship foancer pagurusbased on accumulation of lipofuscin
pigment. Genetics studies at Royal Holloway Cdledniversity of London and Hull
University have identified microsatellite markeos €ancer pagurus Studies have also been
undertaken on the efficiency of various sizes @bps gaps at releasing juvenile undersized
crabs and lobsters from pots.

Maja squinado

Routine monitoring: In the UK there is a low lex#lmonitoring of landings, effort and size
distribution data for spider crabs, but because ithia small fishery in the UK, it is not a
priority species for data collection. Those Sesh€&iies Committee areas where spider crabs
are caught will also have data recorded on theimjgescheme return sheets. There have not
been any major research studies on this speciésthet intent of providing parameters for
stock assessment, except for some tagging workutdy samigration, but the forthcoming
shellfish licensing scheme should provide much edethta on trends in catch and fishing
effort.

Palinurus elephas

Routine monitoring: Crawfish landings are routinebcorded at ports but this is a small

fishery in the UK with landings principally occung in South Wales and Cornwall, where

catches may occur in pots, nets and previously ibingl The most extensive fisheries

statistics come from South Wales where over 20syeficatch data from pots and nets have
been accumulated. No routine assessments areccawi because the UK fishery is at the
northern end of the range Bf elephasand the stock structure is unknown.

Research studies: A major study of the crawfishdiy and biology relating to assessment
was carried out in the 1990s and this has beerigheldl in the peer reviewed literature (E.
Hunteret al, 1996. Recent studies on the crawf&dinurus elephasin South Wales and
Cornwall. JMBA76, 963-983), but this is not a species which ha® lvadely studied in the
UK.

Crangon crangon

Routine monitoring: Landings and fishing effort forangon crangorare routinely collected

in all the main fishing areas, and information aadgd landings is available which can be
converted to an index of size. The main fisheryniSThe Wash and adjacent areas, and
detailed fishery information is available for tHishery since the mid-1980s when a major
expansion of the fleet occurred.

Research studies: There have been major researdiesston the catch, effort and size

distribution for The Wash and Solway Firth fisherie These studies collected detailed
information on spatial and temporal variations atch rates, size distribution and recruitment
which can be used for stock assessment. In additigjor studies have been carried out on
gear selectivity and discard patterns@rangon principally in The Wash fishery, and the

biological and economic impacts of discarding btchaf commercial fish species.

Pandalus spp.

Fisheries statistics are routinely collected Randalus spparound the coast of the UK.
There is a small fishery fd?. borealisin Scotland, with very minor landings 8f borealis

11



EDFAM Workpackage 1: Biology of European Decapodstaceans

and P. montaguin England. No major research studies are currently undenatiipugh
there are a wealth of previous studies from the0%9@&nd earlier on the biology and
exploitation ofPandalus spp.

Palaemon serratus

The pot fishery for Palaemon has developed sigmtfig in the UK over the last few years,
and this expansion is being carefully monitoreche Thain fishery is in Wales, but to date
little scientific work has been undertaken on figkery.

Necora puber

Velvet crab is becoming increasingly important caneially, but the fisheries statistics for
this species are still not recorded on a natiorsdisacross the UK, although landings
information is available in a number of regionsd aome size distribution data have been
collected. There is some Scottish data for thisseeffies but no major fisheries studies have
been carried out in England and Wales. Most ofltiodogical information can be found
scattered amongst the marine literature and hasdmkected primarily by Universities.

Chaceon affinis

The fishery on the shelf edge for the deep watdram@b, Chaceon affinis, has developed
significantly in recent years and landings into gnah the ports on the western coast of the
UK are now monitored routinely. Relatively litteientific work has been carried out to date
in relation to this fishery.

Munida, Galatheg Carcinusetc..

There are a number of other crustacean speciehanécoccasionally landed commercially
in the UK, but which are not subject to routinehises monitoring programmes, although
landings may sometimes be recorded.

3. Institut Francais de Recherche pour I'exploitatiode la Mer (IFREMER)

The fisheries

Respective importance of the crustacean fishemi&sance can be seen through the following
figures (indicative data) :

Nephrops norvegicus000 t, 9.2 euro/kg, value 64 Meuros,
Cancer paguru$500 t, 2.7 euros/kg, 18 Meuros,

Maja squinado4500 t, 2.7 euros/kg, 12 Meuros,

Homarus gammarud00 t, 20 euros/kg, 8 Meuros,
Palinurus elepha400 t, 35 euros/kg, 3.5 Meuros,
Palaemon serratu50 t, 25 euros/kg, 3.8Meuros,

Necora puber500 t, 4 euros/kg, 2.0 Meuros.

Nephropsis a trawl fisheryPalinurus a tangle net fisheryCancer, Homarus, Necorand
Palaemontrap fisheriesMaja is fished both by traps and tangle ri@&ncerandHomarusare
also by-catch of the tangle net fishery aimed sib.filt shall be noted that most of these
fisheries are mixed fisheries insofar as a samp t@n catch at a same tin@ancer,
Homarus, Majaand Necora; in addition, a great proportion of the boats he trabs and
lobster fishery are fishing with pots and nets.

Monitoring

Since 2000, thactivity of every professionnal fishing boat is monthly glmented in term of
“métier” defined as « a type of fishing gear opedato catch one or several targetted species

12
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on a fishing area during a given period ». Thistiomous census is carried out by Ifremer
which is also responsible for data storage andyarsal

Landings and effort data from, supposedly, every boat are collectedutih european
logbooks (boats larger than 10 meters) and natiogaheets (boats smaller than 10 meters).
Those data completed with auction markets datarecerded in a national base under
Ministry responsability. Unfortunatly the lack oéliability, (specially concerning fishing
effort) prevents from using this data base excepiNephrops fished in area VII (see below).
In addition, a (unfortunetly small) sample of euwrap logbooks and/or fishermen personnal
logbooks is collected by Ifremer to derive C.P.UdE.CancerandHomarus

Nephropslandings are precisely known, since they are edlorded in the auctions. The
quality of effort data depends on the fisheriedoiEfis well documented for the Celtic Sea
and the Porcupine Bank, since the EU logbook réigmlas enforced. This is not the case for
the Bay of Biscay where very few skippers fill imetr logbooks regularly : only 15% of

Nephropsauction sales from this area can be linked todogldlata.

Size distribution : sampling of land€hncer pagurusndHomarus gammaruis carried out,
since 2002, in the frame of a contract with EU.&>ate recorded by IFREMER.

Table summarising landings, fishing and sampliagvéty for crustanceans in France

FRANCE Landings| Boats Gear | Auction| Logbooks CPUE Quay| Sea
sampling | sampling
Cancer pagurug ~ 6000t |) Pot No +or - Offshore 1985-87 | Some
) fleet 2002 +
Maja squinado| ~5000t | ) Potand| No +or - no Some
) ~800] Net
Necora puber| <300t |) Pot No +or - no Some
Homarus ~400t |) Pot No +or- some 2002 Somg
gammarus )
Palinurus ~150t | >200 Net No +or - no Some
elephas
Palinurus ~10t ? Netand No +or - no No
mauritanicus Trawl
Nephrops ~7000t| ~300 Trawl Yes + (area VII) yes Yes Yes
norvegicus - (area VIII)
Palaemon <500t | 1007 Pot Some +or - no No
serratus
Crangon ~500t ? Trawl ? +or- ? ?
crangon

Nephrops norvegicus :
Assessments of tigephropsstocks exploited by French vessels are carriethpthe ICES
Nephropsworking group.

Porcupine bank

Landing and effort : this stock is exploited onfysummer by French vessels. Twenty years
of landing and effort data are available. Landisgew fluctuations with low values in the
late 1980s (300-600 t ), higher values in the n8i8ls (1000-1200 t), and lower values again
in the most recent years (300 t).

Sampling : Eight years of size distribution of larg$ are available.

Biological characteristics : very few studies haeen performed. Female growth was studied
in the 1980s, and other biological parameters us@dsessment are based on values in other
areas.

13
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Regulation : this stock is managed by a TAC setifea VIl and a MLS clearly above the EC
one for market reasons (35 mm, instead 25 mm QL)nén codend mesh size can be used
(instead of 100 mm for finfish) provided that a mam percentage dfilephropsn the catch

is respected (70%).

Celtic sea

Landing and effort : French landings form the @efiea have been slowly decreasing since
the peak value of around 5000t in 1977, to arod®@D t in 1993-95. From 1996 onwards,
they have been fluctuating between 2000 and 30D@énty years of effort data are avalaible
(‘000 hours fishing from logbooks).

Sampling : length composition data of the Frenahdilags are available since 1987, but
discard data are available for 1985, 1991 and 1®®y. The numbers discarded at length for
years without discard samples were derived fronrdties between the numbers discarded at
length and the total numbers landed (all sizes @oedd) in the years when discard sampling
actually took place. Discards are substancialimftehery.

Biological parameters : they have been studiethén1i980s and have not been updated since
then.

Regulation : this stock is managed by a TAC setifea VIl and a MLS clearly above the EC
one for market reasons (35 mm, instead 25 mm Caxt8fishing foMNephropsare allowed

to use a 90 mm codend mesh size, but they prefaweid problems with the minimum
percentage oNephropsthat is required, and therefore generally useri@Omeshes instead.
The 100 mm mesh size also allows them to switciinfsh whenNephropscatch rates are
low (during the night for example, or during pesaaf bad weather).

Bay of Biscay

Landing and effort : throughout the late 1960s aadly 1970s, the landings by French
trawlers steadily increased, to a peak value of07tlih 1974, then fell to 4700 t in 1978.
During the 1980s and the early 1990s, landingsduhted, typically between 4500 and 6100 t,
but since 1995 they have shown a clear downwarditrie 1998, they fell to around 3200 t,
and they remained at this record low level in thidofving two years. In 2001 and 2002, the
landings increased again to around 3700 t, a regaeethe level of 1997. The logbook
regulation is not particularly well enforced in tBay of Biscay. Effort data are estimated
from the available log-books and considered asessmtative of the whole fishery. This is
likely to be biased since many vessels fill theg-books irregularly or not at all.

Sampling : length compositions of the French lagsiave been sampled since 1987.
Discard data are available for 1987, 1991 and I8%3 and the numbers discarded at length
for the other years are derived (using ratios basmedotal humber landed). Discards are
substancial in this fishery.

Biological parameters : they have been studiethén1i980s and have not been updated since
then.

Regulation : this stock is managed by a TAC andL&NR5 mm CL). The minimum codend
mesh size foNephropsin the Bay of Biscay is 70 mm. There are no lorgemptions for
the Nephropstrawlers, which previously could use a smaller Imeg&e than the finfish
trawlers, provided that their catches containddast 70% ofNephrops

Homarus gammarus :

Catch and effort : despite improvement of dataeotibn is on the way, official figures are

still poor. Information on C.P.U.E. trend is deddi¢deom a very limited number of fishermen
personnal records. Not all area are documentedimedserie is short.

Sampling : sex and size composition of landingssarepled since 2002 but the sampling rate
remains low.

Biological characteristics : fecundity, female s@emnaturity, growth have been studied in the
early 1980 and result published (ICES Communica)ion

14



EDFAM Workpackage 1: Biology of European Decapodstaceans

Regulation : lobster fishing is managed through B@®& MLS (87 mm) and the licencing
scheme with pot limitation which, in France, applie crab and lobster fisheries. Some small
closed area are scattered along the coast.

Cancer pagurus :

Catch and effort : quality of data allow to ders@rect C.P.U.E. for the offshore fleet since
1986, but not for inshore fleet.

Sampling : sex and size composition of landingssamapled since 2002. Similar data were
previously got in 1985-1987.

Biological characteristics and ecology : femaleess maturity, growth and migration have
been studied and result published (ICES Commuwicsli

Regulation : edible crab fishing is managed throtighEC MLS and the licencing scheme
with pot limitation which, in France, applies t@brand lobster fisheries.

Maja brachydactyla :

Catch and effort : catch data are improving bubreéffiata remain poorly documented, partly
because of difficulty in standardising effectivehiing effort for spider net.

Sampling : size, sex and « age » composition @heat has been conducted at sea on western
Channel potters and netters in 1984-1986. Sizesaradomposition of annual recruits before
fishing season has been established yearly dunmgeriod 1986-1996.

Biological characteristics and ecology of spideakcin the Western Channel have been
studied in the 1980'.

Regulation : spider fishing is managed through B@ MLS (12 cm) and the licencing
scheme with pot and net limitation which, in Frareggplies to crab and lobster fisheries.

Palinurus elephas :

Catch and effort : catch data are improving bubréfflata are poorly documented. Spiny
lobster is generally a by-catch in fish netting.

Sampling : sporadic data on size and sex comppstie avalaible since 1990.

Regulation : spiny lobster is managed through tGeMES (95 mm). The stock is currently at
a very low level.
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4. Universidade da Coruna (UDC), Spain

Fisheries

Decapod fisheries are carried out all along the M@ést of Spain (Galicia, Asturias,
Cantabria and Basque Country) , but they are eslhesnportant in Galicia due to its higher
biological productivity and more extensive coastaas. We have to differentiate the coastal
fisheries (from the intertidal to 60-80 m) and ttdigheries carried out in the continental
shelf and upper slope (up to approx. 500 m).

In coastal waters, a diverse array of decapod epéagiexploited. The targets are spider crab
(Maja squinad®, velvet swimming crabNecora pubey, and prawnsRalaemon serratuand

P. elegany secondary (non target) species are edible c@dnder pagurus lobster
(Homarus gammarygs spiny lobster Ralinurus elephas and slipper lobster Scyllarus
arctug. The three lobster fisheries are now overexplbodaead probably collapsed, showing
only anecdotal catches (although some signs ofvezgcexist for the spiny lobster in deep
waters). Many other species have a residual comaterglue with some sporadic catches,
such as swimming crabki¢carcinus corrugatugndLiocarcinus depuratgrand green crabs
(Carcinus maengs

In the multispecies trawl fishery in the shelf amqper slope, the Norway lobstéMdphrops
norvegicu$ is only decapod species of commercial value ¢ond one after the hake). In
the 90s some trap exploratory fishing was carriaet in the slope for deep-water crabs
(Chaceon quinquedemmdCancer bellianus

Long-term monitoring programs using direct assessmeethods are carried out only for
demersal trawl resources (including Norway lobstethese multispecies resources). For
coastal species only landing data are availablel, @utinely obtained, and no direct
assessment methods are used. Different researgnaprs, limited in their duration, have
studied various aspects of the biology and popnatiynamics of different decapod species
providing also some punctual stock assessments.

Sampling programs

Multispecies trawl fishery in the shelf and uppeps

Trawl surveys for demersal resources in the contaleshelf and upper slope

The Spanish Institute of Oceanography (IEO, “InstitEspafiol de Oceanografia”) carries out
annual demersal trawl surveys to assess demersalroes. The main objective is the
estimation of recruitment indices for the hakée(luccius merlucciusthe species of greater
economic value). Data on abundance and catch siretige are obtained, at least, for all the
commercial species. The survey is carried out taran, covers from 100 to 500 m deep and
covers the NW Spanish Atlantic coast and the Caiatalbea, and uses a random stratified
design. The main results for the Norway lobsters distribution patterns and relative
abundance estimators (CPUE). These surveys stiawt®€79 in a restricted area and were
expanded and adapted progressively.

Port-based samplings of size frequency distribgtiomn demersal trawl fisheries

The IEO develop a program of sampling at port fi@gguency distribution of landings of the
main species in the demersal trawl fisheries. Theady lobster is included in this program
and data obtained comprise size frequency distoibuisex and presence of egg-bearing
females.

Landing statistics
Landing statistics (biomass and economic valuespecies) are recorded daily from all ports
and first sale places. These data are availablkihéoNorway lobster.
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Exploratory fishery for deep-water crabs

In the 90s some trap exploratory fishing was cdradat in the slope of Galician waters for
deep-water crab£Lhaceon quinquedemmdCancer bellianus Available data were collected
by the “Conselleria de Pesca, Marisqueo e AcuiiltMinistry of Fisheries and
Aquaculture) of the autonomous government of Gali€iXunta de Galicia”, XUGA),
consisting in a few surveys monitoring catch rate aomposition (sex, size, presence of
eggs) in commercial vessels.

Statistical data corresponding to daily landing®rflass and economic value) are available
from the “Servicio de Informacién Pesquera” (SIRshEry Information Service) of the

XUGA from the different ports and first sale placesre these species were landed. Now,
there are almost no fishery for this species, alitooccasionally some catches are reported.

Coastal water fisheries

Coastal fisheries are carried out in Galicia by atisanal fleet operating between the
intertidal and approx. 60-80 m deep along almof018n of coastline. There are more than
80 fishing communities along the coast and 65 fa@le places were statistical data are
collected. With respect to decapod crustaceansmii@ gears used are traps (mostly for
velvet swimming crabs and lobsters) and gill- aantgte-nets (for spider crabs). Some divers
and intertidal harvesters also catch decapodghbse activities are in most cases illegal, and,
although they could have an important impact in régources, they are no included in the
official statistics. Artisanal fisheries for thesmurcesin other NW Spain regions have minor
importance, and only a few data of landings arended. The following description will be
referred to the Galician fisheries.

Three different sources of fishery data are avhilédy the decapod crustacean resources:

1. 1941-1993. Yearbook of Marine Fisheries (MinistfyAgriculture, Fisheries and Food,
Spain). Monthly data of biomass and value of lagsliof each species. These data are
aggregated for the complete region.

2. 1994 to present. The Xunta de Galicia, througlrighery Information Service, compiled
data for each Galician port of the biomass andevalieach species landed. The data
have a monthly periodicity although in some periegskly or daily data are available.
Now, the personnel of the fishers’ associationsothice these data in an information
system. The original data are disaggregated byeVessl day, although after that the
information is aggregated by port and month. Infthare, these disaggregated data could
be available if they were needed for assessmepbpes.

3. 1958-1993. The research group in biology and fiskeof marine resources of the
Universidade da Coruiia (UDC), participating in E@FAM, compiled data from all the
ports of Galicia using information available fronof@dias (fishers’ associations), city
councils, port authorities or other institutionsattthistorically were in charge of the
control of the landings of the fishing fleet. Thelsda have a variable level of aggregation
(monthly, weekly or daily) depending of the oridisaurce of data, but always included
all the crustacean species and their biomass ahat \& least monthly. These data
complement the series of the Xunta de Galicia #tatted in 1994 and have similar
characteristics to this data set. Complimentaryhiese data the research group of the
UDC has data sets of daily or weekly data of soores{O Grove and Lira) from 1990 to
the present including catch and value per fishiegsel and species. These data have been
obtained form the Cofradias or people involvedhe imarketing of these products and
have been used previously for assessment purposes.
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Assessment

Multispecies trawl fishery in the shelf and uppeps

Direct assessments of exploitable biomaslefhrops norvegicusave been made using the
information from the research trawl surveys, Thetsa have been analyzed using
geostatistical methods to get yearly local and glastimators of abundance (Farifia et al.
1994).

Coastal water fisheries

No prospective or in-season stock assessmentsde foathe decapod species exploited in
coastal waters. Only some punctual and retrospeatialyses have been made for the velvet
swimming crab and spider crab. Yield- and egg-peruit analysis of the velvet swimming
crab stock has been carried out. Exploiation ratettie fishing season for the spider crab
using stock depletion methods (based in fishertistitzs and mark-recapture experiments)
have been carried out. Modelling of yield- and @gg+ecruit including the life history of the
species, habitat changes and the effects of tlat éegl illegal fisheries are available. This last
analysis compared the performance of fishing effodantrol and habitat protection
regulations. These assessments have been mada véearch purpose and have not been
used yet in the management of the resources.
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5. Instituto Espanol de Oceanografia (IEO), Centro Careografico de Balaeres
(COB), Spain

Fisheries

Palinurus elephas
Fished in the western Mediterranean distributethfatoout 10 to 160 m depth

This species is the target of artisanal fisheriggnd the open season (March to August, both
inclusive) all along the coast of the Spanish Maditnean. Because it is in high demand and
a high unit value species, it is suspected thhirfgsmortality rates have been increasing in all
grounds, in particular since the introduction aitmel nets in the 1960s and 1970s. Trammel
nets have replaced traps in most areas, as neablaréo catch more fish, which compensates
for declining lobster yields.

P. elephadisheries are subject to closed seasons duringedigebearing period, minimum
landing sizes (at around the size at first maturatgd the prohibition of landing berried
females.

Most lobster are caught with trammel nets set sthal® average of 48 hours preferably
between 50-100 m. Trammel nets are some 600 mdaddchave a drop of 1.7 m. The mesh
size of the inner and outer panels are about 8Camu300 mm respectively. A relict lobster
trap fishery remains in the productive groundstlodf island of Menorca (Balearic Is).

Sampling Programmes:

- No longtermsampling programme exists for this species, as ot included in the list
of priorities for EU fisheries sampling programmes.

- A short-term sampling programme (LANGOSTA projeais initiated in 1998 on the
fisheries around the marine reserve of Columbrédlesds as well as in the Balearic
Islands (Western Mediterranean). A main objectif/the study was also the study of the
protected lobster population off Columbretes. $haly will continue until 2002.

Official landing statistics: Official landing dateome from fish markets in each harbour.
However, for lobster these data are not reliabteabse it is common to sell all or part of the
catch directly to restaurants.

Effort data: An unknown number of artisanal vessigage every year in lobster fishing
along the Mediterranean littoral. The total numbkunits engaged in the fishery is difficult

to estimate because it varies from year to yearthrmugh the lobster-fishing season and
depends on lobster yields and weather conditions.

Catches: In the framework the LANGOSTA project, ave trying to estimate a conversion

factor from the few harbours where we have mora thae source of catch data. Preliminary
estimates of the factor (to convert official figeyeange between 3-35 depending on the
harbours, years and seasons.

CPUE: Series of CPUE (catch in weight per trip) awailable for 3 harbours. Length of
series varies from 3 to 14 years.

Size distributions: Onboard sampling of selectgabtin three fisheries is ongoing since 1998.
Aristeus antennatus,

The red shrimp is caught between 450 and 850 metrenuddy bottom of the slope. Its
distribution is restricted to the canyons and sm@wéas of the slope. .It is the most important
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decapod in landed weights in the Spanish Meditean Sea. Its price is usually one of the
highest among crustaceans.

Sampling programmes: The majority of data Aristeus antennatukiave arisen on the
particular research projects funded by nationalegoement and EU financial support. A
national sampling programme conducted by the Spa@seanographic Institut undertaken
the long term monitoring of the fisheries in theaBigh Mediterranean Sea.

Catch and effort data: has been compiled from thrangercial data in different harbours
during research projects.

Size distributionsFrom the on board observer commercial samplingrarogie are obtained
commercial catch per species and category (werghnhamber) per vessel, haul and day, and
size frequency distribution for the target speciglareover, the information of the cast
(geographical situation, depth, gear, haul duratton) are recorded.

Biological parameterson the monthly basis are collected size distrdyuby sex, size-weight
relationship and maturity stages, growth and migredtimates.

Stock assessments: This species is assessed GF®k! (General Fishery Commission for
the Mediterranean) organised in SAC (Scientific &dwy Committees) Working Groups: for
assessment of demersal and pelagic target species.

Nephrops norvegicus

The Norway lobster is one of the main target spgeofemixed trawl fisheries in the Spanish
Mediterranean Sea. This species has a depth distibbetween 20 and 500 m in the
Atlantic Ocean and between 300 and 600 m in thet&edediterranean Sea. The statistic
showed that it is the second crustacean in voluireatehes after the red shrimp. However,
the landings of Norway lobster are relatively lomdats importance is mainly due to its high
market price.

Catch and effort data, size and spatial distributly means on board observer commercial
sampling programme are compiled.

Stock assessments: This species is assessed GF@k! (General Fishery Commission for
the Mediterranean) organised in SAC (Scientific &dvwy Committees) Working Groups: for
assessment of demersal and pelagic target species.

Parapenaeus longirostris

The deep water shrimp is one of the most importaotmercial shrimps in the
Mediterranean. It live on muddy or muddy-sandy dro, mostly at depths of 150-400 m
(upper slope) although it is found on the end o 8helf but with lower yields. The
distribution is extended in the Mediterranean Sehthe eastern north Atlantic Ocean.

Catch and effort data, size and spatial distributy means on board observer commercial
sampling programme are obtained. Biological paramegrowth and mortaliy estimates are
obtained for assessment.

Stock assessments: This species is assessed BF®k! (General Fishery Commission for

the Mediterranean) organised in SAC (Scientific &kdwy Committees) Working Groups: for
assessment of demersal and pelagic target species.
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Penaeus kerathurus

This species is fished by littoral trawls in wint@ecember-February) and by the artisan
fisheries (Trammel nets) in spring summer (AprilSeptember). It lives in muddy-sandy
bottoms, mostly at depths of 0 to 100 m. In thetlsavestern zone of the Spanish Peninsula
(Golf of Cadiz) and in the Levant Spanish zone {@dlValencia) this species is in high
demand.

Sea Surveys: Direct assessment surveys DEMERSAL IVERRANEAN SURVEYS
collect size distribution and abundance index fi#84 to the present for the Mediterranean
Spanish crustacean species. DEMERSAL ATLANTIC SURYE For Parapenaeus
longirostris providing size dsitribution an abundance indexfrt993 to the present

Table 1 : Summary of landing and sampmpling dat@fcsteus antennatus, Nephrops
norvegicus and Parapenaues longisrostris.

Species Harbour Landing CPUE MonthlyBiological Surveys
catches | parameters
(fleet)

A. antennatus Balearic Islands | 1976 Yes Yes Yes Yes
Spanish coast 1976 Yes Yes Yes Yes
N. norvegicus Balearic Islands 1976 Yes Yes Yes Yes
Spanish coast 1976-- Yes Yes Yes Yes
P. longisrostris Balearic Islands 1993 Yes Yes Yes Yes
Spanish coast 1993 Yes Yes Yes Yes
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6. Instituto de Ciencias del Mar —Consejo Superior lkestigaciones Cientificas
(ICM-CSIC)

Description of sampling methods

ICM-CSIC is not involved in routine assessment anitoring of fisheries. Its primary role is
to obtain information (population data, mathematimadels, etc.) on the biology, ecology
and fisheries of crustacean decapods for scienpifigposes. This information has been
obtained from short-term (1-3 years) research ptsjéunded by regional (Autonomous
Government of Catalonia), national (Spanish Sdienflesearch Agency) or European (DG
XIV AIR an FAIR programmes) funding bodies. Thisarmation may be used by the official
fisheries organism in Spain (IEO) for assessment nmnitoring. However, in the
Mediterranean there is no adaptive managementsbéfies on an annual basis, so neither
assessment nor monitoring are formally includeghémagement.

The ICM-CSIC study area covers all Catalonia, bastmesearch projects have been carried
out in the Central (Barcelona) and Southern redibarragona). The Central region is
characterised by a narrow shelf and a steep cartéihslope and the majority of crustaceans
caught are form deep-water fisheries targehliegphrops norvegicuandAristeus antennatus
On the contrary, the Southern region is charaaeérlsy a wide continental shelf under the
influence of a large river (Ebro) and the crustaseargeted are shallow-water species, such
asLiocarcinus depuratoandSquilla mantis

The research projects leaded by ICM-CSIC on crestaclecapods are the following:

AQUDE trawl surveys (1981-83): Quarterly trawl sayg along the Catalan coast using
commercial boats from different harbours to obtdiasic population characteristics,
parameters and distribution for commercial spedresn 3 to 800 m. All crustacean decapods
were studied

Research project "The fisheries of Catalonia ankgénéa" (Dr. Jordi Lleonart, 1987-89, EU
FAIR programme): Data collection of population bigy, landings and effort for the period
1988-89 for demersal fisheries. The biological paters for the main commercial species
(Aristeus antennatydNephrops norvegicyd.iocarcinus depuratoand Squilla manti¥ were
obtained for the Catalan sea area. Also, the teahoharacteristics of the fleet were obtained
and the routine collection of monthly data series started.

Research project "ARRASTRILLOS"(Dra. Pilar Séanchez, 1989-91, Autonomous
Government of Catalonia): Trawl surveys in threealies of the Catalan coast using
commercial fishing boats. Quarterly samplings irchearea to obtain basic biological
parameters foLiocarcinus depuratomandSquilla mantis on the continental shelf and upper
slope.

Research project "RASTELLSDra. Pilar Sanchez, 1992-93, Autonomous Governroént
Catalonia):

Monthly beam-trawl surveys in two localities of tBatalan coast using commercial fishing
boats. Monthly samplings in each area to obtainchaislogical parameters fdriocarcinus
depuratorandSquilla mantis

Monthly on board sampling of deep-sea trawlerdanport of Barcelona (1992-93, Dr. Joan
B. Company) between 250 and 800 m depth. The cemtatarget species of this fishery are
Nephrops norvegicuandAristeus antennatusAll the by-catch species were sampled also:
Pasiphaea sivadand P. multidentata Solenocera membranaceBlesionika edwardsiiP.
gigliolii, andP. martia This sampling allowed to obtain a data for biddaj parameters of
the species considered.
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Research project "MEDITS(Dr. Luis Gil de Sola, 1994-2000, EU DG XIV): Araluspring
trawl surveys along the Iberian Peninsula Meditezea coast (Spanish Mediterranean from
Gibraltar to Cape Creus, excluding most of the &adeislands) using the research ship:
"Cornide de Saavedra". Data are mainly used tdksttaspecies distribution, annual trends
and direct assessment. Biological data (such as se®, etc.) orNephrops norvegicus,
Aristeus antennatus, Parapenaeus longirostisd Liocarcinus depuratorare collected
regularly: Around 120 stations are sampled each §waughout the study area. Depths: 30-
800 m.

Research projects "Nephrops norvegicus: resoursesagient in the Catalan segr.
Francesc Sarda, 1991-92, EU DG XIV) and "Nephrapsegicus: Comparative biology and
fisheries in the Mediterranean, NEME[Dr. Francesc Sarda 1992-96, EU DG XIV): 3 trawl
surveys on an oceanographic vessel for the estimati biological parameters and stock
assessment by means of geostatistical methodseadfiéiphrops norvegicus resource in the
Central and Southern areas of the Catalan coashoAthly sampling aboard commercial
vessels was also conducted between 1994-1995 (NEMEipect) to obtain biological
parameters of this species and size frequency sisady landings for the Port of Barcelona,
1994-1995 completed the project

The research project DEEP-FISHERIE®-ordinated by John Gordon in Oban, and under
the direction of Dr. Beatriz Morales in CSIC) allesv for the construction of a database
including all the information gathered during threed-sea surveys carried out in CSIC during
the 1980s and 1990s.

Landings data series :

Due to special agreements with the Autonomous Guwrent of Catalonia (Directorate of
Agriculture and Fisheries) the monthly official ¢ings and effort from 1988 to 2000 for all
ports is available. This data series allow to as&lgPUE trends over time.

At a finer time scale, the daily landings and dfi@corded at the Barcelona port auction is
available from 1992-2000. The same data seriegaitadle for the port of Blanes from 1997-
2000. These two ports are major landing sites N@phrops norvegicusand Aristeus
antennatus
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7. Instituto de Investigacao das Pescas e do Mar (IFAR)

The Crustacean Fisheries

The most important crustacean fishery in Portuga multispecies deepwater trawl fishery
targeting mainly Norway lobsterNéphrops norvegic)s pink shrimp Parapenaeus
longirostris) and red shrimpAristeus antennatlisThe main fishing grounds are located off
the Southwest coast (Alentejo) and South coastafAk) of Portugal, from 100 to 700 m
deep. The three species have an overlapping digorh although Norway lobster and red
shrimp are more abundant in deeper waters (300¥§0nd pink shrimp in shallower waters
(100-300 m)Aristaeomorpha foliacea, Aristaeopsis edwardsiana Plesionikasp. are also
caught in the trawl fishery in minor quantities.igishery contributes with 90% of total
crustacean landings.

Other decapod species’glaemon serratysMelicertus kerathurus Palinurus elephas
Scyllarides latus Hommarus gammarysCancer PagurusMaja squinadoand Carcinus
maena} are caught by local fisheries with different gear

Sampling of the Landings

The Biological National Sampling Program (PNAB)r&td in 1979, being its main objective
to collect data for fisheries assessment purpddessampling for crustaceans was conducted
in the main landing harbours, namely Matosinhosdrth Portugal, and Olh&o, Portiméo and
Vila Real de Santo Antonio in the south.

Presently, in the southern area, sampling is chwig just in Vila Real de Santo Antonio,
since almost all the crustaceans are landed irhdmsour or, if landed in other harbours, the
product is redirected to this landing site wherdsitauctioned. The species sampled are
Nephrops norvegicugNorway lobster)Parapenaeus longirostrigink shrimp) andristeus
antennatus(red shrimp). The samples for each species aentaleekly under a stratified
multistage random sampling scheme, by fishing harbmonth and vessel, and the carapace
length frequencies are recorded by sex. To gemtbrethly length distribution of the landings,
the samples are raised in three steps: first,éddtal weight landed by the selected vessels,
then to the total landings of the sampled harbeund at last to the total landings of the
month. In the specific case of crustaceans sampismighere is just one landing place sampled
in each area, the second step is skipped. Thegthldrstributions and the corresponding age
compositions are used to run length and age basegsment models (LCA, VPA).

Sampling of catches onboard of commercial trawlers.

In March 1999, a new sampling program on boarchefdcommercial vessels was started to
collect the length composition of the catches fer 8 most important crustacean species in
the trawl fishery. The main objective of this samglprogram is to get the length distribution

of the catches to compare with the landings leragtimposition and to get a measure of
discards if they exist. The sampling proceduregaira a stratified random scheme. Each
month, four one-day fishing trips are randomly sedd and a technician on board collects the
information of all trawling operations. From eachuh samples are taken by species and
commercial categories, and the carapace lengtlsexdre recorded for each individual. The
total catch of the haul by species and commerei@gories is also recorded.

The samples are raised to the total catch of thg bg size categories, and added, to estimate
the total catch of the sampled vessel. The secteqlis to raise the catch of the sampled

vessels to the total monthly catch landed in thesictered harbour. As, according to the

observations, there are no discards of the comalespecies of crustaceans, total landings
and total catches are used as equivalents.
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Biological sampling

For biological studies, a sample of the three ncaimmercial species is taken twice a month
from landings. From this sample the following cluaesistics are recorded for each
individual: carapace length, total length, totaligi®, sex, maturity stage and any other
observations (as moulting, gastroliths, presencepeirmatophore in females, egg-bearing,
etc). In the case dflephrops individual weights with and without the first paif walking
legs (the clawed legs) are also recorded. Althdughsamples per month were planned, this
program is not yet running in a routine basis.

Crustacean Surveys : Period 1980-1994 :

A large number of trawl surveys for deepwater @osans were conducted in the two
research vessels of IPIMARMVestre Costeiroand Noruegg in the period 1981-1994,
covering mainly the south and southwest coastsoofuBal, between 100 and 800 m deep.
However, the target objectives of these surveyswadferent (location of fishing grounds,
abundance estimates, selectivity studies, etc.) #wed sampling programmes designed
accordingly.

Crustacean Surveys : Period 1997-2000 :

One trawl survey per year was carried out in thersar season (May-June) to estimate
abundance indices for the main crustacean specibe itraditional fishing areas. A stratified
random sampling scheme was used, dividing the santhsouthwest coasts of Portugal in
sub-areas, each of them splitted in four depthasiflass than 100m, 100-200, 200-500 and
500-750m). The number of stations in each stratapedds on the size of the stratum and the
abundance variance of the two main spediesprvegicuandP. longirostrig.

Deepwater fish resources surveys

A series of trawl surveys have been carried ouhenperiod 1994-2000 for deepwater fish
resources, in the same area as for crustaceanwiinthe same gear (shrimp trawl). The
depth range is 200-1000 m, but the strata arerdiifdrom the crustacean surveys.

Groundfish surveys

Groundfish surveys may also be a source of infaonabn crustaceans’ abundance
and biology. Although a different trawl net is uggdth bobbins), the area covered
includes the crustaceans fishing area and usesathe strata definition. There are 2
surveys per year since 1979, in summer and autumn.
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8. Dipartimento di Scienze del’Uomo e del’AmbienteldUniversita di Pisa, Pisa
(DSUA) - Italy

Long term monitoring programmes

With the approval of the Law 41/82, otter trawhsays in all the Italian seas were performed
starting from 1984-85. Within the framework of tfiest national plan (1985-88) research
groups to assess demersal resources were orgaAis¢ke seas were covered, applying a
stratified random sampling design. Five depth atvedre chosen (0-50 m, 50-100 m, 100-200
m, 200-450 m and 450-700 m). The number of hauks pvaportional to the surface area of
each stratum; professional trawlers were hiredviorsurveys (spring and summer) per year.

During the second national plan (1990-93) the sapaial coverage was maintained. The
transect design with three surveys per year (spsagimer, autumn) was use to improve the
knowledge of biological parameters and populatiomcsure of ten target species: red mullet
(Mullus barbatu¥, hake Merluccius merluccius greater forkbeardPhycis blennoidgsblue
whiting (Micromesistius poutasspuNorway lobster Nephrops norvegicis red shrimp
(Aristaeomorpha foliacéa blue shrimp Aristeus antennat)s deep water rose shrimp
(Parapenaeus longirostrjs common octopusdctopus vulgaris horned octopusE|ledone
cirrhosg). For each target species the following data wenavided: length frequency
distributions for each survey and stratum, sexoratirowth parameters, length/weight
relationship, sexual maturity and mortality. Moregvfor each species of fish, crustaceans
and cephalopods, catch per hour (number of spesiued kg) was collected.

During the third national plan (1994-96) demersglources of all the seas around lItaly were
assessed by means of two trawl surveys per yeangspnd autumn). In this triennium, the
sampling design was again random stratified. Figisiglan the research groups were joined
in one national group (GRUND: Gruppo Nazionale Desak).

In 1994 the first MEDITS (Mediterranean Internagbiirawl Surveys) campaignh was also
carried out in late spring, beginning of summer. IMES is an international programme
financed by the European Commission with the ainprimduce demographic structure and
biological data on the demersal resources alongdhsts of the four Mediterranean countries
of the European Union (Spain, France, Italy andeGe® Since 1996, the project covers
almost all the Adriatic Sea, expanding the paréitgn to the Balkan countries. MEDITS
produces common data at large scale in the Meditean, covering all the trawlable areas on
the shelves and the upper slopes (at depths frotm 800 m) and using the same standardised
protocol and a common gear experimented and builh® IFREMER Institute of Sete. From
1994 to till now an annual campaign was carried out

Starting from the fourth national plan (1996-99¢ thalian surveys were co-ordinated by
MEDITS: the two campaigns of the previous natiopkan are concentrated in an autumn
campaign. The protocol has been adapted to the ME&Plotocol, in particular with regard
to depth strata subdivisions. The hauls are theedammboth surveys and not change from
year to year. During this plan preliminary testgevalso performed on selectivity (cod-end
mesh size) and on inter-calibration among boatsreetd used for national campaigns and
between boats utilised for national campaigns aeiDM S boats utilised in Italy.

From the year 2000 the new national plan began.s@hee sampling protocol of the previous
plan was adopted. The synthetic description oftthe/l surveys carried out in Italy since
1985 is showed in Table 1.

Thus, from 1985 a lot of data were collected allayvio have a global picture of the status of
demersal resources around Italy, comparing alsdifferent fishing effort and the different
catch per hour occurring in each sea. The availalalia were utilised by the Central
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Administration in Fishery Policy to establish theripd for stopping trawling activity, to
establish protected areas of nurseries, to enfoszesures to reduce fishing effort.

Regarding crustaceans Decapods many important cdatee from the experimental trawl
surveys. For each species the depth distributingeand indices of abundance (number and
kg/hour, number and kg/Kinwere obtained. For the four target spediesnorvegicus, P.
longirostris A. foliaceaandA. antennatusiso the following information is available:

— size structure according to depth strata and deipthrelationship;

— length-weight relationship;

— sex-ratio and sexual maturity by size during therye

— fecundity estimations;

— morphometric data;

— feeding ecology;

— growth and mortality parameters;

— estimations of the exploitation rate applying atiehl models;

— population genetics.

Most of these data are available in the scienpiéipers or in the grey literature.

Table 1 — Trawl surveys carried out in Italy sirk@85.

Period DEPTH RANGE N° oF SAMPLING
SURVEYS DESIGN
National survey
1985-'87(summer and spring) Random
0-700 m 6 stratified
1990-'93  (spring, summey,
autumn) 0-700 m 9 Transects
1994-'96 (spring, autumn) Random
0-700 m 4 stratified
1996-'99 (autumn) Random
10-800 m 3 stratified
1999-'01(autumn) Random
10-800 m 2 stratified
MEDITS project
Period DEPTH RANGE N° oF SAMPLING
SURVEYS DESIGN
1994-'00(spring) 10-800 m 7 Random
stratified

Short term projects

The Departimento di Scienze dellUomo e delllAmh&iin collaboration with the Centro
Interuniversitario di Biologia Marina of Livorno igwvolved in a project financed by the
European Commission on the beam-trawl fishery (Bteohtract 99/051 — Study on the
mixed-species catches of the rapido trawl fishéop@the Italian coasts). This gear is largely
used around the ltalian coasts and especiallydritiriatic Sea, mainly to catch scallops and
soles. The strong impact of beam trawl on the skabevell as the lack of studies concerning
the fishing technique and its possible impact anfibhing resources make urgent a detailed
analysis of fishing regimes and catches. Therefweeaim of this study is to collect data on
the fishing areas, the fishing effort and the casclobtained in the different seasons by
professional fishing vessels.

Regarding crustaceans, the Decapetiaeus kerathuruand the Stomatopa8quilla mantis

are two important components of the commercialtivacin this activity. Although this last
species isn't a Decapod, it was included in the ERFproject because of it's economic
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importance in the Mediterranean fishery. The reseltpected by the project are to increase
the actual knowledge on the quali-quantitativecitiee of the catches obtained with this gear.
The estimation of the commercial and by-catch gseaiill also allow to evaluate the
importance of the various species on this actigditying different seasons, the impact of this
fishing technique on the living resources as welits suitability to be employed. In addition,
further information on the demographic structurel am various biological aspects will be
obtained forP. kerathurusandS. mantis
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9. National Centre for Marine Research (NCRM) Greece

Current projects :

1. "Comparative Studies On The State Of Fishery@f Native Shrimp Penaeus Kerathurus
Population Of North Mediterranean"”.

The project, financed by the EC (Studies ProjecOB&/98), has as objectives:

e To study and analyze the state of the species stodkmvrakikos Gulf and Lesina-
Aquatina lagoons

e To assess the fishing effort and link it to thédisy productivity of the areas

e To provide an information system for the support tbé administration, district
authorities, producers, researchers and policy redkeolved in local fisheries management.

The project was undertaken by NCMR, the UniversityLecce (Italy) and the Navigator
Development International Consulting Ltd., under toordination of NCMR and its duration
is from 1999 to 2001. The data were collected bgmeeof fixed nets during two years (1999-
2000) on a monthly basis from 15 stations in trecEs fishing grounds. The assessment will
be based on Y/R analysis.

2. Study, Protection And Fishery Exploitation Ot TWessolonghi-Etolikon Lagoon"

The project was financed by the Greek Ministry gfridulture during 1982-1990. The scope
was to study the biology of all the species of ¢hésgoons in order to improve the
management of these areas. In the framework ofptigect, the biology ofPalaemon
adspersusas been studied.

3. "Fisheries Investigation Of The Demersal Fishcks In The Evoikos And Pagasitikos
Gulfs"

This program was carried out by NCMR and financedhe Greek Ministry of Agriculture
during the period 1986-1989. The main objectivestied project was the study of the
commercially important demersal stocks of the Eesiland Pagasitikos Gulfs (Greece) and
to estimate the parameters on which their ratiomatagement could be based. The data were
collected by means of experimental trawl samplingirdy two years (1986-1988) on a
seasonal basis from 34 stations using a randortifistlasampling design. Assessment was
based on Y/R method.

4. "Investigation Of The Abundance And Distributi@i Demersal Stocks Of Primary
Importance To The Greek Fishery In The North Aedtea’

The project was undertaken by NCNR and the Unityexsi Bari under the coordination of
NCMR, and financed by the EC (No MA-1-90). It had abjectives to study the
commercially important demersal stocks in the Nakdgean Sea (Greece) and to estimate
the parameters on which their rational managementdde based. The data were collected
by means of experimental trawling during two ygd®90-1992) on a seasonal basis from 33
stations using a random stratified sampling deshgsessment was based on Y/R analysis.

5. "International Bottom Trawl Survey In The Mediémean" - Medits

This is an experimental survey program financedhgyEC, in which all the Mediterranean

EU countries, plus Albania, Croatia, Slovenia andrbtco participate. From Greece, 3

institutes participate (NCMR, IMBC, FRI) under tbeordination of NCMR and they cover

all the Greek seas. The main objectives of thigeptare to:

— Provide time series of abundance indices for 36raerially important target species of
fishes, cephalopods and decapodysisteus antennatus, Aristaeomorpha foliacea,
Nephrops norvegicus, Parapenaeus longiroktris

— Provide size frequency distributions for the sapecies.

The data are collected on an annual basis from 188 now using standard fishing gears

(MEDITS trawl) and common protocols. Consequertthg results produced are comparable
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between areas and between years. The assessmiebé wlibne by examining trends in the
abundance indices

6. "Estimation Of The Demersal Stocks Of The ThiwsaGulf And The Thracian Sea"

The project, undertaken by NCNR and financed by@Gheek Ministry of Agriculture, had as
objectives to study the commercially important desakstocks in the Thermaikos Gulf and
the Thracian Sea (Greece) and to estimate the p#esron which their rational management
could be based. The data were collected, by mefpgperimental trawling for two years
(1992-1994) on a seasonal basis from 68 statiang asrandom stratified sampling design.

7. "Development Of The Greek Fishery. Estimation T Demersal Stocks With

Commercial Importance In The South Aegean Sea"

The project was undertaken by NCNR, during theqokti995-1998 and financed by the

Greek Ministry of Agriculture. It had as objectivés study the commercially important

demersal fish stocks in the Cyclades and Dodecdgsiaads (Greece) and to estimate the
parameters on which their rational management cobeldased. The data were collected, by
means of experimental trawling for two years (19986) on a seasonal basis from 57
stations using a stratified random sampling design.

8. "Nephrops Norvegicus: Comparative Biology Anghiery In The Mediterranean And The
Adjacent Seas" - Nemed

The program was undertaken by NCNR, ICM, the Umitgrof Pisa, the Univerity of
Genova, the CNR and the University of Algarve untiercoordination of ICM, and financed
by the EC (Studies, MED 92/008) during the peri@®3:1996. The objective was the
comparative study of the biology and fisheries e Norway lobster in the Mediterranean
and the adjoining Atlantic areas. The main goal wasssess the conditions for a global
regulation in the area and determine possible rdiffees among exploited stocks. The data
were collected, by means of a trawl, for two ygd893-1995) on a monthly basis, from 6
stations, in norway lobster grounds.

Assessment was based on Y/R analysis.

9. "Developing Deep Water Fisheries: Data For Thassessment And For Understanding
Their Interaction With And Impact In A Fragile EnMiment”

The program was undertaken by NCMR and many othgofean countries under the
coordination of SAMS, and financed by the EC (F2ir 95-655) during the period 1996-
1999. The objectives were to investigate the stawkéish, crustaceans and cephalopods
extending in the depth zone 200-800 m and the Ipiissiof development of a deep water
fishery in the Greek waters of the south lonian. Sdee data were collected by means of a
trawl for two years (1996-1998) on a monthly basigg stratified random sampling design.

10. "Protection Of The Marine Environment. Distrilmm Of Renewable Marine Biological
Resources In Deep Waters" - Interreg li

The program was undertaken by NCNR and the Uniyeo$iBari, and financed by the Greek
and Italian Ministries of Economic Affaires duritige period 1999-2001. Its objectives were
a) to investigate the spatial distribution and atante of important renewable deep marine
resources, focusing on the red shrimps and b) ttaseiseful information for management
purposes and particularly for the development Gireek and Italian red shrimp fishery. The
data were collected by means of experimental tragvfior two years (1999-2000) on a
monthly basis using stratified random sampling giesi

The results from all the above mentioned prograresransmitted to the EC by the Interim
and Final Reports. These reports are also dissémiingd the National Organisations
participating in the financing of the projects,tt@ Ministry of Agriculture and to the Local
Authorities, which are related to the subject aostitute management and policy organisms.
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10.National Agricultural Research Foundation (NAGREF}- Fisheries Research
Institute (FRI)

Activities

Our present knowledge on the decapods of the NAgbean Sea is focused on their
systematics and distribution as well as on theolgiplof the specieSlephrops norvegicuand
on the fisheries of certain commercial species uride framework of the international
project MEDITS.

Concerning the distribution of decapods, a comprsive study of the Aegean species has
been carried out. 231 of decapod crustacean spmeidsmown to date from the Aegean Sea.

Concerning the biology and the fisheries of the wmmtial decapods, the existing
information is limited and is derived from two shéerm sampling programmes in North
Aegean Sea.

The first is entitled “Growth and natural mortal@yNephrops norvegicuwith an evaluation

of creeling in Mediterranean waters, NEPHROPS”.

The aim of this project is:

1. the study of the species biology and gear techiyolaigning at the better management of
NephropsMediterranean populations

2. the assessment of growth and natural mortalitygusigging techniques

3. the introduction of the creeling technique, caroed with lobster traps

4. evaluation of the creeling technique and comparisiothe growth measurements taken
with this method with those taken with the tradiibtechniques

This project is carried out in an enclosed baytquted by law from commercial trawling,
inhabited by a relatively undisturbed populatiorheTparticular tasks of this project
concerning the biology dflephropsare:

1. the study of the structure and dynamics of Nephpgsulation are investigated by size
frequency measurements in a time series, indivigualr both males and females.
Measurements are taken both from the animals agtoy creeling and from seasonal
experimental trawling

2. the growth ofNephropsis investigated by tagging and recapture. Theelangmber of
individuals collected by creeling is sexed and roead, then tagged before they are
released. On recapture, each animal is identifiedtsbtag and re-measured. Growth is
also assessed by traditional analysis of the tenies of length frequency measurements

3. The reproductive state dfiephropsis assessed from the female individuals and their
gonads. Male maturity is much more difficult to but a recent morphometric
technique is employed utilizing a comparison oiaas size relationships of the claws

4. A synthesis of the above biological parametersamdstimation of natural mortality will
be made

The second project is entitled “International bottdrawl survey in the Mediterranean,
MEDITS".

This project is basically focused on fish stockd &g aims are the following:

1. Study of the dynamics and spatial distribution lbé tmost important demersal fish
populations

2. Assessment of fish abundance, density, age stejcgnowth and mortality juvenile
recruitment and fecundity

3. Development of a model for appropriate managemeeach stock
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The crustacean target species found in the Nortbe&e Sea aré\risteus antennatus,
Aristeomorpha foliacea, Nephrops norvegieusl Parapenaeus longirostrisThe parameters
studied during the project are the geographic apihdzone distribution, biomass, sex ratio,
carapace length and abundance. However, the pamdadf the above decapods are very
restricted and so is the information for these msecollected during this project.
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11. Goeteburg University (UGOT)
The summary below applies to Sweden as a wholeahib the UGOT specifically.

Fisheries

Nephrops, Pandalus, Homarus, Caneed Carcinusare the subject of fisheries in Sweden.
In the latter 3 species a higher proportion ofttital catch is taken by recreational fishermen
rather than by the commercial fleet. Statisticsefare are very difficult to compile and the
stated landings from commercial vessels greathergstimate the catch. This is not the case
with NephropsandPandalus

Monitoring Data

Nephrops and Pandalus :

— Landings data is available from 1914-the present.

— Commercial logbook data has been collected sing® Ith a 30 x 30 nautical miles
resolution.

— Sizelage structure data has been collected sir@e 8amples are taken ever 14-30 days
at 1 port from 3-5 boats

— Direct research trawl surveys were carried out betwl1970-1990 2-3 times per year at
50 stations. These were terminated.

These data are used as input to stock assessnibatl@ES Working Groups.

Homarus, Cancer and Carcinus

Commercial landings for these species are probaiolly 15-30% of the total catch.
Commercial landings data is available since 19cammercial logbook data collected in a
similar way as for Nephrops and Pandalus is availsince 1978.

Private logbook data foHomarusespecially is available from 1938 and may be used
indicate relative stock changes. Size structurtn@flandings of Homarus has been collected
since 1996, once per year at one location.
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12. University of Southampton (SOTON), UK

Activties

The activities of SOTON are not directly related fisheries monitoring. Studies on the
behaviour, colonisation and movement of lobstéorgarug and crab Cancer, Necorpin
and around artificial reefs are conducted. Thisreaslited in a very substantial database on
behaviour on fine spatial and temporal scales dioly repeat observations over time on
individual decapods. Some of the data has appicetr the study of catchability in trap
fisheries and it's seasonal variation. Other databimmetrics, laboratory based agonistic
interactions and the energetic costs associateld tividse are collected. Video footage of
aggregations of Maja and their formation is alsailable. The main techniques used were
tagging including electromagnetic telemetry, unddgewr video footage and direct
observations using SCUBA.

The work was conduncted between 1990-1997 in a eumibbays and artificial reefs on the
south coast of England. Three and a half thoustodaruswere tagged and approximately
0.5 million activity records of 52 lobsters werdlected using electromagnetic telemetry.
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2. The European Crustacean Fisheries Metadatabase (ECFM)
(www.edfam.net)

The data held by participating organisations in EDFare summarised in (1) above. The
results of this work are dispersed in the scientiferature, in reports, in databases etc. A
metadatabase has been developed through the EDF#&jécp to host this and other
European data on crustacean fisheries as a restunasearchers and managers in these
fisheries. It has two main functions

o It allows registered users of the web site to ethteir own metadata

e All users can search the database through the p@ication (www.edfam.net)
It is envisaged that this application will be artremely useful focus for researchers and
managers of crustacean fisheries in Europe andtthatalue will increase over time as the
database is populated and the number of registeseds loading their data to the site
increases. It could then be a major source of wate information on the fishery and biology
for these species.

