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A minha filha Ritaser de luzque veio dar & minha vida
uma nova forca, energia e razéo de viver.

E a meus Pais, razdo da minha existéncia, a queonta@o o que sou.







In fact, the existence of bycatch and discardsoisracent. It dates back
biblical times, although according to social cidedifferent from the current

epoch:

*" The Kingdom of Heavens is still similar to a ettt thrown
to the sea, catch all kind of fish speci®8s soon as it is full, the
fishermen haul it to the beach, sits down and sglie good ones

to the great basket and the bad ones throw theny.awa

toetot

Na verdade, a existéncia do bycatch e das rejeit@es® recente. Remonta

deste os tempos biblicos, embora segundo critédomis diferentes da época

actual:

"0 Reino dos Céus é ainda semelhante a uma rede que,
lancada ao mar, apanha toda a espécie de peflesgo que ela
se enche, 0os pescadores puxam-na para a praiaareesg e

escolhem os bons para as canastras e 0s ruinsnaeitss fora

(S. Mateus 13:47-48976.Biblia SagradaEditora Difusora Biblica, 72 Ed.)







Abstract

Bycatch and discards are a cause of great connecommercial world fisheries, with
important ecological, economic and conservationlizapgons. With the recent inclusion of a
discards ban (‘landing obligation’), in the refoohthe EU CFP, these issues have gained a
tremendous attention from the economic, scientifiojitical and social point of view.
Demersal trawl fisheries off the southern coadPoftugal capture an extraordinary diversity
of species and generate considerable amounts @tdbyand discards. Bycatch includes
commercially valuable target-species and bycatatisp with low or no commercial value,
but the great majority consists of unmarketablecigse that are discarded. Bony fishes are
dominant in bycatch and discards and the most diedaare of low or no commercial value.
The reasons for discarding are fundamentally ecoamamnature (lack of commercial value)
for bycatch species, and legal and administratikega{ minimum landing size) for
commercially important species. The study of theraductive biology of Galeus
melastomusdiscarded by crustacean trawls, suggests thahianom landing size should be
established for this species, and explains the itapoe of such a study in the assessment and
management of fisheries. The discovery of a newispeof the rayNeoraja iberican. sp.
contributes to the knowledge of the local marinadbiersity in Portuguese waters and of the
global marine biodiversity. The three cases of amm@b hermaphroditism recorded in
Etmopterus spingxare the first cases known to date of hermaphsodiin this species. There
is a need to find solutions to the problem of bglaand discards of trawl fisheries in the
Algarve coast. A combination of technical, regutgtand economic measures to minimize
bycatch and reduce discards, before implementittending obligation’, is thought to be the
best approach to apply in the southern Portuguestispecies trawl fisheries.

Key-words: Bycatch: discards- biodiversity - cartilaginous fishes commercial trawl
fisheries: South coast of Portugal (Algarve).







Resumo

Com a exploracdo crescente e continua da maiosarefursos marinhos ao longo do
tempo, facilitada pela modernizacdo da tecnologmartes de pesca, as capturas acessorias
(bycatch), e a consequente rejeicdo de organismaogimes ao mar passaram a ser rotina da
maioria das pescarias comerciais a nivel intermatiGomente no inicio do Século XX com
a percepc¢do dos elevados niveis de bycatch (3&®eside toneladas, equivalente a 40,4%
da captura total), e de rejeicdo (média de 7,3 Gaghde toneladas de peixe por ano,
correspondente a uma taxa global de captura desg2pmou consciéncia de que, para além
do desperdicio de matéria-prima que representam,rtgortantes implicacdes ecoldgicas,
economicas e de conservacdo. Entdo, o bycatch ejeigdes tornaram-se objecto de
preocupacao cada vez mais crescente e do esfomgdiahno sentido de gerir e conservar 0s
recursos marinhos pesqueiros.

Actualmente, com a inclusdo no recente regulameéat®olitica Comum das Pescas, da
proibicdo das rejeicbes (‘obrigacdo de desembayrgeieia necessidade de desenvolver
medidas que permitam a reducdo dos actuais nikeiad®es de bycatch e a eliminagcédo das
rejeicdes, torna-se ndo sO imprescindivel, mas éambrgente, proceder a uma correcta
identificagdo e quantificagdo dos niveis destas domponentes da captura, a determinagéo
da sua variabilidade no espaco e no tempo, e adgoithecimento profundo e claro sobre as
razBes que levam a pratica das rejeicdes de orgasiao mar. Essa atitude tornard possivel
efectuar mudancas nas praticas de rejeicdo, aurdigprocesso de amostragem e permitir a
criacdo de protocolos e medidas que visem tantoumpdmento da ‘obrigacdo de
desembarque’ como uma gestéo mais eficiente dddbyeadas rejeicoes.

Neste estudo o bycatch total € considerado comdosanpor¢cdo da captura total que
abrange todas as espécies capturadas acessorigné@ntdvo), e que tem duas componentes
muito importantes: o bycatch comercial, de espéobes valor comercial e que podem ser,
subsequentemente, desembarcados e comercializadaguele rejeitado (designado por
‘rejeicdo’ ao longo do trabalho), composto quer espécies comercializaveis quer, na sua
grande maioria, por espécies que nao tém qualaler gomercial, e que séo rejeitadas ao
mar.

A presente tese tem por objecto principal o bycates rejeicdes provenientes dos dois
métiersda frota de arrasto demersal - o0 arrasto parddoess e o arrasto para peixes - das

pescarias comerciais que se verificam nas aguasodta Sul de Portugal (Algarve),
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avaliando em termos de quantidade e composicaspizies, analisando a sua variabilidade
e identificando as possiveis e principais causas lguam a pratica das rejeicbes nestas
pescarias, em particular. Neste estudo também aesan as abundancias e biomassas de
espécies rejeitadas (entre métiers e dentro de wedeer), a dominancia das espécies
presentes na rejeicao e as taxas (em numero equeBsa)ue sao rejeitadas.

Todas as analises foram baseadas em dados resothicinte 25 meses consecutivos (de
Fevereiro 1999 a Marco 2001) e resultaram da ag@a@alo método directo de amostragem,
que consiste na actividade de um observador quedidi presente a bordo das respectivas
embarcagOes. Durante este estudo surgiram algumiasldhdes que condicionaram o
progresso continuo e eficaz da amostragem inicigknglaneada, nomeadamente: a
impossibilidade de ndo se poder ir a bordo das erabdes, quer por recusa inicial do
consentimento, quer por quebra dos compromissabeadstidos com 0s respectivos mestres
ou armadores; as condigcbes meteorolégicas advepsasimpossibilitaram, em muitas
situacdes, as actividades e operacfes normais st®;pe as situacdes politicas (greve)
geradas pelos armadores da pesca de arrasto peea pae se estenderam por um longo
periodo de tempo.

Apesar das limitagbes sofridas neste estudo, as godem ocorrer em qualquer estudo
de natureza cientifica, as conclusdes a tirar slbeno sentido de que a pesca por arrasto na
costa do Algarve, independentemente do métier gqueosasidere, e em resultado da nao
selectividade inerente a rede de arrasto, captueaxtraordinaria diversidade de espécies e
gera quantidades consideraveis de bycatch gquesgrem compostas na sua maioria por
espécies sem valor comercial e por individuos @geass-alvo abaixo o tamanho minimo
legal, ddo lugar a sua rejeicdo em elevadas propsr¢

Feita comparacdo das diversas componentes da a&apwnificou-se que, apesar da
proporcéo de bycatch a ser comercializado por ambasiétiers ndo ser muito distinta, o
bycatch total capturado pelo arrasto de peixesdext@gamente a captura de espécies-alvo,
guando comparado com o arrasto para crustaceogualoa captura de espécies-alvo é
consideravelmente superior. Cré-se que esta difarea deva, essencialmente, a duracdo do
tempo de arrasto, que € cerca de quatro vezesomfer arrasto para peixes. Verificou-se
também que o arrasto para peixe rejeita maiorgsopgdes de organismos, e a taxas (em
kg/h) consideravelmente superiores, presumindodgeegte facto esteja relacionado com a

captura de pequenos organismos pelagicos {embeteiro,Macroramphosusspp.) cuja
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distribuicdo em profundidade se sobrepbe ao interda profundidade explorado pelos
arrastoes.

A aplicacao de testes e analises estatisticasaalms dlas capturas, bem como de analises
multivariadas aos dados de abundancia e biomassadie espécie presente nas rejeicoes,
veio revelar ndo haver padrbes sazonais signimstguer nas diversas componentes da
captura, quer na taxa de rejeicdo dessas espgggejndo que a variacdo das capturas seja,
provavelmente, reflexo da persisténcia na compogigd comunidades de peixes demersais
ao longo do tempo, e que nao existem quaisqueragites no comportamento de pesca,
sempre sujeita a operacdes determinadas em ordetinara a maior vantagem da
disponibilidade das espécies comercialmente majgoritantes. A maior quantidade de
rejeicdes registadas pontualmente nas estacdesitdoooe inverno € relacionada com a
diminuicdo de precos do mercado local para algusspecies comerciais de bycatch que de
outra forma seriam retidas.

Nas aguas continentais portuguesas o0 arrasto dam@ygesponde a uma pescaria
multiespecifica, o que é claramente confirmado pelarsidade de espécies, pertencentes a
um grande leque de familias, encontrada durante estudo. Contudo, a diversidade de
espécies capturada pelo arrasto para peixes @mdecapturada pelo arrasto para crustaceos,
em virtude de no primeiro a pesca ser levada a dabante menos tempo, em areas mais
restritas e numa gama de profundidades mais baixas.

Em ambos os métiers os peixes 0sseos dominam asasmple bycatch e rejeicdes,
representando uma percentagem extremamente eldeaggeicdo em termos de abundancia
e biomassa. As espécies que mais contribuiramagplyaatch comercial foram as dos peixes
cartilagineos (e.g. pata-rox&cyliorhinus caniculano arrasto para crustaceos, e a cavala
(Scomber coligs e a sardinha Sardina pilchardus no arrasto para peixes, cuja
comercializacdo depende da quantidade total cajstuzados precos de mercado praticados
consoante a época do ano. De entre um numero dionitke espécies de peixes 0sseos
dominantes nas rejeicdes de baixo valor comerciahesua maioria, sem valor comercial,
mas particularmente relevantes na cadeia alimesdientam-se no arrasto para crustaceos,
por ordem decrescente de importancia: (1) o vedif¥licromesistius poutassu o
trombeteiro e a mini-saia&C@pros aper em abundancia, e em biomassa (2) o verdinho, o
leitdo Galeus melastomysa mini-saia e o congr&€pnger conger, € no arrasto para peixes,
(3) o trombeteiro e a mini-saia em abundancia, eb@massa (4) a cavala, a pata-roxa, o

trombeteiro e a bog®86ops boops
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Este estudo permite concluir que as razdes quenl@varatica das rejeicbes, em particular
nas pescarias de arrasto na costa Sul de Ports@al fundamentalmente de natureza
econdmica para as especies de bycatch, pois quaiaianndo tem valor comercial (e.g.
trombeteiro, mini-saia, maioria de peixes cartihi@gis e invertebrados marinhos), e de
natureza juridico-administrativa para as espédies-@e importancia comercial, em virtude
de a maioria dos individuos ser inferior ao tamantioimo legal de desembarque (e.g.
pescada, esparideos do génétagellus gamba-brancaParapenaeus longirostrjs As
espécies-alvo, como as espécies bycatch, sdo igntmejeitadas por causa do estado de
degradacdo ou da ma qualidade dos individuos, suftado de lances de longa duracéo, o
que sucede em particular nas espécies menos nésssta deterioracdo (e.g. pescada,
verdinho, abritea®hycis spp.). Razdes econdmicas importantes que levanjeigae de
espécies bycatch sdo também a inexisténcia de dosralisponiveis para muitas espécies
comerciais de bycatch (e.g. cabiaggla spp., maioria de peixes cartilagineos) e o baixo
valor comercial de algumas espécies (e.g. verdieitép, pata-roxa).

A constatacdo de que os peixes cartilagineos s&@ camponente bastante importante
tanto no bycatch como nas rejei¢cdes resultant@esiea por arrasto na costa Algarvia, aliado
ao seu baixo potencial reprodutivo (e.g. longodopess de gestacdo, baixa fecundidade,
idade tardia a que atingem a maturidade), em péaticas espécies demersais, que 0s torna
muito mais vulneraveis a pressao exercida pelaapgs@ue a maioria dos peixes 0sseos, e
com pouca capacidade de recuperarem apoés granddimiate nas suas populagdes,
motivaram nesta tese o estudo especifico da blogprodutiva de uma das espécies de
tubardes de profundidade rejeitadas. A escolhaiuesizbre o leitdoGaleus melastomus
Rafinesque, 1810 (Chondrichthyes: Scyliorhinidas), virtude de ser uma das espécies de
elasmobranquios mais capturadas como bycatch guad® espécie de peixe mais rejeitado
em biomassa pelo arrasto para crustaceos. Além,d@$a a informacao biolodgica de base,
em particular sobre a biologia reprodutiva em @a@ esta espécie, era inexistente
anteriormente a este trabalho. Em face das anaise®stados de maturacdo, periodos de
postura, idade de primeira maturacao e actividagedutiva de machos e fémeas, sugere-se
que sejam aplicados tamanhos minimos de desembargsta espécie de elasmobranquio, e
pde-se em evidéncia a utilidade de um estudo desizreza na avaliacdo e gestdo das
pescarias.

Esta tese inclui mais dois estudos posteriores dlsunificacdo, que surgiram no decorrer

da amostragem. Um desses estudos refere-se a dagaodd uma nova espécie de raia a qual
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foi atribuido o nome cientifico ddeoraja iberican. sp. e 0 nome comum de raia pigmeia
ibérica. Este estudo, no qual se pode encontrar ponaenorizada e completa descri¢cao
taxonOmica desta espécie, contribui quer para bemmmento da biodiversidade marinha nas
aguas portuguesas, quer para o da biodiversidadaehaaylobal. O outro estudo refere-se a
descoberta de trés casos de hermafroditismo anoem@dntrado na lixinha-da-fundura,
Etmopterus spinakLinnaeus, 1758) (Chondrichthyes: Etmopteridaehsalerados como 0s
primeiros conhecidos, até a data, de hermafroditiggistado nesta espécie, e o segundo em
elasmobranquios registado nas aguas portuguestsesisido, para além de descrever os
espécimes hermafroditas, faz referéncia ao facto dermafroditismo ser uma condi¢éo de
reproducdo extremamente rara dentro do grupo dsmebranquios e discute este fendmeno
em outras espécies de tubaréao.

Os resultados deste estudo sdo no sentido de dearogse o bycatch e as rejeicOes
provenientes da pesca comercial por arrasto demeesaosta do Algarve constituem,
efectivamente, um problema nas pescarias portuguessa 0 qual é necessidade urgente
procurar solu¢des que permitam inverter esta situagesta linha, e neste estudo, se referem
as medidas técnicas, regulamentares e socioecam®nactualmente disponiveis que
possibilitam a minimizacdo do bycatch e a redug®rdjeicdes. E, no final do trabalho, se
deixa opinido sobre aquelas que melhor se adeqaarfiescarias de arrasto na costa Sul de

Portugal, tendo em conta os resultados obtidos.

Palavras-chave: Bycatchejeicdo biodiversidade peixes cartilagineospesca comercial de
arrasto costa Sul de Portugal (Algarve).
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Prologue

Uncontrolled fishing effort has led the internaabrcommunity to seek rules to protect
marine resources. Although various technical messaimed at reducing bycatch have been
implemented, these are largely ignored in severatofiean fisheries. Consequently,
unacceptable levels of bycatches are discardeldesetfisheries, which is the cause of great
concern due to the negative impacts on the fisegrgks and on the marine ecosystem. For
this reason, the European Union (EU) has made aBgnt with directives (EC No.
1639/2001, renovated by Decision 2010/93/EC) reamiits members to gather information
on the levels of discards of species which are ceraially exploited, and to report this to the
European Community. From their reports it appelaas Portugal has complied fully and that
complete and detailed data are still scarce

Recent proposals from the European Commission {&t&d the problem of discards as a
priority and establish procedures in order to redunwanted bycatche$he inclusion of a
‘landing obligation” (discard ban) of all commeic&ocks in the recent (i1December,
2013 Regulation of the EU Common Fisheries Policy (CEP)ne of the most emblematic
and demanding proposals in terms of implementatighe area of CFP reform.

This work incorporates the data collected during skirvey conducted during the years
1999-2001 and relates them with the more recernsfic publications. Beyond the intention
of completing this phase of my scientific training, this work | tried to contribute to the
information on bycatches and discards of trawl digds in the south coast (Algarve), by
providing better knowledge on the scale of the [@al) the species involved and the reasons
that contributed to the level of bycatches andatis found, as well as identifying the various
measures available that can be used to minimise,tleading to fishing practices with less
waste and a more rational use of marine resouByeproviding this information, it is hoped
that this work will be useful both in the assesshudrfishery resources in our country and for
the evaluation of Portuguese fisheries in nati@mal/or regional programs, which certainly

will emerge as a result of the recent 'landinggailon’ imposed on the new CFP reform
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Chapter 1 — General Introduction

Review of the current state of knowledge on bycatcand discards

Since the increasing and continuous exploitatiomo$t marine resources over time, as a
result of improvements in fishing technologies, dtgbes and discards have been a matter of
great concern in the global context of commerdsihdries (Alverson and Hughes, 1996;
Hall, 1996; Hall and Mainprize, 2005; Hat al, 2000; Northridge, 2009). The confirmation
that the discarded bycatch constitutes an importanirce of wasted marine resources
unfavorable to its rational use (to the extent thist harvested but not consumed), occurred in
the 1970s (Allsopp, 1982; Matsuoka, 2008; Slav#82) and, thereafter, there was a growing
interest and increasing dissemination of this stibja the 90s, estimates of discards made by
The Food and Agricultural Organization of the Uditdations (FAO) (Alversort al, 1994)
and the creation of the FAO Code of Conduct forgeaesible Fisheries (FAO, 1995) led to
the globalization of this phenomenon, causing conte the scientific community about the
problems originated by the bycatch and the discasdsciated with it (Alverson & Hughes,
1995; Crean & Symes, 1994; FAO, 1996; Hall and Maze, 2005; Hallet al, 2000;
Kelleher, 2005; Klima, 1993; Kumar and Deepthi, @0atsuoka, 2008; Murawski, 1995;
Tillman, 1993).

The knowledge about the alarming levels of bycaachl discards and the resulting
ecological, economic and conservation consequenaéisacted the attention of the
international scientific community, and determirikdir research and management actions, in
seeking solutions to the reduction of bycatch aisdanld levels as well as of the inherent
economic, political and ecological implications,adéng to an evolution of fisheries
management strategies (Duenal, 2011; Hall, 1996; Hall and Mainprize, 200%all et al,
2000, ICES, 2008a; Lewisaat al, 2004a; Olsen, 1995). The demand for such solsitias
intensified greatly over the last two decades (ICES08a), with a growing number of
studies, aiming to obtain a deeper knowledge of bipeatch (e.g. Andrevet al, 1995;
Castriotaet al, 2001; Damalas and Vassilopoulou, 2011; Queietial, 2011; Palsson,
2005) and discard levels (e.g. Allahal, 2003; Catchpolet al, 2005a; Cetirdi et al, 2011;
Cotteret al, 1995; Damalas and Vassilopoulou, 2011; Fernaatlat, 2011), the discarding
practices (e.g. Tingleyet al, 2000; Tzanatost al, 2007; Ulleweitet al., 2010), the
destination of discards as an energy flow to sulseiyconsumption by organisms (e.g.
Castroet al, 2005; Catchpolet al, 2006; Erziniet al, 2003; Hill and Wassenberg, 1990,
2000; Svaneet al, 2008) and their effects on the ecosystem (e.draCat al, 2002;
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Tsagarakiset al, 2008), the mortality or survival of bycatch andébscarded species (e.g.
Carrutherset al, 2009; Chopiret al, 1995; Davis, 2002; Duzbastilat al, 2010; Kaiser and
Spencer, 1995) and the development of technolagtywuld allow the reduction of bycatch
and discards levels (Broadhurst, 2000; Eneteal, 2010; He and Balzano, 2013; Lucchetti,
2008; Revillet al, 2006; Sardat al, 2006; Stone and Bublitz, 1995).

Both bycatch and discards still represent conceiffisult to define in a satisfactory way
(Alverson and Hughes, 1996; Alversenal.,1994; Crowder and Murawski, 1998; Davids
al., 2009; FAO, 2010a,b, 2011a; Hall, 1996; ICES, 208jeher, 2005). The definition of
bycatch varies among countries and researcffverson et al., 1994; Crean and Symes,
1994; Crowder and Murawski, 1998; Davies al., 2009; Hall, 1995; 1996; Hall and
Mainprize, 2005; Kelleher, 2005; Morizet al, 2004) but, generally, the term "Bycatch™ has
commonly been used to define the catch of speoiew/liich there is no direct effort, i.e., to
which fishing is not directed (Andrew and Pepperé®92; Anon., 2003; CEC, 1992b;
Clucas, 1997; Kennelly, 1995; Saila, 1983; Pestedl, 1995; Romine, 1995; Smith, 1995).
Part of this bycatch could be retained, landed aradketed if the species have some
commercial value. Depending on the nature of tisbefiies, local custom, or any other
reasons that do not comply with existing legal rerpart of this bycatch is returned to the
sea (Alversoret al, 1994;Bache, 2003Saila, 1983), forming the so-called 'Discards' \hic
is commonly defined as the part of the bycatch thatot used and is, therefore, thrown
overboard (Anon., 2008; Bache, 2003; Catchmtlal, 2005b; Clucas, 1997; Ellistaet al,
2005; CEC, 1992h, 2002; Kelleher, 2005; Saila, 1983

According to Hall (1995), bycatch can be classifatording to the type and level of
impact it exerts (critical, sustainable/non-susihle, non-biological, unknown-level,
ecosystem-level and charismatic). Discards can Bbksogrouped into several categories
according to the frequency with which they are alided (occasional, frequent, regular), to
the public sensitivity (sensitive or protected segc and to their economic importance
(species with or without commercial value) (CEC928).

In any fishing activity, the bycatch is usually sadered unavoidable and happens with
any type of fishing gear and in any region of therld/ (Kennelly and Broadhurst, 1995;
Larsen, 2000; Murawski, 1995; Perettal.,1995; Poulsen, 1995; Romine, 1995; Saila, 1993,
Zann, 2000), and the discarding of fish and othrgamisms is a common practice in most
international fisheries (Alversoet al, 1994; Ellistoret al.,2005; Rocheet al.,2002). Many

fisheries around the world exhibit high spatial aathporal variability in the bycatch and
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discarding (Alversoret al, 1994; Andrew and Pepperell, 1992; Co#eal, 1995; Crean and
Symes, 1994; Howell and Langan, 1987; Kelleher,520Qennelly, 1995; Liggins and
Kennelly, 1996; Margeirssoet al, 2012; Morizuret al, 2004; Stobutzket al, 2001), which
can be related to the technical characteristicshefvessels and gears, fishing strategies,
environmental factors, composition and biology ofpleited species and legal market
constraints (Kelleher, 2005; Rochet and TrenkeD50The amounts and composition of
bycatch and corresponding discards, vary consitierddpending on a variety of factors,
including the nature of fish stocks, the methodd fshing gear used, the selectivity of the
fishing gear, the fishing areas (habitat), the eaigpecies and their availability and market
value, the duration of trip and fishing hauls, fighing depth and seasons (CEC, 1992b;
Cotter, 1995; Hall, 1996; Kelleher, 2005; Larseinal, 1996; Maguireet al, 2006;Saila,
1983).

Nevertheless, the importance of discards, comparédte landings, depends largely on the
fishing gear used (Alversoet al.,1994; Rocheet al.,2002), with the selectivity of the gears
being one very important factor on which the amaifriycatch depends (Anon., 1999, 2000,
2004; Bache, 2003; Kennelly, 1995). Although mamarg are selective in terms of size,
certain gears are not selective in terms of spelnedemersal fisheries, the fishing fleets that
use non-selective fishing gear, as is the caseeofiedsal trawls which capture almost
everything in their path (and therefore have lowcsps selectivity), the bycatch and discard
rates are potentially higher than those producetisbyng fleets using more selective fishing
gear, such as purse seiners and longliddgerson et al, 1994; Broadhurset al, 2007,
Klima, 1993; Kelleher, 2005; Kennelly, 1994, 19%ennelly and Broadhurst, 1995; Saila,
1983). Nevertheless, this situation should not &eegalized since, in some crustacean trawl
fisheries, the ratio of bycatch:catch shows lowieal (Hallet al, 2000).

The demersal trawl fisheries, especially trawling ¢rustaceans, have been the focus of
particular attention due to the non-selectivitytiod fishing gear. This results in high levels of
bycatch and discards of individuals of target spedielow minimum legal size, of juveniles
of certain species, which upon reaching larger size caught intentionally by other
commercial and/or recreational fisheries (Alversbml.,1994; Andrew and Pepperell, 1992;
FAO, 1996; Fennessy, 1994; Howell and Langan, 18&nnelly, 1995, 1998; Saila, 1983),
as well as of endangered or threatened protecetlesp(Lewisoret al, 2004a,b; Matsuoka,
2008).
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In many commercial fisheries worldwide, bycatchcggare caught in large quantities by
demersal crustacean trawls, greatly exceedingétoh of target species (Campisal.,2002,
2003a, 2004). According to Morizwat al. (1992), the coastal trawls reveal a great spatial
heterogeneity in the captures and fishing practigeserating discards that for some species
can be higher (> 50%) than landings, being of gregdortance particularly in regard to
discards of immature individuals, as a result ehogercial and regulatory constraints.

Several reasons may lead to the discarding of tieeeor part of catch at sea, including
the most economically important species (Anon.,00lucas, 1997; Howell and Langan,
1987; Kelleher, 2005; Rochet and Borges, 2006)cd&ding may be due to: technical
reasons for marketable species (e.g. the fishiag itgelf and limitations/problems associated
with its use, onboard storage capacity, bad wepgtheeconomicreasons (e.g. species with
no or low commercial value, inexistence of a readyket for certain species, damage or poor
qguality of species), iii)legal and administrativereasons (e.g. minimum legal sizes of
marketable species, excess of commercial fishingtagy unauthorized fishing licenses,
prohibited fishing zones and seasons, prohibitgduca of threatened and protected species,
forbidden fishing with illegal gears) and iBiological/ecological reasons (e.g. species
composition, year class, patterns of distributidnspecies which in turn conditions the
directed fishery for one or multiple species) (efyerson, 1998; Anon., 2003; B&it al,
2011; Catchpolet al, 2002, 2005b; CEC, 1992b; Cottdral, 1995; D"Onghiat al, 2003;
Dunnet al, 2011; Edeliset al, 2011; Kelleher, 2005; Machias al, 2001, 2004; Morantet
al., 2000; Morizuret al, 2004; Sancheet al, 2004, 2007; Sartat al, 2003; Ulleweitet al,
2010).

Higher variability in the discards is expected ® dreater within (Rochedt al, 2002,
Ulleweit et al., 2010) rather than between métiarg] also when sampling is considered at
haul level (Borgesgt al, 2005b; Cotteet al, 1995; Pravonet al, 2001; Tamsettt al, 1999)
instead of trip level. Moreover, Kelleher (2005)ydsees that the reasons for discarding are
expected to be different from species to speciegny efforts intending to reduce discards
will be more effective if focused on species thed partially discarded. A deep and clear
knowledge about all the reasons leading the cupeattice of discards of organisms at sea is
a mandatory requirement in order to make chang#sipractice of discarding, to help in the
improvement of sampling and allow the creation it@cols and policy measures aiming at a
more efficient management of discards and therefloeebycatch (Anon., 2000; Kelleher,
2005; Walmsley, 2004).
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However, for most NE Atlantic and Mediterranearwdrisheries, discarding also occurs
mainly because the catch is of no commercial védug. Borgest al, 2000-2002; Castriota
et al, 2001; D’Onghiaet al, 2003; Edelistt al, 2011; Machiagt al, 2001; Monteircet al,
2001; Moranteet al, 2000; Sancheet al, 2004, 2007; Sartast al, 2003), and because the
potentially commercial species are either belowimirm landing sizes (e.g. Bak al, 2011,
Catchpoleet al, 2002; Edeliset al, 2011; Machia®t al, 2001, 2004; Morantat al, 2000;
Sartoret al, 2003) and/or are of low commercial value (e.grg@set al, 2001; Machia®t
al., 2001, 2004; Sanchet al, 2007; Ulleweitet al, 2010).

Evaluation of bycatch and discards in coastal coriale fisheries allows reaching
important ecologic and economic considerations Wwhee essential to good fisheries
management (Allairet al., 2003; Alverson and Hughes, 1996; Alverseinal., 1994; Crean
and Symes, 1994; Rochet and Borges, 2006; Sai&8)1By contributing to overfishing and
resulting in modifications in the structure of dantcommunities (Alversoret al., 1994;
Castriotaet al, 2001; Daytoret al.,1995; De Groot, 1984; Jones, 1992; Mageiral.,2006;
Rebecceet al., 2004), high levels of bycatch and discards canatere in a long term, the
sustainability of the fisheries and the marine hiedsity important for maintaining the
ecosystems balance (Bache, 2003; Catchebkd., 2006; Crean and Symes, 1994; Everett,
1995; Watson, 2007; Wilson, 1990).

Both in economic and ecological terms, the discaydbf bycatch represents an
unnecessary loss (Allaiet al.,2003; CEC, 1992b). In ecological terms, the majopact of
this practice is reflected in the ecosystem stmecaund in the marine diversity (Borgesal.,
2001; Castriot&t al, 2001; Matsuoka, 2008). The change in the ecasybdance caused by
the bycatch and the waste of raw material causatstiscards, which is lost in food chains
and does not reach the consumers, creates changfes food chains and does not provide
any advantage except to serve as additional foodsdavengers (Alversoet al., 1994;
Castriotaet al, 2001; CEC, 1992b; FAO, 2010a; Van Beek, 1998) #émdpromote
decomposition processes (Cabealal., 2002; Gofi, 1998). Through discarding, scavengers
learn how to take advantage of discards and tbemging habits are thus altered (Castrigtta
al., 2001; Hill and Wassenberg, 1990, 2000; Kaiser Hiatink, 2007; Van Beek, 1998;
Wassenberg and Hill, 1989). For most fisheries apelcies, it is often assumed that the
organisms are dead or dying when they are disca(@adter et al, 1995; Hill and
Wassenberg, 1999; Kelleher, 2005; MacDonetidal, 1994; Saila, 1983; Van Beek al,
1990; Wassenberg and Hill, 1989), and while thérmass returns to the ecosystem, the
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effects are not well understood (Andrew and Peplpdr@92; CEC, 1992a, 2002; EC, 2007,
Kennelly, 1995). Nevertheless, there are studied thaim that in some situations and
depending on variability variety of factors (Broadtet al, 2006; Davies, 2002; Davies and
Ryer, 2003; Suuronen, 2005), a percentage of tteh @ventually survives (e.g Davies and
Olla, 2001, 2002; Mesnil, 1996; Van Beekal, 1990; Wassenberg and Hill, 1989, 1993).
Known ecological impacts also include the decreadecal biodiversity (Kelleher, 2005) by
reducing prey and top predators in the trophicrthaiunsustainable levels (Hell al, 2000).

In economic terms, the discarding practice, by cetdy the availability of accessory
species that are targeted by other fisheries, septe a significant loss in stock productivity
and may adversely affect the size and the struattidhe populations (Crean and Symes,
1994; Catchpoleet al., 2006; Watson, 2007). This is particularly importamben large
quantities of juveniles of high commercial valuee atiscarded because it results in a
significant effect on the recruitment of relevapesies to commercial fisheries (CEC, 2002;
EC, 2007). Regarding non-commercial species, digogrepresent economic losses as these
could be used in the production of derivatives saglishmeal, oils and fish pastes, and other
products with application in cosmetic, pharmacelitand biomedical industries, as happens
in some world fisheries (e.g. Alonsa al, 2010; Kumar and Deepthi, 2006; Lokt al,
2010; Raffi, 2011).

In multispecies fisheries, the impacts of discagdarge amounts of organisms are known
to be highly significant (Alversoret al., 1994; Saila, 1983), and depending on the life
strategies of each species, the effects on popokabf target species of commercial fisheries
can be completely different from those exerted oputations of species with no commercial
value (Alversoret al.,1994; Goiii, 1998). Species which tend to have &Ikesed life history
strategy (i.e., slow growth, long lifespan, lowdedity, long gestion and late maturing), as is
the case of the most vulnerable species, are pkatig subject to overexploitation, and may
go into decline in decades or less (Hoening and&t1u990; Steveret al, 2000).

The recovery of these K-selected species from tepleis extremely slow when
compared with those which have a r-selected ligtony strategy (Musick, 1999; Stevesis
al., 2000), suffering a much greater impact, particyldériquotas and fishing strategies are
directed to r-selected target species (Alversbrl, 1994;Musick, 1999). Therefore, high
discards of marketable species can have smalleaataphan low discards of sensitive species
(Alversonet al.,1994). However, some authors advocate that alththehemoval of a large

number of individuals from an ecosystem may havyeredictable effects, it cannot be stated
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that large amounts of bycatch always result in wmfable biological and ecological impacts
(Alverson and Hughes, 1996; Pere¢tl.,1995; Zhou, 2008).

There is a general concern about the consequefi¢chs discarding of bycatch, both by
those responsible for the assessment and managevheigheries and by the global
environmental and activist groups related to theseovation of marine resources, alarmed by
the consequences that fishing activity has on theevable, sensitive and/or protected marine
species (e.g. birds, turtles, mammals, sharks ays) ((Alversoret al.,1994; Daytonret al.,
1995; De Groot, 1984; Jones, 1992; Kelleher, 200&guireet al.,2006; Reackt al, 2006;
Rebecceaet al., 2004). Bycatch of these unmarketable species has becomecesasingly
important factor in the management of certain fise(CEC, 1992b; ICES, 2009a), being of
particular concern when the so-called "charismadjggcies are on the list of vulnerable or
endangered species (Bache, 2003). Despite gloloatsethat have been made to conserve and
manage marine fisheries resources, when it comaswwanted or regulated bycatch, the
accidental capture and mortality of protected ssecaused by commercial or recreational
fisheries, is still a significant and growing prebl (Watson, 2007).

The bycatch of elasmobranchs, one of the vulnemgaleps of organisms, is of significant
and increasing concern in fisheries worldwide, sausubstantial ecological, economic and
conservation problems (Cambt al, 1998; Steven®t al, 2000; Stobutzkiet al, 2002;
Walker, 2005). As K-life history strategists, thiassmobranchs have special reproductive
characteristics (long gestation periods, usuallyeeding two years, low fecundity and late
maturity), which makes them particularly vulnerabefishing pressure when compared to
the majority of finfish (Anderson, 1990; Cailliet al, 2005; Cavanagh and Claudine, 2007,
Ellis et al, 2008; Fowleret al. 2005; Gallucciet al, 2006; Hoff and Musick, 1990; Holden,
1974, 1978; Walker, 2005). These biological chamastics have serious implications for
populations of elasmobranchs to the extent thaketie limited ability of many species to
recover after major declines in their populatioSgeyenset al, 2000, 2005; Musick, 2005),
caused either from overfishing (direct or indireat)other threats from human activity (e.g.
pollution and habitat destruction) (Cailliet al, 2005; Camhiet al. 1998; Cavanagh and
Claudine, 2007; Fowleet al, 2002, 2005; Gallucaet al, 2006; Walker, 2005). Moreover,
the elasmobranchs are known to have an importabgcal role as predators near or at the
top of the marine trophic chains and are considesethdicators of the state of the fishery

(Stevenset al, 2000). However, Serenet al. (2009) believe that the recent declines in
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traditional target species may lead to a decreaskscards of these fishes as, to compensate
for this decline, higher amounts of “alternativg/thtch species are being retained.

Some authors consider it essential to improve reBeand monitoring of the
elasmobranch bycatch (Cavanagh and Claudine, 2@@d)call upon the need to carry out
studies on the biology of these species (size ceifipp and sex ratio, distribution and
habitat, age and growth, length by maturity stagd ather aspects of the reproductive
biology) in order to provide data to fisheries ngeras for the purpose of assessing the status
of stock condition and to ensure the sustainabdftglasmobranchs populations (Ekisal,
2008; Jonest al, 2008). All this biological information is stillonsidered insufficient for
most elasmobranchs, particularly in the case op dea sharks (Ellist al, 2008; Martin and
Treberg, 2002).

The reduction of bycatch and discards is one ofrtigortant aspects taken into account in
fisheries and the appropriate measures for thectexh) to be taken in order to protect
juveniles and spawners, are listed in the FAO Caid€onduct for Responsible Fisheries
since 1995 (FAO, 1995). It is necessary to estirbgitatch and discards in order not only to
assess the impact that fishing has on non-comnespecies and on the entire ecosystem
(Alversonet al.,1994; Hall, 1999), but also to obtain empiricaladab that the process that
leads to the discarding practice can be studiedl{&et al.,2002). The search for solutions
towards addressing the problem of bycatch and disdaas intensified greatly over the last
two decade§ICES, 2008a).

Accurate studies on the impacts that bycatch ardadils exert at the population level
should take into account not only the discardemms of number and weight and the discard
mortality but also the survival of discards (Alvemsand Hughes, 1996). The search for
solutions to reduce the problem of discards requimeaking local studies in order to
determine the range and variability of discardspace and time (Allaiet al.,2003; Saila,
1983). It is also necessary to identify, quantifiyl @ompare the levels of discards in fisheries
using different type of fishing gears (Borgasal.,2002; Erziniet al.,2002). Given the high
rates and large variability in the discards obsgrire many commercial fisheries, routine
monitoring of the discards is essential not only $tock assessment and management, but
also to help in the evaluation of mitigation teaiues or the ecological effects caused by the
discard measures (Borgetal.,2002).

The presence of observers onboard fishing vesselsnsidered essential by many authors

in order to observe the discarding practices a$ agelo record the causes and/or reasons that
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lead to discards (e.g.FAO, 1996; Kelleher, 2005; Kennelly, 1995; Liggiat al., 1996;
Morizur et al., 1996, 2004; Nolan and Yau, 1997; Weber, 1995). Eueopean Union
considers that onboard observer programs are usefaktimate the total catch, including
landings and discards, and that the data collelsyethis method are more comprehensive
since they include the area and the fishing metratlallow a better quality control (Rochet
and Borges, 2006). The introduction of these pnogran fisheries will improve the accuracy
of the bycatch and discard estimates in world figlse(CEC, 2008a; Ellistoet al, 2005;
Watson, 2007). However, the significance of the @arg onboard is still limited, due to the
voluntary and costly nature of the sampling proggdRochet and Borges, 2006).

The European Commission also considers that teaske impact of the reduction of the
discarding practices, it is necessary to collestalid data at the métier level (CEC, 2008a,b;
EU, 2008a). The term “métier” was adopted by theopean Data Collection Framework
(DCF) (CEC, 2008b) and is defined by the Europeam@unity as “a group of fishing
operations targeting similar (assemblage of) spgeaising similar gear, during the same
period of the year and/or within the same area, &@hith are characterised by a similar

exploitation pattern” (EU, 2008a)”.

Bycatch and discard amounts in the global contextfdisheries

The first estimates of the total bycatch from dlttee world’s oceans pertain to the 1970s
and to the shrimp trawl fishery. The US Nationakdemy of Science estimated an annual
shrimp bycatch from 5 to 21 million tonnes (t) amd1975, an annual discarded fish bycatch
from shrimp fisheries of 3 to 4 million t was estitad by an FAO roundtable (Slavin, 1982).
In 1980, a global bycatch range of 5 to 16 milliowas estimated, based on a ratio of by-
catch fish to shrimp according to geographical ar@al for temperate waters and 10:1 for
tropical waters) (Allsopp, 1982). The FAO preserdea@vised annual discard estimation of 5
million t (Slavin, 1982) but Slavin suggests a camative estimate of 3 to 5 million t per year
of the discarded bycatch (Slavin, 1982).

In the late 1980s and early 1990s, Saila (1983jnastd for the first time the average
world fisheries discard rate at 10%, or about @nillon t. FAO estimated an average global
discard of 27.0 million t (reported range 17.9-3%fllion t) (Alverson et al, 1994),
corresponding to about 35% of the production ofwloeld’s marine fisheries (Alverson and
Hughes, 1996); while Andrew and Pepperell (1992)reged a global by-catch in world
shrimp fisheries as high as 16.7 million t.
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In the study by Alversoet al.(1994), bottom trawl fisheries were found to geteraore
discards than any other type of fishery and a ntetal shrimp bycatch of 11.2 million t
(range 16-17 million t) was estimated. However, riétte(1995) considers that these figures
may be underestimated because these estimatest duchule: 1) the mortality rates of the
species that escape from fishing gear during feslhoperations; 2) the discard rates of
mammals, turtles and marine invertebrates; and 3thé¢he recreational and subsistence
fisheries. Also, the databases used in the esbmatere incomplete. Moreover, issues related
to methodological weakness, which did not take iatcount the landings of non-target
catches leading to over-estimations of discardsgMzka, 2008), and issues related to lack of
information on discards from artisanal, recreaticara subsistence fisheries, illegal fishing
and under-reporting in log books leading to undgmeation of discards, were later
recognized by FAO (FAO, 1996).

In the mid-1990s, FAO global discards estimatiors wdjusted to 20 million t, equivalent
to 25 percent of the reported annual productiomfroarine capture fisheries (FAO, 1999).

