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Abstract

Elasmobranchs straddle commercial armodiversity ¢onservation interests. Their
biological vulnerability has led to patterns of stock depletions and regional extirpations
following commercial exploitation. Proactive managem#miough pragmatic and timely
measures are required to promote sustainable exploitation and conservietdepspecies

both central tenets of the URhark, Skate and R&@pnservatiofPlan(analogous to a National

Plan of Action (NPOA) for Sharks). The current thesis provides a framework for evidence
based decisions to be made under NPOAs, with-sasd#iesproviding new biological data to

inform assessments and management advice in support of sustainable exploitation.

The UKNPOA omits a number of elasmobranchs and does not prioritise species or actions.
This thesis considerall UK elasmobranchs using datimited methods to provide an
impartial, evidencebased prioritisation of species of interest for subsequent research.
Research and management needs are further prioritised using a-cpeamtitative
Productivity Susceptibility Analysis (PSA) to rankiivelavulnerabilities of elasmobranchs
that may interact with otter trawl and gillnet fisheries in the Celtic Sea. These approaches
will be of wider applicability, particularly for developing countries where data are most

limited.

The approaches guide tleelection of three commercially exploited species as case studies:
starry smoothhound Mustelus asteriasshagreen rayeucoraja fullonicaand sandy ray
Leucoraja circularisSupplementation of fisherindependent surveys with additional
specimens provided standardised approach to collecting quantitative maturity data, which

in turn informs assessment and management advice. Results have already been incorporated
into ICES Expert Group assessments and advice. All three species are vulnerable to over
explotation. A maximum landing length of ca. 100 cm for starry smdmthnd would protect

the large, fecund females. Bolleucorajespeciesare listed as Threatened by IUCN and with

the presentation of the first available estimates of maturity which highligleirt biological

vulnerability, restrictions on landings are recommended.
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1 Introduction

1.1 Fisheries

Fishconstitute a vital and key natural resource, in terms of nutrition, as well as supporting
income, employment, trade and recreation, and are of importance to both developed and
developing countries alikeOver time the reliance onmarine capture production has
incressed in response to global population from around 20 million tonfgsin 1950 to
around 80 million t by the earliQ90s(FAO, 20188nce this timehowever,it has remained
relatively stable, possibly as a result of the boom in aquacultinich was ngligiblein 1950
andgrown toprovide around 80 million t by 2016 (FAO, 20182016 8.3 million tof marine
capture productionwere attributed to theNortheastAtlantic, of whichthe UK repored 0.7
million t (FAO, 2018%lobally, elasmobranchs comggia small proportion gharine capture
production,at around 0.€0.9 million t (990;2016 Musick and Musick, 2011; FAO, 2018)
with a value estimatearound US$1 billion (Dent and Clarke, 2015). The relative importance

of elasmobranch capture production to the UK is examinadane detail inSectionl.1.2

1.1.1 UK fsheries
The development of UK fisheries and the relative importance of different species have
evolvedhistorically and geographically over the longer term in relation to a variety of factors.
For instance, during the early part of the 1900s oily fis. (eerring,Clupea harengQswere
the main commercially exploited fishs they could be smokemt pickled allowing for better
shelf life and for transport from coasts to inland areagollowing the improvement of
transport and development of refrigeratp 0 KSNB 61 a I & K X8uch adi 2
whiting Merlangus merlanguscodGadus morhuand haddoclvelanogrammus aeglefinus
The industrial developments also extended to fishing vesaglsail gave way to steam which
gave way to diesel powered vessaisdmore powerful vessels able to use larger and heavier
gears, such aswin-beam trawling These steps resulted in improved efficiency and the
exploitation of fishing grounds further afd (e.g. Engelhard, 2008yhese factors also
opened up foreign markets to UK fiskes, who couldtranshipcatch,land into foreign ports
or export fish Exports of elasmobranchs were economically valuable to the UK in the 1980s,
with around 6 500 t exped in 1988, of which nearly 6 000 t comprised of spur8ggalus
acanthiaswhich was primarily exported tBrance and ItaljVannuccini, 1999However, his
market declined over the following decade to just over 600 t by 1998, worth1llgmillion
(Vamuccini, 1999).
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Advances in fishingegr and ships electronicalso played a role in the changing face of UK
fisheries, with the advent of monofilament line in thi®50s which was strong, flexible and
relatively cheap and the use of plotters and ecbounders facilitating fishing on more
grounds This was a leap forward in terms of catchability yet coupled with improved catches
of target species, there were also large increases in the bycatch of elasmobréfighghe
rapid expansion of fishers and ssels exploiting unmanaged fish stocks, overcapacity
became an issualong withdeclining catch rates. This common issue inEbeopean seas of
the NortheastAtlantic led to the development of the Common Fisheries P¢Pwith
regulations(2141/70 and 2142/70) dating back1870(EEC 1970a)lwhich aimed to ensure
that fisheries were sustainable environmentally, economically and sqaithpughit was

not until 1983 that total allowable catches (TACs) and quotas were brought in asmegasu

(reviewed by Holden, 19%ihd more recently by Lado, 20116

1.1.2 Contemporary smobranch fisheriggobally andn UKseas

Sharks, skates and rays, collectively termed elasmobraf@lass ChondrichthyeSubclass
Elasmobranchjij are taken in targete and mixed commercial and recreational fisheries
worldwide, as target anfbr bycatch speciesThe importance of elasmobranchs in global
capture fisheries has been relatively small and stable in recent yediad §nnual catch of
between 0.7 and 0.8 millon t from 20052016)when compared to, for examplgelagic
teleostswhich had capture productions of up to 3.2 milliooambinedin 2018 (FAO, 2018).
Whilst this is to be expectedjiven the low productivity and life history efasmobranchs
(Section1.2) in comparison to the highly productive pelagic telepstsrequires close

monitoring to ersure sustainability.

In 2018 the reportedlandings of all skates and rays into the UK byrédjisteredvessels was
2900 t worth £3.6 millionwith a further 600 t worth £.3 million landed into UKports by
foreign vessels), while dogfish landings ttedl2100 t worth 0.7 (with an additional 100 t
landed into the UK by foreign vessels; MMO, 2018). In comparison to the top five finfish
landed in the UK in 2018 &blel), this is minor in terms of volum&1% of finfish landings)

yet given the generic grouping of landings, this cquitentiallybe majorfor some depleted

or patchily distributed skate, ray or dogfish specigben these removals are considered as

a proportion relative to stock size.
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Tablel: Topfive finfish species and elasmobranch landings into the UK by kB¢€lge20142018(shark landings
yS3tA3aArAotS | yR Ay ObDaaRr&RMMOy2082 § KSNR OF §S32NE U

Quantity (thousand tonnes)

2014 2015 2016 2017 2018
Mackerel 126.2 94.8 103.9 95.5 80.9
Herring 38.3 38.6 40.5 44.9 49.1
Haddock 354 32.4 33.1 33.5 35.2
Cod 14.0 15.4 20.7 21.6 24.6
Blue whiting 9.7 12.1 11.9 13.1 20.0
Total finfish 306.3 274.8 302.6 297.6 304.7
Skates and rays 2.4 2.4 2.4 2.4 2.9
(% of total finfish catch) (0.78) (0.87) (0.79) (0.81) (0.95)
Dodgfish 0.7 1.6 1.7 15 2.1
(% of totalfinfish catch) (0.23) (0.58) (0.56) (0.50) (0.69)

1.1.3 Histoiic elasmobranch fisheries
¢NF RAGAZYFEE@ Ay (KS ! YIS St l-GiYIRHND yDKEK 66
from the 1800s documenting the lack of demand for thepecies. Steven (1932) deal
the early skate and ray fishery with comments from Colonel Montague in 1809 reporting the
WAYYSY&aS ljdzr yiAGASaQ tFyRSR Ay 5802y 6KAC
SIGSYy o6& TAaKSNYSy a0 ' TNOMER Bever eRpdeed fof Salai ALYYS
fact, during this eradogfish, skates and rays were known{dbblefishQas being rejected
from the market; Couch, 1862). However, shortly after this time a limited market developed
for skates and rays i Day (188@My y n 0 NI LIk of §hid rabbléidh going to
Billingsgate and other large inland markétsb ¢CKS YIFEN] SO F2NJ 0KAA
until the late 1800s anthe turn of the 20" century when a defined fishery was documented
(Seven, 1932). Landingd skates and raywere in the region of 181000 tonnes between
1906 and 1913 and in the pegfar period landings increased steadily to an average of ca. 21
000 tonnes until 1930 (Steven, 1932). After the Second World Mratings were around 20
000 tonnes and have been declining steadily since 1958 to the hitptimwv level of less
than 5000 tonnes since 2005 (Elés al., 2010). The recent reduction in landings lsoaa
consequence of restrictive management in tbem of quotas which have been in place since
1999in the North Sea and 2008 in other are@s response taconcerns over stock status
(Sectionl.5.2.

Spurdogwas previouslconsidered a pest bycatch species in herring fisheries in the 1800s
asthe schooling nature of this species meantasge catchof Wog<would result in net
damage a well as theipredation oncommercialspecies (ICES, 2011). Analogouskiates

and raysthe value of this species was recognised and a targeted fishery was initiated in the
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early 1900s, with the wideanging nature of this species resulting in targeted fisheries
operating across thehelf seas of thaorthern parts of theNortheastAtlantic. The fishern

the NortheastAtlanticgrew steadily exceeding 200 t by 1950, peaking at >6R0 t in 1963
where after it remained around 4®0 000 t until the 1980swhen declines followed until
restrictive management action in 2008€ctionl.5.2 ICES, 2019).

Other commercially important elasmobranch fisheries historicgbgrating in the Ukiave
included pelagic sharks, in particular porbeadlamna nasugGauld, 1989knd, basking
sharkCetorhinus maximu@arker and Stott, 1965; Kunzlik, 1988) and deeper sharkgo

the west of the British IsledCES, 2011). Howevehjg range of species are not covered in
this thesis as restrictive management is currently in place prohibiting landings (CEC, 2018;

2019) due tahe stocks being considered depleted

1.1.4 Summary

1.2

Contemporary elasmobranch fisherigs UK waterdhave been cemed around skates and
rays and several dogfish species. Given the historic pattern of exploithdilmwed by
depletionthat is seen for severalasmobranch, it is important that lessons are learngithat
research andudgetsare prioritised to supportsustainable exploitationwith management
action taken prior to oveexploitation. The first step in such a goal is a comprehensive
understanding of the species encountered in UK waters. Although vasicesuntshave
provided such overviews(g. Wheeler,1992; Wheeleret al,, 2004; Fowleet al., 2009
updated accounts are necessary to reflect the dynamism of the marine environment. Such
an updated review of elasmobranchs encountered in UK waters is provided in CRapter
where an unbiased approach to prioritising all elasmobranch speisiedevelopedthus
providing a sound evidence base fubsequentresearch. One main fishing area atie
primary métiers catching elasmobranchs were assessed further in Ch&ptesing a semi
quantitative Productivity Susceptibility Analysis(PSA) These approaches informed dine

main species in need of enhanced resedChaptersico).

Elasmobranch lifaistory

The lifehistory strategy of elasmobrancleharacterised by their lagevity, slow growth, late
age and large size of sexual maturity, protracted gestation and breeding cycles and low
fecundity, has been well docuamted for nearly 50years(e.g. Holden, 1973, 1974; Hoenig

and Gruber, 1990Stevenset al, 2000) These biological traits make elasmobranchs
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particularly vulnerable to oveexploitation and less resilient to densitiependent changes
especially during eras of intense fishing pressure and habitat alteration (Se¢labr2008).
Suchvulnerabiliteswere identified & early ashe 1970s (Holden 1973, 1974) following the
peak of the spurdog fishery and during the expansion of UK fisheries for pelagic sharks and
deepwater fisheriesDespiteearlywarnings management action lagged behind sciencdwit
continued exploitation on some of thdargerbodied more vulnerable species, leading to
well-documented declines and localised extirpatiaidor example common skatdipturus
batis complex from the Irish Sea (Brander, 198#hjte skateRostroraja dba (Dulvyet al.,
2000) and angel shai®quatina squatingRogers and Ellis, 2000) in European s8asilar
examples are documented for other parts of the world, such ad#radoor skateDipturus
laevis(Casey and Myers, 1998)hilst sistainable harvesting of some elasmobranch species
is possible (Holden, 1973; Walker, 1998; Simpfendorfer, 1BffAce, 200} it doesrequire

close monitoring and management.

Nowadays, msmobranchs are a compelling mefgaind taxa which receivenuch media
attention. Numerous account# high impact journal®iave highlighed declines, although
the magnitude of some purported declines in some of these stug@igs Baunet al., 2003;
Baum and Myers, 2004) have subsequently been challenged by the wodkantific
community. These papers clagicollapses in shark populations in the Northwest Atlantic
with declines of large shark populations estimated>80% t0>99%. These studies were
rebutted (Burgesst al., 2005)stating that the data analysed welieited and inadequate to
assess all species, whilemeother data (including those used in national stock assessments)
were excluded. These purported declines can have large influences on conservation listings
subsequent management actionand, consequently the economic viability of some
fisheries For instancethe evidence of declineand subsequent analyses and assessments
presented within CITES listing proposals for some elasmobranch speciesilkg.ghark
Carcharhinus falciformiand bgeye thresher sharl@dlopias superciliosiishas beenthe
subject of debatdFredmanet al., 2@0).

There is aclearneed to balance the prevention of future species loss (both regional and
globa), by taking the precautionary approa¢®ectionl.5.40 > ¢ KAt &G vighh RA Y
canlead topopular misperception.For exampleChapter4 summarises the importance of
accurate data use, by challenging tharported reduction in the length at maturity of
thornbackray Raja clavatas a consequence of fishing press(Mettage and Perkins, 1983;
Whittamore and McCarthy, 2009nhdeed, sveral purported reductions in length at maturity
arelikelyto be an artefact of methodological differenceSl{apter4; McCullyet al., 2012).
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1.3

Robust evidencékased approaches are necessary to avoid hasty and disproportionate
management actiorfe.g. Fridmanet al., 2Q20). This thesisnakes a contribution towarda
sound evidence bader identifying stocks of conceliChapter2¢3) and relevant input data

(Chapters 46) to support sustainableammercial elasmobranch fisheries

Given the importance ofobust biological understandingegerallife historyparameters are

yet to be elucidated fomanyelasmobranclspecies. The importance of each parametar
demographic modelling and stock assessmematses. ength/age at maturity and fecundity

(as collected in Chapterk6) are fundamental, whilérophic level (Chapter) is desirable
especially for those ecosystem models using faad and trophic linkse(g. Araljo et al.,

2005; Mackinsorand Daskalov, 2007 For stocks wwere biological data are extremely
limited, PSAs can provide a useful tool wheraixact parameterisation of biological traits

are not required as grouped ranges are employedietermineWKA I KQ WY SRA dzY ¢
productivity. This method can also allow fo¥ S R dzO | (i S(f the dasstidatSimited
situations based oanalogy withsimilar speciesMcCully Phillipgt al., 2015 Chapter3).

Role of elasmobranchs in the ecosystem

Elasmobranchs have important rolesplay inthe ecosystem, fronmaintairing biodiversity
(as some of the more vulnerable marine spectegissuming the role asigher trophic level
(and sometimesapeX predators within marine ecosystemswhich may helpmaintain

structure and function

Some 6 these rolescorrespond tathe cental principles of the Marine Strategy Framework
Directive MSFD European Commissid2008/56/EC Sectionl.4.1), which aims taachieve
Good Environmetal Status (GES) through 11 descriptors. The main descrifstorghich
elasmobranchsire important elements of include

D1) the maintenance obiodiversity

D3) healthypopulatiors of commercial fish speci€Sectionl.5.2

D4) elements of food webt® ensure longterm abundance and reproduction

D9) contaminants in seafood are below safe levels; and to a lesstext

D6) the sea floor integrity ensures functioning of the ecosystem

In terms of biodiversitfDescriptor 1)extant elasmobranchs comprise over 500 species of

shark (from nine orders, 34 families and 107 genera; Edeaat, 2013) and 633 valid named
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species of ray(from 26 families, with a further 50 species undescribed but known to exist;
Lastet al., 2016 Weigmann 2016 worldwide, with the number of described species still
increasingElasmobranchs are widely distributed and utilise a vast number of habitats, with
shark species richnessd endemicitybeing highest on continental shelvdsu€iforaet al.,
2011). With the UK surrounded by continental shelf seas, shark diversity is ex@usid
moderate, exceeding that aipen oceans buless than the diversity seen at riatitudes
(Luciforaet al,, 2011) However, the number of skates exploiting this ecosystem is more
diverse. Chapte2 provides an updated species list for elasmobramateurring around the
British Isles, with 72 species identifiegpresentingeight orders and 23 families. Species
richness can be a misleading indicator of ecological importaneever, whereby individual
species may have unigue ecological roles and diffifienctions are fulfilled by a few specjes
indeed, aeas with moderate species richndsave beendentified as having high functional

richness (Luciforat al., 2011).

Genetic diversity in elasmobranchslso anmportant consideration in the mainteance of
biodiversity (hence its incorporation as a parameter into the PSA Chg)ptstaxa with low
rates of speciation may be more prone to extinction (Heard and Mooers, 2@af)
biodiversity targets like the MSFDmonotypic families should be considered of great

importancein the maintenance of phylogenetic diversity (Vézqaed Gittleman, 1998).

In many ecosystemslasmobranchs are vulnerable to owexploitation (Sectiod.2) andthe
presence ofhem as higher predators within atosystem isonsidered aign of ecosystem
health. Thereduction inelasmobranctpopulations, through direct and indirect influences
can lead tadirect effects such aaltered size structures within populatiofis.g. Walker and
Heessen, 1996)as well as changes in biological parameters such as the lahgihturity
(e.g. Sosebee2005 and fecundity €.g. Holden and Meadows, 196M response to

decreased abundance.

Any significant change in abundanoayalso lead to indirect effects such aierations in
trophic interactions and community compositio8tévenet al., 2000) thus a casideration
in Descriptor 4 of the MSEDespite elasmobranchs occupying roles near the top of food
chains, ofterspeciesare combined into a single category within multispecies and ecosystem

modelling(e.g.¥hark$as usedby Araljo et al., 2005; Mackinen and Daskalov, 200ygt

YIncluding freshwater and euryhaline species
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1.4

largeintra- and interspecificvariationin feeding strategiess exhibited within this taxal he

diverse feeding modes and prey species consumedhprk€lFrazzetta, 1994 along with

any individual changes in species abumtiaare not reflected in such models. Yet often this

is as a consequence of limited dgt&g. ondietary compositiol, which can be difficulto

2001 Ay FTNRY WaKI| Ndhdroshyinihddd caseshkery gehdticNdehhiquest | NJ
are required toidentify prey). However, as computing power and modelling capabilities
improve so do the number of ecosystem species and linkages that can be represented, yet
this requires data on relevant sizend speciespecific dietary data (as collected in Chapter

7).

The comprehension of predatgrey interactions and diet composition provides a platform
from which contaminant studies caalso be considered (MSFD Descriptor 9). Given the
susceptilility of elasmobranch# the bioaccumulation of contaminants as arsequence of
their longevity, and also the biomagnification of contaminants though théh trophic
level, the consideration of contaminants is pertinent to this taxdrhere are several
documented cases of elasmobranch mdand fins)containng mercuy levels that are
consideredunsafe for human consumption (e.Bethybridgeet al., 2010;Nicolauset al.,
2017) The bioaccumulation of contaminants is not only of consideration for piscivorous
predators, but also a consideration for elasmobranch sped@aging on benthic
invertebrates such as crustaceans (Chaewhere the chemical composition of the sea
floor is altered through the sequestering of contaminarasd this ighen reflected through

the food chainDescriptor6).

Management and @nsewnation of elasmobranchs

The high commercial value of some elasmobranch species coupled with biological
vulnerability and a history of extirpations (Sectib/2) means that elasmobranchs straddle
both commercial and conservation interests and legislatiortge first fishing regulation
introduced in the UK for an elasmobranch species was a Total Allevzatch (TAC) for
skates and rays in the North Sea in 1999 (Sedtibr?) and the first conservation regulation
was the listing of basking shark on the Wildlifel@@ountryside Act (WCA) in 1998 (Section
1.4.1). Therefore, he introduction of legislation and management measures has been a slow
process considering the early waings ofUK governmenscientists (Holdenl973, 1974).

This hadikelybeen a result ofariousfactors including datadeficiencies, such as the lack of
speciesspecificlandings data until 2008 for skates and rays, identification and reporting

problemsand inconsistencies coupled with their capture in mixed fishenbgEh makes
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management measures complex. However, as the timeline of regulations set out in Section
1.4.1shows there has been a sharp move since the turn of th& @ntury to take anore
precautionary approach and afford protectitirough national and international measures

to vulnerable species, often based on limited data and exjpeldement.Current legislation

and conservation measuregsglated to elasmobranch specie$ the UK are summarised in

Appendixl whichcoversboth national and international measures

1.4.1 Nature conservation and legislation
Elasmobranchs have recetvincreased attention fom nature conservation organisations
and conventions following some welbcumented declines (Sectidn2) and although many
of theseActs andConventions have existed for decades it is only in the recent history that

elasmobranchs have begmoposed for listing and, if acceptedsted.

One of he earliest conventions considering marine conservation inNbeheastAtlantic
was the Oslo/Pari€onventiorfor the Protection of the Marine Environment (OSPAR) which
was initiated in 1972, under which 15 governments and the EU coopéevéhilst this
resolution was initially focussed on marine pollutioi, diversified into considering
biodiversity and ecosystem healih 1998 Subsequentlythe OSPAR list &hreatened and
declining specigwasinitiated. Several elasmobranch species were liste#08,including
basking shark, white skate, angel shark, common skate complex, portzaatgpurdog(in

all OSPAR regions in which they ocamd spotted rayRaja montagu({in the Greater North
Sea), as well abree species of deewater shark(seeApperdix ). This instrument is not
however, legally binding andMember Sates are not obliged to act on recommendations

limiting itseffectiveness

The Convention on the Conservation of Migratory Species of Wild Animals (CMS) was
initiated in 1979 following the establishment of the United Nations Environment Programme
(UNEP). CMS is an environmental treaty listpecies on Appendix | (species threagd

with extinction) or Il (species would benefit from international cooperation from Range
States), but solely focussing on migratory animals and their habithts focus on migratory
species provides a means by which widaging species whidnaversee management bodies

and different national legislationgan beafforded protection throughout their range as
some agreements under CMS are legally bindingking this treaty valuableand effective

piece of legislation for many specie€the first elasmwbranch to be listed was the whale shark
Rhincodon typusnder Appendix Il in 1999 apas of 2@0, 37 elasmobranclspecies are now

listed (seeAppendix ), of which 2 are on Appendix SevenCMSlisted species occur in UK
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waters spurdog anget porbeagle basking shortfin make Isurus oxyrinchuand common
thresher sharkAlopias vulpinusand topeGaleorhinus galeysvith some others occurring as

vagrants

In 1981 the Wildlife and Countryside Act (WCA) was passed as an Act of Ratlisnhe

UK in order to comply with the European Directive 2009/147 on the conservation of wild
birds. ThidAct is legally binding and has developed over time with the addition of other taxa.
In 1998, basking sharkasthe first elasmobranch protected lifais law which was followed

by the addition of limited protection foangel shark in 2008uperseded by full protection in
2011along with white skateThisnationallegislation is reserved for the most depleted of
species andlthough only three elasmahnchs are protected under it, it provides the highest
level of protectionmaking it an offense to kidir injure, capture, possess keep, transport

or sell (and in the e of basking shark, also disturb, and damage a place of shelter) these

species making it asstraightforward anceffective instrument.

Other national legislation pertaining to elasmobranchs in the UK includes the Tope
(Prohibition of Fishing) Order 2008hereby fishing for tope by any method other than by
rod and line is phibited, and a maximum of 4kg per day liveweight is allowed to be
retained for bycatch. In coastal watersggional bylaws bywo of the ten Engish Inshore
Fisheries and Conservation Authorities (IF@Asg aminimum landing siz@VILS¥or skates

and raysset at 40 cnbetween the tips of the wings by the Southern IFCA and 45 cm by the
former Cumbria Sea Fisheries Committee Distighder the North Western IFCA
jurisdiction) These measures areof limited utility in the conservation of skates and rays as
these wing widthgeventhe largerMLS of 45 ch when converted to total length (see
Chapter 4pre largely below the length at maturifgr most coastal skate species, except for
Raja montagu{spotted ray) thus only potecting juveniles. The smalkdodied speces such

as Leucoraja naevugcuckoo ray and Amblyraja radiata(starry ray, for which suchMLS
measures would benefit maturésh, occur further offshore than the IFCA jurisdiction allows.

In relation to other elasmobranchs, the Eastern IFCA has prohibited the landing of tope.

Basking shark weralso the first elasmobranch species to receive international trade
protection under he Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) in 2003. Thisr-governmental agreement enterenhto force 1975 to
ensure that international trade in specime of wild animals (and plants) does not threaten
their surviva) thus making this instrumergxceptionain protecting threatened species from

harvestto support international demandContracting Parties are legally bound to implement
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the Convention by ensuring domestic legislation is in place to suppemnational trade
limitationsor prohibitionson listed specieddowever,it is this implementation where CITES
has shortcomings, with many countries lacking th@mesticlegislation and/or effective
governanceto support suchlistings. Furthermore, his Convention does nafford any
protection to species traded domesticall Both factors mayinit its effectiveness
particularly insome developing countrief\s 0f2019 there are 4@&lasmobranchspecies
listed in Appendix | fternational trade prohibited except under exceptional circumstance)

or Il (international tradestrictly controlled by conditions)

The EU MSFD was adopted in 2008 with the aim of achieving GES by 2020 in the Europeat
marine environment, with each Membetate being responsible for developing a strategy

for its marine waters. GES is informed by 11 descriptors (Sedt®nenshrining the
ecosystem aproach (Sectiorl.5.4) to human activities into a legislative framework. This is

the first EU legislativenstrument related to the protection of marine biodiversity, of which
elasmobranchsnay be considered key component in the maintenance of biodiversity
(Sectionl.3).

Ly {O020ftFyRZ {0 (dzi2NE® Ly aimNanwi®ydiFisbihgf f SF
Transshipment and Landing) Ord&vas implemented ir2012 This legislatioprohibits the

landing oftope altogether, but also prohibits the landing of 19 different elasmobranch
species (sedppendix ) from capture inrod and lineand handine fisheries Such a strong

stance inprotectingelasmobranctspecies from recreational fisheries is unique in the

One of the mainGteria used by conservatio@onventions Acts and treaties in assessing the
status of a species and their treat of extinction is the ability to measure, observe or infer a
decline in numbers or distribution. Assessing the statusarime species has always proved
problematic but for many species of elasmobranchs the development of assessment tools,

methods and models has lagged behind that of traditional fisheries sc{&sationl.5).

1.4.2 Nortlegislative conservation andsessment
Established in 1964, The International Union for Conservation of Nature (k#SNne of
the first conservation bodies to assess global species status and biagivéreough their
Red List of Threatened Species. At the end of 203€& 112000 species had been assessed
alongwith the first complete assessment of European marine fishes published in 2015 (Nieto
et al, 2015) noting that diadromous species were addressed in an analogous report on

freshwater fish
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Each species is assessed on their extinction risk (based @, i@opulation trends, habitat

and ecology, threats and many other parameters) and are categorised as Data Deficient (DD),
Least Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), Criticall
Endangered (CRWwith those species assesseds avU, EN and CR collectively termed
WKNBI 6§SYSRQ aLISOASa®

In the 2015 review (Nietoet al, 2015) the most threatened species class were
chondrichthyangsharks, skates, rays and chimeras), Wiltd%0 2 y & A RKONNER Ri 8 SR Q
15 CReuropeamarinefish speciesand 15 d the 22 EN speciesere elasmobranchsThe

IUCN is not a legally binding instrument buinigortant in its provision ocomprehensive
species assessments on the global and regional .sCale procesemploys experts from
around the vorld to assess speci@sdedicated taxorbasedworkshops However, he large
number of assessors requirdths drawn some criticism of the subjective nature in which
evidence can be usedde Coelhoet al, 2019and references therejn Conversely this
medianism has resulted in the assessment of all (known) elasmobranchs providing an
indication of status relative to one another while also highlighting not only those under
greatest threat, but importantly also those species that wBeta Deficient and thusvhere
efforts needs to be focussed. This objectilieectly complemens the semiquantitative

assessments undertaken in Chapt2c8.

Between 1995 and 1999 a UK list of Priority Habitats and Species was created to identify the
most threatened species and where conservation action was needed under the UK
Biodiversity Action Plan (UK BAP). This list was revised in 2007 and included 14
elasmobranchs found in UK watese€Appendix ). However devolution of the nations and
domestic driversledtd Yy Sg aSd 2F Wt NR 2 NBvéleThdrefore,ifal Q &
England, the Species of Principal Importance list was created under Section 41 of Natural
Environment and Rural Communities (NERC) Act of 2006. There are 12 of the same
elasmobranchsidted on this(see Appendix ), asappeared on the UK list, but notably with
angel sharKIUCN listed B andLeucoraja circularigsandy ray; IUCN listedNEremoved in

the English listThe Northern Irish, Welsh and Scottish lists are also showpperdix land

show only subtle differences from the original UK version and each ddoeh lists do not
provide any species protection so are of limited utility beyond listing species of conservation
interest, yet with two of the most threatened species nmgsfrom the Englishist, yet other
species such aRaja undulata(undulate ray; IUCN listedTNwhich have a TAC and are

commercially harvested listed, éiselistswarrant furtherexamination and possiblevision.
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1.4.3 Plans ofAction
The emergence of several depleted elasmobranch stocks worldwide through a lack of
management led to the first main resolution pertaining directly to sustainatdeagement
of shark fisherieand sharkconservation: the International Plan of Action for dka(IPOA
Sharks; FAO, 199%lthough the plan of action was voluntary, it was encouraged that all
concerned States (both Members and norembers of FAO) should implement it. It covered
all targeted and no#target catches of Chondrichthyes, advising mem8tates to adopt

national plans by 2001.

EC member states agreed thdtie to the &R a single action plan for EC countries would be
more appropriate. Fowleet al. (2004) drafted a shark action plan, with an overall objective
¢to ensure the conservatiamnd management of sharks, skates, rays and chimaeras occurring
in the European waters of the UK and taken in target and incidental fisheries by the EIK fleet

although it was not adopteds a National Plan of Action (NPOA)

In 2009, an EU action pla@@M, 2009) for sharks was released and adopted. The overarching
general objectives weréto deepen knowledge both of shark fisheries and of shark species
and their role in the ecosystémand ¢to ensure that directed fisheries for shark are
sustainable andthat by-catches of shark resulting from other fisheries are properly
regulated. This was subsequently followed by the release of the Defra Shark, SidiRay
Conservation Plar(Defra 2011 2013) which aims todmanage elasmobranch stocks

sustainably.

The presenstudy is in support of some of the central principals of the Plan. Chap¢@rs
address the outcome pertaining to ensuring tidattion is taken to protect and restore those
species most at riskDefra, 2011py assessing allasmobranchs in UK waters to determine
which species are most at risk, while highlighting species which are currently unmanaged yet
potentially vulnerable. The collection and analysis of key biological parameters in Chapters
4¢6 support the outcome aimindo improve cknowledge on elasmobranch fisheries and
specie¥X through better data collection and scientifdlS & S (DK £011)so that
appropriate ecological information can besed to more effectively manage elasmobrarichs
(Defra, 2011)
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1.5 Fisheries management andsessment of elasmobranchs

1.5.1 Fisheries management overview
Scientific fishenassessmenbriginated in theNortheastAtlantic andthe management of
fisheries are considered some of theost elaborateworldwide, yet despitethe substantial
human and financial investments in fishery management, many commercial fish resources

here ae fully exploited, overexploited, or depleted (Maguire, 2005).