The functional specification written prior to despiment of the database application and
description of the data model are presented belmvaae followed by a detailed description
and navigation through the site. The functionatc#mation describes the requirements of the
site from a users perspective.

1. ECFM User Requirements Specification

Document No: MDC/STI-M12-UR-1.0

Distribution:

Oliver Tully TCD

Gearoid O Riain Compass Informatics

Yvonne Mc Fadden Marine Institute

Issue No Date Author Changes

0.1 28" July 2001 Yvonne First Draft based on RFT
Mc Fadden

1.0 T' August 2001 Yvonne Update to reflect discussions at first
Mc Fadden project meeting with Compass and

TCD and to include database
understanding

Sub-contractors for development of the ECFM Website Gearoid O Riain, Compass Informatics,
Nassau St., Dublin 2

I. Scope of the document

The main aim of this document is to clearly commate the user requirements regarding the
European Crustacean Fisheries Metadatabase (ECFA)site application. Any references
in this document as to how this might be implemérdaes merely there to clarify the user
requirements. An appropriate implementation shdo#d fully described in a functional
specification document with the technical detadsaibed in a technical specification.

A secondary aim of this document is to provide aerall insight into the database regarding
the tables where information is stored and thetioziahips between different tables. Table
names are included in the document when referringntormation that is stored in the
database and relationship diagrams are also intlizie¢he section on data entry.

This document for the most part contains relativeigh-level user requirements. Very
detailed information is not contained here (forrapke, the exact fields to be displayed to the
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user, display names for fields or indeed all peatiobhs of data that can be returned from a
database query). Also, the data entry section onbjudes details on entering new
information to the database. It does not describletidn, editing or adding to existing
information that is also required of this applioati

II. Aim of the Website

The main purpose of the website, initially at leésto provide a mechanism for the project
partners to enter information on their data holdimgto a database. Additionally it must
provide a mechanism for the information held in tadabase to be queried and displayed.
Most data holdings are related tepeciesandsea area Additionally, information may be
supplied on laboratory work, which is related tes@ecies alone(no location). A small
amount of static content (e.g. project descriptigitl)also be available on the site.

The site will primarily be of interest to thoseesiists involved in the EDFAM project. The
information will also be of interest to scientisisvolved in similar work in other
organisations.

III. Summary of Requirements

The overall requirement is for a simple, low maiatece, easily navigable website. The
following high-level functionality has been ideirid:

Provide a short description of the project, padretc.

Facilitate data entry to an Access database festaicted number of users

Facilitate a number of defined queries on the degaliry general and scientific users
Allow results sets to be downloaded onto the &%l

Provide the facility for the database administratoedit/quality assure the content of
the database

arwnNpE

More detail on these requirements is provided below

While the project is currently funded to run to tred of 2003, it is envisaged that the website
will be maintained and possibly further developethie long term.

An additional requirement is that the website isted and managed by a third party.

IV. The Database

Analysis has been conducted on the data to be radnag part of the project, resulting in
development of a database in MS Access.

The database contains information on data holdidg3ata Holding has been identified as
any data that a specific institute holds relating & particular species for one specific sea
location. This definition covers most types of data with Hole exception of laboratory-based
data. This type of data is related to a speciesiastitute only and not to any specific
location. In the database, we can cater for thisséiging the sea location for such data
holdings to a ‘dummy’ sea location record (e.g.AN/ The definition of a data holding must
be very clearly communicated via the Website tousers.

The database has been populated with some samaldndarder to test the relationships.
Look-up tables have also been populated with pneeéfvalues, for use in dropdown lists.
However, there is a requirement for the web useofmlate some of the look up tables also.

It will be possible to modify the database to aitéd extent, if adjustments are identified as

necessary during development of a detailed desigthé interface. These must be agreed in
consultation with TCD (EDFAM Co-ordinator). It ixgected that security information will
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be added to allow only the user (and the admin@iravho enters the data holding details to
further modify or delete that data and to allowyospecified users to gain access to the data
entry facility in the first place. It is also exped that the sea location design will have to be
modified to cater for a hierarchy of sea locatitm® levels (parent and child) rather than the
single level that exists at the moment. Another ifieation may be required to facilitate the
off-line administration of the database by the adstiator, as the next date for ‘down time’
of the database (for data entry) must be dynamgicaimmunicated to the users via the
Website.

V. Detailed Description of the Website Requirements

The website will include the following:
e Home Page
Partner Organisations
Data Entry
Query the Database
Administration of the Database Content
“Contact Us” (opens up an email)
Help — succinct information to help the user erttata or run a query on the
database
The relatively static information on the Home arartRer pages may need to be updated
periodically by the administrator using a very skenppproach e.g. editing of html page
content.

Home Page

The Home Page will have a brief description ofgithgect with the following links available:
Partners

Data Entry page

Query page

“Contact Us”

Help

The home page will also need to display varioussog

Partners

This page will give details on all the project pars, including names and contact
information. A user will be able to link to the peot partners respective web sites and send e-
mail to the partners e-mail addresses. In timeay tne expanded to include details on other
relevant organisations.

Data Entry

e Access to this section of the site will be resatinitially to the partner organisations.
However, provision needs to be made on-line tonaither institutes to contribute to the
site (e.g. perhaps an e-mail request to the adiratos for a username and password —
need to consider security issues on supplyingtiiuie information to the users over the
internet).

e Data Entry will be restricted in the first instartoethose organisations that are partners in
the project. However, as above, this will extenthtmse institutes that are not partners but
have been granted access to the system.

e It was thought that initially that there may onlg b need for a single username and
password for each institute but there may be a teedter for more than 1 user at each
institute.
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¢ In addition to adding new information on data hotifi to the database, the user may wish
to delete, edit or add to existing information {wihe restriction that it is the user’'s own
data holding information that they are changing).

e In general, a user shouldn’'t be able to deletehange the information in the look up
tables. In addition, some of the look up tables rhaypre-populated with a set list of
items and therefore, the user cannot add to tlesest The addition, deletion and edit
permissions are clarified for all look up tablesolein the section oatabase Look up
tables In some cases, the administrator should be adtifthen a new item is entered by
a user in the look up tables (e.g. T_ParametersMe@sures, T_Objectives,
T_ManagementStructureTypes).

e A mechanism to deal with a hierarchy of sea areasdquired.Data holdings can be
related to large geographical areas e.g. Centraliteteanean or smaller subsets e.qg.
Tyrrhenian Sea. The website needs to flexibly céterthis hierarchy in entering and
guerying data (e.g. searching on Central Meditemanwill also return data for
Tyrrhenian Sea.) The database model must be adjusteater for this in the most
appropriate way.

o There must be both appropriate field (e.g. incardeta types, required fields) and record
level (e.g. duplicate records) validation with miegful error messages displayed to the
user.

e The required fields for each data entry page medtagged to the user in an appropriate
way.

o Aot of consideration needs to be given to hownttke the data entry process as painless
as possible for the user.

Addition of new data holdings

The sequence of general steps involved in entexingw data holding is described below
followed by specific steps for entering laboratdgta and sea location data. The application
does not have to follow this sequence in obtaitheginformation from the user and careful
consideration must be given to ease of use andmpasthce when designing the application.

Note: The addition of a new data holding only is desxlilhere. In addition to adding new
data holdings to the database, there must be tiigyfan the Website to delete, edit or add to
existing data holding information

General steps

Step 1
User is prompted to enter high-level metadata endata holding. The user must enter a
species, an institute and a data holding type.

The user must also be able to add new institutaildaf the institute does not exist. If the
institute does exist, the user must be able togdaimese details if necessary. The user must
also be able to add new species as requiredri§aee 1 for database relationships.

Step 2
User is prompted to enter the remaining fieldhmT_DataHoldings table (Figure 1)

If the user has selected ‘Laboratory-based datathfe data holding type, the user does not

have to enter a sea location (but the applicatistnassociate the ‘dummy’ sea location
(“N/A) behind the scenes with that record).
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T_DataHoldings_Types

DataHolding Type ID
DataHoldingType_Mame
DataHolding_Type_Desc

T DataHoldings

Species_ID

Institute_ID
Sealocation_ID
DataHolding_Description
DataHolding_accessible

Sealocation_Code DataHolding_Type_ID

T_Seal ocations

Seal ocaton_ID

Sealocation_MName
Latitude_South
Latitude_Maorth
Longitude_\West
Longitude_East

Figure 1 Relationships between data holdings (T aBlatdings), sea locations (T_Sealocations) and
data holding types (T_DataHoldings_Types)

Step 3

The user enters any publications associated wiltdéta holding. The user should be able to
view the current list of publications. The publicat related to the species associated with
the data holding should be displayed first with thption to display the remaining
publications. The user should be able to seleat thare publications to associate with the
data holding. Also, the user should be able toraad publications.

SeeFigure 2 for database relationships. Note: Species_ID field been removed from the
publications table (T_Publications) and is now aadgociated with the data holding.

T_DataHoldings
DataHolding ID
Species_ID
Institute_ID

T_DataHoldings_Publications

[==]
Sealocation_ID DataHolding ID
oo
DataHolding_Description Publication_ID

-

DataHolding_Accessible
DataHolding_Type_ID

1

T_Publications

Publication_author
Publication_Year
Publication_Title
Publication_Reference

Figure 2 Relationships between publications (T_Rualtions) and data holdings (T_DataHoldings)

Specific steps for Laboratory-based data

Step 4

The user is prompted to enter the contact detailéaboratory data and the application must
update the tabl& DataHoldings_DataThemel the contact does not already exist, the user
must be able to enter these details and also nstituile details for the contact if required.
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The user should also be able to update the coatatinstitute details if there have been any
changes to this information.

When the user is entering a new contact for laboyadata, the institute associated with the
contact (T_Contacts.Institute _ID) should defaulthie institute for the data holding that is
currently being entered (T_DataHoldings.Institu®). IThe user can change the institute if
this is incorrect. Also, it is not necessary thabatact is associated with a data theme.

SeeFigure 3 for database relationshipdote: extra fields for identifying the co-ordinating

institute (T_Institutes) and the project co-ordora(T_Contacts) are not shown in this
relationship diagram.

Sealocation_[D oo idng D

DataHolding_Description E

DataHolding_accessible _ a

DataHolding_Type_ID |Dataset'|harrl37]D ’_/—
DatasetTheme_Name

DatasetTheme_ID
@ mm ........................

Contact_ID
Instiute ID Contact_surname
Institute_Code Contact_firsthame
Institute_Mame Contact_title
Institute_sddress Contact_address
Country_ID Contact_telno
Institute_Tel Contact_e-mail
Institute_Email Institute_ID
Institute_WAAAW
Project_parter

iE
Country_ID

Courtry_Code
Country_Mame

Figure 3 Relationships between the data holdingD@taHoldings), the data themes (T_DataThemes,
T_DataHoldings_DataThemes) and the contacts (T_&2tsi

Step 5

The user is prompted to enter data for the fiellscdbed in DataHoldings_LaboratoryData
table.

When entering the data, the user selects laborataty parameters (T_Parameters) from a
list. In addition to selecting the parameter frdm tist, it is very important that the user be

able to view the parameter description and therparer entry instructions in order to enter

the value, units and text data properly. The lati@plies to all data entry scenarios where
parameters have to be selected (e.g. many of #ta tdeme’ tables).

SeeFigure 4 for database relationships.
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LifeHistory_ID - DataHolding_ID
LifeHistory_Code Parameter_ID
LifeHistary_Marme LifeHistory_ID
Parameter_‘Value
Parameter_Lnits
Parameter_Text

-
Parameter_Code
Parameter_Mame
Parameter_Description
Parameter_EntryInstructions
Derived_Biological
Laboratory

Catch_Metadata
Socioeconomic

Cruise

Population_Structure
Larval_Ecology

Figure 4 Relationships between laboratory data (&tdMoldings_LaboratoryData) and parameters
(T_Parameters) and life history phases (T_LifeHighases)

Specific Steps for Sea Location Data

Data entry for sea location data is more complex tlaboratory data as there are 11 types of
data (i.e. data themes) that may be associatedanstta location. In addition, some of these
data themes have lower levels of data and infoonatiiat a user may wish to enter (e.g.
Catch Metadata and Landings and Effort data hawerldevels of data related to the ‘data
theme’ table).

Step 6
The user is asked to input information on the datéding based on the fields in the
T_DataHoldings_Seal ocations table

The user may need to add in new species (T_Speudmes) entering this information.

SeeFigure 5 for database relationships.

DataHolding_ID
Species_ID
Institute_ID
Sealocation_ID
DataHolding_Description
DataHolding_accessible oo Datatiokding 1D
DataHolding_Type_ID . D

Erwvironment

T_Seal ocations
Seal ocation_ID
Sealocation_Code
Sealocation_MName

Dominant_species
Latitude_South
Latitude_MNorth

Second species
Third species
SFEES D Scale_stocks
Species_Code
Species_Mame
Longitude_Wwest

Longitude_East T_Species 1|

Species 1D
Species_Code
Species_Mame

Figure 5 Relationships between data holdings (T aBlaldings) and sea locations (T_Seal.ocations)
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Step 7
Then the user can optionakelect to provide more detailed data_on one orrobthe data
themes detailed below, each of which correspondstadle in the database.

When the user chooses a data theme, the contadisdet that type of data must be entered
(as described for laboratory data above) and thgafaHoldings DataThemes table updated
prior to entering the data (see Figure 3 abovediationships).

When the user is entering the data for a spediBoe, links to the other data themes should
be made available from the current page to makasy for the user to move between data
themes.

The user enters the appropriate information for dla¢a theme selected. As mentioned
previously, there may be other tables associatéd tve main data theme tables to which the
user must have access. For example, if Catch Mtaslaelected, the user has the option to
provide additional information on Cruises for enimyo the T_Cruises table. If a cruise is
entered for the catch metadata, the user has thienopf entering cruise parameters
(T_CruiseParameters), sampling designs (T_Sampéemgds) and gears (T_Gears). See
Figure for Catch Metadata database relationships. Afsthel user selects Landings/Effort
data additional gears may be associated with tteeatad so on. Sdeigure 12 for Landings
and Effort database relationships.

Data theme 1: Management Measures (T_DataHolding=asMres)

When entering the management measures data, thehméd have the option of entering a

new measure into the T_Measures table. The uggoimapted to enter name, description and
entry instructions fields. The addition of the nea@asure will cause a notification message to
be sent behind the scenes to the administrator.

When the wuser is entering the management measusta ©h the data table
(T_DataHoldings_Measures), the names, descriptem$ the entry instructions for the
selection of measures stored in the table T_Measutest be available to the user.

There is a unique key set up in the data tabléerfields DataHolding_ID, Measure_ID and
Start_Date.

An extra check needs to be implemented by the @i to avoid having more than 1 data
record for thesamemeasure ‘open’ i.e. no end date has been entereithdt record. If the
same measure (Measure_ID) is entered for a datdingohs was previously entered, the
application must ensure that the previous datardetr that same measure is ‘closed’ by
insisting an end-date is entered for that previ@eord. Entering an end date ‘closes’ that
data record. Note: a data record refers to a rdodite table T_DataHoldings Measures.

Thus, for a data holding, while you can have md@ntl data record ‘open’ falifferent
measures (e.g. BOAT_LIMIT, GEAR_LIMIT), you can gritave 1 data record open for the
samemeasure (e.g. BOAT_LIMIT). All the other data regt® for the same measure must be
‘closed’. Note: once the data records are closadcan have multiple data records for the
same measure (each with a different start date).

For example, if there is a measure “BOAT_LIMIT” aperation for a data holding, the user

chooses to enter a new data record. The user sdlect'BOAT _LIMIT” measure from a
drop-down list of measures. The user then enté'sirthe value field (i.e. 20 boats can fish
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for this species in the sea location), enters ®ss@ the units field and ‘01/01/1995’ in the
start date field as this measure has been in opersince 1995. If the boat limit is increased
to 30 in 2001, then the user needs to add the neasunes data for tteame measurelhe
user adds a new data record for the data holdélgets the “BOAT_LIMIT” measure, enters
‘30’ in the value field, ‘vessels’ in the units lileand ‘01/08/2001’ in the start date field.
this case, the user must also be prompted to eamnteend date for the previous measure
(BOAT_LIMIT) data.

SeeFigure 6 for database relationships.

T_DataHoldings

DataHolding ID
Species_ID
Institute_ID T_DataHoldings_Measures
Sealocation_ID DataHolding Measure_ID

- ]
DataHolding_Description DataHolding_ID

o |
DataHolding_aAccessible Measure_ID
DataHolding_Type_ID Start_Date

End_Date
Measure_value
Measure_units
Measure_text

T_Measures

Measure_Mame
Measure_Desc

Figure 6 Relationships between data holdings (TaBaidings), Management Measures data
(T_DataHoldings_Measures) and Management measiirddgnagementMeasures)

Data theme 2: Management Objectives (T_DataHolditggectives)

When entering the management objectives data,dhesihould have the option of entering a
new objective into the T_Objectives table. The us@rompted to enter name and description
fields. The addition of the new objective will caus notification message to be sent behind
the scenes to the administrator.

When the wuser is entering the management objectidata in the data table
(T_DataHoldings_Objectives), the names and desoniptof the objectives (T_Objectives)
must be visible to the user.

There is a unique key set up in the database ofielde DataHolding_ID, Objective_ID and
Start_Date.

An extra check needs to be implemented by the egipin to avoid having more than 1 data
record for the same objective ‘open’ i.e. no entedas been entered for that record. If the
same objective (Objective_ID) is entered for a datlling as was previously entered, the
application must ensure that the previous datardefy that same objective is ‘closed’ by

insisting an end-date is entered for that previ@me®rd. Entering an end date ‘closes’ that
data record. Note: a data record refers to a rdoditke table T_DataHoldings_Objectives.

Thus, for a data holding, while you can have mt@ntl data record ‘open’ for different
objectives (e.g. Socio-economic objective, Biolafjiobjective), you can only have 1 data
record open for the same objective (e.g. Socio-@manobjective). All the other data records
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for the same objective must be ‘closed’. Note: otieedata records are closed you can have
multiple data records for the same objective (ewith a different start date).

See Figure 7 for database relationships

DataHolding_ID -
Species_ID
Institute _ID
Sealocation_ID DataHolding_Objective_ID
DataHolding_Description - DataHDId;:g:ID pee
DataHolding_Accessible — Chijective_ID
DataHolding_Type_ID Start_Date

End_Date

Ohiective_Text

1

T_Ohjectives

Objective_Code
COhijective_MName
Objective_Desc

Figure 7 Relationships between data holdings (TaBlaidings), Management objectives data
(T_DataHoldings_Objectives) and Management objesti_Objectives)

Data theme 3: Management Structures (T_DataHoldMgsagementStructures)

When entering the management structures data,streshould have the option of entering a
new management structure type into the T_Manage3temtureTypes table. The user is
prompted to enter name and description fields. dddition of the new structure type will
cause a notification message to be sent behinsctes to the administrator.

When the user is entering the management structwles in the data table
(T_DataHoldings_ManagementStructures), the nameb descriptions of the structures
(T_ManagementStructureTypes) must be visible taites.

There is a unique key set up in the database on fiblels DataHolding_ID,
ManagementStructureType_ID and Start_Date.

An extra check needs to be implemented by the egipn to avoid having more than 1 data
record forany management structure ‘open’ i.e. no end date baa bntered for that record.
If any other (the same or different) managemenictire (ManagementStructureType_ID) is
entered for a data holding, the application mustuem that the previous data record is
‘closed’ by insisting an end-date is entered fat threvious record. Entering an end date
‘closes’ that data record. Note: a data record rseféeo a record in the table
T_DataHoldings_ManagementStructures.

Thus, for a data holding, you cannot have more fhdata record for management structures
‘open’. Before you can enter a new data recordptegious data record must be ‘closed’.

SeeFigure 8for database relationships.
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T DataHoldings T_DataHoldings_ManagementStructures
DataHolding ID 4_________%2 DataHolding_ManagemeniStrucre_ID
Species_ID oo |DataHolding_ID
Institute_ID MManagementStructureType_ID
Sealocation_ID Start_Date

End_Date

DataHolding_Description

DataHolding_sccessinle Scale_managn-eme.nt
DataHalding_Type_ID Devolved_Legislative_Powers

Fishiers_Input
Services_Provided

Funding
Enforcement_agency
T_ManagementStructureTypes Sanctions

ManagementStruchreType ID
ManagementStructureType_Code
ManagementStructure Type_Mame
ManagementStructureType_Desc

Figure 8 Relationships between data holdings (T aBlaldings), Management structures data
(T_DataHoldings_ManagementStructures) and Managésteucture types
(T_ManagementStructureTypes)

Data theme 4: Derived Biological Parameters (T_D4a&dings_Derived Biological
Parameters)

When entering the derived biological parameter ,dtdta user should have the option of

entering a new parameter into the T_Parameters.tdble user is prompted to enter name,
description and entry instructions fields (whenisgthe record to the T_Parameters table set
Derived_Biological field = true). The addition dfe new parameter will cause a notification

message to be sent behind the scenes to the attatinis

When the user is entering the derived biologicatapeter data in the data table
(T_DataHoldings_DerivedBiologicalParameters), themas, descriptions and the entry
instructions for the derived biological parametéfs Parameters) must be available to the
user.

There is a unique key set up in the data tableherfields DataHolding_ID, Parameter_ID,
Gender_ID, Start_Date and End_Date.

SeeFigure 9 for database relationships.
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T_DataHoldi

1 T_DataHoldings _DerivedBiologicalParameters

Datroking 1D
oo DataHolding DerParam_ID

Species_ID )
DataHolding_ID
[+ s ]

Institute_ID Parameter_ID
Sealacation_ID -

Gender_ID

Gender_ID

DataHolding_Description Gender Code Si; telg_te
- rt_Da

DataHolding_accessible Gander Name End 5 =
-~ nd_Da

DataHolding_Type_ID

Parameter_Method
Parameter_%alue
Pararneter_Linit
Parameter _Text

T_SpatialResolutions TermporalResolution_ID
SpatiaResoltion_ID SpatialResolution_ID
SpatialResolution_Code

SpatialResolution_Marme
SpatialResolution_Desc

Parameter_ID
Parameter_Code
Parameter_Mame
Pararneter_Description
Parameter_EntryInstructions
Derived_Biological
Laboratory

Catch Metadata T_TemporalResolutions
SoCioeConomic TemporaResolution_ID

Cruise TernporalResolution_Code
Paopulation_Structure TemporalResolution_Mame
Larval_Ecology TermporalResolution_Description

Figure 9 Relationships between data holdings (T aBlaldings), Derived Biological Parameter data
(T_DataHoldings_DerivedBiologicalParameters) andrided biological parameters (T_Parameters)

Data theme 5: Larval Ecology (T_DataHoldings_LaEeblogy)

When entering the larval ecology data, the useulshbave the option of entering a new
parameter into the T_Parameters table. The ugsmoimpted to enter name, description and
entry instructions fields (when saving the record the T_Parameters table set
Larval_Ecology field = true). The addition of thewn parameter will cause a notification
message to be sent behind the scenes to the attatinis

When the user is entering the larval ecology data the data table
(T_DataHoldings_LarvalEcology), the names, desiomst and the entry instructions for the
larval ecology parameters (T_Parameters) must didable to the user.

There is a unique key set up in the data tablderii¢lds DataHolding_ID, Parameter_ID.

SeeFigure 10for database relationships.
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T_DataHoldings
b S|
DataHolding ID
Species IISJ_ T_DataHoldings_LarvalEcology
Institute_ID DataHolding_LarvaEcology_ID
Sealacation_ID DataHolding_ID
DataHolding_Description Parameter_ID
DataHolding_sccessible Parameter_Method
DataHolding_Type_ID Parameter_Yalue

Parameter_Lnit

P, ter_Text

1

Parameter_Code

Parameter_Mame
Parameter _Description

Parameter _EntryInstructions
Derived_Biological
Laboratory

Catch_Metadata
Socioeconomic

Cruise

Population_Structure
Larval_Ecology

Figure 10 Relationships between data holdings (TaBaldings), Larval Ecology data
(T_DataHoldings_LarvalEcology) and Larval Ecologgrameters (T_Parameters)

Data theme 6: Population Structure (T_DataHoldingspulationStructure)

When entering the population structure data, the¥ sBould have the option of entering a
new parameter into the T_Parameters table. Theisiggpmpted to enter name, description
and entry instructions fields (when saving the rdcéo the T_Paremters table set
Population_Structure field = true). The additiortled new parameter will cause a notification
message to be sent behind the scenes to the attatons

When the wuser is entering the population structwtata in the data table
(T_DataHoldings_PopulationStructure), the namescmigtions and the entry instructions for
the larval ecology parameters (T_Parameters) neuavailable to the user.

There is a unique key set up in the data tablderii¢lds DataHolding_ID, Parameter_ID.

SeeFigure 11for database relationships.
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T_DataHoldings
e S
DataHolding ID - .
. T_DataHoldings PopulationStructure
Species_ID — =
Institute_I[D oo DataHolding Population_ID

DataHolding_ID
[+
Parameter_ID
Parameter_Method
Parammetar_Value
Pararmeter_LUnit
Pararneter_Text

Sealocation_ID
DataHolding_Description
DataHolding_Accessible
DataHolding_Type_ID

T_Parameters

Parameter_ID
Parameter_Code
Parameter_Mame
Parameter_Description
Parameter_EntryInstructions
Derived_Biological
Laboratary
Catch_Metadata
Socioeconamic

Cruize
Population_Structure
Larval_Ecalagy

Figure 11 Relationships between data holdings (TtaBlaldings), Population Structure data
(T_DataHoldings_PopulationStructure) and Populat®tnucture parameters (T_Parameters)

Data theme 7: Landings/Effort (T_DataHoldings_Larg$iEffort)

After entering the landings and effort data in ldmedings/effort data table, the user may wish
to associate 1 or more gears with this data. A nsest be able to enter new gears (but not
gear types) also at this stage if the gear usedtiavailable in the database. There is a unique
key set up in the data table on the fields DataidgldD, Landings_Year, Country ID. There

must be appropriate validation on the Landings_ Yie&d to only allow a valid year to be

entered

SeeFigure 12for database relationships.

DataHokding_ID
Species_ID

Institute_ID
Sealocation_ID
DataHolding_Description
DataHolding_Accessible
DataHolding_Type_ID

T_Country
Country_ID
Country_Code

Country_Mame

T_SpatialResolutions

SpatiaResolution_ID
SpatizlResolution_Cods
SpatialResolution_Narme
SpatialResolution_Desc

T_SpatialResolutions_1

SpatiaResolution_ID
SpatialResolution_Code
SpatialResolution_MNarne
SpatizlResolution_Desc

T_GearTypes

Gear Type_ID
GearType_Mame
GearType_Desc

o DataHolding_LandingsEffort_ID

T_DataHoldings_LandingsEffort
1

DataHolding_ID
Landings_Year

Country_ID

Landings
Landings_SpatialResolution_ID
Landings_Data_Quality
Discards
Discards_Dats_Quality
Effiort

Effort_Lnits
Effort_SpatialResolution_ID
Effort_Data_Cuality

Gear_Description

T_DataHoldings_LandingsEffort_Gears

oo
= |pataHolding LandingsEffort_ID
Gear_ID

Figure 12 Relationships between data holdings (TtaBlaldings), Landings and Effort data
(T_DataHoldings_LandingsEffort) and gears (T_Datédiiogs_LandingsEffort_Gears, T_Gears)
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Data theme 8: Stock Assessment Methods (T_DatatdsldStockAssessmentMethods)

When entering the stock assessment data, the beeidshave the option of entering a
method into the T_Methods table. The user is prethpd enter name and description fields.
The addition of the new method will cause a nadtfien message to be sent behind the scenes
to the administrator.

When the wuser is entering the stock assessment datathe data table
(T_DataHoldings_StockAssessmentMethods), the naandsfor the methods (T_Methods)
must be available to the user.

There is a unique key set up in the data tablehenfields DataHolding_ID, Method_ID,
Start_Date and End Date.

SeeFigure 13for database relationships.

DataHolkding_ID -
Species_ID
Institute_ID
Sealocation_ID
DataHolding_Description —E taHokding_Method_ID
DataHolding_Accessible DataHolding_ID
DataHolding_Type_ID = Method_ID

Start_Date

End_Date
Estimation_Methiod

= Methiod_Text

Method_Code
Method_Marme
Method_Desc

Figure 13 Relationships between data holdings (TtaBlaldings), Stock Assessment Data
(T_DataHoldings_StockAssessmentNethods) and Stsasgment Methods (T_Methods)

Data theme 9: Stocks (T_DataHoldings_Stocks)

When entering the stocks data, the user should thaveption of entering a new stocks
parameter into the T_Parameters table and a nelodhétto the T_Methods table. For
parameters, the user should be prompted to enteg,rdescription and entry instructions
fields (when saving the record to the T_Paramesdne set Stocks field = true). For methods,
the user is prompted to enter name and descripélfs. The addition of a new parameter
and/or method will cause a notification messadaetsent behind the scenes to the
administrator.

When the user is entering the stocks data in ttetdhle (T_DataHoldings_Stocks), the
names, descriptions and the entry instructionshfeparameters (T_Parameters) and methods
(T_Methods) must be available to the user.

There is a unique key set up in the data tablderii¢lds DataHolding_ID, Parameter_ID,
Method_ID, Start_Date, End_Date.
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T_DataHoldings

1
DataHolding 1D
Species_ID T_DataHoldings_Stocks
Instin.te_ID DataHolding_Stock_ID
! =
Sealocation_ID
[ =]

— |DataHolding_1D
DataHolding_Description Pararmeter D
_

DataHolding_Accessible MWethod_ID

DataHolding_Type_ID Start_Date
End_Date
Parameter_Value
—1 -
Parameter_ID Parameter _Units

Pararmeter_Code
Parameter_MName
Farameter_Description
Farameter_EntryInstructions
Derived_Biological
Laboratory
Catch_Metadata
Socioeconomic

Cruise
Population_Structure
Larval_Ecology

T_Methods

Figure 14 Relationships between data holdings (TtaBaldings), Stocks data
(T_DataHoldings_Stocks and Stocks parameters (TarRaters)

SeeFigure 14for database relationships.

Data theme 10: Catch Metadata (T_DataHoldings_Cistetadata)

The catch metadata is more complex than the oth&a themes as the user may enter
information on cruises (T_Cruises) associated whth catch metadata and also cruise data
(T_CruiseParameters) associated with the cruise.

When entering the catch metadata, the user shoaNe lthe option of entering a new

parameter into the T_Parameters table. The ugsmoispted to enter name, description and
entry instructions fields (when saving the record the T_Parameters table set

Catch_Metadata field = true). The addition of treavnparameter will cause a notification

message to be sent behind the scenes to the attatinis The user should also be able to add
a new gear to the T_Gears table.

When the user is entering the catch metadata, #mes, descriptions and the entry
instructions for each of the parameters (T_Params)eteust be available to the user.

There is a unique key set up in the data tableherfields DataHolding_ID, Parameter_ID,
Start_Date, End_Date and CatchMetadata_Type_ID.

When the user has entered each catch metadata rédoeroption of associating cruises with
the catch metadata record should be available.uBke will need the facility to add a new
cruise to the T_Cruises table.

If the user has entered a cruise, the option t®rentuise data should be available
(T_CruiseParameters). When the user is enteringrilise data, it may be necessary to enter
a new cruise parameter if an appropriate parandets not already exist in the database. The
user is prompted to enter name, description ang/ emstructions fields (when saving the
record to the T_Parameters table set the Cruite figrue). The addition of the new cruise
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parameter will cause a notification message toelne Isehind the scenes to the administrator.
The user may also need to add a new gear to thedrs@able.

SeeFigure 15 for database relationships.

T_DataHoldings

DataHolding_ID

T_Parameters

Parameter_ID

I

]

T CatchMetadata Types

T_DataHoldings_CatchMetadata

DataHolding CatthMetadata ID
DataHolding__ID

Pararmeter_ID

Start_Date

End_Date
CatchMetadata_Type_ID

T_DataHoldings_CatchMetadata_Cruises

DataHolding_CatrhMetadata_ID
Cruise_ID

]

!

CatthMetadata_Type_ID ,

x|

T_SpatialResolutions

SpatiaResolution_ID

T_TemporalResolutions

TemporaResolution_ID -

Parameter_Yalue
Parameter_Units
CatchiMetadata_Description
SpatialResolution_ID
TermporalResolution_ID
Gear_[D

T_CruisesParameters
oo

|

|

T_GearTypes D
— |1 Gear_Code
Goartype > A7 e

GearType_ID
Gear_Description

Figure 15 Relationships between data holdings (TtaBaldings), Catch Metadata
(T_DataHoldings_CatchMetadata) and parameters (TaReeters), Catch metadata
(T_DataHoldings_CatchMetadata), cruises (T_Cruisesyise data (T_CruiseParameters)
and parameters (T_Parameters)

Data theme 11: Socio-Economics (T_DataHoldings_dEgmnomic)

When entering the socio-economic data, the usanldHmave the option of entering a new
parameter into the T_Parameters table. The ugmorspted to enter name, description and
entry instructions fields (when saving the recoodtiie T_Parameters table set the field
Socioeconomic = true). The addition of the new petar will cause a notification message
to be sent behind the scenes to the administrator.

When the user is entering the socio-economic data the data table
(T_DataHoldings_SocioEconomic), the names, desariptand entry instructions of each
parameter (T_Parameters) must be visible to the use

There is a unique key set up in the database ofiellde DataHolding_ID, Parameter_ID and
Start_Date.

An extra check needs to be implemented by the @tjin to avoid having more than 1 data
record for thesamesocio-economic parameter ‘open’ i.e. no end date been entered for
that record. If the same socio-economic parame®arafmeter_ID) is entered for a data
holding as was previously entered, the applicatmust ensure that the previous data record
for that same socio-economic parameter is ‘clobgdhsisting an end-date is entered for that
previous record. Entering an end date ‘closes’ da&4 record. Note: a data record refers to a
record in the table T_DataHoldings_SocioEconomic.

Thus, for a data holding, while you can have mbi@ntl data record ‘open’ fatifferent
socio-economic parameter (e.g. No. crew per boagra@ge earnings), you can only have 1
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data record open for tlEameobjective (e.g. Average earnings). All the othatadrecords for
the same socio-economic parameter must be ‘clobkxdé: once the data records are closed
you can have multiple data records for the saméosmmnomic parameter (each with a
different start date).

SeeFigure 16 database relationships.

DataHolding ID -
Species_ID
Institute_ID
DataHolding_Description -
DataHolding_Accessible oo Dal:-l—me_ﬁanccrnmu:_]D
DataHolding_Type_ID o0 DataHolding_ID

Parameter_ID

Start_Date

End_Date
q Parameter_\.-‘alue
Farameter_nits
Parameter_Code

Parameter_Mame
Parameter_Description
Parameter_Enfrylnstructions
Derived_Biological
Laboratory

Catch_Metadata
Socineconomic

Cruise

Population_Structure
Larval_Ecalogy

Figure 16 Relationships between data holdings (TtaBaldings), socio-economic data
(T_DataHoldings_Socioeconomic) and socio-econoraiarpeter s(T_Parameters)

VI.  Query the Database
This part of the site will be accessible by sciamtisers and the general public alike.

There will be two broad approaches to querying :

- A general search that allows the novice user &raatively drill down into the
data.

- Adetailed search to allow specialists to quicklgntify the data they are
interested in.

Query criteria will be selected from drop downdifbr performing searches against the
database. The query results will mainly be disgdapetabular form. A default number of
records will be returned (e.g. Top 10 results)thatuser should be allowed to amend this
setting to return more or less data. The userhale the option to download the data
displayed in a format e.g. .csv, which they carnlyasport into standard office packages
such as Excel. Copy and paste and print functibosld all be available.

Tables relevant to any database queries are listibis section of the document.
Relationships between the tables can be identifjeicidentation.
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General Search

Select one speci@s one instituteand select laboratory-based or location-based data.

If laboratory or location based data is not avadddbr a species or institute selected from the ise
appropriate option should be disabled.

Query Tables:
T_DataHoldings
T_DataHoldings_Types
T_Species
T_Institutes

Laboratory-based Data

If laboratory-based data is selected, the searthin® general information on the data holdings in
tabular format (see Table 1).

For example:Results of a species search

Institute Name Data Holding Description Access Contact

TCD - Trinity College Dublin  |Laboratory data Restricted |Dr. Oliver Tully

UNIVGOA - University of|Laboratory data Restricted |Dr. Julio Chello
Genova

Table 1 Available laboratory based data holdingsSpecies X

Query Tables:
T_DataHoldings
T_DataHoldingsDataThemes
T _Contacts
T_DataThemes (="Laboratory data”)
T_Institutes
T_Species

If searching on a single species, Institute Nanwulshsort the rows. If searching on a single
institute, the rows should be ordered by Species.

Note: thelnstitute Nameés a concatenation of Institute code and namberdatabase.

Functions:
Functions required at this stage include the falhguy
o View Institute details for the data holding
T_DataHoldings
T _Institutes
e View Contact details for the data holding
T_DataHoldings
T_DataHoldingsDataThemes
T_Contacts
e View publications associated with the data holding
T_DataHoldings
T_DataHoldings_Publications
T _Publications
o Display the Laboratory data for the data holding
T_DataHoldings
T_DataHoldings_LaboratoryData
T _Parameters
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T_LifeHistoryPhases
e Link to the institute Web-site for the data holding
T_DataHoldings
T_Institutes
e Send e-mail to the contact for the data holding
e Parameter Search (see below)
e New search

VIl. Parameter search

The user may select one or more (or all) of the tatdings returned and choose 1 or more
parameters from a list of laboratory-based paramelfereasonable, only the parameters that
have associated laboratory data should be displaythis list with a link to displaying all
laboratory data parameters so that the user canfsseparameters are included in the
database. The parameter name and description shewdailable to the user.

Query Tables:
T_DataHoldings
T_DataHoldings_LaboratoryData

T _Parameters

T_LifeHistoryPhases
T_DataHoldings_DataThemes

T _Contacts

T_DataThemes (="Laboratory Data”)

T_Species

T_Institutes

The results of this search are displayed in talfolanat (order by Species and Parameter)
and may include such fields as follows (see Talle 2

Species/Institute, Parameter, Description, Valueit$) Text, Life History Phase, Contact
Name.

If a single species is selected in the previous, $ke species column could be omitted from
the listing and contained in the title only andelikise for the institute.

Note: A contact may not always be associated with a ttetae.

For example:

Paramete | Description Life History Value | Units Text Institute Contact

t Phase

Parameter 1 Parameter Larval stages 20 More .. | TCD Dr.
description Trinity Oliver
College Tully
Dublin
Parameter 2 Parameter 2 | Adult stages 40 mm TCD — | Dr.
description Trinity Oliver
College Tully
Dublin

Table 2 Laboratory data for ‘Species X’

Functions:
The following functions may be required at thiggsta
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e View the contact details for a single parameteorec
T_DataHoldings
T_DataHoldingsDataThemes
T_Contacts
e View the institute details for a single parametsrard
T_DataHoldings
T_Institutes
e View associated publications for one or more resdedlow selection of multiple
records)
T_DataHoldings
T_DataHoldings_Publications
T _Publications
e New parameter search
e New general search
e Send e-mail to the contact

Location-based data
If the user selects location-based information tieenuser must choose 1 or more (or all) of thédrig
level sea locations to search on.

The information is returned in tabular format andynnclude the following fields ordered by species
and sea location:-
Sea Location, Species or Institute, Data holdingcdgtion, Data Accessibility, Environment,
Dominant Species,"® Species, 3rd Species, Length of coastline ovechatie species is
distributed

Query tables:
T_DataHoldings
T_DataHoldings_Seal ocations
T_Sealocations (and/or new tables)
T_Species
T_Institutes

Note: thelnstitute Names a concatenation of Institute code and nambeardatabase.

Functions:
Functions required at this stage include the falhaguy
e View Institute details for the data holding
T_DataHoldings
T_Institutes
e View Contact details for the data holding. Disptag contact details for each data
theme that is available for the data holding
T_DataHoldings
T_DataHoldingsDataThemes
T_Contacts
e View publications associated with the data holding
T_DataHoldings
T_DataHoldings_Publications
T _Publications
e Link to the institute Web-site for the data holding
T_DataHoldings
T Institutes
e View available data themes for one or more of thta ¢holdings (see below)
T_DataHoldings
T_DataHoldingsDataThemes
e New search
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VIIl.  View available data themes

The user may choose 1 or more data holdings to thewtypes of data (data themes) that are
available. A list of data themes for the selectasls'is returned.

For example, if there are more data available ocioseconomics, derived biological
parameters and management structures in placertagedhe fishery, these 3 items are listed.

The user must have the facility to select one es¢hdata themes. The data for the selected
data theme are displayed in tabular format ordbyespecies and sea location.

For example: If the user chooses socio-economic data, the dftan the
T_DataHoldings_SocioEconomic table may be displayedtabular format as follows
(ordered by species and sea location):-

Species/Institute, Sea Location, Parameter, DesoripValue, Start Date, End Date, Value,
Units, Contact Name

Query tables:
T_DataHoldings
T_DataHoldings_SocioEconomic
T Parameters
T_DataHoldings_DataThemes (="Socio Economics”)
T _Contacts
T _Institutes

Functions:

The functions required at this stage may incluésfefiowing:-
View Institute Details for a record

View Contact Details for a record

View associated publications for one or more resord

Send e-mail to the contact for a data theme

For some of the data theme tables, there are fuléhels of data stored in the database (e.g. Catch
metadata, Landings and Effort data). This data ralsst be accessible to the user. Perhaps, thistmig
be implemented by allowing the user to view mortadar these data themes on a record-by-record
basis (e.g. the cruise data [T_Cruises, T_CruiseReters, etc.] associated with a catch metadata
record or the available gears [T_Gears, T_DatalgkliLandingsEffort_Gears] for a landings data
record).

IX. Advanced Search

Step 1

User selects a species and either a data tbemeea location. As the user selects a species,
the data themes and sea locations need not réfischs having to update both items may
degrade performance.

Step 2
The user may now select either a data thema sea location (depending on the previous
choice).

If a data theme was chosen in Step 1, the usenganselect a sea location. Only the sea
locations associated with the selected speciessalatted data theme are displayed to the
user. This choice of sea location for the user khimelude both the higher and lower level

categories of seas as appropriate. If the usectsadehigh level sea, then the associated lower
level seas are automatically included in the sedfdhe data theme selected in Step 1 was

56



EDFAM Workpackage 1: Biology of European Decapodstaceans

‘Laboratory Data’ then this step is redundant aotdavailable to the user. If there are no data
themes for the user’s selection then an error ngessadisplayed to the user and step 1 re-
displayed.

Query tables:
T_DataHoldings
T_DataHoldings_Seal.ocations
T _Sealocations
T_DataHoldings_DataThemes
T_DataThemes (="selected dataidi’)
T_Species (="selected species)

If a sea location was chosen in Step 1 the usemoanselect a data theme. Only the data
themes associated with the selected species aectestisea location(s) are displayed to the
user. If there are no sea locations for the usaisction then an error message is displayed to
the user and step 1 re-displayed.

Query tables:
T_DataHoldings
T_DataHoldings_Seal ocations
T_Sealocations(="selected sea location”)
T_DataHoldings_DataThemes
T DataThemes
T_Species (="selected species)

Step 3

The user selects one or more parameters. The |strameters will depend on the data theme
that was selected and the data available for therierentered by the user (assuming that this
does not have serious performance issues). Howavk to view all the parameters for the
data theme should also be available.

Query Tables:
(For the selected socio-economic data theme)
T_DataHoldings
T_DataHoldings_SocioEconomics
T _Parameters
T_Species (="selected species”)

Step 4

The data is now returned in tabular format accardinthe criteria entered by the user.
For example:

A search on socio-economic data might display the following information (see Table 3:-

Sea Location, Parameter, Description, Start Date, End Date, Value, Units, Institute, Contact Namse.

Note: A contact may not always be associated with a data theme.

Sea Parameter Description | Start End Value  Units Institut Contact

Location Date Date e

Sea 1 Parameter 1 | Parameter 1 | 01/01/ 20 Vessel | Institut | Ms.
description 2000 s el P. Smith

Sea 1 Parameter 2 | Parameter 2 | 01/01/ | 01/01/ | 5 Crew Institut | Ms.
description 2000 2001 el P. Smith
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Sea 2 Parameter 1 | Parameter 1| 01/01/ 50 Vessel | Institut | Ms.
description 2000 s el P. Smith

Table 3Socio-economic Data for Species X

Functions:
The following functions may be required at thiggsta
e View the contact details for a single parameteoiréc
T_DataHoldings_SocioEconomics (="selected DatahhgdID)
T_DataHoldings_DataThemes (="selected data theme”)
T_Contacts
T_DataThemes
e View the institute details for a single parametarard
T_DataHoldings
T_DataHoldings_SocioEconomics (="selectedaBlaiding_ID)
T_Institutes
e View Data Holding information for 1 or more records
T_DataHoldings
T_DataHoldings_SocioEconomics (="selectedabaiding_ID)

Display the data holding AND sea location inforroatifor all data themes with the
exception of ‘laboratory data’. Display the infortioa in the same way as described for
Location-based dat@n the General Search section of this document.tieesection also
for functions that are required at this stage. Aiddal tables to display this information
are listed in that section.

Otherwise for ‘laboratory data’, display the infation in the same way as described for

Laboratory-basedData in the General Search section of this docuntee this section
also for functions that are required at this stafdditional tables to display this
information are listed in that section.

e View associated publications for one or more regord
T_DataHoldings
T_DataHoldings_SocioEconomics
T_DataHoldings_Publications
T_Publications
e New advanced search
e Send e-mail to the contact

Database Look up tables

The actions a user can perform on the look up $adnle listed below.
T_CatchMetadata Types (None)

T_Contacts (A, U), (D for newly added records dgiihe same session only)
T_Country (None)

T_Cruises (A — all users) (D, U for newly addedorels during the same session only)
T_DataHolding_Types (None)

T_DataThemes (None)

T_Gear (A —all users), (D, U for newly added resoturing the same session only)
T_GearTypes (None)

T_Gender (None)

T_Institutes (A, U), (D for newly added recordsidgrthe same session only)
T_LifeHistoryPhases (A — all users), (D, U for ngwldded records during the same session

only)
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T_ManagementStructureTypes (A — all users), (Dothewly added records during the same
session only)

T_Measures (A — all users), (D, U for newly addecbrds during the same session only)
T_Methods (A — all users), (D, U for newly addedamls during the same session only)
T_Objectives (A — all users), (D, U for newly addedords during the same session only)
T_Parameters (A — all users), (D, U for newly addembrds during the same session only)
T_Publications (A — all users), (D, U for newly adidrecords during the same session only)
T_SamplingDesigns (A — all users), (D, U for neatided records during the same session
only)

T_Sealocations (None)

T_SpatialResolutions (None)

T_Species (A — all users), (D, U for newly addezbrds during the same session only)
T_TemporalResolutions (None)

None = no permissions to update, add or deletedsco
All = all permissions
A = add permission, D = delete permission, U = ti@germission

Note: as referential integrity is enforced when possihlghe relationships between the look up and
other tables, in these cases the database wilhllaw deletion of a look up record that is in use b
other tables.

X. Administration of the Database

There is a requirement to provide the data admatst with the ability to remotely access the
database in order to check the quality of dataredtand perform edits if necessary.

MS Access forms will be developed to facilitate-lfie data entry by the administrator. This
will also require a facility on the Website to pishl the next date for administration of the
database in addition to disallowing access to tla¢alEntry section of the site until the
administration tasks have been completed.

Help
Simple Help pages need to be available to assss uis entering data and in running queries.

Perhaps tool tips could also be used to give & description of the fields and functions
available on the Web pages.
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2. Description of the website (ECFM)

Based on the user requirements described abovebasite was developed that allows
registered users to enter data and general usesgaiwh the database. The design and
functionality of the web site is described belows@parate brochure on the web site and a
help manual will be produced during tH&yg&ar of the project.

/3 European Crustacean Fisheries Metadatabase - Microsoft Intemnet Explorer

Fle Edt Wiew Favorites Took Help |

SR D < BT A I = I ca R I AR

Back Fomiard Stop  Refiesh  Home Search Favorites  History il Print

=] #6o ||Lnks >

Address [#] hitp: v ectam net/indax2 himl

A
<

Welcome to the European Crustacean Fisheries Metadatabase
(ECFM)

This database is maintained by the European Decapod Fisheries and Management Project
(ECFAM), funded by the European Union 5th Framewark Program

What is EDFAM ?
What is ECFM ?

Contact Us.

Enter Data {user ID reguired Search the Database

Disclaimer

0S0aI

Ed

|| 4 Intemet

&
st | 2 @ 3 || &) Evploing Removeble Dis..|[& ] Europaan Crustacean.__ EBEI LR 0

Fig. 18. Home page for the European Crustacean d¥iss Metadatabase. The user can
choose to enter new data or search for existingr.dBackground information on EDFAM
and ECFM is available through the hyperlinks

In order to enter new data or to update existing eéich the user has previously input a
login password is required. Afer logging in therusepresented with the options in Fig. 19.
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/A European Crustacean Fisheries Metadatabase - Microsoft Internet E xplorer
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Fig. 19. Data entry options presented to the udtardogging into the ECFM site

On choosing to enter a new data holding the usexgsested to choose an institute, species
and sea location and to provide other informatiothe data (Fig. 20)

’a European Crustacean Fisheries Metadatabase - Microsoft Internet Explorer T l [ Iﬁl

File Edit Wiew Favorites  Tools  Help ‘
dapack = v @) 7t ‘ Qusearch  [efFavorites  @livedia o8 | B Sh L R |

Address [&] htp: jwm.edfam. netfindex2 htmi x| @so |Links ”j
European Crustacean Fisheries Metadatabase

Ad d | n g da N ew Data = hO I d | [l|E v cpean crustacean Fisheries Metadatabase|

A Data-holding is any data held by a specific institute
on & species from a specific sea location or a
laboratory. Select from the options below and continue,

* = Required Field

Eeturn to Home Page Eeturn to Data Entry Options  Help
* Institute: W

* Species: |Ar\steom0rphafo\iacea =l

* Dataholding Type:  [Location based data =l

* Mother Sea: ICentraI Mediterranean j

(Choose the regional sea where the data was collacted.)

Daughter Sea: | j

(Choose the sub-s2a of the regional sea where the data was collacted.)

* Data Description: e
A e eie Ut i sy

* Accessibility: [

(1s the data accessible or restrickad?)

Cantinug Reset | =

& '_’_,_‘D Internet S
iﬂstartl“ @ @ o] |J @Eurnpean Crustacean ... @C:\EDFAM_OT\Se:und_re."| @EDFAM_sechd_repurt- | ‘@E%ﬂ@uN aﬁﬂmﬁ@@@m 1217
Fig. 20. High level data defining a dataholding.

Once the dataholding is defined the user is thikedafor the types of data that are associated
with this data holding. There are 11 such themabtha user can choose each successively
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and to add data on that theme that is associathdivé dataholding (the institute, species, sea
location combination).

3 European Crustacean Fisheries Metadatabase - Microsoft Internet Explorer

Elle  Edit

View Fawoites Tools  Help

G2 0 [ oh e H 8 d B S
Back Forward Stop  Refresh  Home Search Favortes Media  History il Print

The current user is . ADMIN Feturn to Data Entry Options Feturn to Home Page

Institute :
Daughter Sea :

Species :
Mother Sea :

Aristaeopsis edwardsiana
Western Mediterranean

University of Dublin
[Mot &pplicable]

|Associate Data Themes with the Data-helding : ‘Update or Delete Associated Data Themes :
Derived Biological Parameters \

Management Measures

Management Objectives

Stock Assessment Methads

\
\
\
Landings Efforts \
Stock Estimates \
\
\
\
\
\

Socio Economics

Management Structures
Catch Metadata
Population Structure
Larval Ecology

Add a Contact
Add a New Publication e
Associate an Existing Publication

Update a Publication a
Update Contact Details G
Update Institute Details 5

*a
T
*a
T

Edit Data-holding Information Update or Add a Cruise g
4k = Assaciated with the Dataholding E §
|@ liliyilc Intemet i
ﬂm Gl - W] H & European Crustacean... | R gl e @ 1451

Fig. 21 Data themes (different types of metaddta) tan be associated with a data holding.
The data in each theme can be associated with gacgra list of publications or specific
cruise information.