In the XXI century, the most recent estimate oftthtal amount of fish discarded annually
by commercial fisheries worldwide was publishedA#®O in 2005, based on data covering
the period 1992-2001 (Kelleher, 2005). Accordingties study, the global discard rate
(proportion of the catch discarded in relationdtak captured) by weight is estimated at 8%,
which is equivalent to an average of 7.3 milliontmeetons of fish per year, varying widely
depending on the type of fishery (from 3.7% in dreable artisanal fisheries, up to 52% in
demersal fishing trawls directed at fish and creesaas). This estimate is considerably lower
than the estimated 27 million tons in 1988-1990vé$onet al, 1994) and Zeller and Pauly
(2005) believe that this discard reduction over yhars may be a result of improvement in
fishing practices, the reduction of wasteful fisegror of the increase in the retained capture
(e.g. for reduction into fishmeal).

Davieset al. (2009) analyzed data from major fisheries in 23ntoes from 2000 t02003
(including the Northeast Atlantic) and reached kglcaestimates of 38.5 million tons,
corresponding to 40.4% of the total marine catdtielbing that the amount of the bycatch is
probably higher. To these authors, bycatch is tiegukither from lack of management in

fisheries or from continuous gaps in fisheries@oand management.
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Bycatch and discards in the European Union context

The discarding of organisms to the sea has beegnédicant problem in the European
Union fisheries (EU) and has concerned the Euro@@anmission since 1992 (Anon., 1999,
2000). The most recent global discard estimategatel that for the period 1992-2001, the
Northeast Atlantic (FAO area 27) fisheries, whdre majority of European Union fisheries
are included, are responsible for generating aroomeHifth (1.332 million tonnes, 13%
average discard), accounting for 19.5% of the alhglohal discards (Kelleher, 2005).

Within the EU fisheries, there is a large varidhilin the discards. According to the
‘Scientific, Technical and Economic Committee fasHeries’ (STECF), the level of the
bycatch discarded in the European demersal trasWiefies for the period 2003-2005,
represents between 20% and 60% of the total catchdight (CEC, 2007a). In the North
Sea, the discard estimates vary between 500,008&mA00 tons (40% of the total catch by
weight) (CEC, 2007a,b; EC, 2007). The West of lmdland Scotland show discard estimates
varying between 20% and 40% of the total catch leygiat (EC, 2007), depending on the
fleets, target species and depth (CEC, 2007a,dhdrMediterranean Sea and the Black Sea
discards amount to 18,000 tons, corresponding t@wanage discard rate of 4.9% (CEC,
2007b; EC, 2007). In the Baltic Sea, some fisheogestributed with quite insignificant
discard values (average of 1.4%) when comparetig¢artain demersal trawl fisheries (70-
90%) (CEC, 2007b; EC, 2007).

To comply with the United Nations Food and Agricuét Organization Code of Conduct
for Responsible Fisherig€CRF), ensuringhat long-term fishery resources exploitation is
carried out in a sustainable manner, consistett antecosystem approach to fisheries (FAO,
1995), all significant sources of mortality indudey fishing, in which discards are included,
should be quantified and accounted for (FAO, 201Ba) that purpose, the European Union
(EU) has been implementing the estimation of ddsawithin the scope of th®ata
Collection Framework (EC Regulations Nos. 13480, 16392001 and 15812004) (EC,
2000, 2001, 2004). The information is then includedtock assessment models to improve
assessments and also used to provide a bettentimsig the effects of fisheries on the marine
ecosystem (EU, 2008b). Based on the EC Regulation 16$39/2001 (‘Data Collection
Regulation’) (EC, 2001), discard data have beeleaeld by the EU member states since
2002 in order to gather and improve the availagbiht data in certain EU fisheries (Anon.,
1999, 2000; CEC, 2007a,b; EC, 2001, 2007a; ICEG72Rochet and Borges, 2006).
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The need for establishing survey methodologiesdiscards and for accurate discard
estimations common to the member states, led teeniational Council for the Exploration of
the Seas (hereafter ICES) to establish, at the ®ok on 'Discard Sampling Methodology
Raising and Procedures' in 2003, different staistformulae, based on the use of two
statistical estimators, in order to calculate didsaand accuracy for a given population (ICES,
2004). Considering that these statistical formuleee based on assumptions that in practice
were not used for the purpose of sampling progranasof fisheries, ICES proposed in 2006,
a workshop on the most appropriate procedureski itdo account in the data collection of
discards, to be applied to the different membetestathrough the 'Planning Group on
Commercial Catch, Discards and Biological SamplitBGCCDBS) (ICES, 2006a).
Currently, and in light of the data collection syst (‘'Data Collection Framework', DCF),
there is still an obligation, imposed by Europeagutations (EC Decision 2010/93/EC)
(ICES, 2010a; EU, 2011), for each member stat®lleat information on the discard rates of
commercially exploited species. However, the didcdata remains incomplete for some
member states and for some fishing areas (EC, 2010)

Although several technical measures to protectrjiedish and reduce the capture of
undesired (bycatch) species and their discardiegiraplace under Community legislation
(e.g. changes in mesh sizes, minimum landing sz&sh composition rules according to
defined mesh size ranges, area and real-time e@gs(CEC, 2002), unacceptably high levels
of discards are still found in numerous Europesahdiies managed under the EU Common
Fisheries Policy (CFP) (CEC, 2008b; STECF, 2008).

The negative impact that the discards exert ondtslsks and on marine ecosystem has
been also a serious concern of the European ComomigSC) (Anon., 1999, 2007; CEC,
2007a,b). To this end, the European Commissiongpeel) in March 2007, a policy proposal
which addresses the problem of discards as a fyriand outlines the procedures to be taken
in order to reduce bycatch and eliminate unwantisdadds in European fisheries (CEC,
2007a,b). In the international framework, the reguncand prohibition of discards imposed
by law are not new measures, which had already lomepiemented in some fisheries in
Norway, Iceland, Canada and New Zealand (Anon.918¥EC, 2007a,b; EC, 2007, 2008).
However, due to the diverse implications regardiBgropean multispecies fisheries
(particularly regarding social aspects, environrakefdctors, species and fishing gears), the
EU has suspended the implementation of the legsldb ban discards in all EU countries

(Borges, 2010). Nevertheless, the European Commmisgmained committed to reducing
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discards, and to establishing a suitable plan doige bycatch and discards in EU fisheries
(Anon., 2009a-2011a).

Maria Damanaki, European Commissioner for MaritiAfeairs and Fisheries, considers
that, in light of the new Common Fisheries Poliityis essential to have "an obligation for
landing discards, albeit gradually implemented” ¢An 2011b). In this regard, the EC
proposed the reduction and elimination of the pracdf discards (EC, 2011a) in the recent
revision of the EU Common Fisheries Policy. Thdusmn of such a mandatory discard ban,
where all individuals of commercial stocks that eaeight will have to be landedrticle 15
of the Proposal for a Regulation of the Europearidfent and of the Council on the
Common Fisheries Policy; EC, 2011a), was consideredincentive to avoid catching
unwanted species and its implementation is intertdetle phased-in, fishery by fishery,
initially from 2014 to 2016 (EC, 2011a), but moeeently from 2015 to 2019 (EC, 2013a,b).

Bycatch and discards in the Portuguese fisheries otext

Portugal, part of FAO area 27 and integrated inEble ranks among the top 10 countries
presenting the highest discards (total and rate¢igeed by shrimp trawl fisheries, amounting
to over 35,000 tonnes (70% discard rate) in 1998I@er, 2005).

There are some studies in Portugal that addretsreht aspects of the issue of bycatch
and/or discards of fish. In the late 1990s, andnduthe peak awareness of the international
problem of bycatch and discards, Borgésl.(1997) conducted the first Portuguese study of
commercial fishing discards on the south coastartugal. The proposed goals consisted in
evaluation of the discards from the commercial pusines (pelagic and demersal), trammel
nets and demersal trawls (for crustaceans and, fisbth quantitatively and qualitatively;
relating the discarded species to those of comilardierest, and distinction of the practices
of discarding in each métier.

The results of the Borgest al. (1997) preliminary study, conducted over 18 months
(1996-1997), provided the information that thereibigh species biodiversity, considering
the number of species caught unintentionally, amerefore discardedThe results also
showed that, compared to the total catch, about 66%pecies were discarded, and the
reasons for discarding varied according to theisgear métierlt was shown that trawling is
the métier which contributes most to high ratesdafcards, crustacean trawlers being
responsible for higher discard rates (83% averdgipwed by fish trawlers (79% average).

Discards resulting from the Algarve (southern Pgaty trawl fishery were estimated at
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between 9,000 and 13,000 tonnes (average disciodfar0%) (Borgest al.,2001). These
authors conclude that discards in terms of comjposénd quantity, are a significant problem
for the fisheries in Portugal and suggest thathkrtstudies should be done, increasing the
sampling effort, assessing the variability of thecdrd rates and amounts, the destination of
discards, and the relevance that the practiceszadiling may have in the marine ecosystem,
suggesting measures to reduce bycatch and discattusse types of fisheries.

Following this, Borgest al. (2000) carried out, for two consecutive years g:2000),
more detailed studies on discards of commercidlirfgs in the same area, increasing the
sampling effort by 23% to 27%. The quantificatioh discards, the identification of the
reasons for discarding and the classification antbgical characterization of the discarded
species were the main intentions of the continsiingly. This study continued to show a high
biodiversity of species discarded in high perceesad67%) as well as the greatest
contribution of both crustacean and fish trawlghe highest discard ratios (59% and 43%,
respectively).

Between 1999 and 2001, Borgetsal. (2002) developed the first multidisciplinary study
on the specificity of bycatch and discards issueshe south coast of Portugal, reporting a
discard ratio of about 67%, higher in crustace&@%(®9%) than in fish (27%-75%) trawls.
These authors also pointed out the fact that o8Bt 2f species caught by trawlers were
marketed, the rest being discarded. The obsenstibselectivity of trawl nets, performed in
this study, showed the efficacy of selective neticks (rigid system of selective grids) in the
catches of target species, and consequent reduettbe amount of bycatch.

The three studies carried out by Borgesal. (1997, 2000, 2002) show that discards are
indeed a significant problem for demersal trawhéises off the southern coast of Portugal
(Algarve), and lead to the conclusion that, altiotigere are several reasons for discarding
about 80% of fish caught by trawls, the prime reas& economic, since a considerable
number of species for which there is no readily kebavailable were discarded. Regarding
the commercially valuable species, the main redeordiscard is legal and administrative
(sizes below de legal minimum landing size). Theselies underline the existence of a
significant richness of marine species in the vgatérsouthern Portugal, as well as substantial
loss of raw materials and potential new market withsequent economic losses.

Castroet al. (1999) carried out a preliminary study on the iotpaf discards in trawl
fisheries in the Algarve during 1997 and 1999, stigating the factors that influence the

composition, quantity and variability of bycatchdadiscards, and evaluating the fate of
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discards. As a result of this study, the authomuearthat 56% of the discards, mostly
comprised of fish, are consumed by seabirds astinface, and that the remaining fraction
(44%) falls in the water column, with around 3% ue@lent to 12% of fish biomass) being
consumed by pelagic fish. These authors also fahatl after consumption in the water
column, an average of 41% of the initial discarelsch the seabed, being readily consumed
by scavenger species, therefore assuming thatrdsseae completely recycled by the marine
system in less than 48 hours.

Experimental studies on the selectivity of gillnated longlines, carried out by Erziei
al. (1999) on the south coast of Portugal, providddrmation that proves the existence of
large differences in the species composition of ¢atches between both gears and that
significant discard amounts of pelagic species Vath (or zero) market value and small size
are generated by these fishing gear, particulalityegs (26.4- 49.5% by weight).

During 1998 and 1999, Monteiet al. (2001) studied the discards resulting from bottom
crustacean trawl fisheries in the Algarve in terofsspecies composition and amounts
discarded, reporting discard values from 5% (6.2 thg76% (169.1 kg), lower than those
reported by Borgest al. (1997). Of the 91 species identified in this stulishes (bony and
cartilaginous) represent a fairly significant portiof discards, both in weight (82%) and in
number (85%).

A study on the selectivity of trammel nets carried by Erziniet al. (2001) on the coastal
waters of the Algarve, allowed Goncalwtsal. (2007) to study the discards generated by this
type of fishing gear. These authors concluded tthating 1999-2000, high proportions of
catches (49% by number) and a significant numbespafcies (n=105) were discarded by
trammel nets, and that the main reasons of thistipeaare economic issues (low or no
commercial value of species, poor quality of conuiarspecies and catches of insufficient
amounts of marketable species) and legal and asdirative issues (species smaller than the
minimum legal size established).

Erzini et al. (2002), in a study on the composition of the sgedailiscarded by five
fisheries (crustacean trawlers, fish trawlers, dsalepurse-seiners, pelagic purse-seiners and
trammel nets) on the south coast of the Algarvppstt the high diversity of species (n=236)
and consider it one of the characteristics of ddsdrom the commercial fishing activity.
These authors associate the differences in eack bfpfishery, in terms of species

composition and discarded biomass, to the selgctfithe fishing gears and to the depth at
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which the fishery takes place, suggesting thafptiaetice of discarding can have distinct but
significant impacts on the marine ecosystem.

Through experiences with longlines on the Algareast in 1998, Erzinet al. (2003)
studied the consumption of discards in the waté&rmon on trawl fishing grounds. Results of
this study showed that consumption of discards tegators is substantially higher on the
continental shelf below 100 meters depth and dheransignificant in deep (>200 m) waters.

During 1994 and 1996, Cabret al. (2002) conducted a study within the Tagus estuary
with the main purpose to evaluate the importanadisafards of the brown-shrimp beam trawl
fishery in the estuary’s nursery areas and foundatmaxtremely high percentage (90%) of
the catches, equivalent to 1527 tonnes/year, wemmdled by this type of gear. Four years
latter, through experiments designed to study theiwal of the beam trawl’s discarded fish
and crustacean species, these authors noticethéhatortality rates were quite different from
species to species and vary according to seasortimedof day. From the study of the
chemical decomposition of the main discarded osgasithese authors also found that these
discards represent an extraordinary input of oxganatter (35 and 140 tonnes/year of
nitrogen and carbon, respectively) into the Tagisay’s nursery areas.

After carrying out a study on discards resultingnir the use of beach seine nets
conducted, in 1999, on the central coast of Polt(ggauth of Lisbon), Cabradt al. (2003)
found that this type of fishing gear generatesdaygantities of bycatch, being the majority of
the species discarded in very high percentagesrqap@d00%) mainly due to legal and
administrative (marketable species with sizes Iadvan the minimum legal) reasons.

The fate of discards from demersal trawling forstageans on the southern coast of
Portugal was addressed again by Castral. (2005) who suggests that the discarding of
organisms to the sea has an important impact onstheture of the deep sea marine
ecosystem, to the extent that the large amounisabérial that are returned to the sea in the
form of dead organisms serve as additional foodséawenger species, fostering their growth
in terms of abundances and biomasses. The mairfitiares were found to be the small
bottom scavengers with a preponderant role ing¢bgaling of the organic matter.

During 2003 and 2004, Goncalvesal. (2004) evaluated experimentally the effectiveness
of a diamond-shaped mesh net as a selectivity ddwic’Bycatch Reducing Device’, BRD)
in fisheries for demersal purse seines in the Adgain order to reduce bycatch and discards,
examining the survival and physical condition d&# ftsh that escape from these same devices.

Results of this study led Goncalves al. (2008a) to show that, of the 46 species of fish,
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molluscs and crustaceans caught by demersal peisess almost 70% were discarded,
representing 50.5% (8266 kg) of the total catcle @iscards consisted mainly of pelagic fish
with low commercial value and juveniles of demersaécies with high commercial value,

being the main reasons for discarding of economspegies with low commercial value, in

56.6% of the cases), and legal and administragpedies below the minimum legal size, in
40% of the cases) origin. The BRD employed prowethd an effective device in reducing

bycatch, and it was found that a very significaatfion of species (61.8% of the total weight
and an average of 49% of individuals) that wouldwally be discarded could escape through
the device, causing no significant impact on thevigal rate and physical condition of the

fish crossing the device.

An experimental fishery using trammel nets in tHgatve was carried out, during 2000,
by Goncalvet al. (2008b) with the purpose to quantify the discastimarine invertebrates
with no commercial value, relating them to geaes#Vity, soaking time of the fishing gear
in the water, depth and season. Results of thdysthow that trammel nets are the fishing
gear most responsible for the bycatch and disaairdisese invertebrates between 15 and 60
meters depth. Of the 156 (87.6%) species discargedis type of gear, this taxonomic group
represents 48% of the total catch and 65% of discar number. Invertebrates with higher
commercial value, particularly cephalopods, aretmalscarded for economic reasons (poor
quality of species and/or captured in insufficiantounts to justify its sale), but also for legal
and administrative issues (smaller than minimunallegze). In general, it was found that
discards of invertebrates without commercial valtery considerably with soak time,
decreasing with increasing depth and exhibitindiHgt not statistically significant seasonal
variability in the amounts discarded.

In order to contribute to improved artisanal fiseermanagement and bycatch reduction,
Batistaet al. (2009) conducted a study between 2004 and 200%hwtharacterized the
trammel net fishery targeting soles and cuttlebshthe central West coast of Portugal, and
evaluated the factors affecting the variability the captures as well as in bycatch and
discards. Results of this study show that this tgpéshing gear captures a wide variety of
species (n=112), of which 87.5% (n=98) are disahrad®rresponding to a discard rate of
21.9% in weight and 52.8% in number. Regarding twygahis represents 59.6% of the total
catch, 41% of which is discarded (ca. 22% in weaid 53.8% in number. The commercially

valuable species were discarded mostly becaudeewfdamaged condition (90% of species)
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and to a lesser extent because of their size be&ow de legal minimum landing size. The
lack of commercial value was responsible for treeaiding of 35% of species.

Aware of the weak representativeness of discartisiddisheries assessment, which only
began to be collected for this purpose very regebyl some countries of the European
Community through discards sampling programs, Fetezet al. (2010) presented a model
for fisheries assessment where some discards ¢stima@ailable for the stock of hake in
Vllic (Spain) (1994-2007) and IXa (Portugal) (20R@o7) of ICES areas were incorporated.
Results of this study led to draw the conclusioat tthe practice of discards varied
considerably over the years modebedl that about 60% of the individuals captured,niyai
juveniles, were discarded. The incorporation ofdrsgard data in the assessment model lead
to higher estimates of recruitment and fishing mldst (F) of younger individuals, and lower
estimates of spawning stock biomass (SSB) andofder individuals (2-5 years).

As the demersal trawl fishery is characterized igi Ipercentages of bycatch and discards
at sea, particularly the crustacean trawl méttex, Rortuguese Sea and Atmosphere Institute
(Instituto Portugués do Mar e da Atmosfera, IPMAgs been dedicated since the last decade
to the improvement of size and species selectiopottom trawls carried out in Portuguese
continental waters, aiming to reduce the unwantgchteh, with minor losses of target
species. This intensive work included studies @endbdend size-selectivity of both diamond
and square meshes for cephalopods (Fonseah 2002), fish (Campos and Fonseca, 2003;
Camposet al, 2003a) and crustacean species (Cangbad, 2002, 2003b; Fonsea al,
2007); the use of square mesh windows alone (Campdd-onseca, 2007) or associated to
soft sorting panels (Campos and Fonseca, 2004);tladesting of rigid sorting devices
(Nordmgre grids) in fish (Fonseed al, 2005a) and crustacean trawls (Camebal, 2006;
Fonsecat al, 2005b).

Portugal is one of the EU member states that, 2002, has been subjected to collected
discard data in the Atlantic waters of the IberfBeminsula (Ices area IXa) by the Regulation
(EC) No. 1639/2001 ('Data Collection RegulationGR) (EC, 2001). However, the reports
of the European Commission stated that Portugahbagrovided the European Community
with discards data (CEC, 2004, 2007c,d,e; EC, 20tiing difficulties in the discard
estimation procedure related to the short periotinoé of the discards sampling programme
(EC, 2010) as well as in the discards database ((IP08a). Only discards data from
demersal long-line fishery targeting black scabbisd were provided by Portugal to the

European Community. These data were collected €668 through the “Portuguese Discard
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Sampling Programme”, which is included in the DCR/EU regulation and show that, for
the period 2005-2008, the discard is unimportar@¥6in number and 2.2% in weight of total
catch, during 2005-2007, in Bordalo-Machagkoal, 2009) in this type of fishery (ICES,
2006a,b, 2008b, 2009b, 2010bjeanwhile, Portugal did not provide the EU any liert
black scabbard fish discard data (ICES, 2011). Algih more recent information (2004-
2011) concerning the discard levels for certaircegsein Portugal has been published (ICES,
2012a-d; IEO/IPIMAR, 2010; Fernandes and Pristd,2a(h; Fernandest al, 2009; Jardim
and Fernandes, 2013; Prista, 2012; Prista and kréesa2012; Pristat al, 2012), complete
and detailed data are still missing.

The fishing activity in Portugal

In Portugal, the fisheries activity has traditidpdiad a very important socio-economic
role, especially for coastal communities which relyclusively on fisheries and related
activities as the main source of income (Dias, 2@0@8ho, 1999). According to the 2011
population census, 13,156 people are employederisheries and aquaculture sector (18%
less compared to 2001), representing about 0.3%eoPortuguese active population (INE,
2013).

The Algarve is considered one of the Portuguesemegeconomically most dependent on
fisheries (Borges, 2010; Borges al., 1997, 2000; CEC, 1992a). Currently, the employed
population in the fisheries sector in this regidifi sepresents a significant fraction of the
mainland population (18.9%, 2011 data) (INE, 2013).

Portuguese fishing fleet

The Portuguese fishing fleet is quite diverse amgleys a wide range of fishing gear and
methods according to the characteristics of theselssthe fishing zone and the exploited
stocks (Borgest al.,1997; Erzini, 2005; STECF, 2013a), operating mainlthe Portuguese
Exclusive Economic Zone (EEZ) (STECF, 2013a), whglthe most extensive EEZ of the
European Community (Dias, 2003; Pinho, 1999) thatemtly covers an area of 1,727,408
km?, equivalent to 18 times the Portuguese territaniah.

Currently, Portugal follows the global trend of deasing fleet, both in number and in in
fishing vessel activity, mainly as a result of ttdecommissioning of the older vessels. In
1999, the total number of registered national fighressels was 10933 (INE, 2001), of which
21% (n=2303) were registered in the Algarve (374bifg licenses) (ex-Direccédo-Geral das
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Pescas e Aquicultura, DGPA, unpublished data) 0B02the national fishing fleet decreased
by 1.7% in number of vessels (10 750 vessels, 21%he Algarve), having suffered a
decommissioning of 483 vessels (28.8% in the Algarof which 66% were demolished
(INE, 2001). In 2001, the national fishing fleetsm@duced by 2% to 10534 vessels (Anon.,
2001).

Data referring to 2011, position Portugal as thentmer state with the highest number of
inactive vessels (3691, 43.1% of vessels), reptegpd8.3% of the total inactive EU fleet,
and as the fourth member state to report highskinig days at sea (10%), followed by Italy
(47%), France (13%) and the UK (11%) (STECF, 2018hg official fishery statistics show
that for 2012, the national fishing fleet compri€2¥6 vessels (8288 Anon., 2012; 834
DGRM, 2013) (22% in the Algarve), of which 56.2%dha fishing license and 1.5% of
vessels (n=123) were decommissioned (65.8% deneadljsfiNE, 2013; DGRM 2013). For
2013, the national fishing fleet consisted of 8288sels (Anon., 2013).

Demersal trawling in Portugal and its legidlative framework

In the Portuguese continental waters, the demé®al is part of a multispecies fishery
(Camposet al, 2007) and is separated into two métiers (categ@r segments), according to
the target species: the crustacean trawl and shetfawl (Campost al, 2007; CEC, 1993a).
In the Algarve coast, these vessels use the sami@di method throughout the year (Borges
et al, 1997). According to Portuguese law, demersallgaannot operate within 6 nautical
miles counted from the coastline (DR, 1987, 20@® 12, 2003, 2006a,b, 2011).

Crustacean trawl métier

In the Algarve, the crustacean trawl became thea mgsortant métier of the trawling fleet
during the 80s, increasing its activity since 198Ben the Spanish fleet trawling for
crustaceans stopped operating in Portuguese w@araposet al. 2002). Compared to the
extensive range of fishing gears used in this regicawling for crustaceans is of highest
socioeconomic importan¢€ascalhcet al.,1984; DR, 1999; Pestana, 1991; Rital.,2001).
Its importance is also recognized by Fonsetcal. (2007), who associate it with both the high
commercial value that the target species react8{25x 10€, 1 176 tons in 2003) and the
bycatch of a large number of commercial and nonroengial fish species.

The Portuguese fleet of the demersal crustacean tygerates in the lower continental

shelf and continental slope at depths between h8BA0 meters (average depths of 400-500
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meters) depending on the target species (Cas$tad., 2005; CEC, 1993a,b; Gordon, 1998;
Mouraet al.,1998; Pestana, 1991; SEP, 1984). The main targetespcaptured by this type
of gear are the deep-water rose shriP@sapenaeus longirostrif_ucas, 1846), the Norway
lobster, Nephrops norvegicugLinnaeus, 1758) and the blue-and-red shrimpisteus
antennatus(Risso, 1816) (Campos and Fonseca, 2004; Campas, 2006; Castreet al,
2005; FAO, 2005; Fonseed al,, 2005a,b; Pestana, 1991). Many other speciesisfaceans,
fish, molluscs and other marine invertebrates &e part of the bycatch of this type of gear
and most of them are discarded to the sea (Bogyes., 1997, 2000-2002; Erziret al.,
2002).

According to the fisheries legislation, the minimiegal mesh size allowed in crustacean
trawls applied early in 1987 was 50 mm (CEC, 1993R; 1987) and was in force until
November 2000, by the time when minimum legal m&gks of 55 mm and 59 mm were
allowed (DR, 2000). Since the beginning of 2003,0amm minimum legal mesh size was
imposed for those trawlers targeting Norway lohsteith the opportunity of acquiring
simultaneously two types license, one for each tfpmesh size (55-59 mm anad70 mm),
given to crustacean trawlers licensed since 20@2nfidset al.,2007; DR, 2002, 2003, 2008,
2011). A minimum limit of 30% of target species anchaximum of 30% of bycatch species
(fish and cephalopods, excluding blue whiting) lisveed for the crustacean trawlers using
55-65 mm mesh sizes; while for those using differaash sizes, the catch of target species
was reduced to 20% (DR, 2000, 2001, 2006a,b). Gtiyrethis legislation still remains in
force (DR, 2011) but in 2006, crustacean trawleesenbanned from fishing between thé 1
and the 31 of January (DR, 2006c).

Fish trawl métier

The Portuguese commercial fish trawling fleet ofg=r@an the continental shelf and upper
continental slope to depths greater than 200 m (CEO3a) and the most common target
species are the Atlantic horse mackefehchurus trachurugLinnaeus, 1758), the Atlantic
mackerelScomber scombrusnnaeus, 1758, and the Atlantic chub mackeé3ebmber colias
Gmelin, 1789 (Campost al, 2007). Many other species of fish and marine ritelates are
also caught as bycatch, most of them being disdafBlergeset al, 1997, 2000-2002; Erzini
et al, 2002). According to the fisheries legislationtéthon July 1%, 1987), fish trawlers
were allowed to use a mesh with a 40 mm minimurallege and to catch a minimum limit

of 90% of target species (DR, 1987). In late 2@B8,minimum legal mesh size had increased
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to 65-69 mm, and the minimum catch of target sgesigfered a reduction to 70% (DR,
2000). This legislation also allowed the absencefet species catch constraints in the cases
where trawls use mesh sizes greater than 70 mimallyyi a maximum limit of 20% of
crustacean catches was imposed (DR, 2000, 2001a)simece 2003, it was considered
appropriate to allow fish trawlers using 65-69 mmaa 70 mm mesh sizes the possibility of
fishing up to 30% of crustaceans (DR, 2003, 2006&®ly since 2008, were trawl vessels
licensed for a 65-69 mm mesh size given the pdagibf licensing also for @70 mm mesh
size, maintaining the minimum percentage of tagpeicies set for such vessels (DR, 2008).
This legislation is still in force since 2011 (DR)11).

Studies on the southern coast of Portugal showttigatrustacean trawlers fish from 200
to 800 meters depth (Borgesal, 1997, 2001, 2002; Erziet al, 2002; Castr@t al, 2005)
using a 55 mm codend mesh size (Camebsal, 2002, 2003b; Fonsecat al, 2005b).
Concerning fish trawls, these usually fish at degiktween 100 and 200 m (Borgssal,
2001; Erziniet al, 2002) with a 65 mm minimum mesh size (Campos Fmkseca, 2003).
Some studies also reveal that haleifuccius merlucciugLinnaeus, 1758)), horse mackerel
(Trachurus trachurugLinnaeus, 1758))T. mediterraneugSteindachner, 1868]J, picturatus
(Bowdich, 1825)), and fish species belonging to féwmily Sparidae Diplodus spp., and
Pagellusspp.), are the most common target species ofishetfawlers in the Algarve coast
(Borgeset al, 2000-2002).

Trawling fleet on the South coast of Portugal (Algg

According to information from the current DirecttgaSeneral for the Natural Resources,
Security and Maritime Services Resources (DGRMynfier DGPA), in 1998, 62 trawl
vessels were registered in the Algarvian trawlifigileet. During the sampling period of this
study, the Algarve fleet has increased from 57 lEevin 1999 to 66 trawlers in 2000,
decreasing again to 59 trawlers in 2001, with ditéef representing 53.1% of the national
fleet trawling. Official fishery statistics revetlat in 2012, the national fishing fleet consisted
of 83 trawlers (Anon., 2012; DGRM 2013) (B2Anon., 2013). The situation of the national
trawl fleet until the end of 2013 remains at a reaoaf 82 vessels (Anon., 2013).

Framework of the study and its objectives

In 1996, the Research Group BIOPESCAS of the Usityeof the Algarve carried out a

scientific project on fisheries discards of fivenooercial fishing métiers in the Algarvian
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coast, named "Studies of the discards of commefcakries from the south coast of
Portugal” (Borge®t al, 1997). The main goal of this project, in whicparticipated holding
a scientific investigation grantyas determinant in my decision of carrying out tRisD
study, was to evaluate and analyze both the bycatth discards of commercial trawl
fisheries (crustacean and fish trawls) in the scotst of Portugal.

To accomplish the goal of the present thesis theviing objectives were outlined:

1. Analyse the species composition of the bycatch quahtify the catch rates of both
target and bycatch species of fish and crustacaam métiers (Chapter 2);

2. Evaluate the discards both qualitatively and quatitely, by means of discard ratios,
abundances and biomasses of discarded speciesebeswd within crustacean and fish trawl
métiers, species dominance in the discards and dfteliscarded species in humber and
weight (Chapter 3); and

3. Analyse the discarding practices, check for valiighin the discards and identify the
underlying causes or reasons for discarding (Ch&pte

Given the life history particularities of the elasimnanchs, | considered it important to
evaluate and characterize this group at a biolbdge@l which, in this study, is represented
by the specieSaleus melastomuRafinesque, 1810 (blackmouth catshark), pertaitontpe
Scyliorhinidae family.This particular species was chosen for being on¢hefdeepwater
elasmobranchs mostly caught as bycatch and ladistyarded by trawlers, and about which
the knowledge of the biology is limited in generaith no information regarding sexual
maturity in Portuguese waters prior to this stutlyerefore this study aimed also to:

4. Characterizes. melastomu# terms of reproductive biology, assessing théunits
of females and males, defining their maturity stagend the egg-deposition period,
determining the size at first maturity and evalgtthe reproductive activity of both males
and females (Chapter 4).

The qualitative study of bycatch and discards esthlthe scientific discovery of a new
species of ray to which the namoraja iberican. sp. (vernacular names: Iberian pygmy
skate (En); raia pigmeia ibérica (P)) was assigneslifying its inclusion in this study, with
the purpose to:

5. Make knownNeoraja iberican. sp., explaining and describing the charactesist
which make it a new species (Chapter 5).

My dedication to the study of the reproductive bt of elasmobranchs has also lead to

the discovery of three cases of abnormal hermagiswdin the Velvet bellyEtmopterus
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spinax (Linnaeus, 1758) (Chondrichthyes: Etmopteridae), extremely rare phenomenon
within this group, and considered to be the firasec of hermaphroditism reported in this
species. This discovery came to justify its inabasin this PhD study as well (Chapter 6),
aiming to:

6. Describe the thre&. spinaxhermaphrodite specimens, explain their inclusisraa
type of "abnormal hermaphroditism”, and discuss finenomenon in shark species.

This thesis is structured in seven chapters andodses four papers published in peer-
reviewed scientific journalSChapters 2, 4, 5 and 6) and one paper submitté&kviews in
Fisheries Science (part of Chapter 3), presentdd/endistinct main chapters following the
standard structure of scientific papers. The germksaussion of the most important results of
these chapters, followed by some final remarks smggestions for future research, are
presented in the Chapter 7, followed by a compitatf all literature cited in all the previous
chapters. This thesis also comprises 21 annexeésatbacompiled in a CD-ROM digital
format.

1 A copy of each published paper can be found in Al
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Chapter 2 — Bycatch in trawl fisheries

Abstract

As part of two research projects for analysing bgltaand discards, we quantified catch
composition, catch rates and bycatch in two impdr@mmercial bottom trawl fisheries
(crustacean and fish trawls) off the southern co&stortugal (Algarve). Stratified sampling
by onboard observers took place from February 183d@arch 2001 and data were collected
from 163 tows during 52 fishing trips. Commercialget species included crustaceans: blue-
and-red shrimp Aristeus antennatis deep-water rose shrimfpPgrapenaeus longirostrjs
Norway lobster Nlephrops norvegiclsand fishes: seabreamBiplodus spp. andPagellus
spp.), horse mackerelgrachurusspp.) and European hak®idrluccius merluccius The
trawl fisheries are characterised by consideratvieumts of bycatch: 59.4% and 80.3% of the
overall total catch for crustacean and fish trasvlespectively. A total of 255 species were
identified, which belonged to 15 classes of orgasi§137 vertebrates, 112 invertebrates and
6 algae). Crustacean trawlers had higher bycatotiv®rsity. Bony fish (45.6% and 37.8%)
followed by crustaceans (14.6% and 11.5%) weredtimeinant bycatch components of both
crustacean and fish trawlers respectively. Theuarfte of a number of factors (e.g. depth,
fishing gear, tow duration and season) on bycatchsicussed.

Introduction

Although concern about bycatch in commercial ardea&ional fisheries can be found in
the scientific literature from the mid-1970s, itchene the most critical fisheries issue in the
1990s (e.g. Alverson and Hughes, 1996; Alversbal, 1994; Hallet al, 2000; Kennelly,
1995; Perrett al, 1995; Tillman, 1993). Given the over fished staitenany of the world’s
most important stocks (Paug al, 2002), there has been a great interest in doctimgeand
finding solutions to the economic, political, andolgical implications of bycatch and
discarding. The worldwide interest has given rs@ tsignificant number of research papers,
reviews and conferences (e.g. Alverson and Hugh®36; FAO, 1996; Hall, 1996; 1998;
Saila, 1983; Sancheet al, 2004; Zann, 2000; and many others). Furthermtrere is
growing international concerns for the conservabtbbycatch species (Nakaeo al, 1997).
The first global estimate of bycatch was approxatyal2 million tonnes (Mt), with 3 to 5 Mt
a year concerning only shrimp trawl fisheries (81a1981; Saila, 1983). Later, Alversem
al. (1994) estimated an annual shrimp trawl bycatclaroind 11.2 Mt worldwide and the
global annual commercial fisheries bycatch wasvedtd to be an average of 28.7 Mt per
year (FAO, 1996).

Most marine fisheries are mixed fisheries directdonly a few commercial target
species; however a wide variety of bycatch spemiesaptured along with the target species
(Castriotaet al, 2001; FAO, 1996). Some of these species haveoetiocnvalue and can be
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retained and commercialised, while others are diechoverboard for a variety of reasons
(Alversonet al, 1994; Borgegt al, 2002; Saila, 1983tobutzkiet al, 2003).

Bycatch may include individuals of target speciemker than the legal minimum landing
size, juveniles of commercial and/or recreationahdries species, or individuals from
threatened, endangered, or protected species §dlwet al, 1994; Kennelly, 1995; Lewison
et al, 2004a). Bycatch is by and large regarded as udable, and it is not restricted to any
particular region of the world or to a particulagag (Hall et al, 2000). However, non-
selective fishing gears such as trawls that calttiost everything in their path, are generally
considered to have greater bycatch rates than sedeetive gears such as longlines and purse
seines (FAO, 1996). Indeed, the issue of bycatchoittom trawl fisheries is of particular
concern in tropical shrimp fisheries, where theghebf bycatch can be 5 to 10 times greater
than the weight of target species and many acctmn8 to 16 Mt per year as a whole
(Andrew and Pepperell, 1992).

The bycatch of commercial fisheries worldwide isgodéat concern to fisheries managers
and environmental and conservation groups as iriboes to biological overfishing and to
changing the structure of marine communities andtmsystems, with serious implications
for marine populations and the overall health amstanability of ecosystems (Alversah
al., 1994; FAO, 1997; Rebeceaal, 2004).

The first step towards understanding and solvingatph problem is to identify and
quantify bycatches (Alversoet al, 1994; Borge®t al, 2002; Kennelly, 1995, 1997, 1998;
Ye et al, 2000). The most widely used approach for quangfjbycatches in commercial
fisheries is to have onboard observers to recoedréguired data during normal fishing
operations (Alversoret al, 1994; FAO, 1996; Kennelly, 1995, 1998; Liggiesal, 1996;
Saila, 1983).

In Portugal, the “trawling” category includes fleebmponents that trawl for both
crustaceans and fish (C.E.C., 1993a). The most ritaupio fraction of the Portuguese
commercial trawl landings comes from the Algarvathwthe crustacean trawl fishery
constituting a very important part of the fishinget in the region (DR, 1999; Pi& al,
2001).

The present study is based on two research prdjeat@nalyse bycatch and discards and
focus on the bottom (decapod crustaceans andtfesh) fisheries of the southern Portuguese
coast. We quantify here the composition and cattdsrof the target and bycatch species of

the fish and crustacean trawl fleets. While presi@iudies have focused on discarding
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(Borgeset al, 1997, 2000-2002; Monteiret al, 2001), this is the first study that specifically
addresses the issue of bycatches of crustaceafishnulawlers. This research will increase
our knowledge of the impacts of trawling on theaaend will provide a useful point of
departure and baseline for management and congenatd for present and future work in
this field.

Material and methods

Data collection

The present study was carried out on commerciddinigs vessels operating off the
southern coast of Portugal (Algarve) (Figure 2rbjf February 1999 to March 2001, during
two projects on fisheries bycatch and discards.@agwas stratified by bottom trawl type
(crustacean trawlers and fish trawlers) and seésom) per year. Given the larger quantities
and diversity of crustacean trawlers, the sampiigrt was 4 or 5 fishing trips per season for
crustacean trawlers compared to 3 fishing trips geason for fish trawlers. Data were
collected by onboard observers following the direciection method, which consists in
observers onboard commercial boats asking the stgpy identify the target species at the
beginning of each trip.

On board the trawlers, observers recorded all nfi@rmation needed to characterise the
fishing vessel, fishing gears and fishing tripsn{toer and duration of trips and tows), catch
quantities (total catch, target catch, retaineattcatotal bycatch, commercial bycatch and
discarded bycatch), species composition, and gpbgra and bathymetric location of the
fishing area using onboard electronics. Catch egémdepended on the amounts caught per
tow: if large amounts were caught, the size ofdhteh was estimated by the skipper of the
fishing vessel. In the case of small amounts, ttal tcatch was obtained by summing the
weight of each commercial (target and bycatch gs@cpecies sorted into baskets by the
fishermen. Commercial target species as well astbkicspecies were measured on board,
with cephalothorax length (mm) and total length Yamcorded for crustaceans and fish
respectively. All data collection was carried outibdividual tow per fishing trip and all tows
were conducted in a manner that reflected normalneercial practice.

Sampling was concentrated on trawlers based innf&ostand Olhdo (Figure 2.1), which
are the two main fishing ports in the Algarve, witte whole Algarve considered to be a
single fishing ground (Borgest al, 2000). Data on the technical characteristicsraivit

vessels (year of construction, overall length inerge gross registered tonnage (GRT), and
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engine power in Horsepower, hp, and Kilowatt, karnd on the number of trawl licences for
1999, 2000 and 2001, were obtained from officiahares.

37.207

37.00

Latitude (°N)

36.80

9.20 9.00 8.80 860 §.40 8.20 §.00 780 760 7.40
Longitude (°W)

Figure 2.1 - Algarve region, showing the main fighports in the region.
Characteristics of fishing gears sampled

The crustacean trawl fisheries in the Algarve talkeee on the lower continental shelf and
continental slope at depths from 150 to 800 m, deéjpg on target species (SEP, 1984). The
most important crustacean trawl target speciesh@relecapod crustaceans, such as blue-and-
red shrimp Aristeusantennatuy deep-water rose shrimfpPdrapenaeudongirostris), and
Norway lobster lephropsnorvegicu3. As of November 22, 2000, the minimum legal mesh
size was increased from 55 mm to a range of 559tonf. The total catch of crustacean
trawlers that use this range of mesh size mustigtoosa minimum of 30% of target species
and a maximum of 30% of bycatch species (fishescaptialopods) (DR, 2000).

Fish trawlers operate on the continental shelf apder continental slope, mainly at
depths between 100 and 200 m (Borg¢sal, 2001; Erziniet al, 2002), and the most
important target species are horse mackerehdhurusspp.), European hakeMérluccius
merlucciu$ and seabream®iplodusspp. andPagellusspp.). Since 2000, the minimum legal
mesh size has been the range from 65 to 69 mmaanohimum of 70% of the catch must
consist of the target species. Trawlers using codeash sizes greater than 70 mm have no

such restrictions regarding target species. Howeher crustacean bycatch of fish trawlers
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must not exceed 20% of the total catch (DR, 2000)stacean and fish trawlers constitute

two different fleets with vessels that do not stibetween fishing.