The performance of the UK and other European countries in their compliance to the FAO
(UN)Code of Conduct for Responsible Fisheries (1995) was found to be lacking when assessec
(Pitcheret al., 2008) Despite the ode being in placéor 12 yearsthe UKachiewed a poor

overall complianceSomeplausiblerationales includeddfishery managementds not been
properly implemented, scientific assessments have not been sufficiently reliable, decision
makers have set TACs above the advice, fishers have caught more than the TAC, and tha

enforcement of the regulations and of the TACs has been ineffe(liaguire, 2005)

The main challenge that underpins all fisheries management is how to get a reliable estimate
of abundance. This is particularly problematic for elasmobranchs, which are commonly
landed as bycatch, were not historicalyported to species level (thus tinseries of landings

data are short) andfor several taxaare commonly misidentified. Trends in biomass,
numbers at age, and spawning stock biomass are commonly gained fromy{fisher
independent surveysHowever, in theNortheast Atlantic no such dedicated surveys for
elasmobranchs existlthoughdatafor many smaller species (catsharks, dogdfish, skates and
rays)are collected fromdemersal trawlsurveys. The data arising from these surveys are
potentiallysubject to somdias as the survey design is traditionally aimed at targeting finfish
(Rago, 2005)Another potential source of inaccuracy results from the aggregating nature of

someelasmobranchs, which couidcrease the uncertainty of population estimates

1.5.2 Fisherisand elasmobranch assessment within the ICES community
As detailed in Sectioh 1.1, straddlingfish stocks in European waters have been managed as
a shared resouk under the CFP since 1970, with quolaisthe main commercial species
being ntroduced sincel983. The European Commission proposes catch Jilmétsed on
scientific advice which is primarily provided by the International Council for the Exploration
of the Sea (ICES). This intergovernmental marine science organisation was established in
1902 with the UK being one of the first member countries. BExgr@ups coordinated by ICES

meet annually to conduct analyses that underpin scientific advice; one such group is the
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Working Group for Elasmobranch Fishes (WGEF). This grotgspensible for providing
assessments and advice on the state of the stotkbarks, skates, and rays throughout the
ICES area(www.ices.dl. This group originated from a study group which first met in 1989,
but issues with data inconsistencies and limitations hampered assessments, untiv2é02

the first exploratory elasmobranchs assessments were undertaken. Assessments for
commercially exploited teleosts were based on fishedependent trawl surveys, which
were designed to target commercial speci@ghilst dasmobranchsare generally¥ 61200 K Q
speciesthese data were sufficient to perform tredzhsed assessmenfisr someof the more
common species in some areas (e.g. thornback ray in the North Sea). For some of the more
offshore or depleted species (e.g. porbeagle and angel shark) fishdppendent survey
dataarenot informative. CurrentlylCES providadvice for 5%lasmobrancistocks with this
advice either biennial (commercial stocks) omuadrennial (species without fishing

opportunities),and datalimited assessments$Sgctionl.5.3 are conducted on each stock.

A TAC was first established for skates and ray in the North Sea in 1999; it was 8604t 6
and subsequently decreased mg#ars to its lowest level 0f313 t by 2016However, prior

to 2008 the TAC was higher than reported landings therefore quota management has only
been restrictive for this stock for a decade (ICES, 2@81€jmilar picture is seen with spurdog,
with quotas (9470 t) being introduced on this stock in 2000, rapidly being reduced to zero
by 2010¢ a clear demonstration of fisheries management lagging behind science, noting the
forewarnings of oveexploitation on this stock by Holden during thee 1960s and early
1970s (Holden, 1973, 1974). Alternative management measures have been introduced for
some elasmobranch species, including maximum landing length (MLL) for spurdog (2009
2010) and porbeagle shark (2009), and bycatch allowances (e.g. sp206@R008). In
cases of recognised depletipseveral species of elasmobranch have been included on the
EU prohibited species list (e.g. basking and angel shark) which prohibits fishing foimgetain

on board, transhipping, landing, storing, selling, @igmg or offering for sale.

1.5.3 Datalimited stocks
Datalimited fisheries can be defined dstocks that are not fully evaluated in relation to
primary stock status and fishing mortality management reference points, are a significant
feature of [Europeanfisherieg (Le Quesneet al., 2013) with approximatelyhalf of all
landings from waters under European management being consideredidatad. However,
the issueof datalimitation spandisheries all over thevorld (Pillinget al., 2008), particuldy
elasmobranch fisheries, deepater and straddling stocks. In these cases, there may be little

or no informationavailable to set initial catches, assess stock status or estimate reference
Chapter 1: Introduction Pagel6



http://www.ices.dk/

points, througha lack of reported or biological datg&hotton, 206). A number of approaches
to the management of datéimited stockshave been undertaken worldwide (reviewed in
Pillinget al., 2008 and Dowlingt al., 2019), dependent upon the level and quality of the data

availability, and the aims of management.

The poor performance of failing to meet fisheries targets within Europe and the policy
requirements for sustainable fisheries exploitation, catalysed the development and
implementation of the Datd.imited Stock (DLS) approach within the ICES comm@fitiye

more than 200 stock$or which ICES provided advice, over 60% did not have population
estimates that would allow catch optionsto be derived using the existinfylaximum
Sustainable YieldMSY Sectionl.5.4) framework (ICES 204&R Consequently, the Workshop

on the Development of Assessments based on LIFE history traits and Exploitation
Characteristics (WKLIFE) was established in.ZtHi&xpert Groupeveloped a famework
working towards lhe provision of quantitative advice for all stocks (ICES, 2012{®.DLS
approach categorised stocks into six categories from dagarich with quantitative
assessments (Category 1) down to the most daméted bycatch stocks or those with
negligible landings (Category 6) with assessment methods proposed under each category
(ICES, 2012b).

Most elasmobranchs assessed by ICES W@ERinder Category 3 (wherdishery
independent survey data are available), Category 5 (where landings data are available) or
Category @negligible landings and stocks caught in minor amounts as bycdtiee WKLIFE
group continue to test and refine assmment methods to the present dalbwever, given

the magnitude of the task the focus has often been data driven (e.g. by testing methods using
I WYRAODKQ StlFaYvY2oNl yOKO NI GKSNI Ky o0& SEI
on ahighly vulneral# stock with only problematic landingdata) with no prioritisation
considered. Chapte2 provides an evidence base for prioritising a large number of
elasmobranch species, while Chapt8r provides a semjuantitative assessment of
elasmobranchs caught ifisheries Both chapters contribute to determining where
assessment and management action should be focussed. Thealleated in Chaptex4¢6
provides key parameters with which demographic models can be populated using data
collected onfisheryindependent surveys as a platform of opportunitjus making better

use of existing dataollection
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1.5.4 Fisheriegargets
The precautionary approach and an ecosystem approach to fisheries management were
some of the earliest strategies adopted for assessment andagement where data are
limited or highly uncertainAlmost all fisheries are unselective multispecies affairs even when
they target particular species (e.g. shrimp trawl fisheries) (Detha, 2003) nsequently
fisheries science has increasingly moved towards adoptiregzasysterdbasedapproach to
fishery management (EBFM or EAF) in response to addressing the effects on all species,
target or nontarget, as well as on the wider environment and ecosystem (esgthic
communities). EBFM essentially reverses the order of management priorities so that
management starts with the ecosystem rather than a target species and aims to sustain
healthy marine ecosystems and the fisheries they support (Pikétchl, 2004) When
considering that elasmobranchs are often thigher trophic level predatoris an ecosystem,
overfishing and depletion of predatehas the potential tanduce changeacross all trophic
levels inthe ecosystem, thus highlighting the importance afEBBFM stance whefesheries

management in relation telasmobranckis concerned.

Management according to thBrecautionaryApproach(PA)exercises prudent foresight to
avoid unacceptable or undesirable situatiotitakesinto account that changes iisheries
systems are only slowly reversible, difficult to control, not well understood, and subject to
change in the environment and human valuE&Q, 1996 This precautionary approach to
fisheries management was adopted in 1996 &ighlightsthe needto control access to the
fishery early, before problems appear, or if already overexpldibeatctimmediatelyto limit

the fishery, setting caps on increases in fishing capacity and mortality Tétere are

elasmobranch fisheries that fall intmth cakegories

The adoption of this measure in tiNortheastAtlantic was slowdespite the UK government

listing thedconsistent application of the precautionary principle 6 5 S ¥ M& dhe af its 1 0
marine objectives. One problem in European implementation of this approach has been the
lack of formal consideration of uncertainty based upon limit and target reference points and
control rules, a necessary tool of fisheries managen{@adly and Mahon, 1995)Target
reference points express an optimal biomass, maximum catdenefit in relation to risk,

while limit reference points identify levels of biomass or fishing that may trigger dangerous
and unwanted consequences such as stock collapse, or adverse impacts on species linked tc
the fishery through the food web (Pitehet al., 2008). They have applications to all fisheries,
even those that are datimited (Caddy, 1998) however datalimited fisheries imit
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1.6

reference pointsare of particular importanceespecially when applying the precautionary

approach.

A widely ued target reference pointis Maximum Sustainable Yield (MSY), which is
theoretically the largest average catch that can be sustainably harvested from a stock under
existing environmental conditions, over an indefinite timeframe, maintaining maximum
replacanentratesTheO2 y OSLJ0 61 & RSOSt 2LISR Ay dekdh, SI N
1933; Graham, 1935), and was subsequently adopted in fisheries management due to its
simple nature and its ability to provide a management goal quickly and with ean%€8E

the United Nations Convention on the Law of the S#CLOSgreement incorporated MSY

into its provisionsthus ensuring its integration into national and international fisheries acts
and laws (Mace, 2001). In 2002, the World Summit on Sustairaelelopment (WSSD;
COFI, 2003) committed signatories to maintain or restore stock&WWhere possibléby

2015. However, at an early stage it was highlighted that most stocks assessed by ICES did no
have the necessary information and estimates tgli@ment a precautionary control rule
(Cadrin and Pastoor2008). As datdimited approaches developed in response and ICES
formalised a framework (see Sectiah5.3 the situation improved quickly and the
percentage of stocks where fishing mortality did not exceed the fishing mortality at MSY
increased from 34% in 2003 to 60% in 2015 inNleetheastAtlantic (FAO, 2018T.he slow
implementation andimited success bformalised fisheries management goaias in part

been due to the vast number of stocksany of which can be considered dalimited.
Therefore,a consistentpproach toassesmg risk can be used to determine where action is

most needed (Chaptei;3).

Questions to address and aims of the study

The repetitivepattern of stock depletios and, in some cases, regional extirpatitmi®wing
rapidly from commercial exploitation of elasmobranchs is the main driver for proactive
management with which pragmiatand timely management measurgsouldbe considered

prior to overfishing andstock collapse.

The current thesis supports such targets through prioritising species for research. Initially,
this has beerconducted by a qualitative assessment in Chapter 2 which has been developed
to consider all species, including the mdsatalimited, thus providing an unbiased evidence

base upon which species and research can be prioritised and where national plans could

usefully focus attentionfollowingthis broad assessmeid identify priority species, a more
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1.7

guantitative approachsuch as a Productivity Susceptibility Analysis (PSA) as used in Chapter
3, can be used to examine vulnerabilities at a finer scale (e.g for specific fisheries) and identify
key data gaps hampering quantitative assessment. The relative vulnerabilities of the
members of the skate complex currently managed under the generic skate TAC were
identified, which then allows managers to focus attention and undertake proactive research
on the most vulnerable species. Species identified in Chapters 2 and 3 as higly prior

then subject to more detailed study Chapters 47 to address some of the lfgistory data

gaps. Chapter 4 provides length at maturity estimates and conversion factors for UK skate
species, parameters which are essential to any demographic assessment. Chapters 5 and 7
provide biological ad dietary information on starry smoothound, which was the highest
ranking (Chapter 2), commercially exploited elasmobranch species that isun@ntly
afforded any speciespecific management measures (e.g. not subject to any catch limits or
size regtictions). Chapter 6 focusses on the occurrence, biology and ecology of shagreen and
sandy ray-0 2 0 K &LJSOASA YIylFI3ISR Fa LINIL 2F GKS
commercially exploited. This is despite the IUCN Red List assessments for sandgeseish

ray being Endangered and Vulnerable, respectively. Given that tHeidifery of both these
WeKNBIFG6SYSRQ a1ridSa Aa tFINBSteée dzy|ly26ys 6,
species in the Northeast Atlantic, Chapter 6 provides key dakéch can inform
management. These case studies therefore populate important data gaps for some priority
and vulnerable elasmobranch species of the UK with recommendations made regarding

management option in Chapter 8.
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2.1

UK elasmobranchs angrioritisation of research efforts

This Chapter was based on the following output:
McCully Phillips, S. R., Maia, C., Silva, J., Neville, S. and Ellis, J. R. (2019). Elasmaobrar
Longline Surveys in Inshore Ecosystems (ELSIE). Cefas Project Repoft05§§¥.0

The candidate was the principle investigator for this project and consequently responsible
for project design, leading the analyses and writing the final report. C. Maia and J. Silva were
project staff responsible for assisting with other sectioof the final projectreport not
related to the prioritisation Chapter. S. Neville was the project manager responsible for
communications with the customer, overall fiscal responsibility and reviewing the final report
for content and completenes3he wok was undertaken under the supervisionif. J. Ellis

as the lead elasmobranch advisor at Cefatio reviewed the project concept, design,

analyses and text prior to submission to the customer.

Only the section of the report relating to the prioritisati method was used within this
Chapter, and nmor updates to the introduction and discussion have been made to

incorporate relevant recent literature.

Introduction

The need for the development of national and/@gional plans of action for sharks (FAO,
1999) has mandated countries to address the conservadioth sustainable exploitation of
elasmobranchs, as also indicated in the subsequent EU action play, (8D09) and UK
Shark, Skate and Ray Conservation Plan (O#096d; see Sectioi.4.3. The first step in any
plan needs to be an understanding of which species occur in the aretedést, whether

this is national waters or regional seas.

The known global diversity of elasmobranch species (SetiBiis increasing yearly through

the disovery of new species (e.g. four new species in the gétamiscylliumDudgeoret

al., 2020), taxonomic revisions (e(@archarhinus obsolerpghiteet al., 2019 anipturus
intermedius Lastet al, 2016) and as a result of speciation (e.g. family: tOlelsidae;
Corrigan and Beheregaray, 2009). Recent advances in genetics has enabled various cryptic

species to be better define@.g. Nayloet al., 2012)

There can also be temporal changes in species distributions, which can Ileespéxies

expbiting different habitats if their environment becomes more favourable (e.g. changes in
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water temperature) or conversely reduced by habitat loss, anthropogenic impacts or climate
change(Sguottiet al., 2016). Furthermore, species may make longer mignatiar change

migration paths making use of waters of different jurisdictions. In each case, a firm
understanding of the species utilising national waters is paramount in the implementation of

any plan of action, and prioritisation of subsequent researdbrts.

Several taxonomic lists for elasmobranchs occurring around the British Isles are available
(Wheeler, 1992; Edwards and Davis, 1997; Whestlat, 2004; Fowleet al., 2004; George,
2009). However, given the recent changes in the taxonomy angeraxtensions of some
species, an updated list of elasmobrafspecies (Ellis and McCully, 2013) was used in this

study. This list documents 72 species from eight orders and 23 faritibte6).

The next step in the implementation of any national plan is to evaluate the importance of
national waters to each species. If the time spent and/or spatial extent of a species in the
area is limited, or utilisation is minimal or questionable, then the weration of further

work may be limited. In contrast, if a species is endemic to the area, or has a discrete breeding
population (or stock) in national waters, then such species should be given more careful and
detailed consideration. These results needde viewed in parallel with the commercial and

conservational importance of a species.

Species of conservation importance need consideration in order to safeguard against
extirpation and extinction in support of the maintenance of biodiversity and etemy
structure, while meeting environmental targets (Sectibi8). A documented or assessed
reduction in abundance and/or species range commonly forms the founddtiorihe
designation as a species of conservation importance, from which incorporation into

legslative protectionoften follows(Sectionl.4).

Biological vulnerabity can be inferred from lifdnistory traits, in particular maximum size
(Jenningset al., 1998, 1999; Dulvegt al., 2000; Dulvy and Reynolds, 2002). This life history
parameter also tends to correlate to a large size/late age at maturity and, in reledion
elasmobranchs, low fecundity and the periodicity of reproduction (as viviparous species tend

to reproduce less frequently). Indeed, Iliestory parameters can be used to prioritise species

2 The original paper listed all chondrichthyans (sharks, skates, rays and chimaeras), however for the
purpose of this thesis, only elasmobranchs are considered. Species based on questionable records,
from adjacet waters or from specimens washed ashore in neighbouring areas were also excluded.
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for conservation where few other data are available (Jennatgd, 1998, 1999; Reynol@s
adE HAanAmMO O dassO diiiR A H BlRiskdFAAAE alsh &IV for some
uncertainty in estimates, while supporting the principle that conspecifics with a similar body
size will likely exhibit similar litestory strategies and thus vulnerability. Reproductive mode
is another lifehistory parameter that may relate to biological vulnerabiéityd extinction risk
(Garcieet al., 2008).

Consideration also needs to be given to whether a species is importamafional fisheries

and, therefore, important for meeting sustainable exploitation goals. Commercially
important fish stocks have traditionally been the focus of decades of research given the
economic importancée.g. herringClupea harengushich largely shaped fisheries science at
the turn of the twentieth century (Went, 1972)) ¢ KAt S wasSoO2y R Of |
elasmobranchs received limited attention until the late"2fentury. The overall importance

of elasmobranchs in the British Islesterms of commercial landings (tonnes) and value is
proportionally very low (<2% in 2018; Sectibrd.3, however elasmobranchs can be very
important for inshoreartisanal fleets in some local fisheries (e.g. thornback ray in longline
and net fisheries in the outer Thames; Hisal, 2008). Supporting these fisheries whilst
ensuring sustainable exploitation of exploited stocks requires scientific research ueeens
the empirical data for the parameterisation of models are sufficiently robust for stock

assessments.

The need to prioritise species to study is fundamental both worldwide and around the British
Isles, given the diversity of elasmobranchs encourttdmet limited research resources which

have competing demands from commercially important teleosts and shellfish and other
marine taxa of conservation concern (e.g. seabirds and cetaceans). In order to assess and
triage a large number of species rapidlyethmods requiring limited data or easily estimated
parameters are required (Dulvgt al., 2004). This broadscale ddtmited prioritisation
exercise requires limited empirical data yet has the ability to focus national research
priorities by assessing tteommercial, conservation and ecological importance of a range of

species in British waters.

Materialsand methods
In order to prioritise the elasmobranch fishes of the British |skstisted originallyby Ellis
and McCully (2013), aklasmobranchspedes were scored under the following four

categories:
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Conservation interest
Commercial importance

Importance of UK to the species range

w0 N PE

Biological vulnerability

2.2.1 Conservation interest
Thisparameterwas ranked according tBuropeaninternational Union for Conservation of
Nature (IUCN)istings (Nietcet al., 2015), and also as to whether the species was listed for
legal protection on the UK Wildlife and Countryside Act and/or listed on Appendix | or Il of
the Convention on Internatival Trade in Endangered Species of Wild Fauna and Flora
(CITES). The scores allocated for these crit€ehblé2) could range from €15, as the three

parameters were smmed.

Table2: Scores applied to elasmobranch fishes in relation to conservation interest

IUCN Listing Score UK Wildlife and | Score
Countryside Act

Critically EndangereCR) Listed

EndangeredEN) 4 Not listed 0
Vulnerable(VU) 3

Data Deficien{DD) 2
Near ThreatenedNT) 1 Listed +5
Least Concer(LC) 0 Not listed 0
Not EvaluatedNE) 1

2.2.2 Commercial importance
This was scored according to I@ifernational Council for th&xploration of the SedCE}
landings data (based on data provided for theyHar period 20082017, only using data
from FAO area 2{the NortheastAtlantic)), and (ii) market value for the UK fishery in terms
of the value of fish (value (£) per kg), as reportedhe Marine Management Organisation
(MMO) and stored in the iFish databadegtween 2005 and 201fMMO, 2018) The data
used for the formerwerethé / 9 { 2 2NJ Ay 3 DNRdzLJ T2 NJ 9f | &Y 2«
official landings data (i.e. national data reported to ICES are examined by the national
delegate (and other experts) and erroneous data are assigned to either their correct
category, a generiagup, or excludedThese data are then used in assessments and reports,
e.g ICES, 2®). The scores allocated for these two criterigable 3) ranged from &5
(magnituce of landings) and@B (value of fish), with the two scores multiplied to give totals

of 1¢15.
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It should be noted that some species (e.g. porbeagle, tope and spurdog) have been subject
to very restrictive fisheries managemesince2008;2009 so havelimited landings, which
g2dz R NBadzZ G Ay GKSANI wO2 YYS NInhky viouldihgvel?2 NI

historically.

Table3: Scores applied to elasmobranch fishes in relation to commercial importance

Commercial Score
(FAX))
landings (t)

Value to UK| £ per kg
3

>3 000 5 High >1.5

>500 4 Medium 1c1.5 2
>100 3 Low <1l 1
>15 2

<15 1

2.2.3 Biological vulnerability
This was scored by maximum body length (scored frqg&) &nd reproductive modéscored
as X3), as outlined imable4. Values were multiplied to create the overall score of biological

vulnerability ranged from 1 (e.g. blue pygmy skate) to 15 {@goeagle).

Tabled: Scores applied to elasmobranch fishes in relation to biological vulnerability

Maximum length (cm)| Score[ll Reproductive mode

200+ 5 Viviparous (Fecundity <10 puj 3
per reproductive episode)
150199 4 Viviparous (Fecundity >10 puj 2
per reproductive episode)
100c149 3 Oviparous 1
50¢99 2
<50 1

2.2.4 Importance of UK waters to the stock range

This was scored according to the importance of ftmgtheastAtlantic to the species and by
their occurrence in waters around the British Isl&alfle5). For the formey species were
identified as (a) cosmopolitan (i.e. occurring in the Atlantic and the Indian and/or Pacific
basins); (b) occurring in the wider Atlantic (i.e. they also occurred in the western North
Atlantic and/or South Atlantic) and (c) occurring in teestern North Atlantic (which could
include the Mediterranean and parts of norttestern Africa)Sources of reference material

for this score included Ebest al. (2013), Laset al. (2016) and IUCIRed List reports

(https://www.iucnredlist.orgl), as well as prior knowledge.
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Species were subsequently scored as either (a) absent from the British Isles (i.e. those species
which occur in waters adjacent to the British Isleg,Have not been reported from the area),

(b) occasional vagrants have been reported, (c) regular visitor, (d) present around the British
Isles, but this area was only the fringe of the distribution, (e) present and widely distributed
around the British Isis and (f) present and (probably) breeds in British waters (the term
WoNBSRAYIQ dzaSR (2 KAIKE AIK G-layindpriukti®nNdr G K S
nursery grounds in the area), or with discrete stocks in the afeaombination of expert

knowledge Heesseret al. (2015) and IUCNRed List reports https://www.iucnredlist.org)

were used to score this attributé/alues of these two parameters were multiplied to give

scores between 0 and 15.

Tableb: Scores applied to elasmobranch fishes in relation to importance of UK waters to the stock range

Global distribution UK Distribution

NE Atlantic only 3 British waters hascologically important 5
breeding sites and/or discrete stocks

Wider Atlantic 2 Present around the British Isles 4

Cosmopolitan 1 Present in British seas, but only tt 3
fringe of the distribution
Regular visitor to British seas 2
Occasional vagrants reported 1
Absent, no authenticated records | 0
British seas

2.2.5 Overall ranking process

Conservation importance €45), biological vulnerability €15) and commercial importance
(1¢15) were summed, and this was then multiplied by the importance of this species to the
UK (@15). This approach prevented those species that have not been dffigpbrted from
around the British Isles from attaining a high score, but would allow them to rank higher if
the distribution of the species was found to extend to UK seas at some point in the future.
This approach gave final scores (out of a maximunv6j,60 allow species to be prioritised
impartially (Table6). The current status of fisheries advice, in relation to advice given by
either ICES dhe International Commission for the Conservation of Atlantic T{{GEA),

was also listed for referam.

2.2.6 Provision of advice by IC&®IICCAT
Although this was not scored or used in the prioritisation process, it was included in the
prioritisation tables Table6¢TableB) to identify those species for which the ability to provide
advice has been haneped by a lack of data. Where advice is not provided, this is a good

indication of data deficiencies, a lack of presence in trawl surfgeyso stock size indicator)
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limited catch/landings records, or that this stock is rare in wider European waters. Eac
species was listed as having:
w SA¢ advice based on a quantitative stock assessment
w ST¢advice based on survey trends (usually fishedependent trawl surveys)
w QACc qualitative assessment only, given limited signal from survey trends or other
datasourcede.g. landings data)

w NAC¢ no assessment possible

Furthermore, the existence of fisheries management applied to each species is ultimately
considered by categorising species as:
w TACc managed under the quota system
w Prog prohibited species under th EU fishing opportunity guidelines (within the
main range area, not fringes of distribution)
w NAC¢ no current management through quota or EU prohibited species list
This is documented for those specigalflel) to assist interpretation and help identify where

important species are not subject to specEzecific management measures.

Results

¢KS LINAZ2NRGAAIGAZ2Y LINROS&a Tadked dnd thdsé Héiev ¢
were considered further in terms of data availability and data gapble7 and Table8). Of
these 16 species, the main group were skates (flapper dBgtieirus intermediuscommon
blue skateDipturus batis sandy rayLeucoraja circularjsblonde rayRaja brachyurasmal
eyed rayRaja microocellatashagreen ray.eucoraja fullonicaNorwegian skatdipturus
nidarosiensis cuckoo raylLeucoraja naevysspotted ray Raja montagui white skate
Rostroraja alband undulate ay Raja undulat, with the highestanking sharks and dogfish
including angel sharl§quatina squatingstarry smoothhoundMustelus asteriasporbeagle
sharkLamna nasusblackmouth dogfishGaleus melastomuand greaterspotted dogfish

Scyliorhinus stiris.

Of these top ranking 16 species, five are currently prohibited to be fished for or landed in EU
waters(since 2015) ¢ KAt S SAIKG FNB YIylF3aSR dzyRSNJ i
remaining three species are currently not subject to any msespecific management
measures in EU waters. The five #@nking species have no quantitative stock assessments.
The conservation scores for the top ranking 16 species ranged fcdi® With no species

scoring the maximum 15 (as nooktheseare listedonboththe WCA and CITES). The highest
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scoring species were angel shgshrbeagle and white skate, while cuckoo ray, spotted ray
andblackr2 dzi K R23IFAaK a02NBR 1T SN Fa GKS& N
Biological vulnerability scoresmged from 215, with angel shark and porbeagle receiving

the maximum score of 15. The remaining 14 species all scigarimarily due to their
oviparous nature and/or smaller maximum lengths. The biological knowledge for the top
ranking species shown ifable8 highlights the lack of available data for many important

LI NI YSGSNAR® hISNIYffs vY2ad LI NI YSGSNB 6SNB
F@FAfF0fS FNRY 20KSNJ 3S23aINILIKAO f20F0A2Yy0:
parameter/spetes combinations. The bekhown parameter was length/weight conversion
factors, with robust information available for 10 of the 16 species and only unavailable for
g2 oalyReé& NI¥e& |yR b2NBS3IALY alliSove ¢KS

growth and fecundity, with each having six species for which data were unavailable.

Three species (Norwegian skate, blonde ray and seyalll ray) all managed under the
generic skates and ray TAGcored the top mark of 15 for commercial importance, with a

range of 2 (angel shark) to 15.

The importance of UK waters to the species ranged from 8 (white skate) to the maximum 15,
with 13 species attaining the maximum score. The three species for which these waters were
not deemed the highesimportance were porbeagle (cosmopolitan distribution with
breeding population within UK waters), Norwegian skdfr(heast Atlantic distribution

with fringe of population within UK waters) and white skate (present in the wider Atlantic

and in UK waters).

Seven species have sufficient representation in trawl surveys to provide data for assessment
and advice Table7). The remaining nine species are present only astebleecords or

limited catches from which a timseries cannot be @sl.

3 A separate TAC is applied to sreled ray in European Union waters of ICES divisions 7.f and g
(Bristol Channel and Celtic Sea) and in European Union waters ofr&2E65(Blorth Sea) it must be
released unharmed (CEC, 2020). Norwegian skate are prohibited to be fished for in European Union
waters of ICES subarea 6 and divisionsc7aad 7.eh and 7.k (western waters of British Isles; CEC,
2020).
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Taxonomic
Rank

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Table6: Prioritisation of 72 elasmobranch fishes occurring around the British Isles and adjacent waters, listed in

taxonomic order.