Contacts for and publications associated with thees® themes or the data holding. An

example of how to choose to associate a publicatitma data theme in a data holding from
an existing list of publications is shown in Fi@. 2
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3 European Crustacean Fisheries Metadatabase - Microsoft Internet Explorer

File Edit View Favortes Tools Help

& L 2 0 [

Back Famyard Stop  Refresh  Home

9 G €9 3

Search Favortes Media  History

' =
- &

tail Frint

Associate an Existing Publication

Feturn to Diata Themes

Choose existing publications in the database (below) to associate with the dataholding. Once you have done this, scroll to the bottom of this page and click "Associate’.

|Author ‘rear|TitIe |Referer|ce |Associate
The fecundity of the Norway Lohster (Nephrops
‘Abel\u P.and Sarda F 1982 norvegicus, L) off the Caralan and Portugese coasts Crustaceana, 43 13-20 r
Abello P, valladares F .J. and Analysrs of the decapod crustacean assemblages off the . - b
Castellon A, Catalan coast {North-West Mediterranean) MatinelSiolncyidt o O
abello P Iphmme cuenotl (Polychaeta: Iphitimidae) commensale  [Rapp. Comm int. Mer Medit., 29(3) Il
o des crabes en Mediterranee. 355-358
Analisi de |les polacions de crustacis decapodes f " "
Abello, P. 1986 |demesals al litoral catala: Aspectes biologics del gh D). izl Wl i Iz (]
arcelona, 285 pp
braquiur Loicarcinus depuratar
Abello P 1998 Relation taille-poids en re\atinn aver les etats de mue et |Rapp. Comm. int. Mer Medit., 30(2) !
sexuels chez |e brachyoure Liocarcinus depurator 14
Reproduction and moulting in Leocarcinus depurator
Ahello, P 989 |(Linnaeus, 1758) (Brachyura: Portunidae) in the Scientia Marina, £3:127-124 r
narthwestern Mediterranean Sea
Pautes de distribucio de les espescies de |a familia
Abello, P 1883 |Potunidae (Crustacea: Brachyura) als fons de substrat Ed‘t‘;gr?:[l\]aamfg\tu%? %nglgna r
tou de la Mediterrania nord-occidental U =
Chservaciones sobre la alimentacion de Liocarcinus Investigacion Pesquera, 21(Supl. 1): &
‘Abel\u‘ 1P, EE] R, ol T depurator (Brachyura: Portunidag) en el Mar Catalan 413-418 o §
.. SN = [Sexual size dimarnhisr. relative arowth and [ %
& Done ’_’_’_ ) Imtemet

aSlall" . E I‘_;ﬂ “IW 3 Exploring - Removable Dis... IWMlErUSDﬂWUId EDFAM_. I |E§<ﬂ B@ 14:56
Fig. 22. Associating a data theme of a particulatadholding with an existing publication
list. The tick boxes on the right hand column dreaked to associate the publication

Metadata for each data theme can be included bysiig the data theme. For example if the
derived biological parameters theme is chosen theea presented in Fig. 23 is shown.
Values for any one of a number of derived biologparameters (eg von Bertalanffy growth
parameters) can be associated with the data halding

63



EDFAM Workpackage 1: Biology of European Decapodsticeans

3 European Crustacean Fisheries Metadatabase - Microsoft Internet Explorer
File Edit View Favortes Tools Help
TR < I A T (= e < . BNEG R
Back Famyard Stop  Refresh  Home Search Favortes Media  History Mail Frint
_ European Crustacean Fisheries Metadatabase -
> .
: . ) S
Derived Biological Parameters
Feturn to Data Themes * = Required Field el
=
* Parameter, |K af wvanBert =l Add New Parameter (if not on the List ) @I
Fararmeter Mumeric. k of the wvonBertalanffy ;I
Description: equation
[ -
Parameter Entry =l
Instructions
H
¥ Gender Male -
(%hat gender does the parameter value pertain ta?)
* Start Date: 1412000
(Enter the start date of the period to which the parameter value applies.)
* End Date 311272000
(Enter the end date to which the pararmeter value applies respectively.)
]
Methad: | &
(what rnethod was used to devive the pararmeter value?) -l §
=
|#] Dore ’_’_’_ £ Intemnet
iﬁSlarl"J e HI@ European Crustacean... (2 Exploring - Removable Dis..I T Microsoft Word - EDFAM_. I | gl fe 2 1458

Fig. 23. Entering data in the derived biologicalrpmeters data theme
Searching the database :

There are 2 search options

- one that allows a general search or exploratichetlatabase and

- a specific search for a particular parameter valuether piece of data. This is a

directed search from the start.

Results of a general search for dataPorhongirostrisin the western Mediterranean is shown
in Fig. 24. By selecting the first record return@hata from 1ZUG in this example) the
available data themes associated with this datatwpldspecies, location and institute
combination) is presented (Fig. 25). In this exaple derived biological parameters theme
is selected and the values for life span of thec&s and location are presented. The life span
for the species in the Ligurian Sea according tnRat 1ZUG is 4 years as shown. These
estimates were obtained between 1985 and 1999.
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; European Crustacean Fishenes Metadatabase - Microsoft Inteinet Explorer

File Edit ‘iew Favortes Tools Help

S Y - | & & 3 | [
Back Farward Stop  Refresh  Home Search Faworter  Media Histary Mail Print
Address I@ hittp: £ v, ediam.netindex2. himl j @ Go | Links >

European Crustacean Fisheries Metadatabase

European Crustacean Fisheries Metadatabase - Species and Location Based Data Search

|v

Returnto Home Page  MNew Search — Eeturnto Search Options

Species: Parapenaeus longirostris

Page 1 of 1 &
{ Please click on one or more of the Check Boxes. Then scroll to the end of this page and click on View Avaifable Data Themes. )
m:l::?te f::ation g:’:;::m;:g Accessibility| Environment !E:)ml_nant !i':d q !i:d q Contact |Publications
PIZUG- P longirostris is found € Dr.G
University of along the entire talian Relini
Genova Data collected coastline, with the
on P. longirostris |owest densities
from the West recorded in the
Ligurian Sea on Ligurian and MNorth
] Iélgurlan national and restricted Adriatic Seas. The o Nephrqps RESnie Mo
ea E S norvedicus |spp
international species is found
research between 20 and 700
projects fram m depth, but is most
1985 to 19589 abundant on sandy-
muddy bottoms from
100 to 400 m depth.
BARPAT- Data from the 4 DrR =
ARPAT East Ligurian Auteri &
SeaonP 9'
|imrian |lONQirostris fram Jid (=
&
|&] Done I X

iaﬁlalt"J e ﬂﬂ “I@ European Crustacean. . (3 Explaring - Femovabls Dis..I TF Micrasoft Word - EDFAM_. I | ES‘@%B® 15
Fig. 24. Result of searching the database for liocabased information on Parapenaeus

longirostris in the western Mediterranean. HypekBnto the contact for the information is
available.

“J European Crustacean Fisheries Metadatabase - Microsoft Intemnet Explorer

File  Edit

Wiew

Favoites  Tools  Help

S R A

Back Etrvard Stop  Refresh  Home

& 1 & B

Search Favortes  Media  History

B =

tdail PFrint

European Crustacean Fisheries Metadatabase - Available Data Themes {Species and Location Based Data Search)

Return to Home Page  MNew Search  Return to Search Options

Institute Se3 . Available Data Themes

Location
HHZUG-University of |Ligurian Derrved Binlogical Parameters, Management Measures, Management Objectives, Stock essment ﬂl
Genova =E] Methods, Socio Economics, Catch Metadata, Population Structure,

a European Crustacean Fisheries Metadatabase - Derived Biological Parameters - Microsoft Internet Explorer
Elle Edit ‘“iew Favortes Tools Help |
S < B AT e I R BN ES R Liks
Beck Farpard Stop Refresh  Home Search Favaortes  Media Histary Mail Print
European Crustacean Fisheries Metadatabase - Derived Biological Parameters I
Species:Parapenaeus longirostris
Institute: @IZUG—University of Genova
Locatien:Ligurian Sea
Contact: $Dr. G. Relini
Publications: Mone
|Paran1eter |Parameter Description |Method |Parameter Value |Start Date |End Date
|L\fe span |Numer\c Hows long do individuals I\ve| |4 |WI1EIE!5 |12f31f1999
|L\fe span |Nurﬂenc. Hows long do individuals I\ve| |4 |‘H1f1985 |12f31f1999
S
Dowinload Query Results (csy format) 1 1]
Erinter Friendly “ersion of Table =l g
o
LlE T e i &
— T Twr |

#Rstar | | A @ 3 || &1Ewopsan Custacean Fish. | 5 Exploring - Femovable Dis . | ¥ Microsolt Word |[&1E uropean Crustacean. . BRI 2 1515
Fig. 25. Data themes available for Parapenaeus iasgris at IZUG — found by selecting the
first record in Fig. 23. Output from the derivedlugical parameters theme is shown in the
bottom screen.
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The results of a similar type of search for managammeasures for P. longirostris in the
Ligurian Sea indicates that there is a closed seasesh regulations and limited entry in
place (Fig. 25).

-/ European Crustacean Fisheries Metadatabase - Microsoft Internet Explorer

File Edit View Favoites Tools  Help

s =2 0@ (9 6l

Back Ervard Stop  Refresh  Home

e T

Search Favorites  Media  History

- &

(SET] PFrint

European Crustacean Fisheries Metadatabase

European Crustacean Fisheries Metadatabase - Available Data Themes (Species and Location Based Data Search)

Return to Home Page Mewy Search Return to Search Options
Institute S22 q Available Data Themes
Location
<HZIG-University of |Ligurian Derived Biological Pararmeters, Management Measures, Management Objectives, Stack essment
Genova Sea Methods, Socio Economics, Catch Metadata, Population Structure,
3 European Crustacean Fisheries Metadatabase - Management Measures - Microsoft Internet Explorer
. Fle Edit Miew Favortss Tools  Help |
= =2 8 [ o8 5 & 3B 5 Links
Back Famvard Stop Refresh  Home Search Favorites  Media Histary Mail Print
=
Species:FParapenaeus longirastris
Institute: ﬂ}\ZUG-UniVErSW of Genova
Lecation:Ligurian Sea
Contact: 90r G Relini
Publications: None
Measure Measure Description harameten Par_’ameter Stagy End Date |Additional Information
Value Units Date
Sl cEE T_here is a legally defined 45 days 14141985 Dbhgato_ry orfacu\ta_ltlve ban,_
- fishing season depending on Maritime District
sl im0 e PR Em iy rrn 1111985 |12/31/1998 [stretched mesh size of cad-end
Fegulations trawvs =
Limited Entry I= there a resriction in 14141985 |12/31/1989 limitation on entry of new trawlers in §
place [taky =l g
&] Done [T [ [ Intemet 4 %
|&T Tore [ 1 | |8 Mnemet

hstan| | A @ 51 || E]Ewopsan Custacean Fish.. | (3] Exploring - Remevable Dis... | B Microsolt word |[£7E uropean Crustacean. |[EB3RsRd e 2 15
Fig. 25. Results of search for management meadiare®arapenaeus longirostris in the
Ligurian Sea

The start point for an advanced search of the datals shown in Fig. 26. A species and data
theme or sea location are selected in the firgt. siedata theme and a parameter related to
that theme is then selected in the second step.
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Z European Crustacean Fisheries Metadatabase - Microsoft Intemet Explorer

File  Edit Wisw Favortes Tools Help

< 2 @ [

Back Fonard Stop Refresh  Home

- &

il Print

N - .

Search Favortes Madis  History

SearCh the Database Return to Home Page  Return to Search Gptions

Advanced Search : Step 1 of 2

Select Species |Ari5|eu5 antennatus j _I
3|

@ Sea Location: =>> & Mother Sea C Daughter Sea

IWestem kediterranean ¥

 Data Theme |Derlved Binlogical Parameters =] ©R

Mext Step |
|
Advanced Search : Step 2 of 2 =1
Select an Associated Data There: | Derived Biological Parameters (7] Select Parameters: g
View Parameter List
Maxdmumm # of Recaords per Page: Show Al 7]
Search
=
[¥)
g
=S
&] [T [ [ intemet
iaSlalt"J & < “I@ European Crustacean_ (3] Exploring - Removable Dls..I TF Micrasoft Ward I | G gt Js 2 1615

Fig. 26. Design of the advanced search facilitfe@FM. Step 1 involves selecting a species
and a datathem or a sea location. In this casetéus antenattus is the selected species and
the sea location is the Western Mediterranean. Allemsea area could be chosen by
selecting the daughter sea option. In the secospl thte derived biological parameter them is
selected from the list of data themes and valuek of the von Beralanffy equation are
selected. The search results are in Fig. 27.

The results of the advanced search criteria in Zogare shown in Fig. 27. The output shows
different values for the k parameter of the von8eriffy growth model for different
locations in the western Mediterranean. Contactaildetfor the person and institute
responsible for the study are shown. Any associptddications can be viewed by selecting
the records by ticking the boxes on the left hamtk f the screen. The publications
associated with the 4 records that are tickedratieated in Fig. 28.
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i Eurapean Crustacean Fish

s Metadatabase - Microsoft Intemet Explorer

File  Edit Wiew Favortes Tools Help
e ) = R o R o @
Back Forward Stop  Refresh  Home | Search Favortes  Media  History il Pririt
ress [&] http: /v ediam.netsindex2 himl @Go | Links >
Species : Aristeus antennatus
Page 1 of 1
{ Please click on one or more of the Check Boxes. Then scroll to the end of this page and click on Wiew Available Data Themes. )
2]
s q Parameter Param_et?r Stat End Date PETEIDEET Pat_’ameter Gender |Institute Contact _I
Location Description Date Value Unit
Ligurian 1 of Murneric. k of the BZUG-University of  [$F0r G
= Sea \vonBert wonBertalanffy 111985 |12/31/19589 |0.368 hale Genowa Relini
equation
Ligurian V< af Murneric. k of the BZUG-University of &Dr. G
|2 Son \vorBert \/Dntr‘taIanffy 14141888 [12/31/18998 |0.368 Female |Genowa Eelini
equation
Ligurian < of Mumeric. k of the FZUG-University of $Dr G
O Sea vonBert wonBertalanffy 11171985 [12/31/1985 1.71 Female |Genova Relini
equation —
RaD Murneric. k of the <$DBAE-DEAE $Dr.a
I |Sardinia wonBertalanffy TA1/1985 |12/31/1999|0.34 Female Cau
vonBert -
equation
Spanish K of PUTRERIE. [3 @il ic;sl’lw(ujr_gsnSEJD gi?r:egtre
~ vonBertalanffy 1411888 (12/31/1989|0.25 Male " [
Coastal vonBert - Investigaciones
equation
Cientificas
[ 5 $CSIC—CUHSEJU FDr. I
q Mumeric. k of the * =
Spanish K aof superior de Demestre =
- Comstal \vonBert \éazlj;;t:lanﬁy TA1/1988 (124311989 |0.3 Female Investigaciones 3
A Cientificas | 2
e |—y—y—|7¢ e -

gman” | & @ %1 ||[27Eurepean Crustacean... | 2 Esploing - Removabls Dis | T Mismsoft word | PRkt de @ 1523
Fig. 27. Results of search defined in Figure 26cdrds 1, 2 4 and 5 are selected in order to
view the associated publications (Fig. 28).

7} European Crustacean Fisheries Metadatabase - Microsoft Intemnet Explorer

File Edit isw Favortes Tools  Help

S > ta)
Back Fonard Stop Refresh  Home
Adeess [&] hup. /A, ediam.netfindes himl

o n R .

Search Favortss Madis  History

B &

il Print

A European Crustacean Fisheries Metadatabase - Publications - Microsoft Intemnet Explorer

Edt VWiew Favoites Iools Help ‘

S & 3 - &
Elacl o] Stop Refresh  Home Search Favortes  Media History b4 ail Frint
Address [&] http: /2w, edfam net/ query/quen_publications_adv.asp?haldings=68khaldings=68kholdings=71&holdings=13 ~| &6e | Links >
European Crustacean Fisheries Metadatabase - Publications =
2ea q Author Year Title Reference
Location
= nanish Long-term morphometric variations in a population of the deep-
CEasta\ Bas, C. and Sarda, F. 1998 |sea shrimp Aristeus antennatus (Risso, 1816) (Decapod, Crustaceana 71(4); 368-377
Aristeidae)
B Carbaonell, A. M., Carbonelle . - .
Spanish . ' ! The red shripm Aristues antennatus (Risso, 1818) fishery and X b
Coastal M., Demestre, M., Grau, A 1993 biology in the Balearic Islands, Western Mediterranean Fisheries Research 44: 1-13
and Monserrat, 5.
Spanish Cartes, J. E. and Sarda, F 1093 Zonation of den_ap-sea decapod fauna in the Catalan Sea Marine Ecology P.S. 84:27-
Coastal (Western Mediterranean). 34
B . . Journal of the marine
Spanish Day-night feeding by decapod crustaceans in a deep-water
Coastal Cartes, J.E 1933 bottom community in the western Mediterranean biological assocation of the
UK. 73 795-811
Spanish Abundance and diversity of decapod crustaceans in the deep Journal of Matural Histary,
Coastal s, oll 5. et Eemky, [F (=52 Catalan sea {Western Mediterranean) 26 1305-1323
Spanish Patterns of zonation of the deep-sea decapod fauna in the MMarine Ecology Progress
Coastal s, oll 5. et Eemky, [F ki Catalan Sea (WWestern Mediterranean). Series 94(1): 27-34
R Cartes, J.E., Sarda, F. R R . Journal of Experimental
Spanish ! ! e Day-night migrations by deep-dea decapod crustaceans in
Coastal Eumpany, ol By ETE] (LIS EmErs | ket experimental samplings in the Western Mediterranean ?ATBWVIEZE{S‘D\DQY and Ecalogy
- =
Spanish Diets of, and trophic resources exploited by, bathyal Marine and Freshwater a9
nmetal Cartes, J. E 151535 | S Sombsetpary o et semomay i 7% Ay e e dsoe MU Eacsarch ARG OOR | b
&1 Done FCT [ e =8
Dore T T e |

ghstart| | £ @ %1 || #]Ewopean Custacean Fish...| G Exploring - Remavable Dis.. | 137 Microsaft Word |[Z1E uropean Crustacean. |[ERCRRd dE 2 1629
Fig. 28. Publications associated with 4 selecteg. (/) estimates of k (von Bertalanffy) for
Aristeus antennatus the western Mediterranean.
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3. The ECFM Guidebook

European Crustacean Fisheries Metadatabase Guidebook

@Www.edfam.ne
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What is the European Crustacean Fisheries Metadeteb

The European Crustacean Fisheries MetadatabaseME®Hg. 1) is a unique web-based
resource that provides summary data on an extenange of topics relating to the biology
and fisheries of exploited marine crustaceans irofi@ The database is maintained under
the EDFAM project.

The information summarised in the database is ptlysheld in various European institutes
in different formats (databases, spreadsheetsnaiteeports and published scientific papers).
ECFM is an inventory for metadata relating to thessy sources of information. The main
purpose of the website is to promote greater awessenf crustacean fisheries management
and assessment issues in Europe and to encourageication among various research
groups and institutes. ECFM offers a restricteth dantry facility for registered users at
institutes that hold relevant data and wish to beeinvolved, in addition to a search facility
open to all users of the site.

European Crustacean Fisheries Metadatabase

Welcome to the European Crustacean
Fisheries Metadatabase (ECFM)

This database is maintained by the European Decapod Fisheries and Management
Project (EDFAM), funded by the European Union 5th Framework Program.

What is EDFAM ? ;;E

What is ECEM ?

What is ECFM ?

Contact Us.

Enter Data (user ID required) Search the Database

Fig. 1. European Crustacean Fisheries Metadatabidsme Page (www.edfam.net)

What type of data is held in ECFM?

The ECFM database is designed to hold data on a wadiety of data themes relating to

crustacean fisheries in Europe (Fig. 2). The dh&nes cover the biological, physical,

management and assessment aspects of crustadeanmefis Each data holding within the

database is a summary of the information held Igpecific institute on a species from a

specific sea location or laboratory. For each detialing, summary data is available on a
selection of the data themes. Each data thema pas-defined list of parameters, but users
have the option to add new parameters to the speédtifemes.
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Associate Data Themes with the Data-holding

The current user is : TCD Return to Data Entry Options ~ Return to Home

Page Help
Species: Nephrops norvegicus Institute: University of Dublin
Mother Sea: Irish Sea Daughter Sea: Irish Coastal

Update or Delete Associated Data
Themes:

Associate Data Themes with the Data-
holding:

Derived Biological Parameters

o Derived Biological Parameters

Management Measures

Management Objectives

Stock Assessment Methods

|

|

|

|

Landings Efforts |
Stock Estimates |
|

|

|

|

|

Socio Economics

Management Structures

Catch Metadata
Population Structure

Larval Ecology

Fig. 2. Central page of the ECFM data entry fagilior location based data

In addition to the parameter data held within eathhe data themes, the database holds
information on how to source information relatimggach data holding. This section of the
database comprises contact details for individwedd institutes, as well as a complete
bibliography of relevant publications (Fig. 3).

European Crustacean Fisheries Metadatabase - Publications

Author Year Title Reference
JS and PA Tyler (Eds.)

Orsi Relini Reproduction of Nephrops Reproduction. aenetics and
L. and 1989 |norvegicus L. in isothermal -eproay  gene .
Relini G Mediterranean waters distributions of marine organisms,
’ 23rd EMBS; 153-160
- Notes on the distribution,
QI [REMT reproductive biology and fecundit
L. and 1985 |"€P gy and Y |FAO Fish. Rep., 336:107-111
- of Nephrops norvegicus in the
Relini G. Lo
Ligurian Sea

Download Query Results (.csv format)
Printer Friendly Version of Table

Fig. 3. Tabular output from a basic search (Neplsdpgestern Mediterranean) on
publications from University of Genova

71



EDFAM Workpackage 1: Biology of European Decapodsticeans

European Crustacean Fisheries Metadatabase - Contact Details

Name
Dr.Ch.Mytilineou
Address
NCMR Aghios Kosmas Hellinikon 16604 Athens Greece
Telephone
(+30) 1 9822557 116
E-mail

Dr. Ch. Mytilineou

Coordinator

No

Download Query Results (.csv format)
Printer Friendly Version of Table

Fig. 4. Tabular output from a basic search on conhtdetails

Data-Entry facility

The data-entry facility is available to registenesers of the site. Individuals or research
groups can apply to the administrator for a usemid password to gain access to this facility.
The administrator can be contacted via the e-nrail dn the home page. Once a user has
entered data into the metadatabase, this data lescawailable to view through the search
facility. Only the registered user who has entéhexddata can subsequently modify or delete
this data.

Search facility

A basic and an advanced search facility are bo#mdp all visitors of the site and can be
accessed via the search function on the home pagbe basic search function is

recommended for users who are unfamiliar with th¢allase or are looking for general
information on management and fisheries in a spe@fhion or for a particular species. The
advanced search function is targeted towards wgsrsare familiar with the ECFM database
and are targeting very specific information e.gocBt Assessment Methods used for the
Nephrops norvegicus fishery in the Irish Sea. ®agut from both the basic and advanced
search functions is in tabular format. Within eaable, further selections allow the user to
narrow or expand the search results. Search sesaift be downloaded in csv format, which
opens in Microsoft Excel, or can be converted poiater-friendly version for printing.

Data Confidentiality

Entering summary information on your research dataECFM does not necessitate
public access to the data. Storing metadata indtebase does, however, allow
members of the public to know the specific typedata being collected by your
institute on particular species at specified laoadi and times. First-time users of
ECFM may have concerns regarding the confidentialittheir data. This issue has
been addressed in the design of the website. iftpsrtant to remember that no raw
data is held in the ECFM database; the site is lgimp inventory of summary
information derived from raw data, contact det&is raw data and information on
management of fisheries and fisheries statistics.
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Users who are entering metadata into the datalvaggr@vided with a confidential password,
which means that no other user of the site cam @leeinformation they have entered in any
way. Once logged in, a user's 'session’ is s@0toninutes in length. If a user does not
actively use the site for 60 minutes, then theesyswill automatically log out that particular
user. Once finished a session, users are reqtoréoly-out. This measure is in place to
ensure that users do leave open access to theiradat provides the system administrator
with information on the number of active usersrat ane time. For all data-holdings entered
into the metadatabase, users are asked to spebdther the source data has restricted or
open access and have the option of entering codtdatls for the institute and individual
who holds the data.

Site navigation

Both the search facility and data-entry facility tob ECFM site are designed to be easily
comprehensible and navigable. A help section alabie throughout the site, providing
useful instructions on how to enter and retrieveadd&ig. 4). In the data-entry facility,
captions under each data field describe the spenifdrmation required. Similarly, captions
throughout the search facility provide instructiars how to make selections and progress
through the site.

On each page throughout the site, there are num@n@tions, links to other pages and to the
homepage. Live external links to associated paitrgtitutes and e-mail links to individual
researchers are also available through the seacdhyf.

User requirements

Please note that the ECFM website is best viewdd avscreen resolution of 1024*768. To
change your screen resolution, go to the Startin§et and Control Panel and choose the
Display option. Within the display option, chooSttings’ and set your screen resolution to
1024*768.

Please also note that the website is supportetidoweb browsers Internet Explorer versions
5.5 and 6.0. On accessing the site with a diffetgre of Internet browser or with an older

browser version, the site automatically directsuker to a free download of IE versions 5.5
and 6.0. While this make take a few minutes tomoad, it ensures easy and bug-free site
access.
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European Decapod Fisheries: Assessment and Managéaia-AM)
EuropeanDecapodFisheries:Assessment and anagemen(EDFAM) is a concerted action
project funded by the 5th Framework programme effaropean Commission. The EDFAM
project was initiated in response to the lack ofoodinated monitoring and research
programmes for decapods in Europe, the absencerofaf stock assessments for many
species and locations and the increasing econamportance of these species in Europe.
Approximately 27 species of crustacean are fisime#uropean waters. In some countries,
crustaceans are now the most important commerdiaied species. In a great number of
cases, significant depletion has already occurredl some stocks have collapsed. Many
species are fished by artisanal fleets and areingrgrtant socio-economically.

The EDFAM project has 4 principal objectives:

e To review sampling and assessment programmes

e To collate and make available, in a variety of fate the results of monitoring and
research programmes in Europe

e By taking into account world wide developments atapod research, to recommend
new approaches to the sampling and assessmergsef tbsources

e To review and explore new structures and proce$sesthe management of
crustacean resources

The output from EDFAM will be in the form of:

o Research papers which present state of the arimatmn on the life history of each
species presented in the context of the issuesitbamportant for management

e Reports on current sampling and assessment pretocol

e A metadatabase, described here, which providesnaaniory of research and
monitoring activities in Europe and the relevanttadata arising from these
programmes

e A book on the biology and fisheries for commergiathportant crustacean species in
Europe

e The proceedings of a conference on ‘Life Historissessment and Management of
Crustacean Fisheries’ will be published in a speglime(s) of Fisheries Research.
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Workpackage 1 of EDFAM
The draft final report of Workpackage 1 of EDFANMntains 3 deliverables

1. The current monitoring and research activitiesGosstacean Fisheries in Europe
(Document : WP1 Part 1)

2. A newly developed metadatabase which holds metadkteant to the biology and
fisheries for crustaceans in Europe. This is hostethe www and available to the
public (Document : WP1 Part II)

3. A series of papers reviewing the biology and figdgefor each of the commercially
important decapod crustaceans in Europe (this dent)m
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The Biology and Fisheries for Decapod Crustaceans Europe

Part Il of WP1 of EDFAM presents a series of papewviewing the ‘Biology and Fisheries for
Crustaceans in Europe’. These papers are predasiad. A proposal to publish these as a
book was presented to Blackwell Science who senpthposal for external review. The
outcome of the reviews was positive and Blackwgibad to publish a book under the above
title. The reviewers comments are presented bebdtevied by drafts of the papers.

Review 1

1.-Is the book needed? Yes. The literature on Eapgrustacean fisheries is dispersed in many
sources, published in different languages, largely available or easily accessible to non-
European readers (and even to many European dbes).the information contained in ICES
documents (largely in English) is intricate for ABaropeans, and consequently rarely utilized
or cited outside very limited circles. Yet, biologl knowledge on European crustacean
resources, the regulation of the fisheries thay tgport, and the corresponding management
systems are of great general interest. Publicatidghe book would be timely, and welcome by
scientists, practitioners and the industry.

2- Markets? Overseas.

a.- Primary markets include specialized librari@aiine sciences, fisheries) both in academia in
management agencies, practitioners (mostly prafeals in management agencies and
consultants for the industry and other groups), aedple in academia involved with
invertebrate fisheries (faculty and graduate sttgjen

b.- Secondary markets include members of the imgutgelf, and undergraduate students
(mostly at the senior level).

c.- Student use? As one of several texts, at thersendergraduate and graduate levels (e.g. in
the School of Fisheries FISH 310/ Commercially aale invertebrates; FISH 406/ Crustacean
Fisheries, FISH 525/ Ecology of Fish and Shellfestigl graduate seminars on special topics.

d.- Reasonable price? This is difficult to judgeic®wide, the readership of this book should
be expected to be rather elastic. Libraries aretésted readers may be expected to spend more
than they do in more general books. One case lamniliér is the book on scallops that was
edited by Sandy Shumway. It is rather comparabieany ways to the one you are considering.
Half of the book is a country-by-country overvieWwsgallop resources, their biology, and their
fisheries. The book sold very well, and Sandy i paotting together a second (revised) edition.
3- Sales in 3yrs? Probably in the order of 200@hoalgh | have not experience at the
quantitative eyeballing of markets.

4- Author achieve purpose? The list of authors isomprehensive directory of mostly
everybody with something substantive to say abaubjiean crustacean fisheries. Considering
that they have been working together in an EC "eded action”, the editor & authors are most
likely to achieve their purpose.

5. Authors reputation? Same as above.

6. Coverage OK? Yes.

7. Modifications needed? | cannot think of any. Thok is conceived as a collection of
modules, all with the same basic structure. Thaictire, and the contents described, appear
appropriate.

8. Importance? | think that it will be a welcomedibn to the shellfish literature, making a vast
volume onf information available to a wide readgsh

9.Competing books? None that | know of. There amesProceedings volumes that contain
info on a few of the fisheries contemplated inloek, but these do not qualify as competitors

10. When out of date? Books of this type remaimaile for a long time. Sandy Shumway's

book on scallops (Scallops: Biology, Ecology anduAculture; Elsevier, 1991), or a book

edited by John Caddy (Marine Invertebrate Fishetlesr Assessment and Management, John
Wiley & Sons, NY, 1989) are widely used and stillprint 10 years after publication.
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11. Scholarship? Adequate. This is not strictlglaotarly text, as much of its content deals with
technical (management) subjects.

12. Accept for publication? Yes.

Review 2

Dr. Tully proposes to edit a reference work on tosan biology and fisheries of Europe. This
is a natural outgrowth of his work with EDFAM arfeéttconference he is organizing next fall.
My impression, gleaned from the material you sisrttyat the book is intended to be a
compendium of what is known about a wide varietgxjloited crustacean species found in
European seas. Some of the species are quiteblalcammercially and heavily fished, others
are not.

The proposed book serves the purpose of bringlogaf knowledge together, and presumably
identifying important gaps in the knowledge bakevould be a basic reference for fisheries
laboratories and universities in Europe. Howeitgruite local focus will limit its impact. |
suspect the majority of sales would come from matitnat border the eastern North Atlantic
and Mediterranean. Thus, | think the book wilMaduable, but limited in its potential because
of its limited scope.

1. Yes, the book will be useful to crustacean lgts in Europe.

2.1 can't judge the market in the UK; in the USgukpect the sales potential is limited to
libraries of coastal universities and fisheriess|and perhaps only a limited set of those. The
book is not intended for the student market. Igme a reasonable price for a book such as this
would be US$125.

3. | have a hard time judging how many this bookildell in 3 years. Perhaps 1000?

4. The book is pretty straightforward not harghtb together once the manuscripts have been
received from the chapter authors. That will keetthugh part. The goal of the book is to be a
reference work. | suspect it will be successfuhat.

5. Dr. Tully is well known and competent.

6. 1 do not believe the coverage of the book istaibuld be. As proposed, the book is to be a
series of chapters devoted to species specificrivdtion, with a couple of chapters at the end
which are supposed to be integrative but it is Hiardhe reviewer to see how. There does not
appear to be any conceptual link among specieamodominant theme other than they are all
caught in Europe. While useful, the book as predagems intellectually uninteresting.

7. To make it more interesting, perhaps gatherairspecies together (similar here might mean
ecologically, taxonomically, or in terms of fishingethods) in single larger chapters and make
deliberate comparisons. Or choose a few specieasgsstudies to focus on and provide more
depth. Certainly it would help to make comparist;msand draw lessons from, crustacean
fisheries in other parts of the world

8. Style and presentation are hard to judge sinaghapter sample was presented with the
proposal. The standard format to each chapteméhke each chapter accessible but dry.

9. | rate this book as being important to Europiéstreries scientists who work on crustaceans.
10. | see no competitors for a book of this nature.

12. The book will be out of date in 5 years, battinue to make a useful contribution for many
years.

13. It is hard to judge scholarship from this pregdo Scholarship will be in the hands of the
various authors.

14. Accept for publication? | think this is a tags. Again, | see the book as having a limited
market as a reference work.
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Biology and fisheries of the deep shrimp@risteus antennatus (Risso,
1816)

M. Demestre, A. Carbonell, K. Kapiris, F. Sarda, $hbrana, C. Silva
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Description and distribution

Physical appearance

Aristeus antennatuis a typical penaeid shrimp. The abdomen is lonigen the carapace and
the body is laterally compressed. The rostrumrigear with 3 dorsal teeth in the basal part. Its
colour is pale pink to light red-bluish in shadedult females are much larger than males and
have a much longer pointed rostrum (Zariquiey-Abzar1968; Holthuis, 1980). Different
external sexual characteristics are very evidemidints: females show the thelycum and males
the petasma. The first description of sexual dir@mp was by Heldt (1932, 1938) for two
Tunisian specimens. Adult males have a much sharsgrum than females. This dimorphism is
not evident in juveniles (Sarda and Demestre, 1989)

Taxonomic position and relationship to other species

The definitive and accepted systematic positionAofantennatusis the one presented by
Bowman and Abele in 1982.

The systematic position oA. antennatuss: Order: Decapoda Latreille, 1806; Sub-Order:
Dendrobranchiata Bate, 1888; Super-Family: PenaedRifinesque, 1815; Family: Aristeidae
Wood-Mason, 1891; Genugiristeus Duvernoy, 1840; Speciediristeus antennatugRisso,
1816).

Only two synonymies has been report€&naeus antennatuRisso, 1816:96 andristeus
antennatuBouvier, 1908: 71-75.

The genudristeusincludes 5 species. alcockiRamadan, 1938). varidensHolthuis, 1952A.
antillensis A. Milne Edwards & Bouvier, 1909and A. virilis (Bate, 1881), but onhA.
antennatusoccurs in the Mediterranean (Holthuis, 1980; DeitBs, 1985; Pérez Farfante,
1988). Nevertheless, de Freitas (1985) recordsspiesies along the east African coast and in
the Maldive Islands. Other species distributedhie Mediterranean within the same Super-
Family are Aristeomorpha foliaceaand Gennadas elegansoth in the Familia Aristeidae;
Parapenaeus longirostrisand Penaeus kerathurusn the Family PenaeidaeSolenocera
membranacedn the Family Solenoceridae ar@icyona carinatain the Family Sicyonidae.
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Only A. foliacea, P. longirostris, P. kerathurasdS. membranaceare commonly exploited.
Recently Penaeus japonicusas been introduced for aquaculture to the Meditean.

Distribution

Geographic distribution.

The general distribution oA. antennatusncludes the Mediterranean except the Adriatic Sea
and some zones of the Sinai Peninsula. It is alfsemt the Black Sea. It is also found in the
eastern Atlantic, from the North of Sines in thaittboPortuguese coast to Mauritania and the
Islands of Cape Verde (Holthuis, 1980, 1987) (Big.

Bathymetic distribution and densities

The red shrimp is a demersal resource that is cpexclusively by the bottom-trawling fleet.

It occurs from 200-3300 m depth. Sarda (2001) foumsl species at depths of 3.300 m in the
abyssal plain of the lonian Sea. The spatial thstion of A. antennatuss strongly related to
the substratum geomorphology and the largest catohthe shrimp are obtained in submarine
canyons of the continental shelf and upper slopgepths of 300-900 m (Arrobas & Ribeiro-
Cascalho, 1987; Relini & Orsi Relini, 1987; 19%arda & Demestre, 1987, 1989; Cartes &
Sarda, 1989; Matarresse et al., 1992, Demestr&, 1994a, Sarda and Cartes, 1993a,b, 19942,
1997; Arculeo et al., 1994, Campillo, 1994, dost8ai& Ribeiro-Cascalho, 1994; Ragonese &
Bianchini, 1994, Righini & Abella, 1994, Vacci dt,a994, Yahiaoui, 1984a, Martinez-Bafios,
1997; Abell6 et al., 1998; Carbonell et al., 1999a)

In Portugal this shrimp lives at depths of 350-890along the Southern coasts, from South of
Cabo da Roca to V. Real St° Anténio (Algarve). S@mpecimens were found also off South-

West Berlengas. The high abundance indices. @ntennatusat depths of 400-600 m, seem to

coincide with intrusions of Mediterranean wateminhe Atlantic Ocean (Ribeiro Cascalho,

1993). According to fishermen, this species is fyagaught between depths of 350-500 m
(Santana, 1990; Simdes, 1997).

On the Spanish Mediterranean coast maximum dessifid. antennatusre found between
350-900 m depth in the vicinity of submarine cargjoso the distribution is not continuous
along the coast (Cartes & Sarda, 1992; Demestidagtin, 1993; Martinez-Bafios, 1997;
Carbonell et at, 1999a). A. Antennatus is not prese areas where the continental shelf is
broad and where there are no submarine canyons.

Campillo et al., (1991) and Campillo (1994) repdrtbe highest densities @&. antennatus
between 450-750 m depth in the Gulf of Lyons, altftoit has occasionally been caught at
around 80 m depth. In the South of Marseilles $piscies was occasionally fished at a depth of
1200 m. According to this authdk, antennatusvas exploited regularly in this area until 1970.
Since 1959 both specigs. antennatusand A. foliaceawere fished in the same proportion
between 400-1000 m, and since 1984 the latter spéeis disappeared.

The abundance d@&. antennatusn Italian waters is somewhat erratic. Its higtedstindance is
observed in the lonian Sea, in the central andHgontTyrrhenian Sea and along south-western
coast of Sardinia (Ardizzone and Corsi, 1997}s totally absent from the northern and central
Adriatic Sea and rare in the southern Adriatic Séaccarellaet al, 1986).A. antennatuss
generally found on mesobathyal bottoms, deeper #hm. However, migrations towards
shallow waters (123 and 165 m depth) during théntnfgave been observed in the northern
lonian Sea (Matarreset al. 1995) on bottoms characterised by canyons. Irsémee area, but
along the Sicilian coast, some specimens were taagtess than 200 m during diurnal
experimental hauls (Pipitone and Andaloro, 1994ira@n steep slopes with caynons. In the
Easter lonia Sea (Western Greece) it is very alntratad caught mainly at depths of more than
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450 m, mainly 700-900 m. It is found sporadicafiythe Aegean Sea (Central, North and South
Aegean Sea) (Koukouras al, 1997, Kapiriet al, 2000; Papacontantinou & Kapiris, 2001).

Spatio-temporal distribution and seasonal changes.

In Portugal, both sexes occur between 450-730 rthd@e males and the larger females are
found in deeper layers than the smaller femaleghéti abundance of both sexes occurs in

spring.

Spatial segregation seems to be related to age enfieYadult) and maturity
(breeding/spawning). The occurrence of juvenileeelated to the dispersal of post-larvae by
submarine currents (dos Santos & Ribeiro Cascdl®®4; Carte®t al, 1993, Sarda & Cartes,
1997.). The distribution of juveniles is relatedbmttom topography. Data from surveys show
that smaller individuals occur generally in deep aarrow areas near the canyons (Cascalho,
1995).

Between 400-700m depth females outnumber malede viloim 1000-2200 m the population
seems almost exclusively male (Mura & Cau, 1989te8a& Sarda 1992; Martinez-Bafios,
1997). Demestre & Martin, (1993) and Sarda et 8718uggest spatio-temporal movements are
linked to geomorphological and hydrological struetubetween the slope and the margin of the
submarine canyons. Mature females tend to schoothenslope during spring and early
summer. A higher proportion of males and juveniées found in the margins of submarine
canyons during autumn and winter.

There is a clear seasonal relationship betweerndept size distribution dfristeus antennatus

in the lonian Sea. In Greek waters, there are reiffees in the seasonal depth distribution of
males and the females. From December to March staral caught in shallower water than
from April to November. This suggests a seasonglation between the two depth zones (500-
700 m and 700-900 m), that does not appear tordiffeong sexes. Both sexes occur at depths
of 450-730 m. Males and larger females occur iepée layers than smaller females. Highest
abundance of both sexes occurs in spring (Kapirial, 2000; Kapiris & Thessalou-Legaki,
2001, Papaconstantinou & Kapiris, 2001).

Habitat characteristics and dominating environmental factors

A. antennatusccurs mainly on muddy substrates (Ribeiro-Cés;al988.).

Ghidalia and Bourgeois (1961) reported that thénopnh temperature for this species is 12.8
°C. The temperature of the Mediterranean water nrasgbitated byA. antennatusvaries
between 11-12°C. Salinity ranges between 35.986(Font et al., 1988, Lopez Jurado & Diaz
del Rio, 1994). On the Algarve coast (South Pojugeater temperature between 200-300
meters is 12.4°C in winter and 13.9°C in summen&ho, 1983; Ribeiro-Cascalho, 1988). In
Algerian watersA. Antennatu®ccurs between temperatures of 12.8-14°C (Yahia®@®da). In
the rest of the Mediterranean it is found at aroL2@® °C.

Life history

Growth

Population structure

The carapace length frequency distribution#\néteus antennatuare different for males and

females. Females reached a larger size than nhalgeneral the sizes obtained in the different
areas and from different studies are within theeseange.
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In the Portuguese coast, Arrobas & Ribeiro-Cascdltf87) and Ribeiro-Cascalho (1988)
obtained a size composition of 19-39/40 mm for maknd 17-68 mm for females. In the
Algarve (Portuguese south coast), the size compositas between 16-44 mm for males and
18-68 mm for females (Pinho, 1990). In the sama,dbgas (1992) found a range of 20-40 mm
for males and 18-70 mm for females.

The same size distribution occurs on the Spanisistcén the Balearic Islands the exploited
sizes range between 15-61mm for females and 15-88 for males (Carbonell 1994a;
Carbonell & Alvarez, 1995, Carbonedt al, 1999b). On the Catalan coast and Pais Valencia
females and males vary between 15-66 mm and 17f8&espectively, although males from
Pais Valencia reach 42 mm (Sarda & Demestre, 1D8Mestre, 1990, 1994a, Demestre &
Martin, 1993). On the Murcia coast size of fematesed from 13-65 mm. In the case of males
the range was 14-38 mm. The sizes observed in tfiaanel were 15-59 mm for females and
15-37 for males (Martinez-Bafios, 1997, Garcia-Rpiiz & Esteban, 1999). On the Almeria
coast females range from 16-62 mm and males fror@8lihm (Martinez-Bafios et al., 1990,
Martinez-Bafios & Mas, 1994). Sarda & Cartes (19@3ptured 15 juveniles ranging in size
from 6.4-14.1 mm between 1190 and 1286 m depthgusminexperimental suprabenthic sledge.

In French waters of the Gulf of Lyons, females exthdpetween 23-63 mm and males had a
maximum carapace length of 36 mm (Campillo, 1994).

In Italina waters carapace length of males rafiges 40-57 mm and females from 66-71 mm.
In the Ligurian Sea males range from 20-40 mm amabfes 23-71 mm (Relini Orsi & Relini,
1979; Orsi Relini, 1980, Orsi Relini and Relini,989. In the Tyrrhenian Sea from North to
South, females are between 24-57 mm (Righini & khel994), 62 mm (Grecet al, 1994),
and 12-62 mm (Spedicato et al., 1995). In Sichg $izes were 10-30 mm for males and 15-52
mm CL for females. Smallest males (16 mm) were doimunexploited grounds in east Sicily
(Pipitone and Andaloro, 1994),16-66 mm for fematethe North Western of Sicily (Arculest

al., 1992), and 43 mm for males and 20-66 mm CLéandles in Sicilian Channel (Ragonese
al., 1994; Ragonese and Bianchini, 1996). The Sandi@hannel showed a range between 11 -
32 for males and 11-61 for females (Mura & Cau,998ura & Cau, 1994). In the lonian Sea
the ranges were 18-41 mm and 20-65 mm for maledeandles respectively (D’Onghét al,
1994).

According to Kapiris & Thessalou-Legaki (2001) metsouth lonian Sea female size ranges
from 14-59 mm. Male size ranges from 11-36 mm. Miofermation from the lonian Sea
Papaconstantinou & Kapiris, (2001) found femaled 262 mm and males of 9-45 mm in the
lonian Sea.

In Algeria females ranged from 13-63 mm CL and tiles from 13-48 mm CL (Yahiaoui,
1994b). The same study showed an important decafasean size over a 10 year period. In
1979-80 mean size was 37.38 mm for females andBZ6r7males. In 1987-1988 mean sizes
were 31.07 mm for females and 23.4 mm for males.

Relative growth
Both males and females showed a significant negatilometry between carapace length and
weight p < 3). Carvalho (1983) however found b > 3 for beghes.

The values of both parametdranda of the size-weight relationship showed similargesiin a
very long series of studies carried out in Med#eean waters and Atlantic Portuguese coasts
(Table 1): Arrobas & Ribeiro Cascalho, 1984; Demesi990; Campillo, 1994; Carbonell,
1994a; Martinez-Bafios et al., 1990; Righini and|label994; Petrakis and Papaconstantinou,
1998; Petrakis, 1998).
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The relative growth of the rostrum has also beadistl in relation to sexual maturity and size
(Bas, 1966; Burukovsky, 1969; Burukovsky and RorgedR72; Arrobas & Ribeiro Cascalho,
1987;, , Mura & Cau, 1989, D’Onghia and Maioran®98@). Shortening of the rostrum has been
found in males and is mainly related to seasonmaaiiration and occurs in its first year of life.
Immature males have a relatively longer rostrumlevimature adults have an extremely short
rostrum. The shortening of the rostrum occurs galieuptly between February and April of
their first year of life. In contrast females retai relatively longer rostrum over their entire lif
(Sarda & Demestre, 1989, Kapiris & Thessalou-Leg2B01).

In other studies the relative growth of differenbrphometric characters (standard length,
length and height of cephalotorax and 6 somitesg lieeen examined (Balesta et al., 1975). In
others, growth as reflected by measurements oérdifit body parts (abdomen, scaphocerite,
uropods, and segments on the third and four pevdg)pwas related to carapace length (Sarda
et al 1995). Morphometric variability has been obsergeer a long period of 30 years (Bas &
Sarda, 1998). When comparidgisteuspopulations from different Mediterranean regions a
the Atlantic, no enzymatic differences have beeseoled between the same populations (Sarda
et al, 1998).

Table 1. Parameters (a and b) of power functiorscdbing the size weight relationship
in A. antennatus by region.

Region
Sex Portugal Spain Italy Greece
Male |Algarve Areas a/b Areas a/b SE lonian
0.0226/2.5 | Catalan | 0.004/2.32] West Liguifian 0.00350.0106/2.31]
0.0023/2.4 |Valencie [0.005/2.2! |East Liguria 0.00¢
Balearic: (0.003/2.3° |S Tyrrhenia 0.002¢
Ibiza 0.0032/2.4
G.Vere ]0.0053/2.2
Murcia  |0.00212.!
Femalt |0.00232/2.4 |Catalar |0.00264/2.4 |West Ligurial |0.0035/..3€ |0.011/2.4!
0.00228/2.49| Valencia)] 0.00354/2.@F%ast Ligurian| 0.003/2.45
Balearic: [0.0025/2.4 |S Tyrrheniai (0.0024/2.4
Ibiza 0.0024/2.4
G.Vere (0.0028/2.4
Murcia  |0.00172.5

Annual cycle of growth.

A number of studies have estimated the Von Berlagrowth parameters i\. antennatus
(Table 2).

In Portuguese waters, according to Ribeiro-CascgélB88), shrimp can can live for at least 4
years. Cadimat al (1995) assume a longevity of five years. Studiasied out by Pinho
(1990) and dos Santos & Cascalho (1994) showesktme result.

Similar values were obtained in different areasSpain as the Balearic Islands, the Catalan
coast, the Ibiza Channel, Valencia and Murcia @oashcerning studies of growth parameter
and estimations of the longevity. In these aredh bwle and females longevity has been also
estimated. An important amount of values has begmated in different years in each area.

12
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The length frequency distribution is multi-modalr footh females and males but female
distributions always have a higher number of matia¢ses than males. Consequently the life
span of females (5-6 yrs) may be longer than mé3e4 yrs) (Sarda & Demestre, 1987;
Demestre, 1993; Demestre & Martin, 1993; Carbo8®4a; Martinez-Bafios & Mas, 1994). A
comparative study using several pseudocohorts acmhgplete cohort was carried out in the
Catalan coast from 1984 to 1991 to estimate thgewity of the population. The results
demonstrated that pseudocohorts analysis has e eaidity to cohort analysis (Demestre &

Lleonart, 1993).

A similar comparative analysisswan within the population of Murcia
waters and the same conclusion was reached (Mafaéos, 1997) (Table 3).

Table 2. Parameters of the vonBertalanffy growthagipn for A. antennatus by region. Each set of
values is from a single dataset and estimation.

Region
Sex Algeria | Portugal Spain Italy Greece
Lin/k/t, | Algarve Areas L/k/to Areas il Klto
Male 35/0.4  43/0.34-|Catalar | 54/0.25-0.E|W Liguriar [3S-46/0.2:-0.52-|SE loniat
0.84 0.019-(-0.12
45/0.26-|Valencie | 54/0.25-0.E|C Tyrrhenial 67/54/0.43-0.4¢€
1.14
Balearic: | 44/0.4/0.7|S Tyrrhenia 67/58/0.43-0.4¢€
Ibiza 55/0.38-|Sardini:
0.43
Ibiza 48/0.23-|N Siciliar
1.04
G.Vere [55/0.36/0.3|Sicilian Ch
Murcia 52/0.27-|W loniar 55/0.99-0.1¢
0.91
Femal¢| 65/0.34]  74/0.35-|Catalai | 76/0.3-0.07
0.003
75/0.36-0.3|Valencie | 76/0.3-0.07|W Liguriar 63-77/1.71/0.4|66/0.39-0.3¢
67/0.35-|Balaeric: |74/0.38/0.1!{C Tyrrhenial 67/0.4¢ 66/0.39/0.3
0.3§ 7
76/0.34-0.€|Ibiza 73/0.36-|S Tyrrhenia 67/0.56-0.24
0.41
73 74/0.26-|Sardinit 77/0.34/0.3
0.66
G. Vere | 75/0.4-0.2%|N Siciliar 87/0.2¢
Murcia | 75/0.38/0.0|N Siciliar 69/0.3¢
Sicilian Ch. 72/0.4b
Sicilian Ch 69/0.5:
Sicilian Ch 61-72/0.7¢
W loniar 66/0.93-0.0¢
W loniar 77/0.35-0.3¢€

In the Gulf of Lyons females have 5 modal composeeaching a length of 30.74 mm in year 1
and 59.55 mm in year 5 (Campillo, 1994).

Some differences have been obtained in studiesedaout along different areas of Italy.
Nevertheless, in general, the results suggestedetigth frequency distributions of females
generally have several modal components while tlidsemales usually have only one (Orsi
Relini and Pestarino, 1981; Orsi Relini & Relin@8ba, b; Matarreset al, 1992; Turskt al,

13
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1993; Vacchiet al, 1994; Spedicatet al, 1995; Orsi Relini and Relini, 1996, 1998; Ragmne
and Bianchini, 1996; D’Onghiet al, 1997). In the Ligurian Sea results obtaineddilp¥ing a
group of recruits over a period of three yearsdatdid a life span of 6-10 yrs with a growth rate
of about 5 mm per year (Orsi Relini and Relini, 898998). Ragonese and Bianchini (1992),
also found slower growth of females in the Sidli@hannel. In the southern Tyrrhenian Sea
Spedicatoet al (1995) estimated growth parameters similar to €aal (1994) in Sardinian
waters, and Arculeet al (1992, 1994) along the north-western coast afySic

Table 3. Longevity of A. antennatus by region

Region
Sex Portugal | Spain Italy Greece
Algarve |Areas Yrs |Areas Yrs
Male 2.0-5.(Catalan BV Ligurian 2.25(SE lonian
Valencie 4|C Tyrrheniau 5
Balearic: 4(S Tyrrhenia
Ibiza 3|Sardinie
G.Vere 4|N Sicilian
Murcia 4{W loniar
Femal 2.C-5.C|Catalal 4
Valencie 5|W Liguriar 4 5
Balaeric: 5|C Tyrrhenial
Ibiza 4(S Tyrrhenia
G. Ver: 5|Sardinie
Murcia 5

Natural mortality has been estimated by a numbesiuhors and estimates range from 0.4-0.8 in
males and 0.4-0.55 in females (Table 4).

Table 4. Estimates of natural mortality of A. ametus by region

Region
Sex Portugal | Spain Italy Greece
Algarve |Area:s M (yrs) |W Liguriar M (yrs?) |SE loniai
Male 0.76Catalan 0.8C Tyrrhenian 0.62
0.64|Valencie 0.E[S Tyrrhenia
0.9¢|Balearic: 0.§|Sardinie
0.6%|Ibiza 0.4]|N Sicilian
0.73|Ibiza 0.5€|Sicilian Ch
0.€|G.Vere 0.47|W loniar
Murcia 0.44
Femal 0.7|Catalal 0.E|W Liguriar 0.2-0.t 0.5¢
0.5¢|Valencie 0.E[C Tyrrheniai 0.45-0.72
1.3|Balaeric: 0.5|S Tyrrhenia 0.5€-0.6¢
0.5¢|Ibiza 0.4|Sardinié 0.5¢
1.251Ibiza 0.54Sicilian 0.5-0.8
0.€|G. Vere 0.47
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0.68(Murcia 0.5

0.4z

Studies of growth have also been carried out ineAdgby Yahiaoui (1994b). These data
indicate a life span for females of 4 —5 years 2uddfor males.