Catch components definitions

In this paper we use the following terms and da&bns: total catchis the quantity of all
species brought on boartrget catchis the fraction of the total catch which includés
species towards which the fishing effort is direlcfiarget speciesjetained (or landed) catch
is the part of the total catch that has economianevé.e. the quantity of target and bycatch
species that can be marketed); dothl bycatchis the portion of the total catch which
includes all the species caught accidentally (rawget species). Total bycatch may be
retained if it has commercial value (commercialdigh) and/or discarded at sea if it is not
used for any purpose (discarded bycatch). In oraesimplify, ‘discarded bycatchwill be
referred to asdiscard(s) throughout this paper. It is also necessary ghhght that both the

targeted and non-targeted species may be eithdetaate or discarded at sea.

Data analysis

The means and respective standard deviations ofliffe¥ent catch compositions were
calculated according to trip and by tow. In order determine if there are significant
differences in the target, total bycatch, commérbicatch and discard catches between
seasons in each trawl type, non-parametric testshvemploy the ranks of the measurements
instead of using the actual (raw) data, had to gj@ied since sample sizes were different
between the seasons in each year. The two-sampia-M#itney test (U) (Zar, 1996), that is
analogous to the two-sample t-test, was appliegpting, summer and autumn in the case of
crustacean trawls and to all seasons in the cashofrawls. For testing differences among
groups where k (samples) > 2, non-parametric aaalg§variance were applied by the means
of the Kruskal-Wallis test (H), often known as “&rsas of variance by ranks” (Zar, 1996).

Species diversity for target, bycatch and discgeces was calculated by bottom trawl
type. Mean catch rate of commercial target speit@a each type of trawl were calculated
and standardized to hourly yields (kg/h), per seasmd were compared with mean tow
duration. Coefficients of variation (c.v.) were @lsalculated in order to understand the
variability of catch rates among seasons. Sizeufrrqy distributions of the target species of
the two types of trawl, as well as of the most imgat bycatch species captured by fish

trawls for which there is legislation concerningdé minimum landing size (LMLS), were
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prepared. Legal minimum landing sizes for each isgeare reported following the
Portuguese legislation published in Diario da Réipal{DR) (2001).

Results

Fishing vessels and licences

Observers sampled 9 different trawlers of the 23#dhat were licensed in the Algarve
from 1999 to 2001. Six crustacean trawlers werepsaan ranging in age from 7 to 44 years
(mean=19.8) with total lengths ranging from 23 @8 (mean=25.8 m). The mean GRT was
1449 ton (s.d.=29.26) and mean engine power was34dw (s.d.=80.63). The three fish
trawlers that were sampled were older (mean=33e@rsy and slightly larger (mean=30.7 m)
than crustacean trawlers. The mean GRT was 178.1std.=2.22) and their engine power
mean was somewhat greater, with a mean of 504.(8kix=72.17).

Crustacean trawlers fished at depths from 117 origmean= 463.3 m; s.d.=150.0). Trip
duration varied from 45.8 to 94.1 hours (mean=6®&rs; s.d.= 16.876) and tow duration
ranged from 2.25 to 10.22 hours (mean=5.78 h; $.89%. Fish trawlers normally fished at
depths between 100 and 290 meters, but some hawntsas shallow as 41 m (mean= 105.3
m; s.d.=43.95). Fish trawler trip duration variednh 27.5 to 49 hours (mean=43.4 h; s.d.=
7.944) and tow duration ranged from 22.2 minute®.8% hours (mean=1.45 h; s.d.=0.48).

Sampling effort

A total of 52 fishing trips were made (35 in crustan trawlers and 17 in fish trawlers),
during which 72 crustacean trawl tows and 91 fatvttows were sampled, which totaled 163
fshing operations. There were less crustacean fislwig operations, with a maximum of 3
tows per trip (mean=2.06, s.d.=0.34) and 5 to Mistper season (mean=8.00, s.d.=1.73),
compared with fsh trawls that had a maximum ofv@stger trip (mean=5.47, s.d.=0.93) and
10 to 19 tows per season (mean=15.50, s.d.=3.&R)€1.1).

The trawl trajectories, by tow and season, areassprted in Annex |, for crustacean trawls

and in Annex Il for fish trawls.
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Table 2.1- Estimates of the total, target and methicatches and of total, commercial and discabgedtch, for the number of trips and fishing

operations (tows).

Total Catch (kg)

Target Catch (kg)

Retained Catg (k

» Boat Trips Tow
Season Métier
™ M ™ Total mirp s.d. mitow s.d. Total mitrip  s.d. mitow s.d. dotmitrip s.d. m/tow  s.d.
Winter 1998  Crustacean trawl 2 4 8 2160 540 216.49 270 801.9 1117 279 54.60 140 105.93 1368 342 206.15 171 118.36
Fish trawl 2 3 17 27957 9319 5613.41 1645 2124.97 2835 94®756. 149 167.11 7298 2433 701.41 384 327.71
Spring 1999  Crustacean trawl 2 4 9 1755 439 44.79 195 72.46 40 5135 18.96 60 28.41 1166 291 38.46 130 51.09
Fish trawf - - - - - - - - - - - - - - - - - -
Summer 1999 Crustacean trawl 3 5 10 2330 466 128.96 233 875.5 1057 211 39.11 106 38.29 1332 266 75.49 133  40.70
Fish trawl 3 3 18 8720 2907 344.29 484 435.22 2648 883 61.82 7 1@3.93 4327 1442 529.95 240 136.28
Autumn 1999 Crustacean trawl 2 3 5 1322 441 460.83 264 9203.4 336 112 10.21 67 12.83 370 123 14.15 74 21.39
Fish trawl 3 3 19 8065 2688 766.39 424 341.84 2186 729 19.81 5 141.43 4769 1590 608.57 251 201.99
Winter 1999  Crustacean trawl 3 3 6 1320 440 115.33 220 92.74 682 227 44.33 114 61.30 811 270 119.78 135 71.82
Fish trawl 2 2 10 3540 1770 410.12 354 191.44 970 485 60.99 97.157 2059 1030 130.81 206 81.42
Spring 2000  Crustacean trawl 3 4 7 1485 371 159.60 212 9209.6 559 140 34.82 80 35.45 940 235 74.62 134 78.77
Fish trawl 2 3 12 2970 990 523.74 248  99.01 1347 449 62.23 112.807 2109 703 290.79 176  89.04
Summer 2000 Crustacean trawl 2 5 9 1115 223 125.98 124 70.70 370 74 18.35 41  19.92 517 103 30.00 57 26.32
Fish trawl 2 3 15 4030 1343 1099.74 269 331.90 847 282 28.80 5848 1973 658 346.09 132 88.57
Autumn 2000 Crustacean trawl 2 3 8 700 233 87.37 88 70.46 315 20.34 40 28.39 385 128 30.07 48  30.81
Fish trawP* - - - - - - - - - - - - - - - - - -
Winter 2000  Crustacean trawl 1 4 10 2800 700 261.41 280 958.6 1100 275 30.43 110 29.44 1141 285 108.12 114 29.15
Fish trawk* - - - - - - - - - - - - - - - - - -
Total Crustacean trawl 20 35 72 14987 428 224.66 208 108.76 0776 174 43.73 84 5597 8029 229 118.87 112 68.16
Fish trawl 14 17 91 55282 3252 3622.64 607 1068.03 10833 68D65 116 118.84 22535 1326 763.04 248 207.34

* no trips due to fish trawlers strike; grrips due to bad weather conditions; m-mean;stahdard deviation
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Table 2.1 (cont.) - Estimates of the total, tayed retained catches and of total, commercial @swhrtled bycatch, for the number of trips and
fishing operations (tows).

B Boat Trips Tow Total Bycatch (kg) Commercial Bycatch (kg) Discarditatch (kg) Commercial
Season Métier bycatch

) ) ) Total mirp s.d. mitow s.d. Total mitrip  s.d. mitow s.d. dot mitrip  s.d. m/tow  s.d. (%)

Winter 1998  Crustacean trawl 2 4 8 1043 261 62.37 130 5529 51 2 63 11.38 31 17.76 792 198 12.03 99 56.49 18.3

Fish trawl 2 3 17 25122 8374 1262.60 1322 2047.60 4463 1488747 235 277.93 20659 6886 6122.23 1215 2082.89 61.2

Spring 1999  Crustacean trawl 2 4 9 1216 304 37.39 135 4754 27 6157 18.02 70 29.01 590 147 49.84 66  34.09 53.7
Fish trawf - - - - - - - - - - - - - - - - - - -

Summer 1999 Crustacean trawl 3 5 10 1273 255 6154 127 75.40 275 55 13.28 28 2148 998 200 85.79 100 67.59 20.6

Fish trawl 3 3 18 6072 2024 146.13 337 427.81 1679 560 52.30 BB46 4393 1464 782.45 244 396.05 38.8

Autumn 1999  Crustacean trawl 2 3 5 986 329 212.00 197 203.82 34 11 14.00 7 1101 952 317 452.83 190 209.67 9.2

Fish trawl 3 3 19 5879 1960 86.93 309 276.22 2583 861 50.11 188.70 3296 1099 497.10 173 256.80 54.2

Winter 1999  Crustacean trawl 3 3 6 638 213 27.49 106  40.02 9 1243 15.60 22 16.22 509 170 58.62 85 40.03 15.9

Fish trawl 2 2 10 2570 1285 42.13 257 179.99 1089 545 26.93 102.62 1481 741 540.94 148 197.88 52.9

Spring 2000  Crustacean trawl 3 4 7 926 232 88.28 132 85.25 1 3895 77.99 54 60.44 546 136 124.70 78  65.81 40.5

Fish trawl 2 3 12 1623 541 6.92 135 63.89 762 254 48.06 64 31.4861 287 239.10 72 69.74 36.1

Summer 2000 Crustacean trawl 2 5 9 745 149 5451 83 60.92 1429 9.39 16 9.89 598 120 102.88 66  53.93 28.4

Fish trawl 2 3 15 3184 1061 192.98 212 281.81 1127 376 40.99 33.17 2057 686 810.22 137 269.27 57.1

Autumn 2000 Crustacean trawl 2 3 8 384 128 40.14 48 4311 693 271 9 445 315 105 64.97 39 4215 17.9
Fish trawf* - - - - - - - - - - - - - - - - - - -

Winter 2000  Crustacean trawl 1 4 10 1700 425 3191 170 5249 41 10 1.81 4 233 1659 415 165.60 166  52.50 3.6
Fish trawP* - - - - - - - - - - - - - - - - - - -

Total Crustacean trawl 20 35 72 8899 254 7891 124 83.01 19465 34.92 27 3154 6958 199 167.13 97 82.36 24.2

Fish trawl 14 17 91 44400 2615 685.76 478 1028.27 11653 685570 125 148.85 32747 1926 3263.38 360 1001.21 51.8

* no trips due to fish trawlers strike; **no triplie to bad weather conditions; m-mean; s.d.-standiawiation.
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Catch composition

From the overall catch composition shown in Fig2i2 it can be seen that total bycatch
exceeded target catch in both types of bottom frawén though it is much higher in fish
(80.3% in kg) than in crustacean (59.4% in kg) tsavCrustacean trawls capture larger
amounts of the target species (over 40% in kg) fisdntrawls (less than 20% in kg), and fish
trawls commercialize more bycatch (21%) and discandre (59%) compared to crustacean

trawls (13% and 46% respectively).

CRUSTACEAN TRAWL

FISH TRAWL

Commercial
Bycatch
21.1%

Figure 2.2 - Overall catch composition of the cagstan trawl and fish trawl.

During the study period, of the 3 crustacean trianget species, deep-water rose shrimp
accounted for the largest percentage (49.2% irok¢fe target catch, followed by blue-and-
red shrimp (30.1% in kg). Norway lobster accourftadonly 20.7% of the target catch in kg
(Table 2.2). There are 14 crustacean trawl commlelpicatch species. We consider 9 of
these to be the major bycatch species as theyaacunted for at least 5% of the bycatch
(Table 2.2). Cartilaginous fishes accounted forl#ngest percentage in kg (21.5%) and blue
whiting the next most important commercial bycagplecies (14.5%) (Table 2.2)
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Table 2.2 - Target and commercial bycatch speaegltt by crustacean trawl off southern

Portugal during 1999-2001 (per tow) (s.d.-standkadation).

GROUP /SPECIES

CoMMON NAME

MEAN WEIGHT

kg) (sd) (%)

TARGET

Parapenaeus longirostris Deep-water rose shrimp
Blue-and-red shrimp

Aristeus antennatus
Nephrops norvegicus
Total

COMMERCIAL BYCATCH
Chondrichthyes

Norway lobster

Cartilaginous fish

Micromesistius poutassouBlue whiting

Diverse

Lophius spp.
Merluccius merluccius
Phycis spp.
Lepidopus caudatus
Conger conger
Cephalopoda

Maja squinado
Trachurusspp.
Pagellusspp.

Mullus spp.

Angler

European hake

Forkbeard

Silver scabbardfish

European conger
Cephalopodes

Spiny spider crab

Horse mackerel

Seabream

Red mullet

Helicolenus dactylopterus Blackbelly rosefish

Total

60.7 57.59 49.2
37.2 32.72 30.1
255 3213 20.7

100.0

143 13.65 215
9.7 321 145
6.9 6.08 10.3
6.1 7.65 9.2

5.7 4.22 8.6

45 287 6.7

4.0 - 6.0

3.6 1.89 5.4

35 270 5.2

2.0 - 3.0

2.0 - 3.0

20 141 3.0

18 1.66 2.6

08 0.35 11

100.0

For the fish trawl, horse mackerel accounted fertighest percentage in kg (76%) of the

target catch followed by European hake (11.6%) seabreams (9.2%, féragellusspp. and

3.3% for Diplodus spp.). Fish trawl commercial bycatch species sbediof 27 species, of

which 6 are considered as the major bycatch speatesunting for at least 5% of the bycatch

in kg (Table 2.3). The most important fish trawlnmooercial bycatch species are chub

mackerel (19.2% in kg) and European pilchard (18i8%g).
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Table 2.3 - Target and commercial bycatch spe@agitt by fish trawl off southern Portugal
during 1999-2001 (per tow) (s.d.-standard deviation

GROUP /SPECIES ComMMON NAME MEAN WEIGHT

(kg) (sd) (%)
TARGET
Trachurus picturatus Blue jack mackerel 1425 14396 30.2
Trachurus trachurus Atlantic horse mackerel 132.3 96.49 28.0
Trachurusspp. Horse mackerel 84.0 106.25 17.8
Merluccius merluccius European hake 546 5458 11.6
Pagellusspp. Seabream 28.4 31.50 6.0
Pagellus acarne Axillary seabream 15.0 - 3.2
Diplodus spp. Seabream 10.3 10.94 2.2
Diplodus vulgaris Common two-banded seabream 5.0 - 11
Total 100.0
COMMERCIAL BYCATCH
Scomber colias Atlantic Chub mackerel 96.9 176.52 19.2
Sardina pilchardus European pilchard 94.6 98.65 18.7
Scyliorhinus canicula Small-spotted catshark 50.0 - 9.9
Parapenaeus longirostris Deep-water rose shrimp 359 36.14 7.1
Scomber scombrus Atlantic mackerel 344 38.83 6.8
Boops boops Bogue 235 25.61 4.6
Chondrichthyes Catrtilaginous fish 19.7 16.75 3.9
Cephalopoda Cephalopodes 19.2 12.02 3.8
Triglidae Gurnard 14.8 3.02 2.9
Pagrusspp. Seabream 14.2 5.08 2.8
Diverse 13.7 11.20 2.7
Pagrus pagrus Common seabream 10.0 - 2.0
Sarpa salpa Salema 10.0 - 2.0
Xiphias gladius Swordfish 10.0 - 2.0
Octopus vulgaris Common octopus 9.8 8.04 1.9
Spondyliosoma cantharus  Black seabream 8.4 5.03 17
Serranus cabrilla Comber 8.0 - 1.6
Zeus faber John dory 7.8 10.25 15
Conger conger European conger 5.0 - 1.0
Mullus spp Red mulle 4.& 3.7¢ 0.€
Pleuronectes platessa European plaice 4.0 - 0.8
Helicolenus d. dactylopterus Blackbelly rosefish 4.0 - 0.8
Soleaspp Sole 2.C 1.41 0.4
Lophiusspp. Angler 2.0 - 0.4
Trisopterus luscus Pouting 15 - 0.3
Mullus surmuletus Stripe red mullet 1.0 - 0.2
Phycis spp. Forkbeard 1.0 - 0.2
Total 100.0
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In crustacean trawls (Figure 2.3), the target @dctcount, in kg, for approximately 30 to
40% in spring and autumn and 40 to 46% in summeranter of the total catch. The target
catches were largest in winter (46%) and smalltesutumn (32%). Total bycatch follows the
same trends, with approximately 50% in winter anthmer and 60 to 68% in spring and
autumn, with a minimum of almost 54% in winter andximum of almost 68% in autumn.
The lowest values of commercial bycatch are foumthé autumn (7.5%) and winter (12.5%)
and reach a maximum in spring (47%) but decrea91®% in summer. There were more
discards in crustacean trawl in autumn and wiri2r5% and 87.5% respectively) and less in
the summer, although discards still had relativegh values (79.1%). Only in spring did the

amount of discards decrease, reaching a valudittieasover 50%.

WINTER SPRING SUMMER AUTUMN

Target

Catch Target

33.9% Catch
Total 41.4%

Total Target

Bycatch WESC Total

Bycatch Bycatch
66.1% 58.6%

53.8% WA

Commercia:
Bycatch
Commercia 7.5%

Bycatch
Commercial 20.9%
Bycatch
47%

Figure 2.3 - Overall catch composition of the cagstan trawls according to season.

In all seasons, fish trawl total bycatch is gre#it@n the target catch, especially in winter
when it comprises almost 90% of the total catclyFe 2.4). In summer and autumn, both
target catch and total bycatch are very similaprapmately 27% and 72%, respectively. In
spring, the target catch reached its highest v@6e1%) which, in turn, decreased the total
bycatch (54.6%).Quantities of commercial bycatci%4and 44%) and discards (53% and
56%) were quite similar in spring and autumn respely. Discards were higher in winter
(80%) and in summer (70%) and consequently lowarommercial bycatch (20% and 30%

respectively).
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WINTER SPRING SUMMER AUTUMN

Target
Catch
27.4%

Target
Catch

Total 27.1%

Bycatch
54.6%

Total
Bycatch
Bycatch 72.6%

89.7%

Comm.
Bycatch
20%

Commercial
Bycatch

Commercial
Bycatch
47%

43.9%

Figure 2.4 - Overall catch composition of the fiskwls according to season.

Mann-Whitney tests applied to data from both typebottom trawls showed significant
differences at a significance leval) (of 0.05 only for the target catch in summer. No
significant differences were found for the resttbé seasons and the rest of the catch
components. The Kruskal-Wallis test applied to @csan trawl catches also showed that in
winter there are no significant differences in tiverall catch compositions.

The bycatch percentages, by tow and season, aresegped in Annex |, for crustacean

trawls and in Annex I, for fish trawls.

Species composition

Of the total number of species (n=255) identifiedinlg the present study, 137 (53.7%)
are fish, 36 (14.1%) are crustaceans, 56 (22%)rmiltuscs and 26 (10.2%) are invertebrate
species from ten different taxonomic groups (T&b#. Of the total species caught, 80.8%
came from crustacean trawlers and 61.2% from feshlers, with 42% common to both trawl
types. Target species represent a small portiaeoftotal number of species (3.5%), 3.8%
and 1.5% respectively for fish and crustacean &esvIThe vast majority of the species are in
fact bycatch species: 98.5% for crustacean trapd&r2% for fish trawlers and 96.5% overall
for both types of trawler. This means that onlyl28.(n=55) and 34.7% (n=52) of bycatch
species captured respectively by crustacean ahdrlisvls have commercial value, and the

rest are discarded.
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Table 2.4 - Species composition, in number, oftibéom trawl catches off southern Portugal from3d892001 (CT-crustacean trawl; FT-fish
trawl; C&FT-coincident in both trawls).

TOTAL SPECIES TARGET SPECIES BYCATCH SPECIES DISCARDED SPECIES
CT FT CT&FT Total CT FT CT&FT Total CT FT CT&FT Total CT FT CT&FT Total

TAXONOMIC GROUP

VERTEBRATES

Chondrichthyes 18 7 4 21 0 0 0 0O 18 7 4 21 13 4 2 15
Osteichthyes 9%5 65 43 116 0 6 0 6 95 59 43 110 54 23 17 60
INVERTEBRATES

Malacostraca 33 18 15 36 3 0 0 3 30 18 15 33 28 14 9 33
Cephalopoda 16 18 13 22 0 0 0 0O 16 18 13 22 9 9 6 12
Bivalvia 12 10 7 15 0 0 0 0 12 10 7 15 12 10 7 15
Gastropoda 11 15 7 19 0 0 0 0 11 15 7 19 11 15 7 19
Anthozoa 4 4 4 4 0 0 0 0 4 4 4 4 4 4 4 4
Polychaeta 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1
Ophiuroidea 2 3 2 3 0 0 0 0 2 3 2 3 2 3 2 3
Crinoidea 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1
Holothuroidea 1 2 1 2 0 0 0 0 1 2 1 2 1 2 1 2
Asteroidea 2 3 2 3 0 0 0 0 2 3 2 3 2 3 2 3
Echinoidea 5 5 4 6 0 0 0 0 5 5 4 6 5 5 4 6
ALGAE

Codiaceae 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1
Dictyotaceae 1 0 0 1 0 0 0 0 1 0 0 1 1 0 0 1
Sargassaceae 3 3 2 4 0 0 0 0 3 3 2 4 3 3 2 4
Total 206 156 107 255 3 6 0 9 203 150 107 246 148 98 66 180
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Both bottom trawl catches off southern Portugaleagppo be very diverse (Figure 2.5).
Osteichthyes stands out as the dominant groupatbly species, as it represents almost 47%

and slightly less than 39% of crustacean and fehltcatches respectively.

%

0O 10 20 30 40 50 60 70 80 90 100
Chondrichthyes 8.7
Osteichthyes- | 45.6
Malacostraca 14.6
Cephalopoda
Bivalvia 58
Gastropoda 53 CRUSTACEAN TRAWL

Anthozoa
Polychaeta
Ophiuroidea
Crinoidea
Holothuroidea
Asteroidea
Echinoidea
Chlorophycea
Phaeophycea

organisms

0O 10 20 30 40 50 60 70 80 90 100

Chondrichthyes |,
Osteichthyes ) 37.8

Malacostraca

of

115

Class

Cephalopoda 115

Bivalvia 6.4

Gastropoda 9.6 FISH TRAWL

Anthozoa

O

Polychaeta+
Ophiuroidea

T

Crinoidea

Holothuroideaf;

Asteroidea%

Echinoidea - H Total species

Chlorophyceae+ B Target species
Phaeophycea% 0O Bycatch species

Figure 2.5 - Contribution of each class of orgarsigmthe biodiversity of the total, target and
bycatch catches in the two types of trawlers. Hantrepresents the percentage of the species
in that class in relation to the total number ad@ps present.
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The faunistic list of all species identified by meétis given in Annex Ill and the
systematic classification of all species capturgdchustacean and fish trawl métiers is

presented in Annex IV.

Mean catch rates of target species

Mean catch rates (kg/h) were calculated from therally commercial target catch for both
types of bottom trawls (Tables. 2.5 and 2.6). Fostacean trawlers, the mean catch rate of
the three commercial target species varied coraitiein all seasons between winter 1998
and winter 2000 (Table 2.5). Mean catch rates o# laind red shrimpA( antennatusvaried
significantly in the winter 1999 (c.v.=137.6%) coaned with other seasons. Deep-water rose
shrimp @. longirostrig) is the crustacean target species which showgegreariations in
mean catch rate over all seasons, being partiguhgh in winter 1998 (c.v.=141.2%). The
target species that shows least variation is thevilp lobster N. norvegicu$, although it also
shows high values of coefficient of variation, mgim winter 1998 (99.9%) and spring 2000
(93.8%).

Of the four target species commercialized by fidwters, horse mackerelS¢omber
spp.) and seabreams of the geRagellusshow the highest coefficients of variation (143.2%
and 141.2%, respectively) during summer 2000 (Tah). The European hakeM(
merlucciu$ is the target species that shows more consistantlye variation of the mean
catch rate throughout all seasons, with the largasation in summer 1999 (88.6%). The
seabreams of the genDgplodusare the target species with lowest mean catcheben so,

coefficients of variation in catch rate were coesably high (greater than 100%).
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Table 2.5 - Mean catch (kg) and mean catch ratén)laj commercial target species captured by coesta trawl off southern Portuguese coast
during the study period (c.v.= coefficiente of aion).

Total

Tow duration

MEAN CATCH (kg)

SEASON tows (mean,in hours) Aristeus Tow c.v. Nephrops Tow c.v. Parapenaeus Tow c.v. Mean

(n) antennatus (n) (%) norvegicus (n) (%) longirostris (n) (%)
Winter 1998 35 7.60 46.3 6 99.1 10.3 8 102.0 115.4 7 1156 55.6
Spring 1999 48 6.97 394 11 76.9 26.9 9 993 386 10 704 354
Summer 1999 63 6.88 322 10 90.6 330 10 743 482 10 440 40.2
Autumm 1999 10 5.66 21.0 1 - 6.0 1 - 63.0 5 16.5 56.0
Winter 1999 28 6.01 46.5 6 111.7 11.3 3 184 88.6 5 86.1 65.6
Spring 2000 27 6.87 32.4 7 574 60.3 7 100.0 38.6 7 315 355
Summer 2000 43 5.04 23.0 7 64.8 109 10 84.9 276 15 489 26.1
Autumm 2000 7 5.32 100.0 1 - - - 30.0 1 - 650
Winter 2000 19 3.84 - - - - - - 110.0 10 26.8 110.0

Total Tow duration MEAN CATCH RATE (kg/h)
SEASON tows (mean,in hours) Aristeus Tow c.v. Nephrops Tow c.v. Parapenaeus Tow c.v. Mean

(n) antennatus (n) (%) norvegicus (n) (%) longirostris  (n) (%)
Winter 1998 35 7.60 54 6 96.3 1.3 8 99.9 22.5 7 1412 9.6
Spring 1999 48 6.97 58 11 6838 4.0 9 815 54 10 569 51
Summer 1999 63 6.88 48 10 94.0 48 10 757 71 10 443 59
Autumm 1999 10 5.66 2.6 1 - 0.8 1 - 14.8 5 381 128
Winter 1999 28 6.01 10.9 6 137.6 1.7 3 348 13.7 5 921 122
Spring 2000 27 6.87 5.0 7 68.7 8.9 7 938 5.8 7 390 54
Summer 2000 43 5.04 4.0 7 756 20 10 824 6.2 15 646 55
Autumm 2000 7 5.32 17.4 1 - - - - 6.0 1 - 117
Winter 2000 19 3.84 - - - - - - 288 10 25.1 288
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Table 2.6 - Mean catch (kg) and mean catch ratén)laj commercial target species captured by fiatvit off southern Portuguese coast during
the study period (c.v., coeficiente of variation).

Total Tow duration MEAN CATCH (kg)
Season tows (mean, in hours) Diplodus Tow c.v. Merluccius Tow c.v. Pagellus Tow c.v. Trachurus Tow c.v. Mean
(n) spp. (n) (%) merluccius (n) (%) spp. (n) (%) spp. (n) (%)
Winter 1998 93 1.38 5.0 1 - 359 13 879 15.0 1 - 149.2 19 93.27 97
Summer 1999 115 1.59 - - - 91.0 23 97.1 25.8 6 782 435 15 126329
Autumm 1999 100 1.24 6.5 2 119.7 46.4 18 56.1 45.0 4 822 13183 1119 74.0
Winter 1999 56 1.61 - - - 63.0 10 451 6.0 1 - 95.0 8 649 735
Spring 2000 71 1.47 14.0 2 1111 46.8 12 732 4.0 1 - 69.8 120 783.0
Summer 2000 82 1.74 - - - 27.3 16 724 28.0 11 130.8 48.2 8 138563
Total Tow duration MEAN CATCH RATE (kg/h)
Season  tows (mean, in hours) Diplodus Tow c.v. Merluccius Tow c.v. Pagellus Tow c.v. Trachurus Tow c.v.
: Mean
(n) spp. (n) (%) merluccius (n) (%) spp. (n) (%) spp. (n) (%)
Winter 1998 93 1.38 3.6 1 - 269 13 83.6 11.5 1 - 133.0 19 99.81 85
Summer 1999 115 1.59 - - - 60.7 23 88.6 22.1 6 954 35.2 15 122687
Autumm 1999 100 1.24 5.8 2 1251 40.3 18 526 34.2 4 79.0 116.83 1119 64.7
Winter 1999 56 1.61 - - - 394 10 34.2 4.9 1 - 68.2 8 88.7 497
Spring 2000 71 1.47 11.9 2 1129 327 12 84.6 2.4 1 - 48.0 120 7836.8
Summer 2000 82 1.74 - - - 141 16 63.3 16.2 11 141.2 30.3 8 14385
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Comparison of mean catch rates with fishing eftarean tow duration), by season, for
the crustacean trawl and fish trawl target spasiebown in Figures 2.6 and 2.7, respectively.
In general it can be seen that there is a moretdietationship between the mean catch rates
of target specieé. antennatugblue and red shrimp) aridl norvegicug(Norway lobster) and
mean tow duration for the crustacean trawlers. fixaes to this are found in both spring
seasons, for the blue and red shrimp, which deer@a86 in fishing effort and increase 7.4%
in mean catch rate; and in spring and summer ofydfae 1999, for Norway lobster, with a
1998 to summer 1999 (Figure 2.6). In contrast,elsmems to be no direct relation between
mean catch rate and fishing effort in any seasoth®f3 years for deep-water rose shrimp.
The exception seems to be in the first two seasdren a small decrease of 8.3% in fishing
effort is associated with a sharp decrease of #6%d mean catch rate. The highest value of
mean catch rate does not correspond to the sarserseato the maximum value of fishing
effort for any of the three target species.

For the fish trawl target seabream spe@gdodusspp., no relation between mean catch
rate and fishing effort can be inferred for all seatudied since no trips were made in
intermediate seasons (Figure 2.7). However, itlmsgeen that mean catch rate rise from 3.6
kg/h in winter 1998 to 11.9 kg/h in spring 2000, igvhrepresents a large variation of 230.6%.
Concerning European hake, there is a direct reldieiween1999 and summer 2000 where an
increase of 29.8% and 18.4% of the fishing efforresponds to a non-proportional decrease
of 2.2% and 56.9% of mean catch rates, respectivelimilar situation can be observed for
the Pagellusspecies of seabreams where there is an inve@rebetween mean catch rate
and fishing effort only in autumn and winter 198&hough the highest value of mean catch
rate (34.2 kg/h) is attained in autumn 1999, tloedase of 54.8% of this rate corresponds to a
decrease of 22% in fishing effort. In the next s@asin increase in fishing effort (29.8%) was
associated with an 85.7% decrease in mean catehRat horse mackereb¢omberspp.) a
direct relationship between mean catch rate améhfyseffort can be seen only in spring 2000.
From winter 1998, with the highest value of meatclktaate (133 kg/h) to winter 1999,
fishing effort suffered a small variation of 16.A%hile mean catch rate varied almost 50%
(48.7%). From spring to summer of the year 2000inarease of 18.4% in fishing effort was

associated with a decrease of 36.9% in mean cateh r
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Figure 2.6 — Mean catch rates and mean tow durétiocrustacean trawl target species.
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Size frequency distributions

Size distributions of the target species caughthgytwo types of bottom trawlers are
presented in Figures 2.8 to 2.14. Legal minimumdilag sizes (LMLS) according to
Portuguese legislation are represented by a dbttecind individuals under the LMLS were
all discarded, mainly due to their small (illegsilze and/or their poor quality.

Size distributions of the three crustacean targetiges are represented in Figure 2.8. The
majority of blue and red shrimp (92.3%) and deepeweose shrimp (88.6%) were over the
LMLS. All Norway lobster specimens sampled wereatge than the LMLS legislated for this
species.

Most of the horse mackerel individuals (96.8%) wabeve the LMLS in both types of
trawl (96.4% in crustacean trawl and 96.8% in fisdwl) (Figure 2.9). For European hake
68.1% and 57.7% of individuals caught in crustacaad fish trawls respectively were
smaller than the LMLS (Figure 2.10). Overall, o4ly.4% were large enough to be landed.

Figure 2.11 shows the size composition of the ssabsPagellusspp., which is quite
similar to the European hake situation, i.e., ithbleottom trawls, only a few (19.3%) were
greater than the LMLS of 18 cm (26.7%, in crustaceawls and 18.9%, in fish trawls), and
were landed. For seabreams of Biplodusgenus caught both by fish and crustacean trawls
the majority were of legal size, with 87.7% of ggecimens greater than the LMLS (Figure
2.12).

The two most important bycatch species capturefishytrawls and for which a LMLS is
applicable, are the horse mackerel specse®ibercolias and Scomberscombrus grouped
together asScomberspp.) and European pilchar8ardina pilchardusThese species where
chosen since their mean catch and mean catchwatesthe highest (94.6 and 58.7 kg; 85.1
and 46.6 Kg/h, respectively) of the commercialibgdatch species, and were in fact between
those of the two most important fish trawl targe¢des, the horse mackerel and European
hake.
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Figure 2.8 - Length frequency distribution of thhestacean trawl target species (LMLS-Legal
Minimum Landing Size).
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Figure 2.10 — Length frequency distribution of theh trawl target specieMerluccius
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Figure 2.12 — Length frequency distribution of tigh trawl target specieBiplodus spp.
(Seabreams) (LMLS-Legal Minimum Landing Size).

Length data and the respective LMLS for horse matkend European pilchard bycatch
species are presented in Figure 2.13 and Figuré, 2espectively. For horse mackerels,
almost every specimen sampled (98.7%) was grelaaer the 20 cm LMLS. Those captured
by crustacean trawls were all above LMLS. For Eesasppilchard, all specimens sampled

were caught by fish trawlers and were greater thar MLS.
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Figure 2.13 — Length frequency distribution of tieh trawl target specieScomberspp.
(Mackerels) (LMLS-Legal Minimum Landing Size).
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Figure 2.14 — Length frequency distribution of fisé trawl target specieSardina pilchardus
(European pilchard) (LMLS-Legal Minimum Landing &)z

Discussion

Commercial bottom trawling (crustacean and fishvisa is a very important activity in
southern Portuguese waters, with approximatelyrd tf the Portuguese trawl fleet based in
the Algarve (DR, 1999). Bottom trawling off the $loern coast of Portugal generates
significant amounts of bycatch, with the great mgyq80.3% for fish trawlers and 59.4% for
crustacean trawlers) of the total catch capturexdantally (total bycatch). Part of the total
bycatch includes non-target species of high comiaex@lue, but a considerable portion
consists of non-marketable target species, repiedeby undersized or poor quality
specimens, and bycatch species with low or no cawiaieralue that are discarded to the sea,
in relatively higher percentages by fish trawls%@9compared to crustacean trawls (46%).
The other fraction of the total catch is made ugawfet species, and is clearly higher in
decapod crustacean trawlers (40.6% compared t@4dl@. Tish trawls).

Similar values of bycatch (about 80%) of the tattich were reported for the commercial
bottom trawl fishery in the nearby western Medderan between 1995 and 1999 (Saetor
al., 2003). The remaining fraction was also compodet@rget species, which represented a
portion between 20% and 46% in all seasons. Inrasnto our study, a significant portion of
the bycatch consisted of commercial species, wghdr values in summer.

Catch composition varies considerably accordingi toumber of factors, including the
nature of the fisheries stocks fished, the typefigiing gear used, gear selectivity, tow
duration, target species and their price valuethdeb capture, and the time of the year
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(Garcia-Rodriguez and Esteban, 1999; Laestoal, 1996; Merellaet al, 1998; Oliver, 1993;
Recasenst al, 1998; Rocheet al, 2002). The relatively non-selective nature oivtraets in
itself results in substantial quantities of bycaf®tonteiroet al, 2001). In this study, only the
summer target catches of both types of trawl défflesignificantly from those of the other
seasons. This could be due to the fact that fisbffayt was comparatively higher than during
the other seasons, which leads to greater vatyabilithe catches. Recasegtsal. (1998) and
Garcia-Rodriguez and Esteban (1999), report tha&nwhere are temporal variations in the
catches, it is important to consider the fluctuagiin abundance and size range of the species
studied.

Fishing trip duration is one of the most importéadtors influencing the proportion the of
fish bycatch that is commercialised, and the qiyamii bycatch landed inversely related to
trip duration (Clucas, 1997). Considering that fistwler trip duration is significantly shorter
(mean=43.4 h) than that of crustacean trawlers @5 h), the higher values of
commercial bycatch are understandable.

Sbranaet al, (2003) considers the variation in tow duration e the main factor
responsible for the seasonal variations in catctidhe target specie&. antennatusandP.
longirostrisin the western Mediterranean. According to Meretlal, (1998), tow duration is
greatest when the yields are highest or when mankets reach their maximum values. This
was observed for the target spediesiorvegicugMerellaet al, 1998), and foA. antennatus
and M. merluccius (Oliver, 1993) for Mediterranean waters. In ouudst an inverse
relationship between tow duration and target sjgecatch rates in most cases compounds the
non-selectivity of the trawl nets, which leads tormmbycatch being capture as well as more
undersized individuals of the most valuable spe@egasonal variations of tow duration could
be attributed to targeting of different speciesnbeiargeted during certain periods as well as
catches being made at different times.

Great diversity in bycatch species composition iammon phenomenon in trawl
fisheries (Andrew and Pepperell, 1992; Saila, 138rgiouet al, 2003). This was also the
case in this study, with a total of 255 speciesmed, 246 (96.5%) of which contributing to
the total bycatch. The differences between thetipes of trawlers can be explained by the
fact that crustacean trawlers exploit greater defitht are richer in terms of biodiversity. In
addition, longer crustacean trawl tow duration ndagrease the size selectivity of the trawl
net as the catch accumulates in the codend (Muiad@86), thereby increasing the number

of species and consequently the bycatch.
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The dominant bycatch species captured by both tgbesawlers, belong to the class
Osteichthyes followed by molluscs (mainly cephaltg)o and crustaceans. This is in
agreement with the findings of Monteied al. (2001), also for Algarve coastal waters and in
the Mediterranean (Sartet al, 2003).

Of the crustacean trawl target species, the largasthes are of the deep-water rose
shrimp @. longirostrig followed by blue-and-red shrimpA( antennatus The deep-water
rose shrimp prefers sandy and/or muddy bottoms detwi50 and 550 m, whil&risteus
antennatus(blue-and-red shrimp) is more common in muddy gdsubeyond 500 m and
extending to 750 m (Cascalho, 1995; CEC, 1993bk Third target species\ephrops
norvegicus (Norway lobster), which has an irregular distribati between 170-700 m
(Cascalho, 1995; Ribeiro-Cascalho and Arrobas, 188d@ being limited primarily by bottom
topography and sediment type due to its burrowiegabiour (De Figueiredo and Viriato,
1992), represented only 20.7% of the target catochd®e trawls that took place at an average
depth of 463 m. Due to the low power of their eegirncrustacean trawlers do not often fish at
the depths where this species is most abundant .(CE&L3b).

In the demersal fish trawl fishery, horse mackef€tachurusspp.) followed by European
hake M. merlucciuy were the main target species with highest medchea (76% and
11.6%, respectively). Figueiredd al. (1994) also reported European hake as a commercial
bycatch species in the crustacean trawl fisheryichviaccounted for 8.6% of the catch in
mean weight. Higher values are referred by Castgbtal. (2001) who found that European
hake accounted for 28% for the commercial bycatctine central Mediterranean and also by
Monteiro et al. (2001), who reported that the European hake wagrtbst landed bycatch
species (91% of occurrence), with horse mackeretritmuting only 3% to the commercial
bycatch. The most important commercial bycatch iggecaught by fish trawls a®comber
colias and Sardina pilchardusWhether these species are marketed or not demendstal
amount caught and on the prices at auction.

Other groups of organisms taken as bycatch canhage some commercial value in fish
markets, as is the case of the Chondrichthyes epkatopods. Chondrichthyes are important
only as bycatch and marketable fresh only at laiges and/or if the fish quota established for
the crustacean trawlers allows them to be comnieeth In this study, this group is the
dominant component of commercial bycatches in anestn trawlers, and is composed of 18
species that represent 21.5% in mean weight, wisiddven greater than that of the target

speciesA. antennatug13%). In fish trawlers, it is the third most imEnt commercial

-59 -



Chapter 2 — Bycatch in trawl fisheries

bycatch group, and represents 13.8% in mean wéigkpecies caught), of which 9.9% alone
is the speciesscyliorhinus caniculaSome species of cephalopods have high commercial
value while others can be commercialised but dnllggy are caught in significant quantities.
Like cartilaginous fishes, the commercial bycatchoup of cephalopods is more
representative in crustacean trawlers (17 spe@aght and 5.2%, in mean weight) than in
fish trawlers (18 species caught and 3.8%, in nvezight).

The existence of legal minimum landing sizes (LMLf®y most exploited species
demands higher lengths of marketable fish and,itaigly, leads to proportions of both target
and/or commercial bycatch specie being discardegheder they do not reach this size. Our
results show that this is more significant for fisawl catches. The clearest cases occur with
the European hake and seabreams of the deagsllusspp.Morantaet al. (2000) suggests
that this kind of situation could be due, in p&stpoor size selectivity in the codend for these
species, with potentially important implicationste&nms of juvenile mortality.