Scientific name

Hexanchus griseus
Heptranchius perlo

Chlamydoselachus
anguineus
Isurus oxyrinchus

Lamna nasus
Cetorhinus maximus
Alopias superciliosus
Alopias vulpinus
Apristurus aphyodes
Apristurus laurussonii
Apristurus manis
Apristurus melanoasper

Apristurus microps
Galeus melastomus
Galeus murinus
Scyliorhinus canicula
Scyliorhinus stellaris
Pseudotriakis microdon
Mustelus asterias
Mustelus mustelus
Galeorhinus galeus
Prionace glauca
Sphyrna zygaena
Dalatias licha
Centroscyllium fabricii
Etmopterus princeps
Etmopterus spinax
Centroscymnus coelolepi
Centroselachusrepidater
Scymnodon ringens
Somniosus microcephalu
Oxynotus centrina

Oxynotus paradoxus

Common name

Bluntnose sixgill shark

Sharpnoseevengill
shark
Frilled shark

Shortfin mako
Porbeagle shark
Basking shark

Bigeye thresher shark
Thresher shark

White ghost catshark
Iceland catshark
Ghost catshark

Black roughscale
catshark
Smalleye catshark

Blackmouth dogfish
Mouse catshark
Lesseispotted dogfish
Greaterspotted dogfish
False catshark

Starry smootkhound
Smoothkhound

Tope shark

Blue shark

Smooth hammerhead
Kitefin shark

Black dogfish

Great lantern shark
Velvet belly
Portuguese dogfish
Longnose velvet dodfist
Knifetooth dogfish
Greenland shark
Angular roughshark
Sailfin roughshark

Centrophorus squamosus Leafscale gulper shark

Conservation
importance

10
14

o O O O ©v ©

AN WP OO P OO MNP WWEL NP O O O O

Biological
vulnerability

10

15

10
15
15
15
15

N N NN

AN DN NN

15

o

10
10
10

© o o N M b~ ©

15

[ee]

Commercial
importance

w| P

15
12

P P WL O OoDN

= 00 A~ 0

H
PR WN WO WO PR OO0, O

[y
N

Importance of

w

w oo o © M~ P b DN

15

15
15

IR
o1

W ©O© O O ©O W W oo o o W kFrkr M~ 01 O

Final score

33
33

48

64
185
124

30
132

27

30

18

18
150
54
105
150
54
255

90
64
18
39
60
42
54
42
27
99
114
72
81
75

'—
<
()
Q
%)
|
Q

NA
NA

NA

SA
SA

S££8%

NA
NA
NA

NA
ST
NA
ST
ST
NA
ST
NA
QA
SA
NA
NA
NA
NA
NA
QA
NA
NA

NA
NA

QA

4The higher taxonoms orderingand rankingof Eschemeyer (201®)as followedby Ellis and McCully

(2013)
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S >| = ° <

LERI Scientific name Common name § § < % ° § § g 8
Rank s8|l2c| 288 |8 |3
£2|SS| 58| 8.|E |4

SE|as|CSE|ES | |Q
'35  Deaniacalcea  Birdbeak dogfish 4 6 2 3 36 NA
36 Deania hystricosa Rough longnose dogfis 2 6 1 3 27 | NA
37 Squalus acanthias Spurdog 4 6 10 5 100 SA
38 Centrophorus uyato Little gulper shark 3 6 1 3 30 | NA
39 Echinorhinus brucus Bramble shark 4 10 1 3 45 NA
40 Squatina squatina Angel shark 10 15 2 15 405 QA
41 Tetronarce nobiliana Common electric ray 0 8 1 4 36 NA
42 Torpedo marmorata Marbledelectric ray 0 4 9 9 117 NA
43 Bathyraja pallida Pale ray 0 4 2 9 54 NA
44 Bathyraja richardsoni Richardson's ray 0 4 2 3 18 | NA
45 Bathyraja spinicauda Spinytail ray 0 4 2 6 36 NA
46 Bathyrajasp. 1 1 2 6 24 NA
a7 Amblyraja hyperborea Arcticskate 0 2 6 6 48  NA
48 Amblyraja jenseni wWSyasSyQa a&aj 0 2 2 6 24 | NA
49 Amblyraja radiata Starry ray 0 2 10 10 120 ST
50 Dipturus batis Common blue skate 5 4 10 15 285 QA
51 Dipturus intermedius Flapper skate 5 5 10 15 300 QA
52 Dipturusnidarosiensis Norwegian skate 1 5 15 189 | NA
53 Dipturus oxyrinchus Longnose skate 1 4 8 9 117 NA
54 Leucoraja circularis Sandy ray 4 3 12 15| 285 QA
55 Leucoraja fullonica Shagreen ray 3 3 8 15 210 QA
56 Leucoraja naevus Cuckoo ray 0 2 10 15| 180 ST
57 Malacoraja kreffti Krefft's ray 0 2 36 NA
58 Malacoraja spinacidermis Soft skate (or prickled 0 2 24 | NA

skate)

59 Neoraja caerulea Blue pygmy skate 0 1 2 9 27 NA
60 Raja brachyura Blonde ray 1 3 15 15 285 QA
61 Raja clavata Thornback ray 1 3 10 10 140 ST
62 Raja microocellata Smalleyed ray 1 2 15 15 270 ST
63 Raja montagui Spotted ray 0 2 10 15 180 ST
64 Raja undulata Undulate ray 1 3 6 15| 150 ST
65 Rajella bathyphila Deepwater ray 0 2 2 6 24 | NA
66 Rajellabigelowi Bigelow's ray 0 2 2 6 24 | NA
67 Rajella kukujevi Mid-Atlantic skate 0 2 2 6 24 | NA
68 Rajella fyllae Round skate 0 2 2 6 24 | NA
69 Rostroraja alba White skate 10 5 6 8 168 QA
70 Dasyatis pastinaca Common stingray 3 6 6 8 | 120 NA
71 Pteroplatytrygon violacea Pelagic stingray 6 2 1 8 NA
72 Myliobatis aquila Common eagle ray 6 6 4 60 | NA
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Table7: Priority species in order of highest scoring (only those scaifg are shown).

Scientific name

IUCN Listing (Regional

if not, global)

Wildlife and
Countryside Act

N

CITES (App 1 or

distribution

Importance of UK

Reproductive
mode

Maximum length

Commercial
importance (t)

Value to UK

Sampled in
existing trawl

ICES / ICCAT advi

Conservation
importance (@15)

Biological
vulnerability (1¢15)

Commercial
importance (G;15)

Importance of UK

Final score (Q675)

1  Squatina squatina Critically Endangered | Yes No = NE Atlantic Breeding | Viv <10 250 <15 Medium | Isolated records NA 10 15 2 15 405
2 Dipturus intermedius Critically Endangered | No No | NEAtlantic Breeding | Ovip 250  >3000 @ Medium | Survey data limited QA 5 5 10 15 300
3 Dipturus batis Critically Endangered = No No = NE Atlantic Breeding = Ovip 150 | >3000 Medium | Survey data limited QA 5 4 10 15 285
4 | Leucoraja circularis Endangered No No | NEAtlantic Breeding | Ovip 120 | >500 High Survey data limited QA 4 3 12 15 285
5 Raja brachyura Near Threatened No No = NE Atlantic Breeding = Ovip 120 | >3000 @ High Survey data limited QA 1 3 15 15 285
6 Raja microocellata Near Threatened No No | NE Atlantic Breeding | Ovip 91 | >3000 | High Data for advice ST 1 2 15 15 270
7 Mustelus asterias Near Threatened No No = NE Atlantic Breeding = Viv >10 140 | >3000 Medium | Data for advice ST 1 6 10 15 255
8 Leucoraja fullonica Vulnerable No No | NE Atlantic Breeding | Ovip 120° | >500 Medium | Survey data limited QA 3 3 8 15 210
9 Dipturus nidarosiensis | Near Threatened No No = NE Atlantic Fringe Ovip 200 >3000 @ High Isolated records NA 1 5 15 189
10 | Lamna nasus Critically Endangered | No Yes | Cosmopolitan Breeding | Viv <10 370 | >500 High Isolated records SA 10 15 12 185
11 Leucoraja naevus Least Concern No No = NE Atlantic Breeding | Ovip 72 | >3000 Medium | Data for advice ST 0 2 10 15 180
12 | Raja montagui Least Concern No No | NE Atlantic Breeding | Ovip 72 | >3000 | Medium | Data foradvice ST 2 10 15 180
13 Rostroraja alba Critically Endangered | Yes No = Wider Atlantic | Present Ovip 200 >100 Medium | Isolated records NA 10 5 6 8 168
14 | Galeus melastomus Least Concern No No | NE Atlantic Breeding | Ovip 90 | >500 Medium | Data for advice ST 0 2 8 15 150
15  Scyliorhinus stellaris Near Threatened No No = NE Atlantic Breeding | Ovip 162 @ >3000 @ Low Data for advice QA 4 5 15 150
16 | Raja undulata Near Threatened No No | NE Atlantic Breeding | Ovip 114 | >100 Medium | Data for advice ST 3 6 15 150

5100cm commonly referred to as maximum length (Stehmann ainble, 1984; angbersonally observed; Chapter 6), but early indications are that a larger maximum size

estimated at ca. 120cm is more likely.
6 This value has been taken from &a (1984) but most recent surveys and studies (Sital., 2013; ICES, 2019) have indicdtsthths of up to ca. 130cm.
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Table8: Overview of data available for priority species, indicating whether data are avaN&plénfited (~) or absent (x).

Life History

—
§ 5 o g = = = New data
& . Sampled in existing e . % qE) E g 2 '% from
2 Scientific name Common name - c o o N = = .
5 trawl surveys & L%) % O % % £ existing liK
= () S ;% 2 s % surveys?
-

1 Squatina squatina Angel shark Isolated records NA Pro X ~ \Y ~ X

2 Dipturus intermedius Flapper skate Survey datdimited QA Pro ~ ~ X ~ ~

3 Dipturus batis Common blue skate Survey data limited QA Pro ~ ~ X \% ~

4 Leucoraja circularis Sandy ray Survey data limited QA TAC X ~ X X X

5 Raja brachyura Blonde ray Survey data limited QA TAC ~ ~ ~ \% ~

6 Rajamicroocellata Smalleyed ray Data for advice ST TAC ~ ~ V ~

7 Mustelus asterias Starry smootkhound Data for advice ST NA \ \ \% \% \%

8 Leucoraja fullonica Shagreen ray Survey data limited QA TAC X ~ X V ~

9 Dipturus nidarosiensis | Norwegian skate Isolated records NA TAC X X X X X

10 Lamna nasus Porbeagle shark Isolated records SA Pro \% \% Vv \% X

11 Leucoraja naevus Cuckoo ray Data for advice ST TAC \% \% \% \% \

12 Raja montagui Spotted ray Data for advice ST TAC \% \% = \% \%

13 Rostroraja alba White skate Isolated records NA Pro ~ ~ X ~ X

14 Galeus melastomus Blackmouth dogfish Data for advice ST NA X ~ ~ ~ X

15 Scyliorhinus stellaris Greaterspotted dogfish Data for advice ST NA X ~ ~ V ~

16 Raja undulata Undulate ray Data for advice ST TAC = = ~ \% ~

Chapter 2: UK elasmobranchs and prioritisation of research efforts

Page4l



2.4 Discussion

The highest ranking three specigmngel shark, flapper and commdatue skate)from this
LINA2NRGAALF GA2Y Oly it 0SS O2yaARSNBR aLlSo
and white skate). The IUCN listings are an informative metric when considering conservation
importance given that all2 speciesconsidered have been asssed by the IUCN so receive

an equitablescore. The additional parameters of being listed under the WCA and CITES are
also applicable to all species however very few are currdigtgd, and these lists are
reserved for species considered in need of tighest level of protection. Consideration of
including the Convention of Migratory Species (CMS) list as an additional parameter was
given, however discounted as it would bias results to those species which undertake

migrations, as it does not considermmigratory species.

Angel shark were the topll Yy { Ay 3 &aLJSOASa Rdz2S G2 F KA3IK
9YRIYASNBRQ L!/b fA&AGAY3AT YR ftAAGSR 2y
species (Tortonese, 1956) and its importance to théwl# discrete breeding population(s)
assumed). Although once widespread across the waters of the British Isles (Roux, 1984) the
presence of this species has declined dramatically (Rogers and Ellis, 2000; Ske¢atherd
2019) following historic exploiten, recreational angling, bycatch and habitat loss; with
extirpations reported from parts of its former range (ICES, 2019). This species has a very
localised and fragmented distribution, with known contracted populations in Cardigan Bay,
Wales (Hiddinlet al., 2019) and Tralee Bay, Ireland (Shephatrdl., 2019) that may have
limited connectivity to other stocks in the NE Atlantic and Mediterranean. Trawl records of
incidental capture of juveniles in Cardigan Bay indicates this to be a breeding aras, (Cef
unpublished data There are no indicators of stock size and very limited biological knowledge
(Table 8). Given the depleted abundance (Rogers and Ellis 2000; &tephal., 2019)
restricted distribution and cryptic nature, existing trawl surveys are not able to provide any

appropriate data for monitoring or assessment of this species.

¢KS (g2 ALISOASEA Ay (KS aO2YY 2blueskdtdwerS ne2 Y LI
highest ranking. They are currently prohibited from fishing opportunities (CEC, 2020) thus
affording them the highest level of protection. Their large body size makes them vulnerable
to overfishing (Jenningst al., 1998, 1999; Dulvgt al, 20®; Dulvy and Reynolds, 2002) as
demonstrated by their documented extirpation from the Irish Sea following commercial
exploitation (Brander, 1981). However, in the lasyears, a small but steady increase in

commonblue skate (juveniles) have been seerfisheryindependent surveys operating in
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the western Channel (ICES Division 7.e; 8ilah, 2018) and flapper skate are now observed
(in very low numbers) in the North Sea International Bottom Trawl Survey (IBTS) again, after

several years of absence (ICES, 2019).

Sandy and blonde rays were the next highest scoring priority species. Bdtdrgabodied
skates (ca. 120 cm total length) that are not sampled effectively in fishdgpendent
surveys, primarily due to poor geographic overlap with important habitats. Sandy ray was
ranked of higher conservation importance, while blonde ray hageater market value.
Sandy ray is a more offshore species, inhabiting deeper waters of the continental shelf, upper
slope and offshore banks, while blonde ray is more of a coastal, shallow water species, and
so may have a greater exposure to fishing\aiitis. Biological knowledge of sandy ray is
extremely limited Table8) and should be a priority going forward (ChageMcCully Phillips
andEllis, 2018). Given thdgh commercial value of blonde ray, it is surprising that some key
biological parameters (e.g. reliable age and growth estimates, and fecundity) are still largely
unelucidated for British waters. The same parallels can be drawn to-eyell ray, which
although not widespread around the British Isles, is locally abundant in the Bristol Channel,
yet biological data for this stock are limited (eRylandand Ajayi, 1984. This species does
however have a stock size indicator, due to the overlap of a beawl survey with its main
habitat. However, as beam trawls select for sabaltlied specimens (Silvat al., 2012)
biological data for larger (possibly mature) specimenigrigdd to supportthe derivation of

robust maturity ogives.

Starry smootkhoundis a more wideanging species, being encountered around the British
Isles and taken in a range of surveys thus providing a stiaekindicator for assessment
purposes. Biological data were largely lacking until the work of Fatell. (2010a,b),
however these studies were based on specimens from a restricted geographic area and
contained a limited number of larger (mature) fish. Given the hagtking position (seventh
place) of this species, increased commercial landings and a lack of any form gjlemmazméd,

a good understanding of the biology and ecology is imperative (ChapikécCully and Ellis,
2015). The catch rates of starry smodtbunds in fishenindependent surveys has also been
increasing in recent years, thus providing an opportunity foldgical data collection. There

are behavioural (e.g. aggregating nature and seasonal presence) and morphological (e.g.
mediumsized dogfish) parallels between starry smcbttund and spurdog therefore
pragmatic action and data collection while numberpegar abundant may inform proactive

management measures and prevent future stock collapse scenarios.
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Shagreen ray is a datinited species also managed under the generic skate and ray TAC.
Similar to sandy ray, it is a largeodied offshore skate spedethat is caught in lower

numbers during fishesndependent trawl surveys, and ICES have been unable to provide a
stocksize indicator to monitor temporal trends. Biological knowledge is also very limited,

and data collection a priority for this speci€h@pters; McCully PhillipandEllis, 2018).

The other eight species scoring between 589 range from porbeagle shark which has a
cosmopolitan distribution, well understodaology(Franciset al., 2008)andbreeds in British
waters to the lesseknown Norwegian skate with very limited biological désaehmanret

al., 2015)but is only present in British waters at the fringe of its distribution.

The occurrence, distribution and importance of UK waters tgpecies are factors which
should be considered as any part of a Plan of Action (PoA). Althbedbefra Shark, Skate

and Ray Conservation Plan (Defra, 2011) is albigit document addressing the overarching

I AY sustdinable elasmobranch fisheti#erough key objectivesit does not consider

which species occur in national waters nor prioritise the actions or species which need
addressing in order to achieve the aim. National $weve been adoptetly most of the top

shark fishing nationg consideed to be the 26 countries responsible for 84% of landings
200052009: with the UK ranking TqFAO, 2019). Australia ranked in“38ace and was one

of the first countries to adopt a comprehensive PoA in2DAFF, 2004)'he background
ASOUA2YKSAVIKSIRS TAINI | t 2! Q RSGIFIAfT A GKS ydzy
Ol dzAKG Ay ylFaGA2yrft g1 GSNB | yR 7TdzNaidoserd f A &
through IUCN criteria and national catch statisti€his starting point then providkthe
SOARSYOS oFasS FT2NJ GKS &dz aS| dzSifaikplan (DAMFA & dz
20120 KSy GF1Sa G0KS WAaadzSaQ RSGSNXYAYyAy3 | OL
of importance and setting time limits on actions. These Plans detrate the importance

of both a clear understanding of species of occurrence and concern within national waters
as a baseline, and the need for prioritising species and actions within such Plans, as addressec

in this Chapter.

The lack of life history pamaeters for many of the most important species to UK waters is
remarkable Table8), with much of the limited knowledge relating to different stock units.
Although this can be used as a proxy in terms of quantifying parameters, as MeCallly
(2012; Chaptei3.3.1) highlighted, there can be significant differenceskey life history
parameters such as length at maturity between stock units which would require distinct

management measures to ensure sustainable exploitation at a regional leeadv&hall lack

Chapter 2: UK elasmobranchs and prioritisation of research efforts Paged44



of data on age and growth of the tapnking elasmobranch species was anticipatgden
the many technical challenges associated with providing robust estimates for these
parameters (reviewed by Goldman, 2005). However, accurate estimbtkese parameters
are essential for successful fisheries management in terms of providing estimates of natural
mortality, longevity and hence supporting sustainable exploitation (Goldman, 2005).
Fecundity data are also lacking for most speatesnother mportant parameter in
demographic modelling especially when related to maternal total length and density

dependene (e.g. De Oliviea et al., 2013).

As demonstrated iTable8, the lack of biological data for many species can often hamper
stock assessments, therefore, the approach taken in this Chaptas deliberately as
qualitative as possiblén order to allowall species to be included in this baseliassessment.

Such an approach can be adopted widely and used in a variety of areas where only
rudimentary data are availabl@.g. developing countri@sMany approaches that require
more quantitative data are also available\(iewed by Walkeet al., 2014 with a sem

quantitative approach taken in Chapt@r

The outcome of this research and approach will encourage proactive research rather than
supporting reactive work once a risk or decline has been identified, which from past
experience may not bdetected until decades after the event (e.g. common slaaplex

Brander, 1981) and could result in regional extirpation and stock levels too low to hamper

population recovery.

2.5 Summary onclusion

1 This method has the ability to triage a large nwenbf elasmobranch species occurring
in national waters using limited data. Such work needs to be done on an appropriate
geographic scale to harmonise with the objectives of the stuidythis case to identify
the most important species around the Brititdles for increased research to support
sustainable exploitation.

1 The top three ranking species (angel shark, flapper skate and corblmeskate) are
all subject to a zero TAC at the current time (CEC, 2020), thus affording them high levels
of protection and measures to reduce fishing mortality. Therefore, in line with the
impartiality of the prioritisation, the next ranking species were considered.

1 The decision was taken to focus research priorities on skate species managed under

the generic TAC dbhese comprised 50% of the top ranking (n = 16) species (Chapter
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4); sandy and shagreen ray as two of the potentially most vulnerable skate species
exploited within this complex which have almost no biological information and are
rarely encountered in sueys Chapter6), and finally starry smoothound, as the

highest ranking species with no management in place (Chajpter

2.6 References

Brander, K(1981). Disappearance of common skaaia batisfrom Irish SeaNature
290(5801), 4849.

CEQ2020). COUNCIL REGULATION (EU) 2020/123 of 27 January 2020 fixing for 2020 th
fishing opportunities for certain fish stocks and groups of fish stocks, applicable in
Union waters and, for Union fishing vessels, in certaindaion waters.

COM (2009). Comunication from the Commission to the European Parliament and the
Council on a European Community Action Plan for the Conservation and
Management of Sharks COM/2009/0040 final. SEC(2009) 103

Corrigan, S. and BeheregarayBL(2009. A recent shark radi@mn: molecular phylogeny,
biogeography and speciation of wobbegong sharks (family: Orectolobidae).
Molecular Phylogenetics and Evolutié2(1),205¢216.

DAFK2004). National Plan of Action for the Conservation and Management of Sharks-{Shark
plan). DAFFCanberra.

DAFF (2012). National Plan of Action for the Conservation and Management of Sharks 2012
Sharkplan 2. Licensed from the Commonwealth of Australia under a Creative
Commons Attribution 3.0 Australia Licence.

De Oliveira, J. A. A., Ellis, J. K.Rabby, H. (2013). Incorporating density dependence in pup
production in a stock assessment of NE Atlantic spuigiggalus acanthiadCES
Journal of Marine Scienc&X7), 134%1353.

Defra (2011). Shark, Skate and Ray Conservation Plan. Defra, 14 pp. (Available from:

http://archive.defra.gov.uk/environment/marine/documents/intén2/shark

conservationplan.pdj

DudgeonC L., CorriganS.,YangL., Allen G. R.ErdmannM. V., SugehgH. Y., White W. T.

andNaylor, G. J. R2020) Walking, swimming or hitching a ride? Phylogenetics and
biogeography of the walking shark gendgmiscyllium Marine and Freshwater
Research

Dulvy, N. K., Ellis, J. R., Goodwin, N. B., Grant, A., Reynolds, J. D. and Jennings, S. (20C
Methods of assessing extinction risk in marine fislesh and FisherigeS(3), 25%;
276.

Chapter 2: UK elasmobranchs and prioritisation of research efforts Page46


http://archive.defra.gov.uk/environment/marine/documents/interim2/shark-conservation-plan.pdf
http://archive.defra.gov.uk/environment/marine/documents/interim2/shark-conservation-plan.pdf

Dulvy, N. K., Metcalfel. D., Glanville, J., Pawson, M. G. and Reynolds, J. D. (2000). Fishery
stability, local extinctions, and shifts in community structure in ska@esservation
Biology 14(1), 283%,293.

Dulvy, N.K. and Reynolds, D. (2002. Predicting extinction vulnehality in skates.
Conservation Biologi6(2),440c450.

Ebert, D., Fowler, S. and Compagno, L. (2013). Sharks of the World: A Fully lllustrated Guide
Wild Nature Press, Plymouth.

Edwards, AJ, andDavis, PS.(1997). Pisces. IfHowson, C. M. and Picton, B. E. (Etke
species directory of the marine fauna and fora of the British Isles and surrounding
seas Belfast and Rossn-Wye: Ulster Museum and Marine Conservation Society.
[Ulster Museum Publication, no. 276, 3(324.]

Ells, J. R., Burt. J.Cox L. P. N., ldka, D. W.,and PayneA. I. L(2008). The status and
management of thornback ragaja clavatan the southwestern North Sea. ICES CM
2008/K:13, 45 pp.

Ellis, J. R. and McCully, S. R. (2013). An overview of the sharks, skates and ray:s
(Elasmobranchii) and rabbit fish (Holocephali) of the British Isles, and prioritisation
of species of interest. Working Document to the ICES Working Group on
Elasmobranch 8hes, Lisbon, June 421, 2013.

Eschmeyer, W. N. (Ed.). Catalog of Fishes. California Academy of Sciences
(http://research.calacademy.org/research/ichthyology/catalog/fishcatmain.asp).
Electronic version accessed 01/08/2012.

FAO (1999). The InternationalaR of Action for the Conservation and Management of

Sharks. Romd&AQO Available ahttp://www.fao.org/fi/ipa/managel.asp

FAO(2019. Database of measures on conservation and management of sharkeobhand
Agriculture Organization of the United Nation [online]. Rome. Database version 1
2019. www.fao.org/ipossharks/databasf-measures/en

Farrell, ED., Mariani, S. and Clarke, M. (20109. Reproductive biology of the starry
avYz22iKmnK 2 Mystelus asterigddeographic variation and implications for
sustainable exploitationlournal of Fish Biology7(7), 15051525.

Farrell, ED., Mariani, S. and Clarke, M. (2010h. Age and growtlestimates for the starry
smoothhound KMustelus asterigsin the NortheastAtlantic OceanlCES Journal of
Marine Sciences7(5),931¢939.

Fowler, S., Mogensen, B. and Blasdale, T. (2004). Plan of Action for the conservation and
management of sharks inkUwaters. INCC Report, No. 360, 66 pp.

Francis M. P., NatansonL J andCampana$S E.(2008. The biology and ecology of the
porbeagle sharkLamna nasusin Camhj M. D., Pikitch E K andBabcockE A.

Chapter 2: UK elasmobranchs and prioritisation of research efforts Page47


http://www.fao.org/fi/ipa/manage1.asp

(Eds). Sharks of the Open Ocedgiology, Fisheries and Conservation, Blackwell
PublishingOxford.

Garcia, VB., Lucifora, 1O. and Myers, R\.(2008). The importance of habitat and life history
to extinction risk in sharks, skates, rays and chimadpPasceedings of the Royal
SocietyB: Biological Sciences/51630), 8889.

George, M. R. (2009). An annotated checklist of North Sea cartilaginous fish spaainal
of Applied Ichthyology5, 33¢39.

Goldman, K(2005). Age and growth of elasmobranch fisHe&0 Fisherieend Aquaculture
Technical PapedA74. Rome, FAO.

Heessen, H. J., Daan, N. and Ellis, J. R. (2015). Fish atlas of the Celtic Sea, North Sea and B
Sea: Based on international reseasassel surveys. Wageningen, Netherlands:
Wageningen Academic Publishe

Hiddink, J.G., Shepperson, J., Bater, R., Goonesekera, D. and Duly(2019. Near
disappearance of the AngelshaiBquatina squatinaover half a century of
observationsConservation Science and Practig®), e97.

ICES2019. Working Group orelasmobranch Fishes (WGEF). ICES Scientific Reports. 1:25.
964 pp. http://doi.org/10.17895/ices.pub.5594

Jennings, S., ReynoldsPJ.and Mills, SC.(1998. Life history correlates of responses to
fisheries exploitationProceedings of the Royal Society.ondon. Series B: Biological
Science2651393),333¢339.

Jennings, S., ReynoldsDJand Polunin, N/.(1999. Predicting the vulnerability of tropical
reef fishes to exploitation with phylogenies and life histori@snservation biology
13(6), 1466¢1475.

Last, P., Naylor, G., Séret, B., White, W., de Carvalho, M. and Stehm420161. Rays of
the World. CSIRO publishinustralia

McCully, S. R., Scott,dnd Ellis, J. R012. Lengths at maturity and conversion factors for
skates (Rajidae) around the British Isles, with an analysis of data in the liteft@tH&.
Journal of Marine Scien®9, 1812;1822.

McCully Phillips, S. R. and Ellis, 5. Reproductive charactetiss and other life history
parameters of starry smoothound Mustelus asteriasn British watersJournal of
Fish Biology87, 1411¢1433.

McCully Phillips, S. R. and Ellis, R®.8). Leucoraja fullonicandLeucoraja circularis the
NortheastAtlantic. Working Document to the ICES Working Group on Elasmobranch
Fishes, Lisbon, £29 June2018.

McCully Phillips, S. R., Maia, C., Silva, J., Neville, S. and Ellis, J. R. (2019). Elasmaobrar
Longline Surveys in Inshore Ecosystems (ELSIE). Cefas qugecCR770.

Chapter 2: UK elasmobranchs and prioritisation of research efforts Page48



MMO (2018). UK Sea Fisheries Statistics 28li8tt, M. andHolden, J. (Eds.).

Naylor, G.J., Caira, XN\., Jensen, K., Rosana, A, Straube, N. and Lakner, 2012.
Elasmobranch Phylogeny: A Mitochondrial Estimate Based on 595 Species.
Carrier, C., Musick, J. A., Heithaus, M. R. (Badggy of Sharks and Their Relatives

Nieto, A., Ralph, G. M., CometBaynal, M. T., Kemp, J., Garcia Criado, M., Allen Oy,

N. K., Walls, R. H. L., Russell, B., Pollard, D., Garcia, S., Craig, M., Collette, B. B., Pollo
R., Biscoito, M., Labbish Chao, N., Abella, A., Afonso, P., Alvarez, H., Carpenter, K. E
Clo, S., Cook, R., Costa, M. J., Delgado, J., Dureuttflis]. J. R., Farrell, E. D.,
Fernandes, P., Florin;B\, Fordham, S., Fowler, S., Gil de Sola, L., Gil Herrera, J.,
Goodpaster, A., Harvey, M., Heessen, H., Herler, J., Jung, A., Karmovskaya, E., Keski
| ® YYdzRaSys {® 2 &I LEBSERI M. lLgréantepz, MECHIY Y
Phillips, S., Munroe, T., Nedreaas, K., Nielsen, J., Papaconstantinou, C., Polidoro, B.
Pollock, C. M., Rijnsdorp, A. D., Sayer, C., Scott, J., Serena, FVebimithW. F.,
Soldo, A., Stump, E., Williams, J. T. $20European Red List of marine fishes.
Luxembourg: Publications Office of the European Union.

Quéro, JC. (1984). Scyliorhinidae.: InWhitehead P. J. P., Bauchot M., Hureau JC.,
Nielsen J. and Tortonese E. (EdBi¥hes of the Nortleastern Atlatic and the
Mediterranean.Vol. I. UNESCO, Paris, ppc100.

Reynolds, D., Jennings, S. and Dulvy,KN(2001). Life histories of fishes and population
responses to exploitationln: Reynolds, J. D., Mace, G. M., Redford, K. H. and
Robinson, J. GE{s.)Conservation of Exploited Species, Cambridge University Press,
Cambridge,pp.147168.

Rogers, S. and Ellis, R.(2000. Changes in the demersal fish assemblages of British coastal
waters during the 20th centuryCES Journal darine Science57(4),866¢881.

Roux C (1984) Squatinidaeln: Whitehead, P. J. P., Bauchot,-M, Hureau, JC., Nielsen,

J. and Tortonese, E. (Eds.). Fishes of the Nmarsitern Atlantic and Mediterranean,
Vol. I. UNESCO, Paris,gm y b mp n &

Ryland, JS.and Ajayi, TO.(1984). Growth and population dynamics of three Raja species
(Batoidei) in Carmarthen Bay, British ISIESES Journal of Marine SciemtH?2),
1115120.

Sguotti, G Lynam, G GarciaCarreras, B Hlis, J andEngelhard, G(2016). Digibution of
skates and sharks in the North Sea: 112 years of chdbigbal Change Biology
220y UYX HTHMLHTNO®D

Shephard, S., Wogerbauer, C., Green, P., Ellisadd Roche, W. K. (2019). Angling records
track the near extirpation of angel shaBiquatina squatinérom two Irish hotspots.
Endangered Species ReseaB) 153;158.

Chapter 2: UK elasmobranchs and prioritisation of research efforts Page49



Silva J. F., Ellis J. R. and Ayers(ROR3. Lengthweight relationships of marine fistollected
from around the British IsleScenceSeresTechicalRemrts, CefasLowestoft,150,
109 pp.

Silva, JF., Ellis, R. and Catchpole, T.(2012. Species composition of skates (Rajidae) in
commercial fisheries around the British Isles and their discarding pattéwosnal of
Fish Biology80(5), 167&1703.

Silva, J. F., McCully, S. R, Ellis, J. R. and Kups¢PasdSDemersal elasmobranciis the
western Channel (ICES Division 7.e) and Celtic Sea (ICES Divigona/atking
Document to the ICES Working Group on Elasmobranch Fishes, Lisbon,cR8)e 19
2018, 38 pp.

Stehmann, M. and Burkel, D. (1984). Rajidae.In: Whitehead, P. J. P.alchot, M.-L.,
Hureau, J:-C., Nielsen, J. and Tortonese, E. (Eds.). Fishes of theddgtdrn Atlantic
and Mediterranean, Vol. I. UNESCO, Paris, ppl963

Stehmann, MF.W., Ellis, J., Walls, &dLynghammar, A2015. Dipturus nidarosiensigte
IUCN Red List of Threatened SpecieZ0l5 e.T161729A48927468.
https://dx.doi.org/10.2305/I[UCN.UK.201B6RLTS.T161729A48927468.en.
Downloaded on 12 February 2020.

Tortonese, E1956). LeptocardiaCiclostomataSelachiiln: Faunad'ltalia, Vol. Il, Calderini,
Bologna.

Walker,N. D.,Earl, T. J.,Gillson,J. P.and De Oliveirad. A. A(2014). Datgpoor/limited
methods review. Working Document to the ICES Workshop on the Development of
Quantitative Assessment Methodologies based on-hI§iéry traits, exploitation
characteristics, and other relevant parameters for dimaited stocks (WKLIFE V),
Lisbon, 2231 October2014.

Went, A.E.J.(1972. Seventy years agrowing. A history of the International Council for the
Exploration of the Se 19021972. Rapport et Procegerbaux des Reunions du
| 2yaSAt AYGSNYIF GAZ2Y!| f1651E282NJ f Q9 E LI 2 NI G A

Wheeler, A. (1992). A list of the common and scientific names of fishes of the British Isles.
Journal of Fish Biologg1(Supplement A)1¢37.

Wheeler, AC., Merrett, NR., and Quigley, O0.G. (2004). Additional records and notes for
2 KSSt SNRa omdppry fAaG 2F GKS O2YY2Y |y
Journal of Fish Biolog§5 (supplement B) iii, 4fp.