In summary females grow fast during the first tveass of life, reaching around 25-30 mm and
40-45 mm at the end of the first and second yespeetively. Males reache18-23 mm and 24-
30 mm respectively. Some differences occur in tmain Sea, where faster growth and shorter
life span (2 years) was observed in females (Mesagt al, 1992; D’'Onghiaet al,, 1998). At
the end of the first and second year of life, feemateached 40-45 mm and 55-58 mm
respectively, while the males reached 30-33 mrheaend of the first year.

Reproduction

Reproduction and moult cycles

Increment at moult and moulting frequency have begn used widely to assess growtrAin
antennatus Carvalho (1983) suggested that moult frequencyedesed with age; being twice
per month in juveniles and once or twice per yaaadults. Some data on the moult cycle are
available for both sexes in the Catalan coast ,(B885, Sarda & Demestre, 1985, 1987) based
on microscopic observations of setae of the pleppbbese show an intermoult period of about
46 days and that moult frequency decreases with siz

Reproduction, growth, and moulting as interrelgieatesses have been analysed on the Catalan
coast (Demestre, 1995.). This shows that the noyale is related to reproductive strategy to
ensure the mating and spawning occurs successMibult activity of both sexes occurs
throughout the year but increased in females (6@36ing the reproductive period. In February
and December, which are months without spawninigipgtthe percentage of moulting is also
high 55-58 % and it is a period during which thexées grow.

In the Ligurian Sea, between June and Novembel i & Relini, 1985%) only 2% of the
population are newly moulted. Eighty two % had $pevaries and 15 % were in a state of
advanced maturity. Moulting, therefore, is assedawith the spawning rate, the inter-moult
period generally being as long as the cycle of yvaaturation. One year old females (32-47
mm) are thought to ovulate and moult up to a marimaf three times in their reproductive
season. Two year old females moult only once orcéwiTwo of the most important
environmental parameters influencing reproductio agrowth are light and temperature
(Pipitone & Andaloro 1994).

Reproductive cycles

The same pattern of reproductive activity is obedrthroughout the Mediterranean (Massuti,
1961, Bas, 1966; Relini Orsi & Relini, 1979, Or$kelini,1980, 1982; Mura et al., 1987, 1992;
Sarda & Demestre, 1987; Mura and Cau, 1989; Demebs®90; Martinez-Bafios et al., 1990;
Carbonell, 1994a; Orsi Relini & Relini, 1994, 98rcAleoet al, 1995, Follesat al, 1998; ),
and Atlantic Portuguese coast (Ribeiro CascalhcA@obas, 1982, Arrobas & Ribeiro
Cascalho, 1982, 1984, 1987).

Oogenesis in the Ligurian Sea was studied by Réisi & Pestarino (1981), Relini Orsi &
Relini (1979) and Orsi Relini and Semeria (1983hey identified from macroscopic
observation four stages of maturation and theati@hship with external colour of the ovary
(white, pink, lilac and purple). Differences wiftristeomorpha foliacedave been identified.
Demestre (1990) and Demestre and Fortufio (1992)ifidel two more stages (proliferation
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phase and oosorption phase) of ovary maturatioalving cytological changes. A key to the
macroscopically identifiable sexual stages of gowgdelopment was presented based on
gametogenesis and development of sexual chardierisStructure of the sperm and
spermatophore formation have been studied (Demefstie, 1993, 1997; Medina, 1995).

A distinct female reproductive cycle has been fowhérever studies have been carried. Mature
females appear in spring and summer with a marked petween June/July and August. The
functional activity of the ovary is evident for abst 6 months of the year from April to
November. On the other hand, males have a moreaptetl seasonal reproductive cycle.
Mature males are found throughout the year. Highestls of reproductive activity is found
from March — August when practically 100% of feewmlhold spermatophores. As in other
penaeids there is no egg-bearing period. The ceccerof copula is indicated by the presence
of the spermatophore in the female thelycum.

The highest frequency of occurrence of spermatagshiorthe thelycum of females (80-100%)
occurs between May and September. Terminal amanotigoined petasma are more common in
males between March — August. Large females maliercghan small females. Nevertheless, in
the majority of Ofemales also reach sexual maturity (Orsi Relini @ @&si, 1982, 1987; Ribeiro
Cascalho; 1988, Arculest al, 1992,1994; Demestre & Fortuio, 1992; Gretal, 1994;
Demestre, 1995; Martinez- Bafos, 1997 Carbonell. £1999a,b; Kapiris et al., 2000, Kapiris

& Thessalou-Legaki, 2001, Papaconstantinou & Kapg001).

Although the reproductive period on the Portugusssest occurs between April and August,
females with spermatophores are found througheuydtar. These are, in general, large
individuals, with low moult frequency, consequerghgserving the spermatophore in the
thelycum for longer periods of time (Arrobas antbé€tio-Cascalho, 1984, 1987). Also in the
lonian Sea (Matarres# al, 1992; D'Onghiaet al, 1997) females mate throughout thee year
with maximum activity in summer and autumn.

In many areas along the ltalian waters, in thedorsea the pattern of recruitment is discrete
occurring from May onwards. Individuals of 18 mnemgting in May attain a size of about 24
mm by August-September. This recruitment patteiin sgreement with the higher abundance
of juveniles in June in this area (Matarreseal, 1992; Vacchet al, 1994) and during August
in the Ligurian Sea (Orsi Relini and Relini, 1988).

Cartes and Sarda (1993) and Sarda and Cartes (8@}l a high proportion of immature (<
15 mm) shrimp mainly in winter during experimensakveys between 1000-1300 m depth on
the lower continental slope along the Catalan c@&tsdies on juveniles have been also carried
out in the lonian Sea (D’'Onghias et al., 1997)thie Spanish Mediterranean coast and southern
Portuguese coast the recruitment occurs at 15-19 Timase shrimp are captured by trawls
mainly in winter and autumn.

Sex-ratio and distribution

In Portuguese waters the commercial the catch enfighery is mainly female. In fact, the

annual mean sex ratio obtained by Dias (1992)eénAigarve coast was of 8:1. However, males
have been more common in surveys in the Faro ardepshs of 720-750 m (Bartolomeu Dias
plateau).

According to Dias (1992), the percentage of femaldsgher in September and lower in
November. On the other hand, Pinho (1990) founijlaeh percentage of females during June-
July and a lower percentage in November.
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Females constitute the 70-80% of the catch on Hial@n coast (Bas, 1966; Sarda & Demestre,
1987; Demestre, 1993, Demestre & Martin, 1993). dik&ibution showed marked seasonality
with movements along the submarine canyons. Hightmshdance occurs in spring and summer
at 800-900 m depth and at the end of autumn antewat 400 m depth (Bas, 1966, Sarda &
Demestre, 1987; Demestre & Martin, 1993). Experialestudies carried out along the Catalan
coast at 900-2200 m depth showed a decrease iwgizencreasing depth. Also, significant
differences were observed in the sex-ratio withrdased depth. Variations in the depth-size
relationship therefore are not attributable to ¢fenin sex-ratio values with depth (Sarda &
Cartes, 1993a). The results also showed that dhslégss than 1000m a marked discontinuity
in abundance and sex-ratio appears. Below thishdepe sex-ratio approached 1:1 and
abundance was lower.

The sex-ratio in Murcia from 1987 to 1992 shiftedfavour of females ranging from 66-85%.
Similar percentages appear in Almeria (64%) andalliChannel (63-72%: Martinez-Bafios,
1997).

In the Balearic Islands the sex-ratio showed argbeadominance of females (7:1) for most
months, except in March when the sex ratio was stirhrd (Carbonell et al., 1999b).

In the Ligurian Sea (Orsi Relini, 1982; Orsi Relemd Relini, 1985) males were found to
constitute less than 10 % of the population attgepf 550-700 m. In the central (Colloggal,
1998) and Southern (Greet al., 1994) Tyrrhenian Sea, in the lonian Sea (Mataretsal,
1992; 1994; D'Onghiat al, 1994) and along the southern coasts of Sar@viiaa and Cau,
1989), females represented 80-95 % of the totahc#m the Sicilian Channel the sex ratio was
6.25:1 in favour of females (Ragonexteal, 1994).

In Greek waters as in other areas female shrimprare abundant than males. Samples from
January, February and March recorded the highestdaimce of males (20-27 % of total catch).
The minimum presence of males has been observelina, July and September (1-9 %)
(Papaconstantinou & Kapiris, 2001, Kapiris et 2000).

Size at first maturity

In all study areas shrimp generally mature in ttiegt year of life. Nevertheless, along the
Portuguese coast, according to Ribeiro-Cascalh88)1the males mature at 1.5 years at a size
of 24 mm. Females mature at 1 year and at 29 mm.

The size at first maturity on the Catalan coastdsmm in females and 21 mm in males. The
proportion of immature individuals in catches isainthroughout the year, in general not
exceeding 20 % (Sarda & Demestre, 1987; Demes#@0); 1Demestre & Martin, 1993). Males

mature at 20-22 mm and females at 24-27 mm in My (Male) and 24 mm (female) in the
Ibiza Channel and 20 (Male) and 26 mm (female)h@ Balearic Islands (Martinez-Bafios,

1997, Carbonell 1994a).

In the Ligurian Sea the smallest size of maturealesawas 27 mm (Orsi Relini and Relini,
1979). In the central Tyrrhenian Sea females reachaturity around 27 mm. In the southern
Tyrrhenian Sea first maturity of females occurs3&tmm, (Spedicat@t al, 1995). In the
Sardinian Seas the size of first maturity of fermaienges from 23 to 25 mm (Follestal,
1998). Along the north-western coast of Sicily thanimum size of mature females does not
exceed 27 mm (Arculeo et al.,, 1994). In the lonsen D’Onghiaet al (1998) found a
latitudinal gradient in first maturity of female46-48 mm, 42-44 mm and 38-40 mm in the
northern, central and southern area respectivehe @uthors related these differences to
different geomorphological, trophic and fishingaffconditions in the three sub-areas.
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Fecundity

Fecundity was studied in the Ligurian Sea fecunbityOrsi Relini and Semeria (1983) and in

the Catalan Sea by Demestre (1990, 1995). As ndegdng period occurs in this shrimp and

fecundity has only been evaluated by oocyte coimimature ovaries. In advanced maturity

(ovary is violet) club-shaped bodies are situatethe peripheral cytoplasm and mature eggs
(dark violet) show an ovoid profile and are foundinty between June-October. In the Ligurian

Sea oocyte number ranged between 140,000 and0@0@ach ovulation, and in the Catalan

Sea between 50,000 and 650,000 per ovulation

Feeding

The analysis of stomach contents from the Portwguwesst, presented by Ribeiro-Cascalho

(1988) show that this species is a nocturnal pcedhtit moves to shallower areas during the

night and also to the upper layers of the watemrool. Fish, crustaceans (amphipods, decapods,
ostracods and decapod eggs), polychaetes, molfasagjinifera and sponges seemed to be the
preferred preys.

The diet of this shrimp has been widely studiethi Catalan Sea between 500-2300 m depth
(Cartes, 1994). Diet is composed of a wide varigtgpnacrobenthic/macroplanktonic prey, and
the trophic diversity of this species are amongtighest of bottom-dwelling predators (5.2-
5.3, Shannon index)A. antennatusconsume mainly infauna (e.g. the macru@alocaris
macandreag polychaetes, and bivalves), epifauna (ophiurgidsjprabenthos (amphipods,
isopods, and cumaceans), and even some macroplafgdaphausiids, siphonophores). Depth,
seasonality, and local topographic features (eupm&rine canyons) influence the diet.
Therefore, there is an increasing consumption @nfiniferans (meiofauna) and detritus below
1200 m, and an increasing importance of euphausiittee autumn diet. There is less seasonal
variation in diet below 1200 m. Size-related trerdso occur in the diet consisting in a
preferent consumtion of suprabenthic peracaridsrbgll juveniles (CL < 18 mm). Differences
were found in the diet composition of the varioize £lasses, which exploit different resources
levels, though overlap was high. Larger individuatsarch deeper in the substratum when
feeding while the activity of smaller males and &es is confined to the surface layer (Cartes,
1991; Cartes and Sarda, 1989, Maynou & Cartes, )1®i@tary habits ofA. antennatusare
similar in other areas (off Morocco: Lagardére, 2;98W Balearic Island: Cartes, unp. data).
Low dietary overlap has been reported between igts df A. antennatusind that of the giant
red shrimp Aristaeomorpha foliacda(Cartes, 1995). The trophic level &. antennatus
(between 10.91-11.27%o0 determined 33N stable isotopic composition) are in the range of
other top-benthic predators such as Macrourid {&tiunin et al., 2001). Cartes and Maynou
(1998) pointed out that the shrinpas a key role in the bathyal food webs whichliaisits and
has a relatively high food consumption (daily rati0.223 %DW/WW).

Very similar results have also been obtained frdma t Ligurian Sea. Twenty-two prey
categories, a benthonic feeding habit and euryplsbehaviour were shown by Orsi Relini and
Wourtz (1977). Sediment (mud) and Foraminifera (66/Mére frequently present in the stomach
contents. The most important component of the di@$ decapod, euphausids, peracaridean
crustaceans, bivalves and gasteropods of smalbksidephiuroids. The authors pointed out the
high competition betweeA. antennatusindGeryon longipesin the Sardinian Channel dietary
studies have been also carried out (Mefral, 1993).

Larval Ecology
Ribeiro-Cascalho (1988) suggested that eggs amddatevelop in the plankton and are brought

into surface waters by currents. The larvae takgragimately two months to develop and
recruit to the seabed where they join the demadhalt stock (Arrobast al, 1982).
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From plankton samples collected in Portuguese wditem October 1986 to March 1994, only
one specimen oA. antennatusvas found. This larva was a Protozoea Il, captimedugust
1993 at a depth of 500 m deep off southern Port(dged Santos, 1998, Santos dos & Lindley,
2001).

The knowledge on larval stages of deep-water stwingpscant. Heldt (1955) described
Protozoeae |, Il and lll, and Mysis | 8f antennatusfrom plankton and rearing material. The
duration of each larval stage has not been edtelis

The fishery

History of fishing

Brian (1931) and Heldt (1932, 1938) first descriktbé distribution and abundance of A.

antennatus in the Ligurian Sea and in Tunisian isafdevertheless it was not until the middle
1950’s when its importance as an exploited resowa® realised (Arté, 1952, Bas et al., 1955,
Bas, 1960, Massuti, 1961, Maurin, 1965, Relini-@r&elini, 1972, Massuti & Daroca, 1978).

It is one of the latest fisheries to be developethé Mediterranean.

With the increasing economic importance of redrsprfisheries, different studies related to its
biology and fisheries began to be developed (R&irdi & Relini, 1979, Relini Orsi, 1980,
Ribeiro Cascalho & Arrobas, 1982, Arrobas & Ribeascalho, 1987, Sarda & Demestre,
1987, Cartes and Sarda, 1989). From that pointhenresearch focused on studying the trends
in exploitation rate in the Mediterranean and thtamtic, in order to achieve sustainable
management.

The crustacean fishery started in the Portugueast @ the 50’s with a combined fleet of both
Spanish and Portuguese fishing vessels. The majfrihe catches were taken by the Spanish
component. In the 60’s, this fleet started opecptih greater distances from the coast and in
deeper banks (Ribeiro-Cascalho, 1988; Santana,).19Bére are very few catch statistics from
this first period. In 1977, the number of Portuguesssels entering in the fishery started to
increase and in 1983, after the end of the Porsey@pain fisheries agreement, only the
Portuguese fleet was allowed to fish for crustaseanPortuguese waters (Carameloal,
1996).

Commercial capture of. antennatusn the Mediterranean Spanish coasts have beeiedar
out since the 1940’s. Arté (1952) first describemhe characteristics of this fishery at 300 m
depth in the Catalan coast, and Massuti (1959)tegon the economic value of this species in
the Balearic Islands.

In the Ligurian Sea, Brian (1931) reportdd antennatuss an important commercial species,
similar in importance téristaeomorpha foliacean this study the author mentioned that the
exploitation of A. antennatushad already started in Algeria earlier, accordiagBbutan et
Argilas (1927).

No systematic fishery exists for this species irgBrwaters. Some specimens were sporadically
found in several Greek areas of the Aegean Sag ladinndant in the lonian Sea (as research
projects showed). It is only exploited occasionalBiving the high prices fetched by this
species, it is expected that a targeted deep-viskery will be developed soon.

Between the 1960’s and 1980’s there was an impontamber of studies describing all aspects

of the fisheries biology of. antennatu¢Bas, 1960, 1965, 1967, Maurin, 1962, Massuti 3197
1975, Relini Orsi, 1973, Relini Orsi et al., 197%nini Sertorio et al., 1974, Ribeiro Calcalho

19



EDFAM WP1: The biology and fisheries of crustaceans

& Arrobas, 1982, Carvalho, 1983; Orsi Relini & R&li1985a,b, Yahiaowgt al, 1986, 1994 b,
Arrobas & Ribeiro Cascalho, 1984, 1987, Martinefi®a& Mas, 1987, Sarda, 1986, Sarda &
Demestre, 1987, Tobar & Sarda, 1987). An importamhber of them were discussed during
the Il Colloquium Crustacea Decapoda Mediterramedd in 1985 in Barcelona (Sarda, 1987).

In the last decade a great number of studies fogusn estimating the exploitation rate &f
antennatushave been produced. Different management opticossidering biological and
fishing aspects, has been developed (Orsi RelirRedini, 1998, Cascalho 1988, Demestre,
1990, Vieira, 1991; Demestre, 1993; Demestre & Martl993; Matarrese et al., 1992,
Bianchini and Ragonese, 1994, Vaetial, 1994, Carbonell & Alvarez, 1995, Spedicatal,
1995, Ragonese & Bianchini, 1996; Simdes, 1997 Mg at al., 1997, 1998, Carbonell et al.,
1999a,b)

Characteristics of the fishery

A. antennatuss one of the most important exploited resourgestter trawl gear and is caught
exclusively with this gear on the muddy bottom <tfé called "shrimp-trawl" in Portugal,
“huelvano” in Spain, “tartana” in Italy). It is 8tdifficult to describe the exact gear dimensions
because itis partly a professional secret, oaljh some general characteristics are known.
Gear length varies between 65 and 110 m, vertipahing is 1.5-2 m and horizontal opening
about 20-30 m. Door weights vary between 400 afi) 149. There is a strong link between the
gear characteristics and the horsepower of thesbalihough construction materials have to be
taken into account. Gear design and constructifmeince the effective fishing effort.

In Portugal the cod end mesh size is 55 mm anldeivtediterranean 40 mm.

A. antennatuss the main deep demersal target species off theit®tranean and Atlantic
coasts. It is fished mainly between 400-900 m degtidl the fishing grounds are located in or
close to submarine canyons. The fleet also ope&ddag the southwest and southern coasts of
Portugal (Alentejo and Algarve) fishing at depthd@0-700 m (Fig. 1).

The fishery forA. antennatusn the Mediterranean is different in characterotber bottom
trawling fisheries to such an extent that it candoasidered as monospecific fishery. The
shrimp is the target species of this deep fishang constitutes the major part of the catch,
where the abundance of the co-occurring comme(bigicatch) species is very low, mainly
represented by large individuals of hake, congagleafish and European flying squid.

Off southern PortugaA. antennatuss caught in a multispecies crustacean trawl fishleat is
responsible for 95% of the crustacean catches itu§a. The other main crustacean species
caught in this fishery ar®arapenaeus longirostrisNephrops norvegicysand Plesionika
heterocarpusOther species such dicromesistius poutassp@cyliorhinus caniculaEledone
cirrosa, lllex coindetj andOctopusspp are also captured.

Fishing is mainly done in daily hours because addcire smaller at night and in fact current
legislation prohibits fishing at night (Relini & €irRelini; 1987, Tobar & Sarda, 1992; Lleonart,
1990; Bianchini, 1999). Other studies have showvat the shrimp undertake horizontal and
vertical migrations at night (Cartes & Sarda, 199&rda et al., 1997).

Profile of the fleet

The fleet devoted to the exploitation Af antennatusomprises the largest demersal trawlers,
except in Portugal where they are smaller tharddmaersal trawlers targeting finfish. Some of
them were former sardine purse seiners convertedrimwlers. The vessels have egine power
of 400-500 hp, and are etween 50-80 grt. Furthezmdine vessels are equipped with
navigational equipment such as GPS, radar, caonar and plotters. Newer vessels are steel
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hulled or even PVC. Very few of these are freerwlers. This change from wood to steel is
less evident in the Greek fleet where very few etssare devoted to this fishery (Table 2).

The vessel construction and technology has hathpoove in order to access the deep waters
inhabited byA. antennatusin general, each haul lasts 4-6 hours and irsaséere a daily limit

on fishing time exists (12 hours approx.) vessedsoaly able to carry out one haul per day. The
trawling speed varies between 2.5 and 3 knots.ree& trawlers fish for 15-20 hours/day. In

some parts of Italy the vessels perform trips & days (North Tyrrhenian Sea) or even up to
2-3 weeks off the Sicilian coast.

Table 5. Profile of the fleet targeting A. antenrsaby region.

ITALY GREECE PORTUGAL |SPAIN
Only 4 trawlers Baleares 4’
Number of vessels Western Italy |working 35° Catalufia 112
294 occasionally in Canal Ibiza 36
lonian Sea 75 |the lonian Sea Murcia+Almeria 19,1
Average GRT 8-44 small 63,24 97 50-90"%°
Up to 90:
biggef
Average lenth of 23,6 24 16-30"%°
vessel
Average number 4 Jtrawler 10 /vess@l  |5-8 jvessel &
of crew
Gear use Otter traw® Otter bottor | Otter botton | Otter Bottom traw” ®*
Italian low- trawl trawl®
opening trawl
(tartana)
Targeted or k- Targete?® Targeter Targete® Targetec” ®*
catch
Dependency 0 10-20%° 10%°
this species 11-209%°
30-60%"

Di Natale et al. , 1994 (Western ltalian BasifS)atarresse et al., 1994 (lonian SEEPFAM/?
Righini & Abella, 1994 EDFAM from Greec EDFAM from Portugal,Carbonell & Alvarez, 1995,
Martinez-Barfios, 1997 Demestre, 1994° Carbonell et. al., 1999

Impact of fishing gear. Discards

There is no discarding ofA. antennatus Discarding of non-commercial species (i.e.
Mictophyidae, Macrouridae, Etmopterus spinax E. pusillus Galeus melastomus
Micromesistius poutasspuChimaera monstrosa Scyliorhinus canicula, Crangonidae,
Sergestidae) averages 27% of the total catch bghwéiut this value varies seasonally and by
area (Vieira 1991, Aradjo 1997, Carboretllal, 1998).A. antennatusnhabits the mesobathyal
area, characteristized by thedella elongatacommunity. The abundance bf elongatais
reduced by trawling and local extinctions have ol

Economic importance

In all areas, landings &. antennatusepresents in biomass around 2-5% of the ovea#thes.
But their economic value is relatively higher at3@sb. A. antennatusnay constitute up to
50% of the value of the demersal catch. (Deme%8@3, Ribeiro Cascalho & dos Santos, 1994,
Carbonellet al, 1999a). Portugal one kg Af antennatuss on average 7 times more valuable
than the average value of all other species cordiiRébeiro Cascalho & dos Santos, 1994). In
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Algeria this species accounts for 3-4 % of biomasd 10% of the value of the catch by
trawlers.

Selectivity

A study on the selectivity of the otter trawl waarreed out by Colloca et al. (1998) in the
central Tyrrhenian Sea. Length of first capturegeghbetween 24-31.6 mm length in 16-18 mm
mesh and 31.5-38.6 mm for mesh of 20-22mm. In dughern Tyrrhenian Sea the size and age
at first capture for a 32 mm stretched mesh was63@nd 0.9778 respectively (Spedicato et al.,
1995). Ragonese et al. (1994) in the Sicily chamealised some studies of selectivity and
suggested a mesh size up to 28 mm side to redegevianiles in the caches.

Monitoring of the fishery

Landings and effort

Table 6 shows the landings Af antennatusn Portugal, Spain and lItaly during a period of
more than 20 yrs.

Data from ltaly suggests that high effort levels ggquired to maintain catches.

In Portugal the catches are mostly landed in thgaAde region. Until the beginning of the 80’s

all landings in the Algarve were into the port dh@b. This extended to the ports of Portimao
and Vila Real de Santo Antonio after that time.pf¢sent, these three fishing ports (Vila Real
de Santo Antdnio, Olhdo e Portimdo) account foroslnall crustacean landings on the Algarve
coast (Pinho, 1990). The important auctions fosstaceans are concentrated in Vila Real de
Santo Anténio.

The study of Pinho (1990) verifies that the anrasthes of the red shrimp increased between
1975-1985, with a high increase in 1981. From 1@83985 catches were over 100 tonnes. In
1986 an important decrease occurred but catchesadlithll below 80-90 tonnes. According to
Ribeiro-Cascalheet al. (1986), the increasing interest of the Portugudsset fin this fishing
resource was due to the decrease in catch of sgfemies. In the south of Portugal, Ribeiro
Cascalho & dos Santos (1994) indicated that catcified. antennatusdecreased by 33%
between 1988 and 1993.

Table 6. Landings of A. antennatus by year and Tpun

Year SPAIN PORTUGAL ITALY

1971 534,46

1972 599,61

1973 551,95

1974 526,64 11,67

1975 509,% 7,75

1976 735,74 10,13

1977 712,51 12,7

1978 992,54 18,98

1979 841,24 19,31

1980 591,39 18,92

1981 617,91 34,16

1982 731,44 60,55

1983 909,77 121,02

1984 1125,8 112,41

1985 1123,42 125,19 376,6
1986 832,01 81,81 406,1
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1987 702,08 90,93 506,5
1988 702,28 89,45 317,8
1989 684,94 79,79 309,2
1990 867,63 95*** 343,4
1991 1090,5 60*+* 409,6
1992 993,61 25%** 446,8
1993 780.04 25%** 386,5
1994 658.13 30%+* 385,6
1995 625,84 60*+* 245,3
1996 554,24 70%+* 217,1
1997 495,3¢ 105***

1998 474,8¢ 210**

199¢ 520,0¢ 180*+*

2000 144 230***

2001 494,21

Exploitation rate has increased in the BalaerifClarbonellet al 1999a). In the other Spanish
Mediterranean fisheries the largest catches wéentduring the 1960°s (approx. 700t/year) but
minimum catches occurred during the 1980s. Thigedse in catches coincided with that
observed in other shrimp fishing grounds in thetemsMediterranean (Ligurian Sea, Gulf of
Lions). From 1983 a recovery began, and in receats/the annual catch has stabilised at a
levels similar to that attained during the seven{idartinez-Bafios et al., 1990, Demestre &
Martin, 1993; Sarda & Cartes, 1994b).

Although there are fluctuations in the annual lagdiit is difficult to detect a clear periodicity
in the Mediterranean and Atlantic areas. In analyst local fisheries, some inter-annual
fluctuations with a periodicity of around 8 yeamsvh been detected (Tobar and Sarda, 1987,
Carbonellet al, 1999a). Seasonally in the Balearic Islands hghields were taken in winter
and spring (Carbonell et al., 1999a). In Cataldwignest catches occur from April to September
(Demestre & Martin, 1993). Trends in catch alsocuoamn a daily basis (Aldebeet al, 1998,
Sarda & Maynou, 1998). Other studies (Sarda & Gari®94b) show &lose relationship
between light and catchability . Daily catch rateere highest (>15kg/h) during the 2 hours
immediately after sunrise.

Landings ofA. antennatusn Italy have fluctuated widely. In the Liguriare&the species was
important until 1979. In the period 1976-1980 thepyation decreased progressively until
commercial fishing in the area was suspended. Ft6B8V catches increased and at present
catches are commercially viable although highlyialde from year to year (Relini & Orsi
Relini, 1987; Orsi Relini & Relini, 1994). Relini &elini (1985) hypothesised that this
variability was due to environmental decay, ovéifig, diseases, hydrological changes, and
failure of recruitment due to predation upon julesi In the lonian Sea, one of the most
important areas for this resource, the absencA.dntennatusvas frequently observed in
concomitance with high catchesMfcromesistius poutassandPhycis blennoide@Matarrese

et al, 1992), suggesting a competition or predation.

There are no estimates of landingsAof antennatusn Greece, since no systematic fishing
activity exists for this species. As Papaconstanti& Kapiris (2001) pointed out, the Greek
fishers have not exploited this resource becawsenfj technology to fish at depths is not
available and it is not known to Greek consumers.

In Algeria daily landings from depths of 400-600are 1400 ind/h, and during night time

optimum abundance (7000 ind/h) appears betweerb80+b Around 30% of the total fleet is
devoted to the exploitation of shrimp (Yahiaoui948).
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In North Tunisian waters, between Tabarka and Cap, Bxperimental fisheries have been
carried out at 700 m depth but catch rate has loeeat 0.5 kg/h. Commercial fisheries devoted
to this species do not exist in Tunisia (Ben Marié894)

Statistics

In Portugal landings data are recorded at auctmnwessel, species and commercial size
category. These records also include data on tbéupt value. Catch and effort statistics are
available from logbooks, but the reliability of$hihformation is questionable.

Landings data for the Spanish Mediterranean fiskseare collated by Fishermen’s Associations
by daily sales bills. The weight and economic value recorded. The recorded landings do not
however represent the total landings because p#redandings is sold in other fish markets or
directly to restaurants. Catch rate data are edaillrom research projects. From the end of the
40s until 1986 the captures by species, landedéh e=gion of the Spanish Mediterranean coast
were obtained and published by the General Seetaf Fishing, depending on the
Agricultural and Fishing Department (FROM). Sinc@8I the information of the official
landings is obtained independently by the Autoncsn@ammunities.

In the Italian fishery landings data (ISTAT) far antennatusre included in the category “red
shrimp” which include#\. foliacea.A study carried out on the red shrimp fishing ia thestern

Italian basins (Ligurian and Tyrrhenian Seas) byNataleet al (1994) pointed out to the lack
of information in the official statistics on theraponent of the fleet targeting these resources.

The only existing data oA. antennatudishery in Greece arise from the scientific prtgec
carried out in the Greek sector in the lonian Séese data represent a baseline for the species
in it's unexploited state.

Abundance in trawl surveys

Experimental otter trawl surveys (MEDITS, Mediterean International trawl Surveys) were
performed in all Mediterranean seas starting in418@til 2003. Surveys covered the depth
range of 0-700m. Cau et al. (2002) reported maitatannual changes in density (kgfrof

A. antennatudfrom these experimental trawl surveys between 1894 1999. However, the
interannual changes were not the same for all ggbiral sectors or depth strata and no clear
trends could be detected.

Impact of fishing on the population

Cirujeda-Delgado & Garcia-Mamolar (1977) and mazeently Carbonell & Azevedo (2003)
have used production models to assess the impdisthaig on stocks oA. antennatusOther
assessments have been based mainly length badgticahanodels (Ragonese & Bianchini,
1996, Garcia-Rodriguez & Esteban, 1999). The fige based Virtual Population Analysis
(VPA) was carried out by Demestre & Lleonart (1988) later by Martinez-Bafios (1997).

The assessments show that stocks are generallyvaatxploited. The fact th&. antennatus
appears to be underexploited or near the optimural lef exploitation, in contrast to the
majority of demersal resources, is due to at leastbiological characteristics of this species.
Firstly, the entire stock is not available to comeaied fishing (Demestre & Martin, 1993) due to
the extremely wide distribution of the species athlyal waters (Sarda et al., 1997). Secondly,
the rate of turnover of the population is high iontast to most other demersal resources
(Demestre & Lleonart, 1993). Bianchini and Ragong€94) came to the same conclusion
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regarding Sicilian stocks who regarded currentl&eé high fishing pressure as sustainable.
According to Fiorentin@t al (1996) analytical modelling of stocks frequerghowed a state of
slight overexploitation. The finding of a discreezruitment in the lonian Sea, D’Onglatal,
(1997) suggests that a closed fishing season naagedfishing pressure on new recruits.

In the Greek lonian waters where the shrimp steckdt commercially exploited the results
showed only small differences from the situatiorthe Western Mediterranean. The biological
characteristics of these different populations saslgrowth, mortality and life cycle are quite
similar (Papaconstantinou & Kapiris, 2001).

Stock identification

Samples from different areas of the Mediterran&dastern, Central and Eastern) and Atlantic
(Lisbon and Morocco) were analysed for genetic amatphological studies by Sarda et al.,
(1998). Morphological differences occurred alongeast to west axis. A low level of genetic
variability was recorded and was not corelated Wi morphometric variation. Marcht al
(1995) also studied genetic variation at 16 enzimati.

Management

A specific management framework fAr antennatusloes not exist in the Mediterranean or the
Atlantic. No specific regulations apply to thistiery although fishing effort is expanding.

Research and management priorities

Substantial knowledge of the biologyAf antennatugxists along the Mediterranean and
Atlantic area of its distribution. Greater reseagffort should be deployed in the Aegean Sea.

The specific mechanism of male female interactamms the final process of mating is unknown.
The specific mechanisms of the interaction and finacess in mating should be described such
as the mechanism of opening the spermatophoreandat between sperm and oocyte.

More information on the distribution of larvae isaessary in order to understand the
recruitment process and the location of nursergsare

Monitoring programs for catch and effort and lenfygguency sampling should be established
as the basis for future stock assessment in Medlitean and Atlantic waters.

Enforcement of a larger mesh size, currently atmf), and a more conservative assessment
strategy would result in an increase in yield peeruit and help conserve spawning stock
biomass.
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Description and distribution
Introduction.

The deep-water rose shrimParapenaeus longirostrigLucas, 1846) is a decapod crustacean
belonging to the family Penaeidae. It is one ofttiree species included in this genus inhabiting
the Atlantic Ocean (Perez-farfante and Keusley,719%he species shows a wide geographic
distribution, from the eastern Atlantic in the hodf Spain (Olaso, 1990) to the southern waters
of Angola (Crosnieret al, 1968), as well as in the Mediterranean and dmcent seas
(Thyrrenian, Adriatic, Aegean and the Sea of MaapaiKarlovac, 1949; Maurin, 1960;
Massuti, 1963, Audouin, 1965, Holthuis, 1980).

In the Mediterranean Sea, the bathymetric distidbubf the deep-water rose shrimp ranges
between 20-750 m (Toet al 1988), but the species is common and abundasandy-muddy
bottoms between 100-400m depth (Bombace, 1972uldpl1987) In the Atlantic waters off
Portugal and in the Gulf of Cadiz its bathymetristdbution is similar to that in the
Mediterranean. It is found in depths from 80-70Qdepth in the Atlantic (Ribeiro-Cascalho,
1988) and from 28-650 m in the Mediterranean (Suhril988). However, in the African
Atlantic waters it's bathymetric range is more nestd. According to Sobrino and Fernandez
(1991) it is found between 20-400 m in the GulfGxfinea, and from 50-500 m in the Congo
(Crosnieret al, 1970), and other areas of tropical Africa (Ciesrand Forest, 1973). In
Senegalese waters, it has not been recorded ihgdepér 500 m (Lopez Abellan, pers. com.),
while in Mauritania it ranges from 50-400 m (Diggers. com.). Finally, Sobrino and Cardenas
(1996) did not find this species at depths grethzn 400 m in the waters off Angola.

In all areas investigated the greatest biomass rscbetween 100-300 m depth. In the
Mediterranean Sea, Froglia (1982) found its gréaabsindance between 200-350 m, whilst
Ardizzone, (1990) found the highest densities mridinge of 150-350 m. Crosnigtral (1970)
recorded the greatest densities in the waters affge between 200-300 m, while Sobrino and
Cardenas (1996) found concentrations in 100-200 m.

This species is the main target species of a lfisheng fleet working in the Eastern Atlantic.
The principal fishing grounds are located in thetBoof Spain and Portugal (Pestana, 1991,
Sobrinoet al, 1994), as well as in areas off Morocco, Mauidgarsenegal, Guinea Bissau,
Gabon and Angola (Cervantes and Gofii, 1986; Cesgaital., 1991, Sobrino and Garcia,
1991; 1992a; 1992b). In the Mediterranean Beégngirostrisis caught almost exclusively by
trawl. Longhurst (1970) indicated that the spedgeshe most important crustacean resource
along the coasts of Spain, France and ltaly. Atsélgeria, Tunisia, Greece and Turkey the
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species shows a commercial value, although on serescale. FAO catches and landings
statistics from 1972 to 1991 indicated that deepervanse shrimp is the fifth species in order of
importance among crustaceans for biomass landedhé whole Mediterranean area
(Stamatopoulos, 1993).

In spite of its abundance and high economic valesgearch on the biological aspects on this
species in the Atlantic is scarce. In the Mediteeen Sea, many studies carried out in the last
twenty years allowed collecting detailed information distribution, abundance and biology,
but there is a lack of knowledge on the exploitatitate of this important resource. The main
objective of the present paper is to describe titeah information available for the Atlantic
waters off Portugal and for the Mediterranean veatéf Spain, Italy and Greece.

Taxonomic position.

The taxonomy oP. longirostrisproposed by Pérez-Farfante and Kensley 1997 is:
Superclass CRUSTACEA Pennant, 1777
Class MALACOSTRACA Latreille, 1806
Subclass EUMALACOSTRACA Grobben, 1829
Superorder EUCARIDA Calman, 1904
Order DECAPODA Laites 1803
Suborder DENDROBRANCHIATBate, 1888
Superfamily PENAEOIDEA Rafigeg-Schmalt, 1815
Family PENAEIDAE freesque-Schmalt, 1815
Genus ParapenaeusSmith, 18856
Parapenaeuslongirostris (Lucas, 1846)

Old synonyms have beeReneus cocc®RESTANDREA, 1833Peneus longirostri$ UCAS,

1846;Penaeus mebranaceHELLER, 1863;Penaeus bocagdOHNSON, 1863Penaeus politus
SMITH, 1881;Parapenaeus polituSMITH, 1886;Parapenaeus mebranaceSENNA, 1903;
Neopenaeopsis paradoxuBOUVIER, 1905; Parapenaeus paradoxu8OUVIER, 1908;
Penaeopsis paradox@@CHMITT, 1926.

Physical description

The rostrum has 7 dorsal teeth, one epigastrit@osituated conspicuously posterior to the
first rostral tooth. The rostrum is very variahteléngth and longer in female than in males. The
carapace has an orbital spine, hepatic spine amthiostegal spine, with a well-marked carina.
The last three abdominal somites have an anterina spd the telson is armed with pair of

lateral spines.

Geographical Distribution

The specie®. longirostrishas a wide geographic distribution, from the easfdlantic in the
north of Spain to the southern waters of Angolave as in the Mediterranean Sea. In Atlantic
and Mediterranean European waters, it constituteslaable target species for very viable
fisheries.

In Portuguese waters, the species is caught isdh#h-west (south of Cabo Espichel, 38° 25’ N)
and in the south (Algarve) coasts in depths of 80-i. Size varies with depth, larger sizes
being found in deeper waters (Ribeiro-Cascalho8198he highest yields are observed during
daytime, when the species forms demersal concemtsabetween depths of 100-300 m. The
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preferred substrata are sandy and muddy sediméiniat¢ and Figueiredo, 1991). It is found in
areas where bottom water temperature range froi412Z= and where the salinity is 35.6-
36.1%o (Ribeiro-Cascalho, 1988).

In Spanish waters, this species is mainly caughhénGulf of Cadiz where it occurs between
40-650 m. The fishery occurs at depths of 100-300Swbrino, 1988), where the maximum
abundance occurs.

In the Spanish Mediterranean waters, the speciatsdasimportant in the south (Alboran Sea)
and the landings are lower in more northern aréabiese water. The species occurs in all
Italian waters. Highest abundance occurs in thdi&icChannel and in the lonian Sea and the
lowest density in the Ligurian Sea and in the @r#nd northern Adriatic Sea. In this latter area
P. longirostriswas recently found to be abundant along the Allracbast (D’Onghi&t al, in
press). The bathymetric distribution of the speciemes between depths of 20-700 m although
the highest densities are observed between 100adQGfepth. In the northern and central
Tyrrhenian Sea (Moret al, 1986; Ardizzoneet al, 1990), the vertical distribution d®.
longirostrisis very wide, but the species is mostly caught enaddy or muddy-sandy bottoms
between 70-350 m depth. In the southern Tyrrher$aa (Spedicate@t al, 1996) it is
distributed in depths of 61-587 m, with the highrestindance at 200-450 m. Off western Sicily,
Bombace (1972) founB. longirostrisbetween 150-350 m deep and related it to the pcesef
water masses of Atlantic origin (temperature of C3°

After the dispersion phase in shallow water shrimos'e toward deeper water as they get older
and larger. Juveniles settle at a depth of 100lthowigh they can also be detected at 300 m,
whereas the larger individuals are always foundvaier deeper than 350 m (Froglia, 1982;
Mori et al, 1986; Ardizzonest al, 1990; D’Onghieet al, 1998). In the Central Tyrrhenian Sea
(Ardizzoneet al, 1990) most of the smaller males and females (v2() occur in depths of less
than 250 m. Individuals 21-30 mm carapace lengttewellected mostly between the 250-350
m, while the largest specimens mainly occurredeatgr depths.

In Greek waters this species is found on mud or-sam substrates, mainly in depths ranging
between 150-400 m. It is widespread both in thee&egand lonian Seas (Koukouras and
Kattoulas, 1974; Koukourast al, 1997; Politouet al, 1998; Tserpegt al, 1999) In the
Southern lonian Sea this species was also fouridwiar abundance, in deep waters (500-700
m) (Anon., 1999). In the same area, larger indigldy(26-35 mm) were found mainly in the
deeper areas (500-700 m) whereas smaller shring2 (8¥m) occurred in shallower waters
(300-500 m) (Anon., 1999).

Life history
Growth
The life span is between 2-3 years and males grore slowly than females.

Morphometric characteristics are show in Table 2dngth-weight and total length (TL)-—
caparace length (CL) relationships are presentestiy

Von Bertalanffy growth parameters have been estich&dr several areas of the Mediterranean
Sea and East Atlantic (Table 2.2.). In Portuguesgers some estimates of the growth
parameters have been made using Ford-Walford afidr@wplots, SLCA and ELEFAN. The
estimates presented by Ribeiro-Cascalho (1988harenost reliable for that area according to
Cadimaet al (1995). Sobrino (1998) obtained similar resutishie Gulf of Cadiz using Ford-
Walford and Beverton and Holt (1957) methods. Blidnh waters, growth parameters were
estimated in the Central Tyrrhenian Sea and ingh&an Sea.

36



EDFAM WP1: The biology and fisheries of crustaceans

Growth rates of female shrimp appear to be sinmilanost areas studied (Tables 1-2) although
it is slower in Greek waters. Male shrimp appeabedarger in Portugese waters compared to
those in the Mediterranean.

Table 1. Von Bertalanffy growth parameters estimdiar East Atlantic and Mediterranean
Sea.

Area Sex LCw (mm) |K to Author

Southern Portug Femal 44 0.7 -0.3 Ribeirc-Cascalhc
(1988)

Southern Portug Males 36.C 0.¢ -0.3 Ribeirc-Cascalhc
(1988)

Southern Spain (G. Cad | Female |44 0.7¢ -0.1£ | Sobrino(1998

Southern Spain (G. Cad | Males 33 0.9t -0.2 Sobrino(1998'

Central Tyrrhenian S Female 44.4 0.74 -0.13 | Ardizzoneet al., 199(

Central Tyrrhenian Si Males 33.1 0.93 -0.05 |Ardizzoneet al., 199(

lonian Se: Female 47.7 0.74 -0.19 |D’Onghiaet al,, 1998

lonian Set Males 35.5 0.54 -0.29 |D’Onghiaet al., 199¢

Greec: Female 37.2 0.52 -0.3C | Anon. 199!

Greece Males 33.7 0.62 -0.16/  Anon. 1999

Table 2.Mean carapace length (mm) at age for P. longir@siri southern Portugal and in
some Mediterranean areas.

Female

Age (months S. Portuge S. Spail Tyrrhenian Se | lonian Ses Greec:
6 18.9 16.8 16.5 18.8 12.7
12 26.2 25.2 25.2 27.€ 18.2
18 31.F 31.C 31.1 33.¢ 22.¢
24 35.2 35.C 35.2 37.¢ 26.C
3C 37.¢ 37.¢ 38.1 40.7 28.F
36 39.¢ 39.7 40.C 42,7 30.F
Male

Age (months S. Portuge S. Spail Tyrrhenian Se | lonian Ses Greec:
6 18.F 16.C 13.2 12.2 11.2
12 24.¢ 22.¢ 20.¢ 17.¢ 17.2
18 28.¢ 26.2 25.2 22.C 21.7
24 31.t 28.¢ 28.2 25.2 24.¢
3C 33.1 30.F 30.C 27.€ 27.2
36 34.: 314 31.2 29.F 28.¢

Reproductive biology

Reproductive season

In Atlantic waters (south of Iberian Peninsula) unatfemales occur in deeper water except in
February-April. Two spawning peaks occur, the firstsummer and the second in autumn-
winter (Banha, 1982; Ribeiro Cascalho and Arrod®87; Ribeiro-Cascalho, 1988; Sobrino
1998). Carameleet al. (1996) consider that the summer spawning is thetnmportant.
Sobrino (1998) found that larger mature femalesvepa spring and smaller females spawn in
Autumn. The analysis of the maturity stage compmsiin relation to depth showed few mature
specimens in waters less than 100 m deep. Maturalés become more common with
increasing depth. Immature males only occur in rgatess than 100 m deep. No trends in
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maturity with depth were observed in surveys cdroat during a non-reproductive period in
March in comparison with those carried out durihg spawning period in October. The few
larvae found in the area also suggest two spawpenigds (dos Santos, 1998).

In Italian waters, information on the reproductsgason is available for the Tyrrhenian Sea and
Sicilian Channel. In the northern Tyrrhenian Sesroductively active females occurred in
depths ranging from 150-350 m (Meti al, 1986; 2000b). Ripe females were found throughout
the year at these depths with two maxima of agtidhe in spring and another at the beginning
of autumn. This confirms the reproductive perioéviously identified by De Raniegt al.
(1986) in the same area. The presence of recagitagace length 15 mm) throughout the year
confirmed that the reproductive activity is almasintinuous in this area, although most
recruitment seems to occur from July to October Ramieriet al, 1998). On the contrary, in
the central Tyrrhenian Sea, on the basis of dateomitment of young shrimp to the benthos,
Ardizzoneet al (1990) hypothesised a single winter spawning. fdweuitment period is not
easily identifiable but appears to be protracteer ®everal peaks as indicated by the numerous
micro-cohorts among new recruits. This conclusigreas with the data given by Froglia (1982)
showing one generation per year in the southermh&pian Sea. In the same area studies
carried out by Spedicatet al. (1996) identified the highest frequency of mattemales in
spring-summer, although mature specimens were falhgear around. Along the north-
western Sicilian coast, Arculest al. (1993) found that mature females were more comimon
winter and spring. In the Sicilian Channel (Letial, 1995) mature females occur in all months
of the year, although a peak occurs between Novears: February and another in April. The
lowest percentage of mature females appears in-dge but spawning seems to occur
throughout the year. Recruits of 11.5-12.5 mm aesgnt in the catches all year round except in
August. This is 2 months after the lowest percemtafgnature females are found.

In the Greek lonian Sea the sex ratio is close :to throughout the year. The younger
individuals (15-20 mm) were caught in Decemberuday, March and July at 300-500 m depth
reinforcing the view of the continuous reproductaativity (Anon., 1999).

Size of maturity

Along the coasts of southern Portugal and in théeeMediterranean Sea male and fenfale
longirostrisreaches sexual maturity in the first year of life.

Ribeiro-Cascalho (1988) estimated the size at firgturity as 20 mm for males and 24 mm for
females in the South of Portugal, correspondingricage of 8-10 months. However, Sobrino
(1998) estimated that 50% of females are matuaesate of 21.5-22 mm. In males the joining of

the two pieces of the petasma takes place at 18m5The size at which the 50% of males have
a joint petasma was estimated at 12.9 mm CL. Thersgtophoric mass on the coxae of the fifth
pereiopods was present in male shrimp larger ttlBamrm. Size at first maturity of males was

estimated to be 14.8 mm.

In the northern Tyrrhenian Sea (De Ranietrial, 1998; Moriet al, 2000b), the smallest
females with ripe ovaries were 16 mm carapace fenbie size at onset of sexual maturity
estimated for different years ranged from 24.4 nm1993 to 19.5 mm CL in 1994. The
percentage of post-moult females increased frornalgrto August, decreased from September
to October and rose from November to December. Most-moult females were found with
immature or post-spawned ovaries. In the southgrrh&nian Sea (Spedicaét al, 1996) the
smallest females with ripe ovaries were 18.5 mne 3ize at onset of sexual maturity was 28.4
mm (LCsoe) @and 31.2 mm (L&o). In the lonian Sea the size at first maturityfémales was
around 20-22 mm and the smallest mature individwel® 14-16 mm (Table 3)

Table 3. Size at first maturity of P. longirostiis different areas of Atlantic Ocean and
Mediterranean Sea.
[Area | Sex | LGow (mm) | Author |
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Southern Portug Femal 24 Ribeirc-Cascalho (198!
Southern Portug Males 20 Ribeirc-Cascalho (198!
Southern Spa Female 22 Sobrino (199¢

Southern Spain Males 14.8 Sobrino (1998)
Northern Tyrrhenian St | Female 24.2 Mori et al. (2000b
Southern Tyrrhenian S | Female 28.2 Spedicato et al (199
lonian Se Female 20-22 Reliniet al. (1999
Moroccc Female 24.¢ Sobrino and Garcia (19¢
Gulf of Guine: Female 25.F Sobrino y Fernandez (19¢
Congc Female 22 Crosnier et al. (197
Angole Female 21.€ Sobrino y Cardena (19¢
Fecundity

Fecundity inP. longirostris has been studied in the Gulf of Cadiz and in thatiérn
Tyrrhenian Sea. Significant differences were obsgévetween the two areas in the relationship
between CL and egg number and the absolute fegundit

In the Gulf of Cadiz absolute fecundity varied fr@h,410 eggs for a female of 25.4 mm and
186,856 for a female of 34.2 mm carapace lengtke aVverage relative fecundity was 7,486
eggs/g, with values ranging from 2,048-13,371 egdsécundity increased proportionally with

size, increasing by approximately 10,000 eggs per carapace length and increasing by
approximately 9,500 eggs/g body weight (Figure)2.2.

In the northern Tyrrhenian Sea the fecundity wasestigated by Moriet al. (2000). The
number of oocytes in the ovary was related to ikhe of females and ranged from 23,000
oocytes at 26 mm to 204,000 at 43 mm. An exponerglationship was observed between
fecundity and carapace length (F= 0.0569*€Y’ (r = 0.829)).

Diet:

A wide variety of prey is eaten . longirostris During the hunting phase it feeds on small
fish, cephalopods and crustaceans, while duringjimtig behaviour polychaetes, bivalves,
echinoderms and mostly foraminifers are taken (Reli973).

Ribeiro Cascalho and Arrobas (1983) examined tbhmath contents of 40 specimensPof
longirostris in southern Portugal. Fish, crustaceans (DecapG#faipedia and Ostracoda),
polychaetes and foraminifers were the preferreg fyjges.

Studies made by Burukovsky (1969) in the Gulf ofdi@aand off the north-western African
coast indicate that diet is age related. Thus,nfiorders and planktonic crustaceans dominate
the diet of young specimens. These are replacedrphipods and isopods and in older shrimp
by shrimps, crabs, euphausiids and mysids, sonteategds and fish.

In Italian Mori et al. (2000a) found a great variety of organisms indlet of P. longirostris
The prey items consisted mostly of external skeletof bottom organisms always crushed and
often in advanced state of deterioration. In additsome inorganic material was found.
Crustaceans dominated the diet both qualitativelgl guantitatively; this food group was
characterised by the high abundance of acaridsplynaepresented by mysids (mainly
Lophogaster typicysand amphipods (Lysianassidae). Juvenile bivabwed gastropods, the
sepiolid cephalopo&epietta owenianamall ophiuroids, sea urchins, holothurians, fds®f

the families Aphroditidae and Nephytidae, globigier foramininferans and organic detritus
were all present, were mainly recorded in foreguatstaining small amounts of food. Organic
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detritus, mostly as unidentified debris, increasesccurrence with depth down to 300 m. Also,
inorganic and plastic particles were found mostlthie specimens caught in the deepest area.

Larval ecology

The life cycle is completed in marine waters. H@leI38) has described the larval development
of P. longirostris The development of the egg at temperatures & 18es 51-55 hrs, while at
temperature of 25-26°C the hatching takes plaez &8 hours. The nauplius phase is 0.33 mm
in the first stage and up to 0.44-0.51 mm in th# $tage. The next larval stage, the protozoea
phase has a length of approximately 1 mm. Therdlaee different protozoea (1, Il, and Il1).
The mysis phase follows the protozoeae. The firgsisnmeasures 3.9 mm and the larval
development ends at the mysis XIV with a total tr@f 12 mm and a CL of 3.6 mm.

Larvae have only been found in Portuguese watédrs.otcurrence of larvae on the south and
southwest coasts coincides with the area of digidh of adults. Most larvae occur around the
100 m isobath that corresponds to the upper limihe distribution of adults. This probably
indicates a displacement of the adults during th@wsing period to shallower depths (dos
Santos, 1998).

Fishery in different countries
Introduction

P.longirostrisis a target species of important fisheries. Thbdiies, which are all bottom trawl
fisheries, occur from the Mediterranean to the &astentral Atlantic.