In addition to the LMLS, there are other regulasiolor conserving fisheries and/or
reducing the bycatch in Portugal. These includeimmim legal mesh sizes for crustacean and
fish trawl nets of 55 to 59 mm and 65 to 69 mm arx¥’0 mm respectively, minimum catch
percentages of legal-sized target species of 3Q%ericstacean trawlers and 70% for fish
trawlers, and maximum permitted catch percentageyaatch species of 30% for crustacean
trawlers 20% for fish trawlers. In this study, theantities traditionally kept and distributed
by fishermen for personal consumption where nagriakto account, which probably justifies
the higher percentages shown in some occasions.

Other alternatives for reducing bycatch of bottorawts include research on the
development and evaluation of the performance akenselective gear and fishing practices,
to permit juveniles to escape and to maximize thtelc of target species. Research into
reducing bycatch has been carried out in Portugueders since the 1990°s. Experiments
using square-mesh codends windows (Campos and ¢an2804; Campost al, 2002,
2003b; Fonsecat al, 1998), diamond mesh codends (Camgioal, 2002, 2003b), separator
panels (Campos and Fonseca, 2004), and modifiednNane grids (Fonseaa al, 2005a,b)
were, and still are, being carried out. These stdnave demonstrated the varying
effectiveness of such sorting devices in reduchreg@amount of bycatches (and discards) in
trawl fisheries, and in allowing a high percentagfe undersized specimens and non-

commercial bycatch species to escape. However,usiee of these devices has not been
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adopted by the commercial fishermen due to the lfspart of the catch target and
commercial bycatch species and the cost of impléimgand operating such devices.

Knowing that the deep-sea fauna is quite divergbarAlgarve (Borges, 2010), and given
the results of this particular study, it can bedaoded that bycatch has important economic
and ecological implications in this region. RemowBbycatch species by trawling can have a
significant impact on marine trophic chains throughedator-prey relationships and
consequently on the whole ecosystem. This may leeodrthe reasons for the decrease of
target species as well as overfishing.

Considering that both identification and quantifica of bycatches are valuable pre-
requisites to understanding the lesser known ingpattfishing and solving the problems,
more attention should be paid to the bycatch issugouthern Portuguese waters. Efforts
should be made to obtain information on the vaesthat influence the spatial and temporal
distribution of bycatch, as well as on the bioladythe species, including distribution, growth
parameters, reproduction and feeding habits. Bhessential for an effective management of
this problem, as well as maintaining biodiversityl&cologic stability.

This study highlights the need for new and imptbueeasures for mitigating the bycatch
problem in Portuguese trawl fisheries. Althoughimas bycatch reducing devices (BRDs)
have been tested in Portuguese waters and sizgiw&yeof both target and bycatch species
has been studied (Campos and Fonseca 2003, 206¥oSat al. 2002, 2003b; Fonsea
al. 1998, 2005a,b), there has been little progresterms of practical applications in the
fishery. Indeed, as emphasized by Rawson (199€),mhnagement of fisheries bycatch
should consider all approaches to finding solutitmst stabilize fish populations and the
ecosystem consequences, while taking into accanenhtiman requirements for the marine

resources.
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Abstract

Discarding is recognized as one of the major prablén world fisheries. Discards from
crustacean and fish bottom trawl fleets in the Isewt coast of Portugal (Algarve) were
analyzed to study the catch and species compositien discarding practices and their
underlying reasons. Sampling was carried out fraabréary 1999 to March 2001, stratified
by season, encompassing 163 tows from a total ofidng trips. During this study a
considerable amount (56.5%) of the total catch lygin was discarded by the two métiers.
Average discard proportions (biomass discarded/agsmcaught) ranged from 0.46 in
crustacean trawlers to 0.59 in fish trawlers. Aatatf 255 species from 147 families were
identified in the catches, of which about 69% wsystematically discarded. The crustacean
trawl métier captured a higher diversity of spe¢®&E%) and discarded more species (56%)
compared to the fish trawl métier (61% of speci@s% discarded). The majority of the
species captured by both métiers were bony fisthé%), accounting for almost 79% of the
biomass and 93% of the abundance of all fishes @aphalopods discarded. The great
majority of discards (68.6%) are composed of uneiatlle species. The most discarded
species corresponded to fishes of low (blue whitMigromesistius poutasspamall-spotted
dogfish, Scyliorhinus caniculaand blackmouth catsharkGaleus melastomysor of no
commercial value (snipefishel8lacroramphosus scolopaandM. gracilis; boarfishCapros
aper), species which are particularly relevant for tharine food chains. The blue whiting
was the dominant species, both in abundance amdals® discarded by crustacean trawlers,
while for fish trawlers, the longspine snipefishesre the most discarded species in numbers,
and the chub mackerel the most discarded in biom&lse reasons for discarding are
fundamentally economic in nature (lack of commere&due) for bycatch species; and legal
and administrative (legal minimum landing size) é@mmercially important species. In this
study the abundances and biomasses of discardegtspleetween and within both métiers,
the species dominance and the rates of discardmiespin terms of number and biomass, are
also provided and the variability in the discamssliscussed.

Introduction

Discarding of marine organisms resulting from fighiactivities is widely recognized as
one of the most serious problems in world fishefig&son., 2003; Alversoret al, 1994;
Connolly and Kelly, 1996; Margeirssaat al, 2012; Saila, 1983). Therefore, this issue is
receiving a growing global (public) awareness (Whé et al, 2010), leading to the adoption
of management strategies of which the mandatoigadisbanjncluded in the recent reform
of the EU Common Fisheries Policy (CKREJ, 2013), constitutes an important part.

Discards are commonly defined as that part of tlgarisms in the total catch which,
irrespective of the reason, is not retained on daaring commercial fishing operations but
returned back to the sea, often dead and/or dyalgher, 2005; Saila, 1983). Several
reasons can lead to the discarding of part or flh species catch, even of the most
commercially valuable ones, ranging from techn{ead). lack of space on board or poor gear

selectivity), economic (e.g. lack of or low commalwalue) and regulatory (e.g. minimum
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landing size and quota restrictions) issues; tolobioal (e.g., species composition,
poisonous/dangerous species) and ecological (gurig habitats) constraints, as well as
Skippers’ decisions (Anon., 2003; Alverson, 1998jdas, 1997; Cotteet al, 1995; Crean
and Symes, 1994; Kelleher, 2005; Tsagaraki., 2013).

Discards represent an important source of wast@abfiral resources (Alverson and
Hughes, 1996; Alversont al, 1994; CEC, 2008a; EC, 2011c; Kelleher, 2005)dilea to
significant negative impacts, either economic (edgcreased fishers’ income and food
shortages), ecological (e.g. impact on non-comrakspecies affecting the food chain and
inducing habitat modifications) or of commerciasoarces management (e.g. recruitment or
growth overfishing, unquantifiable fishing mortglitates) (Bellidoet al, 2011; FAO, 2011a;
Kelleher, 2005; Saila, 1983). The lack of supplg adequate discard information for many
fisheries (FAO, 2010a, 2011a; Kelleher, 2005), lmees the inclusion of discards data in
stock assessment models (Borg¢sal, 2005a), resulting in a biased estimation of faitur
biomasses and recruitmeffnon., 2003). This is particularly important inulispecies
fisheries (Lemaet al, 2006; Rochet and Borges, 2006) where discardsnare significant,
further aggravated by the variation in their pattever time (Anon., 2003).

Many fisheries around the world exhibit high spaaad temporal variability in the
discarding (Alversoret al, 1994; Andrew and Pepperell, 1992; Co#eal, 1995; Crean and
Symes, 1994; Kelleher, 2005; Kennelly, 1995; Maiggzinet al, 2012; Morizuret al, 2004).
Discards variability is highly dependent on the etypf fishery (Kelleher, 2005; STECF,
2008), with a major contribution from bottom tramgi (Hall, 1999; Stergioet al, 1998;
Vazquez-Roweet al, 2011), given its low selectivity (Edeligtt al, 2011; Kumar and
Deepthi, 2006; Macheet al, 2008; Sacchi, 2008), particularly in mixed fisker(Johnsen
and Eliasen, 2011).

According to the most updated published study comicg discards in the world’s
commercial fisheries, covering the 1992-2001 peribeé FAO estimates point towards an
annual global discards total of 6.8 million tonnequivalent to a discard rate of 8% of the
total volume of fish caught worldwid@elleher, 2005). The Northeast Atlantic (FAO area
27) fisheries, where the majority of European Urisheries are included, are responsible for
generating around one-fifth (1.3 million tonnes}athl annual global discards, accounting for
19.5% of the annual global discards (Kelleher, 20B%rtugal, part of FAO area 27, ranks in

the top 10 countries presenting the highest disc@iodal and rate) generated by shrimp trawl
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fisheries. In 1996, the latter amounted to over038,tonnes (0.70 discard proportion)
(Kelleher, 2005).

In Portugal bottom trawling is important at the ioaal level and is one of the most
intensively used fishing methods in the southengdA/e) coast, the most fisheries dependent
region, both as a source of food and livelihoodr{@s, 2010; Borgest al, 1997, 2000;
CEC, 1992a In the Portuguese continental waters, bottom trayviconstitutes a mixed
fishery targeting a wide variety of species, andseparated into two fleet segments,
crustacean and finfish trawling, according to thairmtarget species group (CEC, 1993a;
Camposet al, 2007). Crustacean trawling is directed to the latgiion of decapod
crustaceans of high economic value, such as the-water rose shrimpParapenaeus
longirostris (Lucas, 1846), the Norway lobstédephrops norvegicuf.innaeus, 1758) and
the blue-and-red shrimpAristeus antennatugRisso, 1816) (Campos and Fonseca, 2004;
Camposet al, 2006, 2007; Cascalhet al, 1984; Castret al, 2005; Fonsecat al, 2005a;
Pestana, 1991). On the other hand, the finfishltflaet targets a mixture of different fish
(and cephalopod) species, like European hisllegluccius merlucciugLinnaeus, 1758); horse
mackerel, Trachurus trachurugLinnaeus, 1758)Mediterranean horse macker&kachurus
mediterraneus(Steindachner, 1868); Blue jack macker&tachurus picturatugBowdich,
1825); Atlantic Chub mackere§comber coliassmelin, 1789; Atlantic mackere§comber
scombrusLinnaeus, 1758; and seabreams of the gddipdodus spp. andPagellus spp.
(Borgeset al, 2000, 2002; Campost al, 2007). The octopuse$)ctopus vulgarisand
Eledone cirrhosathe European squid,oligo vulgaris and the common cuttlefisigepia
officinalis, are the main cephalopod species captured byflédes segment (Campas al,
2007; Fonsecat al, 2008).

The issue of commercial fishing discards in Porasgufisheries was first addressed by
Borgeset al. (1997, 2001), in 1996-1997, involving the idemtfiion and quantification of
fisheries discards of five important fishing geésustacean and fish trawls, pelagic and
demersal purse seines and trammel nets) in thbesouPortuguese coast, generating the first
comprehensive estimates of discards. These auttworsnued investigating discards from
trawls and purse seines (Borgetsal, 2000, 2002), but several other studies on catch a
composition of the discards followed, exclusivetythe crustacean trawl (Monteigd al,
2001), beam trawl (Cabret al, 2002), trammel nets (Batis& al, 2009; Gongcalvest al,
2007, 2008b), demersal purse seine (Goncaved, 2004, 2008a) and beach seine (Cabral
et al, 2003) Portuguese fisheries. The impact of discandtraw! fisheries and their fate,
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namely their consumption along the trophic chaisvehalso been investigated in southern
Portuguese waters (Casted al, 1999, 2005; Erzinet al, 2003). These studies reveal that
discards constitute a substantial and importantporant of commercial Portuguese catches
and thus may have a significant impact on the siracand functioning of the marine
ecosystem. Furthermore, even with the discard ctatacted since late 2003, under the early
Data Collection Regulation (EC, 2000, 2001) condddiy the “Instituto Portugués do Mar e
da Atmosfera” (Portuguese Sea and Atmosphere utesti{IPMA), the national Portuguese
institute responsible for fisheries research, catepland detailed discards data are still
lacking.

The present study analyses discards from demansstceans and fish trawl commercial
fisheries from southern Portuguese (Algarve) watbgs quantifying and describing their
composition, reporting their variability, and idéying the main reasons leading to the
discarding practicesData on discard proportions and rates, abundancgsb@mmasses of
discarded species between and within crustaceafismttawl métiers, species dominance in
the discards and rates of discarded species in @wuanta weight are also provided, in order to
complement the existing information and contribtbean increasing knowledge on the

discards in Portuguese fisheries.

Material and methods

Data collection

The study was carried out off the southern coastastugal (Algarve), in an area between
36°36.990'N - 37°0.418" N and 7°24.300" W - 9°8.0W0(Figure 3.1). Sampling took place
during two years, from February 1999 to March 208@koard commercial bottom trawl
fisheries during two research projects on fishdnysatch and discards.

The sampling strategy was based on a random schsiémpling of the fishing vessels, by
métier (crustacean trawl and fish trawl) and segse®), considered as four equal three-
month periods, and data were collected by at leastscientific observers on board each
commercial vessel. The vessels sampled were raydeelected but subjected to the
willingness of skippers and owners to allow thespreece of observers on board, as well as the
time and resources available.

In the south coast of Portugal, crustacean andtfallers constitute two fishing fleets
with vessels that do not switch between fishinghods (Chapter 2). Crustacean trawlers,
targeting deep-water rose shrimpafapenaeus longirostrjs Norway lobster Nephrops
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norvegicuy and blue-and-red shrimpAfisteus antennat)is use a stretched mesh codend
between 55 to 59 mm and operate on the lower cemih shelf and continental slope
between 117 and 754 meters depth (mean=463.3 nx15@0). Fish trawlers target
European hakeMerluccius merluccius horse mackerelsT(achurusspp.) and seabreams
(Diplodus spp. andPagellusspp.), on the continental shelf and upper contadesiope at

depths from 100 to 290 m, using a stretched meslerab between 65 to 69 mm. Target

species were defined by the skippers previoustii¢cstart of each tow.

37°0'0"N

@/ a%e Cen g O“"ﬂ . 22N ’ e
L. e .‘..:'5.{,‘6 .0 2 e gre e > '.*.‘o:.'.‘. 3*’ Py
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® Crustacean Trawl -600 —— -100
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9°0'0'W 8°30'0"W 8°0'0'W 7°30'0"W

Figure 3.1 — Map of the southern Portuguese ca@dgalve) showing the trawling positions
of the crustacean and fish trawl métiers, durirggglriod of study.

All data collection was carried out by fishing oggon (tow) per fishing trip, and was
conducted in order not to interfere with the norrighing practices of the crew. The
sampling effort was based on nine different fishiiegsels (6 crustacean trawlers and 3 fish
trawlers) covering 25.7% of the active part of tgarve coastal trawler fleet. On board,
observers recorded data concerning the technicadacteristics of the trawl vessel (e.g.
overall length, gross registered tonnage) and #a& (g.g. mesh size), the fishing operations
(date, hour and duration of the trip, number, gaplical position, depth and duration of each
tow), the composition of the catches (total, regdirand discarded amounts), the faunistic
composition of the retained and discarded catamgawith the main reasons for discarding.

In the case of large amounts caught, and mainlsitirations where the whole catch is
‘slipped’ through an opening in the net, not makitngossible to bring the catch on board, the

skipper of the fishing vessel was asked to proadesstimate of the size of the total catch.
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When the amount of discards was too large to wesgh;samples of approximately 30 kg

were taken randomly, after all the commercial speavere processed by the crew, and
estimates of the total amount of discards were miadie case of small quantities, the entire
amount of discards was collected and brought tdaberatory. The total catch was obtained
by adding the weight of the retained catch (sepdrat standard boxes, by species) to the
weight of the discards.

Quantification and identification of the discardasaargely carried out in the laboratory.
The discards samples caught in each tow were sbwtedxonomic groups, weighed and
identified to the lowest taxonomic (species) lewsld all fish and cephalopods were counted
and weighed individually.

This study follows the definition ahétiermentioned in the first section of Chapter 1 and
the definitions oftotal catchand retained (or landed) catcheferred in Chapter 2. It also
considers theliscarded catclfabbreviated taliscardg as the portion of the total catch which
is returned to the sea, dead or alive, if it is me¢d for any purpose. Therefore this includes
all the non-target and non-commercially valuableabgh species, as well as the fraction of

target or bycatch species with commercial valué ¢hanot be legally landed.

Data analysis

Catch compositions (total, retained and discareesi® converted into rates (kg/h) and the
means and respective standard deviations werelatdlby tow and trip, on a seasonal basis

for each métier.
The discard proportionDp)?> measured on board a vessel is the proportion etdtal

catch that is discarded, expressed as the totghivef discarded species divided by the total

weight of all species caught:
D

be = o711
where,D is the total discard (kg), is the total retained (or landed) (kg) aDdL gives
the total catch (kg). The relationship betw&srand total catch was determined by means of
linear regression.
All species caught by both métiers were classibgdheir frequency of discarding into

three categories: (1) occasional (commercially able target species that are only

2 In this study, the terriscard Proportionis considered to be more correct thidincard Ratiowhen referring
to the amount discarded divided by the total caéshin the formula D / (D + L) of FAO (1997) andll¢ber
(2005).
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occasionally discarded), (2) frequent (bycatch m®eavith commercial value that are
frequently discarded) and (3) systematic (spetiasdre always discarded).

The species composition of the discards in terndivarsity was analysed for each métier
by comparing the number of discarded species tadtse# number of species caught. The
occurrence of each discarded species was studssti lwm the number of fishing operations
in which the species occurred, by means of pergestacalculated as:

0 =2 x100
N

where,O is the Occurrence is the number of tows in which a specific spedesurred
andN is the total number of tows done on a specificenéluring the study period.

The numbersn) and weights W) of each discarded species in the samp8gswvére

multiplied by the ratio of total discard weight tlee sample discard weigbffc‘i”—t) to give an

estimate of the total amounts of discards of eagtiss, in terms of abundanagn(;) and
biomass ¢B;;), from each towjf:

; dBU: Wij X —

Y Y dS] dS]

wheren;; is the number of species i in the sample from towy;j is the biomass of species |
in the sample from tow {s; is the weight of the sample of tow j, add; is the total weight
of discards of tow j.

The latter figures were divided by the tow duratinrhours to determine the abundance
(dn) and biomassdg;) of fish discarded per hour, herein referred talmsndance and biomass
discard rates.

Abundances and biomasses of discarded speciesanalgsed by means of multivariate
techniques based on Clarke and Warwick (2001),gutie PRIMER package (Clarke and
Gorley, 2006). For these analyses only fish (@giious and bony fishes) and cephalopods
species, herein referred to as fish, were congildé€leustaceans, as well as other invertebrate
taxa, were not included in the analysis due tortheiy low contribution to discards both in
abundance and biomass.

With the purpose of investigating the seasonalatiam in species abundance and biomass
of species discarded in each métier, as well telclier any differences between métiers,
matrices of the estimated numbers and weights oh ediscarded species sampled by
tow/season were constructed. Due to the data maim& restrictions imposed by the

PRIMER, and given the fact that a large numberpafcges were discarded and that many
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species occurred in only a few tows, the speciashwtontributed less than 0.1% to the total
abundance or biomass were removed from the matrices

The unstandardized abundance and biomass data tremsformed using the double
square root transformation in order to reduce teghting of extremely abundant (or with
high biomass) species against less dominant or eMenspecies (Fieldt al, 1982; Carr,
1997; Clarke and Warwick, 2001) prior to analy3is.measure how close the abundance (or
biomass) levels are for each species, triangulairicea of similarity coefficients were
computed between every pair of samples (by sedsimeen métiers and in each métier).
The measurement of similarity was based on the-Buayis coefficient:
j=1 Y — Yy |}
(Y - Yy)

where,Y; andYj are the abundance (or biomass) values by discapedeg in sampled

S;, =100 {1 -

and |, respectively (Bray and Curtis, 1957). This endltlee classification of the data into
groups of ranked similar entities. The coefficieftsimilarity takes values between zero,
showing totally dissimilarity between two samplesdal00, in the case of total similarity
between two samples.

The resulting similarity matrices were subjected tteo multivariate methods: (1)
hierarchical clustering analysis (CLUSTER), applyithe group-average linking in which
samples are joined into hierarchical groups andjtbaps into clusters, at the average level of
similarity between all members of one group andnaéimbers of the other, lowering the
similarity levels, such that samples within a grarp generally more similar to each other
than samples in different groups (Fieldal, 1982, Clarke and Warwick, 2001); and (2) non-
metric multidimensional scaling (MDS), in orderdpamine gradation trends in space and/or
time without defining hierarchical groups. MDS s ardination technique which attempts to
place samples on a ‘map’ in two (or more) dimensjam a manner that the rank order of the
distances between samples on the map reflectsate order of the matching relative
similarities taken from the similarity matrix, i.eamples that are closest together have similar
community composition and vice versa (Clarke andrWwitk, 1998; Clarke and Gorley,
2006). The suitability of the representation in tdimensions, rather than more than two, is
expressed by a “stress (or distortion) coefficiesttnilar toR? in regression analyses, which
reflects the extent to which the two sets of rashksot agree (Clarke and Gorley, 2006). As a
general rule, a stress coefficient of <0.1 indisate good ordination with no possible

misleading interpretation, and reveals a good ssmation of the underlying data in two
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dimensions. Excellent representations are given shgss values <0.05 and perfect
representations by stress <0.01 (Clarke and Wan2iaB1).

The results of the cluster and MDS analysis areesgmted in the form of dendograms
and as plots in two dimensions, respectively, il most similar abundance and biomass
compositions of discarded species closest togetiben the two methods are in agreement,
it can be assumed that the discontinuities betvgaemples (métiers/season combinations) are
realistic (Fieldet al, 1982; Clarke and Green, 1988).

The variable tow mean depth was superimposed onMB& configurations, with
increasing diameters corresponding to increasinghdealues (Clarke and Warwick, 1998,
2001). This approach is useful for providing knowledge wbdlifferences in the
environmental variables between clusters and fentitying gradients in the ordination
(Erzini et al, 2002).

One-way analyses of similarity (ANOSIM), using pemation methods based on
corresponding similarities between samples in theadance and biomass similarity matrices,
were performed to test whether the abundance (mmdass) of the discarded species differed
significantly between seasons in each métier anwvdan métiers. The contribution of
individual discarded species, to the Bray-Curtisiiksirity (average dissimilarity between
métiers and average dissimilarities by season mwithétiers), was analysed using similarity
percentage (SIMPER) analysis (Clarke, 1993; C&971Clarke and Warwick, 2001).

To check for differences in dominance patterns athbabundance and biomass of the
discarded speciek-dominance curves were made by plotting the peagentcumulative
abundance (and biomass) against log species r&hkk (these kinds of curves, species are
ranked from the most to the least common, andadarithmic scale of the k species rank was
used with the purpose to straighten and to sepé#nateurves, making it easier to interpret
and visualize the distribution of the most dominsppécies (Lambsheaat al, 1983; Platiet
al., 1984; Clarke, 1990; Carr, 1997). Dominance i®isely proportional to diversity and one
group is considered more diverse than anotheeikdtiominance of one is less than or equal
to the other for all values of k. Neverthelessthi k-dominance curves of a set of groups
intersect or cross with each other, then thesepgraannot be compared in terms of intrinsic
diversity (Lambsheadt al, 1983).
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Results

Sampling effort

A total of 52 trips were made, of which 67.3% were board crustacean trawlers and
32.7% on fish trawlers, corresponding to 890 hairsea and 550 trawling hours. Fishing
vessels characteristics and trip duration vary iliag to métier. Crustacean trawlers have the
longest trips (70 h mean duration) and fish trasvleave the shortest trip duration (mean of 43
h). The former have an average tow duration of abduwhile fish trawlers usually tow for
about 1.5 h. Sampling effort was based on 163 rgsluperations of which 72 tows were
carried out by crustacean trawlers (2.06 tows/sid,=0.34) and 92 tows by fish trawlers
(5.35 towsttrip, s.d.=0.93) (Tab 3.1) (more detadla be found in Chapter 2, Results section).

The trawl trajectories, by tow and season, areessrted in Annex |, for crustacean trawls

and in Annex Il for fish trawls.

Catch composition and discard estimates

During the sampling period, both métiers yieldetbtal catch of 70.269 tons, of which
56.5% (39.705 t) were discarded. Crustacean amdtrfesvls contributed respectively with
21.3% and 78.7% to the total catch, 26.3% and 730’%e retained catch, and 17.5% and
82.5% to the discarded catch (Table 3.1).

Mean total, retained and discarded catches pemteng considerably higher in fish trawls
(608 kg, 248 kg and 360 kg, respectively) thanrustacean trawls (208 kg, 112 kg and 97
kg, respectively) (Table 3.1). Fish trawlers caubbtween 154 and 1260 kg/h (447 kg/h
average) and retained between 79 and 360 kg/h K&89 average) of fish per tow; while
crustacean trawls caught (20-74 kg/h, 40 kg/h aagd retained (10-30 kg/h, 20 kg/h avg.)
less. Fish trawls discarded between 51 kg/h (sp2d@0) and 900 kg/h (winter 1998), at a
mean rate of about 258 kg/h per tow. Crustaceavigrdiscarded at a much lower mean rate
(19 kg/h), varying from almost 9 kg/h (autumn 200065 kg/h (autumn 1999) per tow. No
consistent seasonal patterns in the total, retaaneddiscarded fractions were evident in each
métier, with rates varying widely throughout the seasdtewever, in some situations, the
average discard rate was higher than the retaiated in autumn 1999 (54.5 kgis. 16.3
kg/h), mostly due to high amounts of cartilagindises Chimaeramonstrosa,174.7 kg;
Torpedonobiliang 119.2 kg), in summer 2000 (11.3 kg/é. 10.4 kg/h) caused by greatest
amounts oMicromesistius poutassd@43.9 kg) and in winter 2000 (43.8 kg/b.29.9 kg/h)
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owing to high quantities oM. poutassou(439.4 kg), Capros aper(320.8 kg), and
Macroramphosusspp. species (246.7 kg), in crustacean trawls; ianginter 1998 (900.2
kg/h vs. 360.2 kg/h) in fish trawls, due to highest amourit$Scomber coliag4627.0 kg),
Scyliorhinus caniculg4083.1 kg),M. scolopax(1544.1 kg) andBoops boopg1401.4 kg)
(Figure 3.2).
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Table 3.1 — Estimates of quantities (kg) and rgkegh) of the total, retained and discarded catcesd the discard proportion gpfor the
number of trips and fishing operations (tows) foe trustacean trawl (CT) and fish trawl (FT).

Trips  Tow TOVY Total catch (Kg) Total catch rate (kg/h)
Season  Méetier duration

(" (" (meanh) Total bytrip s.d. bytow s.d Total bytrip s.d. bytow .s.d

Winter 1998 CT 4 8 7.5 2160 540.0 216.5 270.0 102.0 36.1 42.8 .1 18 42.0 28.2
FT 3 17 1.3 27957 9319.0 5613.4 1644.5 2125.0 1238.9 1486.71.42 1260.4 1540.2

Spring 1999 CT 4 9 6.7 1755 438.8 44.8 195.0 72.5 28.9 28.8 4481 2 58

FT - - - - - - - - - - - - -

Summer 1999 CT 5 10 6.8 2330 466.0 129.0 233.0 75.6 34.2 34.0 2 934.0 9.8

FT 3 18 1.6 8720 2906.7 344.3 484.4 435.2 305.4 320.5 76.2 131277.7

Autumn 1999 CT 3 5 4.7 1322 440.7 460.8 264.4 203.5 55.8 62.2 .4 72 70.9 68.4

FT 3 19 1.2 8065 2688.3 766.4 4245 341.8 356.5 370.6 151.4 .136%B09.9

Winter 1999  CT 3 6 5.8 1320 440.0 1153 220.0 92.7 37.6 41.2 3 13.41.2 24.0

FT 2 10 1.6 3540 1770.0 4101 354.0 1914 221.1 219.2 16.2 5221.85.8

Spring 2000 CT 4 7 6.9 1485 371.3 159.6 212.1 109.7 30.8 33.7 .0 1531.7 16.2
FT 3 12 14 2970 990.0 523.7 2475 99.0 171.0 165.6 439 173.44.7 7

Summer 2000 CT 5 9 5.4 1115 223.0 126.0 123.9 70.7 22.8 21.5 6.BL.7 8.8

FT 3 15 1.7 4030 1343.3 1099.7 268.7 331.9 158.0 181.4 181.11.418224.8

Autumn 2000 CT 3 8 4.2 700 233.3 87.4 87.5 70.5 21.0 21.0 8.0 9 19.12.1

Winter 2000 CT 4 10 3.8 2800 700.0 2614 280.0 58.7 73.5 77.3 .3 14 73.7 15.3
1999 - 2001 CT 35 72 5.8 14987 428.2 2247 208.2 108.8 36.0 3 40.18.7 39.5 28.6
FT 17 91 1.5 55282 3251.9 3622.6 607.5 1068.0 416.8 457.2 451514 788.7

s.d.-standard deviatidmo trips due to fish trawlers strikeno trips due to bad weather conditions

-76 -



Chapter 3 — Discards in trawl fisheries

Table 3.1 (cont.) — Estimates of quantities (kg) eates (kg/h) of the total, retained and discadhes and the discard proportiop)r the
number of trips and fishing operations (tows) foe trustacean trawl (CT) and fish trawl (FT).

Trips  Tow TOW Retained catch (kg) Retained catch rate (kg/h)
Season  Métier ) ) duration _ _
(meanh) Total bytrip s.d. bytow s.d Total bytrip s.d. bytow .s.d
Winter 1998  CT 4 8 7.5 1368 342.0 206.2 171.0 1184 22.9 281711 29.0 29.8
FT 3 17 1.3 7298 24327 7014 429.3 327.7 323.4 350.7 57.3 236@52.4
Spring 1999 CT 4 9 6.7 1166 291.4 385 1295 51.1 19.2 18.8 2.18.6 4.7
FT! - - - - - - - - - - - - -
Summer 1999 CT 5 10 6.8 1332 266.4 75.5 133.2 40.7 195 204 2 5204 5.7
FT 3 18 1.6 4327 14423 5299 2404 136.3 151.6 162.9 23.8 9162.99.1
Autumn 1999 CT 3 5 4.7 370 1233 14.2 74.0 21.4 15.6 15.9 34 316 4.0
FT 3 19 1.2 4769 1589.7 608.6 251.0 202.0 210.8 210.5 63.3 9215172.9
Winter 1999 CT 3 6 5.8 811 270.3 119.8 135.2 71.8 23.1 24.8 9.24.8 145
FT 2 10 1.6 2059 1029.5 130.8 205.9 81.4 128.6  139.9 29.6 135.86.7
Spring 2000 CT 4 7 6.9 940 234.9 746 1342 78.8 195 22.6 12.20.1 11.9
FT 3 12 14 2109 703.0 290.8 175.8 89.0 121.4 1216 29.0 122,141 6
Summer 2000 CT 5 9 5.4 517 103.4 30.0 57.4 26.3 10.6 10.7 15 .4 10 2.6
FT 3 15 1.7 1973 657.7 346.1 131.5 88.6 77.3 93.3 71.1 93.3 89.3
Autumn 2000 CT 3 8 4.2 385 128.3 30.1 48.1 30.8 115 11.6 29 411 6.3
FT? - - - - - - - - - - - - -
Winter 2000 CT 4 10 3.8 1141 285.3 108.1 114.1 29.2 29.9 31.8 .6 7299 7.1
FT? - - - - - - - - - - - - -
Total CT 35 72 5.8 8029 2294 1189 1115 68.2 19.4 20.5 7.1 3 20.134
FT 17 91 1.5 22535 1325.6 763.0 247.6 207.3 169.9 179.8 92.61.019172.1

s.d.-standard deviatiohno trips due to fish trawlers strikeno trips due to bad weather conditions
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Table 3.1 (cont.) — Estimates of quantities (kg) eates (kg/h) of the total, retained and discadhes and the discard proportiop)r the
number of trips and fishing operations (tows) foe trustacean trawl (CT) and fish trawl (FT).

. Trips  Tow TOW Discard (kg) Discard rate (kg/h)
Season  Metier ") ) duration _ _ Dp
(meanh) Total bytrip s.d. bytow s.d Total bytrip s.d. bytow .s.d
Winter 1998  CT 4 8 7.5 792 198.0 12.0 99.0 56.5 13.3 14.7 59 .013 57 0.37
FT 3 17 1.3 20659 6886.3 6122.2 1215.2 2082.9 915.5 1135.41.7127 900.2 1530.8 0.74
Spring 1999 CT 4 9 6.7 590 147.4 49.8 65.5 34.1 9.7 10.0 4.1 9.54.7 0.34
Summer 1999 CT 5 10 6.8 998 199.6 85.8 99.8 67.6 14.6 13.6 6.13.6 1 9.3 043
FT 3 18 1.6 4393 1464.3 7824 2441 396.1 153.9 157.6 83.4 214®32.8 0.50
Autumn 1999 CT 3 5 4.7 952 317.3 452.8 1904 209.7 40.2 46.4 .0 69 545 65.4 0.72
FT 3 19 1.2 3296 1098.7 497.1 1735 256.8 145.7 160.0 106.0 .2153228.5 0.41
Winter 1999  CT 3 6 5.8 509 169.7 58.6 84.8 40.0 145 16.4 84 416 12.0 0.39
FT 2 10 1.6 1481 7405 5409 148.1 1979 92.5 79.3 45.7 85.8 7 80.42
Spring 2000 CT 4 7 6.9 546 136.4 1247 77.9 65.8 11.3 11.2 84151 94 0.37
FT 3 12 1.4 861 287.0 239.1 71.8 69.7 49.6 44.0 25.9 51.3 55.29 0.
Summer 2000 CT 5 9 54 598 119.6 102.9 66.4 53.9 12.2 10.8 7013 1 79 054
FT 3 15 1.7 2057 685.7 810.2 137.1 269.3 80.6 88.1 1121 88.14.0170.51
Autumn 2000 CT 3 8 4.2 315 105.0 65.0 39.4 42.2 9.4 9.4 5.9 85 .9 645
FT? - - - - - - - - - - - - -
Winter 2000 CT 4 10 3.8 1659 414.8 165.6 165.9 52.5 43.5 455 4 8 438 13.8 0.59
Total CT 35 72 5.8 6958 198.8 167.1 96.6 82.4 16.6 19.8 15.0 2 19.23.1 0.46
FT 17 91 1.5 32747 1926.4 3263.4 359.9 1001.2 246.9 277.4 842260.4 734.5 0.59

s.d.-standard deviatiohno trips due to fish trawlers strikeno trips due to bad weather conditions
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Average proportions of the catch discarded durimg sampling period, were 0.46 in
crustacean trawls and 0.59 in fish trawls. Thersase seasonal variation in the average
discards proportions in each métier, with mosthef proportions between 0.3 and 0.7 (0.34-
0.72, in crustacean trawls; 0.29-0.74 in fish tggwbut not in a consistent way (Figure 3.2).
Linear regression showed a weak positive non-itaissignificant increase ddg with total
catch (r=0.31 and r=0.57 in crustacean and fishltnaétiers, respectively).

The discard proportions (as percentages), by talvsaason, are represented in Annex |,

for crustacean trawls and in Annex Il for fishvits.
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Figure 3.2 — Mean rate (kg/h) per tow of each feoarctof the catch (total, retained and
discarded) and discard proportions) Dy métier.
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Species composition

Global analysis

During the present study, a total of 255spédiesm 16 different taxonomic groups were
caught by both métiers, of which 53.7% were fish9% were invertebrates and 2.4% were
algae. Of these, 31.4% had commercial value (Idetaand 69 bycatch species), with the
remaining majority (68.6%) consisting of non-comonar species. Overall, 4.3% of the
species (8 bony fish and 3 crustacean species) exaa@sionally discarded, 27.1% (54 fish
and 15 invertebrate species) were frequently diechrspecies and 68.6% (75 fish, 94
invertebrate and 6 algae species) were systemgtaiatarded (Table 3.2). Of these, 4.3% of
the species (8 bony fish and 3 crustacean spegerg)occasionally discarded, 27.1% (54 fish
and 15 invertebrate species) were frequently digchrspecies and 68.6% (75 fish, 94
invertebrate and 6 algae species) were systenigtdiatarded (Table 3.2). Of all the species,
30.6% had commercial value (11 target and 67 biicspecies), with the remaining majority
(69.4%) consisting of non-commercial species. Tadmistic list of all species identified and
the frequency of discarding, by métier, is giverAmex IIl and the systematic classification
of all species captured by crustacean and fish tratiers is presented in Annex IV.

The crustacean trawl was the métier with the gstalieersity (80.8%) of the total species
(113 vertebrates, 88 invertebrates and 5 algaeyhafh 48.1% (65 vertebrate, 32 invertebrate
and 2 algae species) were exclusively caught teyrttétier (Table 3.2and Annex Il ). Fish
trawls captured a lower number of species (61.2%yértebrates, 80 invertebrates and 4
algae), of which 31.4% (24 vertebrate, 24 inved&biand 1 algae species) were exclusively

caught by this métier (Table 3.2and Annex Il1).

3 At the time of this studyMacroramphosus scolopandM. gracilis were considered to be two distinct species
but, recently, a genetic study in Portuguese watamse to support the evidence Mf scolopaxas the single
Macroramphosuspecies (Robalet al, 2009). As this was acknowledged only after adtistical analyses had
been completed and results discussed, there wimado perform new analyses, so the tMacroramphosus
species had to be maintained in this study.
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Table 3.2 - Number of species caught in crustaeedrfish trawls according to frequency of discagdjl-occasional, 2-frequent, 3-systematic).
The number of species coincident in both métiens Erentheses.

TAXONOMIC CRUSTACEAN TRAWL FISH TRAWL BOTH METIERS

GROUP 1 2 3 Total 1 2 3 Total 1 2 3 Total
VERTEBRATES

Chondrichthyes 0 5 13 18 0 3 4 7 0 6 (2) 15 (2) 21 (4)
Osteichthyes 6 39 50 95 6 36 23 65 84 43 (27) 60(13) 14p(4
INVERTEBRATES

Crustacea 3 2 28 33 2 2 14 18 3(2 2(2) 31(11) 36 (15)
Cephalopoda 0 9 7 16 0 12 6 18 0 13 (8) 9(4) 22 (12)
Bivalvia 0 0 12 12 0 0 10 10 0 0 15 (7) 15 (7)
Gastropoda 0 0 11 11 0 0 15 15 0 0 19 (7) 19 (7)
Anthozoa 0 0 4 4 0 0 4 4 0 0 4 (4) 4 (4)
Polychaeta 0 0 1 1 0 0 1 1 0 0 1(2) 1(2)
Ophiuroidea 0 0 2 2 0 0 3 3 0 0 3(2 3(2
Crinoidea 0 0 1 1 0 0 1 1 0 0 1(1) 1(1)
Holothuroidea 0 0 1 1 0 0 2 2 0 0 2(1) 2(1)
Asteroidea 0 0 2 2 0 0 3 3 0 0 3(2 32
Echinoidea 0 0 5 5 0 0 5 5 0 0 6 (4) 6 (4)
ALGAE

Codiaceae 0 1 1 0 0 1 1 0 0 1(1) 1(1)
Dictyotaceae 0 0 1 1 0 0 0 0 0 1(0) 1(0)
Sargassaceae 0 0 3 3 0 0 3 3 0 0 4(2) 4(2)
TOTAL 9 55 142 206 8 53 95 156 11 (6) 69 (37) 175(64) 255 (107)
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Of all taxa, bony fishes (Class Osteichthyes) stamdas the dominant group of species
caught by both métiers (45.5%), representing 46ri%rustacean trawls and 41.7% in fish
trawls (Figure 3.3). In crustacean trawls, the mgjoof bony fish species were regularly
discarded (52.6%), followed by frequently discardpdcies (41.1%). Occasionally discarded
species represent only 6.3% of all discarded bastydpecies. In fish trawls, more bony fish
species (55.4%) were frequently discarded tharesyatically discarded (35.4%) and 9.2% of
the discarded species were occasional (Figure 3.4).

100 - .
m Crustacean trawl O Fish trawl

90 -
80 -
70 A
60 -
50 -
40 +

number of species (%)

30 -

Nl = hﬂﬂ

Chondrichthyes  Osteichthyes Crustacea Cephalopoda Other

Figure 3.3 — Number of species (%), per taxa, disthby crustacean and fish trawls.

Of the four most important groups, crustaceans S&I@rustacea) represent the next most
diverse group in both métiers (14.1%), with morecéps caught by crustacean trawls (16%)
than by fish trawls (11.5%) (Figure 3.3). In botBtrars, the highest proportion of crustacean
species is systematically discarded (84.8% in angstn trawls and 77.8% in fish trawls). In
crustacean trawls, the frequency of discardingasional for 9.1% of the crustacean species
and frequent for 6.1%. In fish trawls crustaceaecgs are occasionally and frequently
discarded in equal proportions (11.1%) (Figure.3.4)

Cephalopods were the next most captured group efiesg representing 8.6% of all
species caught by both métiers, although in higineportions in fish trawls (11.5%) than in
crustacean trawls (7.8%) (Figure 3.3). In both exéfi more cephalopod species were
frequently discarded followed by systematicallycdisled species, also in higher percentages
in fish trawls (66.7% and 33.3%, respectively) cangal to crustacean trawls (56.3% and
43.8%, respectively) (Figure 3.4).
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Figure 3.4 — Number of species (%), per taxa, diszh by crustacean and fish trawls,
according to their frequency of discarding (occaalpfrequent, systematic).