White, W.T., Kyne, PM. and Harris, M(2019. Lost before found: A new species of whaler
shark Carcharhinus obsolerdsom the Western Central Pacific known only from

historic recordsPloS ongl4(1), e0209387.

Chapter 2: UK elasmobranchs and prioritisation of research efforts Page50



Chapter 3

Productivity susceptibility analyses of
UK skate stocks

Chapter 3: Productivity susceptibility analyses of UK skate stocks Page51



3 Productivity susceptibility analyses of Ukskate stocks

This Chapter was based on the following publication:

McCully Phillips, S. R., Scott,aRd Ellis, J. R. (2015). Having confidence in productivity
susceptibility analyses: A method for underpinning scientific advice on skate skiskefies
Researchl71, 87¢100.

https://doi.org/10.1016/j.fishres.2015.01.005

The study was conceived by the candidate and | was responsible for the project design, data
collection, leading the writing of the manuscript and production of Tables and Figures 3 and
4. | developed the concept of using indepent experts and confidence scoring as a tool and
provided the input data to Dr. F. Scott for modelling. Dr. Scott wrote tiseripts and
produced FigurescR and %8. This work was undertaken under the supervision of Dr. J. Ellis.
All authors provided ritical feedback and helped shape the research, analysis and

manuscript.

Minor updates to the introduction and discussion have been made to incorporate relevant

recent literature.

3.1 Abstract

National and European shark conservation plans aim to manage elasmobranch stocks
sustainablyHowever,uncertainties and deficiencies with available data hamper traditional,
guantitative assessment methods of stock status to inform those plans, and tfectie
management. The International Council for the Exploration of the Sea (ICES) Expert Groups
have explored a range of data deficient assessment methods that may be used to support
management advice, including Productivity Susceptibility AnaliP8#\) This method was
applied to the demersal elasmobranch fauna (21 species) of the Celtic Sea to explore how
such approaches could inform the management of skates (Rajidae). This species complex is
an important catch component for demersal trawl and gillfisheries and is currently
managed under a mixed speci@stal Allowable Catch (TAC). PSAs were conducted on both

of these fisheries, by four experts from three countries to introduce independence, and to
quantify the range in perceptions of each stock.nfltence scoring of attributes was
incorporated and probability distributions generated to model uncertainty in the expert
responses to susceptibility attributes. Results showed that three shark species (tope
Galeorhinus galegsingel sharlsquatina squatia and spurdogsqualus acanthigsvere the

most vulnerable species in both fisheries (a consequence of their life history strategy and
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large size), followed by two skates (otter trawl) and three skates (gillnet). All of these species
have some form of resctive managementn place such as a prohibited listing status, or
minor bycatch allowance to allow for stock rebuildiB{pnde rayRaja brachyuravas ranked

as the next most vulnerable member of the commercially exploited skate complex. This
adaptationof the PSA approach enabled skate species of higher and lower risk to be ranked
and thus inform where management efforts should be focussed, whilst giving a novel

consideration to uncertainty through canvassing expert opinion.

Introduction

In European wadrs, scientific agencies have only been able to assess the size of fish stocks,
fishing mortality rates and catch levels for just over one third of commercial stocks (e.g. COM
(2009a) 224, Annex Il). This is often because scientific advice and assesambainpered

by inaccurate commercial data (e.g. landings, discards and effort), limited biological
knowledge (e.g. age and growth, natural mortality and reproductive output), or limitations

of fisheryindependent survey data. For example, fish#rgependent surveys were
designed to monitor stocks of commercially important roundfish and flatfish, thus the fishing
gears used, seasons and areas sampled areoptiimal for capture of many elasmobranch
species. Some groups of fish that are not assessed ciyrgny. because they are deemed

of less commercial importance in overall landings) can be highly susceptible to the impacts
of fishing and there is an increased focus to consider and advise on such species under the
ecosystem approach to fisheries manageyiic. 69! = HaAaMoO® ¢KS | YQ
| 2YaSNDIFGA2Yy t | y@madcagesehddotFanch stacks Susthirayssy thad
depleted stocks recover and that those faring better are fished sustainably & S G2 L.
towards such targets fatata deficient species, despite the inherent uncertainties, novel and

robust assessment and management procedures are required.

Following the United Nations Code of Conduct for Responsible Fisheries (FAO, 1995), the
obest scientific evidence availablenadild be used to evaluate the state of any fisheries to
support decisions, while the precautionary approach to fisheries management requires a
formal consideration of uncertainty. In order to address such principles, varioubassd
approaches have beetonsidered for datdimited, multispecies scenarios. These include
Ecological Risk Assessments (ERAS), which attempt to evaluate the vulnerability of a species
or stock to overfishing based on its biological sensitivity or productivity, and its suskgptib

to the main fisheries operating over their geographic range.
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Within an ERA framework a hierarchical approach may be taken to evaluate the effects of
fishing. The approach moves from a largely qualitative analysis of risk that can involve
stakeholde judgement (level one), through a sequiantitative approach (e.g. Productivity
Susceptibility Analysis (PSA), level two) to a fully quantitative approach (level three), which
requires appropriate data to be available (Hobdd#al., 2011). In this wayhe vulnerability

of a species to a fishery (and fishing gear) is assessed (Fletcher, 2005; @titlth2006).

ERA approaches have expanded from single species applications to help implement the
ecosysterrbased approach for fisheries management (Sratthl., 2007; Zhoet al., 2009),
allowing rapid assessment of the potential species at risk within an ecosystem to particular
fisheries and gears, including within multispecies fisheries (Stolettzki 2002; Hobdagt

al., 2011).

Elasmobranchs are generally considered as vulnerable tofisheng (Elliet al., 2008 and
references cited therein), as they are often ldiged, slow growing and of low fecundity.
While there are or have been some directed fisheries for these spétitdge Northeast

gt FydAO0z Ylhye 2F GKS&aS aLISOASa NBLINBaSyd
commercial importance of the various species, which is related to the market value, size and
condition of individual fish, and technical regulatso(e.g. quota availability and minimum
landing sizes) influences discard/retention patterns in commercial fisheries ESilab,

2012). There is frequently limited information on the biology of many elasmobranch species,
in particular keyNortheastAtlartic skate species, and on their interactions with commercial
gears and discard survival rates. As a result, analytical assessments have been possible fo
only a few elasmobranch species. In fact, ICES (The International Council for the Exploration
of the ®a) has only benchmarkédne elasmobranch assessmeaqtspurdog Squalus
acanthias (De Oliveriaet al., 2013); with management advice for other species based
primarily on temporal trends in relative abundance from scientific trawl surveys.
Nevertheless, gen the requirements for precautionary management, and the introduction
2F GKS 9dzNRPLISFY /2YYAaarzyQa /[ 2YYdzyAde tf
an increasing need to provide some form of advice for a wider group of elasmobranch

species.

7 An intense process for evaluating the current data and assessment methodology. The aim of a
benchmark is consensus agreement on an assessment methodology that is to be used in future update
assessments, laid downinastogkg SE® ¢ KS NB&adzZ & Attt 6S G(KS Wwo
advice can be based on (ICES wehlsé February 2013).
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(reviewed by Gallagheret al, 2012 listed by Hordyk and Carruthers, 2018hese
applications havencluded pelagic elasmobranchs in the Atlantic (Simpfendaetel., 2008;
Cortéset al, 2010; Arrizabalagat al, 2011) andPacific Oceans (Griffithst al. 2017),
artisanal fisheries along Pacific (Furldegfradaet al.,, 2017; Clarket al.,, 2018) and Indian
Ocean coastlines (Tempét al., 2019) andleepwater fisteriesto the west of the British

Isles (Watlinget al., 2011; Dransfelét al., 2013). These examples vary both in the number
and range of taxa through to their methodological interpretation of a PSA. Similarly, the
extent to which expert opinion is canvsesl, and the method by which this is achieved (blind
scoring or through consultation) varies, as does the consideration of uncertainty in such
scores. The importance of quantifying uncertainty and canvassing expert opinion to improve
decision makingwas dndK I 8 AT SR o0& ! aLAYIff 6HAmMnOd 2 K7
aAlS TFTAGA IE€tQ FLIWNRFOK YIeé y248 o06S 2LISN
standardisation is required to allow direct comparison, and to incorporate the PSA method

into the provision of management advice.

The level to which PSAs may feed into management measures varies, but as a minimum they
can help identify the most vulnerable species within a fishery, and thus where future
management efforts and advice should be direct€dey may also have a role in exploring

the efficacy of management options designed to reduce the susceptibility of species of
concern. The advantages of any management measures, however, would be specific to the
fishery examined and could also depend actbrs such as the fixed biological characteristics

of the most vulnerable species, political drivers, data availability, industry compliance and

feasibility.

Until 2012, assessing and advising on stocks of uncertain status and limited data was not
achievable within ICES through their traditional frameworks. ICES provides advice for over
200 stocks, yet ICES (2012a) determined that Ii@2ot have population estimates from

which catch optionsauld be derived using theaditional MSY framework, andretherefore
O2YyaARSHNBRAGERIREI 6L/ 9{ HAMHOU® DAGSY GKS RI
of quantitative management advice for increasing numbers of stocks, ICES developed a
framework of datalimited approaches in 2012 (ICES 20X)aWihin this framework there

are six categories of data deficiency, with associated methodological recommendations
YFERS G SIFIOK tS@Stsz gAGK t{! Qa-LRRRMN \MU2YR Sl
AAE Oo0WyS3ItAaAo0tS (I yRXNVAZANBAKGEDAzA(G & yIRA 4d 2 O

2012c). However, this approach can also be applied across the board to includectata
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3.3

3.3.1

stocks, as a means to identify the relative vulnerability of species to fisheries, and to
distinguish species of high and loisk: Some datéimited methods by their nature adopt a
precautionary approach, where decreasing information increases the margin of precaution,
thus moving the stock in the direction of sustainable exploitation, whilst having due regard
T2 NJ (KS olagicid charést@rigticsoahd uncertainty in the information (ICES 2012b).

Two ICES expert groups investigated the application of PSAs in their 2013 meetings (ICE:!
2013a,b); including demersal elasmobranchs in the Celtic Sea, which were considered a
categry six stock (ICES 2012c). In this paper we undertake a level two PSA (elodiday
2011), with emphasis on the skate complex of the Celtic Sea, in order to evaluate the utility
of the PSA approach to mukpecies fisheries management, whilst incorpiorg expert

scoring and probability modelling of uncertainties.

Materials and Methods

PSA framework and attributes
To evaluate the skate complex of the Celtic Sea, an existing PSA framework was updated,
based upon biological productivity characteristegl their susceptibility to the fisheries that

catch them. The NOAA toolboxtip://nft.nefsc.noaa.gov/index.htm)l PSA framework

(Patricket al., 2009) was used to assess nine datated rajid stocksfor which ICES provides
advice) from the Celtic Sea ecoregion in two demersal fisheries (otter trawl and®iNmieh

an additional four prohibited skates and eight other elasmobranch taxa included for
comparison. These additional species, for whiohager information were available, were
dza SR T 2-NUthi#@. N2 dzy R

As per Patriclet al. (2009), vulnerability was assumed to be influenced by two components:
the productivity or biological sensitivity of the stock (related to its biological characteristics)
and its fisheries susceptibility (related to the likely impact of the specificriisear on the

stock). Each of these components comprised a number of different traits or factors.

Several different attributes and approaches were examined throughout the PSA process.
After consultation with fisheries managers and biologists in the kKoE8nunity, it was
decided to form this PSA on the criteria used in the NOAA toolbox (Petratk 2009) as a

baseline, whilst also recognising that each application of a PSA may require modification to

8 Witnet(isheryrelatesto gillnet, trammel net and tangle nets (i.e. monofilament gears)
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improve the relevance to particular stocks and ragement areas. Therefore, the attributes
used were modified slightly to better address some of the biological characteristics more
specific to elasmobranchs. Twelve productivity attributes were employed in thisTRBE (

9). Two of these attributes (measured fecundity and breeding strategy) were modified from
the default NOAA toolbox, to better distinguish between the life history strategies of
elasmobranchs. Tevnew attributes (breeding cycle and genetic distinctness) were also

added to the assessment.

Table9: Productivity attributes used in the PSA. Those in normal font wengeathe NOAA PSA framework

(Patricket al., 2009) modified attributes are shown ifold and additional attributes shown inold italics

Productivity Low (1) Moderate (2) High (3)
Attributes
-

<0.16 0.5¢0.16 >0.5

Maximum age >30 years 10¢30 years <10 Years

Maximum size >150 cm 60¢150 cm <60 cm

von Bertalanffy <0.15 0.1%0.25 >0.25

growth coefficient (k)

Estimated natural <0.20 0.200.40 >0.40

mortality

Measured fecundity | <10 10¢100 >100

Breeding strategy Live bearer Demersal egg layer Broadcast spawner

Breeding cycle Bi / Triennial Annual cycle with a seasonal Annual cycle with protracted

(female) peak breeding season or with

multiple broods per year

Recruitment pattern | Infrequent recruitment Moderately frequent Highly frequent recruitment
success (<10% of year | recruitment success success
classes are successful) = (between 10% and 75% of (>75% of year classes are

year classes are successful) successful)

Age at maturity >4 years 2¢4 years <2 years

Mean trophic level >3.5 2.53.5 <25

Geneticdistinctness | In this region, this In this region, this species is| In this region, this species is
species is the only one ir the only one in its genus one of several in its genus
its family

Similarly, the majority o$usceptibility attributes within the NOAA PSA approach were used.
Thirteen attributes were included Téble 10), of which three (fishery importance,
management applicabland monitoring (or assessment) of status) were added attributes.

These three attributes, which were considered discrete issues, were used to replace the

AAY3ES WYFyYylF3SYSyid aidNXiGS3eqQ FGGNROGdzI S dza !
rate rel GA GBS (2 aQu 6l a SEOfddzZRSRY & GKAA A
Faa3aaYSydo | AYLEt Y2RAFAOLGA2Y 414 YIRS

or retention values and make the scoring more qualitative in terms of desirabilibouti

giving exact monetary definitions. Given the international fishing occurring in these waters,
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and that experts from three different countries contributed their scores, a common currency

was not available or suitable in this case.

Tablel10: Susceptibility attributes used in the PSA. Those in normal font are as per the NOAA PSA framework

(Patricket al., 2009) modified attrbutes are shown ibold and additional attributes shown ibold italics

Susceptibility
Attributes

Moderate (2)

High (3)

Fishery

Management applicable

Monitoring (or assessment)
of stocks

Areal overlap

Geographic distribution

Vertical overlap

Biomass of spawners (SSB;
or other proxies

Seasonal migrations

Schooling/aggregation and
other behavioural response:

Morphology affecting
capture

Survival after capture and
release

Desirability/value of the
fishery

Fishery impact to EFH or
habitat in general for non
targets

Non-commercial species
in this fishery

Landings or catches
strictly regulated for
much of the stock area

Appropriate monitoring
to inform on stock
status

<25% of stock occurs in
the area fished

Continuous: stock is
distributed in >50% of
the range of the fishery

<25% of stock occurs in
the depths fished

B is >40% of BO (or
maximum observed
from time series of

biomass estimates)

Seasonal migrations
decrease overlap with
the fishery

Behavioural rgsonses
decrease the
catchability of the gear

Species shows low
selectivity to the fishing
gear.

Probability of survival
>67%

Sock is not highly
valued or desired by the
fishery

Adverse effects absent,
minimal or temporary

Important bycatch in
mixed fisheries and/or
targeted in
seasonal/localised
fisheries

Landings or catches partly
regulated for the stock
area

Limited data can inform
on trends in catches or
landings

Between 25% and 50% of
the stock occurs in the arei
fished

Restricted: stock is
distributed in 25% to 50%
of the range of the fishery

Between 25% and 50% of
the stock occurs in the
depths fished

B is between 25% and 409
of BO (ormaximum
observed from time series
of biomass estimates)

Seasonal migrations do no
substantially affect the
overlap with the fishery

Behavioural responses do
not substantially affect the
catchability of the gear

Species shows moderate
selectivity to the fishing
gear.

Probability of survival

X0 02 B7% R K

Sock is moderately valued
or desired by the fishery

Adverse effects more than
minimal or temporary but
are mitigated

Important target fisheries
operate or have operated
in recent times (for this
meétier)

No management
measures for the
species/speciesomplex

Insufficient data to
evaluate status

>50% of stock occurs in
the area fished

Fragmented: stock is
distributed in <25% of the
range of the fishery

>50% of stock occurs in
the depths fished

B is <25% of BO (or
maximum observed from
time series of biomass
estimates)

Seasonal migrations
increase overlap with the
fishery

Behavioural responses
increase the catchability o
the gear [i.e.,
hyperstability of CPUE
with schooling behaviour]
Species shows high
selectivity to the fishing
gear.

Probability of survival
<33%

Sock is highly valued or
desired by thefishery

Adverse effects more thar
minimal or temporary and
are not mitigated

Each individual biological productivity or susceptibility attribute was given a score of between

0¢3 for each species (with bridging values of 1.5 and 2.5 permitted). Each attribute was also
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Following Patriclet al. (2009), the default score was two (where each attribute would be
given equal importance), with a range of zero @ecluded from the assessment) to four (of
greatest importance). The weights assigned to each attribute remained constant across all
species within an assessment and for each fishery assessed. The attribute score multiplied by
0KS ¢SAIKI IROEAIAXKEdZYBSADRUB QP CdzNII KSNI 2
ALSOASas GKS WRIEGF | dzbneandifdeabletln | £ 42 & 02 NJ

Tablell: Data Quality Scores (adapted from Patethl., 2009).

Data
Quality Description
Score

1 Best data Information based on collected data for the stock and
area of interest that is both established and substantial.

2 Adequate data Information with limited coverage and
corroboration, or not wholly reliable.

3 Limited data:Estimates with high variation and limited confidenc
or based on similar taxa.

4 Very limited data:Expert opinion or based on general literature
review from wide range of species, or from outside study area.

5 No data:No information to base score on.

3.3.2 Incorporating expert judgement
Given that biological productivity does not change between fisheaed that these
attributes are less subjective, the authors scored these attributes based on literature and
expert opinion, and they were not sent out to the national experts to score independently.
However, to ensure accuracy, these scores were verifiedub internationally renowned
European expert for elasmobranch biology (with over 30 years of experience), and consensus

achieved.

Four national experts (from three European countries, with between six and 20 years in
elasmobranch research) scored the susceptibility attributes. Experts scored 13 attributes for
the 21 species in both the demersal otter trawl and gillnet fleets. Thety alovided a data
quality score and assigned weightings (between zero and four, the higher the score, the more
WgSAIKGQ GKIFG FOGGNROGdzGS OF NNASA gAGKAY (K:
of the 13 attributes. Weightings were assignedttrsibutes using the modal values attained,

and did not change between species within a gear, or between the two gears themselves.
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3.3.3 Incorporating confidence
¢KS bh!! t{! AyOfdzRSa | W5 GF vdzatAadteqQ ao
or belef in the score rather than the actual type of data used in the analysis (Patradk
2010). This results in five tiers, ranging from the best data (or high belief in the score) to no
data (or little belief in the score) (Patriek al., 2010). In thd study, the authors wanted to
GSFasS FLINILG GKS Gg2 StSYSydaz IyR a02NB
score) independently from the confidence of each expert in the score they assigned to the
FGGNROGdzG SEa 63AQDAY I [ayd 2rNSRAQ ADRAYA Sy Wi/ K2Sy SR S
levels of fishery knowledge of the experts involved, we wanted to capture this information,
whereby an expert can be more confident in a score than available data would suggest, and
vice versa. Therefore,da 'y € GSNYIFGA @S> | W/ 2y FTARSY
Intergovernmental Panel on Climate Change, IPCC 2005) was added. These had the values
low, medium, high, very high, which represented a degree of confidence of being correct as
0.2, 0.5, 0.8 and Os@spectively Tablel2). Each susceptibility attribute for each species was

given an individual confidence score by all assessors for each geaFigpeel).

Tablel2Y / 2y FARSYyOS {O2NRAyYy3 O6FRFLIGSR FNRY Lt/ /X uwnnpiOd

a species or an attriie they had such low confidence in.

Terminology | Degree of confidence in being correct

Low About 2 out of 10 chance of being correct
Medium About 5 out of 10 chance of being correct
High About 8 out of 10 chance of being correcl
Very high About 9 out of 10 chance of being correct

The confidence scores were used to model the susceptibility attribute scores as beta
probability distributions (Holet al., 2014). The susceptibility scores were rescaled from their
original values to between 0 and 1 (i.e. scores of 1, 1.5, 2, 2.5 arde3rascaled to 0.167,
0.333, 0.5, 0.667 and 0.833). These rescaled attribute scores were used as the modes of the
distributions. The confidence scores (0.2, 0.5, 0.8 and 0.9Tabk12) were used as the

area under the probability distribution function (pdf) in the range around the mode + 1/12
(the distance between modes divided by 2), i.e. when sampling a value from the distribution,
the more confident the expert ishe more likely the value will be closer to the mode (the
rescaled attribute score)Fgure 2). A distribution was generated for all of the 20

combinations of susceptility attribute score and confidence level.
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Figure2: Beta distribution for attribute score of 1.5 (mode0=33). The coloured region shows the area of
probability distribution that contains the attribute score. As confidence increases, the distribution tightens around

the mode.
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3.3.4 Modelling confidence of expert responses
The weightings @) assigned to each aibute were incorporated with the susceptibility
attribute distributions to generate distributions for the weighted susceptibility scores by
species and gear. This was carried out by calculating the weighted susceptibility (sum (weight
*score) /sum (wei§ G 0 0 @ £ dz§ F2NJ SI OK SELISNIZ (GKSy |
weighted susceptibility distribution.

This followed the method employed by Uusitabal (2005) who noted: the probability
distributions of the experts were combined by dengverage since there is evidence that
simple combinational methods outperform group judgemef@gone and Hastie, 1997)
compared with more complex combinational rutes £ SYSyYy | yR 2 Ayl f SNE
GKS SELISNIQA& LINEOGI 0 Atfically Aty carS §lgivl be fcénsidéred R
exchangeable (Clemen and Winkler, 1999). This method allowed examination of how the

weighted susceptibility scores differed between experts.

For each species and gear combination, 500 samples were taken from eaweiduad
attribute distribution of each expert. These were rescaled back to the original attribute score
range (@3) and used to calculate 500 weighted susceptibility scores by each expert. These
were then averaged across experts to give a distribution eighted susceptibility. Each

expert was given equal weight in the analysis.

3.3.5 Combining weighted susceptibility and productivity scores
The weighted productivity score was combined with our samples from the weighted
susceptibility score to calculate the aedl PSA (i.e. vulnerability) score. This vulnerability
score (v) is defined as the Euclidean distance of the weighted productivity (p) and weighted

susceptibility (s) scores from the origin on the scatter plot (i.e. 3.0, 1.0) using the equation:

v=y(p-3)* +(s- 1

(Patricket al., 2009 2010).

The vulnerability scores were input into the NOAA toolbox PSA spreadsheet, to give the final
PSA scatter plots, where productivity scores are plottedx{g) in reverse (3 to 1) against
susceptibility scores {gxis), allowing the most vulnerable species (i.e. low productivity and

high susceptibility) to be identified in the top right hand corner of the plot.
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3.4 Results
3.4.1 PSA rankings

The relative vulnerabilities (final PSA score) dffaicies considered were ranked in terms of
most to least vulnerable in relation to gillnetdblel13, Figure3) and otter trawl fisheries
(Tablel3, Figured). In the gillnet fishery, the most vulnerable species was Bpkeorhinus
galeus(score of 2.00), which was followed closely by five other species, all of which are
currently designated as phibited or zero TAC in the Celtic Seas ecoregion. Given the
NI GA2y I fS 2F GKAA aibdzRe G2 221 4G aLISOAS.
most vulnerable member of this complex was blondeRaya brachyuraranking eighth most
vulnerable with a vulnerability score of 1.75. Blonde ray was followed by two {bogked
Dipturusspecies(long-nose skaté. oxyrinchuand Norwegian skatB. nidarosiens)s; both
deeper water species for which knowledge of their biology is limited. Resulle intter

trawl fishery were broadly similar, with angel sh&guatina squatinaanking as the most
vulnerable (1.98), followed by tope and then three prohibited or zero TAC species (spurdog,
white skateRostroraja albaand flapper skat®ipturusintermedus), with blonde ray again
deemed to be the most vulnerable member of the mixed skate TAC complex (1.74) for this

gear.

The data quality score for biological productivity (which is the same over both gears) ranged
from low (e.g. angel shark) to highBpR2 3 gl a (KS 2yfeée alLISOASa
quality score for productivity (and the only species to have a robust quantitative stock
FaaSaaySydoo bAyS aLISOASa aO0O2NBR wWiz26Q Iy
fisheriessusceptibilied = |t f aLISOASa Ay 020K FAAKSNARSa
The expert scores for productivity varied very little, and consensus was achieved easily. The
range of scores for fisheries susceptibility also varied relatively little, andrtlyeattribute
GKSNBE | WKAIKQ IyR Wi2gQ a02NB 4l & | OKASQ!
FTAAKSNEQI GKAOK gla aAyYLit e I YAAAYGSNLINBG
clear scoring instructions for this attribute, unddranging management regimes) and was

quickly rectified following a clarification by the lead author.
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Tablel3: Results of the PSA vulnerabilities and overall rankings for elasmobranchs in the Gillnet and Otter Trawl fisheriettin $ea.C

Both Gears Otter Trawl Gillnet Otter Trawl Gillnet

Srees FAO Productivity Susceptibility Susceptibility VuInerabiIity VuInerabiIity
Score Score Score Score Score Score
Tope Galeorhinus galeus GAG 1.33 2.88 2.07 2.85 2.11 2.80 1.98 2.00 1
Angel shark $quatina squating AGN 1.29 3.82 2.00 3.22 1.97 3.07 1.98 1 1.97 2
Spurdog(Squalus acanthigs DGS 1.39 1.97 2.06 2.00 2.12 1.94 1.93 3 1.96 3
White skate Rostroraja albg RJA 1.52 3.55 2.10 3.37 2.16 3.48 1.85 4 1.88 4
Flapper skate Dipturus intermediu$ RJB1 1.50 2.79 2.06 2.98 2.12 2.98 1.83 5 1.87 5
Electric ray Torpedo nobiliana TTO 1.48 4.06 1.93 3.00 1.95 3.06 1.78 6 1.79 7
Commonblue skate Dipturus bati9 RJB2 1.65 2.94 2.13 2.77 2.18 2.72 1.76 7 1.79 6
Blonde ray Raja brachyurg RJH 1.76 3.03 2.22 2.61 2.24 2.63 1.74 8 1.75 8
Longnosed skate Dipturus oxyrinchu} RJO 1.71 4.00 2.16 3.32 2.14 3.31 1.73 9 1.72 | 10
Norwegian skate Dipturus nidarosiensis JAD 1.65 3.88 2.04 3.35 2.10 3.36 1.70 10 | 1.74 9
Starry smoothhound (Mustelus asteria® SDS 1.70 291 2.10 2.42 2.12 2.45 1.70 11 172 @ 11
Shagreen rayl(eucoraja fullonici RJF 1.77 3.76 2.14 291 2.19 2.86 1.67 12 | 171 | 12
Sandy ray l(eucoraja circularis RJI 1.77 3.76 2.12 3.42 2.14 3.47 1.66 13 168 13
Smalleyed ray Raja microocellata RJE 1.80 3.03 2.10 2.56 2.12 2.60 1.63 14 | 164 | 15
Marbled electric ray Torpedo marmoratd TTR 1.67 3.82 1.93 3.02 1.95 3.09 1.63 15 164 16
Undulate ray Raja undulatg RJU 1.86 2.88 2.12 2.84 2.19 2.78 1.60 17 165 14
Thornback ray Raja clavatg RJC 1.89 2.24 2.18 2.44 2.11 2.44 1.61 16 156 17
Spotted ray Raja montagu) RJIM 1.98 2.55 2.10 2.55 2.10 2.56 1.50 18 150 18
Cuckoo rayl(eucoraja naevus RJIN 1.98 2.42 2.06 2.46 2.07 2.51 1.46 19 148 19
Greaterspotted dogfish Scyliorhinus stellaris SYT 1.98 3.88 1.92 2.80 1.90 2.79 1.37 20 | 135 20
Lesserspotted dogfish Scyliorhinus canicula SYC 2.09 2.67 1.91 2.03 1.82 2.02 1.29 21 122 21

9 Since this work was undertakend published, the FAO have recently introduced a new codBifmurus intermediugDRJ), witlDipturus batigemaining as RJB.
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3.4.2 Modelling confidence of expert responses
The beta distributions resulting from the attribute score and confidence, for each species by
expert and gear were plotted to examine the spread of these data. Example distributions for
three contrasting specge(blonde ray; lessespotted dogfishScyliorhinus canicuknd angel
shark) are shownHjgure5). Where only two or three distributions are evident, more than

one expert gave the same combination of attribute and confidence score.
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Figure5: Beta distributiondor the attribute susceptibility score for three example species, blonde ray (RJH),

lesserspotted dogfish (SYC) angel shark (AGN), given by experts in relation to otter trawl fisheries.

Chapter 3: Productivity susceptibility analyses of UK skate stocks Page66



Ly a42YS OFasSa GKS AINBSYSyld @&KSNBINE (KNGS
all experts concluded the same attribute score, but with slightly different levels of
O2y¥TARSYOSs: odzi Ay 20GKSNJ OFaSaz tA1S GKS

of attribute scores.

Further examination of theselata was undertaken by plotting the distributions for the
weighted susceptibility scores by species and gegufe6 and Figure?), to see how these
scores differed between experts. Trends in scores could be identified across experts, for
example expert four had the lowest confidence in their scores for all species @hd b
fisheries assessed, while expert one was usually more confident in their scores. Trends in
confidence also varied within individual experts depending upon the sped@sexample
expert one was more confident in relation to spurdog (DGS§igare6), but very unsure of

the susceptibility scores for Norwegian skate (JAD) in both fisheries.

AGN DGS GAG
15
25 A 7 2@%&>
2.5+
0.0- /// =
JAD RJA RJB1
7.5+
5.041
2.5
0.0 =

RJB2 RJC RJE

oo
oo u;m
| N N |
E//; ;

ex_pert_no

RJF RJH RJI

Densit
(=3 \VIé) BN
oo oO,m
| A | 1 1
\\
E\

RJN RJO

ISY SO EN
owmowm
L1

2 Z

= =<

SDS SYC

>’>é‘%
%
/

T I 1 I
1.5 2.0 25 1.5 2.0 25 1.5 2.0 25
Weighted susceptibility score

Figure 6: Distribution of the weighted susceptitty scores by expert and averaged across experts for

elasmobranchs taken in otter trawl fisheries. Seblel3for species codes.
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Figure 7: Distribution of the weighted susceptibility scores by expert and averaged across experts for

elasmobranchs taken in gillnet fisheries. Sablel3for species codes.

There was a striking resemblance between both fisheries assessed, with the average
probability distributions Figure 8) mirroring each other. While some species were
considered more susceptible in gillnet fisheries than otter trawl fisheries, and vice versa, the
actual probability curves were almost identical in most cases. Fifteen of the 21 species
assessed were considet more vulnerable in gillnet fisheries than otter trawl, however in
five of these cases, the vulnerability score was just 0.01 more. Five species were considered
to be more vulnerable in otter trawl fisheries, including three species of shark (less®r
greaterspotted dogfishScyliorhinus stellarisnd angel shark). The largest variation in
vulnerability score received between the two fisheries was lespetted dogfish (SYC),
which was the most biologically productive species in this assessment akddrdeast
vulnerable overall in both fisheries. The most commercially important skate for the UK, in
terms of quantities landed, is thornback rRgja clavatgd RJC), which was considered to be

more vulnerable in otter trawls than gillnets.
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13for species codes.