The development of this fishery in the Atlanticf(tfe Gulf of Cadiz) began during the mid
eighteenth century. Martinez de Mora (1977) cites pgresence of 4 trawlers in 1743, the so
called “BOUS”, while Safiez Reguart (1791) citesphesence of fishing in the Gulf of Cadiz in
1755 and locating its origin in the Mediterraneg@adsh-French coasts.

In the beginning, this fishing activity was mainbentred in the coastal zone. The first
references of shrimp catch by this fleet in thef®@filCadiz (Machado, 1847) are in the mid-
nineteenth century. The expansion of the fleetnduthe end of the nineteenth century and
beginning of the twentieth century led to the depetent of the fishery off the northern coasts
of Morocco, as indicated by Sancha (1975). All teehnological advances, from methods of
propulsion (sails, steam and explosion enginedgt@lopment of fishing gear and preservation
methods (freezing), have had an effect in expantfiadishery.

The crustacean fishery started in the Portuguesst ao the fifties with a combined fleet of both
Spanish and Portuguese fishing vessels. The majirihe catches were taken by the Spanish
component, as the Portuguese fleet component wassugall. In the sixties, this fleet started
operating at greater distances from the coast andeeper banks (Ribeiro-Cascalho, 1988;
Santana, 1990; Carameadbal, 1996). There are very few catch statistics frbis first period.

In 1977, the number of Portuguese vessels enteritige fishery started to increase and, since
1983, after the end of the Portugal-Spain bilatiésakries agreement, only the Portuguese fleet
was allowed to fish for crustaceans in Portuguesters (Caramelet al, 1996). According to
Ribeiro-Cascalhet al. (1986), the increasing interest of the Portugudset fin this fishing
resource was due to the decrease in the fish speaieh, the increase in the crustaceans
abundance after the end of the agreement and tewement of the fishing technology that
allowed the landings to increase.
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At present, there are important fisheries off tHac&n Atlantic coasts. In Morocco, this species
is fished from Larache to Agadir, between the pelsl35° 30’ and 30° N (Poinsard and
Villegas, 1975). The Spanish fleet initially expém this fishing ground at the end of the
nineteenth century. The Moroccan fleet startedxaait the fishery in 1978 (Cervantes al.,
1985, 1991; Anon., 1990). Since then, the Morodteet has gradually displaced the Spanish
fleet and at present, the resource is wholly exgdoby the Moroccan fleet. The mean annual
registered catch for the last 30 years was 8,0Q€iariens (mt).

From the Saharian fishing grounds to the bordersladiritania off Cape Blanco (from 29° to
21°N), P. longirostrisis uncommon. From Cape Blanco a commercial fistedgts. This
fishery started in the sixties with the developmaffreezing capacity on vessels (Sancha 1975)
and now exists off Mauritania, Senegal, GuineadissGabon and Angola. A detailed
description of these fisheries can be found in Boband Garcia (1991, 19922, 189and
Lopéz Abellaret al (1994).

The mean annual catch from the Mauritanian fislgrmunds during the last fifteen years was
1,500 mt.

Fleet and Gears

At present, the Portuguese fleet is comprisedasilers targeting demersal fish and trawlers
targeting crustaceans.

The demersal fleet operates year-round along ttie emast of Portugal. Data on the average
fish catch composition of this fleet show thatesent years horse mackerel and hake were the
most valuable species (ICES, 1999).

There are 35 trawlers licensed to access the cemtdishery in Portugal (Table 3.1). They are
smaller than the demersal fish trawlers; some efitlare former sardine purse seines converted
into trawlers. On average, they are 25 m in ovéealjth, 111 t of GRT and 484 HP. Some of
them use their freezing capacity and make trigs adys or longer (Cadinmet al, 1995;
Caramelcet al, 1996).

The gear used is a shrimp trawl with a codend rseghof 55 mm. The catches are mostly
landed in Algarve fishing ports in southern Portugarticularly in Vila Real de Santo Ant6nio,
where the crustaceans are auctioned.

Until recently, the most important species in fiseery wasNephrops norvegicudut in the
last five yearsP. longirostrishas ranked first in terms of landed weight. Thedtmost
important species in this fishery is the red shrifajisteus antennatus

In the Gulf of Cadiz, as remarked previously, tisedry began in the mid-nineteenth century
(Machado, 1847). The evolution of this fishery baen described by different researchers (De
Miranda, 1921; De Buen, 1922; Rodriguez-Roda, 18&s5suti, 1959). The modern fishery
was described by Sobrired al (1994).

In the Gulf of Cadiz, a total of 270 trawlers ogeréTable 3.1). These have a mean tonnage of
25 grt, a mean hp of 215, and a mean length of m3.Bhis fleet exploits a diversity of species,
constituting a typical multi-specific fishery in veh the shrimp represents a mean value of 8%.

The main landing ports are Isla Cristina, HuelvanlS8car de Barrameda and Puerto de Santa
Maria.

In the Spanish Mediterranean, this species is itapbonly in the southern area although it is
not the primary species. The total annual catcls do¢ exceed 700 mt.
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The exploitation of Plongirostrisin Italian Seas is exclusively by boats using dootttrawls,
which is the fishing system which characteristicshihg activity in Italy. Before the second
world warP. longirostriswas rarely exploited, because the fishing boagsl sgils as the main
propulsion system and deep water fishing was nesiple. The introduction of otter trawls,
powerful engines and navigation technology incrdake catching capacity and the exploitable
sea area. In particular this allowed the explatatdf crustaceans such Bs longirostris N.
norvegicusand red shrimps in deeper water.

According to recent statistics, during 1999 themren4094 vessels in the Italian bottom trawl
fleet (Unimar, 2001), representing 25.8% of thaltdtalian fishing fleet (Table 3.1). These
boats are larger by on average 32 grt compareldetmational fleet. It is difficult to determine
the number of boats targetii® longirostris because they usually direct the fishing effort
towards different target species during the year. éxample, in Mazara del Vallo the most
important Italian port for shrimp, about 70 of tis¢al 350 trawlers targd?. longirostrisduring
the entire year on the fishing grounds locatedhm $icilian Channel (Levet al, 1995). In
general, the trawlers less than 10 grt, represgmtbout the 44% of the Italian trawl fleet and
12% of the total tonnage, do not exploit shrimpeiftactivity is restricted to the continental
shelf less than 200 m in depth. Boats fishing fastaceans targét longirostris N. norvegicus
and red shrimpsAfisteus antennatuand Aristaemorpha foliacea These boats usually utilise
some variants of the “ltalian” bottom trawl netacacterised by a low vertical opening of the
mouth (about 1 m), very long wings and 38-40 mm ead mesh size. The most important
ports are located along the southern coast ofySieitl in the lonian Sea. Although to a lesser
extent,P. longirostrisis also economically important in the landingsofe ports of the central
(e.g. Terracina, Napoli, Salerno) and northernt@8anto Stefano) Tyrrhenian Sea.

There is no specialised crustacean fishery in Gredtbough a number of species are exploited
as part of a multi-species fishery. Target crugtacepecies includ&lephrops norvegicuys
Penaeus kerathurydPalinurus elephasHomarus gammarusind Parapenaeus longirostris
There are 344 trawlers in the fleet (Table 3.1) Tharacteristics of these vessels are: average
length 23.2 m, 63.24 grt and 390.3 hp. The mearpétjgese boats is 22.8 years. Average age
of fishers is 45-50 yrs. On average there are W.ciidere are 42 ports. The common trawl
used has a mesh size cod end of 32 mm (rangingZ886 mm), with a horizontal opening of
15 m and a vertical opening of 1.5 m. The main fighrkets are in Piraeus, Chalkis,
Thessaloniki, Kavala, Chios, Patra, Preveza ancaidroupolis. In the lonian Sea, all the
existing 43 trawlers may catch this species. Tfishing activity lasts 15-20 h/day. In the
Aegean Sea, there are 277 trawlers, working 15/@8yh depending on the aréa.longirostris

is caught at depths of 150-400 m on muddy-sandypinst from October-May each year.

Fishing operation regime and fishing area

According to Cascalho (1988), the average duratiofishing trips for many years was 1 day.
with 3 hauls per day (3 to 4 hours each), and atdlih fishing days per month. This fishing
pattern has remained constant with only small tiaria. The freezer trawlers make longer trips
(more than 5 days each) and the total number loifhfisdays per month is 22.

The mean number of fishing hours per boat alscesaby boat and time of year and ranges
between 10-14 hrs/day (Dias, 1992). More recena diadicate an increase in the average
number of fishing hours per day. The trawling spesies between 2.5 and 3 knots.

The crustacean fleet operating along the southasedtsouthern coasts of Portugal (Alentejo
and Algarve), fish between depths of 100-700 m.d€atrations of deepwater rose shrimp are
found mainly in areas shallower than 400 m. Thehseestern coast is exploited by vessels that
undertake longer fishing trips (Ribeiro-Cascadti@l, 1986).
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Fishing occurs on mud and sand substrates.

In the Gulf of Cadiz, the fleet carry out mostlyeattay fishing trips, although some fishing trips
may last for 2-3 days. The species is mainly fishethe area from Ayamonte (Portuguese
border) to the Bay of Cadiz, decreasing its abuceaowards the Strait of Gibraltar. The

fishing depth ranges from 90-380 m, although thecis has been found at depths of 700 m
(Sobrino, 1998).

In ltalian waters trawlers undertake 1 day tripsrff@ming 3 hauls with and average tow
duration of 3 hours. The larger boats, with fregzmd refrigeration equipment on board, can
perform trips of 3-5 consecutive days. The fishaagivity per month ranges between 18-22
days, depending on the fishing port.

The most important fishing grounds are locatechimm $outhern Tyrrhenian Sea, in the lonian
Sea and in the Sicilian Channel, where this spasiabundant (AA. VV., 1988, 1993; Tues
al., 1994). The seabed is muddy and the depth ran2@0-400 m.

P. longirostrisis fished throughout the Greek Seas and is thé imprtant crustacean species
in terms of catch weight, landings and value. Theartant ports are Pireas and Thessaloniki,
followed by Kavala, Patra and Alexandroupoli.

The annual catches &f. longirostrisin Greece showed a high degree of variabilitythie
period 1990-1997. Landings increased during théogein fact, the landings of the species
represented 23% of the catches in 1990 and 809998.1The increase in the landingskof
longirostris was accompanied by a similar increase in theal tahnual value. However, the
value/kg is negatively correlated with the voluniigehe landings (Mytilineowt al, submitted).

Selectivity

Several selectivity experiments have been carrigdim Portugal, on board of commercial

vessels and research vessels, using the coverezhdadiethod (Ribeiro-Cascalho, 1988;

Ferreiraet al, 1993; Caramelet al, 1999; Fonsecat al, 1999, 2000). The nominal coded

mesh sizes tested were 45, 55, 60, 65, 70 and 80Timencodend cover mesh size was 20 mm.
Table 3.2 summarizes the results of the more reegpériments conducted in a commercial
crustacean trawler. The average duration of tows 3vlaours, at trawling speed of 3.1-3.2 knots
(Fonsecat al, 1999, 2000)

In the Gulf of Cadiz the selectivity experimentss Hzeen done using the covered cod-end
method. Two different selectivity survey designsrevapplied: firstly, using different mesh
sizes and a fixed trawl duration (one hour) on Hoafran oceanographic vessel (6 surveys)
(table 3.2), and secondly, carrying out the selégtisurvey on board commercial fishing
vessels (4 experiences) , using the standard fjshar of the fleet at variable trawl duration
times. In all the cases, the cod-end cover was 20 All the results have been publishing in
Sobrinocet al, (2000).

At this moment, there is a lack of information retiag the selectivity of commercial trawl net
on P. longirostrisin the Italian waters. The only available valuelgf, estimated through an
indirect method, was reported by Leatial. (1995) for a commercial trawl net of 32 mm cod-
end stretched mesh size in the Sicilian ChannejeBtion backward of the descending arm of
the catch curve (after logistic transformation)yeg#or this net bs=14.9 CL, ls;=16.1 mm CL
and Ly;s=17.2 mm CL, with R=0.9956 for the regression bemvigit probabilities and lengths.
Hence it seems that about two months are neededhoh the CL for recruitment to the fishery
in this area.
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Monitoring of the fishery
Landings

Figure 3.1 presents landings dataRotongirostrisin Portugal, Spain, Italy and Greece, for the
period 1990-2000.

In Portugal the landings statistics are recordexliations by vessel, species and commercial
size category. These records also include datheoprbduct value. Catch and effort statistics
are available from logbooks, but the reliabilitytbis information is questionable.

The Portuguese landings ®f longirostrisin the last two decades show alternate periods of
high and low abundance, with maxima in 1984, 1989¥999. In 1995, due to the decline of
the yields of Norway lobster, the crustacean ftedirected the effort to the deepwater rose
shrimp. In the period 1998-2000, the high effortis species combined with an increase in
abundance produced record landings.

The length composition of the landings is estimdtgd sampling program at the main auction
place for the crustacean fishery, in Vila Real dat8 Antonio.

A specific program to compile information on thshiery from the main landing sites of the
Gulf of Cadiz has existed since 1982. Trends inle shows the typical variation of short-
living species in which abundance is directly retato recruitment strength.

A certain similarity can be observed in the catelnds of the Portuguese and Cadiz fisheries
(Figure 3.1) indicating a possible link betweersthstocks.

P. longirostrisis one of the most important fishery resourcegpbathyal grounds along the
Italian coasts. The exploitation of this specidesaplace all year round, but peak landings are
from March to July (Leviet al, 1995). The whole catch is marketable, with thggést
specimens being of greater commercial value. 8tafiom 1985, ISTAT, Istituto Italiano
Nazionale di Statistica, recorded landing data taliah seas. From 1997, FAO statistics are
available for Italian waters. The statistics shaweaident reduction of biomass landed from
1990 (18368 t) to 1998 (4410) with a notable recpwe the last year (7500 t in 2000) (Figure
3.1). This trend could be directly influenced by thiomass of this resource at sea, béing
longirostrisa short life cycle species with great abundaneetdltions year to year.

In Greek waters the fishing of this species witdwers takes place between 150-400 m, in
muddy-sandy bottoms, from October to May each y&he landings data mentioned below,
arise from ETANAL - Company for the developmenfishery, which are collected from the 10
Greek auction places, independently of the fistirep. The mean annual crustacean catches in
the Greek waters increased from 175 t the peridB11®34 to 1260 t the period 1964-1981
(Stergiou, 1986, NSSG data). In 1999, the crustace#&ches were about 2780 t, representing
3.7% of the total catches (FAO data). During thmesgear, the crustacean landings from the
Greek waters were about 2,300 t, representing 88%e total landings; their value represented
about 8% of the value of the total landings (ETANd@dta).
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Assessment of the impact of fishing on the population.

Assessment and management

Several surveys in Portuguese waters have repabteadance indices for crustaceans, in the
period 1981-2000. Presently, a survey is carrigdooe a year, in summer, covering the main
area of distribution of these species (Alentejo Atghrve). A new series of surveys directed at
rose shrimp recruits started in 2002.

Natural mortality has been estimated by severdlastusing Pauly’s formula, the method of
Rikhter and Efanov and Tanaka'’s longevity curventitg 1982; Ribeiro-Cascalho, 1988;
Cadimaet al, 1995). The values ranged from 1.20 to 1.87 yéar males and from 1.07 and
1.60 year for females.

Based on the geographic distribution of the spdeidangirostrisin the Portuguese fishing
grounds, Pestana (1991) assumed there was onetlstoughout waters off Southern Portugal
(Alentejo and Algarve). He presented the resul@ssiessment for the period 1984-1989, using
age-converted length composition data in a VirRgbulation Analysis. According to this
analysis, the stock was overexploited and a reoludti fishing mortality was recommended.
Attention was also called to the high fluctuatié@msecruitment.

Pestana and Ribeiro-Cascalho (1991) studied tketsfbf changing trawl mesh size and
fishing effort on the stock and provided some gligs for management purposes, suggesting
either a decrease of 10% in the level of fishirfgréfvithout any mesh change or an increase in
mesh size from 55 to 60 mm if effort was not redluce

Cadimaet al. (1995) presented an analysis of the trends it ¢catahes and CPUE of this
species for the period 1983-1994. A preliminargktassessment was carried out fitting
Schaefer and Fox surplus production models toddiia set. The analysis suggested that the
deepwater rose shrimp stock was overexploited.

A Thompson-Bell Yield per Recruit Model and Jorersgth cohort analysis were also applied
to the rose shrimp data by Cadietaal. (1995).The Y/R model indicated that the stock was
over-exploited. The length cohort analysis (apptiedarately for males and females) did not
indicate overexploitation but showed that fishiffige should not be increased.

The shrimp fishery off Cadiz has being monitorewei1993. During this period, a series of
demersal surveys began with shrimp as one of the tmaet species. Abundance and
recruitment indices have been estimated which, svghfficient time series of data, may be
related to landings (Sobrino, 1998).

Size distribution sampling has also allowed Ler@ttort Analysis to be developed. This
shows fishing mortality estimates ranging from 0.3-depending on size class.

In order to assess the effects of changes in ttherpaf exploitation, a Thompson and Bell
(1934) model, adapted to size data as describ&phagre and Venema (1992), was applied.
Although an increase in mesh size could cause inatelbsses, these results should be
considered cautiously with the penaeid fishery beeat is fast-growing and short lived. The
immediate losses would be regained during the yieat, since the species takes only five
months to grow from 17 mm g with the 40 mm mesh) to 23.7 mmg{lwith the 55 mm

mesh). As size at first maturity of females in thisa occurs at 22.2 mm (Sobrino and Gércia,
1998) there would be an important increase in spaywstock biomass. Depending on the mesh
used (50 or 55 mm), this increase could be bet\288r250% (Sobrinet al.,2000). However,

at the present exploitation level, there does eetrsto be a relationship between spawning
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stock biomass and recruitment. Recruitment maytheeinced more by variable oceanographic
conditions than by spawning stock size (Sobrin®8)9

National otter trawl surveys were performed intladl Italian seas from 1984-85 until the
present. All seas were covered from 0 to 700 migeggplying a stratified random sampling
design. The ten most important demersal specielsidimgP. longirostris were chosen and the
following data and results were obtained: lengégfrency distributions for each survey by
stratum, sex ratio, growth parameters, length/weiglationship, sexual maturity, mortality and
exploitation state.

From 1994 an international programme (MEDITS - Medanean International Trawl Surveys)
was financed by the European Commission with theatibe of acquiring demographic
structure and biological data on the demersal resslalong the coasts of the four
Mediterranean countries of the European Union (§pgaiance, Italy and Greece). Each year a
campaign was carried out in late spring and begaof summer, covering all trawlable areas
on the shelves and the upper slopes (at depth¥fbta 800 m).

Results of analytical modeling in some areas atbedtalian coasts in the period 1990-1998
showed that stocks were generally overexploitedcdreect this fishing effort should be
reduced by 10-20% of size at first capture shoelthbreased. In the Sicilian Channel an
attempt to asse$s longirostrisusing one year of landing data indicated a totdtatity rate

(2), computed by the catch curve method, rangingéen 0.705-0.941 depending on fishing
grounds. A fit of the Beverton and Holt yield pecruit against exploitation rate suggested that
fishing effort should be reduced by about 14 %htam higher benefits at short term. On the
same data set, Thompson and Bell model suggesied #0% reduction in effort would be
necessary to reach maximum Y/R and maximise vdltieeacatch on a long-term basis. The
reduction in effort required to obtain maximum gi@h weight in the long run was about 50%.
In summary modest measures taken immediately wendd! the need for more serious actions
in the future.

Management of the fishery
Table 3.3 summarises information on managementunesisnd management structures for this

fishery in different areas

Table 3.3. - Management measures and structureB.flamgirostris by region
MANAGEMENT MEASURES ~ |CGreece Italy Spain Portugal
Technical measures:

Minimum landing size No No 22 mm CL 24 mm CL or 94
9 (EU regulation) |mm TL
Sex restrictions No No No No
Mesh regulations in trawls 28 mm 40 mm 40 mm 55 mm
Trawl devices to exclude by-catchNone None None
. . None
or undersized fish
) . maximum None None Minimum of 30%
Other technical restrictions engine power of shrimp specied
500 HP P Species
Effort control:
Quota
Closed seasors0-45 Fishery ban on
of 4 months |consecutive Saturday and |Closed area for
(June- days of closure|Sunday trawling, from
Seasonal or other closures -
September) |per year. Fishe December to
ban on Saturday February.
and Sunday
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Areas Coastal 3 miIesL:’mrawl ban <6

prohibited to |stripe and uppefmiles from shorfrawl ban < 6
No take zones .

trawler or any|50 m depth miles from shore

fishing gear [forbidden

Maintenance [Stop new Stop new

of the total licences licences Maximum numbe
Gear limitations GRT, HP of of licensed

the trawl vessels: 35

fishery

Centralised Centralised Centralised Centralised,
Management Structures

co-management

Discussion

The deep water rose shrirRplongirostrisis one of the most important commercial decapod
species in bottom trawl fisheries in Atlantic aneéditerranean waters.

P. longirostrisis a short lived species, with a life span of agpnately three years but the
catch is composed almost entirely of 1-2 year bhihgp. Males grow more slowly and reach a
smaller maximum size than females in all stocks.

In the Gulf of CadizP. longirostrisspawns in late spring (larger shrimp) and in autyatl size
classes). A similar situation has been observeldibgiro-Cascalho and Arrobas (1983, 1987)
in south Portugal and by Sobrino and Garcia (189%)e Atlantic waters off Morocco, with
two spawning peaks (June and October). In the vedté€ongo Crosnieet al. (1970) also
identified one main spawning peak in April and Mand a secondary one in September and
October.

In the Mediterranean spawning patterns differ lwatmn. Held (1938) described one single
spawning peak between April and November in Tunisiaters, while Drobisheva (1970)
found mature females only in spring in the Egyptiaast. In the coasts of Italy, Levi et al.
(1995), and D' Onghia et al (1998), using a maapiscmaturity scale for the female gonads,
describes a continuous spawning during the yean étal. (1988), in the waters off Israel,
relates the oogenesis with the temperature anidgligshes different reproductive periods
according to depth. In shallow waters (betweenr/ 8 m), the reproductive activity is
continuous, while in deeper waters, spawning ce@sasJune to August.

The size at first maturity is variable. Ribeiro-Caltio (1988) estimated the size of first maturity
as 24 mm CL for females in south Portugal, whileSobrino (1998) this value was around 22
mm CL in the Gulf of Cadiz. In Moroccan waters, 8ob and Garcia (1994) obtained values
from 24.5 to 27.7 mm CL. Based on the results sifraey in the Gulf of Guinea, Sobrino and
Fernandez (1991) estimated the size of first mgtas 25.5 mm CL, although these authors
pointed out that the non-exploited state of thiotece could have an influence on its
reproductive behaviour. The value determined bys@ieyet al. (1970) for the waters off

Congo (22 mm), is very similar to the estimate obisho and Cardenas (1996) off Angola
(21.6 mm) and to the one given by De Rare¢rl. (1996) for the Mediterranean waters (21.5
mm).

There is a clear segregation by depth of the diffematurity stages. Females in advanced
stages of maturity or close to spawning occur pthdegreater than 100 m. In shallower waters,
gravid females are practically absent. This behavias been described also in other areas. In
the Mediterranean (Thyrrenian Sea), Mori et al8@)docated the spawning grounds in depths
between 150-300 m, while in the Gulf of Guineaythee deeper than 200 m (Sobrino and
Fernandez, 1991). In Angolan waters, they are gureted between 100-400 m depth (Sobrino
and Cardenas, 1996). However, these results differ those in Tonet al (1988) who
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reported a continuous spawning activity in the veaté Israel in depths from 47-73 m. They
suggested that 16°C was the limit below which sppagvactivity began to decline. In the Gulf
of Cadiz, within the bathymetric range in which oratfemales are found (100-400 m), the
water temperature ranges between 16.5°C in demtimns£00-200 m, to 14° C at 300 m and to
13° C at greater depths. These results are inmgrgevith Ghidalia and Bourgois (1961) who
found a correlation between the abundance of shainapthe water temperature, suggesting a
lower temperature limit of 13.82 and optimal temperature between 14 and 15° C.

The fishery forP. longirostrisin the eastern Atlantic (Portugal) and southermitéeranean
(Spain, Italy, Greece) is well developed and cdraet by the common bottom trawlers

involved in a multi-species fishery. During thetldecade an increase in landings was observed
in Portugal, Spain and Greece. Because in almio$teahbove countries this species is
considered to be slightly overexploited additioragulatory measures must be taken in order to
maintain this resource.
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Introduction

Several authors have extensively reviewed the gyoknd fishery of this species in the past.
Classical reviews include those of Figueiredo ahdriias (1967), Farmer (1975) and Chapman
(1980). Sarda (1995) made a recent review, focusspgcts of it's life history. Studies covering
specific aspects of the biology or fishery of thedes in the Mediterranean include the work of
Karlovat (1953) on general biology in the Adriatic Sea,i®slini and Relini (1985, 1989) on
reproduction in the Ligurian Sea, Froglia and Giton({1981, 1988) on biological parameters
and mortality in the Adriatic Sea, Gramitto and dii@ (1980) on reproduction, Abellé and
Sarda (1982) on fecundity in the Catalan Sea amtu@eese waters, Sarda (1985, 1991) on
growth, moult and regeneration, Sarda and Cros4(188 metabolism. Sarda (1998), in a
special volume reporting the results of the NEMEDjgxt, described the biology in 7 different
areas in the Mediterranean (and adjacent soutlrtddal).

Hence, considering the large amount of informad#wailable, the present contribution will aim
at synthetically reviewing the main lines of reséaonNephropsin the Mediterranean, while
emphasising recent trends and new developments $B80.

Description and distribution

The Norway lobster Nephrops norvegicusl..) is a decapod crustacean belonging to the
Infraorder Astacidea (Latreille, 1803), SuperfamiNephropoidea (Dana, 1852), Family
Nephropidae (Dana, 1852), following the systemafmssification of Bowman and Abele
(1982).

Common names (Farmer,1975; Holthuis, 1991) in diffe countries areAlgeria: LangUstina;
Belgium: Langoestin, Langoustine, Noorse KreefCyprus: Astakos; Denmark:
Bogstavhummer, Jomfruhummer, Dybvandshummer, Gulmmder; Faeroe Islands:
Hummary; France: Langoustine, Cacahouéte, Arganelermany: Norwegischer Hummer,
Buchstabenkrebs, Kaisergranat, Kaiserhumn@meece Karavida;Iceland: Humar, Letur
Humar; Ireland: Dublin Bay Prawn;ltaly: Scampo, Scampolo, AstraciMalta: Ksampu;
Monaco: Lengustina; Morocco: Azeffane, LangoustineNetherlands: Noorsche Kreeft,
Letterkreeft;Norway: Bokstavhummer, Keiserhummer, Sjokreps, Sandhunifmeiihummer,
Jomfruhummer;Portugal: Lagostim; Spain: Cigala, Escamarlanch, Escamarla, Maganto,
Langostino; Sweden: Kejsarhummer, Havskraftafunisia: Jarradh el bahrJK: Norway
lobster, Dublin Bay prawn, Prawn, Scampigoslavia: Skimp.

- [ Formatted: English (United Kingdom) J

The distribution of Nephropsstocks is well known and encompasses suitableowing
substrates on the shelf and slope of NE Atlanti editerranean waters (Farmer 1975). In its
northern distribution (Gulf of Biscay to Norway ataland),Nephropsis found mostly on the
continental shelf and slope, while in its southéistribution (Portugal and Mediterranean) it is
found also on deep-water fishing grounds, downQ@ & depth (Farmer 1975, Holthuis 1991,
reported at 871 m by Sarda and Abell6 1984). InAttieatic Sea, the North Euboikos Gulf and
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the Ebro delta shelf it is abundant at depths ehalf than 100 m (Froglia 1972, Maynou and
Sarda 1997, Mytilineou et al. 1998c). In the Medé@aean,Nephropsis abundant in the
Western basin and the Adriatic Sea and becomesesceastwards (Holthuis 1987). It is also
abundant in Greek waters, especially in the Nortlgan Sea (Anon. 2000, Mytilineou et al.
2002). In the south Mediterranean, it is presemtifthe Straits of Gibraltar to the Nile delta, but
it is absent from the Levantine coasts (Holthui87)9

In the MediterraneanNephropsis often associated with other decapods, sucReamslalina

profunda Plesionika sp.Calocaris macandregéAlpheus glaberPontocaris lacazei, Munida
tenuimana Liocarcinus depuratgr and with demersal fishes such @sleus melastomus
Merluccius merlucciusPhycis sp., Micromesistius poutasspu.ophius sp., Lepidorhombus
boscii and Conger conger(Abell6 et al. 1988, Cartes and Sarda 1992, Rolébal. 1997,
Mytilineou et al. 1998c).

The main determinant of the species distributiorthis availability of suitable burrowing
substrate of sandy mud or clayey mud, while termpegasalinity or depth are considered less
relevant. The relationship between substrate cteistics andNephropsdistribution was
studied by Maynou and Sarda (1997). These autkpmted thalNephropsdensity was higher

in fine-grained sediments on slope areas and laweoarse sediments on the continental shelf
off the Ebro delta. On the other hand, the distiilbuof Nephropss not uniform over the depth
ranges occupied by the species, but there existdegsity patches alternating with areas of
lower abundance (Maynou et al. 1998). There ispatial segregation of juveniles and adults
(Maynou and Sarda 1997) aNeéphropsdoes not undertake migrations.

As reported for Atlantic stocks (e.g. Tully and I&il 1995), density-dependence of mean
individual size and possibly growth rate has alserbfound in the Mediterranean (Maynou and
Sarda 1997, Mytilineou et al. 1998c): mean indieidsize is larger in shallow-water, low-
density populations off the Ebro delta than in degger, high density nearby populationcat
400 m depth.

Nephropsis caught almost exclusively by trawl in the Medianean, but occasional catches
also occur on set fishing gears (e.g. trammel tetgs) in Italian and Greek waters.

Stocks are ill-defined in the Mediterranean butiltssfrom morphometric (Castro et al. 1998)
and genetic (Maltagliati et al. 1998) studies do sttow any geographic patterns which could
help in stock definition. In the present contriloati the fishing areas defined by FAO will be
used as proxy for stocks.

In the Mediterranean most of the catch is sold emdsumed fresh as a high-quality, local
product. It is a highly prized species, with pricesiging from 5-40 Euro/kg at first sale,
depending on size, quality and country. The unitegcan reach up to 80 Euro/kg prior to
Christmas.

Life history and behaviour

A thorough review of life history, complementingetheviews by Figueiredo and Thomas
(1967) and Farmer (1975), was made by Sarda (1998).reviewed developments and
conflicting issues on morphometry, reproductionuiting, relative growth, behaviour, feeding
and physiology, based on literature from 1967 t80LAs pointed out by other authors, key
aspects of the life history, such as the reprodeatycle, vary with latitude in this species (Fig.
1 in Sarda 1995). In the Mediterranean, spawniranisual, the spawning season is protracted
and eggs hatch earlier, at the end of winter, thahe Atlantic.

Life history traits for several study areas areegiin Table 1-1.4.
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Growth

Relative growth
Geographic and interannual variability in theand b parameters of the allometric function

relating total weight to carapace length (W=3*Exists, but the differences by sex are not so
pronounced and in many cases not significant (Tapl@he values reported for Mediterranean
stocks are within the range of those of Atlantacks.

Table 1. Size weight relationship for male and fienNephrops by region

Males | Females | Source

Parameter a(mg) b a (mg) b

CATALAN SEA 0.50Q 3.08(Q 0.700 3.00QSarda and Fernandez (198[)

CATALAN SEA 0.275 3.12Q 0.24Q0 3.26QSarda and Lleonart (1993)

LIGURIAN SEA 0.320 3.219 0.330 3.215Abella and Righini (1995)

TYRRHENIAN SEA 0.300 3.300 0.300 3.200Biagi et al. (1999)

S ADRIATIC SEA 0.500 3.099 0.500 3.099Marano et al. (1998)

N EUBOIKOS GULF 0.520 3.089 0.830 2.962Mytilineou et al. (1990)

NW AEGEAN SEA 0.209 3.315 0.219 3.294Papaconstantinou et al.
(1993)

NW AEGEAN SEA 0.269 3.238 0.501 3.072Papaconstantinou et al.
(1993

CHALKIDIKI 'S CULFS 0.353 3.138 0.523 3.054 Mytilineou et al. (1995)

Absolute growth

Absolute growth in different Mediterranean stocks been extensively studied the using von- [ Formatted: English (United States)

Bertalanffy Growth Function (vVBGF). Table 2 repotte results of Froglia and Gramitto
(1988), Abella and Righini (1995), Mytilineou andrfa (1995), Mytilineou et al. (1990,
1993a, 1995, 1998a) and Tursi et al. (1998). Tharpaters |, K and ¢ of the vBGF vary
strongly across stocks (Table 2), with no clearggephic pattern. They are also very different
by sex, with males growing to larger sizes thandies

Table 2. Parameters of the vBGF for male and ferhN@phrops by region.

Males | Females | Source
Parameter Linf K & Linf K to
ALGARVE 71.3 0.1 -2.45 62.4 0.14 -1.19Mytilineou et al. (1998a)
ALBORAN SEA 78.4 0.17 -0.38 59.4 0.20 -0.92Mytilineou et al. (1998a)
CATALAN SEA 72.9 0.14 -1.43 54.9 0.1 -1.36Mytilineou et al. (1998a)
GULF OF LIONS 84.5 0.0 2.52 68.4 0.01] 1.58Campillo (1992)
LIGURIAN SEA 65.2 0.1 -0.96 54.5 0.22 0.03Mytilineou et al. (1998a)
LIGURIAN SEA 72.1 0.17 0 57.7 0.2] 0|Abella and Righini (1995)
TYRRHENIAN SEA 80.8 0.13 0.07 69.4 0.12 -0.64Mytilineou et al. (1998a)
N ADRIATIC SEA 70.4 0.04 1.70 57.1 0.04 1.47Froglia and Gramitto (1988)
C ADRIATIC SEA 53.3 0.03 -1.91 38.5 0.04 -0.27|Froglia and Gramitto (1988)
C ADRIATIC SEA 714 0.11 -1.18 68.0 0.14 -0.21Mytilineou et al. (1998a)
IONIAN SEA 79.§ 0.20 -0.64 58.8 0.25 -0.56Tursi et al. (1998)
EUBOIKOS GULF 82.4 0.12 -0.01 75.8 0.12 -0.11Mytilineou et al. (1998a)
W-N. AEGEAN SEA 86 0.0§ 69 0.09 Mytilineou et al. (1993a)
W-N. AEGEAN SEA 87 0.0 66.§ 0.1 Mytilineou et al. (1993a)
CHALKIDIKI 'S 82.4 0.11 65.9 0.13 Mytilineou et al. (1995)
GULF
Age

Sarda (1995) presented a table of length-age datdldphropsbased on composite modal
analysis for various stocks. However, there is saliserepancy in assigning years to this
species. Based on Length Frequency Analysis, satt@igs (Castro 1990, 1992, Mytilineou et
al. 1995, Mytilineou and Sarda 1995, Mytilineouatt 1998c) assigned a female age of 4-5
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years to the mean size at sexual maturity of 32@hmvhile Orsi Relini et al. (1998) assigned
this size to the 3-4 year old cohorts. The forméhars consider each Gaussian component of
the LF distribution as a year of life, while OrstlRi et al. (1998) believe that juveniles have a
composite size structure due to the long recruitrperiod inNephrops Bianchini et al. (1998)
estimated an age of 4-5 years for females of 31 @in{corresponding to thesh of sexual
maturity) for aNephropsstock off Sicily. From these findings, it seemattimean age at
maturity is 4 years in most Mediterranean stocks.

Moulting
Moult increment and moult frequency were studiedSayda (1985) in the Catalan Sea from

wild and laboratory-reared specimens. He found ¢natvth increment by moult decelerated
from 9% in juveniles to 4% in adults, while the dgim of the intermoult period increased with
size.

Sarda (1985, 1991) reported the moult and growttepaof Nephropsin the Catalan Sea. He
identified 3 main moult periods: faxed period (December to April), and twaptional periods
(June-July and Sep-Oct). In the fixed period, adwld juveniles of both sexes moult. This
period is coincident with the moulting period of toEuropean stocks (Charuau 1974, Conan
1975). A second period in June-July comprises métm moult of juveniles, while the third
period in autumn affects all males and juveniled&rs. The period with the lowest frequency of
moulting females coincides with the periods of gbnaaturity and brooding of eggs, while the
frequency of moulting in females increases in wiated coincides with the egg-hatching period
(Sarda 1991). This post-hatching moult also coegidith the mating period of February to
April. Sarda (1995) noted that the pattern of mogland reproduction is slightly advanced in
the southern latitudes with respect to the Nortlaic (see also Sarda 1991, Orsi Relini et al.
1998). In the Mediterranean, the incubation peighorter ¢a. 4-6 months), and spawning
and hatching start earlier than in the North Aita(®arda 1995).

Gramitto (1998) identified the moult pattern dlephropsin the Mediterranean through
gastrolith examination. She concluded that juveniledergo multiple moults year round, while
mature males and females moult at least once a pemlt females moult in winter in the
Mediterranean (December-March) after egg hatchirigle males moult in summer-autumn
(August-December). In males, a second moultingopleis sometimes apparent (Tyrrhenian and
Alboran seas), coinciding with the winter moultiofyfemales. This moult synchrony among
adults is common to all Mediterranean populatidfexy old individuals may skip the annual
moult (Sarda 1985, 1991). The studies of Gramitt@98) and Sarda (1991) were based on
different methodologies and in different study ardaut the results coincide, yielding a pattern
that can be assumed constant for the entire Mealitean.

The frequency of moulting by size class is sumnedria Table 3

Table 3. Number of annual moults in relation torpogilt
size in Nephrops ((from Sarda 1991, 1995)

Class size (mm Cl| Number of annual mou
10-19.¢ 3-4
20-23.9 3
24-26.¢ 2-3
27-29.¢ 2
30-39.¢ 1-2

>4C 0-1

Natural mortality
Values of M for various stocks are reported in €abl Generally, the values reported for males

are lower than the values reported for females,thete is a strong variation related to the
method used for computing M.
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Table 4. Natural mortality of male and female Negiw by region

Males| Femaleg Source
Parameter M M
CATALAN SEA 0.200 0.20QSarda and Lleonart (1993)
CATALAN SEA 0.39§ 0.416Sarda and Lleonart (1993)
LIGURIAN SEA 0.650 0.820QAbella and Righini (1995)
LIGURIAN SEA 0.50(0 0.70Q0Abella and Righini (1998)
TYRRHENIAN SEA 0.25 0.250Biagi et al. (1999)
NW AEGEAN SEA 0.281 0.390Mytilineou et al. (1993a)
NE AEGEAN SEA 0.28P 0.422Mytilineou et al. (1993a)

Reproduction

Reproductive cycle

Mating takes place in spring. The mean lengthrat fnating of females is 32 mm CL in the
Ligurian Sea, corresponding to 3-4 year old femalesording to Orsi Relini et al. 1998.
Spawning starts at the beginning of summer, withriewn maturation from May to September
(maxima: June-July, Table 5, Orsi Relini et al. @99 he egg incubation period varies from 6
months in the Ligurian Sea (Orsi Relini et al. 198810 months in the North Euboikos Gulf
(Mytilineou et al. 1990) and takes place betweenelJand February (with maxima in
September-November for most areas, Table 5). Egpping takes place in winter, not in spring
as in North Europe. The period from egg-laying gg-eatching takes 6-10 months (Orsi Relini
et al. 1998).

Table 5. Fecundity, maturity and egg incubationigein Nephrops

Size-fecundity lineaSize-maturity modelLsg (mm Egg |Source
model CL) |incubation
Maturity | period
size

Parameter a b sl s2

ALGARVE -3795.5160.83 10.893 0.3626 30 |July-Feb 1
ALBORAN SEA -5851.4 204.2 32.8042 0.9109 36 Aug-Feb 1
CATALAN SEA -2852.6113.46 20.2081 0.6761 30 Aug-Jan 1
LIGURIAN SEA -7519.9258.07 23.3594 0.7269 32 Aug-Feb 1
TYRRHENIAN SEA -3311.4132.27 20.12 0.6362 32 |Aug-Feb 1
C ADRIATIC SEA -2862.5120.79 24.889 0.8442 30 |June-Jan 1
S ADRIATIC SEA 25 2
NW AEGEAN SEA 29 3
NE AEGEAN SEA 27 3
GULF OF CHALKIDIKI 34 4
NEUBOIKOS GULF -1752.490.117 15.8838 0.4788 33 |June-Feb 1

Maturity
The relative growth in males was analysed fromcthelae length-weight relationship by Sarda

and Fernandez (1981) and Sarda (1995). Males ashoal maturity at 20-25 mm CL
depending on the geographic location.

Sizes at maturity in females are reported in T&blmgether with the parameters of the size at
maturity logistic function, based on stages Ill-d¥gonadal maturity. The mean size at maturity
(Lsg) of females in the Mediterranean varies generaltyben 30 and 36 mm CL (mean of 31.6
mm) while in the Atlantic the average size at miafus lower at 25.6 mm CL (Orsi Relini et al.
1998). However, the value ofd.reported by Marano et al. (1998) for a deep-whlephrops
stock in the south Adriatic is 25 mm CL, and foe thestern and eastern North Aegean are 28.5
and 26.5 mm CL (Mytilineou et al. 1993b), respeadiv These are within the range of values
reported for the Atlantic.
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Reproduction in the Mediterranean can be considareaial (Orsi Relini et al. 1998), except
perhaps in the Catalan Sea, where Sarda (1985) 16parted that only 80-90% of mature
females carry eggs, suggesting that spawning doeiliennial for some females that did not
synchronize the moult and gonadal maturity cycle.

Fecundity
The number of eggs carried increases with sizes({ Relini et al. 1998, Mori et al. 1998, 2001,

Abellé and Sarda 1982) (Table 5). The fecundityttef Mediterranean populations analysed
showed great variability and no clear geograpléndr Lower fecundity values were associated
with stocks which were subjected to high fishingrtality.

Habitat use and requirements by juveniles and adults

Sex ratio

In the Mediterranean juveniles are not capturedcgffely in the fishery probably due to low out-of-
burrow activity (Gramitto 1998). Juveniles probaliBed within their burrow (Gramitto 1998,
Chapman 1980).

Females do not exit their burrow while berried ftlsan abstain from feeding for long periods,

Farmer 1975). This behaviour affects the sex @ftihe catches. The sex ratio is equal between
the periods of egg-hatching and egg-laying onlylddiare more frequent in the catch in winter
and spring (Sarda 1991).

Activity

In the western Mediterranean the activity déphropswas investigated with trawl gear in
shallow (100 m) and deep (400 m) areas by Agu£XZ® Assuming that times of peak activity
correspond to times of highest catch rate, this@ubund that in shallow watelkephropsvas
active mainly at dawn and dusk, as in many Atlastacks (Farmer 1975). On the other hand,
the activity of the deefNephropspopulations was centred at noon. These peaksvalsed
seasonally as a function of photoperiod (AguzziZ00

Aguzzi (2002) also measured the heart rate, daljations in glucose levels and oxygen
consumption, and mobility patterns in animals kepthe laboratory and confirmed that the
activity rhythms are endogenous (Chapman 1980).

Food and feeding

Nephropsforages for its food at certain times of the d&liese periods of activity form a
regular pattern, probably synchronised to changdglit intensity reaching the seabed (Farmer
1975).Nephropsmay be an opportunistic feeder, taking availab&y tems from the sea floor
near the burrow entrance. Bozzano and Sarda (2862y submarine photography found that
Nephropdeed in the vicinity of their burrows and theietimay consists of food falls or fishery
discards, as observed by means of an underwatesraaf@risto and Cartes (1998) and Cristo
(1998) made a comparative study of the feedingoggobf Nephropsin the Mediterranean
(Alboran, Catalan, Ligurian, Tyrrhenian and Addasieas and Euboikos gulf) and the adjacent
Algarve coast of Portugal. In accordance with prasi studies in the Mediterranean and
Atlantic, they found thatNephropsis a generalist feeder which actively capturesy poe
scavenges. Most of the prey items foundNiephropsstomachs were decapod crustaceans,
euphausiids, peracarids and fish remains. No sahsogeographic differences were reported.

Sarda and Valladares (1989) calculated the digestite inNephropsexperimentally reared in
the laboratory and found that this species fullgaated its stomach within 12 h and that long
starvation periods induced cannibalism. Maynou @ades (1997), based on data in Sarda and
Valladares (1989), calculated that the gastric eation rate foNephropsis 0.179 H at 13°C,
using an exponential evacuation model.
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Recent studies showed that a high percentage ohripp in the Catalan Sea had empty
stomachs (Aguzzi 2002). More than 50% of stomachdéth males and females in different
seasons were empty. However, Cristo and Cartes8]1@ported a lower incidence of empty
stomachs in other areas of the Mediterranean, lgth seasonal variability. The percentage of
empty stomachs was very high in the Catalan Seanathe Euboikos Gulf in summecd. 50%
both for males and females, Cristo and Cartes 1988) variations in stomach fullness have
been related to the peak of gonad maturity (Créstd Cartes 1998) or to the period of egg
bearing (Mytilineou et al. 1992). Evidence is inclusive, however, as the percentage of empty
stomachs is consistently high for both males anthfes.

Major predators

Farmer (1975, based on Gauss-Garady 1912, 1918jteepthatLophiusspp., various sharks
and rays,Trigla spp., Scorpaenaspp. andMerluccius merlucciusare major predators of
Nephropsin the Adriatic Sea. Planas and Vives (1952) fotimat the poor codT{isopterus
minutus capelangds a major predator dfiephropson the Ebro delta continental shelf on the
east coast of Spain. However, Macpherson (197 d)estuthe diet of more than 20 fish species
of the Catalan Sea and did not fiNéphropsremains in the stomachs anlaysed. Sartor (1993)
studied the stomach contents of 14 demersal fiskisp in the Northern Tyrrhenian Sea and
found Nephropsonly occasionally. Quetglas et al. (1999) folephropsin stomach contents
of the European flying squidr¢darodes sagittatysalthough with very low incidence, off the
Balearic islands.

On the other hand, there exist competitors forablet burrowing substrate, such as other
burrowing decapodsCalocaris macandregeJaxea nocturnaAlpheus glaber Callianassa
subterranea Goneplax rhomboidedrarmer 1975) or fishes (some species of Gobiidak a
Ophichthyidae, pers. obs.).

Relationship between stock and recruitment

Recruitment is annual since there is only one bimedyear per female (Farmer 1975). Recruitment
to the fishery occurs at 20 mm CL (2-3 years olknker 1975). In the Mediterranean, the smallest
sizes present in the catch are also 20 mm CL, éxoethe lonian Sea, the Aegean Sea and the
Euboikos Gulf where smaller individuals are rouyneaught, probably related to the smaller mesh
sizes employed (28-32 mm stretched mesh; Mytilinetoal. 1993a, 1993b, 1995, 1998c, Relini et al.
1999).

Larval ecology and larval settlement

Larvae occur between January and March in the Meditean (Lo Bianco 1909, Stephensen
1923, Santucci 1926, Karlo¥a953). The larval development period has beenrregpat 34
days in the Mediterranean (Sarda 1995), shorter ttiaca. 50 days in the North Atlantic (Hill
1990).

The fishery

Stocks: location and geographical extent

A biometric analysis of 27 morphometric variableaswperformed on 6 stocks (one Atlantic:

south of Portugal and 5 Mediterranean) by Castral.ef1998). They concluded that the three
western and central Mediterranean stocks (Catalganyian and Tyrrhenian Seas) showed the
greatest overall level of similarity, while the tvetocks at the geographical extremes of the
study area, Algarve and Euboikos Gulf, were thetrdifferent.

The genetic structure dfephropsstocks in the Mediterranean Sea was analysed thadliati
et al. (1998). They studied 15 enzyme systems fa Atlantic stock (Algarve) and eight
Mediterranean stocks. This study showed only mdedegenetic differentiation between
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geographic regions and no clear pattern of geogragtbck structure. They further postulated
that larval drift (assuming a planktonic lifetimé @a. 50 days as in the Atlantic, Hill 1990) is
sufficient to offset genetic divergence in MeditereanNephropsstocks (Maltagliati et al.
1998). A study by Passamonti et al. (1997) charizatg the genetic structure of Scottish and
Aegean stocks dflephropsased on allozyme analysis failed to reveal sigaift differences in
those stocks.

The results of the biometric and genetic studierewst indicative of any clear geographical
patterning of the populations studied, and stoektification cannot be based on morphometric
or genetics at the present level of knowledge.

Although morphological and life-history variabilithetween nearby populations may be
significant it probably arises from phenotypic a@dipns to local environmental conditions and
fishing pressure rather than from genetic diffeesn@mong populations.

Economic importance and overall volume of catches

Data series on economic yield W&phropsstocks are generally available. It is known thuet t
price is related to size (with larger sizes fetghigher prices) and inversely related to catch (or
availability) because markets are local (Table 6).

Table 6. Unit economic value of Nephrops by region
Min €/kg Max €/kg Area Source
18 27 Balearic islands Merella et al. (1998)
12 31 Catalan Sea Unpub. Data
14 35 Italy Unpub. Data
4.5 16 Greece Unpub. Data

In particular seasons (e.g. Christmas) laigphrop>45 mm CL) can reach up to €80 /kg.

Nephropsrepresents a small fraction of the total demelesadings in each country (FishStat

2000), from around 1-2% of demersal catches in Medinean Spain and Greece to around
10% in the Adriatic (Italy and Croatia). Its impante in economic terms is higher due to its
high unit value. In Greece Nephrops represents dDffte total mean annual economic yield of
the crustacean official landings and 2.8% of theltofficial landings (Mytilineou et al. 2002).

Fishing methods
Nephropsis mainly caught by trawling in the Mediterraneatthough set gears (traps and

trammel nets) used by artisanal fishermen in thAégiean and the Adriatic Sea caidéphrops
in areas where trawling is prohibited. Around 7%dNafphropsproduction between 1990-1998
was obtained from nets in Greece (Mytilineou efab?2).

The trawl fleet targeting Norway lobster in the Medranean is composed of small to medium
vessels (33-56 mean GRT for all areas studied ida&Sa998b), but their engine power can be
relatively large (as much as 1000 HP, clearly abtne500 HP legal limit for Mediterranean
trawlers). This large engine power is used in redutransit time from the port to the fishing
grounds, and to ensure efficient use of large sawAdditionally new technological
improvements are continually being implemented,hsas GPS navigation, acoustic gear-
control devices, etc. The profile of thhephropsfishing fleets by area can be seen in Table 7.
Under the European Common Fisheries Policy, aWltause a codend of 40 mm stretched
mesh, except in Greece, where this policy has ebbgen implemented and the mesh size is
still 28 mm stretched.

The technical characteristics of the trawlers drttawls can be found in Sarda (1998b). He

reported the existence of three main types of sawlwestern (Portugal and Spain), a central
(Italy) and an eastern (Greece) type. These thypestof trawl differ mainly in overall
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proportions (length and mouth openings) and the sizotter doors. The Italian trawl is the
smallest one and perhaps better adapted théiphropsfishery. In general, all these gear types
have in common a small vertical aperture and thesqmice of chains between the wings,
advanced with respect to the mouth opening anohgotiver the sea floor. Hence, the impact of
this fishing gear on the sea floor is significant.

Summary of fishing areas by country

South Portugal: The trawl fleet operating in sdadntugal (Alentejo and Algarve) mainly
targets a mixed decapod crustacean fishery at 20G¥6depth. The major fishing grounds are
located in the SW and S Algarve coast (Sarda 198@axpenaeus longirostris caught at
200-300 m depth, whilslephropss caught around 400 m depth giisteus antennatus
deeper waters. Thirty one licenses for crustaceavliing were issued in 1998 in this area.
Twenty four of these vessels work exclusively ooageds.
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Table 7. Profile of the fishing fleet by region

ALGARVE |ALBORAN |CATALAN |W LIGURIAN |N C ADRIATIC |IONIAN SEA |[AEGEAN |N EUBOIKOS
SEA SEA SEA TYRRHENIAN [SEA (Greece) SEA GULF
SEA
Number of vessels 280 5-12 15 120 35 290 23
Days of fishing trip 1 1-3 1 1-2 2-3 1
Number of hauls/day| 2.5 2.5 2.5 6.5 1-3 1-3 2-6
average trawling 18 12 8 9 11 16 17.5 17.5 10
hours/day

Number days/year 111
Average HP 28D 250 500 290 470 300 360* 400* 360*
Average GRT 5p 43 52 33 56 41 54 65 50
Average length 24 22| 24 22
Average crew 5 4-5 4-5 4-5
gear used trawl trawl trawl trawl trawl trawl trawl trawl trawl+nets
Multispecies fishery yes yes yesg yes yes yes yes yes yes
Targeted or by-catch targeted targeted targeted targete targeted targeted targeted  targeted targeted
Other species hake hake, blu hake, blu
monkfish whiting, greate whiting,

blue whiting fork-beard shortfin squid

megrim monkfish

Technical fishing aids GPS GPS GPS| GPS, SounderGPS, Sounder| GPS GPS
Sounder§y  Sounder§  Sounderg plotte Sounderg Echosounde

plotter plotter plotter plotter
Source: Sarda Sarda Sarda Sarda (1998b) Sarda (1998b) Sarda (1998b) Mytilineo|Mytilineou |Sarda (1998b),
(1998b) (1998b) (1998b) (unpub. data) |(unpub. (Mytilineou
data) unpub. data)

*registered, in reality it is around 500 Hp
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Mediterranean Spain: Fisheries fdephropsare mainly found in the Alboran and Catalan seas.
Catches are around 200-300 mt annually. The catathier Spanish Mediterranean areas is
much less significant (Gil de Sola 1993).