For both métiers combined, cartilaginous fish spe@ccounted for 8.2% of the catch,
8.7% of crustacean trawl catches and 4.5% of feshltcatches (Figure 3.3). In both métiers,

the majority of the cartilaginous species were aysttically discarded, 72.2% by crustacean

-83-



Chapter 3 — Discards in trawl fisheries

trawls and 57.1% by fish trawls. Less than 28% almibst 43% of cartilaginous fish species
were occasionally discarded by crustacean andrs¥is, respectively (Figure 3.4).

When grouped together in the “others” category, tiaining invertebrate and algae
species were always discarded and contributed 23cb%e biodiversity captured by both
métiers, 21.4% in crustacean trawl and 30.8% ih frawl (Figure 3.3). Bivalves (Class
Bivalvia) and gastropods (Class Gastropoda) startdiro the “others” category with the
greatest numbers of species, representing 7.5%5 &% of the biodiversity caught by both
métiers, respectively. In crustacean trawls, beahand gastropods account for similar
percentages of the discarded biodiversity, 5.8% &r8% respectively. In fish trawls,
gastropod diversity (9.6%) was greater than thdiiwdlves (6.4%). In both métiers, each of
the remaining invertebrate taxa represents betwk8%% and 2.4% of the total species

diversity.

Species occurrence

The most frequently caught species by crustaceavig(>40% of tows where the species
were present) were the bony fishBBcromesistius poutasso(91.7%), Conger conger
(70.8%) andNezumia sclerorhynchu6.7%), followed by the cartilaginous fighaleus
melastomus(63.9%). Polybius henslowiand lllex coindetii were the crustacean and
cephalopod species which occurred most frequesdigh in 43.1% of the tows carried out by
this métier. The “other” invertebrate group is egented mostly by the anthozoactinauge
richardi, which had a frequency of occurrence of slighthern51% (Figure 3.5). Among
target crustaceansParapenaeus longirostrisvas the species most frequently caught
occurring in 30.6% of the towg\risteus antennatuand Nephrops norvegicubad lower
frequencies of occurrence, (16.7% and 11.1%, réispég.

In fish trawls, the most frequently caught Ostdigles wereSerranus hepatu@n 81.5%
of the tows),Boops boopg78.3%) and the target speciBeriuccius merlucciug73.9%),
followed by Scorpaena notatg67.4%) andCapros aper(60.9%). Alloteuthis subulata
(48.9%), Eledone moschat42.4%) andSepia elegang40.2%) were the most caught
cephalopod species of this métier. The bivakemus nuxand the ophiuridDphiura ophiura
were, among the other invertebrate species, thdsehwoccurred more frequently in the
catches (41.3%) (Figure 3.8cyliorhinus caniculavas the most captured cartilaginous fish
species (35.9%) and, with the exception of hake, fitbh trawl target species occurred in

lower percentagesP@gellus acarng 20.7%; Trachurus picturatus 15.2%; Trachurus
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mediterraneus 9.7%; Diplodus vulgaris 7.6%; Trachurus trachurus 3.7%; Pagellus

bogaraveg1.1%).

The species occurrence, in number and in percemtaggs and tows, by métier, along
with the depth range is shown in Annex V.
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Figure 3.5 — Most frequent (>40% of tows) speciesrustacean and fish trawl métiers. Each
bar shows the percentage of fishing operations evtier species was present.
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Abundance and biomass of discarded species

Abundance and biomass multivariate analysis ofsftexies discarded by crustacean and
fish trawls were based on 93 species (15 cartitaginfishes, 63 bony fishes and 15

cephalopods) (Annex lI).

Between métiers

Analysis by tow

The classification of the abundance matrix of tiecakds by species (two métiers and
four seasons) indicated that, at the 13% simildetel, the 163 tow/season combinations
falls into two main groups or clusters, and ondsaitsal group stands out from the others. One
main group consisted of the crustacean trawl métierthe other one corresponds to a mix of
both (Figure 3.6). The isolated group correspomdakiundance values discarded in winter

1999 by fish trawl, where a high number@croramphosuspp. was caught.
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Figure 3.6 — Dendogram obtained by cluster analysibe discarded species abundance for
the crustacean trawm) and fish trawl 0) métiers (163 tows). The 3 groups defined at
similarity level of 13% are indicated (dashed lin@: A,B,C,D; O: E,F,G).
The classification of the biomass matrix of thecdrsls by species (two métiers and four
seasons) also indicated, at the same 13% similaxf, the two main groups with an overall

correspondence to crustacean and fish trawls regtieth two more distinct clusters (Figure
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3.7). One of these isolated groups reflects thetemce of a greater similarity in biomass
values discarded by crustacean trawl in winter 2@00gh amounts oMacroramphosuspp.
andM. poutassopand by fish trawl in summer 2000 (high amountdofpoutasso) and the
remaining isolated cluster corresponds to biomaasies discarded in summer 2000 by
crustacean trawl (high amountsMécroramphosuspp. andC. ape).

The results of the MDS ordination of both abundategure 3.8) and biomass (Figure
3.9) matrices are in full agreement with thoselosier analyses. However, in both cases, the
resulting stress values for the MDS plots were Qif@icating a useful two dimensional
representation. As can be seen, the groups repiggehe trawling métiers are significantly
different, both in terms of abundance (ANOSIM teRt 0.774,p=0.1) and in biomass
(ANOSIM test,R=0.779,p=0.1).

The superimposition of depth onto abundance (Fiqui®) and biomass (Figure 3.11)
MDS plots shows a clear gradient of increasing ldefom the fish trawl cluster to the
crustacean trawl cluster, in line with known adgivaf both métiers. This evidences that depth

related species ecology and distribution strongfijyence the observed grouping patterns.
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2D Stress: 0,14

Figure 3.10 — MDS plot of the discarded speciesxdbace for the crustacean trawl (CT) and
fish trawl (FT) métiers (163 tows/métier combinagd with superimposed mean depth values
(continuous line). The area of the circles is prtipoal to the average depth of the tows.

2D Stress: 0,1¢

Figure 3.11 — MDS plot of the discarded speciesnlaiss for the crustacean trawl (CT) and
fish trawl (FT) métiers (163 tows/métier combinagd with superimposed mean depth values
(continuous line). The area of the circles is prtipoal to the average depth of the tows.
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The average contribution of the discarded speaethd dissimilarity between métiers,
given by SIMPER analysis, was quite similar bothalundance (87.49%) and in biomass
(87.90%). In terms of abundancBlicromesistius poutasso(5.44%), Macroramphosus
scolopax(4.92%) andSerranus hepatu§t.39%) were the species most responsible for the
dissimilarity between métiers, accounting for 148476f the total discarded abundance (Table
3.3). Concerning biomas$l. poutassou(5.75%), Boops boops4.14%) andS. hepatus
(3.79%), accounting for 13.68% of the total biomasscard, were the most influencing
species to the dissimilarity between métiers (T&4.

The average contribution of the discarded specidiset similarity of the discarded species
in terms of abundance and biomass between mésigjizen in Annex VI-A and MDS plots
of the main species which contributed most to tigsichilarities between crustacean and fish

trawl metiers are given in Annex VI-B.
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Table 3.3—SIMPER results for the abundance of iBeadded species between crustacean
(CT) and fish (FT) trawl métiers. Parameters inetualverage contribution to abundance (Av.
Abund) and to dissimilarity (Av. Diss), dissimilristandard deviation (Diss/SD),
contribution of the dominant species to the dissinty % (Contrib%) and cumulative
dissimilarity % (Cum.%).

CT FT

Species AvAbund  Av.Abund Av.Diss Diss/SD Contrib% Cum.%
CRUSTACEAN and FSH TRAWLS: 87.49

Micromesi stius poutassou 3.67 1.35 4.76 133 5.44 5.44
Macroramphosus scol opax 0.86 351 4.31 1.01 492 10.37
Serranus hepatus 0.22 3.13 3.84 1.71 439 1475
Nezumia sclerorhynchus 2.32 0.00 3.30 1.12 3.77 1853
Boops boops 0.03 2.53 3.27 1.45 3.73 22.26
Galeus melastomus 2.20 0.00 3.15 1.06 3.60 25.86
Capros aper 1.45 2.28 3.11 1.08 3.56 29.42
Merluccius merluccius 1.10 2.63 3.09 1.35 3.53 3295
Macroramphosus gracilis 0.59 1.82 2.69 0.70 3.08 36.03
Sardina pilchardus 0.03 1.85 2.59 0.90 296 38.99
Scorpaena notata 0.09 1.90 2.57 1.23 294 41.93
Scomber colias 0.01 1.82 2.27 0.76 260 4453
Etmopterus spinax 1.55 0.00 2.18 1.01 249 47.02
Conger conger 1.70 0.85 2.16 1.21 246 49.48
Citharus linguatula 0.16 1.71 2.06 1.12 2.36 51.84
Alloteuthis subulata 0.28 1.58 2.06 0.89 2.36 54.20
Hoplostethus m. mediterraneus 1.43 0.00 2.05 0.85 235 56.55
Gadiculus a. argenteus 1.44 0.17 2.00 0.91 229 58.84
Scomber scombrus 0.04 1.57 2.00 0.80 229 61.13
Lepidopus caudatus 1.01 0.88 1.90 0.87 2.18 63.31
Lepidotrigla cavillone 0.03 1.36 1.85 0.73 211 6541
Scyliorhinus canicula 0.68 1.14 1.85 0.83 211 67.52
lllex coindetii 0.97 0.63 1.60 0.92 1.83 69.35
Malacocephalus laevis 1.16 0.04 1.60 0.96 1.83 71.18
Helicolenus dactylopterus 0.96 0.44 1.53 0.90 1.75 7293
Etmopterus pusillus 1.07 0.00 1.49 0.77 1.71 7464
Sepia elegans 0.15 1.90 1.35 0.83 154 76.19
Trachurus trachurus 0.22 0.99 1.33 0.79 152 77.70
Cepola macrophthalma 0.00 0.98 1.32 0.74 151 79.21
Eledone moschata 0.19 0.92 1.32 0.84 151 80.72
Arnoglossus imperialis 0.08 1.05 1.30 0.71 1.49 8221
Callionymus lyra 0.09 0.98 1.30 0.81 1.49 83.70
Microchirus variegatus 0.04 1.17 1.29 0.81 1.47 85.17
Microchirus boscanion 0.00 1.06 1.19 0.69 1.37 86.53
Callionymus maculatus 0.09 0.87 1.06 0.69 1.22 87.75
Lepidotrigla dieuzeidei 0.00 0.85 1.05 0.56 1.20 88.95
Arnoglossus thori 0.02 0.86 0.99 0.61 1.13 90.08
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Table 3.4 —SIMPER results for the biomass of tiseatided species between crustacean (CT)
and fish (FT) trawl métiers. Parameters includerage contribution to biomass (Av. Biom)
and to dissimilarity (Av. Diss.), dissimilarity/stdard deviation (Diss/SD), contribution of the
dominant species to the dissimilarity % (Contrik&ail cumulative dissimilarity % (Cum.%).

CT FT

Species Av.Biom  Av.Biom Av.Diss Diss/SD Contrib% Cum.%
CRUSTACEAN and FsH TRAWLS: 87.90

Micromesi stius poutassou 1.92 0.57 5.06 144 575 5.75
Boops boops 0.01 1.36 3.64 147 4.14 9.89
Serranus hepatus 0.07 1.25 3.33 1.70 3.79 13.68
Macroramphosus scolopax 0.29 1.09 2.89 0.96 3.29 16.97
Conger conger 1.07 0.45 2.84 1.20 3.23 20.21
Scomber colias 0.01 1.08 2.81 0.81 3.20 23.40
Galeus melastomus 0.98 0.00 2.75 1.09 3.13 26.53
Merluccius merluccius 0.50 1.07 2.72 1.31 3.09 29.62
Sardina pilchardus 0.01 0.89 2.61 0.91 297 3259
Scorpaena notata 0.04 0.88 2.53 1.24 2.88 3548
Scyliorhinus canicula 0.42 0.73 2.39 0.87 272 3820
Nezumia sclerorhynchus 0.81 0.00 2.36 1.07 2.69 40.89
Scomber scombrus 0.02 0.88 2.34 0.82 2.67 4355
Capros aper 0.52 0.70 2.23 0.96 253 46.09
Etmopterus spinax 0.73 0.00 2.05 1.03 2.34 4843
lllex coindetii 0.61 0.33 1.95 0.92 2.22 50.65
Macroramphosus gracilis 0.20 0.60 1.95 0.67 222 5287
Lepidopus caudatus 0.52 0.37 1.89 0.87 2.15 55.02
Citharus linguatula 0.07 0.71 1.86 1.10 212 57.14
Malacocephalus laevis 0.56 0.02 1.59 0.98 1.81 58.95
Lepidotrigla cavillone 0.01 0.54 1.55 0.72 1.77 60.71
Helicolenus dactylopterus 0.49 0.20 1.54 0.90 1.75 62.47
Etmopterus pusillus 0.55 0.00 1.53 0.83 1.74 64.21
Eledone moschata 0.12 0.47 1.48 0.84 1.68 65.89
Phycis blennoides 0.53 0.00 1.46 0.80 1.66 67.56
Cepola macrophthalma 0.00 0.50 1.42 0.73 1.62 69.17
Trachurus trachurus 0.13 0.46 1.38 0.78 1.57 70.75
Hoplostethus m. mediterraneus  0.47 0.00 1.37 0.80 155 72.30
Gadiculus a. argenteus 0.46 0.05 1.35 0.90 154 73.84
Callionymus lyra 0.03 0.48 1.33 0.80 152 75.35
Microchirus variegatus 0.02 0.49 1.19 0.80 1.36 76.71
Alloteuthis subulata 0.07 0.40 1.17 0.88 1.33 78.04
Deania calceus 0.39 0.00 1.07 0.63 121  79.25
Raja clavata 0.16 0.29 1.06 0.59 1.20 80.45
Chimaera monstrosa 0.36 0.00 1.01 0.44 1.15 81.60
Arnoglossus imperialis 0.03 0.36 0.98 0.72 1.12 82.72
Microchirus boscanion 0.00 0.39 0.97 0.68 1.11 83.82
Sepia elegans 0.05 0.35 0.97 0.81 1.10 84.92
Chelidonichthys obscurus 0.01 0.34 0.95 0.56 1.09 86.01
Spondyliosoma cantharus 0.01 0.31 0.95 0.54 1.08 87.09
Pagellus acarne 0.07 0.31 0.94 0.52 1.07 88.16
Lepidotrigla dieuzeidei 0.00 0.32 0.85 0.55 0.97 89.12
Todaropsis eblanae 0.23 0.11 0.83 0.56 0.94 90.06
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Within métiers

Analysis by tow/season

The results of the CLUSTER analyses basedhenabundance and biomass matrices of
the discarded species in each méfpar, tow (72 tows in crustacean trawl; 91 tows shfi
trawl) and season (four seasons), shows that meitiistacean trawl nor fish trawl samples
form distinct clusters. Such unclear seasonal ga@ndthe species composition can also be
deduced in the MDS plots, at stress values >016(@nd 0.22 for abundance; 0.17 and 0.23
for biomass, in crustacean and fish trawls respelghi, for which the representation in two
dimensions is not particularly adequate (Annexdsavil VIII). Similarity analyses revealed
that season had no significant effect on both abooel and biomass of the species discarded
by each métier (crustacean trawl ANOSIM test: alamecd, R=0.251, p=0.1; biomass,
R=0.246, p=0.1; fish trawl ANOSIM test. abundancB=0.16, p=0.1; biomassR=0.118,
p=0.1).

In the crustacean trawl métier, the similarity patage (SIMPER) analyses indicate that
the highest average dissimilarities were found betwthe autumn season and both the spring
(72.40% in abundance; 70.78% in biomass) and sunfi@er4% in abundance; 70.16% in
biomass) season&aleus melastomu§.27%),N. scleorhynchug4.89%-8.05%) an€. aper
(5.66%-6.21%) were the discarded species which ricoméd mainly to the seasonal
dissimilarity, in terms of abundance. Similarly, sclerorhynchug7.26%),G. melastomus
(6.93%) andC. aper(4.90%), together withe. pusillus(4.34%),C. conger(4.90%) andM\.
merluccius(4.81%), were identified as those species whichrdmrted mostly to the biomass

differences found between seasons (Table 3.5).

Table 3.5 — Main species contributions (Contrib%}Hhe average dissimilarity (Av. Diss.%)
on seasonal abundance and biomass of the discapeeiks in crustacean trawl métier (W-
winter, S-spring, M-summer, A-autumn).

ABUNDANCE BiomASS

Groups : :

(season) AV'(I)ZISS' Species Contrib% AV'OZISS' Species Contrib%
A&M 70.74 Galeus melastomus 7.27 70.16 Galeus melastomus 6.93
A&S 72.40 Nezumia sclerohrynchus 8.05 70.78 Nezumia sclerohrynchus 7.26
M&S  52.27 Nezumia sclerohrynchus 4.89 54.66 Etmopterus pusillus 4.34
A&W  68.42 Capros aper 6.21 69.01 Conger conger 6.23
M&W  65.09 Capros aper 5.83 65.19 Capros aper 4.90
S&W  63.02 Capros aper 5.66 62.24 Merluccius merluccius 4.81
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In the fish trawl métier, the average dissimilastibetween seasons in the discarded
species abundance and biomass were greater amwemgst and summer (70.37% and
71.0%, respectively) and summer and autumn seg€885% and 68.87%, respectively).
The species which contributed mostly to the didgirties found between seasons, identified
by SIMPER analyses, werM. scolopax(5.59-6.91%) and.. cavillone(4.63%), in terms of
discarded abundance afd colias(5.35-5.98%) andb. scombrug4.92-5.38%), in terms of
discarded biomass (Table 3.6).

The results of the similarity percentage analysegie abundance and biomass of all the
discarded species, by season, are shown in AnngfoiXrustacean trawls and in Annex X,

for fish trawls.

Table 3.6 — Main species contributions (Contrib%}Hhe average dissimilarity (Av. Diss.%)
on seasonal abundance and biomass of the discapaedes in fish trawl métier (W-winter,
S-spring, M-summer, A-autumn).

ABUNDANCE BIOMASS

Groups Av.Diss Av.Diss

(season) '% ' Species Contrib% '% ' Species Contrib%
W&S  67.85 Macroramphosus scolopax 6.56 68.13 Scomber colias 5.45
W&M  70.37 Macroramphosus scolopax 6.91 71.00 Scomber colias 5.98
S&M  65.27 Macroramphosus scolopax 5.80 66.90 Scomber scombrus 5.20
W&A 63.92 Macroramphosus scolopax 6.81 63.97 Scomber colias 5.35
S&A 59.46 Lepidotrigla cavillone 4.63 58.69 Scomber scombrus 4.92
M&A 69.05 Macroramphosus scolopax 5.59 68.87 Scomber scombrus 5.38

Species dominance in the discards

The dominance of a given species in the discardgach métier, can be seen in the
abundance and biomaksiominance curves, shown in Figure 3.12. Domindncea single
species was more pronounced in terms of abundamdesh trawlers, heavily dominated by
M. scolopax(35.4%), and in terms of biomass for crustaceawléns, with M. poutassou
accounting for almost 28%. When considering tfet@the 18' most dominant species, there
is an evident clear change in dominance, more itapbm terms of abundance for crustacean
trawls, dominated byM. poutassou(17.6%), Macroramphosusspp. (30.8%) andC. aper
(11.9%), accounting for slightly more than 60% bfdéscarded species; and more important
in terms of biomass for fish trawls, dominatedSycolias(16.2%),S. canicula(14.8%) and
M. scolopax10%), which accounted for almost 42% of all didsan weight (Table 3.7).

Dominance frequencies for the abundance and biowadsss of all discarded species, for

crustacean and fish trawl métiers, are given inexnxl.
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Figure 3.12 —k-dominance curves for the discarded species abgedand biomass, by
métier.
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Table 3.7 — Dominance frequencies for the abundamzk biomass values of the most
dominant £ 2%) discarded species for each métier.

CRUSTACEAN FisH
SPECIES TRAWL SPECIES TRAWL

Dominance (%) Dominance (%)
ABUNDANCE:
Micromesistius poutassou 17.6 Macroramphosus scolopax 35.4
Macroramphosus scolopax 155 Macroramphosus gracilis 12.8
Macroramphosus gracilis 15.3 Capros aper 8.9
Capros aper 11.9 Serranus hepatus 5.2
Nezumia sclerorhynchus 6.4 Scomber colias 4.0
Galeus melastomus 6.1 Micromesistius poutassou 3.7
Merluccius merluccius 3.1 Merluccius merluccius 3.3
Hoplostethus m. mediterraneus 2.8 Scyliorhinus canicula 3.3
Gadiculus a. argenteus 2.4 Boops boops 2.4

Sardina pilchardus 2.0

Total 81.1 81.0
BioMAsS:
Micromesistius poutassou 27.4 Scomber colias 16.2
Galeus melastomus 7.7 Scyliorhinus canicula 14.8
Capros aper 6.7 Macroramphosus scolopax 10.7
Conger conger 6.4 Boops boops 7.9
Chimaera monstrosa 4.4 Macroramphosus gracilis 5.5
Macroramphosus scolopax 4.3 Capros aper 4.4
Macroramphosus gracilis 4.2 Scomber scombrus 4.2
Torpedo nobiliana 3.7 Serranus hepatus 4.0
Scyliorhinus canicula 3.0 Micromesistius poutassou 4.0
Nezumia sclerorhynchus 2.9 Sardina pilchardus 3.2
lllex coindetii 2.9 Merluccius merluccius 2.8
Merluccius merluccius 2.8
Etmopterus spinax 2.6
Total 78.9 78.0

Seasonallyk-dominance curves show some variability in bothralauince and biomass of
the species discarded by each métier (Figure 3.0B)terms of abundance, seasonal
dominance was more pronounced in autumn for creatatrawls, heavily dominated b¥.
poutassou(63.8%), being also the most dominant speciesumnser (23.1%), whileN.
sclerorhynchus(25.0%) andM. scolopax(23.0%) were dominant in spring and winter
seasons, respectively. In fish trawls, both sumamelr winter seasons were dominatedviy
scolopax(44.1% and 34.9% respectively), whlle cavillonewas more dominant in spring
and autumn (Figure 3.13a,b; Table 3.8). For biomakses, differences in species dominance
between seasons were less marked in either meéitzén)y for fish trawlers (Figure 3.13d). In

crustacean trawldyl. poutassous the most dominant species in all seasons, atiogufor
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21.8% to 38.3% in biomass. Regarding fish trawleismass was dominated By scombrus

(22.5%) in spring and, to a lesser extent, in aatD.2%). In the remaining seasofs,

colias (23.5%) andM. scolopax(20.3%) are the species which dominate the digchard

biomass in winter and summer, respectively (Takd¢. 3

Seasonal dominance frequencies for the abundarntebiamass values of all species

discarded by crustacean and fish trawls are showmnexes Xl and XIlI, respectively.
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Figure 3.13 —k-dominance curves for the species abundance (upper)biomass (lower)
discarded by crustacean and fish trawl métiersspason.
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Table 3.8 — Dominance frequencies for the abundaalees of the most dominant2%) discarded species, by season, for each métier.

WINTER SPRING SUMMER AUTUMN
Species Dominance Species Dominance Species Dominance Species Dominance
(%) (%) (%) (%0)
CRUSTACEANTRAWL:
Macroramphosus scolopax  23.0  Nezumia sclerorhynchus 25.0 Micromesistius poutassou 23.1  Micromesistius poutassou 63.8
Macroramphosus gracilis 23.0 Galeus melastomus 21.7 Galeus melastomus 18.5 Capros aper 6.8
Capros aper 16.7 Micromesistius poutassou 11.1 Hoplostethus m. mediterrar  14.0  Gadiculus a. argenteus 3.7
Micromesistius poutassou 11.7 Etmopterus spinax 8.4 Nezumia sclerorhynchus 13.6  Chimaera monstrosa 2.5
Merluccius merluccius 4.3 Scyliorhinus canicula 4.0 Etmopterus spinax 4.6  Torpedo nobiliana 2.5
Nezumia sclerorhynchus 2.4 Etmopterus pusillus 3.7 Gaidropsaurus biscayensis 2.4  Galeus melastomus 1.9
Gadiculus a. argenteus 2.4  Gadiculus a. argenteus 3.5 Etmopterus pusillus 2.2
Conger conger 21 Conger conger 2.3 Mora moro 2.0
Symphurus ligulatus 1.8 Deania calceus 1.9
Total 87.3 79.7 82.3 81.2
FISH TRAWL:
Macroramphosus scolopax  34.9  Lepidotrigla cavillone 15.6  Macroramphosus scolopax 44.1 Lepidotrigla cavillone 13.8
Capros aper 11.4 Lepidopus caudatus 9.8 Macroramphosus gracilis 25.5 Serranus hepatus 9.4
Scomber japonicus 6.8 Macroramphosus scolopax 7.1 Capros aper 6.9 Scomber scombrus 8.5
Serranus hepatus 6.4  Scomber scombrus 6.8 Micromesistius poutassou 5.4 Merluccius merluccius 7.3
Macroramphosus gracilis 6.0 Sardina pilchardus 5.9 Serranus hepatus 2.5 Sardina pilchardus 7.0
Merluccius merluccius 4.6 Serranus hepatus 5.3 Scyliorhinus canicula 2.0 Lepidotrigla dieuzeidei 6.3
Scyliorhinus canicula 4.6 Boops boops 5.2 Boops boops 2.0 Pagellus acarne 5.6
Micromesistius poutassou 3.0 Capros aper 4.8 Alloteuthis subulata 5.1
Sardina pilchardus 2.4  Scorpaena notata 4.5 Boops boops 4.7
Boops boops 2.3 Macroramphosus gracilis 3.8 Alloteuthis media 2.7
Scomber japonicus 29 Citharus linguatula 2.6
Merluccius merluccius 2.6 Scomber japonicus 2.5
Lepidotrigla dieuzeidei 2.6 Arnoglossus thori 2.2
Engraulis encrasicolus 2.5 Sepia elegans 2.0
Trachurus trachurus 2.1
Total 82.6 81.4 88.5 79.9
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Table 3.9 — Dominance frequencies for the biomaiseg of the most dominant 2%) discarded species, by season, for each métier.

WINTER SPRING SUMMER AUTUMN
Species Dominance Species Dominance Species Dominance Species Dominance
(%) (%) (%) (%)
CRUSTACEANTRAWL:
Micromesistius poutassou 21.8 Micromesistius poutassou 27.3  Micromesistius poutassou 33.2  Micromesistius poutassou 38.3
Capros aper 13.7  Scyliorhinus canicula 12.9 Galeus melastomus 12.9 Chimaera monstrosa 24.9
Macroramphosus scolopax 8.9 Nezumia sclerorhynchus 9.5  Torpedo nobiliana 7.3  Torpedo nobiliana 17.0
Macroramphosus gracilis 8.8 Galeus melastomus 8.2 Conger conger 4.1 Dalatias licha 3.4
Conger conger 8.4 Conger conger 6.7 Etmopterus spinax 3.9 Galeus melastomus 2.7
Galeus melastomus 6.2 Etmopterus pusillus 4.8 Nezumia sclerorhynchus 3.4 Conger conger 2.0
Merluccius merluccius 5.0  Etmopterus spinax 4.4  Deania calceus 2.8
lllex coindetii 4.3  Chimaera monstrosa 3.1  Sphoeroides pachygaster 2.8
Phycis blennoides 3.1 Hoplostethus m. mediterraneus 2.7
Eledone cirrhosa 2.4 Hexanchus griseus 2.6
lllex coindetii 2.4 Phycis blennoides 2.4
Lepidopus caudatus 2.3
Total 77.2 84.9 80.4 88.2
FisH TRAWL:
Scomber japonicus 23.5 Scomber scombrus 22.5 Macroramphosus scolopax 20.3  Scomber scombrus 19.2
Scyliorhinus canicula 20.4 Lepidotrigla cavillone 10.6  Macroramphosus gracilis 16.6 Lepidotrigla cavillone 104
Macroramphosus scolopax 8.8 Scomber japonicus 8.8 Boops boops 9.3 Boops boops 9.8
Boops boops 7.1 Boops boops 8.5  Scyliorhinus canicula 6.9  Sardina pilchardus 9.7
Capros aper 4.8 Sardina pilchardus 5.8 Micromesistius poutassou 6.5 Scomber japonicus 8.5
Serranus hepatus 4.2 Scorpaena notata 5.0 Capros aper 5.3 Pagellus acarne 5.9
Micromesistius poutassou 3.8 Lepidopus caudatus 4.6 Lepidopus caudatus 3.9 Serranus hepatus 5.9
Merluccius merluccius 3.1  Spondyliosoma cantharus 4.2  Scomber scombrus 3.4 Merluccius merluccius 4.4
Sardina pilchardus 2.9 Cepola macrophthalma 3.7  Serranus hepatus 3.0 Lepidotrigla dieuzeidei 4.0
Trachurus picturatus 2.2 Serranus hepatus 3.3 Balistes capriscus 2.8 Scyliorhinus canicula 2.1
Macroramphosus gracilis 2.1  Callionymus lyra 2.4
Total 82.8 79.3 78.1 80.0
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Abundance and biomass discards and discard rate of species

Global analysis

The average estimated discards per tow of all disth cephalopod species discarded by
both métiers during the 1999-2001 sampling penwals 6900 individuals and 229.5 kg, of
which 1799 individuals and 78.5 kg were discarded doustacean trawls, and 10936
individuals and 348.9 kg were discarded by fiskvisa

Fish, in conjunction with cephalopods, accounte®#t1% of the biomass of the discards
of all the fishing operations in both métiers. Tiogal estimated quantities of bony fishes,
cartilaginous fishes and cephalopods discardechdutie sampling period were 3703.9 kg
(51.4 kg/tow), 1614.1 kg (22.4 kg/tow) and 336.6(&g7 kg/tow), in crustacean trawls; and
25694.5 kg (282.4 kg/tow), 5341.8 kg (58.7 kg/tanyl 716.3 kg (7.9 kg/tow), in fish trawls,
respectively. The total estimated discards of bdishes, cartilaginous fishes and
cephalopods, in terms of numbers, were 108722 (i®AJ) 17113 (238/tow) and 3680
(51/tow), in crustacean trawls; and 934577 (102%@)t 32008 (352/tow) and 28631
(315/tow), in fish trawls, respectively.

The average estimated discard rates of all fishcapthalopod species discarded by both
métiers (1999-2001) were 2050 n/h in abundance @@ kg/h in biomass. Fish trawls
discarded an average of 7505 n/h and 239.5 kglistaatially higher than crustacean trawls
(311 n/h and 13.6 kg/h).

Analysis by species group

The total estimated abundance and biomass disates of bony fishes were greater than
those of cartilaginous fishes and cephalopods th beétiers, but fish trawls discard more
organisms at considerably higher rates comparedustacean trawls (e.g. 41 n/b. 241 n/h

cartilaginous fishes discarded) (Figure 3.14).
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Figure 3.14 — Abundance (n/h) and biomass (kghgatd rates of fishes and cephalopods, by
métier.

From the total estimated discards of all fish amgph@alopod species caught by both
métiers, cephalopods represent 3.0% in abundance and 2.8% in biomasisig bmore
significant in biomass (6%) in crustacean trawB¢2.in abundance) and abundance (3%) in
fish trawls (2.3% in biomass). The greatest numbeérdiscarded cephalopod species
individuals was recorded fdlitex coindetii(27.8%),Alloteuthis subulat20.2%),Todaropsis
eblanae(10.2%) andEledone cirrhosd9.8%), in crustacean trawls (Table 3.10, Figulé&B.
and forA. subulata(32.4%),Sepia elegan$l3.7%),S. orbignyang10.5%) and. coindetii
(10.2%), in fish trawls (Table 3.10, Figure 3.18).crustacean trawlsi. subulataand I.
coindetii were the two most abundantly discarded speciekgvatates of 2 ind./h. In fish
trawls, A. subulatawas the species mostly discarded in numbers (63hipdollowed byS.
elegang31 ind./h),S. orbignyang24 ind./h),l. coindetii(23 ind./h) andA. media(21 ind./h).

In terms of biomass, the ommastrephidcoindetii was the mostly discarded cephalopod
species in both métiers, in higher amounts in figlvls (194.9 kg) and at higher rates (1.5
kg/h) than in crustacean trawls (169.4 kg, 0.4 Rgiepresenting 27.1% and 50.3% of all
cephalopod species caught by the correspondinggmésspectively (Table 3.10, Figure 3.15
and Figure 3.16). The octopodifl cirrhosa(22.4%, 75.2 kg, 0.2 kg/h) was the next most
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discarded cephalopod species by crustacean trawll€.amoschatg15.4%, 111.1 kg, 0.8
kg/h) by fish trawls (Table 3.10, Figure 3.15 angufe 3.16).

Table 3.10 — Total estimated discarded abundandédm@mmass and discard rates, in number
(n/h) and weight (kg/h), for each cephalopod spediscarded by crustacean trawl (CT) and
fish trawl (FT) (% Ceph—percentage of all cephattgpo®e All-percentage of all fish and
cephalopod species).

ABUNDANCE BIOMASS DISCARDRATE
SPECIES METIER CZ’ph %Al kg CZ’ph %Al nh  kgh
Abralia veranyi CT 120 3.3 0.1 0.3 0.1 <01 0.3 0.001
Alloteuthis media CT 6 0.2 <01 00 <01 <01 <0.1 <0.001
FT 2845 9.9 0.3 8.9 1.2 <01 21 0.067
Alloteuthis spp FT 773 2.7 0.1 1.3 0.2 <01 6 0.010
Alloteuthis subulata CT 744 20.2 0.6 2.7 0.8 <0.1 2 0.007
FT 8574 29.9 0.9 37.9 5.3 0.1 65 0.286
Eledone cirrhosa CT 362 9.8 0.3 75.2 224 1.3 1 0.181
FT 114 0.4 <01 114 1.6 <0.1 1 0.086
Eledone moschata CT 116 3.2 0.1 16.8 5.0 0.3 0.3 0.040
FT 1480 5.2 0.1 1111 154 0.3 11 0.838
lllex coindetii CT 1022 27.8 0.8 1694 50.3 3.0 2 0.407
FT 3013 105 0.3 1949 271 0.6 23 1.470
Loligo vulgaris CT 2 0.1 <01 00 <01 <01 <0.1 <0.001
FT 1019 3.6 0.1 24.0 3.3 0.1 8 0.181
Neorossia caroli CT 188 5.1 0.1 6.6 2.0 0.1 0.5 0.016
Octopus salutii CT 45 1.2 <0.1 10.7 3.2 0.2 0.1 0.026
FT 32 0.1 <01 29 0.4 <01 0.2 0.022
Octopus vulgaris FT 480 1.7 <0.1 54.3 7.5 0.2 4 0.410
Pteroctopus tetracirrhus CT 1 <01 <01 01 <01 <0.1 <0.1 <0.001
Rossia macrosoma CT 122 3.3 0.1 8.2 2.4 0.1 0.3 0.020
FT 1178 4.1 0.1 59.4 8.2 0.2 9 0.448
Scaeurgus unicirrhus CT 79 2.1 0.1 4.4 1.3 0.1 0.2 0.011
FT 1041 3.6 0.1 59.6 8.3 0.2 8 0.449
Sepia elegans CT 163 4.4 0.1 1.6 0.5 <01 0.4 0.004
FT 4076 14.2 0.4 375 5.2 0.1 31 0.283
Sepia officinalis FT 128 04 <01 3.2 04 <01 1 0.024
Sepia orbignyana CT 146 4.0 0.1 3.8 11 0.1 0.4 0.009
FT 3121 10.9 0.3 823 114 0.3 24 0.620
Sepietta obscura FT 133 05 <01 0.2 <01 <01 1 0.001
Sepietta oweniana CT 184 5.0 0.1 0.5 0.1 <01 0.4 0.001
FT 257 09 <01 0.9 0.1 <01 2 0.007
Sepiola atlantica FT 44 0.2 <01 0.2 <01 <01 0.3 0.002
Todarodes sagittatus CT 4 01 <01 3.1 0.9 0.1 <0.1 0.008
Todaropsis eblanae CT 375 10.2 0.3 33.2 9.8 0.6 1 0.080
FT 324 1.1 <01 26.2 3.6 0.1 2.44 0.198
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Figure 3.15 — Total estimated abundance (n), bisnflag) and discard rates, in abundance
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Chondrichthyes was the next most discarded class of organismsbhdih métiers,
representing 4.4% in abundance and 18.6% in bioroksdl fish and cephalopod species
caught. Crustacean trawls discarded cartilaginmhe$ in clearly higher percentages, both in
abundance (13.2%) and in biomass (28.5%), comparédh trawls (3.2%vs. 16.8%). The
cartilaginous fish species mostly discarded byteesan trawls, in terms of both number and
weight, was the deep-sea shdBlaleus melastomugepresenting 54.7% and 28% of all
discarded Chondrichthyes, at rates of 22 n/h afhdkd/h. Etmopterus spinakl7%) andE.
pusillus (8.4%) were the next most abundant deep-sea spaies discarded by this métier,
at rates of 7 n/h and 3 n/h, respectively. In teahbiomassChimaera monstrosél6.1%)
andTorpedo nobiliang13.6%)were the next most discarded chondrichthyan speaieates
of 0.6 kg/h and 0.5 kg/h, respectivelycyliorhinus caniculdas the fourth most discarded
cartilaginous fish species, both in abundance (Y.486 biomass (10.9%), at rates of 3 n/h
and 0.4 kg/h (Table 3.11, Figure 3.17). In the fisdwl métier,S. canicula the single
demersal sharkpecies caught by this métier, is the most dischedetilaginous fish species,
with extremely high percentages, not only in teroishnumber (91.4%) but also in weight
(88%). Its discard rates were the highest (2&h; 35.5 kg/h) recorded among
chondrichthyans. The remaining species, rays apédos, were discarded at rates less than 8
n/h and less than 2.7 kg/h (Table 3.11, Figure)3.18
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Table 3.11 — Total estimated discarded abundandédmmass and discard rates, in number
(n/h) and weight (kg/h), for each cartilaginousa@ee discarded by crustacean trawl (CT) and
fish trawl (FT) (% Chon—percentage of all cartitamis fishes; % All-percentage of all fish
and cephalopod species).

ABUNDANCE BIOMASS DISCARDRATE
= 0, 0,

SPECIES METIER n Cgoon % All kg Cgoon % All n/h kg/h
Centrophorus granulosus CT 15 <0.1 <0.1 27.8 1.7 0.5 <0.1 0.067
Chimaera monstrosa CT 592 35 0.5 259.6 16.1 4.6 1 0.624
Dalatias licha CT 32 <1.0 <0.1 62.6 3.9 11 0.1 0.150
Deania calceus CT 839 49 0.6 85.0 5.3 15 2 0.204
Dipturus batis CT 7 <01 <0.1 0.1 <01 <01 <0.1 <0.001
Dipturus oxyrhinchus CT 136 0.8 0.1 17.4 11 0.3 0.3 0.042
Etmopterus pusillus CT 1445 8.4 11 92.4 5.7 1.6 3 0.222
Etmopterus spinax CT 2907 17.0 22 150.6 9.3 2.7 7 0.362
Galeus melastomus CT 9354 54.7 7.2 4514 28.0 8.0 22 1.085
Hexanchus griseus CT 3 <0.1 <01 35.0 2.2 0.6 <0.1 0.084
Leucoraja naevus CT 2 <01 <01 0.01 <01 <01 <0.1 <0.001

FT 1042 3.3 0.1 3458 6.5 11 8 2.607
Neoraja iberica n.sp. CT 20 01 <0.1 09 <01 <01 <0.1 0.002
Raja asterias FT 7 <0.1 <01 3.0 <01 <01 0.1 0.023
Raja clavata CT 90 0.5 0.1 16.3 1.0 0.3 0.2 0.039
FT 957 3.0 0.1 173.0 3.2 0.5 7 1.304
Raja miraletus FT 92 03 <01 9.4 0.2 <01 1 0.071
Raja montagui CT 17 01 <01 05 <01 <01 <0.1 0.001
FT 487 15 <01 25.0 05 <01 4 0.189
Raja undulata CT 15 <0.1 <0.1 4.7 0.3 <01 <0.1 0.011
FT 107 0.3 <01 76.7 14 0.2 1 0.578
Scyliorhinus canicula CT 1273 7.4 1.0 1755 109 3.1 3 0.422
FT 29257 914 29 47034 88.0 148 221 35.464
Scymnodon ringens CT 14 <0.1 <0.1 10.3 0.6 0.2 <0.1 0.025
Torpedo marmorata CT 2 <01 <01 3.7 0.2 <01 <0.1 0.009
FT 61 02 <01 55 0.1 <01 0.5 0.042
Torpedo nobiliana CT 348 2.0 0.3 220.3 13.6 3.9 1 0.530
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(n/h) and biomass (kg/h), of cartilaginous fish@ee discarded by fish trawls.

Bony fishesare, undoubtedly, the organisms most discardelaly crustacean and fish
trawl métiers, representing 92.7% in abundance &®&% in biomass of all fish and
cephalopod species caught. Bony fish discards are nepresentative in fish trawls, both in
terms of number (93.8%) and weight (80.9%), conmgbdee crustacean trawls (83.9% and
65.5%, respectively).
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There is a wide and varied catch for the discafdsny fish species, but the species most
abundantly discarded by crustacean trawlers klieromesistius poutassoy24.8%),
Macroramphosuspp. (21.8%) an€apros aper(16.7%), at rates of over 43 individuals per
hour (65 n/h, 82 n/h and 44 n/h, respectively) (@ehl12, Figure 3.19). In fish trawl¥].
poutassous much less important in terms of discarded nus4%0), butMacroramphosus
spp. (51.3%) andC. aper (9.5%) are still the same most discarded bony §ighcies, at
considerably higher rates (2925 n/h, 770 n/h arn@l 1&h, respectively) than in crustacean
trawls (Table 3.13, Figure 3.20).