Discussion
PSAankings

This assessment was conducted primarily to assess the relative vulnerabilities of the various
skates, caught in mixed fisheries, currently managed under a common TAC in the Celtic Seas
ecoregion. The inclusion of other elasmobranchs allowed coispato be drawn between

six different families of elasmobranch, thereby allowing slightly different life histories to be
included. A previous study (McCudliyal., 2012) investigated whether datéch teleostswith

jdzl yGAGEFGAGS ait201 |aaSaaNthyka ©OrRSZ RE 0By

Those results, however, were inconclusive, with elasmobranchs clustered together on the
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PSA plot as a result of their life history being so different to mosbsst. It was for this
reason that the PSA developed here was conducted on just elasmobranchs with the

attributes selected to better reflect their biological differences and so tease them apart.

That tope ranked as the most vulnerable of the calsely species in the gillnet fishery and
second in otter trawl fisheries is initially surprising, as neither of these fishing methods would
be used to target this species in practice. Although tope represent a small proportion of the
bycatch in both fishees, their large size and extremely low reproductive potential (1.33)
rendered them most vulnerable in this assessment. Tope fishing around the UK has been
largely recreational, with occasional bycatch being landed; numbers caught were never great
enough b sustain a target fishery. Given their low numbers and productivity, conservative
LINBOF dziA2yFNE YFyF3aSYSyd gFa Lidzi Ay LI IO
Ot NPEKAOAGAZ2Y 2F CAAKAY3IO0 hNRSNI HnnyQs oA
tope (other than by rod and line), a 45 kg per day limit on tope that are brought onboard,
and the prohibition of persons to land tope in England that are beheaded or captured from
rod and line. Angel shark (ranking most vulnerable in the otter tramdsecond in the gillnet
assessment) is a very rare species, extirpated from much of its former range (Rogers and Ellis,
2000). This species would only very occasionally be caught accidentally, yet its low
reproductive potential (1.29) and large uncertairgtisurrounding much of its biology lead to

a high overall vulnerability. Angel shark is subject to the highest form of protection in UK
waters through their listing on the Wildlife and Countryside Act, and also being on the list of
Prohibited species, wher is prohibited for EU vessels to fish for, to retain on board, to
tranship and to land angel shark in EU waigiace Council Regulation (EC) No 43/2009 and
Union Regulation (EU) No 23/2010).

Following tope and angel shark (both under strict managenienthe rankings, were four
species that are all either currently listed as prohibited speciebawe a minor bycatch
allowance to allow for stock rebuildingpurdog, the common skateomplex and white
skate). Similarly, the remaining species incluttegroundtruth the commercial skate, at the
other end of the spectrum also generated intuitive rankings. Lesgetted dogfish ranked

the least vulnerable in both fisheries. This species is widespread throughout the British Isles,
is one of the most feaud elasmobranchs and has been increasing in fishery dependent
surveys since at least the early 1990s. Its sister species, the gspmitted dogfish, was
ranked next least vulnerable. Other species including electrid aagedo nobilianastarry
smooth-hound Mustelus asteriasand marbled electric rajforpedo marmorata ranked

between sixth and sixteenth. Again, these rankings all appear credible given their respective
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body sizes, largely neecommercial naturein this area fecundity and distributions. W
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the most depleted and for which restrictive management has been introduced recently, were

ranked as most vulnerable.

The relative rankings for the commeatskate species landed within the generic TAC also
appear plausible, with the larger bodied and less widespread species (e.g. blonde ray, long
nosed skate, Norwegian skate, shagreen kaycoraja fullonicaand sandy ray.eucoraja
circularig, for whichno appropriate monitoring is available, being ranked higher (eighth to
thirteenth), than others within the assemblage. The most commercially important ray,
thornback ray was ranked sixteenth and seventeenth most vulnerable in the otter trawl and
gilinet fisheries respectively. This species, although relatively laogéed, is more
productive than its compatriots, is widespread across the area, and unlike many of the other
skate and rays has appropriate monitoring through fisheries independent surveys, from
which trends in stock status can be estimated. Credibly, the smaller bodied, widely
distributed species also with informative stock trends (i.e. spottedRaj montaguiand

cuckoo rayLeucoraja naevyganked lowest in the skate and ray assemblage.

Of course, as a dathmited method, there are several drawbacks within it, including a limit

on the many aspects of a complex system of biology and fisher behaviour that can be
considered. Devinet al. (2012) exposed several weaknesses in the PSA techrigd
scoring of attributes, stating that thésusceptibility criteria need to be-evaluated. ICES
(2012b) stated thatthese weaknesses need to be further explored within the context of
stocks for which ICES provides adice | 2 6 SOSNE & 2yYSH aBH Qi KR SY ¢
Devineet al. (2012) were mitigated against in our PSA application, by better tailoring the
FGGNROdzGSa (G2 GKS aLISOASE o0SAy3a FaaSaaSRo
(included by Patricket al. 2009) was modified to daress three distinct attributes
(commercial nature of the stock, management in place and stock monitoring) to better
reflect the state of the population rather than just whether management strategies are in
place. Fisher behaviour was considered in tiissaSa a YSy i dzy RSNJ G4 KS A
attribute, detailing whether stocks were nesommercial, important bycatch or highly
commercial and targetedan essential attribute to be accounted for with respect to fisher

discard and retention patterns.

A lmitation in the current application is the disregard of selectivity varying by life history

stage. There is clearly varying size selection of species in different gears. Currently species
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are assessed irrespective of actual body size (rather their maxiattamable size) or life
history stage, when, for example, a juvenile ray would be more susceptible to capture in otter
or beam trawl than large meshed gillnets, whilst larger skates may not be caught in beam
trawls (Silveet al,, 2012). This could be ingmrated in future assessments, with species
broken down into juveniles and adults as a minimum and assessed separately. This could
further assist where necessary in subsequently identifying effective management

interventions.

This study chose to assas® otter trawl and gillnet fisheries, as these are the main gears
catching skates and rays in this area. Although the susceptibility attributes were given due
consideration and modification, they did not discriminate well from one anotRajufe3,
Figured, Figure8; Tablel3) as they are both similar in terms of their area of operation, depth
and target species. Additionally, given that most of these species also occur on broadly similar
habitat types and sediments, and have comparable molpdpy affecting capture, the main
differences in susceptibility will be derived from differences in spatial distribution in this

particular case study.

Although modifying attributes to fit a specific species assemblage or on a fishery by fishery
basis wil not allow direct comparison between PSAs, it will make each assessment more
robust and appropriate for defining vulnerability of a stock relative to its compatriots. Given
that speciex is assessed relative to specigsin each assessment, it would bawise to
compare across different applications anyway, given the different experts involved and

potential variations in PSA methodologies (e.g. Feela., 2010).

hyS 2F (GKS | GGNAROdziSa AYyGNRBRJIZOSR KSNB 4l
suggested that taxa with low rates of speciation may be more prone to extinction (Heard and
Mooers, 2000). Whilst expert opinion did not rank this attribute highly in terms of fisheries
management, it may be ranked more highly if such PSA approaches atdouaedress
biodiversity considerations, especially since monotypic families may also be deemed of
greater importance in the maintenance of phylogenetic diversity (Vézquez and Gittleman,
1998). Conversely, breeding cycle was weighted of high importarelagmobranchs by the
experts, given that the fecundity attribute does not provide any indication of the frequency

of breeding, which can range from multiple broods per year to triennial cycles.
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3.5.2 Modelling confidence of expert responses
In this study the ghtributions of the trait scores are assumed to be independent. However, it
is known that some life history traits are correlated (for example, species with high growth
rates tend to also have a low age at maturity) and the same may well be true of natthgs
Iy AYRAGARdZ f SELISNIQa FaasSaavySyioe ¢KS |
correlations could be quantified and incorporated into the analysis. Doing so might well lead
to an increase in the 'true' uncertainty of the scores but estin@the covariance structure
of the scores would require a much larger sample size. It may therefore be better to view the
differences between individual assessments as a measure of variation between the experts
we used rather than an estimate of the vara@t in a larger population of experts or an
AYRAOFG2NI 2F 42YS WiNHzSQ Ol fdzS 2F dzy OSNI | .

The scoring of biological attributes can be agreed by a small group of experts with
appropriate knowledge of life history and biology. Given the use of publishéeriaaand
research study results, there is no need for a large group of people to all repeat the same
exercise, although here the productivity sheets were made available to all experts for review.
However, it was felt more important to collate the rangeviews on susceptibility attributes,
where a lack of published data means the scores are much more open to interpretation and
scores can be more subjectivEhe issues surrounding the use of expert opinion in PSAs
leading to subjectivity and a lack of megucibility were highlightedby Hordyk and
Carruthers (2018) however by consolidating knowledge from éoyerts andalsoformally

considering uncertainty this application mitigates such biagesre possible.

The range in the distribution of susceptibility scores and associated confidences highlights
the importance of collating a range of independently derived expertiops) to allow these

adz0 2SOUADAGASE G2 0SS WwWavY22U0KSRQ 2dzioe LT
some could have their scores dowreighted, and other ugveighted. This procedure was

not investigated in this study, as it was initially beéd that the confidence score would

allow for the spread of knowledge and quantified in this way. However Aspinall (2010)
highlights the potential bias that can accompany expert confidence, where those with lowest
confidence rated better in their (knowanswer) seed questions (to calibrate proficiency),
YR (KdzA 6SNB 3IABSYy Y2NB WgSAIKIQ 20SNI

confidence.

The spread of the geographic location of experts appears to have a bearing on these

assessments. Althougddil experts were selected based on their knowledge of these species
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fisheries in which they have the greatest understanding. In this case, one of the experts did
not score all species and several requests for expert opinion were rejected due to their lack
of confidence in the area. The geographic influence needs to be given due consideration
especially as there is a wide range of species which are only targeted coraliyan certain

areas, and also as there can be different national and regional fishery regulations in coastal

waters.

The most geographically remote expert (number four), had the lowest scoring confidence for
every species and in both fisheries asséssThis indicates that possibly they were either
unsure of the overall method or had limited understanding of the fisheries operating in that
region. Conversely, expert one (more local to the Celtic Sea) had a much greater confidence

Ay GKS & lpibilhyib8tdess saifoizen®l&ss frequently encountered species.

The similar average probability distributiorfSidure8) indicated that the experts are more
confident in their knowledge of a particular species than with the more subtle technical
differences in catchability of demersal gears. The incorporationare varied fisheries (e.qg.
longline and beam trawl) into the assessment would provide a useful comparison, with a
wider spread in susceptibility scores expected. Furthermore, in order to evaluate the
potential effectiveness of management methods, adhing pressures exerted on these

species need to be given due consideration.

The overall vulnerability rankings for species based on the susceptibilities perceived by the
four independent assessors, showed them to be relatively consistgopendixll). There

were only minor differences in placing, and the three assessors who scored all 21 species
included the 10 highest ranking species (from the final assessment) in their individual top 14
places. The greatest difference in ranks between individuassess was seven positions,

and this was found for Norwegian skate in the gillnet assessment and starry simouatial

in the otter trawl assessment. In the case of Norwegian skate, two of the three assessors who
scored this species gave the same rankingdsth), with the third assessor placing its
vulnerability seven ranks lower (fourteenth). Given that this lasgdied deepwater species

was placed ninth and tenth most vulnerable overall in the gillnet and otter trawl assessments
respectively, this severank discrepancy highlights the value of canvassing a range of expert
opinions, whereby either a consensus score can be achieved following discussions, or

discrepancies smoothed by averaging over scores.
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3.5.3 Application of PSA in management of skate fiskerie
These assessments have allowed the highest priority species within the skate complex to be
identified, using probability modelling to convey expert opinion. The main challenge from
this point is utilising such assessments to inform management advicéde kiki approach
helps highlight where knowledge gathering and management action should be prioritised,
PSAs do not have the ability to calculate the maximum sustainable yield (MSY) or an
appropriate quota. That said, in the USA, information generated dutin PSA process has
been shown to be useful in settidgceptableBiologicalCatch (ABC), for dathmited species
where reliable catch data are available. A tiered approach is used to define precautionary
catch limits that account for scientific uncekta/ 1 & Ay (G KS S @DierAghing S 2
Limit (OFL), so less productive species are managed with more precaution and a larger buffer
between the ABC and OFL (Berkstral, 2011; Carmichael and Fenske, 2011). Further
potential utilization of PSAs in assessment, could be in the incorporation of information (such
as productivity estimates) in the development of priors, including intrinsic growth rate
(McAllisteret al.,, 2001 Martell and Froese, 2013), depletion (Cagieal., 2015 and fishing
mortality rates (Osiet al., 2015)

For some potential methods to derive catch limits, which may employ PSA information (e.qg.
setting an ABC using depletitmased stock reductiomnalysis), a timeeries of catch is
required. The skate species examined in this PSA have only a very short time series of reliable
catch data, as up until 2008, skates and rays were reported in generic categories, rather than
to species level. Since 280for the North Sea), and 2009 (for the Celtic Seas), the European
Commission has obliged member states to provide spexpesific landings data for the
major skate and ray species, in order to improve understanding of skate stocks in the area
(CEC2008 2009). Compliance with this legislation has varied fragh00% by region and
member state and, whilst improving, there are some data quality and species identification

issues (ICES, 2013b)

With the reform of the Common Fisheries Policy (CFP) atreaderway in EU waters, which
promotes an increase in regionalised management (@BC3), and in order to meet
initiatives to eliminate discards and protect sensitive species, such as elasmobranchs, there
may conceivably be a move away from such higllamee on quota systems. More

regionalised management could employ technical measures and effort restrictions, and PSA

1OWhilst there have been further improvements in the reporting of skate landings to species since this
study was undertaken, thre are still some issues regarding iti@&ta quality (ICES, 2016)
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3.6

approaches may help promote discussions with stakeholders on how best to introduce

appropriate and pragmatic management measures.

In this assessment, five of the top ranked species already have some form of restrictive
management in place (prohibited status or zero TAC), based on perceived stock depletion.
Therefore, managers can focus consideration on the nextita@igking species to enselithat
monitoring is fit for purpose, and where necessary make proactive precautionary
management decisions. In the case of the skate and ray assemblage caught in mixed fisheries
and managed under the generic skate TAC at present, future advice mayambedetter

geared towards managing the most vulnerable member of the complex (e.g. blonde ray).
Managers must also remain vigilant to those species in the more intermediate rankings,

whilst collecting more data for future assessments.

Future managemenscenarios could be tested using PSAs t@amre under alternative
management options (e.g. maximum landing length, minimum landing size, spatial or
temporal restrictions, reduced soak time or tow duration, depth restrictions) and help
identify the effectsthese interactions will have across all species rather than just the main
target commercial or important bycatch species (e.g. Watingl., 2011).Indeed, a critique

of PSAs by Hordyk and Carruthers (2018) suggests the use of operating models ftedexplo
stocks in the place of PSAs, which can be incorporated into a management strategy
evaluation (MSE) framework to assess alternative management optitovgever, this PSA
approach is applicable to both target and ntamget species alike isingle andmulti-species
data-deficient situations (e.g. artisanal fisheries in developiogntries, e.g. Judiet al,

2019.

It may also be emphasised that, whilst PSA approaches may be useful in the initial evaluation
of certain management options, it is impontathat fishers from relevant sectors of the fleet

can be involved in such processes. Engaging stakeholders to identify the merits of those
measures they deem most pragmatic would enhance the iterative process of applying PSA

approaches within regional magement.

Conclusions
This PSA approach, which incorporates the modelling of uncertainty in expert responses, has
identified the relative vulnerability risk for elasmobranch species within two fisheries in the

Celtic Sea. Currently this PSA cannot be used to identify appremaath levels. However,
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3.7

by expanding management to the most vulnerable commercial species (e.g. blonde ray)
within a complex such as this, which is currently managed under a generic quota system, this
approach can provide a starting point for investiggtaiternative management options. The
innovative incorporation of expert opinion, probability scoring, and uncertainty modelling
adds independent robustness to any rankings and subsequent advice or management

priorities and measures resulting from this assment.
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4 Lengths at maturity and @nversion factorsfor Rajidae

of the British Isles

This Chapter was based on the followmgblication:

MccCully, S. R., Scott, F. and Ellis, J. R. (2012). Lengths at maturity and conversion factors for skat
(Rajidae) around the British Isles, with an analysis of data in the literd@ES Journal of Marine
Science69(10), 18121822.

https://doi.org/10.1093/icesjms/fss150

The candidatevas responsible for dateollection andcollation, analysisinterpretation, leading the
authorshipand production ofTable 14¢Table 17. Dr. F. Scott was responsible for the-d®de
modelling the maturity ogives and subsequent productionFidure9¢Figurell. This work was
undertaken under the supervision bir. J Ellis whowas also involved in data collectiaeyviewing
literature andcollated material fofTable19 and Table20, andcommented on and contributed to
the interpretation andtext. Whilst the underlying data included data collected the candidate
and Dr. JEllis during fishendependent trawl surveys and other field studies, further maturity

data were collected by other Cefas sg@ing staff on annual trawl surveys.

Minor updates to tke introduction and discussion have been made to incorporate relevant recent

literature.

4.1 Abstract

Biological data on skates (Rajidae) from around the British Isles were collected between 1992 and
2010. The relationship between total length and weidbt nine species Amblyraja radiata
Dipturus bati&', Leucoraja fullonicaL. naevusRaja brachyuraR. clavata R. microocellataR.
montagui andR. undulatd are provided by sex and ICES ecoregion (when significantly different).

Conversion factors fadisc width to total length are provided. The lengths at first maturity and of

11 The original paper stateBipturus batiscomplex, as at the time of publishing, the taxonomic
separation of common blue skaf@. batisand flapper skat®. intermediugsee Griffithset al., 2010;
Igésias et al, 2010) had not been internationally accepted. These two species have now been
accepted as two distinct species (Latstl, 2016a, b). Rexamination of original data indicates that
only one specimen would have likely referredDo intermediusand as a small (80 cm)Limmature
individual would not impact the analyses (given that matDrebatiswere all >100 cm+), maturity
ogives or interpretation, thus for the purposes of clarity the text has been amended to refer only to
the smallerbodiedD. batis
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the largest immature skates are reported by sex, and the lengths at 50% maturity are estimated.
Spatial differences in the length at maturity Rf clavatgfemales only) andl.naevus(both sexes)

were observed. The lengths at maturity are discussed in relation to the results of earlier studies,
and methodological differences are considered to have influenced reputed decreases in the length
at maturity. A more standardized appoh to collecting and reporting maturity information is

required if potential spatial differences and temporal changes are to be investigated.

4.2 Introduction

Skates (Rajidae) are vulnerable to overfishing because they ardivedg slowgrowing, late to
mature, have protracted breeding cycles, and produce few young, which, coupled with their
generally large size, morphology, and aggregating nature renders them susceptible to capture in
many fisheries (Elligt al, 2010). Although the issue is nhow widebBcagnized by fisheries
managers, it should also be noted that concerns over skate stocks in northern Europe were
expressed early in the 20th centu{@ectionl.2). Fao example, Howell (1921), and Steven (1932)
both held concerns over localized and regional declines in skate stocks, and about the
accompanying lack of both biological and ecological knowledge of the various species. By the 1970s
Holden (1977) questioned KSG KSNJ St aY20 NI yOK FTAAKSNASa 4.
biology and susceptibility to capture, and suggested that skate stocks had not been replacing
themselves for 1820 years. This insightful work provided the catalyst for increased biologica
studies on elasmobranchs, with the importance of key lifstory parameters recognized as
essential for fisheries assessment and management, and ultimately the sustainable exploitation of

elasmobranchs.

Species that attain and mature at a large boie sare typically less resilient to overexploitation
(Holden, 1977; Brander, 1981), because such characteristics are often associated with slow rates of
population growth. Hence, the depletion of some larger species of skate may allow smaller
sympatric speies, which may grow faster and mature earlier, to increase in relative terms. Dulvy
and Reynolds (2002) reported that extirpated skates tended to have a large body size, as seen in
the extirpation of the common skate compl®ipturus batisfrom the IrishSea (Brander, 1981;
Dipturus batiss now recognized as two speci&ipturus batisand Dipturus intermediusLastet

al., 20164, b), and white skaRostroraja albdrom the English Channel (Rogers and Ellis, 2000; Ellis
et al, 2010). The barndoor skalpturus laevisvas also thought to have declined dramatically in

the Northwest Atlantic (Casey and Myers, 1998), although more recent investigations into the life
history parameters of this species have shown that it may be more resilient to overfishing than

previously thought (e.g. Gedamkeal., 2009).
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Improved biological knowledge, including lengtieight and total lengthdisc width conversion
factors, are neede to support the assessment and management of skate fisheries. Such conversion
factors are required to estimate the weights of fish measured in market sampling and on board
commercial fishing vessels. Additionally, weighsize conversion factors can bhesed in
recreational fisheries, if anglers are to return fish alive (Ko#ex., 1995). Similarly, total length

disc width conversions are needed when a specimen has a damaged tail or is sampled in a state
already processed for market. The ICES Worirayip on Elasmobranch Fishes (WGEF) collated a
variety of conversion factors for elasmobranchs (ICES, 2007), although data for some factors were

limited for several of the skates in UK waters.

Length at maturity is another key biological parameter gitkat it is fundamental to the
application of demographic and other assessment models and can be used in helping to inform on
size restrictions (Caddy and Mahon, 1995). Examination of the spatial differenceshistbfy
parameters can also be used tottee ascertain potential stock boundaries (Pawson and Ellis,
2005), and knowledge of temporal changes in such parameters can help inform on potential fishing

impacts.

Overexploitation of fish can lead to densigpendent changes in certain liféstorycharacteristics

(Fahy, 1989a), and in some elasmobranch populations, demsfigndent regulation can be
achieved by compensatory increases in fecundity and growth rate, and a reduced length at maturity
(Ellis and Keable, 2008). Reduéemialesize at matuty, potentially in response to fishing pressure

and decreases in population size, have been discussed for several elasmobranchs, including spurdo
Squalus acanthiaéSosebee, 2005; Bubleyt al, 2013)and yellownose skat®ipturus chilensis
(Paesch an@®@ddone, 2008). However, because of the sporadic nature of many biological studies of
elasmobranchs, and that sources of biological material and methods are often different between
disparate studies, relating observed temporal differences inhiigééory paameters to the effects

of overexploitation can be problematic (Ellis and Keable, 2008).

The present study provides information on the lengileight and total lengtkdisc width
relationships for the main skate species found over the continental shelf of the British Isles,
including starry rayAmblyraja radiatacommon(blue)skateDipturus bats, shagreen raj.eucoraja
fullonica cuckoo raylLeucoraja naevysblonde rayRaja brachyurathornback rayRaja clavata
smalleyed rayRaja microocellataspotted rayRaja montaguiand undulate rajRaja undulataThe
observed lengths at first maturityna largest immature fish found are given, and the length at 50%

maturity (Lsg) is estimated.
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4.3 Materials and methods

4.3.1 Field studies and biological sampling

Skates were caught during groundfish surveys in the North Sea, English Channel, liBss®ea,

| KIyySts FyR [/ StGAO {SIF Rd2NAYy3a 0620G2Y GNI of
O9YRSI @2dzNE® 5FGF O2tfSOGA2y &G NISR 2y az2vys
collected after 2000. Additional data on the length at matudfyR. clavatawere collected from
commercial fishing vessels during a UK Fishery Science Partnership (FSP) project collectin
information on this species in the southern North Sea (Ellial., 2008). Additional data on total
lengthcdisc width and lengttat maturity were also available fd®. undulataR. brachyuraand
Dipturus batisrom ongoing field studies on skate discard survival. The surveys used in the study

are summarised ifablel4.

Total length i) was measured to the centimetre below from the tip of the snout to the end of the
tail (unless damaged), and total weigkit)was recorded to the nearest 1 g (juveniles) or 5 g (larger
individuals). At the start fothe period, data on disc widttDf were also collected, but in recent

years this information has only been collected for larger fish and/or less abundant species
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Tablel4: Summary of groundfish surveys (GFS), beam trawl surveys (BTS), Fisheries Science Partnership (FSP), and other peabf@ntheesaliection of biological information. Sampling

gears used on RV surveys were Portuguese high headline trawl (PHHE)O@vamnture Verticale Trawl (GOV), and 4 m beam trawl (BT).

Sampling gear ICES Ecoregion ICES Division 0

Data collectionframework survey 20052010 1 PHHT Celtic Sea Irish and Celtic Seas 1578
(7.a, &h, )

North Sea GFS 20022004 1 GOV North Sea and eastern Channel North Sea 214
(4.b,9

Western Channel BTS 2006;2010 1 BT Celtic Sea Western English Channel 560
(7.9

West Coast GFS 1995 and 2004 1 PHHT Celtic Sea Western English Channel and Celti 161
Sea
(7.e,fch, j)

Gear trials 2008 land3 GOV North Sea and eastern Channel North Sea 396
(4.b,9

Thames thornback ray FSP 20072008 1c¢4 Commercial longline, | North Sea an@astern Channel | Southern North Sea 2 887

otter trawl, and gillnet (40)

Skate and ray discard survival projec 2010 2 Gillnet North Sea and eastern Channel English Channel 118
(7.dce)

Eastern English Channel BTS 20022009 3 BT North Sea and eastern Channel Southern North Sea and eastern 1257
English Channel
(4.cand 7.9

North Sea GFS 2004c2009 3 GOV North Sea and eastern Channel North Sea 1047
(4.2c0)

Bristol Channel and Irish Sea BTS 19922009 3 BT Celtic Sea Irish Sea, Bristol Chanreatd parts 7 497
of the Celtic Sea
(7.a,f, 9

Irish Sea and Celtic Sea GFS 2003;2009 4 GOV Celtic Sea Irish Sea, Bristol Channel and Celti 2 466
Seaand western English Channel
(7.4, e, €h)
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4.3.2 Maturity scale

All skate were classified as immature (A), maturing (B), mature (C), or active (D), according to the
maturity key given iTablel5. Only fish at stages C and D are considered to be mature (i.e. capable
of reproducing). Male maturity was usually assigned based on clasper state. For specimens where
the external observationf clasper state was felt to be inconclusive (e.g. for fish that may or may
not have reached stage C), those fish were dissected and the internal reproductive organs examined

to gauge maturity more accurately.

Female maturity was assigned based on exatiom of internal reproductive organs. In recent
years, however, females of either <40 drf (nontaguandL. naevul <45 cmR. clavaty, <55 cm

(L. fullonicaR. brachyuraR. microocellatand R. undulaty are not usually examined if alive, and
are assmed to be immature (based on preliminary observations of the data shown here). Different
states of eggase formation were not recorded, because very few active females were observed
during surveys, either because the surveys were conducted outside tlre spawning season

and/or away from the spawning grounds.

Quantitative data to validate the maturity stage information (e.g. clasper length for males, oviducal
gland width for females) were not collected owing to time constraints. Similarly, althouighates

of fecundity are needed for many species of skate species, there is currently no resource to allow
for the collection, preservation, and subsequent laboratory examination of skate ovaries, and this

was not undertaken.

Tablel5: Maturity scale used for skates in the present study.

Maturity stage Males Females
A (Immature) Claspers undeveloped, shorter tha Ovaries small, gelatinous, granulated,
extreme tips of posterior margin of but with no differentiated follicles
pelvic fin.Testes small and thread | visible.Oviducts small and thread
shaped shaped, width of oviducal gland not
much greater than the width of oviduct

B (Maturing) Claspers longer than posterior Ovaries enlarged and with more
margin of pelvic fin, their tips more| transparent walls. Follicles
structured, hut claspers soft and differentiated in various small sizes (ca
flexible and cartilaginous elements| <5 mm). Oviducts small and thrta

not hardened. Testes enlarged, shaped, width of oviducal gland greatel
sperm ducts beginning to meander than width of the oviduct, not hardened
C (Mature) Claspers longer than posterior Ovaries large with enlarged follicles

margin of pelvic fin, cartilaginous | (ca.>5 mm), with some very large, yolk
elements hardene@nd claspers filled follicles (ca. 10 mm) also present.
stiff. Testes enlarged, sperm ducts| Uteri enlarged and wide, oviducal glanc
meandering and filleavith sperm fully formed and hard

D (Active) Clasper reddish and swollen, sperr Egg capsules beginning to form in
present inclasper groove, or oviducal gland, partially visible in uteri,
flowing if pressure exerted on or egg capsules fully formed and
cloaca hardened and in oviducts/uteri, or egg

case being exuded from cloaca
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4.3.3 Data analysis

Maturity data and lengthweight data were collated by species, sex, and ICES ecoregion.
Generalized linear models (GLMs) were used to investigate the lemngibht relationship and the
proportion of fish mature at length. To maximise wider utility of thes¢adaex was always
disaggregated in these analyses, and potential spatial differences (by ecoregion) were examined for

the three most abundant speciek. (naevusR. clavataand R. montagui.

Initially, a sexdisaggregated lengtiweight relationship W = als®) was fitted for each species,
combining both ecoregions. The function wastmnsformed so that a linear regression could be
fitted. To investigate whether this relationship varied between ecoregion, a GLM was used to fit
the lenghgweight relationship with ecoregion as an interaction. The errors were assumed to be
Gaussian. The fitted parametera dnd b), sample size, length range, and significant differences
between parameter values were returned for each ecoregitabl{el6). The sample sizes included

in Table 16 cannot be used to examine the sex ratio, dese some studies (e.g. tagging

programmes) only provided maturity information for male skate.

The linear relationship between total length and disc width was calculated according to the
equationD =aly+ b (Tablel?). Data were not separated into ecoregions, because data for most

species (excepA. radiatg were for the Celtic Seas ecoregion.

The relationship between the proportion of fish mature at length was also investigatdue18)
through a GLM model where the error distribution and link function were binomial (Crawley, 2007).
The numbers of mature and immature fish at length were used to model the proportion of mature
fish using a logistic model as a function of lengthasp = €%/ 1+&*** Therefore, Ing/ g) =a + bx,
wherep is the proportion of mature fish, angl= 1¢ p, the proportion of immature fish. This gives

a linear predictora +bx, for the logit transfomation ofp, In(p/q). A linear regression was not used
because data analyses were weighted by sample size, there may have beeanstent binomial

variance, and linear regression can predict values outside the ragige 0

Additionally, analyses were ax#éned in relation to overdispersion where, in general, the residual
scaled deviance should be roughly equal to the residual degrees of freedom. Data were separated
by sex and then into mature and immature skate, with one dataset for combined ecoregiahs, an

a second dataset that kept them separate to identify any potential significant differences in the

length at maturity between ecoregions.
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Initially, a GLM was used to fit the number mature and immature against length, with ecoregion
not considered as a factor. A function was written to fit the GLM on subsets of the data, i.e. by
species and sex. The function returned the parameters of trenfl their significance, the Akaike
information criterion (AIC), the lelikelihood, the number of observations, and the estimategl L
Subsequently, another GLM function was written that used ecoregion as an interaction with length.
This was analysed fdinree speciesR. clavataR. montaguiand L. naevul because there were
sufficient data for both ecoregions. Where the interaction was significant tyarameters were
produced (one for each ecoregion), though the intercept parametem@s not fitted separately

for each ecoregion, thus yielding different relationships between the proportion mature at length
for each ecoregion. The significance level was set at 0.05. Model fitting was carried out in the

statistical environment R v23.2 (R DevelopméiCore Team, 2011).
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Tablel6: Lengthweight relationships and length at maturity for skates (Rajidae) around the British Isles by sex and ecoregion, wheaathygtiffierent (marked in bold).