Alboran Sea: The fisheries in this area were deedriby Gil de Sola (1993Nephropsis
caught in well-defined fishing grounds mainly beéne200 and 270 m depth (although its depth
distribution extends beyond 500 m in this area)m@ercial yields are around 30 kg/day per
boat.

Catalan Sea: The fishing grounds are located ordhénental slope (between 200 and 500 m
depth), with a peak catch at around 400 m. Thealyrekhis area varies from 10-40 kg/day per
boat. Additionally,Nephropsis caught in shelf depths (around 100 m depthjreffEbro delta,

at low densities.

Italy: In the west and south coasts of Ithlgphropss abundant on bathyal fishing grounds from 200
to 700 m (Relini et al. 1999). It is caught in ta&stern Ligurian Sea and northern Tyrrhenian, the
south coast of Sardinia and the south coast ofySiki the northern Tyrrhenian Sea, on fishing
grounds from 300-450 m deptephropsis the most important target species all year doi8artor

et al. submitted). It is also present, though aglodensities, in the lonian Sea and Gulf of Tarant

Adriatic Sea:Nephropsis very abundant on shallow fishing grounds (10r50Relini et al.
1999) in the northern and central Adriatic.

GreeceNephropsis very abundant in the northern and central Aedgaa from 200 to 500 m
depth, with abundances of 9-10 kgikruata from MEDITS trawl surveys, Anon. 2000).
Abundances in the lonian Sea are between 2-9 Kg/km

Catchability

Diel changes in abundance.

The diel variation in catchability dilephropsfollows the rhythms of activity of this species
(Farmer 1975). It is well known th&tephropsin shallow waters have peak emergence rates at
sunrise and sunset (e.g. in the Adriatic Sea, Frd72). However, in deep waters (400 m
depth) the maximum catchability is around noon (ZgR002), confirming the hypothesis of
Chapman et al. 1972, whereby a specific rangegbf Intensities triggers activity iINephrops

thus increasing availability to the fishing gear.

Seasonal changes in abundance

Nephropscatches are usually higher in late spring and senfor all stocks, when both males

and females are available to the fishing gear @d@91). In autumn and winter, berried

females remain in their burrows and are uncommonaiiches. Consequently, the sex ratio
changes seasonally in the catches from arounchlate spring and summer to 4:1 in favour of
males in autumn and winter (Farmer 1975, Sarda,1d9filineou et al. 1993b, Aguzzi 2002).

In addition to the well-known seasonal patternscdbed above, Maynou and Sarda (2001)
documented short-term spatio-temporal changes tichahility of CatalanNephropsstocks.
From the analysis of specifically designed log-lmakese authors were able to recoveraa
2-year daily series of catches and observationsneironmental variables. The analysis of the
data showed that atmospheric pressure, cloud cavret,sea state affected catch rates of
commercial vessels. These changes took place beer ttime periods (a few days to a week)
and were mediated by atmospheric conditions inthreletermining the light intensity reaching
the sea floor.

Interannual changes in abundance
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Table 8 shows the evolution of official landingsMéditerranearNephropsstocks from 1970

to 1999. Notwithstanding probable increases inreffoorly documented in the Mediterranean)
it is apparent that the lonian and the Adriaticcktoshow large interannual fluctuation of
catches. Furthermore, the two stocks seem to fitretaynchronously, with peaks in 1977 and
the early 1990s. Both stocks seem to be declimirthe late 1990s. The Aegean stock seems to
follow the same pattern although the fluctuatiores emaller. The Balearic and Sardinia stocks
show less interannual variability. The peak catobieserved in the late 1980s for these two
stocks coincides with the onset of the fishenhia Gulf of Lions.

Table 8. Landings (tons) of Nephrops norvegicusejon (in parentheses the main
country(ies) contributing to the total catch). SecetrFishStat (2000).

Year Adriatic Aegean |Balearic |Gulf of Lions |lonian |Sardinia
(Italy and [(Greece) |(Spain and |(Spain) (Italy) |(1taly)
Croatia) Algeria)

1970 1142 475 348 0 147 504
1971 1175 496 436 0 239 528
1972 1267 534 526 0 243 640
1973 987 733 567 0 634 418
1974 976 651 525 0 986 449
1975 984 546 274 4 1100 434
1976 1247 575 825 0 1414 472
1977 1805 700 684 1 1767 432
1978 1250 879 579 0 1673 348
1979 972 729 552 1 1087 437
1980 814 692 517 1 750 441
1981 943 725 431 0 1023 357
1982 1113 656 470 0 1176 504
1983 959 720 514 0 1348 504
1984 1027 833 469 0 1447 660
1985 1909 813 642 0 1692 967
1986 1986 1.021 758 0 2314 1160
1987 1675 1.102 868 130 2188 1052
1988 2138 1.264 804 110 2685 839
1989 1767 1.173 593 90 2450 507
1990 1600 1.595 613 60 3314 432
1991 2024 934 602 45 3604 480
1992 2531 707 621 30 3152 648
1993 2493 796 620 25 2309 669
1994 2366 1.066 631 20 2846 749
1995 1811 1.075 594 20 2426 643
1996 2104 480 556 18 2764 736
1997 1964 313 490 11 2227 1160
1998 1341 435 605 12 1331 431
1999 951 241 533 12 1996 335
Selectivity

Studies on selectivity were conducted by Sardalei(1893), Stergiou et al. (1997) and
Mytilineou et al. (1998b) for several Mediterranesiocks. These studies report that increases in
mesh size from the current 40 mm (stretched mesBPtor 55 mm would result in a size at
50% capture () of 31-32 mm CL. This size corresponds approxityate the Ls, size of
maturity in females and would allow a large promortof recruits to escape. However, this
measure would be unacceptable to fishermen, bedausemulti-species fishery the yield of
other species would also diminish. Politou et 8997) found that mesh sizes of 48 and 52 mm
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were more selective than a 40-mm meshMicromesistius poutasspUrisopterus minutys
and Lepidorhombus boscibut they did not affectMerluccius merlucciusand Eutrigla
gurnardus As discussed below, management measures othar shiectivity seem more
appropriate forNephropsconsidering the current state of exploitation, duse mesh size
changes are not very effective for this species.

Impact of fishing gear on the habitat and recruitment

Specific studies on the impact of trawling Nephropshabitat and recruitment are lacking in
the Mediterranean. However, considering the clossoa@ation ofNephropspopulations to
specific sea bottoms, it is reasonable to assuatehthavy trawls may damage or degrade their
habitat. A recent study by Sartor et al. (unpulgldhon theNephropsfishery of the Northern
Tyrrhenian Sea showed that the majority of the laissncaptured was by-catch characterised by
a high species richness, due to poor selectivitthefbottom trawl gear. An important fraction
of the by-catch was composed of commercial spegiich were retained and provided an
important added value to the landings. Annual ayerdiscards represented 20% of the total
catch. NoNephropswere discarded. Discarding of commercial specias mostly due small
size. Large numbers of non-commercial small fisd arustaceans were also discarded. The
results seem to indicate that this kind of fishachieves a fairly good compromise between
efficiency of resource utilisation and impact one tllemersal communities. However,
Mytilineou et al. (1998c¢) found that discards antawn40% of the total catch of trawl hauls on
Nephropdishing grounds in Greek waters.

Monitoring the fishery

Landings and effort

Reliable and long term data series on landingsedfuit are generally difficult to obtain for
Mediterranean fisheries. The official statisticse aoften not accurate in the European
Mediterranean and are very inaccurate in northcAfri countriesNephropsfisheries in the
Mediterranean follow the general patterns of otfighieries in this area, i.e. they are multi-
species, small-scale fisherigephropsis a target species of mid to large otter trawlers
together with hake, monkfish and megridephropsis also caught by set gear (traps and
trammel nets) in the lonian and Aegean seas. iastly fished in deep waters (200-500 m),
although fishing in shallow waters does occur oa tontinental shelves of the Ebro delta,
Adriatic Sea and particular areas of the Aegean Beasonal observations indicate that a
significant fraction of théNephropscatch may be sold outside the official marketdeast in
the Spanish Mediterranean and Greece. Sarda (198pajted that the official statistics of
Nephropslandings are not generally reliable in the Med#eean, with differences between
official records and actual landings ranging betw&8 and 50%. In Greece, the percentage of
landings passing through the official markets imseel in recent years, from 35 to 70%
(Mytilineou et al. 2002). Smaller individuals arétem sold in mixed-species consignments
(Sarda 1993). The effort of tidephropsfishery is also difficult to estimate due to theilta
species character of Mediterranean fisheries (SEQ9€3).

Italy, Greece and Spain have the highest landimgised Mediterranean at 3033, 243 and 448 mt
respectively in 1999. Croatia with 245 mt is thdyonon-EU Mediterranean country with
significant landings.

Since 1970 catches have increased markedly indhiarl, and Adriatic and remained fairly
constant in the Aegean Sea, Sardinia and Balezgions. After a period of high catches in the
late 1980’s and early 1990s, the current trend shewdecrease in catches in all stocks.
Interestingly, trawl surveys conducted in the so@thiatic from 1985 to 1995 (Marano et al.
1998) showed increasing values of the abundanaxifrdm 1990 to 1995, closely matching
the trend in landings observed in the Adriatic Sea.
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Catch per Unit Effort

Figures on catch per unit effort from commerciahéries are also difficult to obtain. Maynou
and Sarda (2001) report 4-10 Kgfor commercial vessels working on the Catalan icental
slope at 300-500 m depth and 0.5-1.0kédr shelf stocks at 100 m depth. For shallow water
north and central Adriatic stocks Piccinetti andciietti-Manfrin (1994) report catches per unit
effort of 0.5-1 kgH. In Greek waters (200-500 m depth) the reportéchgaer unit effort ranges
betweeen 3.5 and 14 kgim the North Aegean Sea (Papaconstantinou et 88)19 and 5 kgh

in the Gulfs of Chalkidiki (Papaconstantinou etl#94), 0.3-0.6 kghin the South Aegean Sea
(Papaconstantinou et al. 1998). These yields piealy lower than for Atlantic stocks.

Abundance indices from trawl surveys in differeggions is given in Table 9

Table 9. Abundance indices of Nephrops (k§/kram experimental trawl surveys by region

Regior Shallow (10- |Deep (200- |Source

200 m depth) |800 m depth)
Ligurian and Central Tyrrhenian 0.85 8.10 Relinakfeds.] (1999)
Sardinia 0.00 9.70 Relini et al. [eds.] (1999)
South Tyrrhenian and Sicilian straits 0.02 4.07 iel al. [eds.] (1999)
lonian Sea and South Adriatic 0.90 2.09 Relinilefeals.] (1999)
North and Central Adriatic 4.90 9.09 Relini et[abs.] (1999)
Catalan Sea off Barcelona: June 1991 0.00 14.7 nblagt al. (1998)
Catalan Sea off Barcelona: Nov 1991 0.00 9.60 Mayetal. (1998)
Catalan Sea off Tarragona: Apr 1994 2.90 9.10 Meyarad Sarda (1997)
North Aegean 0.51 9.38 Anon 2000
South Aegean 0 2.96 Anon 2000
Argo-Saronikos Gulf 0.67 3.29 Anon 2000
Central lonian 0 1.79 Anon 2000
Discards

Generally there is no discarding Mephropsin the Mediterranean. Even undersize or slightly
damaged individuals are sold often in mixed consignts with other species.

Assessment of the impact of fishing on the population

Assessments Mephropsstocks in the Mediterranean are still uncommomé&studies include
Froglia (1972), Sarda and Lleonart (1993), Abelid &ighini (1995, 1998), Sarda et al. (1998)
and Biagi et al. (1999).

Sarda and Lleonart (1993) analyseNMephropsstock in the Catalan Sea by means of LCA and
Y/R and concluded that it is not heavily overexi@ddi and is stabilised near its equilibrium
level. They also found that the stock is very s#éresto recruitment overfishing.

Sarda et al. (1998) assessed several stocks iMélditerranean by means of LCA and Y/R
analysis. They reported the current status of étgplon for several study areas and concluded
that the Catalan, Adriatic and Tyrrhenian stocles fatly to slightly overexploited, while the
Ligurian and the North Euboikos Gulf stocks are erately exploited and the Alboran and
Algarve stocks are lightly exploited.

Levels of fishing mortality from Abella and Righi(i998), Sarda et al. (1998) and Biagi et al.
(1999) are presented in Table 10.

Table 10. Fishing mortality by region for male dedhale Nephrops.
[ Area | F (year’): males, females |
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Algarve 0.45, 0.!
Alboran Se 0.30, 0.!
Caialan Se 0.70, 1.1
W Ligurian Sea 0.40, 0.33
E Ligurian Se 0.42,0.2.
N Tyrrhenian Se 0.50, 0.4!
Adriatic Sei 0.42, 0.8
Euboikos gul 0.30, 0.5

It appears that females undergo heavier fishingatity in all stocks, except for the Ligurian
Sea and Northern Tyrrhenian Sea.

Sarda et al. (1998) also concluded that MeditemmiNephropsfisheries are inefficient and a
decrease in current effort levels or improved gilitg would result in future higher yields.

Sarda (1998c) reported that mean CL in the catdhebned over time. This was later confirmed to
be a general pattern for all Mediterranean stockd gives an indication of the state of
overexploitation of the stocks (Sarda 1998c).

Management of the fishery

Nephropsfisheries are not specifically managed as suchhan Mediterranean. All trawl
fisheries are managed according to technical measand effort control regulations, which are
not reviewed regularly. Fddephropsghere is a specific minimum landing size of 20 @i (or

70 mm TL, EU regulation 1626/1994, 27 June 1994)difonally, all trawl fisheries require a
minimum mesh size of 40 mm stretched mesh and remters are limited to 500 HP engines
(EU regulation 1626/1994, 27 June 1994). At theslleof local management, there are some
restrictions on fishing time, e.g. existence ofss@al closures in Italy and Greece or limitation
to 12 working hours a day in many ports of CataloNote that these measures are applicable
to all trawl fisheries of a given area. Measuredoirte are presented in Table 11. Additional
information on the management of Mediterraneanefigis can be found in Farrugio et al.
(1993) and Caddy (1993).

Table 11. Management measures applicable to Neghirofhne Mediterranean

SPAIN [ITALY |GREECE

Minimum landing size 20 mm CL (70 mm TL)

Sex restrictions no

Mesh regulation in trawls 40 mm stretched me  {28mm

stretched
mesh
Trawl Exclusion Devices no
Engine power of new boats 500 HP
Quota no
Seasonal closures varies from|varies for trawl
year to year |Maritime prohibited
Districts from June to
Septin
Greece, fromn
April to Oct
in specific
areas
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No take zones no areas
prohibited to
trawling or
any fishing
gear
Gear limitations maintenance of the total GRT aildfithe
trawl fishery. Prohibition of traps for Greecge
Management structures Centralised- |Centralised- |Centralised
local local
Conclusions

Except for the larval stages the biology and egplof Nephropsis well known in the
Mediterranean. The growth parameters show geograpbariability (Mytilineou et al. 1998a),
as in the Atlantic. The causes of growth variapiite environmental factors such as substrate,
temperature, food availability, etc., the explodatsustained by each population (absence of
older age groups), and biological factors (dendighaviour, moulting, etc.) (Mytilineou et al.
1998a).

The sizes at female maturity is generally largethin Mediterranean stocks than in the Atlantic
(30-36 mm CL in the stocks studied by Orsi Relinak (1998), and 23-31 mm CL in ICES

areas). There is strong geographic variability,idating that local factors together with the

exploitation status of each stock may be of impuain determining the actuadl(Orsi Relini

et al. 1998).

Stocks are ill-defined at present and evidence froorphometric (Castro et al. 1998) and
genetic studies (Maltagliati et al. 1998) do notnpdo clear geographic patterridephrops
populations are perhaps best viewed as a set afpomtlations that respond individually to
environmental factors and fisheries pressure, todiiess in this area are still lacking.

Official statistics on catch (landings) are notirty reliable, but can be used as a qualitative
tool to study trends in thidephropdfishery. In the 1990s a general trend of decregdsindings
was observed in all major stocks. Effort data aostiy lacking in the Mediterranean and only
general considerations encompassing the entire tigat can be made. In fact, these are issues
concerning Mediterranean fisheries in general (fporet al. 1993, Caddy 1993).

The assessments conducted on local populationseshdvat the state of exploitation varies
across areas, from slightly underexploited popaoitettito fully exploited populations (Sarda et
al. 1998). The biology ofNephrops probably explains the resistance of this speces t
overexploitation, due to its burrowing behaviouidevtrophic spectrum and low incidence of
juveniles in the catch. HoweveNephropsis a sensitive species to trawl disturbance and
management protection measures should work to rizairthe impact of trawl gear on the
bottom (Sarda 1993).

In order to improve the assessment and managemgnNephrops fisheries in the
Mediterranean, efforts should be directed at clpsire life-cycle of this species (i.e., specific
studies on larvae and larval distribution), imprayithe data collection systems (catch and
effort) and implementing effective management messof at effort reduction.
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The biology and fisheries ofNephrops norvegicusin the Atlantic area

Mike Bell and Julian Addison,
CEFAS, Lowestoft UK

Biological characteristics
Growth, maturity and length weight parameter esi®are presented in Table 1.

Fisheries

Otter trawls are the principal gear used to tdlk@hropsthroughout its range (Table 2). Single
rig trawls are most often used, but increasing @riopns are taken by multi-rig (mostly twin)
trawls, particularly in the Irish Sea and northdlorth Sea. Diamond meshes are used in most
areas, but often combined with a square-mesh panpfomote escapement of young fish.
Square meshes are considered to have improvedigelpoperties for both fish ardephrops

and there has been some use of these nets by Sweddisels fishing in the Skagerrak and
Kattegat. The extent to whiddephropsis the target species depends on the mesh sieds us
and the area fished. Larger mesh trawd$00 mm mesh cod-end) are usually regarded as
whitefish-directed, takinflephropsas a by-catch, whereas a typibephropstrawl uses a 70-

80 mm mesh cod-end. However, it is difficult tov@ up with definite rules for identifying
Nephropsdirected fishing effort, as most relevant fisher@re to a greater or lesser extent
mixed. Gadoid species, particularly cod, haddos# whiting, are the principal fish taken
alongsideNephropsin the North Sea, west of Scotland and adjacernterwaand saithe,
monkfish and some flatfish species are also impoitasome areas. Hake assumes a greater
importance in westerly and southerly waters. Sdipegian stocks are exploited by fisheries
directed primarily at hake and/or blue whiting, wilephropstaken as a very small (~1% by
weight) but valuable by-catch.

Creel (baited trap) fisheries directed Nephropsexist in several areas. All landings from
Faeroe Islands waters are now taken by creels. ogtlr20% of SwedisiNephropslandings
from the Skagerrak are taken in creels, and therdsio a small Swedish creel fishery in the
Kattegat. Historically there has been some traipifig ofNephropsby Portugal, but these have
been insignificant in recent years. Limited creeldings are taken from various areas around
the British Isles, but this method of fishing idyreally significant in the sheltered sea lochs of
the west of Scotland. Around 10% of the total lagd from the North and South Minch stock
areas are taken by creels, and smaller quantitietaken in the Clyde Sea area. Creel fisheries
take larger, higher valuBlephrops usually exported whole. A noteworthy featurecoéel
catches is that they include much larger propostiohovigerous females than trawl catches,
and thus have more potential to deplete spawniogkstthan might be assumed from their
contribution to overall landings.

The large UK markets fadephropsare largely for tails, processed into ‘scampiegduted tails).
The other European markets are mostly for whidkephrops with a larger unit value.
Discarding practices relate to these markets. Atiog to official statistics, there is generally
good compliance with the minimum legal sizes (ML&though there may be some ‘black’
landings of smalNephropsin some areas. French vessels fishing in thecCeéia observe a
minimum size of 35 mm CL which is much larger thha MLS of 25 mm specified by the EU.
This is driven by the market for whole individuatecognising that smaMephropsdo not
preserve well on ice during long fishing trips. #flaiscarding takes place at sea, and it is
generally assumed that there is 25% survival o$ehdiscards (based on Guégen & Chareau,
1975). In some areas such as the north-east ddohgliscarding takes place in port, thus zero
survival of discards is assumed. Very high lew#lgiscarding are seen in the Skagerrak and
Kattegat, driven by the large MLS of 40 mm CL. cbmtrast, there is effectively no discarding
of Nephropsn the Iberian fisheries.
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The UK, principally Scotland, accounts for morerthrealf of allNephropdandings outside the
Mediterranean (Table 3), and it is now the mostiable fished species for this country. Much
of these landings are taken from effectively natldisheries around the coast of Scotland and
England and offshore in the northern North Sea,thetwestern Irish Sea is also of major
importance, shared between UK (Northern Ireland) Bepublic of Ireland fleets. France and
the Republic of Ireland each take around 13% ofritte¥nationaNephropdandings outside the
Mediterranean. These include landings from somlg tnternational fisheries in the Irish and
Celtic Seas, but a major proportion of French lagsiare taken from the effectively national
fishery in the Bay of Biscay. Danish fisheries al®o significant, and have increased in recent
years in offshore areas of the northern and ceatnathern North Sea. Over the longer-term,
Denmark has shared fisheries in the Skagerrak attbdat with Sweden. Spanish fleets are
among the most wide-ranging, and contributdNephropslandings from the west of Ireland,
around the Iberian peninsula and Morocco. Spdaisiings from the last of these countries are
variable but occasionally very significant. FAQ@utsgtics show 1,100 t dflephropstaken by
Spain from north African waters in the Atlanticli99, but only 3 t from this area in 2001.

Nephropslandings are taken from many separately identdiatbock areas. Table 4 lists 39
separate areas, and it is likely that a numbehede areas comprise more than one stock units.
The greatest landings taken from any single aredram the western Irish Sea, but in recent
years this fishery is being overtaken by expandifighore fisheries in the northern North Sea.
The major Fladen Ground fishery has developed siheemid-1980s, and, although current
landings are probably underestimated, there appebe opportunities for further expansion,
particularly in the relatively lightly exploited ribern parts of the stock area. The Norwegian
Deeps fishery, an extensive area to the west oivBlgris showing similar increases and scope
for expansion. Further south, the Off Horn Reajcktin the southern North Sea has
experienced greatly increased fishing activity siice early 1990s, principally from Danish
vessels. Many fisheries, particularly those aroiinedScottish coast, have been relatively stable
over the last 20-30 years. The biggest declinege Hzeen seen in the southern areas,
particularly around the Iberian peninsula. A lesdecline has been seen in the large French
Bay of Biscay fishery.

In many areasNephropsfisheries operate throughout the year, but themmuch variation in
seasonal patterns between areas and even betwaasn yidhe Farn Deeps fishery off the north-
east coast of England has traditionally been a Ignaumter (October-March) fishery, with
vessels switching to cod fishing during the sumniy. contrast, the Irish Sea fisheries tend to
concentrate on the summer months, and consequek#ylarger proportions of females in the
catch owing to their greater availability at thise.

Landings and catch per unit effort (LPUE and CPHI€)very variable between fisheries (Table
2). This is probably due more to differences imrgeliscarding practices, vessel power and
seasonality of fishing than to major differencedNigphropsabundance. In the Bay of Biscay,
improvements in gear efficiency and the abilitydoate fishing grounds have led to stable or
increasing LPUE whilst the stock has declined. fdd&énces in units of measurement make
some comparisons between areas difficult to make,elven taking this into account it is
apparent that catch rates are very low for theidbestocks. This does appear to be a result of
low Nephropsabundance, although it should be borne in mind Neghropsis a by-catch in
most of these fisheries.
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Table 1. Biological characteristics of Nephrops vegicus by stock. Growth parameters are for aBertalanffy growth function. Length is carapace
length in mm. Weightis in g.

Males sgr?] EIlrlr;rsnature . Mature Females Length-\\;vvei:ggtcliagameters
Female size at
Growth parameters first maturity | Growth parameters
Stock K L. . K L, . a b a b
Moray Firth 0.165 62 0.3 25 0.060 56 0.2 0.000p8 24G. | 0.00074 2910
Fladen Ground 0.160 66 0.3 25 0.100 56 0.p 0.0003@®.25 0.00074 2910
Skagerrak and Kattegat 0.140¢ 73 0.3 28 0.100 6% (.20.00045 3.113 0.00104 2.84Y
Firth of Forth 0.163 66 0.3 26 0.065 58 0.2 0.000283.240 0.00085 2.910]
Farn Deeps 0.160 66 0.3 24 0.060 58 0.p 0.00038 703.L 0.00091 2.890
Botney Gut 0.165 62 0.3 27 0.08d 60 0.4 0.00023 2@.3 0.00080 2.950
North Minch 0.160 70 0.3 27 0.060 60 0.2 0.000p8 24G@. | 0.00085 2910
South Minch 0.161 68 0.3 25 0.06Q 59 0.4 0.00028 24@.| 0.00085 2910
Clyde 0.160 73 0.3 27 0.060 62 0.2 0.000p8 3.240 00GBS5 2.910
Eastern Irish Sea 0.160 60 0.3 24 0.100 56 0]2 02dg 3.348 0.00114 2.82(¢
Western Irish Sea 0.160 60 0.3 24 0.100 54 0J2 0320 3.210 0.00068 2.960
Aran Grounds 0.150 60 0.3 24 0.10 50 0.2 0.00032.210 | 0.00068 2.960
Porcupine Bank 0.140 75 0.3 24 0.100 56 0.p 0.00018.550 0.00010 3.550
Celtic Sea 0.170 68 0.3 31 0.10( 49 0.2 0.00009 503.5 0.00009 3.550
Bay of Biscay 0.140 76 0.3 25 0.11¢ 56 0.4 0.0003%8.180 0.00081 2.970
North Galicia 0.160 70 0.2 28 0.080 60 0.2 0.000433.160 0.00043 3.160
W Galicia & N Portugal 0.150 80 0.2 26 0.10 65 0.2 0.00043 3.160 0.00043 3.160
S & SW Portugal 0.200 70 0.3 30 0.064 65 0.2 O.80(|)2 3.220 0.00056 3.030
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Table 2. Recent landings (tonnes), landings petreffort (LPUE) and catch per unit effort (CPUE)Néphrops norvegicus by stock area, country and
gear type. Unless otherwise specified the dataassrages for 2000-2002, LPUE and CPUE are in uaiiteg/hour trawling. Shaded cells indicate sub-
sets of preceding categories.

Stock Country Gears Landings| LPUE CPUE | Notes
Data for seasons 2000/01-
Iceland Iceland Otter trawl (80+mm) 1403 45 2002/03 (September-August)
Data for seasons 1995/96-
Faeroes Faeroe Islands Creel 64 12( 1997/98, LPUE in g/pot day
All trawls 284
Noup UK Single otter (70+mm) 143 9
Multirig otter (80+mm) 34 83
All trawls 1352
Moray Firth UK Single otter (70+mm) 876 25
Multirig otter (80+mm) 259 28
Creel 2
All trawls 5977
UK i
Fladen Ground Single otter (70+mm) 2325 38
Multirig otter (70+mm) 1318 32
Denmark Otter trawl (70-90mm) 113
Denmark All trawls (mainly otter 70-90mm) 980 177 LPUE in kg/day
Norwegian Deep Norway Otter trawl 126
UK All trawls (mainly otter 100+mm) 47
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Stock Country Gears Landings| LPUE CPUE | Notes
Denmark Otter trawl (70-90mm) 1782 114 LPUE inday
All trawls 647
Skagerrak Single otter (70-90mm) 289 10 16
Sweden
Twin otter (90mm) 240 8 12
Creel 144
Norway Otter trawl 145
Denmark Otter trawl (70-90mm) 1384 94 LPUE in layd
All trawls 293
Kattegat i .
Sweden Single otter (70-90mm) 55 8 13
Twin otter (90mm) 188 8 13
Creel 5
All trawls 1546
Firth of Forth UK Single otter (7Omm) 1499 22
Multirig otter (100mm) 17 a7
Creel 0
All trawls 2235
Farn Deeps UK
Otter trawl (70+mm) 2128 24 44
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Stock Country Gears Landings| LPUE CPUE | Notes
All trawls 3236
Clyde
Creel 91
Single otter (7Omm 2478 26
Firth of Clyde UK J : )
Twin otter (80mm) 431 25
Single otter (70mm) 81 21
Sound of Jura
Twin otter (80mm) 43 34
) UK Otter trawl (70+mm) 443 21
Eastern Irish Sea
Republic of Ireland Otter trawl (70-80mm) 114 48
UK All trawls 4752
Western Irish Sea Otter trawl (70+mm) 4613 30 37
Republic of Ireland All trawls (mainly otter 70-80my 2802 48
NW lIrish Coast Republic of Ireland All trawls (méjrotter 80+mm) 8
Aran Grounds Republic of Ireland All trawls (mairdgter 80+mm) 981 37
Republic of Ireland All trawls (mainly otter 80+mm) 380 33
Porcupine Bank France Otter trawl (80mm) 334 16
Spain Baca trawl 253 8 LPUE in kg/day *BHP/100
UK Otter trawl (80+mm) 139
Republic of Ireland All trawls (mainly otter 80+mm) 790 26
SW & SE Irish Coast France Otter trawl (80mm) 134
UK Otter trawl (80+mm) 4
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Stock Country Gears Landings| LPUE CPUE | Notes
France Otter trawl (80mm) 2778 13
Celtic Sea Republic of Ireland All trawl (mainly otter 80+mm) 1802 49
UK All trawls (mainly otter 80+mm) 26
Bay of Biscay France Otter trawl (70+mm) 3493 8
Spain All trawls 28
Cantabrian Sea Aviles trawl fleet 2 2 |LPUE and CPUE data for 2000}
Santander trawl fleet 12 12 (2001 only, in kg/day *BHP/100
Traps 1
North Galicia Spain Baca trawl 124 6 6
Spain All trawls 111
Muros trawl fleet
\Iivoerfa;ell”da & North Rive'ira trawl fleet 4 4 LPUE and CPUE in kg/trip
Marin trawl fleet 31 31
Vigo trawl fleet 35 35
Portugal All trawls 6
S & SW Portugal Portugal All gears 277 49 49 LPWwE &€PUE in kg/day
Gulf of Cadiz Spain All gears 172
Spain All gears 166
Atlantic Moroccan grounds Portugal All gears 83 Data for 2000-2001 only
Morocco All gears 8
Greece All gears 1
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Table 3. Total landings (tonnes) of Nephrops ngiaes by countries from all areas outside the
Mediterranean during 1998-2002. Incomplete valaes shown in parentheses. Shaded cells
indicate sub-sets of preceding categories

Country 1998 1999 2000 2001 2002
Iceland 1420 1375 1240 1420 1550
Faeroe Islands 57 80 73 51
Norway 275 358 327 252 242
Sweden 1319 1243 1197 1037 1032
Denmark 4978 5447 5068 4787 5442
UK Total 29159 31415 28518 28476 28391
Scotland 20102 21850 20632 20311 21223
Northern Ireland 6137 6392 5051 4782 4693
England and Wales| 2903 3167 2834 3380 2481
Isle of Man 17 6 0 3 0
Germany 70 110 86 140
Netherlands 694 660 577 863 971
Belgium 384 493 401 435 332
Ireland 7778 8169 7186 7040 7151
France 6445 6965 6340 6760 7318
Spain 1494 2230 1090 1040 (935)
Portugal 181 258 288 366 (363)
Greece 10 0 2 0
Morocco 4 2 2 13
Total 54270 58805 52394 52680 (53733)

Table 4. Total landings (tonnes) of Nephrops ngiags by stock for all areas outside the
Mediterranean during 1998-2002. ‘Other’ groundarutside the main recognised Nephrops
grounds.

Country 1998 1999 2000 2001 2002
Iceland 1420 1375 1240 1420 1550
Faeroes 57 80 73 51

Noup 254 279 275 177 401
Moray Firth 1032 1008 1541 1403 1118
Other north-east Scotland 74 74 64 110 57
Fladen Ground 5136 6521 5570 5547 7182
Norwegian Deep 838 1129 1051 1192 1216
Other northern North Sea 94 175 81 103 163
Skagerrak 3248 3194 2894 2282 2977
Kattegat 1796 1749 1809 1773 1464
Firth of Forth 2145 2205 1785 1528 1327
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Farn Deeps 2176 2401 2178 2574 1958
Other British east coast 278 401 391 633 631
Off Horn Reef 338 713 561 698 787
Botney Gut 1071 1185 1070 1329 1147
Other southern North Sea 238 307 349 403 489
North Minch 2441 3257 3246 3259 3416
South Minch 3730 4051 3952 3992 3280
Clyde 4843 3746 3417 3190 3373
Other west of Scotland 157 438 422 420 397
Eastern Irish Sea 389 625 567 532 577
Western Irish Sea 9145 10784 8370Q 7378 6914
Other Irish Sea 4 2 0 2 2
North-west Irish coast 78 16 9 2 14
Aran Grounds 1410 1140 880 913 1154
Porcupine Bank 2155 2132 872 1163 1282
South-west and south-east Irish coagst 827 57p 686 09 8 1288
Other west of Ireland 514 322 243 369 243
Celtic Sea 3835 3532 4579 4644 4603
Other south-west of Britain 144 146 56 37 144
Bayof Biscay 3226 3212 3069 3731 3681
Other south-west France 40 26 36 22 36
Cantabrian Sea 72 48 34 26 26
North Galicia 103 124 81 147 143
West Galicia 295 194 102 105 59
North Portugal 50 54 30 27 28
South and south-west Portugal 161 211 201 271 359
Gulf of Cadiz 89 123 92 178 247
Atlantic Moroccan grounds 297 1144 410 104

Fisheries monitoring and assessment

Monitoring of Nephropsfisheries is very variable between areas, depegndim available
resources, sampling logistics and the historicglartance of the fisheries. As a minimum,
official landings statistics are available; despitgubts about reporting levels in some areas,
these provide a basic indication of the past amdegnt fortunes of a fishery. In EU waters,
mandatory log-books provide information on fishieffort. Length-frequency distributions
(LFDs) of landings are measured from onboard, mavk@ort samples for most fisheries, and
minimum levels of national sampling effort (numhmrsamples and number of animals per
sample) in different areas are set out in Nati@eth Gathering Programmes established under
EU data regulations (1639/2001). In most casesetheinimum levels are exceeded, a typical
example of sampling effort being 40-60 samplesrofiad 200 animals from the Farn Deeps in
1999-2000. However, there is uneven geographioatrage of sampling effort, and some
stock areas are only sparsely sampled. The latgdeR Ground fishery, for example, is
sampled at low levels because of the logistical srmburce difficulties of monitoring long
offshore fishing trips. In some cases there isia@ven national coverage of some fisheries.
For example, length sampling for the Botney Guhdiy is at present confined to Belgian
vessels. Following the increase in UK and paréidylDutch fishing effort in this area, Belgian
landings account for only a quarter of the totalthe Botney Gut.
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Sampling ofNephropsdiscards is an important element of fishery maiigpin many areas.
LFDs and quantities of discards are measured amanal basis for most of the large Scottish
and Scandinavian fisheries. For the Farn Deeperfjs where there is some uncertainty about
real discarding practices, lengths are measureghgorted catch samples and discarding is
inferred by comparison of LFDs between catches landings. In some areas, notably the
French Celtic Sea and Bay of Biscay fisheries &aedBelgian Botney Gut fishery, discard data
have been collected in only a few years, as paspetific research projects (a new programme
of regular discard sampling for the Belgian Botrigyt fishery was started in 2002). For the
purposes of stock assessment, discard quantitiethén years are estimated by application of a
‘fishermen’s selection curve’ to landings dataocBtassessments based on data derived in this
way tend to be misleading with respect to recruithteends but otherwise reliable. No discard
sampling is undertaken for Iberiéephropsfisheries because all sizes of animals are refaine
in the landings.

Nephropsfishery monitoring is supplemented by fishery-ipeledent surveys in some areas.
Trawl surveys have not seen wide application, beealaily, seasonal and sex-related patterns
in catchability make catch rates difficult to iniezt. However, some use has been made of
Spanish and Portuguese research trawl survey nlassessing Iberiddephropsstocks. Some

of these surveys are directed at other speciestcergonitor hake recruitmenfNephropscatch
data from French hake surveys in the Bay of Biscag also been integrated into a stock
assessment.

The main fishery-independent survey methodNephropsis underwater TV (UWTV) surveys
of burrows. This method was pioneered for Scotsigitks in the 1970s (Chapman, 1979),
developed into a standard stock assessment teeh@igeket al. 1997) and has been regularly
applied to most of the main Scottish stocks siteedarly 1990s and to the Farn Deeps stock
since the mid-1990s. Trials in the eastern Irish Broved unsuccessful, owing to the number
of burrows of other species that could be confuséld Nephrops(notably the angular crab
Goneplax rhomboidg@s The method involves towing a sledge-mountedeondter television
camera over the ground and counting the numberuooly systems in a given area. The
principal output is a measurement of burrow densithich can be converted into stock
abundance given data on the area of suitable mbitaha Biomass estimation is also possible,
although there are problems stemming from theddifty in obtaining an unbiased estimate of
mean individuaNephropssize on the ground. UWTYV surveys are now theqgipead method of
stock assessment for the poorly sampled Fladenr@drstock. The method has recently been
trialled successfully on the Aran Grounds and ewestern Irish Sea.

Another approach to fishery-independent assessiméatmeasure the abundance of larvae in
the water column and convert to an estimate obthe of spawning stock based on information
about fecundity and the survival rates of larv&iven the availability of plankton survey data
from a study of fish egg production in 1995, thisthod was applied thephropsin the Irish
Sea in 1995. Extensive laboratory studies werertdk estimate effective fecundity and the
survival and development rates of eggs and laraad, the resulting biomass estimate was
comparable to that obtained from analytical assesssnof fishery data (Alleet al, 1999).
The high input of resources and research effortnwmehat larval production surveys are
unlikely ever to be a routine method of stock manitg, but they provide a useful calibration
and validation of other methods.

Despite the increase in importance of UWTV and ofisbéery-independent survey methods for
Nephropsfishery data still forms the principal sourceirfbrmation on the status of stocks. In
its widest senselNephropsstock assessment involves examining trends inifgsgd fishing
effort, LPUE and CPUE, mean size and sex rationsitiering the importance of catchability
patterns, some of these indices are examined farteply time periods and for the sexes
separately (e.g. ICES, 2003). For many stocks elvew analytical assessments provide a more
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formal analysis of stock trends and state of exgii@n. These are generally applied to males
and females separately because of differencestamataility between the sexes. Exploitation
rates are generally higher on males than fematesaasessments of males are usually regarded
as being more reliable because males are moreljheapresented in the landings data. The
length-based method of length cohort analysis (LE&9 been extensively appliedNephrops
using average LFDs of fishery removals to estinfisténg mortality and generate a yield per
recruit analysis (Jones, 1979). This method ssiftbe drawback, however, that its valid
application is restricted to stocks at equilibrimsults of LCA can be misleading when applied
to a declining stock. Dynamic age-based methodeeofirtual population analysis (VPA) type
are most commonly applied when there is a suffidieme-series of data. The ICES Working
Group onNephropsstocks most commonly uses the ‘extended surviamalysis’ (XSA)
variant of this method, involving ‘tuning’ againGPUE data (Shepherd, 1999). Most often
commercial CPUE data are used for this purposegesianlike the case with many fin-fish
assessments, suitable survey data are rarely bleaila

The principal difficulty in applying XSA and oth&PA-type methods ttephropsstocks is in
obtaining catch age composition data. The ICESKWgrGroup use von Bertalanffy growth
parameters (see Table 1) to ‘slice’ a length-contiposdeterministically into age-groups. This
ignores variation in growth rates between yearstatdeen individuals, the effect of which is
to smooth out the year-class distinctions in theadmd in the resultant estimates of stock
biomass and recruitment. Various alternative apghies have been attempted, such as
resolving LFDs into mixtures of normal distributo(e.g. Castro, 1995) or applying age-length
keys (Caramelo, 1995). However, the problem of-@ggfermination remains central to
Nephropsassessments. The standard XSA approach curegoplied appears to give reliable
indications of average stock biomass and ovemids, but probably underestimates variability
between years. This is most particularly a problefmen examining stock-recruitment
relationships and using assessment outputs asisafba®btaining biological reference points.
For the future, dynamic length-based methods hoidespromise (e.g. Dobby, 2003). There
has been some success in applying catch-surveyssdlCSA — also known as Collie-
Sissenwine Analysis) (Mesnil, 2003). This has givesults equivalent to XSA whilst requiring
only the distinction between recruits and oldeivitthals.

The results of XSA and other analytical assessmertgide information on trends in stock
biomass, recruitment and fishing mortality. Thessults are often used to generate yield per
recruit analyses and stock projections, but these used mostly as part of an overall
appreciation of stock status rather than in atsgpi@ntitative management context. In the case
of Icelandic stock assessments, however, stoclegions are used to estimate appropriate
catch levels based on a yield per recruit refergodoet.

A summary of assessment methods applied to each &agiven in Table 5, together with

recent estimates of average fishing mortality. eNtbiat the fishing mortality is generally much
higher in males than females, except in the sunfistegries in the Irish Sea.
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Table 5. Recent stock assessmentBl@bhrops norvegicusX, principal method; x, secondary method; (x), teaplication or previously assessed by this
method; VPA, virtual population analysis based attls at age data; LCA, length cohort analysis basedatch at length data; UWTV survey, underwater
television counting of burrows. Med&nis from VPA or LCA and is an arithmetic averagghfing mortality for a reference group of ages ogths.

Stock Assessment Methods Mean F

Stock VPA LCA ;’l‘j‘r’\g pr'(;g{]‘ft‘i'on ;Jf:/"("e'y Males Females

Iceland X 0.17

Noup x)

Moray Firth X (x) X 0.47 0.17

Fladen Ground ) X X 0.31 0.25

Skagerrak & Kattegat X (x) 0.25

Firth of Forth X x) X 0.95 0.25

Farn Deeps X (x) X 0.49 0.12

Botney Gut X (x)

North Minch X (trawl) X (creel) X 058 (traw) 020 (traw)
0.33 (creel) 0.08 (creel)

South Minch X (trawl) X (creel) X 052 (traw) 013 (traw)
0.17 (creel) 0.01 (creel)

Clyde X (x) X 0.77 0.18

Eastern Irish Sea X X x) 0.60 0.48

Western Irish Sea X (x) (trial in 2003) ® (%) 0.57 0.75

Aran Grounds X X X 0.59 0.42

Porcupine Bank x) X 0.27 0.13

Irish coastal stocks x)
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Stock Assessment Methods Mean F
Stock VPA LCA szl\JAr/vTe\(/ prI(;gL\ft‘ilon STJ‘::/ng Males Females
Celtic Sea X (x) 0.54
Bay of Biscay X (x) (%) 0.55
Cantabrian Sea X (x) X 0.18 0.07
North Galicia X (x) X 0.42 0.14
W Galicia & N Portugal X (x) X 0.58 0.26
S & SW Portugal X (x) X 0.53 0.24
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Assessing the impact of fishing on the population

Many Nephropsfisheries are considered to be at least ‘fullypleked, in the sense that yield
per recruit (a proxy for yield, in the absencerdbrmation on recruitment) is often close to its
maximum value in males. For stocks north of thg B&Biscay recruitment estimates tend to
be fairly stable over time. Lower availability f'gfmales to fishing gear is thought to be a partial
safeguard for spawning stocks. There is no hafarrimation on thresholds for recruitment
overfishing, but declines in recruitment have bseen in the Bay of Biscay and Iberian stocks
over recent years. In the case of the Bay of Bistais thought that reductions in fishing
mortality and improvements in the fishery selectmattern will reverse the trend of stock
decline. For the Iberian stocks, however, onlyZeshing mortality seems likely to have any
effect in halting or reversing stock declines.dtsuuspected that environmental changes may
have caused recruitment failure in these shelf-etigeks, although a fishery impact cannot be
ruled out.

The major problem facing fisheries on northern loat present is not the impact of fishing on
Nephrops stocks but the contribution diephropsfishing to mortality of other species,
specifically those for which recovery plans ar@peration (cod and hake).

Fisheries management

Various technical measures are in operationNfephropsfisheries. MLS forNephropsvary
from 20 mm CL (70 mm TL) in the Irish Sea, wesSabtland and southerly waters, 25 mm CL
(85 mm TL) in most other areas and 40 mm CL (130 Twnin the Skagerrak and Kattegat. In
most cases these MLS are well observed, and aikelynto have a dramatic effect on the
fisheries or stocks. The regulations on gear aedhrspecifications are too complex and
extensive to summarise here, but in most casesnT®@nNB80 mm meshes are specified for cod-
ends, with square-mesh panels to allow escapenfigouag fish. Much of the gear regulation
reflects measures to protect fish stocks. Theamjrtool used to manadéephropsfisheries is
the Total Allowable Catch (TAC).

ICES assessment and advice féephropsis based on small Management Areas (MAS),
comprising one or more stock units (Functional §nitCurrent EU management is based on
aggregating these MAs into TAC areas, which oftenrauch larger. Current (2003) TACs are
16,623 t for the EU zone of ICES Sub-Area IV, 10,84or ICES Division Vla, 17,790 t for
ICES Sub-area VII, 3,000 t for ICES Divisions Vlldad VIlib, 180 t for ICES Division Vllic
and 600t for ICES Division IXa. TACs for other E&teas are set at zero to prevent
misreporting. Advice on TACs is based on recendiiags that have been seen to be sustainable
rather than as an analytical output of assessmenthe case of declining Bay of Biscay and
Iberian stocks, TAC advice has been informed byckstprojections, indicating levels of
landings under which increasing stock trends apeeted. No biological reference points or
formal management objectives are defined. In e of the Fladen Ground, where UWTV
surveys indicated scope for increased landings, TIR€ advice was based on the UWTV
estimate of stock biomass combined with the lowed f the range of harvest ratios
(landings/stock biomass) observed for other, suabdy fished stocks.

Agreed TACs tend to be higher than those advisadicplarly when restrictive management is
proposed. The fact that TAC areas are larger has can lead to difficulties in specific areas.
For example, uptake of TAC on the expanding Fla@eound fishery can lead to problems in
quota availability for winter fisheries off the nloreast of England. Recent cuts in TACs in IV
and VIl have been imposed in an attempt to redyeeakch fishing mortality of cod.

Iceland sets its own national TAC for September+gidishing seasons. Stock projections

based on VPA are used to determine levels of lgsdiorresponding 16, ; (the level of
fishing mortality at which the slope of the yieldrgecruit curve falls to 10% of its value at the
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origin — close to, but precautionarily less tham fishing mortality at maximum yield per
recruit).
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The Biology and Fisheries for Palinurus elephas (Haicius, 1787) and
Palinurus mauritanicus (Gruvel, 1911)

Raquel Gorliand Daniel Latrouité
1= IEO, Station de Balearics, Spain, 2=IFREMERjti de Brest, France

Introduction

Two species of spiny lobster (Family: Palinuridadjabit European waterBalinurus elephas

is the most abundant and accessible and has draaliff been the target of fisheries off Ireland,
the UK, France, Portugal, Spain, Italy, Greece,idianand adjacent southern Mediterranean
waters.Palinurus mauritanicushas a deeper distribution and is fished in thstéta Central
Atlantic (mainly off Mauritania), where it reachés highest densities. There is no targeted
fishery for P. mauritanicusin European waters although it is captured as-aabgh in some
fisheries targeting. elephas P. elephasalso commands higher prices tHanmauritanicusn
European markets. Neither species has been extgnstudied probably because of the high
costs of the animals that reduce the possibilitesampling and experimental work. Their high
unit value also makes the fisheries economicaklgitde despite low yields and is responsible
for the overfished status of their populations. 8@ known about the biology, ecology and
fisheries ofP. elephaghan ofP. mauritanicus; onsequentlyP. mauritanicugs only treated
briefly in this paper

Description

The taxonomic position of Palinurus spp. is awfell : Class: Crustacea, Infra class:
Malacostraca, Order: Decapoda , Sub order: Reptdfaimily: Palinuridae , Division:
Stridentes, Genu®alinurus

In Europe the species may have the following commames

P. elephagFabricius, 1787)

Danish: languster, langust Butch: langoesten, hoornkreeft English: spiny lobster, rock
lobster, sea crayfish, thorny lobster, crawfiskayéish - Finish: languisti —French: langouste
rouge —German: Languste, Panzerkrebs, HeuschreckenkrebGreek: astakos -fcelandic:
huma - ltalian: aragosta, aragusta, arigosta, aligusta, aliustdlorwegian: languster -
Portuguese lagosta-castanhaSpanish langosta -Galician: Langosta —Catalan: llagosta —
Basque otarrain —-Swedish languster

P. mauritanicugGruvel, 1911)

English: pink spiny lobster -French: langouste rose, langouste de Mauritan&panish
langosta mora, langosta african@alician: langosta mora Catalan: llagosta rosa Basque
otarrain mairua Portuguese lagosta résea.

Spiny lobsters can easily be distinguished fromwelh lobster by the absence of claws, and from
slipper lobsters by their long whip-shaped antena.elephasand P. mauritanicuscan be
distinguished from one another by their coloratiéh. elephasis red-brick and mauve ané.
mauritanicushas a pink colouration. The concavity of the eatemargin between the supra-orbital
spines is larger ifP. elephaswhich also has amantero-lateral spine at the extremity of the first
walking leg, a pair of symmetric pale spots on ea€lthe first five abdominal segments and
longitudinal pale stripes on the walking legs. Bsitecies may also be confused whAlinurus
charlestonibut this is endemic to the Cape Verde Islandsrfuéte and Alfama, 1996).

Geographic Distribution

Palinurus elephass distributed in the Eastern Atlantic from Norw@ayMorocco and also in the
Mediterranean, except in the extreme eastern anth®sastern regions (Holthius, 1991). It
previously occurred in greatest quantities arolmawestern Mediterranean islands of Corsica
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(Marin, 1987), Sardinia (Santucci, 1926, 1928),l%igM. Gristina, personal communication),
the Balearic Archipelago, the Columbretes and adaoff the north coast of Tunisia (Quetglas
et al. in preparation).

The pink spiny lobstePalinurus mauritanicusoccurs in the Eastern Atlantic from western
Ireland to southern Senegal and in the Western telednean to western Sicily, west of 16°E
(not in the Adriatic) (Holthius, 1991).

Ecology and Habitat

Palinurus elephadives between 0-160 m depth (Holthius, 1991).islfound on rocky and
coralligenous substrates where micro-caves andaigirotective holes are numerous (Ceccaldi
and Latrouite, 2000). In the Western Mediterranpast larvae settle during the summer in
holes and crevices at 5-15 m depth (Diaz et alQ1R0Early juveniles leave the protective
crevices to forage at night (Diaz et al., 2001).ff he Columbretes Islands (Western
Mediterranean) juveniles move to deeper watershag grow and small adults concentrate
below 50 m depth, while the oldest lobsters tendeiach greatest abundance at shallower
locations (Gofi et al., 2001b). Little is known abdhe preferred habitat of juveniles but
observations of juveniles off Ireland by Mercer 739 indicate that they occur in groups and
tend to inhabit crevices. In contrast with thisestion, Marin (1987) reported large quantities
of late juveniles (modal size 60 mm CL) in experniriaé trawls oveiPosidoniabeds at 15-25 m
off Corsica.

According to Mercer (1973) and Ansell and Robb (@9P. elephasundergoes a pre-
reproductive spring onshore migration and a revposg-reproductive offshore migration in late
autumn in the Atlantic. A similar behaviour hasebepostulated folP. elephasoff the
Columbretes Islands (western Mediterranean) (Goél.£2001b). The movements of adults are
generally limited and seem motivated by foragingarge of shelter and reproduction. Its
activity is mainly nocturnal. Tag-recapture stedeonducted both in the Atlantic and the
Mediterranean indicate that adults exhibit limitetbvements with most animals showing
displacements of less than 5 km and exceptionglytau20 km after 1 to 8 years at large
(Hepper, 1967; 1970; Marin, 1987; Gofii et al.,, 26001 Nevertheless, two reports of
movements of 50 and 70 km have been made in thetéfiechean (Cuccu et al., 1999; Relini
and Torchia, 1988).

P. elephagreys nocturnally on a variety of benthic orgardsidercer (1973) and Goifii et al.
(2001a) describe quantitatively the natural dietPofelephasoff Ireland and the Western
Mediterranean respectivelf. elephasis highly omnivorous and predates on hard—shelled
bottom dwelling organisms, principally molluscshemderms and crustaceans. It is also a
generalist, opportunistic feeder that changesoitsl foreferences as a function of the abundance
of benthic organisms. While molluscs and sea nchie the most important prey in the diet of
the species, other prey such as decapod crustacgdnisroids or coralline algae are consumed
in certain areas and not in others (Gofii et aD12). In common with other spiny lobstdps,
elephasappears to be a key benthic predator and its teedepredation can have important
effects on the composition and size structure oftiie communities.

P. mauritanicusoccurs at depths of 40-600 m, but occurs in highessities between 200-400 m
(Postel, 1966). Sex and size appear to vary wiglthdéMales are more abundant in the 150 to 250 m
depth range while large females and juveniles prexiate between 250-300 m (Maigret, 1978).
They inhabit the continental shelf's edge, espbcibe canyons, and show preference for muddy and
coralligenous substrates near rocky outcrops (Rd€2€6). They have been observed sheltering at
the entrance of circular holes dug at the baseoofipact mud cliffs (Latrouite et al., 1999).
Migrations are apparently linked to moulting angrogluction. Large groups concentrate in autumn
at the edge of canyons and then spread onto thé €fé Mauritania, the mean size d®.
mauritanicusin the fishery is smaller north of Cape Blanc @%)°than in the south which could
indicate that the north of this area is a nursesylting from a northward drift of larvae due tatbm
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currents and that adults migrate southward (Maidr@8). It appears that groups of mainly females
undergo migrations in late autumn, probably linkedeproduction, that increase their catchability i
bottom trawls (Maigret, 1978).