Table 3.12 — Total estimated discarded abundandéb@mmass and discard rates, in humber
(n/h) and weight (kg/h), for the 25 bony fish sgscmost discarded by crustacean trawl (%
Ost—percentage of all bony fishes; % All-percentafgal fish and cephalopod species).

ABUNDANCE BIOMASS DISCARDRATE
SPECIES N %o0st %Al kg %Ost %Al nh  kgh
Arnoglossus rueppelii 350 0.3 0.3 33 <01 <01 1 0.008
Benthodesmus elongatus 252 0.2 0.2 26.6 0.7 0.5 1 0.064
Capros aper 18193 16.7 140 3964 10.7 7.0 44 0.953
Chelidonichthys lucerna 88 0.1 0.1 21.8 0.6 0.4 0.2 0.052
Conger conger 2873 2.6 2.2 3746 10.1 6.6 7 0.900
Gadiculus argenteus 3640 3.3 2.8 33.6 0.9 0.6 9 0.081
Gaidropsaurus biscayensis 603 0.6 0.5 6.3 0.2 0.1 1 0.015
Helicolenus dactylopterus 829 0.8 0.6 48.2 1.3 0.9 2 0.116
Hoplostethus m. mediterraneus 4232 3.9 3.3 69.3 1.9 1.2 10 0.166
Lepidopus caudatus 2249 2.1 1.7 98.3 2.7 1.7 5 0.236
Macroramphosus gracilis 97 0.1 0.1 9.6 0.3 0.2 0.3 0.034
Macroramphosus scolopax 23639 21.7 18.3 2514 6.8 4.4 82 0.877
Malacocephalus laevis 1032 0.9 0.8 62.1 1.7 11 2 0.149
Merluccius merluccius 4729 4.3 3.7 164.4 4.4 2.9 11 0.395
Microchirus azevia 282 0.3 0.2 34 <01 <01 1 0.008
Micromesistius poutassou 26967 24.8 20.8 16132 436 285 65 3.878
Mora moro 742 0.7 0.6 11.4 0.3 0.2 2 0.027
Nezumia sclerorhynchus 9790 9.0 7.6 173.3 4.7 3.1 24 0.416
Phycis blennoides 850 0.8 0.7 91.8 2.5 1.6 2 0221
Ruvettus pretiosus 16 <01 <0.1 21.8 0.6 0.4 <0.1 0.052
Sphoeroides pachygaster 175 0.2 0.1 38.1 1.0 0.7 0.4 0.092
Symphurus ligulatus 1864 1.7 1.4 19.5 0.5 0.3 4 0.047
Synaphobranchus kaupii 1035 1.0 0.8 8.6 0.2 0.2 2 0.021
Trachurus trachurus 258 0.2 0.2 45.3 1.2 0.8 1 0.109
Venefica proboscidea 1091 1.0 0.8 17.4 0.5 0.3 3  0.042
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Figure 3.19 — Total estimated abundance (n), bisnflag) and discard rates, in abundance

(n/h) and biomass (kg/h), of the most discarded/limh species in crustacean trawls.
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Table 3.13 — Total estimated discarded abundandéd@mmass and discard rates, in number
(n/h) and weight (kg/h), for the 25 bony fish sgscmost discarded by fish trawl (% Ost—
percentage of all bony fishes; % All-percentagelbfish and cephalopod species).

ABUNDANCE BIOMASS DISCARDRATE

SPECIES N %ost %Al kg %Ost %Al  nh  kgh
Arnoglossus imperialis 6122 0.7 0.6 89.4 0.3 0.3 46 0.674
Arnoglossus thori 6279 0.7 0.6 60.2 0.2 0.2 47 0.454
Boop boops 24292 2.6 24 2527.8 9.8 8.0 183 19.059
Capros aper 89204 9.5 9.0 13914 5.4 4.4 673 10.491
Chelidonichthys cuculus 9609 1.0 1.0 222.0 0.9 0.7 72 1.674
Citharus linguatula 8811 0.9 0.9 243.8 0.9 0.8 66 1.838
Conger conger 4235 0.5 0.4 403.1 1.6 1.3 32 3.040
Helicolenus dactylopterus 3761 0.4 0.4 237.0 0.9 0.7 28 1.787
Lepidopus caudatus 6807 0.7 0.7 353.3 14 1.1 51 2.664
Lepidotrigla cavillone 15227 1.6 15 445.6 1.7 14 115 3.360
Lepidotrigla dieuzeidei 5784 0.6 0.6 144.3 0.6 0.5 44  1.088

Macroramphosus gracilis 106474 11.4 10.7 1229.3 4.8 3.9 770 8.721
Macroramphosus scolopax 372861 39.9 37.4 38875 15.1 12.2 2925 29.821

Merluccius merluccius 33118 3.5 3.3 904.6 3.5 2.8 250 6.820
Microchirus boscanion 10554 11 11 183.9 0.7 0.6 80 1.387
Microchirus variegatus 6984 0.7 0.7 237.4 0.9 0.7 53 1.790
Micromesistius poutassou 37043 4.0 3.7 1285.2 5.0 4.0 279  9.690
Pagellus acarne 5677 0.6 0.6 314.2 1.2 1.0 43  2.369
Sardina pilchardus 20772 2.2 2.1 10317 4.0 3.2 157  7.779
Scomber colias 39998 4.3 4.0 5163.0 20.1 16.3 302 38.929
Scomber scombrus 12823 14 1.3 13475 5.2 4.2 97 10.160
Scorpaena notata 7634 0.8 0.8 393.8 15 1.2 58 2.969
Serranus hepatus 51820 5.5 5.2 1286.7 5.0 4.1 391 9.702
Trachurus picturatus 4507 0.5 0.5 480.1 1.9 15 34 3.620
Trachurus trachurus 3450 0.4 0.3 257.0 1.0 0.8 26 1.938

The greatest bulk of discarded bony fish were actemlifor byM. poutassou43.6%,
1613 kQ) in crustacean trawl, at a rate of 3.9 K@éible 3.12, Figure 3.19); and Bgomber
colias (20.1%, 5163 kg)M. scolopax15.1%, 3887 kg) anBoops boop$9.8%, 2528 kg) in
fish trawl, at rates of over 19 kg per hour (38¢3hk 29.8 kg/h and 19.1 kg/h, respectively)
(Table 3.13, Figure 3.20).
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Considering all fish and cephalopod specMspoutassotwstands out as the species most
discarded by crustacean trawls, both in biomas$¢Band in abundance (20.8%), followed
by M. scolopax(18.3%), M. gracilis (18.1%) andC. aper(14.1%) in number; and b§.
melastomu$8%), C. aper(7%) andC. congern6.6%) in biomass (Figure 3.21). In fish trawls,
the most discarded species watescolopax35.3%),M. gracilis (12.9%) andC. aper(9%)
in abundancandS. colias(16.3%),S. canicula(14.8%),M. scolopax10.6%) andB. boops
(8%) in biomass (Figure 3.21). Target fishes weagkatively unimportant in the discards,
representing less than 2% (0.3-1.5% for horse miatkand 1.2% for seabreams) in biomass
and less than 1% (0.1-0.5 for horse mackerels a6fb @or seabreams) in abundance. Only
hake was discarded at slightly higher percenta®@84 in weight and 3.7% in number).

ABUNDANCE BIOMASS

G.
melastomus
8%
M.
scolopax c
CRUSTACEAN 18.3% N con.ger
TRAWL M.
- poutassou 6.6%
C. aper M. gracilis 28.5% C. aper

14.1% 18.1% 7%

B. M.
bo(?psscolopax
E M % 10.6%
ISH - _
TRAWL gracﬂols scolopax S. caniculs
L2399 35.3% 148% JENSIES

16.3%

Figure 3.21 — Most discarded species of the craataand fish trawl métiers.

The total estimated discards and discards rateh, ihcabundance (n, n/h) and biomass
(kg, kg/h), of each fish and cephalopod speciesadited by crustacean and fish trawls, are

given by métier and season in Annexes XIV and X2gpectively.
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Reasons for discarding

The reasons for discarding identified in this studyre: (1) economic reasons, such as low
(LCV) or no commercial value (NCV), damaged or pgorlity fish (DPQF) before gear
retrieval, and no ready market available (NRMA) fmaommercial species; (2) legal and
administrative (regulatory) demands, such as th&mum landing size (MLS) restriction;
and (3) technical reasons, (e.g. gear damage arnithdpaapacity).

The majority of species were discarded becauseQ) K68.6% of all species), whereas
the least important reason was LCV (12.2% of sgg@cieamage or poor quality of fish and
MLS restrictions were the next most important regseesponsible for discarding 24.7% and
26.3% of species, respectively. A total of 67 spe0j26.3%) were recorded as discards
because there is no readily available market femth

The fish trawl target specieBjplodus vulgaris Merluccius merlucciusPagellus acarng
P. bogaravepP. erythrinus Trachurus mediterraneud’. picturatusandT. trachuruswere
discarded mainly for regulatory (MLS) reasons, dokd by the economic (DPQF) ones.
However, forM. merlucciuscatches below MLS were the prime reason for disogrdrhe
same reasons, in equal importance, were also refyperfor discarding of the crustacean
trawl target specieg\yristeus antennatusndParapenaeus longirostris

For the most discarded cephalopod spedesubulata Eledonespp.,lllex coindetiiand
Sepiaspp., the foremost reason for discarding was tlserade of a readily available market.
However, forl. coindetii MLS is another important reason for discarding] Bledonespp. is
quite often discarded also due to its damaged awad guality after tows of long duration
(Table 3.14).

For the great majority (71.4%) of the cartilagindisbes, the main reason for discarding
is purely economic since they have no commerciflievdNCV). Nevertheless, and even
though there is no readily available market fomthé&ew (n=6) cartilaginous fish species that
have some commercial value (e@®. melastomusandS. caniculy are discarded mainly for
economic (LCV) reason. Although no MLS is appli@bb G. melastomuandS. canicula
the smaller ones are discarded. The same reasenalat for the raydRRaja clavataand R.

undulatd although it is mostly discarded for regulatory (8)Lreasons (Table 3.14).

“In 2009 the European Council required full pratetof this species in ICES areas Vla-b, Vila-kJ\and IX,
prohibiting its retention and landing (Shark TruaB09). However, recently ICES advised th@hére is no
basis in the current or previous ICES advice far listing of undulate ray as a prohibited speciBiserefore it
should not appear on the prohibited species ligtither the Celtic Seas or the Biscay/Iberia ecaadisheries
legislation (...). In view of the poor knowledge guadchy distribution of these populations, ICES raoczends a
precautionary approach to the exploitation of thespulations of undulate rayICES, 2013).
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Bony fishes were discarded fundamentally for ecanasasons. The majority (52.6%) of
these species were discarded due to no commeadigd Ye.gMacroramphosuspp.,Capros
aper) and 22.4% because of low commercial value (Bligromesistius poutasspiBoops
boopg. Damage or poor quality of fish was another redso discarding a quite considerable
percentage (43.1%) of marketable bony fish spedies. Merluccius merluccius
Micromesistius poutasspuThe regulatory minimum landing size was the sdcamost
important reason responsible for discarding a lpgitentage (48.3%) of bony fish species
(e.g.Merluccius merlucciusScomber coligs(Table 3.14).

Retention of great amounts of mud, bolders or langa-made objects in the trawling net
causing the breaking of the net, lead to the esohffe entire catch in 5.6% of the crustacean
trawl tows and 2.2% of fish trawl tows. Other teidahissues, like hauling capacity and bad
weather during fishing operations in the crustaceawl métier, were factors which have
conditioned the fishing operations in 1.4% and 2@%ows, respectively.

The discards reasons found for each of the 25%udied species are given in Annex XVI,

and the discard reasons found on each trip, byatmvmeétier, can be seen in Annex XVII.
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Table 3.14 — Discard reasons for the 93 fish amh&@lepod species selected for statistical
analysis, along with all cephalopod and cartilagsmdish species (T-Target; B-Bycatch; D-
Discard; NCV-no commercial value; LCV-low commetcialue; MLS-minimum landing
size; DPQF-damaged or poor quality fish; NRMA-nadi#y market available). In bold are

the main reasons for discarding.

SPECIES

TYPE

DISCARD REASONS

Alloteuthis media
Alloteuthis subulata
Argentina sphyraena
Arnoglossus imperialis
Arnoglossus laterna
Arnoglossus rueppeli
Arnoglossus thori

Balistes capriscus
Benthodesmus elongatus
Boops boops
Callionymus lyra
Callionymus maculatus
Capros aper
Centrophorus granulosus
Cepola macrophthalma
Chelidonichthys cuculus
Chelidonichthys lucerna
Chelidonichthys obscurus
Chimaera monstrosa
Chlorophthalmus agassizi
Citharus linguatula
Coelorinchus caelorinchus
Conger conger

Dalatias licha

Deania calcea

Dipturus oxyrhinchus
Eledone cirrhosa
Eledone moschata
Engraulis encrasicolus
Etmopterus pusillus
Etmopterus spinax
Gadiculus a. argenteus
Gaidropsaurus biscayensis
Galeus melastomus
Helicolenus dactylopterus

w0000 wwwO0OO0O0OwO0Ow 00w wwOwOUDUOwOUwWwwwwOww

NRMA
NRMA
NCV
NRMA, DPQF, MLS
NRMA, DPQF, MLS
NRMA, DPQF, MLS
NRMA, DPQF, MLS
NCV
NCV
NRMA, LCV, DPQFMLS
NCV
NCV
NCV
NRMA, LCV
NCV
NRMA, LCV, DPQF, MLS
NRMA, LCV, DPQF, MLS
NRMA, LCV, DPQF, MLS
NCV
NCV
NRMA, LCV, DPQF, MLS
NCV
NRMA, LCV, DPQFMLS
NCV
NCV
NCV
NRMA, DPQF
NRMA, DPQF
NRMA, DPQF, MLS
NCV
NCV
NCV
NCV
NRMA, LCV
NRMA, LCV, DPQFMLS

- 116 -



Chapter 3 — Discards in trawl fisheries

Table 3.14 (cont.) — Discard reasons for the 9B &sd cephalopod species selected for
statistical analysis, along with all cephalopod aadtilaginous fish species (T-Target; B-
Bycatch; D-Discard; NCV-no commercial value; LCMWMocommercial value; MLS-
minimum landing size; DPQF-damaged or poor qudiith; NRMA-no readily market
available). In bold are the main reasons for didicay.

SPECIES TYPE DISCARD REASONS

Hexanchus griseus
Hoplostethus m. mediterraneus
lllex coindetii

Lepidopus caudatus
Lepidotrigla cavillone
Lepidotrigla dieuzeidei
Lesueurigobius sanzi
Leucoraja naevus

Loligo vulgaris

Lophius budegassa
Lophius piscatorius
Macroramphosus gracilis
Macroramphosus scolopax
Malacocephalus laevis
Merluccius merluccius
Microchirus azevia
Microchirus boscanion
Microchirus variegatus
Micromesistius poutassou
Mora moro

Myctophidae n.i.
Neorossia caroli
Nezumia sclerorhynchus
Notacanthus chemnitzii
Octopus salutii

Octopus vulgaris
Pagellus acarne

Phycis blennoides
Polymetme corythaeola
Pontinus kuhlii

Raja clavata

Raja undulata

Rossia macrosoma
Ruvettus pretiosus
Sardina pilchardus

WO owmwWOO0OwWwWHwO00D00D0D0mwww 1000w wwO00O00wwOw

NRMA, LCV
NCV
NRMA, DPQF
NRMA, LCV, DPQF, MLS
NCV
NCV
NCV
NCV
NRMA, DPQF,MLS
NRMA, DPQF,MLS
NRMA, DPQF,MLS
NCV
NCV
NCV
DPQF,MLS
NRMA, LCV, DPQF, MLS
NRMA, LCV, DPQF, MLS
NRMA, LCV, DPQF, MLS
NRMA, LCV, DPQF
NCV
NCV
NCV
NCV
NCV
NCV
NRMA, DPQF,MLS
DPQF,MLS
NRMA, DPQF, MLS
NCV
NCV
NRMA, LCV, MLS
NRMA, LCV, MLS
NCV
NRMA, LCV, DPQF, MLS
NRMA, DPQF, MLS
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Table 3.14 (cont.) — Discard reasons for the 9B &sd cephalopod species selected for
statistical analysis, along with all cephalopod aadtilaginous fish species (T-Target; B-
Bycatch; D-Discard; NCV-no commercial value; LCMWMocommercial value; MLS-
minimum landing size; DPQF-damaged or poor qudiith; NRMA-no readily market

available). In bold are the main reasons for didicay.

SPECIES

TYPE

DISCARD REASONS

Scaeurgus unicirrhus

W)

NCV

Scomber colias B NRMA, DPQF,MLS
Scomber scombrus B NRMA, DPQF,MLS
Scorpaena notata B NRMA, LCV, DPQFMLS
Scyliorhinus canicula B NRMA, LCV
Scymnodon ringens D NCV
Sepia elegans B NRMA, DPQF
Sepia orbignyana B NRMA, DPQF
Sepietta oweniana D NCV
Serranus cabrilla B NRMA, LCV, DPQFMLS
Serranus hepatus D NCV
Sphoeroides pachygaster D NCV
Spondyliosoma cantharus B NRMA, DPQF,MLS
Symphurus ligulatus D NCV
Synaphobranchus kaupii D NCV
Todaropsis eblanae B NRMA, DPQF
Torpedo nobiliana D NCV
Trachurus mediterraneus T DPQF,MLS
Trachurus picturatus T DPQF,MLS
Trachurus trachurus T DPQF,MLS
Trigloporus lastoviza B NRMA, LCV, DPQF, MLS
Venefica proboscidea D NCV
Zeus faber B NRMA
Discussion

Commercial bottom trawling is a very important emonc and social activity carried out

in the Algarve that produces considerable amouft®ysatches (Chapter 2) which are

discarded at sea. The outcomes of the present btghlyght the importance of discarding by

the southern Portuguese demersal trawl fisherieghawas significant in terms of amounts,
species composition, abundance and biomass.

Although there is a relatively good representatdgsnof the randomly selected active part
of the Algarve coastal trawler fleet, the discastireates presented in this study should be
viewed with some reservations since they do natesgmt the entire trawl fleet of the south

coast of Portugal and refer only to a short penbdwo years. It should also be noted that

- 118 -




Chapter 3 — Discards in trawl fisheries

vessels of the Spanish trawl fleet licensed to fisiAlgarve waters were also not sampled
since, due to differing consumption practices, @ynbe that discarding practices may also be
different for the Spanish vessels. Given the degfamcertainty that an extrapolation of data
entails, raising discard data to fleet level hasnbavoided in this study. However, in our

opinion, these estimates could reasonably poinatds/the possible order of magnitude of
discards in trawl fisheries in this area.

Discard estimates

During the 1999-2001 sampling period studied, ntbaa a half (~57%) of the total catch
by weight was discarded at sea by the two trawliergtat average rates of about 154 kg/h.
On average, fish trawls retained (248 kg) and ddszh (360 kg) more fish and invertebrates
per tow than crustacean trawls (112 kg and 96 &gpectively), at a considerably higher
discard mean rates (260 kg/b. 19 kg/h). A previous study on fisheries discardshie same
studied area also reported higher mean amountscérds per tow in fish trawls (1103 kg)
compared to crustacean trawls (306 kg) (Ereinal, 2002). In 1996, Borgest al. (2001)
estimated that trawl discards in the Algarve repnésd from 9,000 to 13,000 tonnes per year.

Our results point towards high mean discard pramastin both métiers, of about 0.46
(0.34-0.72) for crustacean trawls and 0.59 (0.F%pfor fish trawls. Other studies on bottom
trawls in the Algarve reported higher mean valueproportions of the catch discarded by
crustacean trawls of 0.70 (0.36-0.91) (Borgesl. 2001) and 0.51 (0.33-0.89) (Borgetsal.
2002) in comparison to fish trawls, which discartbetiveen 0.59-0.91 (0.62 avg.) (Borgs
al. 2001) and 0.27-0.75 (0.35 avg.) (Borgssal. 2002). Considering that higher discard
proportions in trawls results from longer tows, asonsequence of the reduction of the
selectivity of the net (Castriotat al, 2001; Murawski, 1996; Tamsedt al, 1999; Tudela,
2004), this consistent difference in discardingngen both métiers (higher for fish trawls,
trawling for a shorter period of time), is relatetth the preferential catch of small pelagics
(e.g.Macroramphosuspp.) whose depth distribution overlaps the deptige exploited by
fish trawlers.

Erzini et al. (2002) also considers depth as determinant imligtenction between métiers.
Sanchezt al. (2004) and Tamse¢t al. (1999) refer that the higher discard proportiomsnfl
in shallower waters, which is the case of our gddish trawls, were associated with the

presence of small fish closer to the coast. Tha datlected in the present study are not

- 119 -



Chapter 3 — Discards in trawl fisheries

sufficient to corroborate this assumption, as iswmat initially addressed, but it would be
quite important to consider it in futures studies@erning discards.

A further study on the crustacean trawl métieranteern Portuguese waters carried out
by Monteiroet al. (2001), reported considerably lower mean discaopqrtions (range 0.05-
0.76, mean 0.37). Additionally, a discards monitgrprogram for the entire Portuguese coast
iIs underway under the responsibility of the IPMAoifdguese Institute for the Ocean and
Atmosphere) since late 2003 (Anon., 2006). Thigpm, carried out within the scope of the
European Union Data Collection Framework is intehtiecover the main groups of fishing
gears, including trawls. Discard estimates, dabagk to 2009 data, corroborates our own
data evidencing high discard proportions, both darstacean (~0.35-0.64) and fish trawl
(~0.17-0.62) métiers (Prista, 2012).

The differences among the discard proportions faanour study and those reported by
others are certainly related to either temporapatial quantitative and qualitative changes in
fish communities, as pointed out by Monteebal. (2001), Erziniet al. (2002) and Anon.
(2010).

In Portugal, discard proportions higher than thaderacteristically produced by
crustacean and fish trawl fisheries have only beported for the beam trawl fishery within
the Tagus estuary, targeting brown-shrirf@pangon crangohand solesfolea soleandS.
senegalens)s which are in the order of 0.90 (Cabel al., 2002); classified by Kelleher
(2005) as one of the world’s non-shrimp trawl fiség with the highest discard proportions.

Discards are not restricted to trawl fisheries. Welose to the average results of this
study, relatively high proportions of discards walso reported in Portugal for some trammel
net (0.49 and 0.74) (Goncalvesal, 2007, 2008b), demersal purse seine (0.51) (Goesat
al., 2004, 2008a) and beach seine (0.44) (Cadiral, 2003) fisheries. These proportions are
uncharacteristically high for small-scale fisheriast only in Portugal (which are between
0.03 and 0.27) and in the Mediterranean (0.01-(80ground the world (0.05-0.075) (Table
3.15), in which the total amount of discards iswndo be much lower than those of bottom

trawls (Kelleher, 2005), given the higher seletyiwf their gears.
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Table 3.15 — Discard proportions in

small scalbeiges.

DISCARD

FISHING ZONE ~ FISHING AREA METIER RATIO REFERENCE
Portugal southern coast, Algarve pelagic purse seine .03 0 Borgesetal. (2000)1
pelagic purse seine 0.27  Borgeset al. (2001
demersal purse seine 0.07 Borgeset al. (2ooof
demersal purse seine 0.20  Borgeset al. (2001f
demersal purse seine 0.51 Goncalvet al. (2004, 20085’)
purse seine 0.06  Borgeset al. (2002f
trammel 0.13 Borgeset al. (2001)
trammel 0.49 Gongalvet al. (2007}
trammel 0.74 Gongalvet al. (2008b]
trammel 0.22 Batistaet al. (2009)'°
gilnet <0.03 Santoset al. (2002)"
longline <0.03 Santoset al. (20022
central coast, south Lisbon beach seine 0.44  cabralet al. (2003)°
Spain purse seine, gilnet, longline 0.13-0.15 Kelleher0&)0
Mediterranean  Patraikos Gulf, western Greece trammel 0.01-0.06  Tzanatost al. (2007}
gilnet 0.30 Tzanatost al. (2007)
combined nets <0.02 Tzanatesal. (2007)
longline 0.06 Tzanatost al. (2007)
allfisheries 0.10 Tzanatost al. (2007)°
eastern Adriatic Sea seine 0.29  Ceting et al. (2011
north-central western Aegean Sea  pelagic purse seine 0.05 Tsagarakist al. (2012)
eastern lonian Sea pelagic purse seine 0.02 Tsagatakis(2012)
World global small pelagic seine 0.016  Kelleher (2005
beach seine 0.044  Kkeleher (200558
gilnet 0.005  Keleher (2005
bottom longline 0.075 Kelleher (2005)°

1 0.001-0.07 range, 3,080 k295,509 kg/trip averag§;0.005—0.24 range, 3,075 k‘§1,129 kg/trip averages;8,266 kg, 49% mean/tow, percentages of total

number discarde(?;0.0l—O.lO range, 685 kg, 171 kg/tow avera{g}zfl kg/trip averages; percentages of total number discardged\yerage percentages

discarded numbers per 1000 m of nlgt;a. 170 t/lyear (@mounts in g/10,000 m of net), Bimumber;11 non-commercial species (43% hake discards);
2 non-commercial species (10% hake discar%]ssﬁos ’[/year;14 with a single record of 04215 114 kg; 16 319 kg, 44% in numbé?;319 kg, 44% in
number;17 weigthed global average (351,11115weigthed global average (1,068313,weigthed global average (29,00428,weigthed global average

(10,988 1).

In spite of the differences in speciesmposition and abundance, the discards generated

by nearby foreign coastal bottom trawl fisheriesoatonstitute an important fraction of the

total catch. Several studies conducted in Mediteraa waters also reported high and variable

discard proportions of 0.20-0.67 in the westernt,p@”42-0.72 in the central part of the

Mediterranean and 0.20-0.63 in the eastern paml¢Ta.16). Similarly, comparable high

discard levels have been described for demersal fisheries in the Northeast Atlantic: 0.30-
0.59 in northern Spain, 0.24-0.55 in the Celtic,3260-0.84 in the Clyde Sea, 0.20-0.67 in
western waters of British Isles and 0.25-0.95 ie MNorth Sea (Table 3.17). According to

® For the purpose of comparison with the valuethisfstudy, the discard percentages presentedeby th

authors were transformed to proportions.
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Kelleher (2005), the existence of few trawl grourndstifies the slightly lower discard
proportions in the Mediterranean compared to nonti¢lantic areas. According to Machias
et al. (2001), these differences are due both to bioldgmetors (different target fishing
communities) and market factors (higher numberpetcgs landed and commercialization of
small sized fish). Our values are in line with theighted global average discards for trawls
(>0.50) referred by Kelleher (2005), either tanggtishrimp (0-0.96) or demersal finfish
(0.05-0.83), considered as the two major typessbiefies that contribute most to discards.
The patrticularly high discard proportions foundtiaw! fisheries are universally attributable
to the inherently low species and size selectioitythe gear (e.g. Alversoat al, 1994;
Catchpoleet al, 2005b; Kelleher, 2005; Tinglest al, 2000), but Pravoret al. (2001) also
believe that it is largely attributable to the ladensity of target species due to over-

exploitation.

- 122 -



Chapter 3 — Discards in trawl fisheries

Table 3.16 — Discard proportions in Mediterrangaw! fisherie§.

DISCARD

FISHING AREA FISHING ZONE METIER RATIO REFERENCE
Eastern Saronikos Gulf, Thracian Sea, Cyclaglasds and lonian Sea  bottom trawl 0.45 Stergioal. (1998)
Aegean Sea, Cyclades bottom trawl 0.59-0.63 Vassilopoulou and Papaconstan{1998)
off Israel otter trawl 0.28  Edelistet al. (2011)
Northeastern lonian Sea, Thracian Sea and Cyclatdewsls bottom trawl 0.44  Machiaset al. (2001)
Eastern-Central lonian Sea bottom trawl 0.20-0.50 D’Onghiat al. (2003)
Central Straits of Sicily shrimp trawl 0.49 Castriotat al. (2001)
bottom trawl 0.42 Ragonest al. (2001)
Sicilian Channel shrimp trawl 0.45 Campagnuoles al. (2001)
Sicily trawl 0.44-0.72  Charbonnier (1990 in Tudela, 2004)
Western Spain and Italy trawl 0.13-0.67 Carbonedt al. (1998)
Southeast Spain bottom trawl 0.35 Soriano and Sanchez-Lizaso (200Widela, 2004)
Balearic Islands shrimp trawl 0.42 Morantat al. (2000)
Northern Tyrrhenian Sea bottom trawl 0.20 Sartcet al. (2003)
North-western Catalan coast bottom trawl 0.33  sancheet al. (20045‘
Adriatic Sea and Catalan Sea otter trawl 0.39-0.41ncheet al. (2007)
Mediterranean and FAO statistical area 37 shrimp trawl 0.86  Keleher (2005)
Black Sea
all fisheries 0.05  Kelleher (2005)

! range of 400-700 t/year and 3.7-9.9 kgzlhange of 39-49%3; 70,000 t/year‘;1 range of 17-34% (3.7 -164.8 kg/h averag‘?eaznge of 7.8-24.61 kg/ﬁ;weighthed discard rate, 70,000 t
Nephropsand deepwater shrimp7sl7,954t (1992-2001 average discards).

® For the purpose of comparison with the valuethisfstudy, the discard percentages presentedebguthors were transformed to proportions
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Table 3.17 — Discard proportions in the Northeatamic trawl fisherie§

FISHING ZONE

METIER

DISCARD
REFERENCE
RATIO

Galicia, Spain

Bay of Biscay (ICES Divisions Vllla,b), Spain
Celtic Sea, France

Firth of Clyde (west), Scotland
Clyde Sea (north), Scotland
Clyde Sea (south), Scotland
British Isles, West coast

England and Wales (ICES sub-area VII)

Ireland
Ireland (ICES Divisions Vla,b; Vlla-c,g,)

North Sea (ICES sub-area V)

demersal fish and crustacean trawls

demersal fish trawl (coastal)
demersal fish trawl (offshore)
Nephropgrawl

benthic trawl
gadoid trawl
Nephropstrawl
Trawl fleet
Nephropstrawl
Nephropstrawl
Nephropstrawl

demersal fish trawl

bottom trawl
beam trawl

otter trawl

demersal trawl
beam traw

otter trawl
flatfish beam trawl

35-0.59 perezt al. (1996 in Valeiras, 2005‘-3)
0.42 vazquez-Rowet al. (2011f
0.43 vazquez-Rowet al. (2011)
0.30 |CES (2006 in Macheet al., 2008
0.24Rochetet al. (2002)'S
0.26 Rochetet al. (2002f
0.55  Rochetet al. (20027
0.32  Rochetet al. (2002)8
0.60  stratoudaki®t al. (2001)
0.84  Bergmanret al. (2002)°
0.71  Bergmanret al. (2002)11

0.52llain et al. (2003}
0.20-0.40 CEC (2007a)

2 0.4eneveret al. (2007)°
0.36  Eneveret al. (2007)14
0.32 Connoly & Kely (1996§°
0.67  Borgeset al. (2005a}°

0.20-0.60Borgeset al. (2005a)’
580075 Van Beelet al. (1998)

! 42,000 tons/yea2r36,066 tlyear (487 t/lyear averagsa)3,064 t/lyear (321 t/lyear averaéeyephropsdiscards, 1,875t, 60% in numbseﬁ;469 t? 12,083 t? 13,566 t? 29,773 t? 1,761 t/year
average, as percentage of the fish bycé?ohnge of 0.46-0.9!31; range of 0.47-0.8&152; 17 423 t/year, 0.024—-0.824 range, 0.485 per h3a12;356 t/year average, in number: 71%, 313 fistr

14 8,931 t/lyear average, in number: 64%, 180 fis hfﬁcs)ﬂ,SZO t;16 1,806 t/year;17 285-4,966 t/yealr? 0.25 average, 100 kt/y.

" For the purpose of comparison with the valuethisfstudy, the discard percentages presentedebguthors were transformed to proportions
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Table 3.17 (cont.) —Discard proportions in thetNeast Atlantic trawl fisheriés

FISHING ZONE

METIER

DISCARD
REFERENCE
RATIO

North Sea (ICES sub-area V)

North Sea, NE England

flatfish beam trawl
Nephropsotter trawl
roundfish otter trawl

Nephropstrawl
flatfish beam and otter trawl
Nephropstrawl

flatfish beam trawl

otter trawl

demersal fish beam trawl
Nephropstrawlers

Trawl fleet

White fish, pair, seine Biegphropstrawls

Nephropstrawl
Nephropstrawl

North Sea, German Bight and off the Dutch coast beawl

North Sea

FAO statistical area 27

bottom trawl

beam trawl

bottom trawl
all fisheries

1005 Lindeboom and Groot (1998@atchpoleet al., 2005a)
0.45 Catchpolet al. (2002)

0.20-0.6%:otteret al. (2002 in Catchpoleet al., 2005a)’
0.45 ICES (2006 iCatchpoleet al., 2008)
0.38-0.54 Pant¢ml. (2003 in Ulleweitet al., 2010)
0.45 Catchpolet al. (2008)
0.77 catchpoleet al. (2008)°
0.18  Eneveret al. (2009)21
0.31 Eneveret al. (2009j°
0.36  Eneveret al. (2009)23
0.25  Epeveret al. (2009)24
0.15-0.59Tamsett and Janacek (1999)
0.57  catchpoleet al. (ZOOSCf6

0.43  catchpoleet al. (ZOOSCf7
0.56-0.72 Ulleweiet al. (2010)

0.46-0.64 Ulleweitt al. (2010)
0.40-0.60 CEC (2007a)
0.40 CEC (2007a)

0.13Kelleher (200538

19e>qoressed in number, cod (20-48%), haddock (30-4d#4ding (51-65%);20 6,850 kg/vessel/da%ll; mean annual estimates, 2,109 t average, 44% ith)euzr%l,%Zt average, 59% in num-
ber” 1,344t average, 22% in numBers6% in numbef® average ratiosrates, cod (15-34%), haddock (¥85&hiting (18-59%)2;6 4,890 t, including Nephrops heatls3,682 t, 74 kg/h
average,excluding Nephrops heads, 57% and 85%pififdps discards?;8 1,332,212t (1992 -2001 average).
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Discards variability

Regardless of the geographic location, high temparal spatial variability of the
discards proportions and amounts is recognized ifierent fisheries around the world
(Alversonet al, 1994; Andrew and Pepperell, 1992; Cotteral, 1995; Crean and Symes,
1994; Kelleher, 2005; Kennellgt al, 1998; Margeirssoet al, 2012; Morizuret al, 2004;
Murawski, 1996). Discards variability is highly dement on the type of fishery (Kelleher,
2005; STECF, 2008), being reported from small-s¢alg. Cetint et al, 2011; Tsagarakist
al., 2012; Tzanatost al, 2007; Welchet al, 2008) to trawl (e.g. Edelist al, 2011; Lemaet
al., 2006; Sancheet al, 2007; Ulleweitet al, 2010; Walmslet al, 2007) fisheries.

There is a multiplicity of factors, pointed out Isgveral authors, that influence the
variability of discards: from technical characteéds of the vessels (e.g. type, size,
performance) and gears (e.g. type, characteristiesh size), fishing strategies (e.g. haul/trip
duration, catch size and composition), environnengaiables (e.g. season, area, depth,
distance from shore, ground/bottom type, landing)pend species (e.g. spatial distribution,
abundance, recruitment, biology, migration), tcdhéiss behaviour (e.g. personal skills and
decision makings concerning fishing strategies)sketaconstraints (e.g. local demands,
prices), and regulation issues (e.g. quota, minirfanding size, mesh size) (Table 3.18).

- 126 -



Chapter 3 — Discards in trawl fisheries

Table 3.18 — Factors conditioning the variabiliydiscards.

REFERENCE SEASON AREA DEPTH SPECIES LANDING VESSEL GEAR FISHING CATCH MARKET LEGISLATION
PORT EFFORT

Allain et al. (2003) X X X X

Alversonet al. (1994 X X X X

Blasdale and Newton (199 X X X X

Borgeset al. (2005b) X

Cabralet al. (2003 X

Carbonelet al. (1998) X X X X

Castriotaet al. (2001 X

Catchpoleet al. (2005c) X

Cetint et al. (2011

Connolly and Kelly (199¢ X

Crean and Symes (1994)

D’Onghiaet al. (2003

Edelistet al. (2011) X

Erziniet al. (2002

Feekingset al. (2012 X X

Garcia-Rodriguez and Esteban (1999) X

Gongalveset al. (2007 X X

Gongalveset al. (2008b)

Grayet al.(2005 X

Howell and Langan (1987)

Kelleher (200 X

Kennellyet al. (1998 X

Lemaet al. (2006)

Machiaset al. (2001, X

Machiaset al. (2004) X X X

Monteiroet al. (2001 X

Morantaet al. (2000 X

Morizur et al. (1999) X X X X

Murawski (199€ X X

Palsson (2003) X X

Pravoniet al. (2001

Recasenst al. (1998)

Rochetet al. (2002

Saila (1982 X X

Sanchezt al. (2004)

Sanche:et al. (2007 X

Sartoret al. (1999 in Tudela, 2004) X

Stergiouet al. (1998 X X

Stratoudakiset al. (1998 in Trenkel X X

and Rochet, 2001)

Tamsett (199 X X X X X X

Tamsett and Janacek (1999) X X X X

Tamsetiet al. (1999 X X

Tsagarakigt al. (2012) X X X X

Tsitsika and Maravelias (2006 in

Tsagarakiet al., 2012

Tudela (2004) X X

Tzanatoset al. (2007 X X X

Ulleweit et al. (2010) X X X

Van Beek (199¢ X X X

Walmsleyet al. (2007

Welchet al. (2008) X X

P X X X X
P
X X
P
P
x >
x

x
x

X X X X X X

X X X X

X x x X X

x

In southern Portugal, type of gear (Erzeti al, 2002), season (Cabrat al, 2003;
Goncalveset al, 2007, 2008b), area (Erziret al, 2002), depth (Erzinet al, 2002;
Goncalveset al, 2008b), landing port (Erzingét al, 2002) and species” abundance and
distribution (Borgeset al, 2000; Erziniet al, 2002; Monteircet al, 2001) are identified as
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influencing discard variability. Borgest al. (2000) also consider that the inter-annual
differences in biological and environmental coratig, as well as economic and marketing
reasons, are possible explanations that might kerorigin of the variability found in the
discard proportions.

Although there are a number of fisheries displayen@lence of proportionality between
the total catches or landings and the amount chdits (Feekingst al, 2012; Machia®t al,
2001), our analysis did not find any statisticatlignificant proportionality between total
catches and the amount of discards. Also no sehgati@rns in the discards rates and
proportions were evidenced. Similarly, D"Ongketaal. (2003) and Tsagarakit al. (2012)
also did not find any significant seasonal patteam®ng the highly variable discards in the
Eastern Mediterranean Sea. The former authorsorethe Stergioet al. (1998) explanation,
that the increase in discards with the total catalld be related to the decreased selectivity of
codends. For Tsagaraket al. (2012), this situation is possibly explained by thfferent
recruitment periods of the species, an opinion eshdyy Goncalvest al. (2008a) for a
trammel net fishery discard study in southern Ryaituand also by Cabrat al. (2003) for a
beach seine fishery discard study in the centraktcof Portugal. In the Northwest Atlantic
Newfoundland coast, Ibarrola and Paz (2011) alsadao seasonal variability pattern in the
discards generated by bottom trawls targeting Gaeenhalibut, alleging that discards were
probably more associated to the fishing vessefatexyy, such as the exceeding of the
available quota or of the onboard storage capatgggaraki®t al. (2012) also considers the
variability of the fishing and discarding practicas determinant in the seasonal variations of
discards. For Feekingst al. (2012), the seasonality of the discards found i Branish
Kattegat demersal trawl fisheries is also ascribeabth the species and targeting behaviour’s
seasonality of the fishermen.

Non-linear increases of discards with total catctweak relationship between discards
and landings are reported by some authors (RocttefTeenkel, 2005; Rochet al, 2002;
Tsagarakiset al, 2012; Trenkel and Rochet, 2001), which consitiés hon-linearity as a
reflection of the complexity of the factors thateats discards. Tamsaetdt al. (1999) also calls
into question that the discarding proportion isuaction of catch size. A result also reported
by Cetint et al. (2011) state that both catch amounts and seasgn i@ influence on the
discard rates.

In our study, the rates of the retained catchedaonsiderably within métiers from 1.4

kg/h to 3.9 kg/h in crustacean trawls and from gz to 12.9 kg/h in fish trawls always
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exceeding the discard rates (1.1-2.4 kg#h4.5-9.3 kg/h). Discards in excess of landings
were found only for particular seasons/years, astt to the sporadic presence of high
amounts ofMicromesistius poutasso(summer 2000, winter 2000, autumn 19993pros
aper (winter 2000) and cartilaginous fisheShimaera monstrosarorpedo nobiliaa and
Galeus melastomusutumn 1999) in crustacean trawls; andsobmber coliasScyliorhinus
caniculg Macroramphosusspp., Boops boopsC. aper M. poutassouand Merluccius
merluccius(winter 1998)in fish trawls. The highest discards took placautumn (1999) and
winter (2000) for crustacean trawls and in winte998) for fish trawls, contrasting with the
summer (2000 in fish trawl and 2001 in crustaceawl) in the study of Borgest al.(2002).
These results are thought to be partially assatiatth the decrease of the local market prices
of some commercial bycatch species otherwise redaiSimilarly, fluctuations in the market
demands and in the catch compositions are refdmgedtergiouet al. (1998) as factors
potentially influencing the seasonal variationhe tiscards.