Number of fish used in Number of fish used
for maturity studies| _. . . 50% mature
(E9)

lengthqweight . _
calculation el e i it = el (number of mature

Ecoregion (length range) fish)
Female Male Female |Male|Female| Male| Female | Male |Femald

i I I N N B

First maturity | Largest immature

A. radiata North Sea 426 446 0.0084 3.004 096 00114 2.915 0.95 426 446 30 32 44 46 36.2 38.4
(8¢49) (8¢49) (181)  (148)

D. batis Combined 30 32 0.0041 3.123 095 00026 3222 099 30 32 115 125 98 97 ¢ ¢
(20c118)  (19135) (2 (2

L. fullonica Combined 17 17 0.0014 3.317 0099 0.0036 3.075 0.98 17 17 75 ¢ 82 C C C
(21¢96) (24c70) 2 )

L nasvis Combined 943 948  0.0041 3.105 099 00035 3.147 099 944 948 48 45 64 65 56.4 59.4
(11¢72)  (10c69) (128) (75)

Celtic Seas 834 819 00041 3.105 099 00036 3.147 099 835 819 49 51 64 65 57.3 59.8
(11c72)  (10c69) (100) (61)

North Sea 109 129 00032 3.161 0.99 0.0030 3.183 097 109 129 48 45 57 58 50.8 53.6
(17¢63)  (1562) (28) (14)

R. brachyura Combined 357 386  0.0027 3.256 099 00026 3.271 0.99 359 387 55 60 91 93 780 834
(1%100)  (12¢102) (25) 17)

R Combined 3123 3073  0.0046 3.082 099 00037 3.148 099 5917 3229 47 47 88 9 666 766
(10c94)  (10c98) (1119)  (206)

Celtic Seas 2427 2368  0.0042 3.106 099 0.0036 3.162 099 2427 2368 56 47 76 90 ¢ 782
(10c89)  (10c98) (276)  (107)

North Sea 696 705  0.0061 3.003 0099 00046 3.090 0.99 3490 861 47 57 88 82 ¢ 737
(1%94)  (1%92) (843) (99)

R. microocellata Combined 703 733 00032 3.195 099 00028 3.248 0.99 705 733 66 73 74 83 68.9 77.9
(1%80)  (1285) (65) (26)

R. montagui Combined 1900 1775  0.0042 3100 099 00031 3.194 099 1911 1775 40 49 66 70 509 625
(10c67)  (10c76) (310) (84)

R. undulata Combined 58 33 0.0035 3.162 0.99 0.0043 3.112 0.99 85 34 80 79 88 83 823 NA
(22¢89) (17¢60) (28) (1)
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Tablel7: Relationship between total length and disc width) for nine species of skate, whebs=aly+b and

sample sizen), length range examined and correlation coefficient.

I N I I N

Raja brachyura
Raja clavata

Raja microocellata
Raja montagui
Leucoraja naevus
Amblyraja radiata
Raja undulata
Leucorajafullonica
Dipturus batis

1962
477
1141
596
486
331
25
37

12¢105
11¢96
12¢ 83
1069
10¢67
8c49
35¢100
24¢96
44¢130

0.7125
0.6572
0.7193
0.6605
0.5840
0.6592
0.5648
0.6239
0.6771

¢0.3288
0.9095
¢0.9008
0.2841
¢1.0050
0.0873
4.7130
¢2.6440
3.2687

0.99
0.98
0.99
0.99
0.99
0.94
0.97
0.99
0.97

Tablel8: GLM results from fitting the proportion of fish mature to length, with ecoregion as an interaction, and

significance level set &05.

Species p- () () Lso AlG2
(comblned) (CS) (NS value | (combined) (CS (NS)

R. clavata -23.096
F -19.161
R. montagui M -16.976
F -14.202
L. naevus M -18.668
F -22.193

4.4 Results

0.349

0.334
0.227

NAL4 NA
0.245 | 0.260
NA NA
NA NA
0.326 0.367
0.371 | 0.414

0.17
0.00
0.39
0.91
0.00
0.00

66.161

50.818
62.490

4.4.1 Lengthweight and totalength-disc width relationships

Total weight and total length were strongly correlated for all spediésx(n ® op 0 ©

78.17 73.67 168.095

NA
NA

NA
NA

57.34  50.81 90.823
59.80 | 53.62 | 84.707

234.390 5917
3229
182.142 1911
125.636| 1775
944
948

tKS C

required for the conversion of these measurements are listefablel6. The results of the GLM,

using ecoregion as a factor, indicated that there was a significant difference in weight at a given

length forR. clavatawith fish from the Celtic Seas ecoregion significantly heavier than in the North

Sea ecoregion. No significant spatial differences in the lemgtight relationship were observed

in R. montaguandL. naevus

Total length and disc width were also higleorrelated for all specieg?(k n ®dpn 0> | Yy R

required for the conversion of these measurements are givérainlel?.

12 AIC, Akaike information criterion, which measures the goodness of fit.
13n, number of observations.
14NA, the interaction was not significant and results were combined across ecoregions (CS, Celtic Seas

ecoregion; NS, North Seaoregion).
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4.4.2 Length at maturity
Maturity data were analysed for the seven most commonly caught species of skalbde(L6 and

Tablel8, Figure9¢Figurell), and descriptive notes are provided for the less frequent species.

4.4.2.1 Rajabrachyura

This was one of the larger skate species routinely sampled during surveys and, although fish of up
to 102 cm total length were caught, data were limited for large fish. The lengths at first maturity
were 60 cm and55 cm forfemales and males, andglwas reached aB3.4 cm and78.0 cm,
respectively Figure9a, b. The largest immatur®. brachyuravere 91 cm (male) and 93 cm
(female Table16). There were insufficient data to investigaspatial differences in length at

maturity.

4.4.2.2 Rajaclavata

Across all areas, femak. clavatdirst matured at 47 cm andséwas estimated at 8.6 cm (Table

16, Figure9c). First maturity in males was also 47 cm, althougiwhs attained at a smaller length
(666 cm; Tablel6, Figure9d). The largest immature female and male measured 90 &hadm,
respectively. The GLM indicated a significant difference in the length at maturity of females
between the two ecoregions, andolfor females from the North Sea was 4.5 cm less than in the

Celtic Seag~{gure9c; Tablel8).

4.4.2.3 Raja microocellata

The smallest mature male and female observed were 66 cm and 73 cm, respectivelyowaith L
68.9 cm (males) and 79 cm (femalesfFigureQe, f). The largest immature fish were 74 cm (male)
and 83 cm (femaleTablel6). Only a fewR. microocellatavere caught in the North Sea ecoregion,

and sample sizes of mature fish (especially females) were small.
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Figure9: Proportion of mature (a) female and (b) m&e brachyura(c) female and (d) maR. clavataand (e)

female and (f) mal&®. microocellataData from Celtic Seas ecoregion (open symbols) and North Sea ecoregion
(filled symbols) were combined when fitting the GLM (solid line) in all plots apart from féRnalvata (c),

where ecoregion was fouhto be a significant factor [Celtic Sea (CS, open symbols dashed line) and North Sea

(NS, filled symbols and solid line)].

4.4.2.4 Raja montagui

The smallest maturéemale and male observed wer®4m and 9 cm, respectively, and, whereas

Lso for females wa$525 cm, that for males was reached jast 50.9cm (FigurelOa, b). The largest
immature males and females were 66 cm and 70 cm, respect(f@lle 16). There were no
significant differences in length at maturity between ecoregions. The outlying points for male

maturity (FigurelQOb) resulted from lonsample sizes at certain lengths.
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4.4.2.5 Leucoraja naevus

Males and females first matured at 48 cm and 45 cm, respectively,sanéé at 564 cm and 59.4

cm (Tablel6; FigurelQOc, d. The largest immature males and females were 64 cm and 65 cm. The
GLM highlighted a significant difference in thefar both males and females between ecoregions,
that for female and mal&. naevusn the North Sea being 68.5 cm less than in the Celtic Seas
(Tablel8).

4.42.6 Amblyraja radiata

This was the smallest species sampled in the study and was only captured in the North Sea. The
largest fish were 49 cm long, and length at first maturity was 30 cm and 32 cm for males and females
(Tablel6). The ko values forfemales and males wer@8.4 cm and®6.2 cm respectivelyF{gurel0

e, f). The largest immature fish weré dm female) and 4 cm (male).

(a) R. montagui (b) R. montagui
e® & 00
e e
3 3
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FigurelO: Proportion of mature (a) female and (b) m&e montagui(c) female and (d) male naevusand (e)
female and (f) malé\. radiata Data from Celtic Seas ecoregion (open symbols) and North Sea ecoregion (filled
symbols) were combined when fitting the GLM (solid line) in all plots apart from female and_nredevus(c
and d), where ecoregiowas found to be a significant factor [Celtic Sea (CS, open symbols dashed line) and North

Sea (NS, filled symbols and solid line)].
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4.42.7 Rajaundulata
Data were limited for this species, so the data provided here should be viewed as preliminary. The

lengths at first maturity were broadly similar in both sexes (80 cm and 79 cm in males and females,
respectively). 4o was estimated at 8.3 cm for malesKigurel1b), but no reliable estimate of this
parameter was possible for females, given the small overall samplersiz&4) and very low

numbers of mature fislin = 1)

(a) R. undulata {b) R. unduiata

_ T e - ————-——————-————
[ ) !’ @
2 S ! 3
= | [ =
5 ; 5
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5 © ] i I
o i o
] - | [
o il o

S poame-e---~ g
B T T T T T T T
50 60 70 80 90 100 110 50 60 70 80 90 100 110
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Figurell: Proportion of mature (a) female and (b) m#&te undulataCeltic Seas ecoregion (open symbols) and
North Sea ecoregion (filled symbols) were combined when fitting the GLM (solid line). For Rermatdulata(a),
the GLM algorithm did not converge due to lack of data and no reliable estimatgadribe givenThe dashed

line in (a) is therefore only a guide.

4.42.8 Other species
Limited data were available fdr. fullonica® and theDipturus batisand, given uncertainty in their

general biology, only qualitative information on their maturity status can be provided. There were
34 records ot.. fullonican the database (all but three of which were from the Celtic Seas), 17 males
(21¢96 cm) and 17 fmales (2470 cm). All 17 females were immature, but two of the larger males

(75 and 96 cm) were mature (stage C); the largest immature male was 82 cm.

There were 62 records @. batisand all but one of these were from the Celtic Sea; samples are
most [kely to refer toD. batis (Griffithset al., 2010). There were 32 females (length rangel1B%

cm), of which only two were mature (a fish 125 cm long at maturity stage C, and a 135 cm fish at
stage D), and all the others (up to 97 cm) were immature. ©f3 males (length range 2018

cm), the two largest (11318 cm) were mature (stage C), and the others (up to 98 cm) were

immature.

15 Following publication of this study, more detailed studies on the biolodyeatoraja fullonicand
the relatedL. circularihiave been undertaken (see Chapter 6).
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4.5 Discussion

4.5.1 Lengthweight and total lengtidisc width conversion factors

The present study provides the most recent lergtieight data for the species around the British
Isles, with large sample sizes, and these data are also provided by sex and ecoregion (if significan
differences were observed). In earlier studies, Holden (1977) provided lengidht relationships

for R. wachyurg R. clavataR. montaguiandL. naevusand Ryland and Ajayi (1984) gave leqgth
weight relationships foR. clavataR. microocellatand R. montagui Lengtltweight relationships

for all these species and f&. undulatavere reported for the Bapf Biscay, English Channel, and
Celtic Sea by Dorel (1986), but data were combined for both sexes and, with the excef®@on of
undulata the sample sizes were smaller than in this study. More recently, €ball (1989)
provided lengtltweight informaton for R. clavataR. montaguand L. naevusn Scottish waters,

but data were limited by sample size and/or size range of fish examined. Other conversion factors
(including guttedweight and wingweight relationships) were given by Bedfartdal. (1986) or R.

clavatg R. brachyuraR. montaguiA. radiataandL. naevus®

The lengtlgweight relationships for the three most abundant speci@s ¢lavataR. montaguand

L. naevuswere compared by ecoregion, but significant spatial differences in this relationship were
only observed foR. clavata This may be due to the smaller sample size (especially for larger fish)
in the North Sea. However, most data for the North Sea edomegere collected during July and
August, which is after the main spawning season (Holden, 1975), whereas data for the Celtic Seas
ecoregion mostly originated from surveys in either March or from September to December, and so

temporal factors may also havnfluenced this result.

There were close relationships between total length and disc width for all species. Although there
are no national or EC minimum or maximum size limits for rajids, local bylaws in some English and
Welsh inshore waters providemainimum landing size (MLS) ofd® cm disc width for skates, and
these are enforced by Inshore Fisheries Conservation Authorities (IFCAs). On average, a disc widt
of 40c45 cm equated to estimated total lengths of 6468.7 cm, although there were species
specific differences in the total lengtlisc width relationship. For examplé, naevushas a
narrower disc than the other species studied, and a disc width g#38@m would correspond to

an estimated length of 70¢Z8.8 cm, beyond the maximum length thie species. In contrasR.

brachyuraat 40c45 cm disc width are ~56;63.6 cm long. Hence, if generic minimum landing sizes

16 Since this study was published, Siétaal. (2013) have provided lengiveight relationships for a
wide range of fish species around the British Isles, including elasmobranchs.

Chapter 4L engths at maturity and conversion factors K skates Page98




were implemented for all species of skate, this would result in increased discarding of some species
and may not benefit largeksite species, such &8s batisR. undulataor R. brachyurawhich mature

at a much larger size. In fact, the only species that attaingdy 41 cm disc width (lengths
estimated fromTablel7and compared withds as given irmablel6) wereA. radiatg L. naevusind

maleR. montagui

4.5.2 Length at maturity
The lengths at maturity for selected species of skate around the UK, as reported in previous studies,
are summarized ifablel9 and Table20. The ko values for most of the species examined tended

only to show subtle differences from values reported in earlier studies.

Only preliminary maturity eghates are available fdR. brachyuraas few mature fish were caught.

R. brachyurandR. montagucan be confused, and so it is possible that some of the smaller mature
fish may have resulted from occasional misidentifications. The current analysis érogees
increased weight to larger sample sizes at each length, and so potential outlying data points will
not unduly influence the ogive and estimates ef if. based on low sample sizes. Although the
current estimates compared well with previously refsat values (Gallaghet al., 2005), dedicated
studies to better elucidate the length at maturity for this species are required, particularly in the

case of large females.

More data were available foRaja clavata(Table19 and references therein).The present study
indicated that there were significant spatial differences in thevalue of femaleR. clavata
although this was not apparent in males. The results ofgiesent study foRR. clavatawhich is

based on a large sample size and included samples from several areas of abundance (e.g. souther
North Sea, Bristol Channel, and Irish Sea), were broadly comparable with several earlier studies
(Walker, 1999; Gallagh et al.,, 2005), but are less than reported by Steven (1934), as discussed

further below.

There has been no previous estimate of tbevialue forR. microocellataalthough Ryland and Ajayi
(1984) reported the length at first maturity which, for bothxes, was lower than recorded here.
The Iso for maleR. montaguivas lower than reported previously in the North Sea (Walker, 1999)
and Irish Sea (Gallaghet al, 2005), but for females, the present estimate was higher than
reported previously in the Bh Sea (Gallaghet al., 2005) and on par with that reported by Walker
(1999). The occasional outlying data points for nfialenontaguirom the Celtic Sea were based on

very small sample sizes for certairerh length groups. The ogive, however, was more influenced
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by the larger sample sizes (and 100% maturity) at intervening length groups and from North Sea

samples.

The lkpvalues formale and femald.. naevusvere larger in the Celtic Seas than in the North Sea,
which may be due to there being different stocks in the two areas, although other investigations to
confirm this (e.g. tagging and genetic studies) are required. dhealuesin the North Sea were

50.8 cm and 53.6 cm for males and females, respectively, slightly less than reported by Walker
(1999). Within the Celtic Seas ecoregion, thefdr males and females were 57.3 and 59.8 cm,
respectively, and these values compare wéth the estimate of Du Buit (1976) for the species in

the Celtic Sea, but are marginally higher than reported by Gallagradr (2005) for the Irish Sea.

Male and femal€eA. radiataappeared to have a marginally smalles than reported by Walker
(1999, but length at maturity in the North Sea is very different from that reported for the same

species in the Northwest Atlantic (Templeman, 1987).

Data forR. undulatavere limited, because few mature fish have been sampled in existing surveys
(Elliset a., 2012), although estimates are available for populations around the Portuguese coast
(Mouraet al., 2007).More recently,St€phan et al. (2014 examined lengths at maturity foR.
undulatafrom the Normam-Breton Gulf (i.e. the same stock unit as fistamined in this paper)

and estimated 4gas 78 and 83 cnyior males and femalesespectively. The estimate for males

was 4 cm smaller than that estimated in this paper, however the sample size (n = 889) and number
of mature fish examined by &ihanet al. (2014) was much greatend their values are, therefore,

deemed more appropriate estimates for this species.

It is uncertain whether the differences in length at maturity noted for various species above are
attributable to bona fide spatial or tempolalifferences, or simply reflect subtle differences in

sampling (e.g. maturity staging, sample sizes).

It has been suggested that there may have been temporal changes, with a redydeddcent

times. Steven (1934) suggested thatwas at 6670 cm and 5455 cm disc width for females and
males, respectively. Converted to length, these maturity estimates are far higher than observed in
all subsequent studies (Fitzmaurice, 1974; Nottage Perkins, 1983; Ryland and Ajayi, 1984;
Walker, 1999), leading to some authors questioning whether the length at maturity has decreased
over time as a result of fishing pressure (Nottage and Perkins, 1983; Whittamore and McCarthy,
2005). Howeverkrieset al. (1895) stated that a maR. clavatax NI 4§ KSNJ Y2 NB (K| y

fully developed claspers, and a fish of that length would likely be smaller than the estimated length

Chapter 4L engths at maturity and conversion factors K skates Pagel00



of about 75 cm suggested by Steven (1934), who reported that males maatigit55 cm disc
width.

The ko for R. clavatan the present study was larger than reported by Whittamore and McCarthy
(2005), probably the result of methodological differences. In recent years, several studies have
combined fish at stage B (maturidpwith later maturity stages when estimating the proportion
YIEGdzZNE 60Sd3d 2 KAGOHF Y2NEB | ydtal2000) Skdiakye Demishatn p T
ad onHnnplO AyOf dzRSR FSYItSa 6A0GK 20 NRSa 02y
these studies reported lower lengths at maturity than earlier works and the present study would
appear to be due to the inclusion of fish that were not fully mature in the proportion mature at
length. A more robust and standardized approach to reportingptmgortion mature is therefore

required.

Some earlier studies on skate maturity have failed to identify clearly either the maturity scale used,
or to what the length at maturity referred (i.e. first or 50% maturity). The adoption of standardized
maturity scales, as proposed by Workshop on Sexual Maturity Staging of Elasmobranchs (WKMSEL
ICES, 201@013 could rectify such disparities in future. For comparative purposes, all reports of
skate maturity should consistently state the lengths at first and &@&turity (Ls)) and the largest
immature fish. Although most recent studies on skate maturity have provided information on total
sample size, this often includes a disproportionate number of juveniles, and there is rarely an
indication of either the numbeof mature fish observed or the number of fish examined over the
length range spanning first to 100% maturity. If publishediigtory information and maturity data

are to be used in stock assessments, it is important that reliable estimates (basegroprigite

sample sizes, size ranges and methods) can be identified.

It is often suggested that overexploitation can lead to a reduction in the length at maturity and
maximum size. Although it is difficult to ascertain whether the length at maturitiRfolavatahas
RSONBI aSR: 3IAQSY (KIG GKS 2yfteé WSOARSYyOSQ Aa
indication of a reduced maximum length. The maximum siZe. alavataeported here (98 cm) is
similar to that reported by Nottage and Parki(1983; 102 cm), Ryland and Ajayi (1984; 99 cm), and
Fahy (1989b; 101 cmAlthough one early published study reported a maximum length of ca. 120

cm (Holt, 1910; length estimated from disc width), a discard observer trip in 2009 reported.one

17 Given that there has beeoonfusion ini KS @gARSNJ a0ASYGAFTAO O2YYdzy/
WYFGdNB Qs (GKS (SNY WRSOEt WA Y IDAYIEID &3 oIS 0o § i &
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clavataof 130 cm (Lockley, 2009). Hence, there is little indication of a decrease in the maximum

length ofR. clavataover recent time.

4.5.3 Future studies in the UK

Ongoing fishenmndependent surveys, including several that are internationally coordinated, catch
relatively high numbers of some of the more widespread skate species (as shdvabl@il6),
although data are limited for species with patchy distributions. Additionally, catch rates for larger
fish and species can also be low in such surveys. In recent years, some skate sohoiisgR.
brachyura R. clavataand R. undulata have been subject of more dedicated field surveys. For
example, in 2007 and 2008, a UK FSP project used inshore fishing vessels with commercial gears
tag and releas&. clavatan the Greater Thames Estry (Elliset al., 2008). That study provided
additional length and maturity information for 2 887 fish. Similarly, recent studies on the survival
of discarded skates in southwest England have provided more information on Rrdeeachyura

and R. undulga. These results highlight the potential value of dedicated surveys for some of the
largerbodied elasmobranchs that can be locally abundant in certain areas, because sample sizes of
mature fish in commercial gears and on commercial fishing grounds cgrebter than taken in
existing groundfish surveys. Dedicated surveys may also be required if detailed information is to be
collected for offshore species (elg.circularisndL. fullonicaChapters), given the low catch rates

of these species in exiag groundfish surveys, and limited information on their movements and

life history.
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Tablel9: Summary table for earlier estimates of length at maturityRaja clavatawith values estimated from the disadth (using the relationship ifiable17) denoted by an asterisk.

Area (and ICES D|V|5|on) Length range examined (cm) thég[;));taturity ) Source
0,

Plymouth (7.e) 17¢92 * 74.7 * 76.%82.3 * Steven (1934)
F c 17¢129 * 97.5* 99¢105 *

Irish waters (7.b) M 386 39¢83 5664 * Fitzmaurice (1974)
F 331 40c88 67.875.5*

Solway Firth (7.a) M 271 18.4¢101.6 61.8 - Nottage and Perkins (1983)
F 32.5102.1 62.4 -

Bristol Channel (7.f) M 1019 13¢99.0 60.5 - Ryland and Ajayi (1984)
F 1124 59.5 -

English Channel (7-€) M 960 10¢101 80 - Dorel (1986)
F 95 -

Bay of Biscay (8) M 23 11¢98 80 - Dorel (1986)
F 95 -

North Sea (4) M 41 ca. 2@90 67.9 Walker (1999)
F 52 77.1

Irish waters (7.a) M 165 ca. 1¢92 61 65.7 Gallagheet al. (2005)
F 90 58 71.8

North Wales (7.a) M 54 ca.2%78 - 58.8 Whittamoreand McCarthy (2005)
F 135 ca. 1&92 - 70.5

Portugal 9) M 906 12.5¢105.0 59.0 67.6 SerraPereiraet al.(2011)
F 861 13.8.96.5 69.9 78.4

Tunisia M - - [75] Capapg1976)
F - - [85]

Southern France M 120 15.4¢76.2 62.5 Capapéet al.(2007)*
F 137 15.4¢103.6 80.8

Sicily M 712 - 57¢59 Cannizzaret al. (1995)
F 763 - 77¢79

Adriatic Sea M - - [55¢60] Jardas (1973)
F - - [80¢85]
M 183 12¢95 47 59.3 Y NE& (i dzf 2 éBal.G2009)A Ty S
F 181 47.5 61.2

Black Sea M 52 34¢95 - 64.0 Demirhanet al.(2005)
F - 66.7
M 99 14.3;92.0 68.0 71.8 Saglam and Ak (2011)
F 131 15.6¢93.0 72.0 74.6
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Table20: Summary table for the length (cm) at maturity for UK skate spémesearlier studies.

Length range Length (cm) at

A. radiata North Sea M . ca l@54 39.6 Walker (1999)
F 323 - 39.5
L. naevus North Sea M 51 ca. 3@65 - 55.0 Walker (1999)
F 62 - 55.0
Celtic Sea Combined 276 13¢70 60 - Dorel (1986)
F - - - [59] Du Buit (1976)
Irish waters M 353 ca. 1370 52 56.9 Gallagheet al. (2005)
F 191 49 56.2
R. brachyura English Channel Combined 100 17¢105 100 - Dorel (1986)
Irish waters M 123 ca. 15103 75 81.9 Gallagheeet al. (2005)
F 61 81 83.6
R. microocellata Bristol Channel M 1218 14¢90.6 58.0 - Ryland and Ajayi (1984)
F 1374 57.5 -
English Channel Combined 97 15¢87 70 - Dorel (1986)
R.montagui Irish waters M 274 ca. 167 48 53.7 Gallagheeet al. (2005)
F 175 52 57.4
North Sea M 87 ca. 2570 - 56.7 Walker (1999)
F 80 - 62.2
English Channel Combined 81 ca. 1270 60 (Male) - Dorel (1986)
65 (Female)
Bristol Channel M 986 12¢72.9 56.2 - Ryland and Ajayi (1984)
F 1019 57.3 -
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5 Reproductive biology andife history relationships of
data-limited elasmobranchs: starry smooth-hound

Mustelus asterias

This Chaptewas based on the following publication:

McCully Phillips, S. Rnd 9t f AdaX Wd wd OSHamMpL®D® wWSLINRRdAzO
NBfFGA2YyaKALA 2 FTMustdus asldain British vatetstidardalzyf Rish Biology
87(6), 141%1433.

https://doi.org/10.1111/jfb.12826

The candidatewas responsible for experimental design, dissections, data collection, analysis,
interpretation, leading the authorship and production of all Tables and Figufek Zhis work was
undertaken under the supervision 8fr. J Ellis who also produced Figurevas involved in data

collection, commenting on and contributing to the interpretation and text.

Minor updates to the introduction and discussion have been made to incorporate relevant recent

literature.

5.1 Abstract

The reproductive biology and otherdihistory parameters were investigated fistustelus
asteriasin British waters, caught from both commercial fisheries and research vessel surveys.
In total, 504 specimens (238 malesg29 cm total lengthl) and 266 females, 2824 cm

Ly) were examinedwith further information collected from 238 uterine pups. The lengths at
50% maturity were estimated as 70.4 and 81.9 larfor males and females, respectively.
Ovarian fecundity ranged from one to 28, and uterine fecundity from four to 20. The number,
mass andLr of pups were positively correlated to materral Full term pups ranged from
205¢329 mmLy, and the smallest freéiving fish caught was 24 cia Parturition occurred in
February in the western English Channel and dduly in the eastern Engli<Channel and
southern North Sea, indicating either protracted spawning or asynchronous parturition for
the stock as a whole. The reproductive cycle is thought to extend beyond one year.
Developmental abnormalities observed included atresia in oocytesingteggs that failed

to develop, a partly developed pup and an abnormal male with a single aberrant clasper.

Chapter 5Reproductive biology and life history Mfustelus asterias Pagelll


https://doi.org/10.1111/jfb.12826

5.2

Data relating to conversion factors, oocyte numbers and diameter, and geaaddepate

somatic indices are presented, and the seasonality ofépeoductive cycle discussed.

Introduction

Starry smootkhound Mustelus asteriasCloquet, 1819, is a medium bodied triakid shark
(attaining ca. 140 cm total length;; Quéroet al. 2003), that occurs on the continental shelf
of the Northeast Atlantic from the North Sea south to Mauritania), including the

Mediterranean (Compagno, 1984) and Black Seas (Enyhahz 2011).

For much of the 20th century, two smoetitound Mustelug species were thought to occur

in British seas: starry smoctiound M. asterias and common smootihound M. mustelus

(L., 1758). These two species are morphologically quite similar, and genetic identification is a
more reliable method for discriminatingebwveen these two species, and recent genetic
studies have not found evidence bf. mustelusoccurring in British waters (Farrat al.,

2009). Whilst data are confounded in both fishémgependent trawl surveys and
commercial catch data (and so often pemted asMustelusspp.), information and data
referring to M. mustelusfrom the British Isles likely refers td. asterias(ICES, 2014). The
extent to which previously published studies on smehttunds may have been

compromised by taxonomic problems isalear.

M. asteriass an aplacentally viviparous species, vilitluteropups absorbing nutrients from

a yolksac that is depleted during development (Capapé 1983), possibly with additional
nutrition provided through matrotrophy, which could be asstethto mucoid histotrophy
(Farrellet al., 201@), as seen iM. antarcticus(Storrieet al., 2009). Various aspects of the
reproductive biology oM. asteriaswvere reported by Capapé (1983) for specimens from the
Mediterranean SeaVusteluswere little sudied around the British Isles for many years, with
scientific papers providing biological information in this region typically limited to sample
sizes of <50 fish (Ford, 1921; Hiisl, 1996; Hendersoat al., 2003). More recently, Farrell
(2009, 2014, b), examined larger sample sizedvbfasteriasfrom the western British Isles.
The reproductive biology, including size at maturity, ovarian and uterine fecundities were
determined, with a possible twgear reproductive cyclel@-month gestation and pssible
resting period) being alluded to (Farrell, 2010a). With some important biological parameters
remaining uncertain or unknown, additional studies to inform on the reproductive cycle of
M. asteriasare needed, including greater sample sizes (espeda@llgnature females), and

from a wider area of the stock range.
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The relative abundance dfustelus asteriasseems to have increased in the waters around
the British Isles, as evidenced by increasing catch rates in severaldistiependent surveys
overthe first decade of the 2000s, and increased reported landings by the commercial fleet
(ICES, 2014). Whether this represents an increase in overall population size or a northward
shift in areas of abundance is currently unclear. Couch (1862) consirsilusto be
common, but not abundant, in the English Channel, where it was caught usually in May and
June. That some of the specimens caught at this time in seegt England had retained
hooks (of a type presumed to have originated from Iberian fiskgiietheir jaws, led Couch
(1862) to suggest that this species undertook a seasonal, northwards migration to the British
Isles. Similarly, Le Danois (BRalso considereMustelusto migrate into the English Channel
from May to October. Whilst seasonafipundant in the English Channel, some of the early
ichthyological lists for Essex (Laver, 1898) and Suffolk (Patterson, 1910) didMastisius

suggesting this species was not a regular visitor to the southern North Sea at that time.

Traditiorally, M. asteriaswas often discarded by the English fleet, but an increased
proportion is now retained (Sihand Elli019; ICES, 2014). The increased proportion landed
may be attributed to a combination of factors, including larger catches, improvedlkdge

on processing and greater market demand (which may have increased given restrictive
landings ofSqualus acanthiadCES, 2014). It should also be noted that the recent increase in
overall reported landings will also be associated with improvedispaeporting. Barbutet

al. (2010) reportedS. acanthia® SA y 3 & 2 f R Muskelus$dpl) if [Bahan @alkets)

but it is unclear as to the extent to which landings of these small sharks may be confounded
in European landings statistics (ICES, 2014). The main nations exglbitasjeriasare
France and England, and the English Chanratkanthern North Sea are important fishing

grounds (ICES, 2014).

Whilst some triakid sharks, includinglustelus spp., are often considered relatively
productive, relative to other elasmobranch groups (Feslal., 2001; Conrattand Musick,
2002), the &te age at maturity and longevity (6 and 18 years, respectively: Fatrall,
2010b), and reproductive behaviour of this species means that this stock and expanding
commercial fishery should be assessed and managed appropriately if overfishing of this

species in northern European seas, such as occurredSviitanthiasis to be avoided.