Off West Africa P. mauritanicusfeed primarily on dead fishes, live molluscs (bres and
gastropods), crustaceans, polychaetes and echmsd@phiuroids and echinoids) (Maigret,
1978).

Life History

Biometry of P. elephas

Total length / carapace length

Total length (TL) measured from the tip of the rost (medial spine between the eyes) to the
posterior end of the telson has in the past beed as the reference for minimum legal size (MLS)
and some authors have used it in scientific putitina. However, carapace length (CL), measured
from the tip of the rostrum to the posterior marginthe cephalothorax, is now more commonly
employed. The following equations relate TL to CL:

Atlantic Ocean (Brittany) (Latrouite and Noél, 1997
Males TL(mm) = 2.32* CL(mm) + 44.2 (n= 65, r&ng6-203 mm CL)
Females TL(mm) = 2.65* CL(mm) + 27.1 (n=,68nge 93-148 mm CL)

Western Mediterranean (Corsica): (Campillo and Aenatio78):
Males TL(mm) = 2.47* CL(mm)+ 22.07 (n £4 range 45-175 mm CL)
Females TL(mm) = 2.77* CL(mm)+ 6.38 (nZ82range 50-160 mm CL)

At any given total body size females have largeloatiens than males.

Carapace Length / Body Weight
The following equations relate carapace lengthoybwveight (W):

Atlantic Ocean (Brittany) (Latrouite and Noél, 1997
Males: W(g)= 0.0013*CL(mmM¥f*® (n= 65, range 86-203 mm CL)
Females: W(g)= 0.0026*CL(mm)*® (n= 70, range 94-148 mm CL)
Western Mediterranean (Corsica) (Campillo and Améd8):
Males: W(g)= 0.0008*CL(mmy®® (n=417, range 45-175mm CL)
Females: W(g)= 0.0009*CL(mm}* (n= 278, range 50-160 mm CL)

At equal body size males are heavier than females.

Biometry of P. mauritanicus

Total Length / Carapace Length
The following equations relate TL to CL:

Northeast Africa (Mauritania) (Maigret, 1978):
Males: TL(mm) = 2.15* CL(mm) + 24.1 (n= 131, r&ng0-175 mm CL)
Females: TL(mm) = 2.33* CL(mm) + 15.2 (035, range 35-170 mm CL)

At any given total body size females have largeloatiens than males.
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Carapace Length / Body Weight
The following equations relate carapace lengthodybwveight:

Northeast Africa (Mauritania) (Boitard, 1981):
Males:  W(g)= 0.001826*CL(mmj*° (n= 160, range: not indicated))
Females: W(g)= 0.002156*CL(mATy° (n= 140, range: not indicated)

At equal body size males are heavier than females.

Growth

P. elephas

The moulting process . elephasis similar to that of other Palinurids. Mercer 789
describes it as follows: ‘the intersegmental memérminting the cephalothorax and abdomen
swells and ruptures dorsally. The carapace tiltevdod and the cephalothorax is withdrawn
antennae first followed by the legs. The abdomsegiments are then freed by a series of violent
jerks’. It takes about fifteen minutes to completelysis; the animal then remains under cover
and does not feed for 7 to 19 days by which tingertbw shell has almost hardened (Karlovac,
1965). The intermoult stage, when increase in weigases, is attained 3-5 weeks after
moulting (Mercer, 1973). Mature females moult iprikMay in the Mediterranean (Marin,
1987) and in June-August in the Atlantic (Latrowited Noél 1997), always prior to mating. In
the Mediterranean, mature females are berried fmuch summer to late winter (Gofii et al.,
2003a) and moult 1-2 times per year (Marin, 1987)the Atlantic mature females are berried
from mid-autumn to late spring and appear to mauily once per year (Mercer, 1973).
According to Mercer (1973) mature males follow g@me pattern but with a more extended
moulting season. Observations by Marin (1987) imsi@a showed that the number of moults
per year is related to size. After sexual matutityecreases faster for females than for males.
Juveniles usually moult 2-3 times per year (Mat®87) but up to 5 times (Corral, 1968; Cuccu
et al., 1999).

Growth studies ofP. elephasin nature have been conducted by means of madptee
experiments. Growth increments reported in diffestandies are difficult to interpret because of
the varying size of the lobsters involved, the efiént times at large and the different growth
conditions experienced. Common to all growth steidiased on mark-recapture is that growth
rates will tend to be underestimated as lobstenslting more often will be more likely to loose
their tags and not be recaptured (Hepper, 1970th&umore, no or even negative growth
increments are not rare in this type of studies.

Marin (1987), using tag-recapture experiments stlidhe growth oP. elephaff Corsica in
nature. The growth per moult of males 55-100 mm &id of females 55-130 mm was
arithmetic (according to Kurata terminology) forthcsexes, and larger for males than for
females

Males: CL =0.99 Clg + 6.97 (mm) (n=21)
Females: CL=0.99 Clg + 5.68 (mm) (n= 27)

The parameters of the von Bertalanffy growth eaqumatif P. elephagrom Corsica estimated by
Marin (1987) are

Males: CL, =166 CL (mm), K=0.151,t -0.348
Females: CL =136 CL (mm), K=0.189,t -0.342

The life span ofP. elephashas been estimated at about 15 years by Marin7§168t

unpublished data by Gofii et al. suggest that nzdetd reach 20-25 years. A mark-recapture
study of large-sizedP. elephasby Hepper (1970, 1977) off Cornwall indicated meaault
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increments <2 mm CL even after more than 2 yeakrgé, while field observations by Mercer

(1973) off Ireland yielded much larger growth inoents (about 12 mm CL for both males and
females). On the basis that it takes 1 year fioenfirst larval stage to reach a juvenile size of
35 mm CL and the juveniles moult at least twice ymr up to the size at first maturity, Mercer
(1973) proposed the following estimation of sizage forP. elephaff Ireland:

Age Male (CL-W) Female (CL-W)
2-3 years 87 mm — 0.455 kg 86 mm — 0.510 kg
5-6 years 123 mm — 1.245 kg 122 mm — 1.225 kg
8-9 years 160 mm — 2.680 kg 158 mm — 2.350 kg

According to the above data from Marin (1987) anerdér (1973), growth appears to be faster
in the Atlantic than in the Mediterranedh.elephasalso attains larger sizes in the Atlantic than
in the Mediterranean as estimated maximum sizes are

- Western Mediterranean: 175 mm CL (n= 417) and 160 @L (n= 278) for males and
females off Corsica (Campillo and Amadei, 1978).

- Atlantic: 200 mm CL (n= 65) and 170 mm CL (n= 70) fnales and females off Brittany
(Latrouite and Noél 1997); 190 mm CL (n= 298) a3 Inm CL (n=586) for males and
females off Ireland (Mercer, 1973).

It is not easy to interpret the differences in maxin sizes observed in different areas and years,

specially if we consider that maximum size of lelstin an exploited population c[an depend on- -

the exploitation pattern (see below) and that alestralues may be influenced by a variety of
factors, such as sample size, sampling methodoiseasd depth.

Moult increments of lobsters in captivity from tA#lantic studied by Mercer (1973) indicated
little or no growth, while Hepper (1977) observadadl increments. Unpublished data of Gofii
et al. from the Western Mediterranean lobstersajotivity show growth increments per moult
around 0-2.5mm and 0-4 mm CL for females and madspectively, while Karlovac (1965)

indicates increments per moult of 0-5.5 mm CL ar®ifdm CL in captive females and males
from the Adriatic.

P. mauritanicus

Little is know about the growth d®. mauritanicus According to Maigret (1978) who studied
this species off the Mauritanian coast, there ity @me moulting period, from September to
December, and one annual moult for both males anthles. Moult increments, as deduced
from recapture of a few tagged males of initiaes25-27 cm TL, were 3-4 cm TL. Vincent-
Cuaz (1966) estimated a moult increment of 3 cmdivided the composition between 27 and
49 mm TL into 9 age groups (ages 9-16) for bothesaind females. Maigret (1978) estimated
that P. mauritanicuscould live for 21 years. Using Maigret's (1978)talaBoitard (1981)
proposed the following growth parameters for fenkalenauritanicus

CL, =202.8 mm CL, K=0.169, £ -0.227

Reproduction

P. elephas

Mercer (1973) described the mating procesP.irelephasas follows: ‘stridulation by female
attracts males from distances of at least 15 met@aurtship starts when antennal contact is
made and continues with rubbing and waving withahtennae and antennules. After a final
stimulus, apparently triggered by a pheromonalasdefrom the female, the male endeavours to
overturn the female. Copulation occurs, sternursteonum, between intermoult individuals.
The male deposits two spermatophores of a milkytevelatinous texture on the two sides of
the female’s sternum, below the genital openings’.
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In the Atlantic mating is reported to occur between June and Bdgete depending on the
region (De Vascondellos, 1960; Gibson and O'Riord®65; Mercer, 1973), a few weeks after
the annual female moult. In the Western Mediteraantemales bearing spermatophores occur
between July to September (Marin, 1985; Gofii et28l03a). Oviposition takes place shortly
after mating (i.e., 2 days, Mercer, 1973; 5-10 daysell and Robb 1977). The spermatophores
of P. elephagdo not harden to form a permanent tar-spot aghierd?alinurids and disappear
after a maximum of 10 days; thus they are infretiyesbserved (Hunter et al., 1996; Gofii et
al., 2003a). Eggs are shed across the spermatophass while the female scratches it with the
5™ walking leg and the eggs are fertilised; egg esitnu normally takes place in less than two
hours (Mercer, 1973). Egg laying peaks in Septertbére Western Mediterranean (Gamulin,
1955; Campillo and Amadei, 1978; Marin, 1985; Gefial., 2003a) and in September-October
in the Atlantic (Mercer, 1973; Hunter et al., 1996trouite and Noél, 1997). In Greece,
females with eggs have been observed from Augustowember (Moraitopoulou-Kassimati,
1973). Incubation lasts 4-5 months in the Westeatitdrranean (Campillo and Amadei, 1978;
Marin, 1985; Gofii et al., 2003a) and 6-9 monthshim Atlantic (Mercer, 1973; Latrouite and
Noel, 1997; Hunter, 1999). Hatching occurs in Zapebruary in the Mediterranean
(Gamulin, 1955; Campillo and Amadei, 1978; Gofiiakt 2003a) and in March-June in the
Atlantic (Mercer, 1973; Hunter et al., 1996; Latiteuand Noé&l 1997). Hatching is normally
completed in 24h (Mercer, 1973) but in aquarium metgnd up to 8 days (Karlovac, 1965).

In Brittany, mean size of functional maturity (atyitto mate and lay eggs) of femdte elephas
was estimated at around 95 mm CL (Latrouite and,N&97; smallest berried: 92 mm CL). In
Ireland Mercer (1973) assessed female physiological mgtlny the presence/absence of
ovigerous setae and the size at which 50% of asimare mature was 82 mm CL. He
estimated males’ 50% maturity at 84.5 mm CL.

In the Western Mediterraneaa recent study of the reproductive biology of ateetedP.
elephaspopulation concluded that both physiological andctional maturity of females was
attained simultaneously at a mean size of 76-77C@hnfor 4 years of age, Marin, 1987), while
males physiological maturity was attained at adargjize (82.5 mm CL) but at the same age
(Gofi et al., 2003a). However, Marin (1987) observa 1l-year lag between female
physiological maturity (ovary maturation) and fupoal maturity. On the basis of the
relationship between testis weight and body sizeiM@L987) estimated male mean size at
physiological maturity of 76 mm CL. Discrepanclestween the maturity estimates provided
by different authors are difficult to explain. Hoves, it is well known that estimates of size-at-
maturity differ depending on the maturity critetiged as well as the sampling period, number
and size range of the specimens (Chubb, 2000)thémmore, factors such as food availability,
population density, or water temperature are kntovimfluence growth rates and thus size at
maturity (Gofii et al., 2003a).

P. elephass less fecund than other commercial lobsterdheffamily Palinuridae such as the
genusJasusor Panulirus Fecundity ofP. elephadrom the Atlantic was studied by Mercer
(1973) and the relationship of number of eggs &d body size was described by the linear
equation: F =2552 * CL-165602 (n = 254, rang@:154 CL mm). He estimates egg loss
during incubation at 10%.

In the Western Mediterranean the fecundity-bodye gielationship ofP. elephashas been
studied in the exploited population off Corsica amdhe protected population of the marine
reserve of Columbretes Islands:

Corsica: F= 3003 * CL — 229 809%R0.97, n= 24 (Campillo, 1982)

Columbretes Islands: F= 2428 * CL — 148988:R.85, n= 70 (Goiii et al. 2003a).
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Absolute fecundity increases with body size uph®e tmaximum size and thus senescence of
large females has not been observed. However, niaxinelative fecundity in the Western
Mediterranean is reached at intermediate sizes-1100mm CL) (Campillo, 1982; Gofii et al.,
2003a). Factors such as increased variation imftity among larger females and small sample
sizes (in the case of Campillo’s sample) complieatempts to compare size-specific fecundity
among populations (Somers, 1991). Egg loss dumcghation of 26-28% was estimated in
Western Mediterraned®. elephady Marin (1985) and Goiii et al. (2003a). The lowgg loss
estimated by Mercer (1973) in the Atlantic may hee do the influence of lower water
temperature and the fact that the animals wereaell by hand rather than by nets.

P. mauritanicus

Information on reproduction . mauritanicusis sparse. According to Maigret (1978) and
Boitard (1981) the pink lobster reproduces in Eienmer and fall. Mating takes place shortly
after moulting in the manner described in otheirfRaildae and spawning shortly after mating.
Egg incubation lasts about three months. Mean leeptaysiological maturity deduced from the
gonadal index occurs around 90 mm CL (Boitard, 198he smallest berried female observed
by Maigret (1978) was 250 mm TL (or 101 mm CL).h8&lugh berried females can be found
throughout the year, the main spawning season éxtiam August to January. The fecundity
of P. mauritanicusappears to be low as Maigret (1978) reported &e@f@s in females of 340-
380 mm TL (or 140-157 mm CL). Hatching in captitas been observed to last 14 hours
(Maigret, 1978).

Population size and sex structure

P. elephas

Information on population structure is availablenfr data of commercial or survey catches
carried out in different regions since the earl$d® TraditionallyP. elephasvas captured by
means of traps/pots and sometimes diving (Hepf@t7)L A major change in the exploitation
strategy took place during the 1960s and 1970s Wil progressive introduction of
trammelnets, which virtually replaced other fishimgthods. This change in fishing strategy
had an impact not only on exploitation levels, dgraphy and sex ratio of the exploited
populations (e.g. Hunter, 1996; Goiii et al., 2008} also on the data that may be obtained
from the population by sampling commercial catch@atches are strongly influenced by the
selectivity of the gear and gear-related catchghiGofii et al., 2003b). This together with the
discontinuous and scattered nature of the availaldga hampers temporal and spatial
comparisons of populations’ size or sex structures.

In Corsica, Campillo (1982) was the first to stutlg size composition in commercial catches
through a sampling programme in 1977. The maximiz@ssobserved in trammelnet caught
females was 160 mm CL and in males 175 mm CL. rmikan modal size of females was 95.6
mm CL and that of males 103.7 mm CL. The size amitjpn of the trammelnet catches in
Corsica was again established through a two-yempliag program in 1983-1984. Results
indicate a strong mode around 75 mm CL in both maled females and a maximum size of
120 mm CL for females and 140 mm CL for males (Mati987). Although Campillo (1982)
acknowledged that in 1977 the fishery already slibsigns of overexploitation, it seems that
until then most of the fishing had been done witip$, and that fishing with trammelnets during
the late 1970s and early 1980s had reduced the etunfitarge lobsters in the population. In a
study of the selectivity and catchability Bf elephasin traps and trammelnets Gofii et al.
(2003b) showed that traps used in the Western Kleditean exclude and thus protect ldPge
elephas(mostly males). The size structure of a poputatid P. elephaslO years after the
establishment of the marine reserve of Columbrsiasds (Western Mediterranean) presented
modes around 100 mm CL for females and 100 andr8CCL for males. The maximum sizes
were 148 in females and 173 mm CL in males (Goél.etinpublished) that resembled those of
Campillo (1982).
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The earliest published data on the structure o&ritt populations comes from Portugal and
dates back to 1958 (de Vasconcellos, 1960). Thye laize of the lobsters caught was striking,
the modal size of males and females was 120 mmn@lttee maximum sizes were 190 and 180
mm CL respectively. In 1965-1975 Hepper (1977)duated a study of the size structure of the
commercial catches of pot, divers and trammelnets fCornwall, where fishing was mostly
conducted by pots. Male lobsters caught in tramatelhad mean lengths of 145-160 mm CL
(maximum 182 mm CL; max. 195 mm CL in Hepper, 19d0) females 122-134 mm CL
(maximum 152 CL, max. 168 mm in Hepper, 1970). Alresed Robb (1977) also found similar
maximum sizes in lobsters caught off Scotland dufi72-1975. However, field observations
by Hunter et al. (1996) during 1993-1994 off Corlivehow that the size structure of the
CornishP. elephagpopulations has altered dramatically since Hegp@@77) study. While the
mean size of males had declined to 125.6 mm CL fehwles’ mean size had not changed
(132-135 mm CL). A comparison of the Cornish vtttk less exploited Welsh populations and
with Hepper’s (1977) data from Cornwall led Hurgerl. (1996) to conclude that the reduction
in the male mean size was due to the change inokxibn pattern brought about by
trammelnets replacing pots during the 1970s. IttaBry, no regular sampling has been carried
out but available data indicate that few individuamaller than 100 mm CL are caught, the
modal size is 120-140 mm CL and the maximum sifdsroales and males were 170 mm and
200 mm CL, respectively (Latrouite and Noél 199ese large maximum sizes contrast with
the overexploited status of the populations inaiea.

P. mauritanicus

Size structure data d?. mauritanicuscommercial or survey catches are rare. The stfidy
commercial landings conducted by Maigret (1978)rdud972-1974 off Mauritanjandicated
modal sizes of 96 and 119 mm CL (maximum: 217 non)tiales and 83 mm CL (maximum:
195 mm) for females. Experimental catches samplel®75 indicated a size range between 77
and 198 mm CL in males and 75-197 cm CL in femaBestard (1981) who sampled French
landings from Mauritanigindicated a maximum size of 170 mm CL in males 3588 mm CL

in females.

No sampling has been done of the catches resdiftng sporadic net fishery off Brittany in the
Biscay Bay but commercial data indicates that dngf of landings were in the category >2 kg,
and that some males were as big as 7 kg corresppridi CL of 155 mm and 245 mm
respectively.

Larval ecology and larval settlement

P. elephas

As in all Palinurids, the larvae &. elephads a leaf-like, transparent planktonic zoea ca#led
phyllosoma which is adapted to a long offshoreftidg life. It is a poor horizontal swimmer,
although it is capable of making vertical migrasoBuring the day the phyllosomas are found
in intermediate waters while at night they gatheamthe surface (Corral, 1968p. elephas
larvae at hatching measure 2-3mm TL (Mercer, 1%i8aka, 1988) and are carried offshore
where they develop through moulting through ningllpeoma instars of similar morphology
(Bouvier, 1914) In the following two moults the larvae undergotamorphoses, the first of
which results in the pueruldbat has a well developed abdomen, a translucerskeleton and
is able to swim. The puerulus migrate inshore whith aid of currents and possibly also by
winds (Mercer, 1973). The peurulus moults to thethie post-puerulus, which measures
around 20 mm total length (Santucci, 1926). Thisthe first juvenile stage and has the
appearance and habits of the adult (Hunter, 1998 .duration of the pelagic larval life is about
5-6 months in the Mediterranean (Marin, 1985) afdl2 months in the Atlantic (Mercer,
1973), although it can be as short as 3-4 monthaptivity (Kittaka, 1988).

According to Mercer (1973¥ggs hatch inshore where the early larval stagesanmon. Late
larval stages may be found offshore at variabléadies (up to 100 miles) and metamorphosis
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to the natant stage often occurs at a considedagti@nce from the shore. The post-puerulii are
again found inshore. Since the larvae are not damlswimming large distances, it is thought
that water movements control their movements. Me(t873) hypothesizes that off Ireland
early larvae are carried offshore and caught up Beries of circular slow-moving currents,
where larval development continued, and the latealaor puerulus stages are returned by
offshoots of the main currents to coastal wateonstlering the ecology #. elephadarvae, it

is not surprising that observations of phyllosonagarticular of the most advanced stages, are
rare. In the Atlantic early stages (I-Ill) haveebeobserved from June and later stages (VII
recorded from December to March (Gamulin, 1955) enthe Western Mediterranean from
January to March (Hunter, 1999) and in June (off Balearic Islands, R. Goni, unpublished
data). Few records dP. elephaspuerilii exist (Hunter, 1999). Most specimens hdeen
identified in stomach samples of fish predators #edfew that have been fished were found in
mid water (Bouvier, 1914; Hunter, 1999). From lateme to August many hundreds of small
juveniles (20-50 mm CL) laying in crevices off med were reported by Mercer (1973). In the
North-western Mediterranean, settlement of puetakes place in limestone rocks from June to
July, a few weeks after sea surface temperaturts $tarise. Juveniles concentrate in shallow
depths (10-15 m preferentially) and move to deepsters as they grow (Diaz et al., 2001).
Gofii et al. (2001b) postulated that a migrationjwfeniles takes place from the shallow
settlement habitats to deeper habitats, presundhbiypg winter or spring. Apart from these
few accounts, the life of post-larvae and juveRileelephagshrough adulthood remains almost
entirely unobserved.

P. mauritanicus

Maigret (1978) collected one phyllosoma f mauritanicusin December off Mauritania. It
was a stage | larva and measured 2.9 mm TL. Thestltatal absence of larvae of this species
in the plankton during the months of January toilAfreproductive period: August-January)
suggests that phyllosomes are probably offshorm filee continental shelf. Maigret (1978)
reports that fishermen have observed phyllosomegdthon their pots and he suggests that the
larvae could possibly develop near the bottom. siidies have addressed the settlemei. of
mauritanicus

Natural mortality

P. elephas
As with many other species of lobster, the naturaftality of P. elephass probably caused

primarily by predation, in particular during moulg and during the juvenile stages (Marin,
1985). Both the octopu®¢topus vulgarisand the dusky groupeEpinephelus marginatis
are known predators &f. elephasn the Western Mediterraned@uetglas et al., 2001Dther
known fish predators in the region drabrusspp.,Scorpaenaspp., andserranusspp. (Marin,
1987). A study oP. elephadliet did not reveal cannibalism in natural corwhis (Gofli et al.,
2001a) although it has been observed in captiVitsrin, 1987). Based on knowledge of the
life cycle of the species — slow growth, large siz®larin (1987) estimated the coefficient of
natural mortality ofP. elephasto range between 0.15-0.3. Hepper (1977) estim#ted
instantaneous coefficient of natural mortalityRf elephasin the Atlantic by mark-recapture
experiments at 0.11. Estimates of natural mortalitythe protected population of the
Columbretes Islands derived from length data ared glowth parameters in Marin (1987)
suggest higher natural mortality rates in femabas in males (Goiii et al., unpublished data).

P. mauritanicus
There is no information available.
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Fisheries

FAO statistics for the period 1984-1996 registerdiags specifically forP. elephasand P.
mauritanicusonly in France (and they are underestimated).liother European and African
countries where landings of those species are givey are registered as « Palinurus spp ».
These cumulative annual landings range betweerxamen of 8710 t and a minimum of 4242

t and show a decline between 1988 to 1996. Unfately, no confidence can be afforded to
any of these figures, which may be overestimatackly), underestimated, irregularly reported
(most countries) or absent (several countries)lighédd information orP. elephadisheries is
scarce. Thus, we present summaries of the infoomagiublished and unpublished, available to
the authors on some nation@l elephasfisheries. There may be other fisheries of some
biological or socio-economic importance that hae¢ been studied and that are not covered
here. Despite the lack of reliable data serids\atlence indicates th& elephagpopulations
declined rapidly during the 1960s to 1980s and tf@av most, if not all, are overfished or
depleted (Massuti, 1973; Marin, 1985; Petrosinal ¢t1985; Latrouite and Noel, 1997; Hunter,
1999; Gristina et al., 2002; Quetglas et al., igparation).

French fisheries before 1960

According to several authorB(pouy, 1920Postel, 1962; Gloux and Manach, 1976), while
Palinurus elephasvas appreciated and marketed in France for sevendlries, directed
fisheries really started at the end of th& &@ntrury when a small specialised fleet develdped
Brittany and fished grounds around the islandseifi, Belle Isle and Houat in Britanny, Yeu
and plateau de Rochebonne in Biscay Bay. In thinbiw of the 28 century this fleet
progressively expanded to distant waters: Scilgnids (SW England) after 1901, off the
Iberian Peninsula (Atlantic coast) after 1906, Bepies Island and rocky grounds between
Figueira and Saint Vincent Cape off Portugal af@t0, Ireland and Scotland after 1919, and
Atlantic Morocco later. In 1935, fishing moved atsoTunisia (plateau de la Galite). In most
areas, they also caught clawed lobstemarus gammarudn the Western Mediterranean, a
small-scale fishery also developed around Corgitiaeaend of the #9century and accounted
for 215 boats (landings 140 t) in 1900 and 331 H@ahdings 229 t) in 1948 Marin (1985).

Figures issued by the Administration and/or Industport national landings for both Atlantic
and Mediterranean fisheries of over 1000 torB.alephasn the 1920-1925, a maximum of
2678 tons in 1947 and a continuously decreasindyateon thereafter with a mean of 867 tons
in the 1950’s. Landings for the periods 1906-194d 8926-1937 were around 1500 t and 2200
t respectively (max 3230 t in 1928) but they indumbthP. elephasandH. gammarusData on
fishing effort for the period are incomplete angietise. In Brittany, the main port for spiny
lobster, Camaret, harboured a dedicated fleet @fobats in 1914 and 209 in 1937, fishing from
May to November (largest boats started in Februaity) string of pots. In some ports (Roscoff,
Santec, Moguériec) of North Brittany a restrictexf targeting spiny and clawed lobsters
appears to have used nets after 1920 and, accdod®igpux and Manach (1976), this gear was
qualified as « devastating gear which seem to kagely contributed to the depletion of

stocks ».

French fisheries after 1960

In the Atlantic, due to the closure of some foreignes and to an impoverishment of the stocks
of bothP. elephasandH. gammarusmost vessels (Brittany) shifted in the 1960’s frimister

to crab Cancer pagurusandMaja brachydactyla fishing. CurrentlyP. elephads primarily a
by-catch, while economically important, for somed Hpats (mean length 11.8 m, mean power
152 HP) netting for monkfishLfphius piscatorius)rays Raja spp), turbot Psetta maxima)
and brill Scophtalmus rhombusyith trammelnets of 240-320 mm stretched meshefinn
panel). Catches from potters (1%) and trawlers (<& incidental. Landings occur all year
round but 80% occur between April and November. g regulation specific t&. elephass - ‘{Comment [rg3]: Is this correct? Is

a minimum landing size (MLS) of 95 mm CL (EC redidn). There is also a 10 km limit per | there a closed season during the winter?
boat on the length of nets in Brittany.
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In the Mediterranean, introduction of more efficiéishing methods in the 1960’s (ecosonders,
net-haulers, nylon trammelnets) led to a substiaetiart increase (Giménes, 1969) which was
accompanied by a sharp decline in catches (minirofi#5 t in 1965). According to Marin
(1987), 165 boats (average 4 GRT and 49 HP) wewoteled to lobster fishing in 1985.
Presently there are about 200 boats in the fisfidngse have a mean length of 8 m and a mean
power 80 HP and operate within 3 miles of the comigh trammelnets, locally called
"bistinari", of 125-160 mm stretched mesh (innengda A few larger vessels occasionally fish
for lobster in deeper waters. The MLS is 80 mm €lg fishery is closed from September to
March and eight sanctuaries covering a cumulated af about 80 kfmare distributed around
the island.

Official figures for national landings from Atlantiand Mediterranean fisheries report an
average of 520 tons in the 1960’s, 360 tons inl®i&)’s, 290 tonnes in the 1980’s, 160 tons in
the 1990’s, 60 t in 2000 and 70 t in 2001. Religbibf those data is probably very poor. In
Corsica Marin (1987) estimated annual landings $4-222 t in 1983-1984 while official
statistics reported 83-88 t, 127 t in 2000 and 172001 (according to Industry figures). No
detailed estimates of landings are available ferAHantic fisheries but probably were around
100 t in the mid 1990s, falling to 50-60 t in 2002.

The collapse of the fisheries linked to excesdriigleffort, especially with nets, directed or not,
is evident and any recovery will have to go throagkeries of strict measures including global
and zoned limits on nets. The current mean prid@ elephass around 35 € /kg.

Spanish Fisheries

Lobster fishing also has a long tradition off thigaAtic and Mediterranean coasts of Spain (Von
Salvador, 1895; Iglesias et al., 1994). PreseRtlelephadisheries are mostly restricted to the
Mediterranean while in the Atlantic the speciesasight as bycatch in finfish gillnet fisheries.
In the Spanish Mediterranean, over six hundredsanrél vessels and some 1100 fishermen
engage in lobster fishing every year (Alarcon, 200he fishery is regulated by an annual 6-
month closure during the egg bearing period (Selptero February), a MLS of 80 mm CL and
a ban on catching berried females.

Massuti (1973) collected catch and effort dateheflbbster fishery in the Balearic Islands from
1940-1970. Mean annual catches in the period 1948- Were around 90 t and declined to 40-
50 t in the period 1950-1955 and to 20 t in thequkt965-1970 while fishing effort tripled. As
trammel nets replaced traps at the end of thabgersatches increased. It is suspected that
fishing mortality rates have increased in all gmsirand that most fisheries are overexploited
(Quetglas et al., in preparation). As no relidisaery statistics are available, it is not possibl
to estimate exploitation levels. However, the higlcapture rates of lobsters (up to 61%)
released in grounds near the Columbretes Islanést@ih Mediterranean) suggest high rates of
fishing mortality in that area (Goiii et al., 2000).

Trammel nets are soaked 48 hours (weather pergjitiireferably between 50-100 m of depth.
Trammel nets are set in gangs of 10-12npbdng and 1.7-m high net pieces. The mesh size of
the inner panel is about 80 mm. In Sparfshelephadfisheries, trammel nets have replaced
traps in most areas, as nets are able to catchfisbrevhich compensates for declining lobster
yields. A relict lobster trap fishery remains iaditional lobster fishing grounds of the Balearic
Islands.

By-catch and discards rates are lower in trap tharammel net lobster fisheries (Gofii et al.,
2003c). The most common by-catch species in theitbtegnean trammel net fisheries are
scorpionfish §corpaenascrofg, rays Raja spp.), and dogfish Sgylliorhinus caniculg
(Quetglas et al., in preparation). Lobster untlersize limit (<80 mm CL) make up 24-46% of
the catch (in number) and are usually returneti¢ontater in good condition (Quetglas et al., in
preparation).
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Official landings in 2000 amounted to some 2 t I tAtlantic and around 98 t in the
Mediterranean. However, ongoing studies of somal lfisheries in the Mediterranean indicate
that official landings underestimate lobster caschecause significant but variable portions of
the catch are sold directly to consumers (moststarrants) and go unreported. Use of
correction factors developed for particular locasiccuggest that annudl elephadandings in
Spain reach at least 200 t, which at the price2o€ 4kg, first sale, amount to €8.5 million per
year to the fishers. Additionally, a similar amounay be earned annually by the middlemen
and the tourist industry (restaurants) together.

Greek Fisheries

An important artisanal fishery currently exist€Greece (about 18,000 small coastal fishing
boats; CENSUS-Ministry of Greek Agriculture, Febyua001). However, the number of
vessels involved in the lobster fishing activityhist known. In Greek waterB, elephass

caught together withl. gammarusnainly by nets (trammel nets or gill nets) (66%ta catch)
(Mytilineou et al., submitted). Lobsters are alsaght by trawlers as bycatch (32%) and traps
are no longer used. The mesh size of the inned phtiammelnets is 34-40 mm (or 36-45 mm
in the protected area of the Alonissos NationakPdihe gill nets, more resistant than trammel
nets and providing fewer by-catch specimens, damegpily used in the Alonissos National Park
fishery and have a minimum mesh size of 110 mm.rmagimum length of nets per boat is
about 9000 m (8000m in the Alonissos Park). Dependn the area, the nets remain in the
water 2-3 days; in the Alonissos National Parkrtees remain in the sea only one night
(Mytilineou, pers. comm.). The fisheries are retpdaby a MLS of 85 mm CL, the prohibition
of landing berried females and a 4-month closedmse&rom September to December (or
September to March in the Alonissos National Padkidersized and berried lobsters are to be
returned to the water although often this regufaisonot respected (C. Mytilineou, pers.
comm.).

The landings of lobsters from the Greek watersiigeP. elephasandHomarus gammarus a
proportion of about 80% and 20% respectively ardhégher in the Aegean than the lonian Sea
(Mytilineou et al., submitted). The greatest langdi occur off the Spodares Isl., Corfu Isl. and
Cyclades Isl. The mean annual landings for the E9%ve been estimated at 200 t (Mytilineou
et al., submitted). For the same period, the @ffifigures are 23 t, indicating that a large
amount of lobsters goes directly to the consumersstaurants (Mytilineou et al., submitted).
The mean annual price of lobsters in the wholeseleket showed a positive trend in the 90s’,
reaching €12 in 1999 (Mytilineou et al., submittadyl €21 in 2001 (C. Mytilineou pers.
comm.).

Italian Fisheries

No information is available oR. elephadisheries at the national level. However, fishiogP.
elephasis very important in Sardinia where the fishemrstd at the end of the "1@entury. At

the beginning, fishing was carried out mainly kaps and since then spiny lobster catches have
continuously increased. Presently about 253 adidamats exploit this resource with trammels
nets at depth of 50-200 m. Only two fishermenrl sisle traps foP. elephadfishing in the
island. The boats are small (7-10 TRB). During #870s increased fishing effort led to a
depletion of stocks and at present mean yielddaaver than those recorded in the 1920' and
1970's.

In Southern Italy (Golfo di Taranto and Sicily) elephasvere caught exclusively with traps
until the 1950s when they were replaced by trametsl{Petronsino et al 1985; Gristina et al.,
2002). Nets are left in the water for 2-3 days amakimum vyields are found at around 90m
depth. According to old fishermen from the Egadansls, in the 1950B. elephaswas very
abundant and trap yields were large. Presentlyyliedgs are almost zero.
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The minimum landing size in ltaly is 300 mm TL (®7 mm CL), the fishery is closed from
January to April and berried females are returethé water. (Gristina et al., 2002) although
compliance with these regulations may be poor (Beto et al., 1985; M. Gristina, pers.
comm.). There are no limits on the length of nBtselephass sold at 50 € / kg. According to
Petrosino et al. (1985), the technical innovatioti®duced in the 1960s have led to overfishing
of theP. elephasstock off the lonian coast.

Tunisian Fisheries

In Tunisia the production d®. elephagomes mainly from the fishing grounds of La Gatitel the
Esquergis and secondarily de L'Estafette and fromp Serrat and Cap Blanc (Tijani, 2000). At
present the Tunisian lobster fleet is composedbofessels (mean: 14m long; 149 HP). Lobster used
to be fished with traps but now trammelnets -75 siretched mesh size (inner panel) — are used.
The fisheries take place at 20-170 m depth andepefially at 70—80 m (Quetgals et al., in
preparation). The lobster fleet grew rapidly betwd®90 and 1995, when over 80 vessels fished
lobster, and declined afterwards to 60 boats irB£2999. The number of days at sea also increased
between 1990 and 1995 with a peak in 1993 and lewained constant at about 3000 days since
then. Annual landings in the period 1990-2002 peakel 993 with a maximum 74 tons. Since then,
lobster catches have decreased progressively tmianom in 2002 when only about 33 tons were
landed (Tijani, 2000). Lobster fishing is reguthtey an annual closure from mid September to
February, a MLS of about 200 mm TL, a prohibitidnanding berried females (Tijani, 2000). In
terms of weightP. elephadishing constitutes only 1% of the total landirp4 its economic value
approaches 10% of the Tunisian total (Tijani, 2000e populations are considered overexploited
and protective measures - such increases of th®, Mktending the closed season and reintroduction
of traps — are being proposed (Tijani, 2000).

Croatian Fisheries

In the eastern Adriati®. elephads found at depths of 20-120 m. The most imporfeshing
areas are in the southern sides of offshore islé®olslo et al., 2001). High product value, small
catches and multiple fishing gears characterize cinamercial lobster fishery in the area.
Historically, P. elephaswvas caught using lobster pots and gillnets. &emeyears, and due to
deficient legislation, new fishing gears have begroduced in the fishery and lobster gillnets
with 240 mm mesh size were replaced by 120 mm ngd$tets, originally employed for
fishing cartilaginous fishes, and by trammel nét8®mm mesh in the inner panel (Soldo et al.,
2001). According to the legislation, the lobsishéry is open from May to September and the
minimum landing size is 240 mm TL (88 and 84 mmi€lmales and females). Additionally,
berried lobsters must be returned to the waterddggss of the size (Soldo, in prep.) Reported
landings were highest in 1953 at 83 t, while in pleeiod of 1985-1998 annual landings ranged
from 23 to 43 t. Although in the last decade ddfidcandings have not declined, all evidence
(fishermen, inspections, market) indicated thatltthster resource is heavily exploited and that
total catches, average length and CPUE have dddiimesiderably (Soldo, in prep.).

British Fisheries

In the UK, targeted. elephadisheries are restricted to Cornwall and the wesist of Wales
with occasional catches from the Scottish Westgles I(Hunter, 1999). In common with
fisheries elsewhere, the species was traditiofiisiyed with pots (and diving), and although
traps are still used in some areas, tangle andiegimetting is now the principal means of
capture. Pot CPUE declined steadily during théodet979 to 1997 and the populations are
depleted (Hunter et al., 1996).

Irish fisheries

P. elephas is fished in Ireland between May-Sepéenitresently approximately 20-25 vessels targst th
species although by-catch in static net fisheries$ @ a lesser extent in trawls also occurs. Astirer
countries a major change in the fishery occurrednduthe 1970s in the change over from traps to
trammel nets. This lead to a depletion in stockd arnvery significant reduction in mean size. Annual
official landings between 1990-2000 ranged from133-tonnes. Landings have declined continuously
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during the period. MLS is currently 110 mm CL artkre are 2 areas closed to fishing with nets.
Attempts are being made by the authorities to teiefishing with pots. Unit price at first saleries
seasonally but on average is about €30/kg.

Fisheries for P. mauritanicus

The main commercial fishery fé&t. mauritanicuss off northwest Africa. At its inception, this
fishery was mainly operated by Spanish and Porsgbeats trawling for fish but catchiRg
mauritanicuson grounds as shallow as 40 m depth. In 1955 acRraledicated fishery
developed along the Mauritanian coast and in tfs fiears of the 1960s more than 40 boats
(length 25-38 m, TRB 100-390, HP 500) from Brittangre fishing with cylindrical baited
traps and with bottom trawls that served both twltdish bait and lobsters (Maigret, 1978).
Most fishing took place on the continental shelje@t 150-300 m and occasionally down to
600 m. French landings peaked at 3600 t in 196thaorresponds to a total catch of 4000 t
when onboard storage mortality is included. CPU&pded quickly and fishing grounds shrank
substantially due to, according to Maigret (198)th overfishing and habitat deterioration by
trawlers. In the following years, the fishery eqfed despite a reduction in fishing effort, and
French landings declined to 200 t in 1970 (Maigl€x78). In the 1970s the stock recovered
somewhat and in 1986 French landings reached @Dhoats), which were in accordance with
the calculated maximum sustainable yield (Boitd@B1). Allocation in 1987 by the European
Commission of fishing rights to Portuguese boats|ébster netting (in the form of direct
agreements with the Mauritanian authority) and daeelopment of poaching led rapidly to a
new collapse and French boats left the fishery.ré¢overy has occurred in recent years.

Off Brittany, in the Bay of Biscay, sporad® mauritanicumetting occurs by one or two boats
on coral grounds at 300-400 m depth but good greame very limited and a rapid decrease in
catch rates occurs. Trawlers also occasionally Randauritanicusas bycatch.

In the western Mediterranean, the commercial ingra of the species is not very high and it
is regularly taken by bottom trawlers as bycatcloliiius, 1991). It is also occasionally
targeted with trammel nets; however, high yielddofeed by low catches characterize this
fishery. It is marketed together wifh. elephasbut it commands lower prices. No catch
statistics are available for this species and therds given forPalinurus spp. in the FAO
yearbook of Fishery Statistics correspond to mic&ithes.

Recruitment

P. elephas

A virtual population analysis carried out by Malit987) indicated that in the trammel net
fishery off CorsicaP. elephagecruited at 40 mm CL (or age 2) and that by 70 @lm(or age

3), just before maturity, lobster were fully recedi to the fishery. He estimated the number of
recruits at 458 000-801 000. EstimatesRorelephasrecruitment are not available for other
areas.

P. mauritanicus
Maigret (1978) estimated th& mauritanicusrecruited to the fishery off Mauritania at 73-82
mm CL (or age 5 for males and 6 for females).

Catchability and selectivity

P. elephas

Virtual Population Analysis (VPA) results by Mar(h987) indicated that in the trammel net in
the Corsican fishery, mature females were lesshabte than mature males and that their
catchability decreased with size. This reductioncachability of females was attributed to
either a sharp increase in natural mortality ofdts after maturity or more probably a change
in behaviour associated with reproduction. Howeireg comparative study of the catchability
of P. elephasn traps and trammel nets, Gofii et al. (2003b)atestrated similar catchability of
males and females in trammel nets and reducedatalith of large males in traps. Thus, the
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reduced catchability of mature females in the trainnet fishery observed by Marin (1987)
could be associated with a higher natural mortalitiemales after maturity relative to males.

Comparing selectivity of traps and trammel nets,4ame study indicated that white elephas
<70 mm CL are poorly retained in traps, large (>&8@ CL) specimens are less likely to enter
traps due to behavioural factors, physical limitasi or because they are able to feed without
entering (Gofii et al., 2003b). Since recruits aagd specimens would suffer lower fishing
mortalities in traps than in trammel nets, the gtadncluded that traps are a preferable means
of capture from the point of view of conservatio@ngoing studies also demonstrate that by
comparison with traps, trammel nets have poor geiscwith higher by-catch rates and much
greater negative impact on lobster habitats thrainghincidental catch of structure forming
species, such as sponges, bryozoans, corals aaltireoalgae (Gofii et al., 2003c).

P. mauritanicus
No information is available.

Discussion

The high unit value together with the biologicatiatological characteristics Bhlinurusspp.

in the Eastern Atlantic and Mediterranean indi¢hsg they are highly vulnerable to fishinB.
elephass slow growing, has a long life-span and low fedity by comparison with most other
commercial spiny lobsters. Adults movements areallsnn scale. These biological
characteristics makP. elephasprone to local overexploitation. Although nothirggknown
about the stock-recruitment relationship in eitRerelephasor P. mauritanicus the pelagic
larval stage ofPalinurus spp. is long and dispersal by ocean currents neagxtensive. As
recruitment may occur far from the parental grounidsoupling between local spawning stock
biomass and recruitment is likely.

These statements are supported by the currens stétihe fisheries. Targeted fisheries in the
Atlantic have largely disappeared and the stoc&soaerfished in the Mediterranean. The poor
status ofP. elephasfisheries may be traced back to the 1960s-1970&nwishing effort
increased dramatically coincident with the replagetof pots (and diving) by trammel nets and
the introduction of hauling gear and other techgial advances. Although the lack of
historical catch and effort data means that thigoblyesis cannot be tested all circumstantial
evidence point to the greater efficiency of netsatching lobsters, to excess fishing effort and
to the poor selectivity of trammels nets relativepbts, as the main causes of the collapse in
these fisheries. The problem is exacerbated byattethat lobsters are also a substantial by-
catch in nets targeting monkfish, rays, turbotliqretc. Recent and ongoing studies indicate
that trammel nets catch a greater proportion gfeldobsters than pots and that their impact on
lobster habitats and benthic communities is faatgne Palinuridae species in Europe are fished
by a large number of artisanal vessels typicaltritiuted in many ports along the coastline.
Thus, at-sea effort control &. elephadisheries is difficult and in general, the limigs net
length per boat are usually exceeded. Additionalllyile pots had to be hauled every day to
restock the bait, trammel nets are left in the wéte 2 or more days. Due to bad weather
conditions, nets are often soaked for longer perigsulting in loss of catch and return of
undersized specimens to the water in poor condition

The minimum landing size d?P. elephasin Mediterranean fisheries is just over the sife o
physiological maturity. A recent study of the regiwotive potential of a protected population of
P. elephasshows that such MLS protects only about 1% of plogential population egg
production (Gofi et al., 2003a). Lacking estimatésfishing mortalities, and thus a full
assessment of the impact of various MLS on the odymtive potential ofP. elephas
populations, the study points to the need to irsgeébe MLS to allow specimens to reproduce a
minimum of once or twice before becoming suscegtiol fishing. However, larger MLS in
some fisheries (eg. Croatia) alone does not apfedrave protected the populations from
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overfishing. Similarly although the MLS in Franseabove the size at maturity stocks have not
recovered. The recently introduced high MLS indrel has not yet had time to have effect on
recruitment to the fishery. Certainly a larger Mixfy be a necessary technical measure in the
Mediterranean and in areas there it is below stzmatirity but this alone is insufficient to
protect stocks. As the relationship between lopamwsiing stock and recruitment is probably
decoupled by the long dispersal phase expectatibpsstive impact of improved regulations
may not be realised. More stringent regulationsdrteeapply consistently over large areas of
the distribution to optimise the possibility of @&nd regional improvements in recruitment.

The lack of data prevents discrimination betweesreased fishing mortality resulting from
greater fishing effort associated with trammel ingttand the ensuing changes in size and sex
related catchability as the factors responsiblthefdepleted status Bf elephadisheries. As a
high value commodityP. elephascontinues to be pursued despite low yields anddirap
growing prices maintain viable but depleted fisberiBecause of that, fishermen are requesting
managers to impose more restrictions to help rdkthié stocks (Hunter, 1996) and additional
measures, such as closed areas (Goiii et al., 200®kfs open only to pots and programmes to
promote the reintroduction of pot fishing shouldlare being considered in some areas (e.qg.
Balearic Islands and Ireland.

Much less information is available on the the higloand fisheries forP. mauritanicus
However, its high unit value and the history of lé&pns of the fisheries off West Africa
suggest low resilience. Its distribution over muddttoms, despite the greater depths where it
occurs, and the rapidly declining catch rates, esghigh catchability in both trawls and tangle
nets.
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The biology and fisheries for Palaemon serratus anBalaemon
adspersus

Oliver Tully, Eoghan Kelly, Daniel Latrouite* andexis Conides**
BIM, New Docks Road, Galway, Ireland, *IFREMER ®Btate Brest, France, **NCMR,
Athens, Greece

Description

P. adspersus and P. serratus

Mature specimens &. adspersusave a mean length of 58 mm (females) and 52 mategh
The average size for both sexes according to FAGaraind 60 mm. The species is
characterised by a rostrum with 5-6 dorsal spimes4or rarely 3 dorsal. The number of the
dorsal spines is a classification characteristicstie specie®alaemon adspersu3he colour

of the shrimp body is grey-pink with brown or redels on the carapace and dots on the
abdomen.

Sexual dimorphism is not clear. In general, theesesan be separated by observing typical
anatomical features such as the presence of “apperabsculine” in the males and the position
of the gonad duct on the base of tHeob 3° walking leg.

Mature femaleP. serratuscan attain a total body length of 110 mm. Therwwsthas a distinct
upward curve with a normally bifid tip andL6 dorgaéth and 4-5 ventral teeth. The rostral- { Comment [DL4]: according to

features are diagnostic for specimens over 25 mienigth. Cehie [0 7 i I coEs s et 4 B9 d
ventral ; rostrum is relatively longer for

males than females.

Distribution

Four species dPalaemon(Suborder Natantia, Infraorder Caridea, FamilyaPalonidae) occur
in the north east Atlantic and Mediterranedh elegansP. serratusP. longirostrisandP.
adspersugSmaldon et al 1993p. serratusandP. longirostrishave a more southern
distribution tharP. adspersuandP. elegansThe former 2 species reach their northern
distribution limits in Ireland and Britain while éHatter 2 species are common in south west
Norway and the North Sea. Maximum lengths vary f&8rmm inP. elegango 110 mm irP.
serratus

The geographic distribution limits & adspersuare : the Black Sea and Mediterranean coasts
from the east, the Atlantic coasts of Europe dawhklbrocco to the west, the ‘B@arallel

(South England and Denmark) to the north and thehrfrican coasts to the south. The
species is endemic within this geographic region.

The species inhabits brackish waters as well asrhggline waters in lagoons and river
deltas/estuaries. It prefers mud bottoms in whidlam burrow. The larval stages are found in
waters with variable salinity and prefer high tengperes. The salinity tolerance of the species
is between 4-6%o as well as open sea water sa(#88%o). The shrimp prefers shallow coastal
waters down to 5m depth even though in the Atlamtigon, it can be found in deeper waters.

P. serratuganges from the Danish coast in the north Seds@uitls to the Mediterranean,
Black sea and coast of Mauritania. In Britain amdiind it is most abundant on south and west
coasts although it has become increasingly commdimei Irish Sea and North Sea.

Palaemon spp

Palaemonspp. live in shallow water from the intertidal zoto 60 m depth. The habitats they
occupy is dependent to some degree on the preséoageneric specieB. adspersuandP.
serratusin particular can displade. elegandrom seagrass meadows dfgcushabitats in the
shallow sublittoralP. adspersusccurs mainly in seagrasgastera marinan northern Europe
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and Cymodocea nodosi the Mediterranean and is associated with eisigiazonditions P.

serratusis less tolerant of low salinities and occurs galeiin brown algal beltsRucusand

Laminarig) and in sea grass in tidal areas with high sglirit higher latitudes some species at
least undertake small scale offshore migrationsiimer. These migrations may be to avoid low
winter temperatures and are also linked to theodrmtive cycle whereby a move to deeper
water and more stable temperatures reduces egpgment times and allows the larvae to be

released in open water avoiding exposure to fluictgaalinities.

Spatial segregation of year or size classes otoussme extent ifPalaemonspp. Post-larvae
settle into intertidal areas and undergo seasonahorter term migrations to deeper water.
Migration to deeper water iR. serratusbegins with the onset of maturity. Mean size caryv
over small spatial scales and depths due to Iggegation of particular size groups in specific

habitats. Local habitat quality may have an effecthe migratory behaviour and average size

of shrimp.

Growth and reproduction
Palaemonspecies are relatively short lived having a lifears between 1-4 years depending on
latitude or environmental temperature. The timifigey events in the life cycle varies with latitude

Growth rates depend mainly on environmental temipegaand probably food availability. Growth is

faster and life span is shorter at lower latitudéales grow more slowly and reach smaller size than
females. The intermoult duration is linearly rethte pre-moult size at a given temperature and is
related as a negative power function to temperattieay given size. Large female size is a trafle of
between increased risk of predation and higherfdityy Males remain smaller to reduce the risk of
predation and energetic costs of locomotion.

P. adspersus

Most biological information on this species origegmfrom Messolonghi-Etolikon lagoon in
west Greece. The species is not found in the loséanexcept in certain areas with muddy

sediments in estuaries of large rivers. In additidormation has been derived by experimental

rearing in laboratory installation of the Natio@gntre for Marine Research (Athens).

The total length-weight relationships for males &evdales respectively, are:

W=0.000004 TE* r2=0.996
W=0.000005 TE" r2=0.991
Growth is extremely fast and the longevity of thedes is no longer than 36-45 months. The

length attained by males and females in 6 montteiments is summarised in Table 1.

Table 1. Growth rate at age of male and flenfPa adspersus in Greek waters.

Age (months | Males Male daily Female Female daily
rate of growth rate of growth
(mm/day) (mm/day)

6 21 0.12 21 0.12

12 24 0.07 24 0.07

18 36 0.06 39 0.07

24 39 0.0t 42 0.0€

30 45 0.04 51 0.06

36 48 0.04 54 0.0t

42 52 0.03 60 0.04

continuous and does not occur in phases. The staigesnmature (ovaries like transparent

threads), under development (3 lobed ovary coverd 8 of the carapace and is transparent),
pre-mature individual (green ovary large coverinth#dorsal part of the body), mature

10z
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individual (the ovary is green and covers the whmdy as well as covers the front part of the
stomach) and spent individuals (indiscernible ganalightly larger than immature gonads).

The annual sex female to male sex rkatio has bdeunlated at 1.08. o= [ Comment [DL6]: male / female ?