Large variability in the seasonal relevance forcadiding are also reported in the
Mediterranean Sea. The summer (Castrietaal, 2001), spring (Morantat al, 2000;
Machiaset al, 2001, 2004) and autumn (Machetsal, 2001, 2004) seasons are those where
the highest discard rates were observed. The disgarthe spring season are associated with
the spring/summer recruitment season of most o$pleeies (Machiast al, 2001, 2004) and

with the seasonal nature of the fish species’ abnoels (Morantat al, 2000).

Species composition

The species composition of discards found in tHisdys reflects the existing fish
assemblages off the southern Portuguese coastrasiet by Gomeet al. (2001) and Sousa
et al. (2005). A high number (n=255, 147 families) of tebrate and invertebrate species
were caught in trawl fisheries, of which only 4%rev@ccasionally discarded and 27% were
frequently discarded, with the majority (~69%) d¢fetspecies systematically discarded.
Species diversity was higher in crustacean trawi2Q6) of which 48% were exclusively
caught therein and ~69% were systematically digszhrdompared to fish trawls (n=156, 31%
exclusively caught and ~61% systematically disadyd®nly a rather small percentage (17%)
of the species had commercial value and was thereétained (landed).

High species diversity in trawl fisheries in thegAtve coast is also reported by Borgés
al. (2001) and Erziniet al. (2002) who noted that the majority of species walso
systematically discarded (59%) while some were udesdly (33%) and occasionally (8%)
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discarded. However, and in contrast to our resutisse authors found that the species
diversity found in fish trawl catches was grea@&t%) than in crustacean trawls (59%). In the
same way, crustacean trawls captured exclusivelserspecies (59%) than the fish trawls
(64%) (Borge<et al, 2001). Lower number of species (n=91) were reqbkly Monteiroet

al. (2001) for the crustacean trawl, which is certaintlated with the much shorter (4
months) sampling period of the latter study. Sitiee area prospected by the trawlers in the
Borgeset al. studies is the same as that of our study, refigdtie same species assemblages
characteristic of the southern Portuguese coastflultuations verified over the years in the
species composition of the discards and how fretjudiney are discarded, could only be
associated to the temporal fluctuations in spesiesdance.

The waters of the Algarve, as part of Gulf of Caalie subject to a strong Mediterranean
influence, resulting in a close similarity of speicomposition and overall biodiversity.
However, most of the studies carried out in theteraspart of Mediterranean report a much
higher number of species (609 spedre€arbonellet al, 1998; 424 specida Sanchezt al,
2004; 155 species Sartoret al, 2003) compared to the eastern (281 speniddachiaset
al., 2001; 162 specigs D"Onghiaet al, 2003; 145 specign Edelistet al, 2011) and central
(194 speciesn Campagnuolost al, 2001; 170 specias Castriotaet al, 2001; 132 species
in Ragoneset al, 2001) parts of the Mediterranean.

The greater species diversity found in crustaceanls is not unexpected since fishing is
carried out over a greater depth range (117-754ns)eénd a broader area, compared to fish
trawls (100-290 meters) which operate mainly inghallower waters of the continental shelf.
The relevance of the bathymetric range, and coresgtyuthe various demersal assemblages
fished, is also reported by several authors asgbdeterminant in the differences in the
species composition found between métiers (Bergetaal, 2002; Blasdale and Newton,
1998;Edelistet al, 2011; Erziniet al, 2002; Gomes, 2001; Lened al, 2006; Pravonet al,
2001). Moreover crustacean trawlers spent more tineea, carrying out tows with an
average of 6 hours duratioms(mean tow duration of 1.5 h in fish trawls), thosreasing the
possibility of retaining the less abundant specid® association of the species diversity to
the sampling effort is also supported by Tsagareka. (2012).

The high diversity of species caught and discafwietioth trawl métiers corroborates the
findings of Borges (2010), revealing the extrenolimess and diversity that can be found off
the southern Portuguese waters, and also reinfpthisn multi-species nature of the catches of

the trawl gear and, together with the high disarbunts, the poor species selectivity of the
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trawls. Borgeset al. (2001) also consider that the high diversity ofcsp®e present in the
discards has important implications in terms ofsggmation, management and sustainable use
of living resources.

The majority of the species captured by both cogsta and fish trawls were from the
class Osteichthyes (45%) followed by Crustacea (14%ith Cephalopoda (9%) and
Chondrichthyes (8%) constituting the smaller congis of the discards. This is in
agreement with the findings of Borgesal. (2000-2002) and Monteiret al. (2001) for the
same fisheries. A similar ranking of the major greuof species was found for the
Mediterranean (e.g. Carbonat al, 1998; D"Onghiaet al, 2003; Sancheet al, 2004),
although with higher percentage of Osteichthyegisgd73%n Morantaet al, 2000; 76%n
Castriotaet al, 2001; 85%in Edelistet al, 2011) and of crustaceans (199Campagnuolos
et al, 2001; 19%n Ragoneset al. 2001; 22%in Machiaset al, 2001; 27%n Sartoret al,
2003). The frequency with which bony fishes wergcdided was distinct in the two métiers;
more species were systematically discarded by araah trawls while more species were
frequently discarded during trawling for fish. Theajority of cartilaginous fishes and non-
commercial crustaceans were systematically disdangbile most of the cephalopods were

frequently discarded.

Discards abundance and biomass

Fishes and cephalopods accounted for about 94%eodliscarded biomass of all fishing
operations of which 79% were bony fishes. The fdatjeoup of species was more
representative in the fish trawls compared to exedn trawls, both in terms of abundance
(94%vs. 84%) and of biomass (81¥%6.66%). This is comparable with Borgetal. (2001),
who found analogous fish and cephalopods discamhdss percentages (90%), but not with
the Monteiroet al. (2001) study in which both bony and cartilagindisbes, discarded by
crustacean trawls, accounted for 82% in biomass 94% in our study) and 85% in
abundancevk.99% in our study). In the Mediterranean, Mactgtal. (2001) reported lower
discard biomass percentages for fishes (34-44%hilgher for cephalopods (11-31%).

Discards from trawl fishing activity in the Algarveere dominated in abundance by three
bony fish species: the frequently discarded bycafmriesMicromesistius poutassofblue
whiting), and by the systematically discarded sgeilacroramphosus scolopfgongspine

snipefish) andCapros aper(boarfish), all accounting for more than 60% of thscards in

8 HereinMacroramphosus scolopamcludes also the individuals initially identifiesM. gracilis.
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crustacean trawls, and by the latter two in fiskwts, representing 57% of the discards.
Concerning biomass, crustacean trawl discards waae up primarily by the blue whiting,
the boarfish, and by the frequently discarded lahted commercial specie$aleus
melastomugblackmouth catshark, cartilaginous fish) and peanconger(Conger conger
bony fish). Fish trawl discards were dominated g snipefishes and the three frequently
discarded commercial bycatch spectespmber coliagAtlantic chub mackerelScyliorhinus
canicula(small-spotted catshark), aBdops boopgbogue) in biomass.

A limited number of species contributing to higlvdés of discards were also reported in
the southern Portuguese coast. Montetral. (2001) found that four bony fish species, blue
whiting, silvery pout(Gadiculus a. argenteusMediterranean slimehegtHoplostethus m.
mediterraneus and roughtip grenadigNezumia sclerorhynchysaccounted for 60% of all
crustacean trawl discards in number and 70% in hteithis difference in the composition of
the main discarded species is certainly relatethéofact that most tows carried out in this
study were carried out in deeper waters in the Mgriebster fishing grounds. On the other
hand, the Borge®t al. (2001) study identified four species as the maintrdoutors of
crustacean trawls discards in biomass (46%): thiélaginous fishesTorpedo nobiliana
(Atlantic torpedo)and small-spotted catshark, along with the Europeamger and the
boarfish. For fish trawl métier, longspine snipkfishub mackerel and boarfish accounted for
70% of the discards in weight. Notwithstanding twerall coincidence in the main discard
species among the studies carried out in the sae® their ranking varied considerably
evidencing both temporal changes in the relativepasitions of the fish assemblages and the
depth range of fishing tows.

Combining the studies of Borges al. (2001) and Monteir@t al. (2001) and ours, blue
whiting, longspine snipefish, boarfish, Europeamger and small-spotted catshanere
wherefore found to be the most dominant speciascant in the discards of over almost 3
years of study (June 98-March 2001), although wiifferences in the ranking order of
discards dominance, either in biomass or in biom@sg. M. poutassoumas the most
abundant discarded in our study while it rankBdmdthe Monteiroet al. (2001)’s study).

Multivariate analyses and dominance plots indicatadations with no clear seasonal
trend in the overall species abundance and biontiasard rates, which may be indicative of
no changes in the fishing behaviour, since fislopgrations are conducted in the manner to

take advantage of the availability of the most int@at (target) species.
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Micromesistius poutassdBlue whiting)

Blue whiting is regarded as the dominant specieshi deep-northern (southwest
Portugal) and deep-southern (off Algarve) assenadslagf the upper slope of the Portuguese
continental waters at depths from 150/200 to ~700Gomeset al, 2001; Marquet al,
2005; Sousat al, 2005), representing 70% to 90% of total biomaasnfeset al, 2001),
being much less abundant or even absent in shassemblages (Sousaal, 2005, 2007).
The southern NE Atlantic waters, in particular #hasf the Iberian Peninsula, which are
recognized as nursery grounds due to their warmdrraore saline waters, are far more
abundant in blue whiting compared to the northeatevs (Reid, 2001). In Portugal, this
species is usually caught as bycatch by bottoml fitaets (ICES, 2012e) and, in spite of the
large catches, it is frequently discarded due éoldlv or null market price, especially for the
smaller sizes (Fonsecet al, 2005a). For Fonsecat al. (2005a) blue whiting is also
considered one of the most discarded fish spewikegh is discarded mainly due to market-
driven issues (restricted landings) (Borgetsal, 2001). In our study, the reasons for
discarding blue whiting are fundamentally econofiwev commercial value and poor body
qguality due to damage caused during trawling). Tditsation is rather different in NW
Mediterranean waters where this species constitutegher proportion (80%) of the retained
catch because of its small size (Sancéteal, 2004). As a consequence, it is discarded at a
significantly lower rates (0.73 kg/h) compared toststudy (3.9 kg/h and 9.7 kg/h in
crustacean and fish trawls, respectively). Howebdre whiting discard rates reported by
Borgeset al. (2002) were far higher (22 kg/h) in crustaceawlsabut lower (6 kg/h) in fish
trawls, in the same studied area. According to Phista (2012)" extrapolations for the
Portuguese trawl fleet (ICES Division IXa), the lnggt blue whiting discards were recorded
in 2004 and 2006 for the crustacean trawls (24@8 2252 t) and in 2004 for the fish trawls
(1080 t), having decreased in 2009 down to 368drustacean trawls, and in 2006 down to
240 t in fish trawls. The most recent estimatesiptmwards a slight increase to 690 t (2011)
in crustacean trawls, although still higher thandiags (603 t; ICES, 2012e), and down to
491 t (2010) in fish trawls (Pristet al, 2012). According to Anon. (2010), blue whiting
discard proportions are in the order of 0.11-0.1&mfishing is directed to a single (e.g.
Atlantic horse mackerel) or two (e.g. Atlantic r@mmackerel and blue jack mackerel) target
fish species and can reach 1.0 when targeting pheifish species. In crustacean trawl métier,
discard proportions varied widely between 0.23 &6 (Anon., 2010b). Considering its
abundance on the Portuguese coast, its discarcdnppiaps and its key role in the trophic
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chain as prey for important commercial valuablecs® such as hake and horse mackerel
(Cabral and Murta, 2002), blue whiting discards megyresent a major bycatch problem.

Capros apei(Boarfish)

Boarfish is a small very abundant pelagic fish g Portuguese waters (Lopstsal,
2006), distributed approximately between 200 and ®@ters depth (Cardador and Chaves,
2010). It is characteristic of the deep-southerseadblage as referenced by Gonetsal.
(2001), although Marquest al. (2005) refer higher abundances in the outer cental shelf
(100-200 m). In a more recent study, Sowtaal. (2005) refers the shallow-southern
assemblage (40-180 m), as the one displaying thkeebki numbers. The highest boarfish
occurrences (>80%) are reported during summer llysagsociated with the spring—summer
bloom, when the prey species availability is higflespeset al, 2006; Sousat al, 2005).
This species is caught as bycatch in crustaceanfiahdrawl fisheries off the southern
Portuguese coast and, as verified in our study,atways discarded due to its no commercial
value (Borgest al, 2000-2002). Boarfish discard estimates in théugoese trawl fisheries
(ICES Division IXa) available only from 2004 onwargoint to higher values in fish trawls
(222-281 t) compared to crustacean trawls (23-)9THe highest estimate was recorded in
2009 for crustacean trawls (167 t) and in 2006 ffein trawls (154 t). The most recent
estimates point towards a significant decreasett¢2811) in crustacean trawls, and to 154 t
(2009) in fish trawls (Pristat al, 2012). Contrarily to what happens in the ICES&eéas VI
(Ireland), VIl (UK-Scotland) and VIII (Bay of Bisg, where there is a target fishery for this
species being regulated and managed under the gyetam of total allowable catches
(TACs) since 2011, in Portuguese waters it is syatecally discarded both in crustacean and
fish trawl métiers (Anon., 2010b; Pristd al, 2012). Although the ecological impact of its
discarding on the ecosystem is not fully understtloel boarfish is recognised as an important
link in the trophic chain in the Portuguese watepeset al, 2006), as prey for commercial
fish species like European hake, mackerel (Cabmndl lslurta, 2002), European conger,
monkfish Cophiusspp.) and blackmouth catshark (Santos and Bo2§€d,).

Macroramphosus scolopdlongspine snipefish)

Longspine snipefish is among the most abundantsipgties, mostly in shallow grounds
(100-200 m) of the outer Portuguese continentdf,gbartially overlapping boarfish and blue
whiting distribution (Marquest al, 2005; Lope®t al, 2006). As for the boarfish, its highest

occurrences are also reported in the summer orsdbéh coast, a time when, due to the
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greater availability of prey, each species seefeint kind of preys (mysids for longspine
snipefishvs. copepods for boarfish) (Lopes al, 2006). In Portugal, this species used to be
commercially exploited by purse seiners as bycaschan alternative for the shortage of
European pilchardSardina pilchardukin the early 1970s, and by demersal trawls inldte
1970s, time of major longspine abundance, and \sad @xclusively for the production of
fishmeal and fish oil. However, during the 80s, itherease of fishing for crustaceans lowered
its market value, causing a decrease in their captand subsequent landings, which
compromised the further exploration of this reseurcthe industrial sector of fishmeal and
fish oil (Morais, 1981). Currently, longspine srfish is a bycatch species in Portuguese
demersal trawl fisheries and, as found in the priestudy, is systematically discarded due
lack of commercial value (Borgest al, 2001, 2002). Our data indicate that longspine
snipefish is discarded at rates of 0.9 kg/h intawean trawls and of 29.8 kg/h in fish trawls,
higher than those reported by Borggsal. (2002) (<0.1 kg/h in crustacean trawls; 14 kg/h in
fish trawls). Similarly to boarfish, it is a relatacomponent of the marine ecosystem as prey
for commercially valuable fish species (Cabral duata, 2002; Lopest al, 2006; Marques

et al, 2005; Santos and Borges, 2001). Taking into clamation its high abundance on the
Portuguese coast, Fonseet al. (2005a) considers that, like blue whiting and kpige
snipefish represent a major bycatch problem antthebest solution to this problem is to
avoid the dense schools of longspine snipefisinesead of changing the near gear size which

results in the loss of significant amounts of taggeecies.

Boops boopghogue) andConger conge(European conger)

As a sparid, the bogue is a species charactenstihe Portuguese shallow southern
assemblage, attaining values up to 10% of the ddagm biomass (Gomest al, 2001;
Souseet al, 2005). European conger is another species pres@uartuguese waters although
far less abundant (Gomest al, 2001; Souseet al, 2005). Both species have a low
commercial value, although higher for the Europeanger. For the year 2009, according to
extrapolations for the overall trawl fleet madeRysta (2012), 133 tons of European conger
were discarded by crustacean trawlers and 342abbsgue were discarded by fish trawlers.
The European conger discard rates found in thiglystattained values of 0.9 kg/h in
crustacean trawls and of 3.0 kg/h in fish trawlslevifior bogue 19 kg/h were discarded by
fish trawlers. European conger discard rates agbehnithan those reported by Borgssal.
(2000) (200 kg in each métier) but more similathtose found by Borgest al. (2002) (0.92

kg/h in crustacean trawls; 2 kg/h in fish trawlS)milarly, bogue discard rates were higher
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than those described by Borgaesal. (2002) (11 kg/h). In our study, the reasons fecdiding
both of these species were the low commercial valod the minimum landing size
restrictions (580 mm for European conger; 150 mmbiogue) (DR, 2001a). Borgex al.
(2001, 2002) reports the low commercial value &srtain reason for their discarding. The
European conger is a top predator, preying on titenAc mackerel, horse mackerel and blue
whiting (Gomes and Olim, 2010) while bogue is aypdaé highly valuable commercial
species, such as the European hake (Cabral ancaMB©02) and John Dory¢us faber
(Silva, 1999). Taking also into account the faettttiue to their reproductive characteristics
conger eel is highly susceptible to commercial exglion (Cau and Manconi, 1984
Moratoet al, 1999), high discard amounts of this species naae important implications on

this resource.

Scyliorhinus caniculdsmall-spotted catshark) ahleus melastomus

(blackmouth catshark)

The small-spotted catshark is a deepwater camibag species well represented in the
Portuguese continental shelf most frequently at20® m depth and over 500 m in southern
Portugal (Algarve) (Costa, 2010, ICES, 2012b). Ttackmouth catshark is distributed
between approximately 200-900 m depth, occurringenfeequently at 600-800 m (Costa,
2010), and is especially abundant in the southy&sintejo) and south (Algarve) regions
(Sanches, 1986). These two elasmobranch speciesoammon bycatch in mixed demersal
trawl and small-scale fisheries (Coelho and Erz#008; ICES, 2012b), making up the
landings of demersal elasmobranchs in Portugal t{gnasnall-spotted catshark) (ICES,
2012b). Although no MLS is established for thesecsgs (Fonsecat al, 2005a), only larger
specimens are marketable, but at low prices (CaatiabErzini, 2008; Costa, 2010). They are
commonly discarded due to their low commercial ga{Borgeset al, 2001; Coelho and
Erzini, 2008; Costa, 2010), as supported by oudystin which most of the discards also
consisted in small and immature specimens (Chaptdtor the year of 2009, Anon. (2010)
estimated the discard proportions of small-spotdhark of 0.53-0.75 in crustacean trawls
and 0.26-0.36 in fish trawls, while the blackmoa#tsharks discard proportion was found to
be 1. Our data points to a mean discard propodfoh4 kg/h in crustacean trawls and 35.3
kg/h in fish trawls for small-spotted catshark, amid~1.1 kg/h in crustacean trawls for
blackmouth catshark. These values are comparalilose reported in the same studied area
by Borgeset al. (2002) but are much higher considering the snplted catsharks discarded
by fish trawls (0.6 kg/h in fish trawls). The exig discard estimates in the Portuguese trawl
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fisheries (ICES Division IXa) refer to the perio@0-2011, and values of about 133 tonnes
of small-spotted catsharks (121.7 t in crustaceawl!s$, 11.3 t in fish trawls)vé. landings
close to 2900 t) and 134 tonnes of blackmouth eaksh(49.5 t in crustacean trawls; 84.6 t in
fish trawls) ¢s. landings of 490 t) are reported, believing thatsth discards have increased
(ICES, 2012b). Solely in 2009, small-spotted anackiouth catsharks™ estimated discard
amounts were set at 48 tons and 24 tons, resplciiPesta, 2012). Between the period
corresponding to the present study (1999-2001)328ids (ICES, 2012b), in an average of
154.8 t/year (Elliset al, 2009) of small-spotted catsharks, and 86-95 wfblackmouth
catsharks were landed (ICES, 2002, 2012b). Cugrentt management measurements are
defined for deepwater sharks in ICES division IXXAC was set to zero since 2010 due to the
depletion of the main commercial species) and sRE? there is no allowance for bycatch
(ICES, 2012b, EU, 2010, 2012). In 2013, ICES cargthto not advise that an individual
TAC be set for skate and rays individual stockEE@C2013).

Nearby to Portuguese waters, in the Eastern (Danaadd Vassilopoulou, 2011), Western
(Carbonell et al, 2003; Fanelliet al, 2009) and Northwestern (Sanchez et al., 2004)
Mediterranean Sea, and in the British Isles (Elisal, 2005; Revillet al, 2005), small-
spotted and blackmouth catsharks are also impobgdtch species in trawl fisheries, with
the majority of them being discarded due to no cenwmal value. In the central Aegean Sea,
significantly high proportions of the catch of sirgdotted catsharks are discarded (0.86-0.94
by weight; 0.94-0.99 by number) and well as blackthocatsharks (1.0) (Damalas and
Vassilopoulou, 2011). Off the Balearic Islands, Bspotted and blackmouth catsharks are
sufficiently abundant to be recorded in the landjrigut still are discarded at rates of 0.03-5.6
kg/h and 0.2-2.4 kg/h, respectively (Carborelal, 2003), slightly higher than those reported
by Sancheet al. (2004) in the Catalan coast (0.1 kg/h vs. 0.6kty/4).

Taking into consideration that small-spotted andackiouth catsharks, as
chondrichthyans, a) are far more susceptible taexymoitation than teleosts, given their
specific K-selected life-history strategy (slow gth, long gestation, low fecundity, late
maturing and long lifespans) (Caméi al, 1998, 2009; Compagno and Musick, 2005;
Hoening and Gruber, 1990; Holden, 1974), which matkem slow to recover from large
declines in their populations (Musick, 2005; Steveh al, 2000); b) have an important
ecological role as predators near or at the tofhefmarine trophic chains (Cailliet al,
2005; Stevenet al, 2000); and c) are considered as indicators ofsthge of the fishery

(Stevenset al, 2000), their discarding, even if in small amoumsy have a higher impact
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than high discards of marketable species (Alversbml, 1994). However, Serenet al.
(2009) believe that the recent declines in tradélaarget speciesiay lead to a decrease in
discards of these catsharks as, to compensathisodecline, higher amounts of “alternative”

bycatch species are being retained.

Target species

Concerning commercially valuable target fishess¢heere not relevant in the discards,
neither in biomass (<2%) nor in abundance (<1%), lmmong them, European hake
(Merluccius merlucciyswas the most discarded (3% in weight and 4% imlmer). This
species is one of the most abundant and ubiquipasies occurring along the Portuguese
continental shelf, caught both in the deep- (4-3%otal biomass, 150-400 m) and shallow-
southern assemblage (1-10%; 20-120 m) (Goetesl, 2001). For the purpose of the
European hake stock assessment, Portuguese Eurbpkardiscard estimates are available
since 1992, when the minimum value of 330 tons veggstered, followed by periods of
slight increases to 1,200 t in 1997 (ICES, 201Za)iing the present study period (1999-
2001), the European hake discard rates were dk@htin crustacean trawls and of 6.8 kg/h
in fish trawls, higher than those reported by Bergeal. (2002) (1 kg/hvs. 4 kg/h) in the
same studied area. For the same period, JardimFamindes (2013) estimated overall
discards ranging from 1,170 t to 1,290 t. Theséastfound a maximum absolute discard
estimate of 1,956 t in 2009 and a minimum of 5802010. On the other hand, Prista (2012)
estimates for the year 2009 were considerably lo{eér 381 tons, 0.64-0.93 discard
proportion in crustacean trawls; 908 tons, 0.33-@&card proportion, in fish trawls). For the
year 2011, overall European hake discards wermattd by Prista and Fernandes (2012) at
169 tons and 570 tons in crustacean and fish wadtiers, respectively.

In the present study, the catch below the minimanding size restrictions (27 mm; DR,
2001b) was the main reason for the European hacardis but the damaged/poor quality of
the individuals, also have influenced their discagdThese three same reasons were reported
by Borgeset al. (2001) during their 1996-1997 study. Regarding Earopean hake’s
importance in the food chain as one of the mosomamt top predators of commercial fish,
such as blue whiting (Cabral and Murta, 2002; ICEEL,2e), small hake (Cabral and Murta,
2002), sardine (ICES, 2012e), bogue (Cabral andta1@002), and also the very abundant
non-commercial boarfish (Prista and Fernandes, @h?2 snipefish (Cabral and Murta,
2002; ICES, 2012e), b) its high abundance on theuBoese coast (Cabral and Murta, 2002),

and the fact that c) decisions on hake manageminhave an impact on the trophic chain
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(ICES, 2012e), high discard amounts of this spemey have significant effects on this
highly valuable resource. It is of utmost impor@ano incorporate the discards in the
assessment and management of the European hake sttt the same applying for other
(commercially or not) important stocks.

Long-term studies of groundfish assemblages irPihituguese continental shelf (Gomes
et al, 2001; Sousat al, 2005) revealed that these assemblages tend fmefststent in
composition over time and with no major changeshiir geographical limits. However, it
may happen that, in a given year or season, themddages may show quite uncommon
patterns in the proportions of the individuals andhat they can be displaced from their
usual geographic boundaries (Gonetsal, 2001; Souseet al, 2005). Taking also into
consideration that, a) depth is a major factor Whaccounts for the most important changes
in the composition of the demersal communitiesgilet al, 2003; Gomeet al, 2001), b)
the existence of a faunistically distinct area aejseon the relative abundance of the species
(Gomeset al, 2001), and that ¢) changes in the abundance raé sspecies may result in
temporal variations of these species (Colletal, 2003), the differences found in the species
discards’ compositions and proportions betweersthdies of Borgest al. and ours, may be
related, not with the assemblages themselves, #wese studies were conducted in the same
geographical area targeting the same groundfisgnasdage, but rather to the depth at which
trawlers operated and to the variations in the dbanoe of some species in the different years

of study.

Discard reasons

In this study the main reason for discards is egoopsince the majority of species caught
have no commercial value (e.g. longspine snipebslasfish, most of cartilaginous fishes and
invertebrates). In the case of high value commesgacies the main reason for discarding is
legal and administrative, since most are belowlégal minimum landing sizes (e.g. hake,
mackerels, seabreams), being also largely discdrdeause of damaged condition and/or the
poor (bad) quality of the individuals (e.g. hakarget crustaceans) as a result of long tows.
The same happens with other marketable bycatchespéa particular with those species that
are quite fragile, therefore less resistant torg@i@ion (e.g. blue whiting, European pilchard,
flatfishes, forkbeards). Discarding was also inficed by the inexistence of readily available
markets for many commercial bycatch species (egjids, most of cephalopods) and by the

low commercial value of some bycatch species (elge whiting, small-spotted catshark,
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blackmouth catshark, triglids). Technical problerils gear damage, hauling capacity and
bad weather conditioned the fishing practice butewmt meaningful in the discards context.

Final considerations

Portuguese fisheries are managed under the qustansyof total allowable catches for
some species and licence schemes, and regulatedgkthrtechnical measures, such as
minimum landing sizes, minimum codend mesh siZzestd for relative percentage of target
and bycatch species accordingly to métier and pitobi of trawling within 6 miles of the
coastline. However these measures have been itisuffito prevent the decline of resources,
since88% of the European Community fish stocks are bieshgd beyond MSahd30% are
outside safe biological limit€2008 ICES Assessments) (CEC, 2009). The existehbégh
levels of discards in European waters, as furtiglighted by this study, supports the known
low species- and size-selectivity of the bottomvisa especially in a multi-species and multi-
size ecosystem such as the Portuguese, and sugiporged for using more selective gears.
The fact that most discards are composed of urmbetsndividuals proves that the current
technical measurements are far from being an éfeewtay of reducing the unwanted bycatch
which is therefore discarded. This latter issueagoborated by Campax al. (2003a) who
consider that 55 cm crustacean trawls codend meshssnot compatible with MLS of 27 cm
for hake, and also by Fonseehal. (2005a) who suggest that the 65 mm fish trawls odde
mesh size is too small for the adequate manageraEnmost commercial fish and
cephalopods. Stephen and Harris (2010) also takeidw that, since most of the discarded
fish do not survivémostly those caught by trawl gears, as it was meskin this study) size
limits may not be an effective measure to reduseatds.

It is certain that the low selectivity of most fisf gears, together with spatial and
temporal changes in species composition and agetste, makes it impossible to eliminate
the discards completely, as stated by Crean ande$\(094): discards are one of the
seeminglyprices to be paid for a modern, sophisticated amghlly capitalized industry
developed within a common use rights system obieaipbn”. It is also certain that, with the
current levels of discarding, the maintenance ofliversity, the functioning of the ecosystem
and the long-term sustainability of the fisheri@stgnsified by the non-inclusion of the
discards in the stock assessment of the statusedfshery and by the lack of implementation
of relevant management plans) will be threatenddQC2007b; Ellistoret al, 2005; FAO,
2011a). This is especially true, if we considert ttinee discarding of fish and other marine
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organisms by fishers may have a negative ecolodeg. changes to the food web and
alterations to the habitat), economical (e.g. lafsgresent and future incomes) and biological
(e.g. reduce spawning stock biomass) impacts omieagement of commercial fisheries
(Alverson et al, 1994; Anon., 2003; CEC, 2007b; Clucas, 1997; FAD]10a, 2011a;
Kelleher, 2005; Kumar and Deepthi, 2006).

In 2009, the increasing worldwide concern aboutitlgortance and the consequences of
discarding, led to the creation of Internationalid&lines on Bycatch Management and
Reduction of Discards by the FAO Committee on Higlse(COFI). Within that scope,
measures towards more effective management of dlyad reduction of discards (e.g.
fishing capacity and effort controls, improvemehffishing gear design, bycatch mitigation
devices, spatial and temporal closures, limits @ngliotas on bycatches) have been proposed
(FAO, 1995, 2010, 2011a). Technical improvementtha selectivity of trawl nets, such as
changes in the codend mesh size or mesh configaratid installation of bycatch reduction
devices (BRDs) (e.g. sorting grids, square mestelpaselection panels, escape windows),
have been tested worldwide and have proved to ti@eet in reducing catches of non-
commercial and undersized fish, thus lowering tiseatds levels (Anon., 2000; Eneatral,
2009; Hall and Mainprize, 2005; Kelleher, 2005; &unen and Sarda, 2007). However,
technical measures are not enough by themselvesh@at al, 2008; Sacchi, 2008) and
should be combined with quota and/or effort limiatso as to compensate more the high
short-term losses in the revenue (Mactteal,, 2008).

Since the early 1990’s, an intense research effothe improvement of size and species
selection of bottom trawls has been carried ouRantuguese continental waters. This work
has encompassed the codend size-selectivity of b@mond and square meshes for
cephalopods (Fonseed al, 2002), fish (Campos and Fonseca, 2003; Carepas, 2003a)
and crustacean species (Campbal, 2002, 2003b; Fonseed al, 2007). At the same time,
the feasibility of separation between target anchlgh species was evaluated by using square
mesh windows alone (Campos and Fonseca, 2007) saciated to soft sorting panels
(Campos and Fonseca, 2004). In a later phase, saithg devices (Nordmgre grids) were
tested, both for size- and species-selectivitymgation, in fish (Fonsecat al, 2005a) and
crustacean trawls (Campes al, 2006; Fonseca&t al, 2005b). Although these technical
improvements in the selectivity of trawl nets hgweved to be effective in reducing the

capture of unwanted species and undersized comahé@sti species, with minor losses and
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an increase in quality of target species, theirlementation has not yet been considered in
Portuguese fisheries.

In conclusion, it can be stated that both crustaeea fish demersal trawl fisheries in the
southern Portuguese coast capture an extraordidewsrsity of species and generate
significant amounts of discards, most of which dighes of no commercial value.
Notwithstanding, among the discarded species a@ @ahdersized individuals of the most
commercially important fisheries resources, culyesiibject to strong European Community
regulations (e.g. hake), or that are particuladievant to the marine food webs (e.g. blue
whiting, longspine snipefish, catsharks). The ddicey of fish is due fundamentally to
economic reasons (lack of commercial value) forabsic species, and for legal and
administrative reasons (legal minimum landing sioe)high valuable target species. These
aspects, allied to the spatial and temporal vdiigli the discard proportions and rates found
in this study, and the known implications that disls have on the management of
commercial fisheries and in the ecosystem funatignreveals that discarding should not be
neglected in Portuguese fisheries since they damstia major source of unaccounted
mortality. Therefore it is essential to continughnthe quantification of discards in order to
incorporate the data in the landings databaseeoh#tional institutions, so that more accurate
estimates of stock abundance can be obtained.

Even recognizing that bycatch and discards mitgatheasures are often most favourable
to a particular species rather than others (FAQL13} their adoption should still be
encouraged in the multispecies demersal trawl Bodse fisheries. The adoption of bycatch
reduction devices, the development of alternatimemercial markets for species currently
discarded, and the harnessing of some systemsgtid@lcarded species (e.g. longspine
snipefish and boarfish), fostering the reutilizataf the old but still existing fishmeal and fish

oil factories, will contribute to the promotion thfe sustainable use of the living resources.

- 142 -



Chapter 4

Reproductive biology of the blackmouth
catshark, Galeus melastomus,
(Chondrichthyes: Scyliorhinidae)
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Abstract

The reproductive biology of 1045 female (9.5-67 Th) and 1007 male (9.4-64.3 cm TL)
blackmouth catsharkszaleus melastomusvas investigated. The sharks were caught off
southern Portugal by bottom crustacean trawledepths from 209 to 754 m. The sex ratio
was 1:1 and this species is sexually dimorphic withles approaching maturity at smaller
sizes than females. Sexual segregation appeaesdivén for the stock within the study area.
Sexual maturity was reached at a total length ak®e&m in males and above 56 cm in
females. Mating and egg-deposition take placeedf yound, with two reproductive peaks of
activity, in winter and summer. Egg capsules areawerage, 54 mm long and 21 mm wide,
with a maximum of 63x25 mm encountered. Morphometreasurements of claspers, testes,
ovaries, and oviducal glands were suitable for rd@tgéng sexual maturity of blackmouth
catshark.

Introduction

The blackmouth catsharkGaleus melastomufafinesque, 1810, belongs to the family
Scyliorhinidae and is a common deepwater bottomHadwe shark, not listed in the

International Union for the Conservation of Natused Natural Resources Red list
(http://www.fishbase.org; http://www.redlist.orgCMN, 1993). It is found on the continental
slope at 200-1200 m (mainly between 200 and 50Muat)pccasionally at depths of 55 to 200
m also on the outer shelf. It is distributed in mparts of the north-eastern Atlantic Ocean,
northward to the Faeroes and Trondheim (Norwayymfrthe British Isles and Ireland

southward to Senegal, in Madeira and Canaries @ldgos and is present throughout the
Mediterranean (Bannister, 1998; Cadenat and Blach881; Compagno, 1984a;

http://www.fishbase.org; http://shark-gallery.netis.com; Quéro, 1984; Mojetta, 1997,
Moreno, 1995;: Muus and Nielsen, 1998; P¥kai andCerny, 1990; Sanches, 1986; Steel,
1992). This small catshark feeds on bottom-livingl anidwater invertebrates (cephalopods,
crustaceans, gastropods), benthic and also smhkbipebonyfish (e.g. lanternfish) and,

occasionally, on other small elasmobranchs. Itseradeproduction is oviparity, with litters

of up to 13-14 depending on the number of eggsepteis the oviduct of a female at one
time, and with tendrillacking egg cases measuri36 cm, or smaller in the Mediterranean
population (Cadenat and Blache, 1981; Compagno,4d,9&ttp://www.fishbase.org;

http://shark-gallery.netfirms.com; Moreno, 1995; jbtta, 1997; Muus and Nielsen, 1998;
Quéro, 1984; Steel, 1992). Deposition of egg casswdttains a maximum during the
hydrologic warm season. In the Mediterranean, eggpslition occurs throughout the year,

with a peak of activity in the spring and the sumn{€adenat and Blache, 1981;
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http://www.fishbase.org; http://shark-gallery.netfs.com; Moreno, 1995; Quéro, 1984; Tursi
et al, 1993).

The blackmouth catshark is a species of limite@rggt to fisheries, although in some
parts of its distribution it is caught as trawl bych at bathyal depths. In the eastern North
Atlantic this species is caught in bottom trawlsl anilized fresh and dried-salted for human
consumption, and for leather (Compagno, 1984a;./Mtpw.fishbase.org; Moreno, 1995;
Quéro, 1984; Turset al, 1993). According to Turst al. (1993),G. melastomuabundances
and biomasses make this species particularly irapbtd the marine ecosystem.

Galeus melastomus a very common species off Portugal at depthé00F800m, being
especially abundant in the Alentejo and Algarveiarg (Figueiredo and Correia, 1996;
Figueiredoet al, 1995; Moura, 1995) and around Madeira Island, restieis caught mainly
between 150 and 500 m depth (Sanches, 1986). ltuddy the blackmouth catshark is
included in the offcial landing statistics even ugh only the largest individuals are
marketable. There is no minimum legal size sefifbreries (Figueiredet al, 1994; Moura,
1995).

Like other deepwater shark species, the blackmaatshark is strongly affected by
trawling, being caught as bycatch and largely daw@ The limited fisheries management
measures in place do not take into consideratianuhaccounted mortality. Regarding this
aspect and also because knowledge of the biolotyioEpecies is limited in general, with no
information regarding sexual maturity in Portuguessers, this study aims to contribute to
the conservation and management of the blackmaiihark by providing information on its

reproductive biology.

Materials and methods

Sampling

The specimens for this study were collected abaaychmercial crustacean bottom
trawlers (mesh size of 55 to 65 mm) targeting l@dond-red shrimp Aristeus antennatys
deep-water rose shrimpPdrapenaeus longirostris and Norway lobster Nephrops
norvegicuy. Sampling operations were conducted, on a seh$@sis, between February
1999 and March 2001 off the south coast of Port(@lgiarve), during two scientific projects
on discards. Blackmouth catshark was captured leetw6°41°N-36°56'N and 7°24"W-
9°02°W and at depths of 209 to 754 m. Sub-samgléiseds. melastomusatch were taken
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randomly by scientific observers in most cases,tbatwhole catch was sampled on some

occasions.

Measurements

Specimens were taken to the laboratory where there Wozen whole for later study and
processed after thawing. Identification was conéidibased on Compagno (1984a), Cadenat
and Blache (1981) and Quéro (1984). The followirmgwecorded for each individual: total
length (TL), to the lowest 0.1 cm; total weight (J\Vgonad (left and right testes for males
and right ovary for females) weight (GW), liver @bkt (LW), and eviscerated weight (EW),
to an accuracy of 0.01 g; sex and maturity stage &scertained macroscopically. The EW
was recorded because it is recommended for studgedfin aspects of reproduction
(Mellinger, 1996in Peres and Vooren, 1991).

Total length (TL), used throughout this paper,afined as the length, on a horizontal line,
from the snout tip to the posterior tip of the caluiih, depressed along the anterior-posterior
axis of the fish (Compagno, 1984Db).

For males clasper lengths (inner, CLi and outerp)aif both left and right claspers and
length, width and weight of both left and righttieles were recorded. Inner clasper length
was measured from the point of insertion at thaadoto the distal tip of the clasper and CLo
were measured from the point of outside insertibtha pelvic fin to the tip of the clasper
(Compagno, 1984b). For females, the following da&e collected: maximum length and
width of oviducal (nidamental or shell) gland, nraxim length and width and total weight of
right (single functional) ovary and maximum widtl aterus. Reproductive organs were
measured to the nearest 0.01 mm using Verniempeadlj weighed to the nearest 0.01 g and
were recorded in order to examine changes in tstegetures during the maturation process.

Assessing maturity

Sexual maturity was determined following a scalecdbed for all chondrichthyan species
by Stehmann (2002). For males, a four-scale mgtscidle (from A or 1 to D or 4) takes into
account the size and flexibility or rigidity of slaers, size of testes, width and the occurrence
of coiling of sperm ducts (epididymes) and abseoceresence of sperm in the seminal
vesicle (ampullae ductus deferens) (Annex XVIlInr Females, a six-scale maturity scale
(from A or 1 to F or 6) is divided in two reprodive activity subcycles: the ovarian and the

uterine. In the ovarian stage, size of ovary, absem presence and size of oocytes and width
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of oviducts (uterus) are determinant, while in therine stage, presence of large yolk-egg in
fallopian tubes and formation and rigidity of eggpsules are considered (Annex XIX).

Sex ratio

The sex-ratio :3) for the whole sample was analysed consideringvéhr@tion of sex-
ratio by seasons, throughout the year. Xhgoodness-of-fit testu(= 0.05; Zar, 1996) was
used to examine the differences between observedates and the expected ratio of an

equal sex ratio.

Maturity stages and Spawning period

Distribution of maturity stages for females and esabfGaleus melastomusgvas analysed
according to size, and the egg deposition period getermined by analysing the seasonal

evolution of the maturity stages as percentageseky

Size-at-maturity

Size-at-first-maturity is usually determined byheit analysing the growth of reproductive
organs relative to size, or by fitting a maturitgive. Reproductive organ measurements
described above were used for analysing lengtinsatmaturity.

In order to determine which of the internal reprotdee organs measurements (variables)
are more important for discriminating between mtustages (groups), ranking them in
order of importance given by the naive rank, Distnant Analyses (DA) were performed
using Brodgar (http://www.brodgar.com). These asedywere applied to a sample of 778
males and 683 femaled G. melastomuand the variables considered were: clasper lengths
(CLi and CLo) of both left and right claspers aeddth, width and weight of both left and

right testicles, for males; and the length, widtll &otal weight of the ovary, for females.