Based on a Productivity Susceptibility Analysis (PSA) of a range of elasmobranchs occurring

in British shelf seas (McCully Phillggsal., 2015 Chapter3), M. asteiaswas identified as a
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5.3

species of a high priority for research efforts, as it was ranked as the most vulnerable of the
currently unmanaged shark species in the assemblage (preceded bgadeerhinus galeus

(L., 1758), angel shaBquatina squatingL.,1758), andS. acanthiasall of which have some

form of management). Given this result, the increased commercial importance of this data
limited species, the lack of management on this stock, questions surrounding some biological
parameters and good sampkbevailability at the present time, detailed studies on the life

history were initiated on the Nortleastern area of the stock range.

Materials and Methods

Samples oM. asteriaswere obtained from two main sourc€$able2l). Larger specimens
(52¢124 cmLy) comprising mostly of mature fish (66%), were sourced whole from various
inshore fishing vessels (mostly usiogglines) that would land this species. These vessels
operated in the southern North Sea and eastern English Chafiger€12). Further samples
(24¢124 cmLy), comprsing a larger proportion of juvenile specimens (94%), were collected
opportunistically from trawl surveys dmoard RV Cefas Endeavour in the North Sea, English
Channel, Bristol Channel and Irish Sea. Larger fish in good condition were tagged and releasec
during these surveys, and only dead specimens retained for biological study. Samples were
collected between November 2011 and March 2015, with 96% of specimens collected after
July 2013. All specimens were identifiedvlisasteriasbased on the relative pd#ons of the
pectoral fins and first dorsal fin (Quéat al. 2003). The accuracy of this identification was

substantiated for a selection of samples based on genetic studies (Fanpiblished data

Specimens were sexed and body length measurea measuring board. Flexed total length
taken in a straight line with the caudal fin depressed (hereafter referred tdsgsis
considered the most reliable metric for the length of sharks (Francis, 2006). Specimens were
measured to the cm below, and inarb pups were measured to the mm below. Total mass
(M+) was taken to the g below for free living fish, and 0.1 g below for pups. Information on
liver mass 1, 0.1g) and reproductive state (see below) were collected and, after viscera

were removed, the egcerated body mas$/g) was recorded.
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Figurel2: Map of the southern coast of the British Isles with locations of sample collection and ICES divisions.

Table21: Number of specimens dlustelus asteriasampled by year, month, area, sex and total length range (in

parenthesis; cm) by collection soutce

2012 Jul Bristol Channel/lrish Sea 1 (55) 2 (53-83)
2013 | Jun southern North Sea 1(97) 17 (96124)
Jul southern North Sea 6 (8896) 4 (54119)
Aug southern North Sea 32 (6499) | 8 (52109)
Sep southern North Sea 1 (86) 9 (75116)
o T P Oct southern North Sea 3 (11%116)
Nov southern North Sea 7 (7997) 9 (7597)
2014 | May southern North Sea 3 (7387) 4 (7081)
Jun southern North Sea 9 (7192) 23 (6498)
Jul southern North Sea 28 (6697) | 19 (6G113)
Sep southern North Sea 16 (5498) 9 (6886)
Oct easternChannel 27 (6388) | 49 (6294)
2011 Nov Bristol Channel/lrish Sea 1 (97) 17 (90124)
2014 | Feb/Mar  western Channel 37 (2#88) | 34 (34101)
Research vessel Jul eastern Channel 9 (2440) 6 (3061)
samples Aug southern North Sea 1(42)
Sep Bristol Channel/lrish Sea 27 (2871) 22 (2873)
2015 | Feb/Mar | western Channel 33(3288) | 30 (3780)
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5.3.1 Male reproductive characteristics
Maturity was assigned following gross external examination of the claspers, and internal
inspection of the testeand coiling of the sperm duct3dble22; adapted from ICES, 2013).
Inner and outer clasper lengths were measured with digital calipers (0.1 mm). Inner clasper
length was measured as a straight line between the tip of the left ctaapé the anterior
margin of the cloaca, and outer clasper length extended from the tip of the left clasper to the
point along the outer margin where the clasper met the posterior margin of the pelvic fin

(e.g. Compagno, 1984). Gonad mass, including tigroapl organilc) was recorded to 0.1
g.

5.3.2 Female reproductive characteristics
Maturity was assigned following internal examination of the ovary and oocytes, and the
development of the nidamental glands and utefiable22). The following measurements
were recorded: maximum width of the left nidamental gland (0.1 mm, recorded with digital
calipers), gonad masslg, A y Of dzRAYy 3 SLIA T2yt 2 NBI ¥illed v d2
22080Sa oxp YYI GKAOK gl a 0O2dzy i SkRmideyiRS LIS
necessary to achieve consensus; the number of oocytes showing macroscopic indication of
atresia was also noted), diameter of the largest oocyte (0.1 mm), and the ngrobaterine
eggs or pups in each uterus. In mid late-term gravid females, the pups were removed
carefully and, where possible, mass recorded for embryos with and without their yolk sac.

The pups were also sexed and measured (mm).

Length at 50% matity (Lsg) was calculated using a GLM model where the error distribution
and link function were binomial (Crawley, 2007; see Mculgl. (2012)and Chapte# for
further details). The numbers of mature and immature fish at length were used to model the

proportion of mature fish using a logistic model as a function of length.

To aid in the interpretation of the reproductive cycle, thepato-somatic index If) and
gonadesomatic index|¢) were examined in relation to length and maturity stage. These
indices were calculated as:

O prmm O

O pmo O
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Table22: Maturity staging key used fdil. asteriagadapted from ICES, 2013).

A Immature: Claspers undeveloped, Immature: Ovaries smalgelatinous or
shorter than extreme tips of granulated, but no differentiated oocytes
posterior margin of pelvic fin. visible. Oviducts small and threathaped,

width of shell gland not much greater
Testes small and threashaped, than the width of the oviduct.
sperm ducts straight
B Developing Claspers longer than | Developing:Ovaries enlarged andith
posterior margin of pelvic fin, theil more transparent walls. Oocytes
tips more structured, but the differentiated in various small sizes
claspers are soft and flexible and| (usually <8nm) and pale in colour.
the cartilaginous elements are no| Oviducts small and threashaped, width
hardened. of the shell gland greater than the width
of the oviduct, but not hardened.
Testes enlarged, sperm ducts
beginning to meander.

C Mature: Claspers longer than Mature: Ovaries large with very large,
posterior margin of pelvic fin, yolkfilled oocytes, (often 1§80 mmin
cartilaginous elements hardened = diameter). Shell gland fully formed and
and claspers stiff. hard. Uteri fully developed but without

yolky matter (Stage D) or embryos (Stag
Testes enlarged, sperm ducts EcF) and not dilated (Stage G)
meandering and tightly filled with

sperm.

D Active: Clasper reddish and Early gravidUteri filled with yolky
swollen, sperm present in clasper matter, which may appear unsegmented
groove, or flows ipressure or if segmented, without visible embryos
exerted on cloaca.

E Mid-term gravid: Uteri filled with yolk

sacs and small developing embryos that
can be counted.

F Late gravid:.Uteri filled with welt
developed term pups, and the yolk sac
has been absorbed (or is very small).

G Post partum:Similar to stage C, but with |
greater number of degenerating follicles
and uteri dilated.

5.4 Results

In total, 504M. asteriaswere examinedKigurel3), comprising 266 females (@B24 cmly)

and 238 males (299 cmLy). Commercially caught and landkd asteriasaccounted for 57%

of the samples and provided larger individualsqgb24 cmLy). The remaining 43% of fish
were caught on fisherindependent trawl surveys and accounted for all of the smaller size
classes (24124 cmly). Overall, 238 in utero pups (from 21 females) were sampled, which
comprisedof 117 female (64¢329 mmLy), 110 mals (766325 mmLy) and 11 unsexed
individuals(39¢70 mmLy). The smallest freewimming individual was 24 ctiand all the
smallestindividuals (2426 cmLy) were caught in July in the eastern English Channel by 4 m
beam trawl. All dead/l. asteriasfrom this survey were immature (261 Lr). Neonates (27

32 cmLly) were also caught in FebruaiMarch in the western English Channel and in
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September in the Irish Sea. Umbilical scars were evident on all of the smallest individuals,

and even on individuals up to and including 43 em L

The relationship betweemhr and Mt was calculated by sex and maturity stadalfle23;
Figure14). Whilst highly correlated in both sexes, the regression coefficient was slightly
greaterin males = 0.995) than females?(= 0.992). This was due to the greater variance
in the M+ of females in relation to maturity stage, with gravid females clustering above (and

postpartum females below) the regression line.

The relationship betweebr and Mg (Table23; Figurel5), which excludes the variability that
is associated with the liver, reproductive organs and alimentary tiédeandM,, gave a high

correlation coefficienti® = 0.995, for both sexes combined).

Sexual dimorphism in size was pronounced, with the langede and female measuring 99
cm and 124 crhy, respectively. Overall, the heaviest mature male £ 3226 gMe= 2792 g)
was less than half the mass of the heaviest gravid fenMie=(8626 gMe = 5849 @), even

when gutted.

20+

.Female

Male

151

Frequency
=)

0- T
20 30 40 50 60 70 80 90 100 110 120 130

Total length (cm)

Figurel3: Total length () frequency oMustelus asteriasampled in this study (n=504) by sex.
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Table23: Equations for relationships in liféstory traits inMustelus asterias

Relationship
y=ax? (unless
specified)

Lrto Mt

Lrto Mg

Lrto liver mass

Lrto total ovarian
fecundity
(y=ax+b
Lrto total uterine
fecundity
(y=ax+h)
PuplLsto
maternal Lt
(y=ax+h)
PupM+to
maternal Lt
(y=ax+b

All Females
All Males
Immature Female
(stage A/B)
Immature Male
(stage A/B)

Mature Female (inc. early gravid

(stageC/D)
Mature Male
(stage C/D)
Mid/late term gravid females
(stage E/F)
Sexes combined

Female

Male
Sexes combined
All Females
All Males

Mature females

Mid/late term Gravid Females

Late term Pups

Late term Pups

0.0014
0.0020
0.0020
0.0014
0.0021
0.0077
0.0002
0.0014

0.0016

0.0014

2e05

7e06

4e05

0.3025

0.2707

2.4336

1.5275

3.1245

3.2159

3.1396

2.8084

3.7072

3.1580

3.1

3.2

3.5966

3.805

3.3285

-16.054

-16.654

8.2858

-109.99

0 995
0.994

0.991

0.913

0.938

0.935

0.995

0.994

0.996

0.907

0.916

0.922

0.3771

0.494

0.490

0.441

237
170

113

54

123

21

484

249

235

486

249

237

75

21

17

16

Fig.

Figure
14

Figure
15

NA

Figure
22a

Figure
220

Figure
23a

Figure
23p
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asterias(with 95% confidence intervals).
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5.4.1 Reproductive biology of males
The smallest mature male was 65 tmand the largest immature male was 74 &mThe
length at 50% maturitylég) for males was estimated at 70.39 tmwith 200% maturityl§og)
attained at approximately 75 cig (Figurel6).

One abnormal male (80 ckq) was caught in October 2014 off Rye (eastern English Channel).
This specimen, which was otherwise healthy as evidenced by a largddizer.85%), and
heavy gonad mass ang(29.9 g; 1.73%), had a single aberrant clasbgyufel7 (a), Figure

18), although the testes appeared normé&igurel? (b)) and there was semen in the sperm

ducts.

The relationships between mer- (L and outerclasper length lod and Ly displayed a
sigmoidft A 1S NBfIGA2YAKALI gKSYy I 20 fFigldigs NB & 3
with clear phass of maturity identified in both measurements. The abnormal male (80 cm

L) was a clear outlier.

The meanly (Table24) increased as expected as the fish developed from immature (
4.40%) to developing (6.88%), however once mature the miedacreased slightly in both
mature (5.35%) and active (6.36%) nsal€estes mass increased wliftand maturity Figure
19; Table 25); with a meanand maximumMg for mature fish of 24.51 g, and 51.6 g
respectively. The mean mass of active males was similar 22.60 g (n =I@yvasdL.22% for
both these stagesl@able25). The abnormal male had both a largé¢ and I value than the

average mature fish.
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Figurel6: Maturity total length (1) ogive for (a) female (n = 248, = 819 cm) and (b) male (n = 23%,= 7G4

cm)Mustelus asterias
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5.4.2

100

(b) male outer clasper length
80
A
L}
[}
s °
£ Ad
E w0
K =
=] A
2 A A
@
8 ApA
w
o
[&]
o 40 A A,
>
(@]
<& Immature
A Developing
20 Mature
® Active
A %X Abnormal
0
20 30 40 50 60 70 80 90 100 110 120 13C

Total length (cm)

Figurel8: Male total length i) relationship with (a) inner (n = 215) and (b) outer clasper lengths (n = 216) in

Mustelus asteriapy maturity stage (with 95% confidence intervals).
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Figurel9: Total length If) relationship with gonad mas#ig) for (a) female (n = 227) and (b) male (n = 210)

Mustelus asteriaby maturity stage.

Reproductive biology of females
The smallest mature female was 69 tmthe largest immature female was 87 dm with

Lso estimatedat 81.86 cmLr and Lioo at 88 cmLy (Figure16). The seasonality of female
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maturity stages seen in the samplésgure20), shows that mature females were present in
each month samples were obtained, while lageavid females were only found in February

and JuneJuly, and pospartum females were only observed in JiAygust.

n=23 n=14 n=3 n=8
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Figure20: Percentagef females oMustelus asteriaby maturity stage and month.

The relationship betweelhr and nidamental gland width was not as clearly defined as for
other metrics but did follow a broad sigmesthaped curve Rigure21a). Immature and
developing fish clustered together (broadly equating to nidamental gland widths of <10 mm
and 1@20 mm, respectively). However, mature fish (mature, egrivid, embryo and full
term maturity stages) had similegized nidamental glands (285 mm). Several pogiartum
females had narrower nidamental glands in relatiorL.tpsuggesting the gland may regress

slightly at this stage.

The relationship between maximum oocyte diameter and femalevas more variable,
depending on maturity stagéigure21b). Maximum oocyte diameter for developing fenmale
(stage B, ¥ 67) ranged fromd7.8 mm (with the majority <5 mm, as per the maturity scale,
Table22). Mature females (stage C/45) had a broad range in maximuncgte diameter
(4.1¢20.7 mm, with the latter the largest observed mature oocyte). Stage D (early gravid, n
9) females with encapsulated yolk sacs had maximum oocyte diameters@if8433mm,
while midterm gravid (stage E, 1 4) females had the smallesibcyte diameters of the
mature females (444.3 mm). Those females with faérm pups (stage F,#17) were again

producing larger yoHilled oocytes (5.§10 mm) and the three pogtartum females (stage
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Figure21: Total length Ir) relationship with (a) nidamental gland width by maturity stage (n=237) and (b)

maximumoocyte diameter by maturity stage (n=119)Mfistelus asterias

The mearMgin females Table25) followed a logical progression with increasing mass from
immature to mature, then decreasing when the female entered the early gravid stage. The

lowestMg was observed in miterm gravid speinens, and ovarian mass began to increase
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again in females carrying term pups. Mddafor postpartum females was slightly less than

that of the fulkterm females, but this was based on a very small sample size (n = 3). Expressed
in terms oflg, the sametrend was apparent, with the largest meagin mature females
(0.84%) and the lowest in immature and developing females (0.36%). Similar patterns were
observed in thely of females Table 24), with the liver reserves increasing through
development, peaking at the mature stage (stage C; 9.91%). Subsequently, the liver
decreased in relative terms during gestation, with the lowestamk, observed in females

with full-term pups (stage F; 3.30%), before starting to increase in-gastim females

(meanly = 4.68).

Ovarian fecundity ranged from¢i y WY I (i -6ibdSoQcytés Afd{there was a linear
relationship betweerirand ovaria fecundityFo (Table23; Figure22a). In keepingvith the
results above in relation thg andlg, earlygravid females with encapsulated yolk sacs (stage
D) had fewer mature oocytes (mean = 3.4; range¥10n = 9) than fully mature (stage C)
females (mean = 11.7; range &28; n = 45) anthte-gravid females and pogtartum females

(stages EG; mean = 13.3; range €Z¥; n = 20).

In total, 30 gravid females (stagesH) were sampled, with the smallest eanlyid- and late
gravid females at 80, 86 and 91 tmrespectively. The meallr of early embryos (females
at stage E, 97116Ly) was 17.6 g (range = 833.1 g), whilst fulterm embryos (females at
stage F, 94124 Ly) were 51.4 g (21¢®1.5 g). Of the 21 mido late-gravid females the
uterine fecundity ranged froma20 (mean = 11.25).ike ovarian fecundity, uterine fecundity
increased with materndlr (Figure22b; Table23). Both thelr and M+ of pups also increased
significantly with maternalr (Figure23;Table23). The mearkr of 17 sets of fulterm pups
was 261 mm and ranged from 24317 mmfor pups relating to mothers at 96 and 124 cm
Ly, respectively. The smallest mother (stage F, 91¢tad the lowest mean pup mass (23.3
g), and the largest mother (124 ckq) had the heaviest mean pup mass (82.6 g). Whilst
significant linear relationshs were observed in all of these cases, thealues only ranged
from 0.42;0.49, and further data would be desirable. The sex ratio between litters of in utero
pups was not significantly different (pairedetst, d.f = 20, P>0.05), with 110 males and 117
females (1:1.06).
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Figure23: Maternal total length i) relationship with (a) average fikrm pup k (n=17), and (b) average full
term pup total mass () (n=16) inMustelus asteriagseeTable23), with 95% confidence intervals.

Atretic oocytes were identified in many females, usually only one or two oocytes undergoing

atresia were observed. Some females carrying either tpups (n= 11) or mieterm pups (n
= 2) contained uterine eggs that had failed to develop in one or both Uau(el7 (c))
These undeveloped eggs ranged froib lin number fhean = 1.7; mode = 1), with the

remaining pups all developing normally. One litter of 13 pufigurel? (d)) contained 12

18 no fish at stage E (embryo) was shown, as none hadfijlelé oocytes
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full-term pups (mearir= 317 mm; meaM+= 26.4 g) and a single partly developed pup (211
mm Lr; 4.2 gMtcomprising a 3.8 g embryo and 0.4 g yolk sac).

In terms of reproductively active females, more data were available for specimens carrying
(near) term pups (n = 17), andl &dut one of these were caught in June and July in the
southern North Sea. Three pgsartum females were caught in July and August. Females in
the earliest stages of pregnancy (stage D, n = 9) were observed from June to November and
the few females withmid-term pups (n = 4) were all captured during September. There were

insufficient data to examine monthly size distribution of pups.

Table24: Hepatesomatic indexI(y) of Mustelus asteriasampled by sex and maturity stage.

Sex Femalely Male In

Maturity Stage Min Mean Max n  Min Mean Max n
2.63| 5.04 9.18 103 2.70 4.40 7.38 91
486 849 14.07 67 4.11 6.88 11.38 22
480 991 1546 45 219 5.35 | 13.80 120
6.19 805 1009 9 459 6.36 875 3
6.42| 697 779 4
212 330 557 17
3.77| 468  6.37 3
Abnormal NA NA NA 0 NA 735 NA 1

Ommmoonw>

Table25: Mean gonad mas#g) and gonadesomatic indexIg) of Mustelus asteriaby sex and maturity.

Sex Female _________Mae ________|

Maturity Stage  Mg(g) Minlg Meanle Maxle n | Mg(g) Minls Meanls Maxls  n

A 229 | 0.036 | 0.393 | 1.238 | 103 | 1.23 | 0.026 | 0.383 | 1.447 91
B 536 0.035 0.326 0.807 67 580 0.173 0533 1.203 22
C 2440 | 0.127 | 0.841 | 1812 45 | 2451 | 0.463 | 1.217 | 1.918 | 120
D 1785 0.344 | 0583  0.812 9 2260  1.132 1220 1328 3
E 11.95 | 0.143 | 0.319 | 0.609 | 4
F 23.60 0.231 0456 | 0.635 17
G 19.23 | 0.330 | 0.438 | 0519 | 3

Abnormal NA NA NA NA 0 29.90 NA 1.730 NA 1

5.5 Discussion

5.5.1 Maximum size and sex ratio
Given the taxonomic problems affecting the gemidigstelus the maximum lengthl{a) of
Mustelus asteriass somewhat uncertain. General accounts citeLag of about 140 cm
(Quéroet al. 2003), although other authors have given more conservative sizE20ql22
cm Lmax in Atlantic waters (Le Danois, 1®IMWheeler, 1969), which is similar to the largest
fish observed in the present study (124 cm). The largest specimen sampled by Farrell (2010a,
b) was 112 cm, with Capapé (1983) providing fecundity datéefonales of 123 cm. Larger
fish have been reported in other studies for both the Atlantic (Etligl. 2005: 133 cm) and
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Mediterranean (Capapé 1983: 148 cm; Isne¢ml., 2009: 154 cm), but these values should

be used with caution, given potential idefitation issues.

Sampling of commercialbaughtM. asteriasn the southern North Sea was undertaken, with

a few specimens appearing in these waters in May, peaking in July, with small quantities
captured until November. Both sexes were present in theas throughout these months,

but these data cannot be used to inform on the natural sex ratio, as larger specimens were
selected preferentially (90% of the samples >75LgmAll maturity stages were present in
these samples, with the exception of aetimales. Nearly all (94%) of the ftdkm gravid
females, and all three of the pogartum females were from these commercial samples,
caught in Juneluly, and JubAugust respectively. Coupled with the presence of neonates
(<32 cmly) in the surroundingvaters in July, this indicates that females give birth in the
southern North Sea and eastern English Channel, and that potential movements from

southern waters are made in mixed sex and life history stage groups.

Within the samples caught in research selssurveys, immature individuals comprised the
bulk (86%) of the samples. One fidim gravid female was examined, and this specimen was
caught in February off the French coast in the western English Channel. The sex ratio was not
significantly differenfrom the expected 1:1 in any season or area of sample collection. This

is in contrast to an earlier study by Ford (1921), who examined three commercial landings of
Mustelus all of which favoured males, with two landings significantly different from an

expected 1: 1 sex ratio.

5.5.2 Reproductive biology
The estimated.so in this study (70.4 and 81.9 cmfor males and females respectively) was
smaller than estimated by Farrat al. (2010a), at 78 and 87 cha. Similarly, the smallest
sizes at maturity were also smaller: 65 and 69lgrfor males and females respectively, as
opposed to 72 and 83 cix in the Farrellet al. (2010a) study. Even though the confirmed
mature female at 69 criywas exceptional, theext smallest mature females were at 78 cm
Lr and subsequent length classégable25). The maturity scale used in the present study,
where fish were considered maturetifey had large (typically 1030 mm in diameter) yokk
filled oocytes (sedable22 for other criteria), has been in use in UK fisheries independent
surveys since 200and is very similar to that adopted by ICES (2013). It is largely comparable
to that of Farrellet al® oHnAmMAl 0TI K2gSOSN) 608 RS®dcdes! G A

obviously enlarged, yellow and can be easily counted and mea@sired i KA & Aud  f A
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when oocytes are <10 mm, and thus maturity could be assigned at a smaller size, than in the

present study.

Both Farrelket al. (2010a) and the present study have confirmed that there are potentially
large differences in various life history parametefdVl. asteriasbetween Atlantic waters

and the Mediterranean, although these studies differ temporally and there can be
methodological differences between such disparate studies. Surprisingly, there also
appeared to be some subtle differences between pinesent study and the recent study by
Farrellet al. (2010a), who collected data from 20{Z09. Although from different regions

of the British Isles, the study areas were adjacent and there is thought to be a single stock in
the NortheastAtlantic (ICE014), although has not been fully substantiated. The reasons
for subtle differences may potentially relate to temporal changes, methodological
differences or simply artefacts of the sample sizes available. Studies on other members of
the genusMustelus elsewhere in the world have often reported spatial and temporal
differences in key demographic parameters (Yamagethal, 2000; Parket al, 2013),

suggesting marked variability in such parameters for this genus.

Only three active (stage D) males were obsergezhe in March, and two in October, all
collected from the English Channel. Further samples of this stage are required to better
define the mating season. Both measurements of clasper length gave simills st can

be used as a suitable quantitative metric for maturity studiegh inner clasper length

showing less variability.

Farrell (2010a) reported that the fecundity M asteriasaround the British Isles ranged from
8¢27 (ovarian fecundity) andc@8 (uterine fecundity), and so the fecundity reported here
(1¢28 ovarian fecundity, andc20 uterine fecundity) shows a slightly larger overall range,
with a greater number of fullerm pups reported. Whilst the fecundity data in the present
study and Fawll et al. (2010a) are similar, the latter study was based on smaller sample size
of mature females (n = 34; versus 78 in this study). It may be noted that a litter of 25 pups
from aM. asterias(ca.9500 g mass) caught off Bradwell-Sea (Essex; southeNorth Sea)

is housed in the fish collection at the Natural History Museum (BMNH 1979.11.2848)4
Within the Mediterranean Sea, Capapé (1983) recorded higher ovarian and uterine
fecundities of 1@45 and 1@35, respectively, with fecundithength relatonships reported
asFo = 1.533L¢ 141.001 ( = 36;r? = 0.99) and~ = 1.042L ¢ 92.339 ( = 32;r? = 0.98)
recorded over the 98123 cm length range. However, the larger fecundity of this study may

relate to different stock units df1. asterias or from ®nfounded data from otheMustelus
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spp. Capapé (1983) also commented on earlier fecundity estimates from this species in the
Mediterranean, which ranged from¢45 in one study, and up to 60 pups in another. Such a
large disparity in estimates may indicathat these data have been compromised by

taxonomic problems.

Thely of full-term pups in this study agreed with the average lengths reported by Fatrell
al. (2010a; 2831 cmly), increasing in length from January to July. Similarly, Ford (1921)
noted term pups to be 2833 cm long. The overall sex ratio of uterine pups was equal, which
supports the findings of Farradt al. (2010a). This study has confirmed that atresia occurs
quite regularly, with some oocytes not being ovulated and fertilised suadgssévhich

explains why estimates &b are usually higher than,F

It was noted that not all early gravid encapsulated yolk sacs will develop successfully into an
embryo, supporting an earlier observation of Le Danois §L%nd so fecundity estimates

on earlier stages of the gestation period may also be slight overestimates. Furthermore, early
gravid females with encapsulated yolk sacs had maximum oocyte diameterg ®88483nm,
possibly indicating that were still ovulating or they were going to mesoocytes not

ovulated.

The increased/r of full-term embryos in comparison to early stagmbryos was indicative

of nutrition in addition to yolksac reserve. The markedly lowktr of one postpartum
female (119 cnly) indicated that the condition of some females can be reduced during the
reproductive cycle, while gravid females had a greder in addition to increased energy
reserves in the liver. These observations provide further supporting evidence of maternal
investment during pregnancy, feasibly through mucoid histotrophy, as previously suggested
by Farrellet al., (2010a)

5.5.3 Reproductie cycle
In fulkterm gravid and pospartum females, the largest oocytes observed were 11.6 mm;
hence while there is likely to have been some ovarian development from earlier gravid stages
(maximum oocyte diameter for migravid females (stage E) was <5 pand not all fish at
this stage had maturing oocytes), these oocytes are still smaller than expected for ovulation
(ca. 1&21 mm). The nidamental gland of pgsirtum females appeared to be narrower than
in mature fish, and this would also suggest thatilation is unlikely to occur straight after
parturition. Therefore, ovarian and uterine cycles are not synchronised, suggesting that the

reproductive cycle likely lasts longer than one year. Whilst Faatell (2010a) postulated
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that the reproductive cgle may be ca. two years, Capapé (1983) reported that gestation
alone lasted 12 months and the full reproductive cycle could last up to 15 months. The limited
samples of reproductively active females between November and April restricts full appraisal
of the ovarian and uterine development cycle, and more samples from these times of the
year, which may be more effectively sampled from the western English Channel and Bay of

Biscay, would be needed to provide such data.

It is noted that females with term s were found both in February and Jadaly. Whilst

the specimen caught in February was a single fish, annual beam trawl surveys of the western
English Channel often catch neonates¢@Z cmly) in FebruargMarch, indicating that
parturition has occurredn this area at this time. However, a similarly sized cohort is also
evident in an eastern English Channel beam trawl survey conducted each Jubt @llis
2005) and a summertime parturition was evident in the data collected from the southern
North Sea Farrellet al. (2010a) also identified parturition in the summer months in the
western area of the British Isles. This would indicate that either parturition for the stock as a
gK2tS A& LINPGNF OGSR 2NJ YI & 200dzNof the/latteri £ S
scenario, it is unclear as to whether individual fish would consistently spawn in early spring
(or summer), although it is conceivable that individual fish could alternate such spawning

times if the reproductive period was ca. 15 monthssaggested by Capapé (1983).

5.5.4 Management implications
Given the increasing commercial interesthin asterias it would be prudent to investigate
assessment methods that have been developed successfully and applied tdvbiberus
spp., such aMustelus atarcticusGunther, 1870 in Australia (e.g. Xiand Walker, 2000;
Pribacet al, 2005). The life history parameters (elg, fecundity estimates) generated
within this and previous studies are essential for incorporation into demographic assessment
models. Uncertainty in the duration and periodicity of the full reproductive cycle, however,
remains an important parameter to substantiate. Given the increased data collection that
has been undertaken fdvl. asteriasin recent years (e.g. life history parareet and survey
trends), this improved knowledge should help inform and test biologicadigningful
management measures, and hopefully ensure that future exploitation is undertaken at a

sustainable level.
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6.1

Reproductive biology and life history relationships of
data-limited elasmobranchs: sandy ray Leucoraja

circularisand shagreen rayeucoraja fullonica

This Chapter was based on tfedlowing working document:

McCully Phillips, S. &ad Ellis, J. R. (28)1 Leucoraja fullonicandLeucoraja circularis the
Northeast Atlantic. Working Document to the ICES Working Group on Elasmobranch Fishes,
Lisbon, 1§29 June 2018

The candidatevas responsible for experimental design, dissections, data collection, analysis,
interpretation, leading the authorship and production of all Tables and Figures. This work
was undertaken under the supervision of DiEllis who was also involved in datalection

and commenting orthe text. Sample collection was courtesy of scientists onboard fishery
independent surveysSamples oL. circulariswere kindly collected by DiPaco Baldo
(Instituto Espafiol de Oceanografi&O, Cadiz) and team fraitme IEOSpanish Porcupine
Bank Surveyand specimens of both species were retained from scientists onbdiaed
FrenchSouthern Atlantic Bottom Trawl Survey (EVHBEluation Halieutigue Ouedle
I'Europe); conducted byL'Institut Francais de Recherche pouExploitation de la Mer
IFREMER, France). Dissections were assisted by lead scientists (among others) at bott
institutes, namely Dr. Cristinev 2 R NN 3 dzS (IE®/ Sadiehdet, Spain) and Dr. Pascal
Lorance (IFREMER, Nantes, France).

Updates to the documnt have been made by increasing the sample sizes, reanalysing the

biological data, processing the dietary data and updating text in relation to new literature.

Abstract

Sandyray Leucorajacircularisand $agreenray L. fullonicaare largebodied skatespecies
occurring on the edge of the continental shelf and upper slope in the Northeast Atlantic and
Mediterranean. They are n@ampled effectively in marfisheryindependenttrawl surveys
which generally sample shelf seaen€equently theyare datalimited stocks with no formal

assessments, have no defined reference points, and areadrtainstock status.

Fisheryindependent survey dat&rom northern European seg2000;2017) showed that

catch rates of sandy ray were low, with the 669 individuals recorded primduiiyng the
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6.2

Spanish survey of the Porcupine Bank (64%)fieomd the French EVHOE survey (34%). CPUE
in these surveys was greatest at depths of @D m, being on average; 1.4 irdividual per

hour (ind.). The proportion of hauls across surveys with a positive catch was greatest
(0.9%) at 304400 m depth. Catch rates were of a similar low level for shagreen ray, with 362
individuals present in the data, primarily from the EVHO&ey (67%). CPUE of this survey
was greatest (0.77 indH at depthsof 301¢400m, however, the proportion of hauls across
surveys with a positive catch was greatest (1.1%) at the2@dm depth band. The spatial
and depth distribution of both species alaps with commercially important fisheries for
hake Merluccius merlucciuand anglerfishLophiusspp., putting these Threatened skate

species at risk of bycatch.