P. serratus

Mating takes place after moulting when the femalsaft shelled. Eggs are dark green in colour
when spawned. In northern Europe spawning occulaténautumn and early winter although
the timing is size related, large females spawriezathan small females and depends on
(Phillips 1971). Larvae are released from April p@enber with a peak in abundance in July
and August and occur in coastal surface (<0.5 mgmgFigueras 1987). Females moult after
the eggs hatch and may produce 2-3 broods per $etitement onto the shore occurs from July
to September at a total length of 9 mm. Considergbbwth occurs in the first summer and a
proportion of this cohort enters the fishery assbtimp in their first autumn. Growth during
winter may cease or continue at a low rate depgndimlocation. During the second summer
growth is higher in non-reproducing 1+ females thathose that attain maturity. Shrimp not
maturing until they are 2+ have larger clutcheser€hs a trade off between early maturation,
increased risk of predation, overwintering moryalitit higher future fecundity for survivors. In
the Mediterranean growth rates can be double timoserthern Europe and maturity can occur
during the first year (Rodriguez 1981).

location. The rate of egg development is tempesatiependent and is 3.5 months at 12C {Comment [DL7]: m ?

In northern Brittany the largest males weigh 7 d &males 15 g. Females have larger moult
increments. Von Bertalanffy growth function where Is the carapace length from tip of

)

rostrum is id Table 2. The number of eggs at slafghort after spawning) is related to carapace [ Comment [DL8]: something missing ?]

lenght (Table 2).

Environmental constraints on survival

The northern limit of. serratuss probably limited by temperature. Toleranceotw |
temperature is significantly affected by acclimattemperature (Richard 1978) and increases
with increasing body size. Acclimation at temperasunear the lower limits of tolerance
however confers no advantage when exposed to ewer temperatures. Low winter
temperatures in particular may therefore be ldthabstlarvae and the 0+ age group which are
distributed in the littoral and shallow sublittoralautumn and early winter. Growth of small
shrimp is particularly affected by low temperatu@ptimum temperature for growth is°g2
(Richard 1978) which is considerably higher thaereaverage summer temperatures in
northern Europe. Low salinity combined with low fggnatures may be particularly lethal as
osmoregulation in low salinity is impaired by loentperature. Metamorphosis is possible over
a salinity range of 13-43 glLbetween temperatures of 17°25Yagi and Ceccaldi 1984, 1985).
P. serratuscan grow and reproduce in salinities ranging fadw5 gl™* and at temperatures of
15-25C (Rodriguez 1981). The data above do not inclbdegobssibility of genetic adaptation
by some populations to local conditions.

Population structure

Berglund and Lagercrantz (1983) found evidencedsiricted gene flown P. adspersuandP.
eleganssuggesting population differentiation at regioifi@ot local scales. Larval dispersal can
promote gene flow. Larvae, however, are distribinecbastal embayments and appear to be
neustonic. This vertical distribution may be angdtion to promote onshore drift by taking
advantage of summer sea breezes and so limit &loregsispersal and loss of larvae to oceanic
waters. Adults undertake limited migrations to d=epaters during winter in northern Europe
but mixing of populations is probably limited. Ttiaration of the larval phase depends on
temperature.
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Table 2. Biological characteristics of Palaemomegas by region

REGION
STATISTIC south Ireland west Ireland N Wales | Plymouh, Cadiz, SW Spain|Ria de Vigo, NW Spain|France
England
Size-Weight Relationshigy=-12.55+3.14x | y=-4.9966+3.0829x =- NA
(M&F) 4.9309+2.9146x |
Size-Weight RelationshigNA NA = NA W = 446*10°L>%
(M) 5.0215+2.9618x*
Size-Weight RelationshigNA NA y=- NA W = 177*10°L %
(F) 4.7626+2.8174x*
Von B (M) NA NA NA 97.84(1-e"-0.73(t+0.05}).c = 45.52[1-&
* 0.66(t+0.37]
Von B (F) NA NA NA 137.40(1-e"- Lc = 56.44[1-e
0.48(t+0.09)) * 0-545(1+0.20)
Von B (M) NA NA NA 5.41(1-e"0.73(t+0.05))"2.58 *
Von B (F) NA NA NA 21.58(1-e"0.48(t+0.09))"2.92
Other Growth Models NA NA NA NA
Moult Increment NA NA NA NA
Natural Mortality NA NA NA NA
Size-Fecundity NA 1950-3530 1500 -4300 NA NA B.£185 L&™
Size-Maturity (F) 60-70 mm TL 81 mm (TL) 82 mmL()T NA
Age at Maturity Mostly 1+ NA 1+ NA
Egg Incubation Season Oct to July Oct-June Apty-JDec-July Dec to Feb NA
Egg Incubation Period Nov to April 4 months ** 5 4 Month@ 9-11 gNA NA
Hatching Season Summer April to May July Mar to ? April to Sept
Longevity Usually 2+ 2,3 4-5 Yearg 2+ NA 3
Main Growth Period July-Nov NA July to November Wi Oct NA
Reference Fahy & Gleeson |Browne (2000) Cole Forster (1951 & |Rodriguez (1981) Figueras (1986 & 198J)
(1996) Fahyet al (1958) 1959)
(1998)
Notes * Lt/Wt is Logged |* Lt/Wt is Logged * After 2nd * Lt/Wt is Logged* t=years; Wt=Gr; Campillo(1984)
Summers growth Lt=mm
*Wet Wt used * |t-Wt made from original data in paper
** De Bhaldraithe (1971)
*** Mc Padden (1976)
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Table 2b. Biological characteristics of Palaemorspérsus by region

STATISTIC

west Greece

Spanish Med

NW Spain

Denmark

Size-Weight (M&F)

Size-Weight (M)

0.000004*TL"3.20
(r2=0.996)

y=-12.3114+3.1981x *

Size-Weight (F)

0.000005*TL"3.12
(r2=0.991)

y=-12.6841+3.3210x *

Von B Length (M)

Lmax=78.286(1-
e"0.272(t+0.57))"3.19

K (per annum)=1.9

Lt=44.91(1-e"-
1.64(t+0.07))

Von B Length (F)

Lmax=104.81(1-

K (per annum)=1.8

L[t=68.19(1-e"1.07(H

€"0.216(t+0.45))"3.12 0.05))
Von B Weight (M) Winf=43.4g Wt=0.92(1-e"-
1.64(t+0.07))"2.95
Von B Weight (F) Winf=54.3¢g Wt=4.00(1-e"-1.07(t
0.05))"3.17

Growth(mm/day) (M)

G=0.0010+2.08199/L

Growth(mm/day) (F)

G=0.0213+1.62417/L

Pauly's Mortality (M)/(F)

0.18/0.11

Size-Fecundity

900-1100

y=1183+0.6683(x-136

Sex Ratio (M:F)

50:50

40:60 (Jan-July)

1:9

Age at Maturity

1 year (Females)

Egg Incubation Season

March-September

Jan-Sept

ne-Alugust

Egg Incubation Period

22-25days @ T=20C

;42-48d@ T=13 C

Hatching Season

June, July & Augus

Appearance & TL of 0-Group (Postlarvae)

10mm Tkettlement

Summer+Autumn

Longevity

36-45 months

M=13; F=20 months

Reference

Conideset al (Year?)

Guerao and Ribera (19

F5yueras (1986&1987

Mensen (1958)

Notes

*TL(mm)/Wet Wt(g). Is

logged

9)*
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Larval biology

The number of larval stages prior to metamorphesiies by species. Fincham and Figueras
(1986) reared all stages of larvae for all 5 spetighe laboratory and give diagnostic
descriptions of all stages. There is a progressigaction from the 8-9 zoeal stagedin
serratusto only five inPalaemonetes variankarval staging is difficult especially for later
zoea because the number of zoea is not fixed eiterspecies. Size is not diagnostic as larvae
at higher latitudes (and lower temperatures) agelaat any given stage.

Larvae are planktonic and occur predominantly engbirface 0.5 m of water (Figueras 1987).
Larval distribution tends to reflect that of theuticpopulation although the capacity for
dispersal is high. Their surface distribution isfénat wind and tide induced drift are important
in determining their distribution. Post-larvae ki intertidal areas or in the shallow sub-
littoral. As zoeal stages are distributed in cdastder generally settlement may depend on
onshore drift of larvae. This drift may be facitéd by onshore sea breezes during summer
months.

Metamorphosis to the post-larvae and settlemeniredn late summer. Post-larvae use the
pleopods to swim. These are not functional in theak stages which use the exopods of the
thoracic appendages to swim.

Fisheries

Fisheries forP. serratusoccurs on the west and south coasts of Irelamdlifigs in Figure 1)
and U.K., in coastal waters in France and in nornth8pain. A fishery forP. adspersus
previously existed off the Danish coast (Jenkin§8)9This species continues to be fished in
the Mediterranean. A small fishery fBr longisrostrisexists in France, specialy in the Gironde
(Garonne + Dordogne estuary), where 25 small buzttéor it from June to October.

In northern Europe shrimp are usually capturedrdyystin shallow inshore waters by vessels
less than 10 m in length. The can also be captoydgbam trawling over sandy substrates with
sea grass cover. In Ireland the fisheryRoserratusbegan in the mid 1970s and continued at a
low level until 1989. In 1990 and 1991 landingpled to 333 tonnes fell back in 1992 but
increased annually up to 1999 when 547 tonnes wemded. This substantial increase in
landings has been due to both an increase in §sfiort of individual boats and a longer
season. The fishery is characterised by localraidund subsequent recovery. The causes of this
are unknown.

In France about 370 boats fiBh serratuswith traps along the Atlantic coast (mainly) ahe t
English-French Channel. Most are 6-10 m in lengttl the average characteristics are 8.2 m,
73.5 kw, 5.30 GT. The season extends from Augubtaoch and shows a north-south time lag
with maximum in September-October in English-Fre@tfannel and in November-December
along the Atlantic coast. According to official Bséics since 1960 annual landings are generally
between 300-600 t (probably slightly underestimptétbst of the production comes from the
Atlantic coast

Landing fluctuations from one year to the otherrataer important and probably reflect annual
variations in recruitment as well as variation mvieonmental conditions (hydrological and
meteorological conditions) in winter time duringHing season. Fishermen report tRat
serratuscatchability is correlated with sea conditionscbas being higher after periods of high
sea swell.

Fisheries Management

In Ireland the fishery foP. serratuss managed using a closed season between May @gusA
inclusive. This is designed to protect growth ofgniles in early summer and to optimise yield
per recruit. The extension of the season to May ha¢ conserve mature berried females which
have overwintered. In many areas however no fishowyrs after February. The species is
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characterised by spatial variability in populat®re structure and possibly growth rate and
mortality. Management measures may need to berdasbigpecifically for local populations.
Minimum landing size measures are possibly notéffe as sorting on board is difficult and
discard mortality may be high. Natural methodsafisg using appropriate mesh sizes in store
boxes may have some value. Measures to increaggaduring live export are required in
order to optimise the value of the fishery. Pritebeland range from €12-25 per kg. Live catch
achieves a higher price.
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Biology and fisheries for Carcinus meanas (L.)

*Per-Olav Moksnes, Henrique Queiroga, Miguel Gaspad Paulo Vasconcelos
*University Goteburg, Sweden, University Avierortagal

Introduction

The shore cralCarcinus maenaél.) is among the most characteristic and sucoéssfistacean that
inhabits European coastal waters. Its wide geodgaptistribution and local high abundance place
C. maenasas a species of prime ecological importance. Tad's ubiquity, ease of capture and
suitability for laboratory studies have made thersltrab one of the most extensively studied marine
invertebrates in the world, and its biology is betinderstood than any other European crustacean.
However, the fishing activity for shore crabs isited relative to other European decapods, and
commercial shore crab fisheries are found onlydutisern Ireland, France, Portugal and in Italy,
where the crab is of socio-economic importancellpca

The present review focuses on life history charéties and processes that may be important from a
management perspective Garcinusspecies in Europe. For that purpose mainly Eurostadies

will be included in this review. Yamada (2001) mets a more extensive, recent review on the
biology of Carcinus maenasncluding also the global invasion &y maenas

Taxonomy

The shore crab, or European green crab, is a Buaahycrab belonging to the family of swimming
crabs, PortunidaeC. maenads typically olive green or red in colour, and Ha® evenly spaced
sharp spines, or teeth, on each side of the andat&ral margin of the carapace, or shell (Fig.ltk)
size ranges from up to 70 mm carapace width (CWegimales and over 90 mm in males (Crothers
1967).

Two closely related species are thought to exishéengenuCarcinusLeach:C. maenagLinnaeus,
1758) that occurs from the Scandinavian Peninsuldauritania, andC. aestuariiNardo, 1847
(formerly known asC. mediterraneusCzerniavsky, 1884), which is found throughout the
Mediterranean, including the Black Sea (Crothe®819'Udekem d'Acoz 1999). The two species are
distinguished by the shape of the male copulateggms, or pleopods, and by the shape of the lobes
between the eyes (see Yamada 2001 for descriptiblosyever, the decision to distinguish the two
morphological forms at the species level has bedwmillenged because the two forms interbreed
(Démeusy 1958), because of the occurrence of popusa with intermediate morphological
characters between the two typical forms (Almac&0)9and because of low levels of genetic
differentiation among populations (Bulnheim & Batirg96).

Distribution

Carcinus maenasypically forms large populations in estuaries améllow coastal lagoons, but it
may also be found in sheltered and semi-exposeatlysard rocky shores down to depths of about 40
m. Juvenile shore crabs are mainly found in theriidal zone, on mudflats and in shallow soft
sediment bays. As crabs mature, they move intcstitéidal zone, but many return to forage in the
intertidal at night during high tide. The oldesalos often live permanently subtidal and many displa
a characteristic red coloration of crabs in laterimoult (Crothers 1968, Kaiser et al. 1990, Huiter
Naylor 1993). These "red" crabs are competitive idamt over "green” crabs, but less tolerant to low
salinity or low oxygen concentrations, and arerigtsid to deeper more saline and cooler coastal
regions (McGaw & Naylor 1992, Legeay & MassabuaQ®G&ee Reid et al 1997 for review). During
the winter months, most crabs, particularly in ases, migrate to deeper waters (Edwards 1958,
Naylor 1962, Rasmussen 1973, Gomes 1991a).

The natural range df. maenasxtends from 70° N in Norway to 22° N in Maurianincluding
Iceland, the Faroe Islands, the British Islands tedwestern part of the Baltic Sea (Almaca 1962,
Crothers 1968; see map Fig. ). maenasas been accidentally introduced into severabparthe
world during the last two centuries, including therthwest Atlantic, Northeast Pacific, South Africa
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and Australia (Cohen et al. 1995 and referenceseitijewhere it presently is threatening native
species and shellfish fisheries (Grosholz & Rui23,9 afferty & Kuris 1996, see Yamada 2001 for
review).

Reproduction

The shore crab can reproduce repeatedly during tits5 years life span. It reaches maturity one to
two years after settlement, and can reproduce itwestper year at lower latitudes (Démeusy 1958,
d'Udekem d'Acoz 1993).

Shore crabs have internal fertilisation and cary @opulate directly after female moult, when the
exoskeleton is soft and the genital pores are dpemale moult and copulation usually occur during
summer and fall. To guarantee that a male is ptestethe right moment, a pre-copulation period
precedes mating, where a male carries the femalerneath. Females approaching moult release a
pheromone, or chemical messenger, that attracessnjBamber & Naylor 1997). A receptive female
will respond passively to touch from a male, allogvhim to clasp her, using his walking legs, with
her dorsal side against his ventral side. Thisgopilatory embrace may last for several weeks while
he waits for her to moult. After the female moulhile the exoskeleton is still soft, the male tutims
female over and transfers the spermatophors téethale spermathecae, or sperm storage pouches,
where they can be left for several months beforéliéng the eggs. The male continues to carry the
female underneath until her carapace hardens teqtrber from male competitors and predators
(Crothers 1967). The mechanism of partner selecippears to be very efficient i@. maenas
because nearly all adult females of a populatierfextilised (Broekhuysen 1936).

Once a female has mated, she can produce one erbrmrds with the sperm in her spermathecae.
The eggs are fertilised as they descend the regtigduract, and are subsequently attached to the
feather-like appendages, or pleopods, under hesrabd, where they are carried during embryonic
development (Crothers 1967, Rasmusen 1973). A femaly produce about 50 000 to 200 000 eggs
per brood, depending on her size (Broekhuysen 1986rique Queiroganpublished data The egg
laying usually occurs several months after copogtgenerally late in the fall or during the winter
The embryonic development is controlled by tempeeatand may take up to 6 months at
temperatures between 5 and 7°C, and about 1 morité-27°C (Broekhuysen 1936). However,
maenasappears not to be able to breed at temperatueg dB8°C (Naylor 1965). Reduced salinity,
particularly in combination with low temperatureaynprevent development, and at least 20%o at 16-
17°C or 26%0 at 10°C are required for normal devedept (Broekhuysen 1936). Ovigerous females
therefore seek stable temperature and salinity itond, and undertake seasonal migrations into
deeper water during the winter (Rasmusen 1973s[&iAdelung 1982).

At the end of the embryonic development, the slcoab larvae hatch from the eggs still attached to
the female abdomen, and are released as planktaniae. Larvae start hatching when water
temperature exceeds 10°C (Dawirs 1985). Most lamveeefore hatch during spring and early
summer. In tidal areas larvae hatch almost exadisigduring night time ebb tides, which is thought
to facilitate the dispersal of larvae and reducedgption pressure on both larvae and females
(Queiroga et al. 1994). The female is thought tluae the hatching of larvae by vigorously pumping
with her abdomen and piercing the eggs with heropeds at regular intervals (Zeng & Naylor
1997).

The larval phase

Carcinus maenasas a planktotrophic larval phase, comprising darsstages and a megalopal
(postlarval) stage that settles on the bottom aathmorphoses into the first benthic crab stage. The
different larval stages are well described (Ricdn§le 1975, see also Yamada 2001) and can be
readily identified in field samples. Larvae appe@il adapted to natural shortage of food, and most
zoea stage 1 larvae (zoea-1) will successfully mioth zoea-2, also when starved for over 50% of
the normal stage duration (Dawirs 1984). The natliet of shore crab zoea includes small animal
and algal plankton, bacteria and detrital partileactor & Dexter 1993, Kumulu & Jones 1997).
Larval development i€. maenasnay take 3 -10 weeks, depending on temperatureeaithbility
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of food (Dawirs 1984, 1985, Mohamedeen & Hartn@89, Nagaraj 19934t 20°C, the duration of
the different larval stages increases from 3 dayzgoea-1 to 5 days in zoea-4, and the megalopal
stages last 9 to 10 days. At 15°C, the zoeal steggpsre 5 to 8 days to moult, and the megalopae
over 14 days (Mohamedeen & Hartnoll 1989). At 6%bre crab larvae are unable to moult.
Starvation may also delay larval development, gad/ed zoea-1 larvae required 9 days more than
fed larvae to moult into zoea-3 (Dawirs 1984). Gdesng the larval development times, the
potential dispersal radius @. maenadarvae under the influence of coastal and oceeintilation
ranges from tens to hundreds of kilometres (Palurfibb, Queiroga 1996).

Larval behaviour and dispersal

Recent studies of the. maenadarvae from tidal areas suggest that larvae may"sslective tidal
stream transport" to control both the dispersata#a larvae from the coast (Queiragaal. 1994,
1997, Zeng & Naylor 1996a, 1996b, 1996c, Duchén&g&eiroga 2001), and the return of the
megalopal stage back to the coast and nursery &resrogaet al. 1994, Zeng & Naylor 1996d,
Queiroga 1998). Selective tidal stream transpottigsight to involve a vertical migration behaviour
where the larvae swim close to the surface durimgréain phase of the tide and near the bottom
during the opposite phase, resulting in a net bata transport since tidal currents are always
stronger closer to the surface due to bottom fnic{see Forward & Tankersley 2001 for review).

The zoea-1 larvae from Wales and Portugal hatclostiraxclusively during night time ebb tides.
Hatching in the laboratory, in constant conditioosgurs with circatidal and circadian periodicity,
implying an endogenous control of the hatching pssqQueiroga et al. 1994, Zeng & Naylor 1997).
Newly hatched larvae show vertical migration rhyshaynchronised with the tidal cycle so that the
larvae are consistently closer to surface during tsan during flood tides, resulting in a seaward
transport and subsequent offshore dispersal (Queedtoal 1994, 1997, Zeng & Naylor, 1996a). This
behaviour is under endogenous control (Zeng & Nayf96a, 1996b, Duchéne & Queiroga 2001)
and is inheritedj.e. it occurs even in larvae that were never subjettetidal influences during
embryonic and ontogenetic developments (Zeng & dtal®96c).

The distribution of shore crab larvae appears teebgicted to shelf waters (Rees 1955, Roff et al.
1986, Lindley 1987, Queiroga 1996). In a study cmteld on the north-west Portuguese shelf, the
distribution of shore crab larvae extended fromdbeace to a depth of approximately 60 m, and was
confined to the inner and middle shelf with a gi@dintogenetic displacement to deeper waters
throughout larval development (Queiroga 1996).

Shore crab megalopae from Portugal and Wales are afmundant in coastal surface waters during
night flood tides than during ebb tides (Queirogale 1994, Zeng & Naylor 1996d). The vertical
migration of the megalopa is not endogenously oilett, but appears to result from exogenous cues,
possibly chemical cues present in estuarine watezsmbination with light and with tidal changes in
hydrostatic pressure and salinity (Zeng & Naylo®@®, Queiroga 1998).

Interestingly, along the Swedish Skagerrak coaserevtidal currents are very weak and unimportant
for the water circulationC. maenadarvae do not migrate in phase with local tidelse Tirst zoea
larvae do not display an endogenous tidal rhythdeugonstant conditions in the laboratory. Instead,
both zoeal and postlarval stages swim in the serfmater only at night, irrespectively of tidal
conditions (Queiroga et al. 2002). The settlemetitalviour of postlarvae is also not affected by the
tidal conditions, but by the light intensity, anetttement occurs mainly during daylight (Moksnes et
al. submittegl. These studies also demonstrate that only fitexieszoeae and late stage megalopae
were abundant close to the shore, indicating ashofe-onshore transportation of larvae during
development.

These results suggest tlat maenadrom the tidal areas and the microtidal Skagehake adapted
differently to their tidal environment, and thatms® other, unknown, larval dispersal mechanism is
controlling the transport of shore crabs along $ieedish west coast. Because the endogenous tidal
migration behaviour in British larvae was demortstlato be inherited, these results suggest that
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larval dispersal and gene flow are limited betwtenBritish Isles and the Swedish Skagerrak. Thus,
although the potential dispersal radius@f maenadarvae could be hundreds of kilometres per
generation, isolated populations may occur withorthern Europe.

Very little is known regarding the larval behavicamd dispersal o€. aestuariiin the microtidal
Mediterranean. A recent study carried out off tlealain coast in Spain, suggested thaaestuarii
megalopae are dispersed well off shore, but réstrito shelf waters. Densities of megalopae in the
neuston were highest at night, indicating a noeuvertical migration. However, moderate numbers
were found in surface waters also during the debe(l& & Guerao 1999).

Larval mortality

Directin situ estimates of larval mortality are not available @ maenasAn indirect estimate of
the larval mortality can be obtained by using datssettlement and post-settlement mortality to
back calculate how many individuals need to sqtde female for two offspring to survive to
reproduction. This number of settlers can then immpmared to the average number of larvae
produced per female, and the duration of the lastedes, to calculate the average mortality rate
during the planktonic phase. Reliable estimatesetflement and early juvenile mortality are
available for Swedish shore crabs (see below) @ligvior such a comparative calculation in the
Swedish system. Assuming that an average femake siab in Sweden reproduces twice in her
life time and the first time about 23 months aftettlement, and by using field estimates of
settlement and juvenile mortality from the liter&dor the first 5 months of benthic life (see
Table 1 for references), and a conservatively loartaity rate (50% mortality yed) for the
following 18 months before reproduction (where mbadis available), we calculated that at least
22 000 megalopae need to settle per female andgteane offspring to survive to reproduction.
Assuming that 100 000 larvae hatch from an avefagele (Crothers 1967, Henrique Queiroga
unpublished dafa this estimate suggests that 78% of these lgyegsh during the 40 days larval
phase, equivalent to an average instantaneoud lmwality rate of approximately 4% day
(Table 1).

Another indirect estimate may be obtained from astaabundance of zoea-1 and the megalopa
larvae in a Portuguese estuary, where the plankésnintensively sampled during two periods of
one month. Average abundance of zoea-1 was Z,Qcontrasting to a megalopal abundance of
only 0.03 n? (Queiroga 1995). Assuming that the sampled zoeavhe and the megalopae came
from the same larval population, this data indisaetotal mortality of 98.5% during the larval
phase, equivalent to an instantaneous mortalieyahi1% day if the larval phase lasts 35 days.
Although these two mortality models are simplistibey present rough estimates of larval
mortality in shore crabs that are within the ramjein situ estimates of larval mortality in
decapod zoea larvae (1.6 to 22%; mean 6.9% mgrtiijtRumrill 1990).

Table 1. Model to estimate the average daily mitytahte during the larval phase for Swedish shore
crabs using field estimates of mortality rates dgrsettlement (including the first instar stageg§lan
the young juvenile stages from the literature, assuming that 100 000 larvae hatch from a female
crab, that the larval phase last 40 d, that mottatiate during the last 15 months before
reproduction is 50% yt, and that one crab should survive to reproductibine number of crabs
surviving at the end of each stage, and the avenagetality and the proportion of all mortality
occurring during each stage are also presentedilyDaortality rate is estimated from v 1-€"%"
where M, = proportional mortality rate per day, S proportional survival after t days (modified

from Krebs 1994).

Prop. of all
Life-history stage Mort. ¢ Duration (d) No. at end Mort. stage] mort.
Larval 0.037 40 2213¢ 0.7¢ 0.7¢
Settlemer 0.15" 7 709¢ 0.6¢ 0.1f
Young juvenile 0.05%% 152 3 0.999¢ 0.07
Juvenile- adulf 0.001¢ 53€ 1 0.64 0.0000:
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Nursery areas and habitats

Young juvenile shore crabs are mainly found in Isiwal(< 1 m depth), soft sediment areas (Klein
Breteler 1976a, Reise 1985, Pihl 1986) or in theenpntertidal zone in areas protected from waves
(Zeng et al. 1997), suggesting tiat maenagpreferentially settles in shallow water, sheltefienn

high energy waves. A recent field experiment usirtdicial settlement collectors demonstrated over
30 times higher settlement at the surface comptoeat 9 m depth, supporting that shore crab
megalopae actively select to settle at shallow ldéptoksnes et alsubmittedl Suction sampling
performed in shallow kelp habitats on exposed rockpres along the Swedish west coast
demonstrated very low densities of young juvenilers crabs (Thomasson 1997), suggesting that
settlement or survival there are low.

Within shallow soft sediment areas, young juverdles concentrated in several structurally complex
habitats, primarily in blue mussel bedl&ytilus edulisL.) and shell debris, but also in seagrass beds
(Zostera marind_.) and in filamentous macroalgaglédophoraspp.,Enteromorphaspp.) whereas
very low densities are found on adjacent open sabitats (Klein Breteler 1976a, Eriksson &
Edlund 1977, Scherer & Reise 1981, Pihl & Rosenfi®R&p, Baden & Pihl 1984, Isaksson & Pihl
1992, Thiel & Dernedde 1994, Moksnes et al. 1998)edda 2001, Moksnes 2002).

Habitat selection by megalopae and juvenile crabs

Laboratory and field experiments performed on thedsh west coast have demonstrated that
megalopae avoid open sand habitats and activedgtslussel shell, eelgrass or algal habitats at
settlement (Hedvall et al. 1998, Moksnes 2002, Mekset alsubmittedl This habitat selection is
very efficient over small spatial scales (1 to @Dmeters), and result in 10 to 50 times higher
densities in the structurally complex habitats cared to open sand or mud, also when the direct
effect of predation is removed (Moksnes 2002). 3étlement of shore crabs appears not to be
affected by settlement of benthic shrimp, sugggdtitie interspecific competition at settlement
(Moksnes 2002).

The selection of structurally complex habitats ggalopae appears to be an adaptation to reduce
predation during settlement since these "nursebjtdta" provide refuge from predators compared to
open sand habitats. Both laboratory mesocosm erpats and field tethering experiments have
demonstrated significantly higher mortality rates fostlarvae and young juvenile crabs in open sand
habitats compared to mussel, eelgrass and filamertigal habitats (Moksnes et al. 1998). Young
juvenile crabs are very mobile within shallow nuysareas and constantly migrate between habitat
patches where they show a preference for musséhtalIhis migration results in a redistribution
from the initial settlement pattern of high deresitof megalopae in several structurally complex
habitats, to a concentration of juvenile crabs ussel and shell habitats (Moksnes 2002).

In northern Europe, most juvenile crabs migratenfthe shallow nursery areas in late fall to spend
the winter in deeper waters (Rasmusen 1973, PRRb&nberg 1982, Thiel & Dernedde 1994)
whereas some hibernate in shallow waters (KleindBee1976b, Eriksson & Edlund 1977).
Migrating crabs return to shallow nursery areahespring as the surface temperature increases
(Rasmusen 1973, Pihl & Rosenberg 1982), but graddlperse to deeper subtidal areas as they
reach maturity (Klein Breteler 1976a, Pihl & Roserg1982, Beukema 1991).

Juvenile mortality

The shore crab is one of few European decapodwtiath natural mortality during juvenile stages
has been directly measured in the field. Conser@agstimates from the Swedish west coast, based
on experiments using cages and small bays as mwweec@where migration was accounted for),
suggested that predation mortality is over 15%od average during settlement and the first crab
stage, and 5 to 10%"dor the second to third crab stage (Moksnes 20Bi2)d experiments where
juvenile crabs were tethered within grass beds detrmted that the relative predation mortality
decreased from 50 to 10% rom the first to the seventh crab stage (Moksetesl. 1998). These
results suggest that settlement and young juvstalges represent a bottleneck in survival durieg th
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life-history of shore crabs, also when comparetatoal mortality (Fig. 3, Table 1High juvenile
mortality is also supported by several studies wfehile shore crab populations that have
demonstrated sharp declines in abundance after petilement events (Klein Breteler 1976a,
Eriksson & Edlund 1977, Pihl & Rosenberg 1982, Ben 1991). Klein Breteler (1976a) followed
cohorts of juvenile shore crabs on a mud flat ie Butch Wadden Sea over several years, and
estimated a decrease in crab densities betweed 2% during the first 4 months after settlement,
likely caused by predation mortality. Losses ofrbegp crabs from the nursery area over the 4 months
winter period varied between 70 and 98%, being taumiially higher on late settlers (Klein Breteler
1976a).

In the Swedish system the dominant predators omgdguvenile crabs are cannibalistic larger
juveniles and small benthic shrim@réngon crangorl. andPalaemonspp.) and to a lesser degree
gobid fishes Pomatoschistuspp.; Pihl & Rosenberg 1984, Moksnes et al. 1998kdvies 2002).
Larger juvenile crabs (> 5 mm CW) are eaten bydugrcodGadus morhud.. and by cottid fishes
(Myoxocephalus scorpitandTaurulus bubalig€uphrasen; Pihl 1982, Isaksson et al. 1994, Gikson
al. 1998). On tidal flats in the Dutch and Germaadden Sea juvenile crabs are preyed upon by
adult C. maenasshrimp, fishes, wading birds and gulls (Derned€83, Thiel & Dernedde 1994).
The herring gullLarus argentatusis also an efficient predator on adult crabs (Gect 1968,
Dernedde 1993, Dumas & Witman 1993). In the Tagswiagy, PortugalC. maenasis the
preferential prey (both in number and weight) af thusitanian toadfishHalobatrachus didactylus
Bloch & Schneider), a benthic fish species thatupées a top position in the estuarine food web
(Costa et al. 2000). In the Lagoon of Venice, ltahe benthic fislGobius ophiocephaluis though

to be the main predator 6f aestuarii(Varagnolo 1968).

Regulation of the juvenile recruitment

The demonstrated high predation rates on youngnjleverabs suggest that settlement and young
juvenile stages represent a critical phase in ifieehistory (see Fig. 3), and that survival may be
dependent on finding a nursery habitat that pravgteelter from predatork areas where the supply
of larvae is high, these habitats may become detliragith young crabs resulting competition over
space and food, or cannibalism between juvenilesh Snteractions can create density-dependent
mortality that may regulate the recruitment of joiles, and decouple the relationship between larval
supply and juvenile abundance.

Laboratory and field experiments carried out in 8ere have identified several strong density-
dependent processes operating in young juvenilescaf naturally occurring densities. Interference
competition between juvenile crabs over space withé nursery habitats resulted in reduced feeding
and growth, and density-dependent emigration frbm rtefuge habitats, even though food was
available in excess (Moksnsabmittedl Moreover, juvenile shore crabs are cannibalistismaller
conspecifics (Klein Breteler 1975a, Scherer & Rei®81, Moksnes et al. 1998), and laboratory
experiments demonstrated that juvenile cannibalspfeportionally more on smaller crabs at high
prey densities, resulting in density-dependent afityton prey crabs. Moreover, prey crab mortality
also increased with cannibal densities resulting iregative correlation between late and new cehort
in the field (Moksnesubmitted. These studies suggest that several density-depemechanisms,
acting within the species, regulate the populasiae of juvenile crabs in relation to available sary
habitats. The results also indicate that nursebjtéis may be a limiting resource for the recruitine
in shore crabs.

Habitat limited recruitment was supported in adasgale study along the Swedish west coast where
larval supply was continuously measured duringréeuitment season over a 4-year period in six
small nursery areas, and compared to the recruitpsterns of juvenile shore crabs at the endef th
season (Moksnes 1999). This study showed no pesiéilationship between larval supply and the
abundance of juvenile shore crabs, despite a IDdifference in relative larval abundance between
populations. Instead a significant correlation viasnd between the local abundance of nursery
habitats and the juvenile recruitment (Moksnes 19%8us, in Sweden the recruitment of juvenile
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shore crabs appear, in general, to be limited byawailability of nursery habitats, and not by the
supply of larvae.

Growth

Carcinus maenass estimated to have about 18 benthic crab stégesthers 1967). The young
juvenile crabs moult every 6 to 10 days and gramfrl.5 to over 10 mm CW in less than 2 months
under optimal conditions (Mohamedeen & Hartnoll 998 he moult increments decrease from 35 to
40% in the first 10 crab stages to around 30% énlaist few moults before pubertilein Breteler
1975a, 1975b, Mohamedeen & Hartnoll 1989). The tliancrements for adult crabs are similar in
males and females, and are around 30% under idgalitons, and 20-23% under marginal
conditions (Broekhuysen 1936, Adelung 1971). A taggstudy in the Ria de Aveiro estuary,
Portugal, showed an average growth increment of 2386ult crabs (Gomes 1991a). The intermoult
periods are also similar in males and femalesjramease consistently with age, from under 10 days
in the smallest crabs to over a year in large aqibhamedeen & Hartnoll 1989; see Table 2).

The growth rate is strongly affected by temperature crabs stop moulting when temperature drops
below 10°C (Berrill 1982). Laboratory studies wittdividually reared crabs demonstrated that the
intermoult period is shorter at higher temperatubes that the growth increment per moult is lower
when the temperature is higher. At 20°C, juvenilebs moulted every 6 to 20 days, and reached
sexual maturity after 12 moults and 173 days. ACl13he intermoult period lasted 9 to 32 days, but
sexual maturity was attained after only 11 mouhd 208 days (Mohamedeen & Hartnoll 1989).
Food availability also has a large effect on groatid may increase the time to complete the first 6
moults by about 50% and decrease the size by 25%n whstricted (Klein Breteler 1975b).
Intraspecific interactions may also affect grovahd small crabs have been reported to delay moult
in the presence of larger individuals (Bickmann &eRing 1964, Adelung 1971). Juvenile shore
crabs are agonistic to each other, and these atitena negatively affect their feeding at high matu
densities and result in a density-dependent remfudti growth, also when presented with an excess
of food (Moksnesubmittedl.

C. maenasiormally attains sexual maturity after the 11tH ath moult, at a carapace width between
20 and 35, and 25 and 33 mm, for females and madspectively (Broekhuysen 1936, Démeusy
1958, 1963, Mohamedeen & Hartnoll 1989). In theddutVadden Sea, the average size of ovigerous
females was around 38 mm CW (Broekhuysen 1936) fdinale puberty moult is characterised by a
broadening of the abdomen, by an enlargement of pleepods, and by loss of the locking
mechanisms of the abdomen. Puberty moult in theesna less evident and concerns mainly a
modification of the chelipeds allometry, which beeo proportionally larger and longer than in the
juvenile and the female. The shore crab can grovower 80 mm CW and live over 4 years
(Broekhuysen 1936, Crothers 1967, Yamada 2001). @rtbe largest shore crab specimens ever
recorded was a male of 100 mm CW caught by a ¢igtedrman at 60-70 m depth on the Swedish
west coast (Per-Olav Moksnes 20p8rsonal communication

Latitudinal variation in life-history characteristi cs

The reproductive season & maenass affected by water temperature, and larval releasd
settlement therefore occur later at higher latisudad after cold winters (Pihl & Rosenberg 1982,
Beukema 1991). At higher latitudes the spawning@eas more concentrated and occurs mainly in
late spring and early summer, whereas spawningcemr year around close to the southern limit of
the distribution of the species (see Table 2 fonrsary).

Table 2. Biological characteristics of Carcinus mas in different regions in Europe. All sizes rdfecarapace
width (mm) and weight refers to ash free dry we{ghg). M denotes males, F denotes females. Sufmrscr
numbers denote references: (1) Pihl & Rosenber@ 188 Eriksson & Edlund 1977, (3) Klein Bretel&7bc,
(4) Munch-Petersen et al. 1982, (5) Cruz 1989M6hamedeen & Hartnoll 1989, (7) Moksnes unpublished
data, (8) Klein Breteler 1975a, (9) Beukema 1990) Queiroga 1993, (11) Broekhuysen 1936, (12) dtayl
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1962, (13) Crothers 1967, (14) Almaga 1962, (15in8s 19914, (16) Rasmussen 1973, (17) Queiroga 1987,
(18) Marques & Costa 1983, (19) Gongalves 1991) 2ula 1993, (21) Queiroga 1995, (22) Moksnes 1999

(23) Klein Breteler 1976a, (24) Almeida 2001.

. Skagerrak- Southern
Life cycle parameter Kattegat Wadden Sea Britain Portugal
i “wei = T) )
Size (L) - weight (W) a= 1.258Y, 2 568 a= 28578
relationship b= b= 0.0555
Juveniles 4.400",0.096%) ' = 0.992
log W=a*log L +log b r=0.978Y, 09862 | ' T
Adults ay = 0.2219 Wye =
W=a*L?® ar =0.232 0.00031* 129t ®)
VonB growth parameters Lint = 59.9528
(Ford-Walford Method) k =-0.4099
Males t,=-1.56
Lint = 71.8607°)
Femalg k=-0.2233
t,=-1.87
Intermoult period (I, days) - a=0.97%
size (L) relationship. b =0.0222
logl=a*L+b 15°C r=0.992
a=0.79¢”
20°C b=0.0243
r=0.981
Size: average (maximium)
Juveniles by first winter 5102 (207) 10-15 (209 ) 3¢9
(early settlers)
@ (1007 10 " :(g)gw M7:‘153))0_4114;
M = 45-60“ (1007) | M = 45 (68 (86) ®
Adults F ~35479 (619 | F ~30(58f | F =56 F = 25381
(70)(12) (56(15))
Age (years) at first mating 1-2% 0.5-119 0.5-1* 0.5-1*
Generation time (years) 2-3* 1-2* 1-2* 1-2*
Life-history periods (peaks)
) i 6 . 1 March-Nov March-July®™
Matlng Aug Sepﬂ JU|y Sep‘tl (Aug-Sept§12’13) May-chS'”)
Jan-June Nov-May
) : ) 1) N -
Ovigerous females May-July (Jufé) Feb-Juné A(F?fi;r(?g“) (Jan-Marchf 1919
Hatching - May- sprindg® Feb-Jul{*®-2021)
Megalopal settlement July-SEpt June-Od¢? - (March-July?®)
j i - ) _OdR3 9 _ 3) April-Aug
Young juveniles Aug-Sefit? June -O¢t July-Sept (May-July}©19
Larval behaviour Nocturnaf - Tidaf Tidaf

In Skagerrak and Kattegat (north-eastern part efNborth Sea), the surface water temperature is
below 10°C from November to April in most yearsikEson & Edlund 1977, Pihl & Rosenberg
1982), and the reproductive period is concentratedhe few months of favourable growing
temperature. In the Danish Isefjord, mating océtom August to September, ovigerous females are
found mainly from May to July, and young juvenileles occur mainly in August and September
(Rasmusen 1973). Along the Swedish Skagerrak cthestjaily abundance of shore crab megalopae
was assessed using artificial settlement subst(ates Moksnes & Wennhage 2001 for methods)
from June to October during a 4-year period. Thislisdemonstrated that late stage megalopae were
present in the water column on a daily basis framyeluly to the end of September each year, with
peak settlement occurring from mid July to mid ®egier (Moksnes 1999). This settlement period
corresponds well with the peak abundance of youwgrjile crabs in shallow nursery habitats, which
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usually occurs in August to September in the samae €Eriksson & Edlund 1977, Pihl & Rosenberg

1982, Moksnes 2002). Because of the short growegagsan in this area, female crabs will attain

sexual maturity and mate at the earliest in thealabut one year after settlement, and hatch their
larvae the following spring. Most females will ligehatch their first larvae about 2.5 years after

settlement. Thus, generation time @rmaenasn Skagerrak and Kattegat is 2 to 3 years.

In the southern North Sea, the water temperatuesigher, the growing season longer, and the
reproductive season occurs earlier and is morend&tkbover the year. The female moult and mating
occur from March to November, and ovigerous females larvae are found in almost every month
of the year (Crothers 1967 and references thereinfie Wadden Sea, copulation occurs mainly from
July to September, most ovigerous females are fénand February to June (Broekhuysen 1936), and
young juveniles are found from June to Novembethwi peak in abundance generally occurring
from July to September (Klein Breteler 1976a, Sehef Reise 1981, Jensen & Jensen 1985,
Beukema 1991). In south-west Britain, most ovigerfemales are found from January to June, the
zoea larvae are found mainly in the spring, andtmgoang crabs occur from July to September
(Naylor 1962,Crothers 1967 and references therein). Becaudeedfiigher water temperatures and
longer growing season, sexual maturity may ocawaaly at the second summer, and the generation
time is likely 1 to 2 years.

In Portuguese estuaries, the reproductive seasthe athore crab is not the same in the southern and
northern parts of the country. In the Tagus estaad/the Ria de Aveiro lagoon (northwest Portugal)
female moult and copulation occur from May to Oeigbwvhereas copulation mainly occurs from
March to July in the Ria Formosa lagoon (south iyat; Queiroga 1987, Cruz 198%). northwest
Portugal, ovigerous females are encountered thaughe year, but most are found from November
to May (Marques & Costa 1984, Cruz 1989, Queiro§85). In this area, hatching and high
abundance of the first larval stage are found fRbruary to July (Gongalves 1991, Paula 1993,
Queiroga 1995). In the Ria Formosa lagoon, lareatting occurs from October to May, with peak
abundance of first stage larvae recorded from Ndegnio March (Sprung 2001). In northwest
Portugal, settlement occurs from late winter tdyeaummer with peaks found from mid March to
July (Almeida 2001)High number of young juvenile crabs on tidal flags been found from April
to August, with maximum numbers occurring from MayJuly (Queiroga 1993, 1995, Almeida
2001).

Ecological importance

The shore crab is an opportunistic omnivore thati$eon various benthic organisms as well as on
plant material and detritus (Ropes 1968, Erikss@l.d.975). It is considered to be an important
predator that can control the distribution, aburgasize and morphology of prey populations and
species composition of soft-bottom and rocky stbor@munities (Klein Breteler 1976a, Reise 1977,
Pihl & Rosenberg 1982, Reise 1985, Johannesson 188&e 1990, see Yamada 2001 for review).
In shallow soft sediment areas, juvenile shoreseab thought to play a key role in structuring the
benthic community since they occur at very highsitees, and can regulate or locally eliminate
newly recruited prey populations (Scherer & Rei8811 Jensen & Jensen 1985, Reise 1985,
Beukema 1991).

The impact of shore crabs on their prey populatisiarticularly well documented in areas where it
is not a native species (see Yamada 2001 for r¢vigfter its introduction on the North-American
Atlantic coast, the shore crab is thought to hauesed the collapse of the soft shell clam fishernies
northern New England and Nova Scotia (Ropes 196Be@ et al. 1995 and references therein).
There is therefore great concern about the recablshment of shore crab populations in northern
California (Cohen et al. 1995, Grosholz & Ruiz 1p@here they presently threaten oyster cultures
and crab fisheries estimated to be worth more #@amillion U.S.$ annually (Lafferty & Kuris

1996).

The fisheries
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Although the shore crab is very abundant throughuest of its range in Europe, the fishing activity
for this species is limited relative to other Eweap decapods. Official statistics suggest thattless

2 000 tons ofC. maenasand C. aestuariiare landed annually in Europe, which is an order o
magnitude less than the average annual landing®rogxample, the edible cra®ancer pagurus
(FAO 1999). In southern Europe, several sr@alfcinusfisheries exist, which are of socio-economic
importance locally. In Northern Europe a commerdighery exists in Ireland where since 2001
approximately 300 tonnes have been landed annudlig. is exported frozen to France. Part of the
fishing activity is directed and commercial and sosdesigned as a predator removal exercise from
mussel beds. Some crabs are used as bait in petiés in Ireland.

In England and Wales, landings 6f maenashave been recorded since 1995, but the official
landings are very low (0-5 tons y&aGteve Lovewell 2000, CEFAS, Ulgersonal communication
Still, soft-shelledC. maenagqpeeler crabs) is a very popular bait among coagiart fishermen in
northern Europe, and peeler crabs are collectedsalufllocally for the sport angling market. This
cottage industry could be locally important becanfsthe high unit value of peeler crabs (up tof.5
crabtin England; Steve Lovewell 2000, CEFAS, Ulersonal communicatigon

In Sweden, Denmark and southern Norviaymaenasan be extremely abundant in shallow (< 10
m) waters, but is considered a nuisance by coéistrmen (Rasmussen 1973). For example, eel
fishermen using fyke nets often find their trapkedi with shore crabs, which can cause substantial
damage to the equipment and catch (Per-Olav Mok20686, personal communication This by-
catch of shore crabs is dumped back into the & $io market exists in the Nordic countriesGor
maenas However, in recent years a limited market forgevbus female shore crabs has developed,
which are caught in spring and early summer and diokctly to fish restaurants (Per-Olav Moksnes
2000, personal communication

In the Basin of Arcachon, southern Fran€emaenass traditionally fished by a small number of
fishermen using baited crab pots. From 1980 to 188Xishery was practised by 4 to 5 fishermen
that landed 300 to 400 tons crab yeamonstituting a value of approximately €0.3 to Biflion

yeaf'. This fishery has declined in recent years becafisareduction in demand, and at present only
one boat remains fishing, with landings below 8storabs yedr(Isabelle Auby 2000, IFREMER,
France personal communicatignThe majority of the crabs are sold to cannerasufacturing
"Bouillabaisse". This is also the destination tug trish landings.

In Portugal there is an old and traditional smed#ils fishery foiIC. maenasn coastal lagoons that
originally was used to fertilise agricultural laith the development of chemical fertilisers and
with an increasing interest by the Galician sh&flftonserve industry of low cost crustacean species
the fishery transformed and expanded rapidly inli®®0"s. Nowadays around 1 000 tons shore crabs
are landed each year in Portugal, worth about €lll®n (Manuel Sobral 2000, IPIMARyersonal
communicatioly which are exported to Galicia, Spain, where theyprocessed by the industry and
also consumed by the local population (Sobral 1888nesl991a, 1991b). Th€arcinusfishery in
Portugal is not managed or regulated, and thera@udfficial records or regular statistics. However
due to its local economic importance, the Portuglgsheries Research Institute (IPIMAR) devoted
some research effort to it (Sobral 1985, Gote3la, 1991b). Port samplings and a survey of éxpor
logbooks resulted in landings, effort, size and@@mposition data for the period of 1980 to 1988,
and the Portuguese authorities are preparing speufie legislation to apply to this fishery in the
near future.

In Portugal the shore crab fishery is primarilyrad out in the Ria de Aveiro lagoon (north western
Portugal), but also in the Tagus estuary, Sad@esiiBetibal), and Ria Formosa lagoon (Algarve -
South Portugal). In the Ria de Aveiro, where adampjority of the shore crab landings in Portugal
occur, theCarcinus fishery plays an important socio-economic rolethie local fisheries. In the
1980's about 50 fishing boats took part in @acinusfishery in the Aveiro lagoon (Sobral 1985),
and at present about 15 boats are fishing for sbkaes (Manuel Sobral 2000, IPIMARersonal

11¢



EDFAM WP1: The biology and fisheries of crustaceans

communicatioh The fishery is artisanal and most fishermen dlave other sources of income,
either from other fishing activities, agricultureiodustry.

The fishing is carried out from small (5-7 m) woad#oats locally named "bateiras", using small (40
cm) hoop nets baited with sardines. Each “batéiees’ 1 to 2 fishermen which set 40 to 50 hoop nets
in a long line and fish them in half hour intervéds approximately 4 to 5 h per day. The fishing
occurs all year around, 6 days per week (Manueltédd900, IPIMAR,personal communicatigon
The CPUE (number of individuals per hoop net andidy about 100 crabs/net h (approx. 1.6 kg/net
h) in 1986, but declined to about 50 crabs/net 1989 (Gomesl991b). Catches are sold to the
intermediaries at several small ports for arour2b®E kg'. The industry imposes a 50 mm CW
minimum size of the crabs, and the catch is saatgabrt resulting in an estimated annual discard of
50 to 75% of the catch (Gomé&9891b). The management value of the minimum sigelagon is
negligible since most of the discards are leftaordito die.

In the Gulf of Venice (north eastern Italy) thesean old and traditional fishery of the Mediterrame
shore crabCarcinus aestuarjiwhich has been carried out since the 18th cenfling crabs are
collected and held until moulting to produce sdféled crabs named "molecche" (or "moeche"”), a
local delicacy valued up to €50 kgt wholesale. The fishing is carried out betweeard?l and
November using long fyke net traps, locally calledgolo”. In the 1960’s, about 400 fishermen took
part in theCarcinusfishery in the lagoon of Venice, fishing about t68ps each per dayAnnual
landings of “molecche” from the Gulf of Venice betn 1946 and 1965 were 100 to 260 tons
(Varagnolo 1968). A recent estimate suggests tleaptoduction of “molecche” involves about 220
employees, only in the province of Venice, with raduction of over 100 tons yéamt a value
around 2.5 million € (ASAP 1995). Research is bgiegformed to control the crab's moult cycles
and reduce the seasonal phases of the produciomelhas investigating the possibilities of deep-
freezing the product in order to free it from markactuations (ASAP 1998).

Fisheries Management: Implications of the life-histry characteristics

None of the present fisheries for shore crabs i are managed or regulated. However, most of
the fisheries are small-scale and artisanal, aedisk of overfishing may be small in most regions.
One possible exception is the fishery in the RiaAdeiro lagoon, Portugal, where the decreased
catch per unit effort in the late 1980's might hangicated overfishing. The lack of official recerdr
regular statistics in the shore crab fisheries paseserious impediment for the development of
effective management measures of the fisheries.edery the broad understanding of the general
biology of the different life stages i€. maenasunmatched for any other European decapod,
provides an unique opportunity to explore the manaent implications of the specific life-history
characteristics in the shore crab. Specificallg, tomprehension of the early benthic process€s in
maenagnay provide valuable information for fishery maeeg

Understanding whether local populations are limited the number of larvae that reach the
population, or regulated by post-settlement praeess critical for assessment and management of
marine species with pelagic larvae. If a populai®menerally limited by larval supply, effective
management necessitates identification and reguolafi the larval source populations, to ensure that
recruitment overfishing does not occur. On the ottand, if the larval supply is generally high, and
local populations are regulated by density-depengetesses after settlement, the populations may
be better managed by protecting important nursexgsa

The demonstrated high mortality rates in young fjuieecrabs suggest that settlement constitutes a
bottleneck in the life-cycle of the shore crab, wisairvival may be dependent on finding a habitat
that provides refuge from predators. In Swedishg8kak, larval supply was demonstrated to be
sufficiently high to over-saturate available refugitats, resulting in density-dependent mortalfty
juvenile crabs, and a habitat limited recruitmeélitese results suggest that, in eastern Skagerrak,
moderate variation of adult populations sizes (&acks) will have little effect on the recruitmegit
juveniles since spatio-temporal patterns of egglpetion and larval supply are decoupled during
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young juvenile stages. The dynamics of local papria should instead be very sensitive to variation
in the distribution of nursery habitats. Naturalasthropogenic changes of shallow nursery areas,
such as the recent increase in distribution ofrfdatous algal mats on the Swedish west coast€Pihl
al. 1999), should therefore have a large effedherpopulations of shore crabs. This is supported b
an apparent consensus among coastal fishermendde®vthat the by-catch of adult shore crabs has
increased dramatically in the last decades, withatiee effects on equipment and catch (Per-Olav
Moksnes 1999personal communicatigncorresponding to the increase in algal matshia area
(Pihl et al. 1995).

Although the relationship between larval supply @unenile recruitment has not been assessed in
other parts of Europe, several studies indicatetti@juvenile habitat plays an important rolehie t
population dynamics o. maenasIn the German Wadden Sea, a long-term increasaduit
populations of shore crabs was associated witle@sas of green algal mats and mussel cultures on
the mudflats (Reise et al. 1989, Thiel & Derned€ig4).

Thus, it appears to be critical to include juveml®cesses and the availability of nursery habitats
when developing a management strategy for shorbscrA crucial part still lacking in our
understanding of the shore crab is how larvae dispand connect subpopulations within and
between regions. To identify possible source- anktgopulations within a fishery is imperative for
effective management, and represents a big challfmgcologists and fishery scientists.
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