Biological data were collected frofri6 specimens oL.circularis(47 male: 2893 an Lrand

69 female: 28116 an Ly) and54 specimens ot.. fullonica (25 male: 1§86 cm Ly and 29
female: 28100 cmLy). Conversion factoreelating total length to weight, gutted weight,
wing-width and liver weightire presentedalong with data on hepatcand gorado-somatic
indices Information on diet composition is also givenith evidence of predation on other
elasmobranchs found in both species. Quantitative data were collected aturity
classification and the length at 50% maturity forcircularisvas estimated at 81 crior and

100 cmLrfor males and females, respectively. This large size at maturity makes them more
biologically vulnerable than other skate species managed under the generic TAC. This
inherent biological vulnerability, low represetiten of mature individuals in fisheries
independent trawl surveys and spatial overlap with important commercial fisheries suggests
that both Threatened skate species would benefit from being removed from the generic TAC

in favour of alternative speciespecific management measures (e.g. trip limits).

Introduction

Sandy rayL. circulariand $iagreen ray_eucoraja fullonicéFigure24) are largebodied skate
species ocauing on the edge of the continental shelf and upper slapd on offshore banks
in the Northeast Atlantic and Mediterranean Sea (Stehmann and Birkel 1984; ICES, 2012).

Very few data are available for these leskapwn skate speciesvith some earlier dta
compromised by taxonomic ambiguiti¢sor example,tie description oRaia circularigiven

by Day (188¢1884) clearly refers to cuckoo ray naevusin contrast, Couch (1862) did
provide an accurate description bf circularifasRaja circularlst YRy 2 G SR al KI
common species, at least in the west of Engiadul I NNBAthisteryaof Britsly fishes

B
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gave no accurate descriptions of either species, with information for shagreeRa&y
chagrineaconfounded with longnosed skate. Da{1880;1884) reported thatl. fullonica
occurred in deeper water, with occasional records from the Moray Firth, Firth of Forth, off
Yorkshire (Scarborough and Whitby) and Portrush (Ireland). The more offshore nature of

these two species, combined with taxamic and nomenclatural confusion, means that

historic ichthyological information is also limited and uncertain.

Figure24: Shagreen rayeucoraja fullonicéleft) and sandy raleucoraja circularigight) with their regional IUCN

Red List assessment status.

6.2.1 Occurrence, assessment and advice
Given the fragmented distribution records of these dértaited species, they are currently
treated as occurring over a management unit that covers Bilb8reas &7 (waters west of
the British Isles), but these stocks likely extend into the naréistern parts of Division 4.a
(northern North Sea) and Subarea 8 (Bay of Biscay). ICES advice has been vergiliatited
the absence of appropriate data frorfisheryindependent surveys. Consequently, both
stocks are assessed as déitaited using trends in available landings data, and it is further

noted that there is a degree of uncertainty in these data (ICES, 2016).

¢CKS fFraGSad L/ 9{ vhéhdhe p&autioyaR agploaciSiRRappliéd) landingsi
should be no more thaB4tonnes in each of the years 2019 and 2020 E.&irblilaris(ICES,

Ha My | Onb more/tianl@8tonnes in each of the years 2019 and 2020 E.fuldhica

(ICES, 2018b). Theeskates are managed as part of the generic skate and ray Total Allowable
Catch (TAC). ICES Working Group for Elasmobranch Fishes (WGEF) estimates of landint
(2009;,2015) have ranged from 487 t forL. circularignd196¢301 t forL. fullonicahowever

there have been known issues with misidentification of both species, sactheacy of these

data are uncertairfICES, 2016).
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In the Northeast Atlanticl..circularish & Of F aAAFASR & W9y Rdty3aS!
al., 2015), given that it is suspected to have declined in the Northeast Atlantic and
Mediterranean Sea by more than 50% in the last three generatlorfsillonicas suspected

to have experienced caimued population declines of 330% over three generations and is
thereforeOf  aaAFASR a4 W+dzf ySNI 6tSQ o0& GKS L!/

6.2.2 Biology
There are very limited published investigations on the life history of either of these-large
bodied skags, with several studies based on small sample sizes (Metaari 2009; Zupa&t
al., 2010)or individual specimens (Consalebal., 2009; Alkusairy and Saad, 2018; Saad and
Alkusairy, 2019).

Leucoraja circularis a verydatalimited skate speciesThe maximum recorded size is ca.
120 cmtotal length,Lr(Stehmann, 1990), but most individuals caught are betwee8@@m

Lr (Serena, 2005, Ebert and Stehmann, 2013). Very little is known regarding its biology and
reproductive cycle, other than thatiig oviparous, and produces eggses that measure &8

90 by 5@60 mm (Stehmann and Burkel 1984; Mngdral. 2009). Age at maturity, longevity,

size at birth, reproductive age, gestation time, reproductive periodicity, fecundity, rate of
population increas and natural mortality are all unknown (McCulyal., 2015).It is an
offshore species, occurringn the outer continentalkshelf andupper slope and offshore

banks, down to depths of up to 800 m.

Slightly more data are available for the congehdullonica whichreaches a maximum size

of between 10@120 cmlLr (Bauchot, 1987; Muus and Nielsen, 1999). To date, information in
the literature has been largely restricted to notes on occurrence in trawl surveys and
distributional range (Elli®t al, 2015) Very little is known regarding its biology and
reproductive cycle, other than that it is oviparous, and producesceggs that measure
about 80 mm by 50 mm (Stehmann and Burkel 1984). Mc@ulpl. (2012; Chapted)
reported on a limited number afpecimens from trawl surveys of the Celtic Sea (,2021),

with total length (&) ranging from 2496 cm and 2470 cm in males and females,
respectively. All female specimens were immature, while only two of the males (75 and 96

cmLy) were mature; the lagest immature male caught was 82 tm

This Chapter examines the catch rates of both species in fish@éependent trawl surveys
to provide a better understanding of the species range and demographics within the

Northeast Atlantic. Some of the key Hféstory parameters, which have been largely
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6.3

6.3.1

unknown to date, are described, including the provision of estimates of the length at
maturity, which are essential to inform assessment and potential management options.
These data will populate some key {fiestory data gaps for species identified as high priority
(Chapter 2) and susceptible to fisheries across the main part of their distribution (Chapter 3),
while being evaluated as to whether the data provided within this Chapter support such

assertions andindicate the approaches taken in Chapters 2 and 3 as appropriate.

Materials and methods

Occurrence and bathymetric distribution

Catch data of both species from fishengependent surveys covering much of the Northeast
Atlantic range were extracted frotme Database of Trawl Survey3XTRAShosted by ICES
(https://ices.dk/data/dataportals/Pages/DATRAS.aypxThe full catch data (termed
Wxchangedat® 0 FTNRBY aSdSy & dzNI260ea0174TaHers). SE G NI OG S

A total of 15,842 uniquesurveyhauls were considered, including those with zero caith
either speciesData from all stations were mapped to show species occurrence in relation to
the surveyarea using Rsoftware version 3.3 (R Core Team, 20land the ggplot2
(Wickham, 2016) and mapdata packages (Brownrigg, 2018). Bathymetry data were sourced
from the General Bathymetric Chart of the Ocean (GEBCO, 2016) online repoSiicires

were plotted as actual numbers caught, rather than Catch Per Unit Effort (CPUE), given the

low catch ratesncountered.

Table26: Summary of ICES DATRAS data used in analyses

Year | Year | Missing years in

Surveyname ) )
m From | To time-series®

Q1 North Sea International Bottom Trawl Surve 2000 2017

(Q1 NSBTS)

Q3 North Sea International Bottom Trawl Surve 2000 | 2017

(Q3 NSBTS)

Irish Groundfish Survey 2003 2017

(IGFS)

Spanish Porcupine Bank Survey 2001 | 2017

Scottish Rockall Bank 2001 2016 @ 2004, 2010, 2017
Scottish West Coast Survey 2000 | 2017

French Southern Atlantic Bottom Trawl Survey 2000 | 2016 2017

(EVHOE)

19 Either due to survey design or other factors such as ship breakdown.
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6.3.2 Biology
Cadavers were retained from fisheirydependent surveys for subsequent biological study.
The EVHOE survey of the Celtic Sea obtained samples of both species H2ddide019.
Additional specimens df. circularisvere retained from the Spanish Porcupinanix survey
and further specimens df. fullonicawere retained from UK (Cefas) fisigndependent
surveysand STl 4 Q 20 a S NMSpedimehsRra NiliaNy Y&en prior to detailed
examination in the laboratory (s€Bable27 for measurements collected). Some specimens
that were subjected tanore prolonged freezing were dehydrated and therefore excluded
from lengthweight analysesinitial biological sapling of cadavers involved the same two
scientists, to ensure consistency in data collection, with at least one of these scientists
involved in all subsequent sampling events. This was undertaken to minimise sampler bias.
Maturity for males was assignecsed on gross external examinatiand measuremenof
the claspers and internal inspection of the tes For females, maturity was assigned
following internal examination of the ovarieexamination and measurements obcytes
and the nidamental gland. 8pimens were classified as immature (A), developing (B), mature

(C), or active (D), according to the maturity key givenhainle28.

Table27: Parameters collected from the circularisandL.fullonicacadavers.

Parameters collected from al Sexspecific @rameters collected
specimens

Sex Males: Outer clasper lengthimm)
Total length Iircm) Males: Inner claspdengtt?* (mm)

Disc width (mm)

Total weight (g) FemalesNidamental gland width (mm)
Liver weight (0.1 g) FemalesNumber of mature follicles
Gonad weight (0.1 g) Females: Maximum follicle diametel
(including epigonal organ) (mm)

Weight ofstomach contents (0.1 g

Gutted weight (g)

Maturity stage

{G2YF OK WTdz10)y S
Identification of stomach contents

Biological data were also analysed uditgpftware version 3.3 (R Core Team, 20} with

Figures generated using the ggplot2 (Wickham, 2016) pacKaged lines were fitted to the

20 The outer distance along the clasper from the connection to the pelvic fingdiphof the clasper.
21 The inner distance along the clasper from the posterior margin of the cloaca to the tip of the clasper.
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data (excluding total length to wing width) using a smoothed conditional mean fitting local
regression to the data (loess fit). The relationship betweenltietagth and wing width was

represented as a straight line.

Table28: Maturity scale used in the present study

Maturity stage
A (Immature) Claspers undeveloped, shorter tha Ovaries small, gelatinous, or granulate
extreme tips of posterior margin but with no differentiated oocytes
of pelvic fin visible
Testes small and threashaped Oviducts small and threashaped,

width of shell glandhot much greater
than the width of oviduct

B Developing Claspers longer than posterior Ovaries enlarged and with more
margin of pelvic fin, their tips transparent walls. Oxytes
more structured, but claspers sofi  differentiated in various small sizes (<
and flexible and cartilaginous mm).

elements not hardened
Oviducts small and threashaped,

Testes enlarged, sperm ducts width of shell gland greater than widtt
beginning to meander of the oviduct, but not hardened
C (Mature) Claspers longer than posterior Ovaries large with enlarged oocytes (>

margin of pelvic fin, cartilaginous. mm), with some very large, yofkled
elements hardened, and claspers oocytes (ca. 10 mm) also present

stiff
Uteri enlarged and wide, shell gland ful
Testes enlarged, sperm ducts formed and hard

meandering and tightly filled with
sperm

D (Active) Clasper reddish and swollen, sperr Egg capsules beginning to form in shel
present in clasper groove, or gland, partially visible in uteri, or egg
flowing if pressure exerted on capsules fully formed and hardened
cloaca and in oviducts/uteri, or egg case

being exuded from cloaca

6.3.3 Diet analysis

The stomachs of 111 specimend.dfircularis(21¢116 cmly) and 41 specimens &f fullonica
(29¢100cmLy) were dissected from the body cavity and the contents examined. The fullness
of the cardiac stomach was estimated on a scalecd000 being empty and 10 being full.
The contents of the cardiac stomach were then placed into a sorting tray antedkig the
nearest 0.1 g. Contents were identified to the lowest possible taxon, either macroscopically
or with a stereomicroscopand individual prey taxa counted. Prey taxa were also scored
using a points system, where scores (which totalled 10 for speimen containing food)
were allocated to each prey taxa proportionally. The stomach fullness was multiplied by the
points to give a sermjuantitative index of relative prey volume (Hyslop, 1980). The

proportion of fish with empty stomachs (i.e. fullnessore = 0) was used to calculate the
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index of vacuity and along with specimens with everted stomachs (therefore preventing the

mass of stomach contents and fullness to be recorded) were excluded from further analysis.

In order toquantify the diet, the following indices were calculated for each prey taxon in the

diet of both species:

1 Frequency of occurrence (%&he percentage of all the stomachs that contained food in
which each prey taxon was observed.

1 Percentage by number (- the total number of each prey taxon as a percentage of the
total number of enumerated prey items. Digested remains which could not be enumerated
were given a nominal abundance of one.

1 Percentage by points (%FPhe sum of relative prey volumes (ifellnessx points) for each
prey taxon as a percentage of the total scores for all prey taxa.

1 Index of relative importance (IRI), calculated as:

IRl = (%N + %P) x %0 (Piekas, 1971)
1 Percentage of relative importance (%IRI) expressed as IRI dividdgte lsum of all IR,

Ydzf GALX ASR 06& wmnn &:LwL ' LWLKHLwWLO E wmn.

Inanimate objects found in stomachs, such as hook and monofilament line were recorded,
but with no points or counts assigned and were only recorded as the frequency of aumirre

(%0) and excluded from calculations of %IRI.

6.4 Results

6.4.1 Geographical and bathymetric distributions

6.4.1.1 Leucoraja circularis
Records of.. circularisvere closely associated to the outermost part of the continental shelf
and slope waters along the Celtic Sea, and around the PorcupineBguieR5). Occasional
records were made from the Rockall bank and northern North Seandraalrecord made
from the shallover water of the central North Sea are outside of their geographical range

and are likely misidentifications (Bied al., 2Q0).
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Figure25: Occurrence ot. circularisn the Northeast Atlantic from fishefindependent surveys (grey cross

indicates a station with zero catctgeeTable26 for the list of surveys considered.

The number of catch records was low, with a total of 669 individuals, primarily from the
Spanish Porcupine Bank survey (64%) and the French EVHOE survaaf®d®8). CPUE in

the EVHOE survey was greatest at depths 0£30Q m at 1.4 ind.# but remained relatively
high at 40£500m at 1.3 ind.# (Table30).

Table29: Numbers otL. circulari@ndL. fullonicgpresent in fisheryindependent survey data.

Survey Total o, Total -
number number
226 243

French Southern Atlantic Bottom Trawl Surv 33.78 67.11
(EVHOE)

Irish Groundfish Survey 3 045 22 6.08
(IGFS)

North Sea International Bottom Trawl Surve 8 1.20 46 | 12.72
(NSIBTS)

Scottish Rockall Bank 3 045 46 | 12.70
Spanish Porcupine Bank Survey 429 | 64.13 0 0
Scottish West Coast Survey 0 0 5 1.38
Total 669 362
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Figure26: Numbers and percentage bf circularigblue) andL. fullonicared) caught at each depth band.

Table30: Nominal CPUE &f circularisn EVHOE survey by year and depth band.

2000 0.02 0.00 0.00 0.00 0.02
2001 0.02 0.00 1.83 0.00 0.00 0.16
2002 0.08 0.00 2.34 1.38 0.00 | 0.50
2003 0.04 0.34 1.18 1.13 1.00 0.17
2004 0.12 0.00 0.00 1.48 0.00 | 0.30
2005 0.00 0.67 1.68 1.00 0.00 0.28
2006 0.08 0.80 0.00 1.62 0.00 | 0.34
2007 0.00 0.00 0.00 2.00 0.00 0.43
2008 0.00 0.00 0.00 1.67 0.00| 0.14
2009 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.33 0.00 | 0.02
2011 0.02 0.00 0.00 0.40 0.00 0.03
2012 0.03 0.00 1.24 0.50 0.00 | 0.08
2013 0.07 0.97 0.00 1.28 0.67  0.18
2014 0.02 0.28 0.00 1.08 0.00 | 0.09
2015 0.08 0.56 0.00 0.29 0.00  0.10
2016 0.04 0.29 0.00 1.33 0.00 | 0.09
Total 0.04 0.26 1.39 1.28 0.11 ' 0.18

In the Porcupine Bank survey, the CPUE was highest at greater depth£6060d at 1.04
ind.htt, however, an additional peak was also seen atc@0D m of 1.01 ind.# (Table31).
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The proportion of hauls across all surveys with a positive catch was greatest (0.9%) in the
301¢400 m depth band. Positive catches from all surveys indicated that 31% of specimens
were from the 35400 m depth band (dominated by EVHOE records), with angibak
(15%) found at the 55B00m depth band (dominated by Porcupine Bank recdfigire26).

Table31: Nominal CPUE &f circularisn Poraipine Bank survey by year and depth band.
Year Depth band (m)

I
2001 0.00 0.36 0.13 0.00 0.00 | 0.15
2002 0.11 0.50 0.00 0.57 0.00 0.25
2003 0.00 0.82 0.14 1.28 0.00 | 0.61
2004 0.00 0.54 0.00 0.00 0.00 0.21
2005 0.00 1.14 0.56 0.00 0.00 | 0.58
2006 0.16 0.33 0.20 0.84 0.00 0.31
2007 0.00 1.16 0.00 1.86 0.00 | 0.78
2008 0.00 0.40 0.22 2.40 0.00 0.58
2009 0.00 0.73 0.21 1.04 0.00 | 0.44
2010 0.00 0.90 0.00 1.50 0.00 0.50
2011 0.00 1.23 0.00 0.55 0.39 | 0.63
2012 0.17 1.32 0.21 1.25 0.00  0.83
2013 0.00 1.25 0.00 1.07 0.86 | 0.78
2014 0.00 1.19 0.43 1.90 0.28 0.95
2015 0.00 1.27 0.91 0.93 1.44 | 0.96
2016 0.00 1.41 0.80 0.25 0.75 0.77
2017 0.00 1.70 0.60 0.00 0.00 | 0.87
Total 0.03 1.01 0.29 1.04 0.22 | 0.62

6.4.1.2 Leucoraja fullonica
Records ot.. fullonicawere primarily located along the continental shelf of the Celtic Sea,
from the areas west of Brittany to the south coast of Ireland and also around the Rockall Bank
(Figure27), with some catches seen in the northern North Sea around the Shetland Isles, and
occasional records from the Scottish west codsiere was little overlap in the distribution
of L. fullonicawith L. circularis Of the six surveys examinetlaple26) across the up to 18
year timeseries, only the EVHOE survey had hauls where both species wersengjgek Of
the 136 hauls with.. fullonicgoresent, just 13% of these also had catchds. @ircularisvhich

were primarily in waters >300 m depth.
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Figure27: Occurrence oL. fullonicain the Northeast Atlantic from fishefjndependent surveys (grey cross

indicates a station with zero catct§eeTable26 for the list of surveys considered.

Catch records were limited, with records of 362 individuals present in the data, primarily
from the EVHOE (67%), Rockall (12%) and North Sea IBTS (12%) Sable28)( CPUE of

the EVHOE survey was greatest (0.77 itddt depthsof 301¢400 m {Table32), although

the proportion of hauls aciss surveys with a positive catch was greatest (1.1%) at the 101
200 m depth band. Positive catches from all surveys, indicated that 47% of individuals were

made between 104150 m (dominated by EVHOE recoréigure26).

6.4.2 Sex ratio in fisheryndependent surveys
The sex ratiof both species found within catches wsignificantly different ¢hi-squared
test, 0.05), with256 males to 368 female circularig1:1.44) andl34 malesto 182 female
L. fullonica(1:136). This was clearer at the larger length clasgeigyre28). The fishery
independent surveys caught fish assomuch of the perceived length range circularis13g

115 cmlrandL. fullonica 16¢105 cmLr(Figure28).
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Frequency

Table32: NominalCPUE df. fullonican EVHOE survey by year and depth band.

Depth band (m)
101¢200 | 201300 | 301¢400 | 401500

_ Leucoraja circularis Leucoraja fullonica B remae
1 T mate
171 . Unsexed

i |
10 20 30 40 5 60 70 8 9 100 110 120 10 20 30 40 5 60 70 80 90 100 110 12
Total length (cm)

Figure28: Length range by sex farcircularisandL. fullonicecaught in fisheryindependent trawl survey&000;
2017).
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6.4.3 Biological investigations
Biological data were collected frofri6 specimens oL.circularis(47 male: 2893 an Lrand
69 female: 28116 an Ly) and54 specimens ot.. fullonica (25 male: 1§86 cm Ly and 29
female: 2&100 cmLy;, Figure29).

Leucoraja circularis Leucoraja fullonica -
emale

Male

S

Frequency

w

60

0 | !
10 20 30 40 50

80 90 1 ' )

100 110 120 10 20 30 40 50 60 70 80 90 100 110 12
Total length (cm)

70

Figure29: Length frequency df. circulariandL. fullonicaspecimens retained for biological examinati@v14;
2019)

6.4.3.1 Conversion factors
Therelationship between total length and weight in the specimens (by sex) sampled was very
similar between the two species, especially in the smaller specinkégsr€30). L circularis
the larger of the two species, wesignificantlyheavierat a given total length thah. fullonica
(paired two sample-test; p < 0.001Table33). The relationship between eviscerated (gutted)
weight to length was also determine&igure31) to augment data collected during market
sampling programmes. Again, the relationship was very similar between the species, with
large overlap within the 95% confidence limits throughout most of the size range. These
relationships were not examinday sex, given the small sample sizbe linear relationship
between total length and wing width-{gure32) was very similar between the specidable
33).
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Table33: Conversion factors for lifeistory parameters

Relationship L. circularis L. fullonica
y=axp Figure
(unless specified)
Length weight 0.0016 3.2858 0.995 111 | 0.0010 3.3664 | 0.993 Figure
30
Length  gutted 0.0016 3.26@ 0.993 112  0.0017 3.2080 @ 0.992 46 Figure
weight 31
Length wing| 0.6454 -2.9240 0.994 116 | 0.6582 -3.7822 | 0.995 52 Figure
width 32
(y =aLr+b)
Length liver 9.5101&% @ 3.7975 0.973 114 4.8358€’% 3.9711 @ 0.9& 46 Figure
weight 33
11000
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Figure30: Relationship between total weight and total length (95% confidence interval shaded) éocularis
andL. fullonica
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Figure31: Total length to gutted weight relationship (95% confidence interval shaded).foirculas and L.
fullonica
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Figure32: Wing width to total length relationship (95% confidence interval shaded).farculari@ndL. fullonica

6.4.3.2 Hepatesomatic in@x ()
Livers were removed and weighed fesich specimen, to examine the relationship between
liver weight and total lengthRigure33). This can give insightto the reproductive cycle of
elasmobranch fish and will vary according to factors including sex, maturity stage and season
(Oddone and Velasco, 2006). Tie¢ationship in both specimens shows a relatively strong
exponential trend (#of 0.97 and 0.98 fok. circulari@ndL. fullonicaespectively). However,

this relationship is more variable for large (ca. >80LgfemaleL. circularign = 13), and
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more data for the different maturity stages are required. There was much closer relationship

for the largest (>80 cnhy) femaleL. fullonica(n = 7).

The liver weight can also be expressed ag@gntageof body weight (the hepatsomatic
index, I; Table34), which is a frequently used indicator of the energy reserve in an animal
(thus the lowest values are usually seen in females nearing the end of thartegive cycle
(McCully Phillipand Elis, 2015)). The averade across all samples wasl18 (5.07 forlL.
circularisand 5.46 forL. fullonicd, with the smallest (2.27) exhibited by the smallest sandy
ray r= 21cm). The largest index (10.28) was from a mature inafellonica(lr = 86¢cm),

with the largest femald.. fullonicall- = 100) having a lowdy (6.62), possible linked to the
presence of large mature follicles (22 mm) which would reduce the available energy reserve.
Twofurther mature femald.. fullonicawith smaller maximum follicle sizes (11 and 17.5 mm)
had higherly of 9.47 and 9.73 respectively. The largest maturecircularisspecimens
(females 106116 cmlLrn=4) haddranging from 3.57.60. In general, th& increased with
maturity stage (able34), except for mald.. circularisvith the developing stage (B) having a
great averagé,than the mature (stage C) specimens. There were a lack of specimens of bot

species at stage D (active) and also developing (stalgef@jonica

Table34: Hepatesomatic indexI() of L. circulari@ndL. fullonicsampled by sex and maturity stage.

Maturity Stage Mean Iy Mean Iy
(L. circulari$ (L. fullonica
Female(n) Male(n) Female(n) Male(n)
A 4.83 (53) 4.38 (23) 4.58 (17) 4.89 (19)
B 5.83(9) 6.08(12) 6.99 (4) -
C 6.01(5) 5.51(11) 8.10(5) 7.64 (3)
D
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Figure33: Relationship between total length and liver weight (95% confidence interval shadeld) docularis

and L. fullonica(top) andrelationship between total length and gonad weight farcircularisand L. fullonica
(bottom; data <1g not shown, i.e. nafi <40 cniy plotted).

6.4.3.3 Gonadesomatic indexl€)

The association between gonad weight and total body len@thble 33; Figure 33) is

expressed as the gonagmmatic indexlg), and the averagés by sex and maturity stage is

given inTable35®

a4 SELISOGSRS

GKA&d AYyONBI &ASRL2JSN

circularishave heavier mean gonad weights at every sex and maturity combination expect

for mature males, wheré. fullonicahave larger average gonad weights
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Table35: Mean gonad weight and gonagmmatic indexlg) by sex and maturity.

Maturity stage Female : Male : Female : Male :

Gonad weight Gonad weight Gonad weight Gonad weight
(I n) (I n) (I n) (I n)

A 5.20 2.34 181 1.48
(0.36; n =53) (0.27; n = 22) (0.28; n=17) (0.23;n=19)

B 16.47 10.87 9.55 -
(0.46; n=9) (0.45; n=12) (0.52; n=4)

c 120.7 20.16 72.50 21.50
(2.50; n = 5) (0.64; n=11) (1.40; n = 5) (0.81;n=3)

6.4.3.4 Maturity
Theestimated eéngth at 50% maturitylse) for L. circularis was 100ck for females and 81
cm Ly for males Figure34). The model would not fit fok. fulonica given the limited data
and therefore noogivesare given.Table36 indicates the sizes of the smallest mature and
largest immature fishwith data forL. fullonicaindicating that ariso would likely be slightly

smaller than that of_.circularis

1.0
0
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0

086
1

L50= 100

04

Proportion mature
04

Proportion mature

0.2

g al om ©
T T T T T T T T T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120

00
1

Length (cm) Length (cm)

Figure34: Maturity ogives for female (left) and male (right)circularis

Table36: Maturity estimates (number of samples given in brackets).

L. circularis L. fullonica
Female Female
EstimatedLso 100 cm 81 cm na na
Smallest mature 96cm 73.5cm 93.5cm 8lcm
(n=3 (h=1) (n=9 (n=3)
Largest immature 101cm 85cm 89cm 70cm
(n=69 (n=39 (n=29 (n=23

Quantitative data were collected faidamental glandvidth, whichis closely associated with

maturity. Figure35shows this relationship for immature and mature femadéboth species.
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In L. circularighe distinction between immature and mature specimens is clearly defined
with immature nidamental glads attaining ~20 mm width and mature specimens exceeding
~ 40 mm in width. The distinction is not as cledkr.ifullonicabut looks likely to occur around
25 mm width.

Similar to the nidamental gland width in females, clasper length of males canralddepa
quantitative measure of maturity to augment the qualitative assignment of maturity scales.
The outerand innerclasper length to total length relationship for the males, by maturity
stage, is shown ifrigure36. In L. circularisthe outer clasper lengthL{d measurement
provided a clear distinction between immature and mature specimens with the outer
claspers of all mature fish exceeding ~90 mne irimer claspetength (g measurement
was not as well defined with overlap of developing and mature specimens in thel880
mm Lc range. Beyond 180 mrg, all fish were mature. A lack of developing and mature
specimens ofL. fullonicaprohibit robustinterpretation of clasper data with the switch

between immature and mature fish occurring betweergZ80 mmbLcand 3@110 mmloc
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Figure35: Relationship between nidamental gland width and total length. zircularis and Lfullonica
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Figure36: Relationship between inner and outer clasper length and total length arculari@ndL. fullonica

6.4.4 Diet composition and stomach fullness
The weights of the stomach contents forcircularisanged from @680 g, averaging 26.1 g
(n =111 Table37). The heaviest weight was recorded in the largest fish within the samples
(116 cmLy) with fishrecording stomach content weights of <1 g ranging fromg7&lcmL.

The index of vacuity was low at 2.7% (n = 3) and one fish had an everted stomach.

The identification of most prey items to species level was not pogsiblith the top five

prey items belonging to generic categories and digested remains. The most important prey
types accounting for 95% of the diet in terms of %IRI, were crustacean remains (59% O; 75%
IRI), digested remains (37% O; 10% IRI), fish rem&@fs @& 7% IRI), unidentified shrimp
(15% O; 4% IRI), unidentified brachyuran crabs (14% O; 2% IRI) and unidentified amphipods
(13.5% O; 2% IRI). Fish comprised approximately 7% IRI in theldietro@lariswith at least

five different species identifit including the commercially important boarfi€lapros aper
(Figure37) and gadid species. A further 2% IRI of the diet was described by a variety of
higher taxonomic classes including: polychaetes, amphipods, euijidgusopods, molluscs

and echinoderms. Four individuals were found to have digested remains of other
elasmobranchs; although not identified to species level given the advanced digesi®on,

suspected that two individuals were predating on lessgotted dogfish Scyliorhinus

22 Specimens were frozen at sea, transported to institutes and defrosted prior to examination, thus
resulting in the stomach cdents having a more digested state.
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canicula One individual had a hook and monofilament line in its stomach; apart from some
minor bruising to the inner stomach lining, it did not appear to have daday perforatel

the stomach wallKigure37).

The weights of the stomach contents for fullonicaranged from @389 g, averaging 34.4 g
(n = 41). Ta heaviest stomach contents weight of 389 g was recorded in a 99 famale,
with fish recording stomach content weights of <1 g ranging froq82TmLr. The index of
vacuity was 7.3% (n = 3). LIkecirculariscrustacean remains were the most impartg41%
O; 68% IRI) prey type identified. Howevkr, fullonicawas more piscivorous, with fish
remains, lessespotted dogfish, cuckoo rdyeucoraja naevysoarfish and horse mackerel
Trachurus trachurusiaking up 18.5% IRI. Two specimens had cuckoarralysir stomachs,
with one 86 cnrr specimen containing a 37 cbhacuckoo ray® (Figure38). Fourspecimens
contained lessespotted dogfish, one of which had consumedjaenilesup to 22 cmLy.
The overall diversity of species found in the diet was less thairculariswith an absence

of isopods in the diet.

Figure37: Stomach contents df. circularishowing20 Capros apefound in the stomach of a 99cky female
(left) andthe 15mm hook and monofilament line found in the stomacka@bcmLrmale(right).

Figure38: Stomach contents df. fullonicashowing a freshly consumed 37 ¢scuckoo ray.

2 Whilst it is mpssibk that this specimen had beeconsumed in the ne{(given the low rate of
digestion), it was fully contained in the cardiac stomach. However, another specimen was found with
the more digested remak of a cuckoo ray in the stomach.
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