Males

One method to determine the size-at-first-matufdy male elasmobranchs is using
clasper length measurements, because there isvenkrmrelation between the development
of secondary sex characters and the reproductiyansr and maturity (Conrath, 2004). The
length of the clasper as a proportion of the ttagth is plotted against the corresponding
length. This usually results in a plot where mayuis indicated by a sharp increase in the
slope (Holden and Raitt, 1974; Pratt, 1979; Teshi®81; Yano, 1993). While clasper length

is most commonly used, the size or weight of otbeproductive structures like the testis and
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siphon sac are often also used and plotted inaheesnanner (Teshima, 1981; Yano, 1993).
In this study, the length-at-maturity @. melastomusnale was estimated by the relation
between clasper length and total length, and atsu the relationships between, testis length,

width and weight, and total length.

Females

In females, size of the oviducal gland or othendtires of the female reproductive tract
are often used to assess the size-at-first maturitg size or weight of the single functional
ovary (right), or the size of the oviducal glantkrus, or other reproductive structure is often
plotted against the length of the animal to deteamf there is a size-range at which the
structure in question begins to develop very quitldfore getting thinner again (Casétoal,
1988; Wass, 197 Conrath, 2004; Yano, 1993).

As the length range at which the adolescent padlagmobranch population matures is
determined by a change in the slope of the platiife purpose of establishing size at which
blackmouth catshark females become mature, wethsddngth and width of oviducal gland;
length, width and total weight of ovary; and widthuterusvs. total length plot, in a similar
way to that discussed above for the males.

Size-at-first maturity forGaleus melastomusiales and females (defined as the size at
which 50% of all individuals sampled are maturesg)Lwas also determined through the
fitting of maturity ogives. The specimens in staged and B/2 were considered as
“immature” and the specimens in other stages wensidered as “mature”, as suggested by
Conrath (2004).

Once all individuals had been classified, the proipo of mature specimens by 1 cm size-
classes was calculated. A maturity curve was deteausing the logistic curve 1 B 1/ [1
+ e @] \whereP; is the proportion of mature individuals in lengtassi anda andb are
fitted parameters which can change during thedyele. A logarithmic transformation was
applied to the equation in order to calculate tleametersa and b by means of linear
regression anddg, the length at the point of the curve correspogdn50% often used as an
indicator of the size as the specimens mature,dcbal calculated ass¢=(a/b) (Sparre and
Venema, 1992).
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Reproductive activity

The cyclic manifestations of the reproductive agtivin marine fish concerns the
evolution of the gonadosomatic indices (GSIs) asndicator of notable weight variations
(Lahaye, 1981). For each sex, the reproductiveecgtblackmouth catshark was analysed in
terms of seasonal changes of the GSls, calculaedsimg the weight of the gonads as a
percentage of the eviscerated body weight. In @adéx, the means and respective standard
deviations were calculated by season.

Correspondence analysis (CA) was performed using &AS, 1989) in order to identify
possible relations between the variables sex, nixatstage and season. This analysis was
applied to a sample of 2032. melastomu$1045 females and 1007 males), cross-classified
by season, sex and maturity stage and data weledracross seasons for all years, since

there were insufficient data for a monthly analysisor seasonal analysis per year.

Results

Length frequency distributions

Length data foiGaleus melastomusere collected for 2052 specimens in total, cagutur
in 25 trips (45 tows) during the period study (TeaBll). The length-frequency distributions
for both sexes are shown in Figure 4.1. Specimanged in size from a minimum of 9.5 cm
TL (2.62 g TW) to a maximum of 67 cm TL (1013.6 W/ for females and 9.4 cm TL (1.99
g TW) to 64.3 cm TL (733.2 g TW) for males. Averagefor females is slightly larger (23.2
cm) than for males (22.5cm). The most frequentssifte both sexes, were from 12 to 32 cm

TL representing about 87 % of the sharks examined.
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Table 4.1 — Summary data fGaleus melastomuesxamined in each season (N-number; Min.-
minimum; Max.-maximum; SD-standard deviation).

Trips  Tows TL range (cm) Tow depth range (m)
Season Sex N
(N) (N) Range Mean SD Min. Mean Max.
Winter 7 12 Q 148 13.6635 309 15.969 300 567 680
3 144 12.064.3 26.6 13.009 300 584 680
2+ 292 12.0643 288 14.723 300 575 680
Spring 8 15 Q 400 11.262.2 19.2 6.365 405 558 754
3 353 10.859.2 193 5.313 350 553 754
2+ 753 10.862.2 193 5.891 350 555 754
Summer 8 16 Q 374 9.5-67.0 229 10.408 430 587 750
3 393 9.4-59.5 220 8.719 430 585 750
2+ 767 9.4-67.0 225 9.584 430 586 750
Autumn 2 2 Q 123 15.7-59.8 274 7.245 610 622 635
3 117 152495 28.6 7.111 209 618 635
2+ 240 15.259.8 28.0 7.191 209 620 635
Total 25 45 Q 1045 9.5-67.0 23.2 10.623 300 577 754
3 1007 9.4-64.3 225 8.928 209 578 754
Q+3 2052 9.4-67.0 228 9.831 209 577 754
110 + . 79 (N=1045)
100 7 52 (N=1007)
90 +
3 -
5 807 1.
E
© 70 + .
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Figure 4.1 — Length distributions Gfaleus melastomus
Sex ratio

Of the total specimens examined, 1045 (51%) weareafes and 1007 (49%) were males.

The overall ratio of females to males was 1.04:d gh goodness-of-fit tests showed no
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significant differences x?=0.7, p>0.05) in the proportion of sexes for theolehperiod

analysed. The same result was obtained for the &fatle four seasons for both sexes.

Maturity stages and egg-deposition period

The distributions of maturity stages Gf melastomudemales and males, according to
size are shown in Figure 4.2. The smallest immagtege A) specimens were 9 cm TL, with
males reaching 44 cm TL and females 45 cm TL, apdesenting 95% and 93% of the total,
respectively. Both males and females start matuistage B) at 42 cm with females of this
stage being larger (55 cm TL) than males (51 cm. Males attained maturity (stage C)
sooner (44 cm TL) than females (52 cm TL), reaclangaximum at 59 cm and 62 cm TL,
respectively. Males began to become active (stggabbve 49 cm TL, and no active males
were found (Stage D) above 64 cm TL. No active fesxavere found but those that reached
the advanced stage (stage E) attained a size-feorlgeb6 to 62 cm TL, with the exception of
one specimen of 45 cm TL. Females start to appetiei extruding phase (stage F) with sizes

above 56 cm to a maximum of 67 cm TL.

d nA (n=957) 0B (n=19) ©C(n=15) =D (n=16) L
¢ OA(N=972) 0B (n=38) OC (n=11) ®E (n=4) mF (n=20)

100
80 ] I
o 60
40 - =
20 -
% o
_20,
-40 -

-80 1 |
-100

37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67

TL classes (cm)

Figure 4.2 — Frequency distributions Galeus melastomuby sex and maturity stages.
Specimens between 9 and 36 cm total length (TLhataepresented because they were all
immature.

Egg-deposition period could be inferred by analysithe seasonal evolution of the
percentages of maturity stages (i.e. mature spesnef G. melastomusMature males

(Stages C and D) are present all year round, dogumost frequently in summer (17.6%)
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and winter (70.6%), when four active males (Stagesiibwed copulating signals, such as
opened claspers frequently with sperm. The sanmmsée happen with mature (Stages C to
F) females although less frequently (10.5%) in semiand with much higher percentages
(79%) in winter. Throughout the reproductive periodature and immature (A) stages
occurred simultaneously, the latter showing a demdowards winter. In fact, the smallest
individuals (9-12 cm TL) were caught almost exchedy in spring and summer. Females
attain first sexual maturity in spring, and neithreaturing males nor extruding females

appeared in spring.
Size at maturity

Male

The internal reproductive organs’ measurementsntak&. melastomusnales are given
in Table 4.2. The inner clasper length of the dddisper ranged from 1 to 29 mm for juvenile
specimens with non-calcified claspers, from 26 fo rBm for maturing specimens with
calcifying claspers and from 42.7 to 90 mm (mean863D=13.52, N=30) for adult (Stages
C and D) specimens with calcified claspers.
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Table 4.2 — Internal reproductive organ measuresnehGaleus melastomusales in
each maturity stage (N-number of specimens; SDdstaihdeviation).

A B

Characteristic

Range (N) Mean SD Range (N) Mean SD
Inner clasper length (mm) — Right 129.0 (728) 9.52 5.21 26.0-51.0 (20) 35.98 8.60
Inner clasper length (mm) — Left 1.0-29.0 (728) 949 .185  26.0-51.0 (20) 35.80 8.41
Outer clasper length (mm) — Right 430.0 (728) 4.65 2.82 13.0-33.0 (20) 20.40 7.38
Outer clasper length (mm) — Left 1.0-30.0 (728) 4.642.81 13.0-33.0 (20) 20.40 7.37
Length of testicle (mm) — Right 7.48-61.35 (567) 029. 9.36 38.77-78.08 (20) 56.73 13.23
Length of testicle (mm) — Left 7.29-52.22 (567) 3.5 7.24 32.75-80.80 (20) 46.68 10.88
Width of testicle (mm) — Right 0.40-6.26 (568) 161 .04 4.37-11.31 (20) 7.57 2.17
Width of testicle (mm) — Left 0.09-5.63 (568) 145 9. 4.32-9.96 (29) 7.21 1.84
Weight of testicle (g) — Right 0.01-0.19 (569) 0.02 .030 0.14-0.89 (20) 0.47 0.27
Weight of testicle (g) — Left 0.01-0.15 (569) 0.02 0. 0.12-0.83 (20) 0.40 0.25
Total length of specimens (cm) 9.4-44.0 (730) 21.95.596 42.0-51.8 (20) 45.66 2.78

C D

Range (N) Mean SD Range (N) Mean SD
Inner clasper length (mm) — Right 43.3-81.0 (14) 458. 11.99 65.0-90.0 (16) 76.52 7.29
Inner clasper length (mm) — Left 42.7-81.0 (14) 52.816.54 65.0-90.0 (16) 76.58 7.73
Outer clasper length (mm) — Right 27.0-57.0 (14) 7B8. 9.58 45.0-67.0 (16) 56.03 7.42
Outer clasper length (mm) — Left 27.0-57.0 (14) 88.3 9.44 43.2-7.0 (16) 55.63 7.69
Length of testicle (mm) — Right 47.1-91.77 (14) %0.415.94  59.35-103.86 (16) 7411 12.39
Length of testicle (mm) — Left 41.8-69.48 (14) 59.097.64 32.1-81.54 (16) 67.78 11.66
Width of testicle (mm) — Right 6.96-14.97 (14) 11.212.17 10.31-20.22 (16) 14.54 2.83
Width of testicle (mm) — Left 7.13-15.79 (14) 10.69 .32  10.21-19.86 (16) 14.12 2.96
Weight of testicle (g) — Right 0.57-2.72 (14) 142 690. 0.99-4.46 (16) 2.69 1.03
Weight of testicle (g) — Left 0.56—-2.69 (14) 129 7.6 116-4.14 (16) 2.57 0.90
Total length of specimens (cm) 38.8-59.2 (14) 49,96 .035 49.2-64.3 (16) 57.23 4.32

Globally, clasper length (CL) increased with tot@ngth and, according to the

calcification of the clasper, three groups can bted (Figure 4.3). IrG. melastomys778

specimens were analysed and the size of claspegedafrom 1 to 90 mm (mean=12.33,
SD=13.00). The first group of CL range correspotadsnmature males (93.6%), ranging in
size from 9.4 to 44.0 cm TL, with small, non-cakef claspers, of less than 29 mm length.
The second range of clasper size corresponds tarimgimales (2.6%), ranging in size from
42.0-51.8 cmTL, with claspers attaining larger si¢26 to 51 mm) and already calcifying,
while the third is composed of mature and activéesé3.9%) ranging in size from 38.8-64.3
cm TL, with completely developed sexual organsluding fully calcified and rigid claspers

(42.7 to 90 mm). When claspers of 42.7 to 54 mm3%8of males are mature and about
83.3% of the male specimens had claspers that W2ré to 90 mm long. A noticeable

increase in clasper length occurs when specimeais &9 cm TL, which indicates that male
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maturation has begun. At this size, claspers argeothan 54 mm and all of the specimens
are mature. Following this rapid growth, the claspmsntinue to grow but at a slower rate.
Like clasper length, left testis weight, length amilith also increased with total body
length with onset of maturity. With testes weigahging from 1.13 g (38 cm TL) to 1.97 g
(49 cm TL), 46.2% of males are mature. From 49 dmohward, testes weight starts to
increase and there is a marked further increa®d287 g) from 52 cm TL onward, when all
of the specimens are mature. Following this rapam, the claspers continue to grow at an

even higher rate (Figure 4.4A).

100 -
OClasper not calcified (juveniles)

OClasper calcifying (maturing)
80 | eClasper calcified (adult)

70 +

90 -

60 -
50 - o

CLi (mm)

40 - —
n=72¢ n = 3(

30 -

20 -
10 +

Total length (cm)

Figure 4.3 — Relationship between total length ianér (left) claspers length (CLi) for males
of Galeus melastomuecross stages of maturity.

Length of the left testes (Table 4.2) does notdase with total length as do the other two
testes measurements and the data are more digpeyge 4.4B). Even so, testes increased in
size more rapidly at a length above 48 cm TL, t#ailg between 59.73 to 81.54 mm in
length, above which all specimens are mature. Aslfmther testes measurements, all males
greater than 52 cm were mature (Figure 4.4B). Bedlt® started to grow in width rapidly at
a total length of 48 cm (11.35 mm) to 51cm TL (B4r@m). For testes width ranging from
7.13 mm (38 cm TL) to 10.54 mm (44 cm TL), 36.8%wdles are mature, and above 11.35
mm (48 cm TL), all males are mature. No immaturenaturing adolescent males less than 52

cm TL were found (Figure 4.4C).
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Figure 4.4 — Relationships of total length to (83tes weight (TeW); (B) testes length (TelL);
and (C) testes width (TeWi), @aleus melastomusales, according to maturity stages.
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As clasper length and left testis measurements sti@apid increases with the increment
in total length, relationships between clasper leragnd each of the testis measurements were
pooled and plotted against total length, but is ttdse not considering maturity stages (Figure
4.5). As expected, the relationship between thepelalength and the total length is very
similar to that between the testes weight (TeW)gle (TelL) and width (TeWi). An increase
in both clasper and testis occurs at approximatdlgm TL and this may indicate that male

G. melastomuseaches maturity about this size.
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Size-at-first-maturity (ko) for G. melastomusnales was determined from 31 mature
specimens and was estimated to be 49.37 cmTL.dgistic curve was:

P=1/[1+ é7.6374+0.1547*T|1)_ (1)

Discriminant analyses results shows a good separaietween the four maturity stages
(groups 1 to 4) of males (Figure 4.6) and reveads, in addition to total length, length of left

clasper and measurements of left testis are thé¢ mmpertant variables to define stage of

maturity in males (Table 4.3).
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Figure 4.6 — Scores of maturity stages (groups4) for the two discriminant functions axes
of the DA forGaleus melastomusales. Triangles represent mean values.

Table 4.3 — Discriminant Analysis (DA) output fGaleus melastomusales.

naive rank Mahalanobis distance

Variable

1 984.683 Total Length

2 1017.903 Inner Clasper Length Left
3 1089.717 Weight Testis Left

4 1130.083 Inner Clasper Length Right
5 1131.533 Length Testis Left

6 1135.230 Weight Testis Right

7 1147.460 Width Testis Left

8 1150.166 Outer Clasper Length Right
9 1151.574 Length Testis Right

10 1161.241 Outer Clasper Length Left
11 1162.580 Width Testis Right

Total sum of Mahalanobis distances between groumme 1166.59
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Female

The internal reproductive organ measurements takesvaries ofc. melastomugemales
are given in Table 4.4. Ovary width ranged from @513.74 mm for immature (Stage A),
from 5.73 to 20.9 mm for maturing (Stage B), amahfr15.11 to 59.83 mm (mean=38.59,
SD=9.85, N=35) for mature (Stages C, E, F) specan@vary weight ranged from 0.01 to
0.80 g for immature, from 0.09 to 1.68 mm for matgr and from 1.03 to 45.57 mm
(mean=18.26, SD=10.07, N=35) for mature specim@wary length varied from 6.22 to
97.08 mm for immature, from 55.53 to 108.47 mm fwaturing and from 77.10 to 155.85
mm (mean=114.26, SD=19.50, N=35) for mature spetsme

Table 4.4 — Internal reproductive organ measuremefGaleus melastomusmales in each
maturity stage (N-number of specimens; SD-standawiation).

A B Cc

Characteristic

Range (N) Mean SD Range (N) Mean SD Range Mean SD
Length of nidamental 8.63-21.11 (21) 13.63 2.86 17.7-31.43 (10) 2453 473
gland (mm)
Width of nidamental 3.67-12.24 (21) 6.24 266 11.13-19.89(10) 1592 274
gland (mm)
Length of ovary (mm) 6.22-97.08 (612) 26.29 16.50 55188.47 (36) 87.06 10.43 77.10-120.92 (11) 105.49 12.89
Width of ovary (mm) 0.50-13.74 (612) 426 265 5.739Q(36) 1356  2.87 15.11-46.76 (11)  30.52 10.51
Weight of ovary (g) 0.01-0.80 (612) 0.04 0.08 0.09-1363 0.77 0.32 1.03-27.72 (11) 10.13 8.36
Width of uteri (mm) 2.24-14.30 (22) 554 326 7.71-19.37 (11) 1362 311
Total length of specimens  12.7-47.8 (614) 2287 6.82 43.6-55.1 (36) 4952 357 -52.2 (11) 5842  2.66
(cm)

E F

Range (N) Mean SD Range (N) Mean SD
Length of nidamental 21.82-31.15 (4) 2514 433 2434-3543(17) 2845 2.96
gland (mm)
Width of nidamental 12.76—20.06 (4) 1746 3.28 16.58-25.92 (17)  19.97 238
gland (mm)
Length of ovary (mm) 73.55-128.74 (4) 101.87 22.60 @8165.85(20) 121.56 19.47
Width of ovary (mm) 26.41-43.81 (4) 37.70 7.96 34.2585¢20) 4321 6.72
Weight of ovary (g) 9.72-19.5 (4) 13.94 417 14.98-4%%) 2360 835
Width of uteri (mm) 14.05-26.02 (4) 19.21 524 22.552887) 2528 218
Total |ength of specimens 45.5-62.0 (4) 55.23 6.95 56.0-67.0 (20) 61.42 2.97
(cm)

In general, width, weight and length of right ovasy G. melastomudemales also
increased with total body length with onset of miiguas was also the case for males (Figure
4.7). With an ovary width (OWi) from 15.11 mm (5&1¢TL) to 24.15 mm (55 cm TL), only
30.8% of females are mature (Figure 4.7A). Ovargtlvin relation to total length increased
rapidly from a TL of about 56 cm onward, above whall specimens are mature, varying
from a minimum of 27.79 mm to a maximum of 59.83 madth. Following this rapid

growth, the ovary continues to grow in width butaaslower rate. Exceptionally, one female
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of 45 cm TL was in the advanced stage of matuwiyhh an ovary width of 26.41 mm. The
relationship between total length and ovary wei@D¥We) also demonstrates that ovaries
started to get noticeably heavier from a total tengf 56 cm onward, above which all
specimens are mature, varying from 5.74 to 33.28gure 4.7B). Following this growth, the
ovary continues to grow in weight at an even highéz. Female specimens from 12 to 55 cm
TL were all immature and maturing, with the exceptof one mature (Stage C) female of 52
cm TL (OWe=1.03 g) and another one in an advantageqE) at 45 cm TL (OWe=0.72 g).
Concerning the ovary length (OL), an increase watlal length is not as evident as for the
other two ovary measurements, with data that areendisperse (Figure 4.7C). Even so,
ovaries seemed to start to grow more rapidly atr&9rL, continuing to increase in size with
higher total lengths. With ovary lengths rangingnfr 73.55 mm (45 cm TL) to 108.47 mm
(50 cm TL), few females are mature (28.3%) andjlamto other two ovary measurements,

females above 56 cm TL are all mature.
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Figure 4.7 — Relationship between total length @dovary width (OWi); (B) ovary weight
(OWe); and (C) ovary length (OL), Baleus melastomusmales, across stages of maturity.
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Nevertheless, relationships between total lengthwalth and length of oviducal gland
(Figure 4.8) and total length and uterus width (Fég4.9) were explored in order to see if
there is an increase in these organ measuremetistotal body length, with onset of
maturity. Both oviducal gland width (OgWi) and léhgOgL) in relation to total length,
increased rapidly at a TL from about 56 cm onwatmhve which all specimens are mature.
For mature females, OgWi varied from a minimum 8B mm to a maximum of 25.92 mm,
and OgL ranged from 17.72 to 35.43 mm. Followinig ttapid growth, the oviducal gland
continues to grow in width but rather gradually,ilefit seems to continue growing in length
but even less gradually. Also, in both kinds of smeaments of the oviducal gland, females
less than 55 cm are not mature, with the excepifaane mature female (Stage C) of 52 cm
TL (OgWi=11.13 mm, OgL=17.7 mm) and outstandingiye female in the advanced stage
of maturity (Stage E), measuring 45 cm TL, had alkn oviducal gland, of 12.76 mm in
width and of 21.82 mm in length, being more similarfemales in the maturing (B) stage
(Figure 4.8).
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Figure 4.8 — Relationship between (A) oviducal dlavidth (OgWi) and total length and (B)
oviducal gland length (OgL) and total length,Galeus melastomusmales, across stages of
maturity.

Width of uterus (UWi) follows exactly the same patt as oviducal gland. A rapid
increase appears when females attain 56 cm TL,allifiemales above this size being mature.
Nonetheless, after this increment uterus width ogtgws 2.24 mm more, attaining a
maximum of 28.26 mm at 62 cm TL. The rest of theureafemales have uteri that range
from 11.27 to 26.02 mm in width (Figure 4.9).
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Figure 4.9 — Relationship between uterus width (Y&vid total length, isaleus melastomus
females, across stages of maturity.

Egg capsules were found in Z1 melastomugemales, with three females in advanced
stage (E) and 21 females in the extruding stageN&)marked difference was found in the
number of egg capsules between the right and tefus. The number of egg capsules ranged
from 1 to 4 in each uterus (oviducts) and of thdi2drs examined, 18 had equal number of
egg capsules in each uterus, one had one moreapggle on one side or the other and five
had only one egg capsule, all in the right uteflise 100 egg capsules ranged from a
minimum of 35x14 mm to a maximum of 63x25 mm ingdgnand width (mean=54x21 mm,;
SD=4.66x1.78), respectively. Females carrying emjgsales appeared all year round but the
majority of them were captured in the winter (7843and in the summer (20.83%). Single
females bearing egg capsules were captured ingspnd in autumn. Although no relation
between female size and the number of eggs waslfdarger females seem to have slightly
larger egg capsules.

Size-at-first-maturity (ko) for G. melastomugemales was determined from 35 mature
specimens and was estimated to be 69.69 cmTL.dgistic curve was:

Pi =1/ [1 + e(3.0387 +0.0436*TL]). (2)

Discriminant analyses results shows a good separ@etween the five maturity stages
(groups 1 to 5) of females when considering thermedues, although it is closer in groups 1
and 2 than that of the remaining groups (Figur@}4.DA also reveals that ovary width is the

most important variable to define stage of mattiritfemales, followed by ovary weight"(2
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naive rank) and ovary length '{3naive rank). Total length of the specimen is thast

important variable (Table 4.5).

20
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Discriminant function 2

0 35
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Figure 4.10 — Scores of maturity stages (groups4) for the two discriminant functions axes
of the DA forGaleus melastomusmales. Triangles represent mean values.

Table 4.5 — Discriminant Analysis (DA) output fGaleus melastomusmales.

naive rank Mahalanobis distance Variable
1 710.180 Width Ovary (Right)
2 834.235 Weight Ovary (Right)
3 968.187 Length Ovary (Right)
4 975.858 Total Length

Total sum of Mahalanobis distances between groumme 1166.59

Reproductive activity

The seasonal evolution of the gonadosomatic in@Xl)(of G. melastomuss similar in
both sexes with higher values for females than sndlee analysis of GSI shows that gonads
reach their maximum weight in winter (egg layingke(mean=15.3, SE=2.695, for females
and mean=9.6, SE=1.922, for males) and a minimuthdrspring (mean=2.7, SE=0.445, for
females and mean=3.2, SE=0.233, for males) andrautafter and before egg deposition,
respectively) (mean=2.2, SE=0.426), in females, amdthe autumn (resting period)
(mean=1.0, SE=0.08), in males. These findings @gdiyeagree with those obtained by the

seasonal analysis of maturity stages.
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Correspondence analysis (CA) result shows a gooparagon between females and males,
according to maturity stage and season (Figure)A4.lhimature individuals are well
distinguished from maturing and mature ones, witimature females closer to spring and
autumn and males closer to summer season. Mataspseand egg-deposition periods occur

more markedly during the winter season.
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Figure 4.11 — Correspondence analysis (CA) plgbldisng variable scores in the first two
dimensions foGaleus melastomusetters A to F represent maturity stages, numbensd 2,

associated with maturity stages, correspond tak€X% 2-3) and seasons are represented by
Wi-winter, Sp-spring, Su-summer and Au-autumn.

Discussion

The population ofaleus melastomusf the south coast of Portugal was found to cdnsis
mostly of young individuals. This could be due ke thon-selective gear characteristics of
crustacean trawlers and/or to overfishing effedtbathyal depths (200 to 800m) by the
fishery targeting valuable species suchAasteus antennaty$arapenaeus longirostriand
Nephrops norvegicus

The biological and reproductive aspect$oimelastomutom Algarve waters differ only
slightly from those of Mediterranean specimens. gkding to Capapé and Zaouali (1977),
Mediterranean blackmouth catshark specimens asiaialler maximum total lengths than
those from the Atlantic. The maximum total lengthtloe specimens caught off the south
coast of Portugal corroborates this statementaa$e seen in Table 4.6.
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Table 4.6 — Comparison of maximum total length (Biod size at first maturity by sex of
Galeus melastomusr various geographical subareas.

Maximum TL (cm) Size at maturity

Author Maritime sector a8 Q a8 ®
Joensen and Taning (1970) in Faeroe Archipelago 70-79
Cadenat and Blache (19
Capapé (1974) in Cadendtunisian coasts (Mediterranean) 63 50-70
and Blache (1981)
Capapé and Zaouali (1977) Tunisian waters (Meditezan) 42 47 >42 39-42
Cadenat and Blache (1981) Mediterranean and Atlanti(occidental 40 (mean)
coast of Africa)
Capapé and Brahim (1984) Tunisian waters (Medite@a) 62 66
Compagno (1984b) Eastern North Atlantic and Mexditezan 61 920 33-42  38-45
Quéro (1984) Eastern North Atlantic and Meditereane 61 90 34-42  39-45
Sanches (1986) Portuguese coast and Madeira Island 90
Tursiet al. (1993 lonian Sea (Mediterranea 51 5E 4k 4¢
Pivnicka andCerny (1990) European coasts 70
Figueiredoet al. (1995) Portuguese south and southern west coasts 80
Moreno (1995) Iberian waters, north-eastern Atlaatid 60-70 40 40
Mediterranean
Mojetta (1997) Eastern Atlantic and Mediterranean 90
Bannister (1998) Eastern Atlantic 10C
Muus and Nielsen (1998) Eastern Atlantic and Meditezan 60 20
Our data Portuguese south coast 64 67 49 56—59

According to Figueiredo and Correia (1996), in Bgal there are no relevant studies on
growth of G. melastomusFigueiredoet al. (1994) reported that this species displays a clear
increase in size with depth, being well represemteitie Algarve at depths from 400 to 800
m, with mean total lengths ranging between 26.12ton%6.73 cm. The lack of larger
specimens in the present study (mainly femaledénlast reproductive stages), could be a
characteristic of the local population or may be thuthe tendency for larger specimens to be
found in even deeper waters.

The overall distribution of length-frequencies antiturity stages indicates that the
blackmouth catshark presents a sexual dimorphismsizgyin the studied area, with females
growing larger than males and also reaching matatita larger size. Capapé and Brahim
(1984), in the Mediterranean (Tunisia) also fouhdttfemales were slightly bigger than
males.

No variation in the sex ratio throughout the yeasviound. Capapé and Zaouali (1977)
also found that schools of blackmouth catshark bithray bathyal zones in the lonian Sea
were made up of females and males in equal praporti

The blackmouth catshark has been confirmed as @marous species (Cadenat and
Blache, 1981; Compagno, 1984a; http://www.fishbage.http://shark-gallery.netfirms.com;
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Mojetta, 1997; Moreno, 1995; Quéro, 1984), with ®dbat are enclosed within an egg
capsule, without tendrils at the corners, and éinatdeposited on the bottom. OviparityGn
melastomuds a case of retained oviparity, with multiple ecgpsules retained within the
oviducts (the same as in the uterus of viviparduarks), but in which the development
proceeds for a longer period before the egg capsate released into the environment
(Compagno, 1988 and Compagno, 189Conrath, 2004).

Wourms (1977) characterized three basic types mbdrictive cycle for chondrichthyan
fish: (1) reproduction continuously throughout fear; (2) a prolonged and partially defined
annual cycle with one or two peaks; and (3) a detfined annual or biennial cycle.

The results of seasonal percentages of males amlde by maturity stages, the existence
of males that showed copulation signals, the sedserolution of the GSI and the
correspondence analysis results, suggest that #imgnseason and egg-deposition period
occurs mainly in winter and, to a lesser extengummer. The fact that females carrying egg
capsules appeared in all seasons could suggestepggition all year round in the studied
area. ThereforeG. melastomuscould have an extended breeding season, repragucin
continuously all year round, with eggs continuingdievelop throughout the year, but with
two reproductive activity peaks occurring during thinter and summer.

Egg-deposition of5. melastomusttains a maximum during the hydrologic warm seaso
and, in the Mediterranean, occurs throughout tha,ysith a peak of activity in the spring
and the summer (Capapé and Zaouali, 1977; Quésd; Tursiet al, 1993; Moreno, 1995;
Bannister, 1998). Capapé and Zaouali (1977) regdhat vitellogenic activity is constant all
year round and that all adult females have numeomaytes inside their ovary ready to be
fertilized in the uterus. Turgt al. (1993) added that the active reproductive cyclenafure
blackmouth catshark occurs at the shallowest degthshich the species is found, whilst
juveniles are widely distributed on the bathyapsldOrsi and Wurtz, 1977), probably due to
different feeding requirements compared with thafsthe adults (Turset al, 1993) and, over
time, they move successively into shallower deptbeproducing (copulating and fertilizing
the eggs) and concluding its life cycle (by gestatiegg-deposition and hatching of the egg-
capsules). According to Mufioz-Chéapuli (1984), thermomenon of segregation of deep-sea
sharks into aggregations of the same sex and sasealeady studied by Ford (1921) for the
genusScyliorhinus and by Bullis Jrif Gilbert, 1967) foiGaleus aragNichols, 1927).

Length of left clasper and measurements of letigese considered a good measure to

define stage of maturity of males, with marked @&mnin growth rate from 49 to 52 cm TL
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for clasper length, testis weight, width and len@lze at first maturity () was estimated to
be 49.37 cm TL. These results suggest that theasineaturity for males could fall between
48 and 52 cm TL.

Oviducal gland measurements can also be potentiadds of maturity, although not so
important as the ovary, which is, probably, thetlweproductive organ for defining the state
of maturity ofG. melastomugemales. On the other hand, uterus width doese@m to be as
important for defining female maturity stage. Theary width and weight increased
noticeably at about 56 cm TL (27.79-59.83 mm ant#83.28 g, respectively) and ovary
length, although not as clearly as the other twasueements, increased rapidly at 59 cm TL
(92.57-120.92 mm). The smallest advanced (Stagenf)extruding (Stage F) females were
56 cm TL. Size-at-first-maturity gg) was estimated to be 69.69 cm TL. This value is
probably overestimated since the sample size ofptbeortion of mature females used to
estimate kp was small. These results suggest that the sifiesathaturity for females is
probably above 56 cm or could fall between 56 a@d@rd TL. Nevertheless, our size at first
sexual maturity data is greater than for the Mediteean, as can be seen in Table 4.6. Tursi
et al. (1993) also found that sexual maturity@ melastomusvould be reached around the
third or fourth year of life and Capapé (197r) Capapé and Brahim (1984) states that
maximum total lengths and size-at-first-maturitg aandom in some species of selachians
and, notably, that there could be very importamiagimns within the family Scyliorhinidae.

The dimensions of egg capsules vary according togrgghic area, with those of
specimens from the Atlantic being larger than thfseen the Mediterranean (Capapé and
Zaouali, 1977). Capapé and Zaouali (1977) stateat the reproductive cycle o6.
melastomusn Mediterranean waters is different from thatodier oviparous selachians in
certain points: the egg-deposition is permanenyedlr round and the seasonal fluctuations
(egg capsules production was more important in dbtumn) are less marked than in
Scyliorhinus caniculand in Rajidae. The egg capsule dimensions stuadfetie south coast
of Portugal (from 35x14 to 63x25 mm) are, in fdatger than those of the Mediterranean
and, closer to our study are the egg capsule dioenseported by Moreno (1995) (Table
4.7).

A relatively small proportion (9%) o6. melastomysoff the Algarve, of total lengths
greater than 38 cm TL is marketed. If we consitlat the size at first sexual maturity for this
species is in fact over 38 cm TL, we suggest thahimsimum landing size should be

established: above 56 cm, for females and above¥8or males.
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Table 4.7 — Comparison of egg capsules dimensidn&aleus melastomugor various
geographical subareas.

Egg capsules

Author Maritime sector Dimension
(mm)

Lo Bianco (1909) in Capapé and Zaouali (1977) dtakeas 45x18
Le Danois (1913) in Capapé and Zaouali (1977) Marelstern Atlantic) 60x30
Tortonese (1956) in Capapé and Zaouali (1977) ahiadeas 45x18
Wheeler (1969) in Capapé and Zaouali (1977) Brits$dns (eastern Atlantic) 60x30
Capapé (s/d) in Capapé and Zaouali (1977) Tunigiers (Mediterranean) 46x21
Smith (1893) in Cadenat and Blache (1981) Occidewiast of Africa 45x18-65x20
Capapé and Zaouali (1977) Tunisian waters (Mediteran) 42x18-48x25
Compagno (1984b) Eastern North Atlantic and Meditgzan 60x29
Quéro (1984) Eastern North Atlantic and Meditereane 60x30
Tursiet al. (1993) lonian Sea (Mediterranean) 45x17-55x20
Moreno (1995) Iberian waters, north-eastern Attaatid 50x20-55x20

Mediterranean
Bannister (1998) Eastern Atlantic 60x30
Our data Portuguese south coast 35x14—-63x25

However, these results should be considered asmmmaty and further research into
relevant life history characteristics, growth, diaition, spatial segregations of mature
individuals and, particularly, gestation period;uiadity studies and histological examinations
of the gonads are required in order to carry outaasessment of th&. melastomus
population off the South coast of Portugal.
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Neoraja iberica n. sp., a new species of pygmy
skate (Elasmobranchii, Rajidae) from the
southern upper slope
of the Iberian Peninsula
(Eastern North Atlantic)

At A 3
‘. u.v“ -‘ ]
v it 174 : S
’T ke gttt N SRR
SRl el AT

g ;

3 .'v',’“‘.i!‘;: 4«‘;.

Neoraja iberican. sp. - photo by @ MECosta
adapted by Pedro Correia

Published in Cybiung2008)32(1): 51-71
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Abstract

Neorajaiberica n. sp. is described from the Portuguese and Spadstor of the Iberian
Peninsula south coast slope, based on a serie® typb specimens representing all sizes of
both sexes. This pygmy skate species was foundamittaximum total length of 316 mm for
females and 327 mm for males. The smallest spesmane a 55 mm TL neonate female
and a 67 mm TL male. This new species is easilyndigished externally from four named
congenerdN. stehmanniN. caeruleaN. africanaandN. carolinensisby: upper side ochre to
medium greyish-brown and dark greyish in groundogplwith a lively ornamentation in
smaller specimens of dark brown dots and spotsvalt disc and posterior pelvic lobes to the
extreme margins, plus frequently a few pairs oftishispots and dots on inner pectorals; 7-8
blackish cross-bars or asymmetrically paired satithéches along tail, which pattern fades
with growth and becomes reduced in adults to ageins of larger dark, pale edged spots plus
mostly 1-2 pairs of the whitish dots, and crossstiarsaddle blotches along tail become less
distinct; underside of disc, pelvics and tail whis most a faint greyish margin to posterior
disc and pelvic lobes, but occasionally a cloudnafrging brownish spots appears on each
pectoral centre. A mature male specimen in pooditiom of about 260 mm TL from the
southern Bay of Biscay, originally identified by ilfant (1888) asRaja fullonicaLinnaeus
1758, is now reallocated tNeoraja based mainly on features of its nearly skeletmhis
claspers. The similar patchy and very limited disttional range of each species all along the
Eastern Atlantic from off South Africa to off Scatid is briefly discussed, with four or five
species occurring in the Eastern and only one spécithe NW Atlantic.

Introduction

Bigelow and Schroeder (1948) established the g@&masiraja for soft-snouted pygmy
skates first found in the Western North Atlanticddaassigned their new speciBs colesi
(generotype) andB. plutonia (Garman, 1881) to this genus. These authors dsmghtheir
genus by “Rajidae with a rostral cartilage, butrwthie latter falling considerably short of the
extremities of the anterior rays of the pectorald Aence short of the tip of the snout; the
anterior pectoral rays of the two sides are eittlese together anteriorly or are farther
separated. Characters otherwise aRam” Six more Western North Atlantic species were
subsequently described by Bigelow and SchroedebQ)1B. cubensisB. atripinng B.
sinusmexicanysB. spinosa B. yucatanensjsand Bigelow and Schroeder (1962p.
ishiyamai Other authors added to this number by describimagssigning further species from
other ocean localities tBreviraja, based primarily on the soft-snouted rostral cbowli(e.g.
Bigelow and Schroeder, 1965; Forster, 1967; Ishgab®58, 1967; Krefft, 1968a), although
in external appearance and size most differed deraly from the eight species initially

assigned to the gen@seviraja by Bigelow and Schroedeog€. cit).
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Ishiyama and Hubbs (1968) compared rostral cadflamnd claspers &reviraja coles]
with those of soft-snouted Western North Pacifiatek described by Ishiyama (1958, 1967),
and found considerable differences. Consequeritgy tediagnose@reviraja based on its
type specie8. colesiand assigned all species, other than the origigdit from the Western
North Atlantic, to the genuBathyraja Ishiyama, 1958 by elevating it from subgenerickran
Breviraja (Bathyrajg to a defined genus. Following this revision, vas authors reallocated
many species previously assignedteviraja to Bathyraja(e.g. Hulley, 1970; Menni, 1972;
Stehmann, 1970, 1978).

Based on the revised diagnosis Bxfeviraja by Ishiyama and Hubbs (1968), further
species were described mainly from the EasternnAtlaB. stehmanniHulley, 1972,B.
caeruleaStehmann, 1976b. Stehmann (1976a) also reallotatedndian Ocean species of
Rajato Breviraja, namelyB. mamillideng(Alcock, 1889) and. sibogagWeber, 1913) and
commented on a third unnamed one Weber (1913) loddcted and assigned tRaja
mamillidensAlcock, 1889. McEachran and Compagno (1982) aedlymd disentangled the
interrelationships of and withiBreviraja with a detailed revision of the 11-12 species
resulting in:Breviraja Bigelow and Schroeder, 1948 was restricted to Bv@olesiand B.
spinosa a new genubleorajawas erected with two subgen®&taorajaandFenestrajato the
former subgenus were assigriédstehmanniB. caeruleaand an unnamed third species, to
the latter subgenus the majority of species sirusmexicanysibogaeg ishiyamaj cubensis
plutonia, atripinna, and finally wadB. yucatanensigeallocated t&Raja

Three more Western Atlantic speciesBykviraja were newly described after the genus
revision by McEachran and Compagno (19&)claramaculataMcEachran and Matheson,
1985, B. nigriventralis McEachran and Matheson, 198®]. mouldi McEachran and
Matheson, 1995. A fourth onB. marklei McEachran and Miyake, 1987, from off Nova
Scotia, however, is a junior synonymRjella fyllae(Litken, 1888).

Appearance of the McEachran and Compagno (19823ioaevhad overlapped with the
manuscript submission by Stehmann and Séret (1888¢ribing a third Eastern Atlantic
speciesBreviraja Africana McEachran and Stehmann (1984) thus describedrthfepecies
already asNeoraja carolinensisrom the Western North Atlantic and placBdafricanaalso
in Neorajapresently comprising three Eastern and only oeeisp.

McEachran and Dunn (1998), after a phylogeneticlyaisa of relevant character
complexes, finally elevated all former rajoid subge of several genera to generic rank and

rediagnosed the genusdeoraja for mainly features like: without oronasal pitsidividual
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thorns on nape/shoulder regions, no thorn triangledian thorns along trunk and tail in a
single row; anterior pelvic lobes about % of lengthposterior lobes; tail length distinctly
more than 60% of TL; caudal fin with hypochorddép cranium without nasobasal fenestrae,
with narrow anterior fontanelle, and feeble rosshhft almost reaching rostral node; low
number of trunk vertebrae, less than 29; claspewiih external components terminal bridge
and dike; clasper skeleton with large dorsal teaihinand ventral terminal cartilages which
firmly fused distally around axial; accessory temali 1 cartilage U-shaped and with distal
extension.

The present paper describes the fifth speciebledraja and the fourth one from the
Eastern Atlantic, based on 50 specimens coverinlg bexes and all sizes. Stehmann and
Séret (1983:921) had discussed this Iberian spéciety in their interspecific comparison of

B. africana

Materials and methods

Institutionalacronyms follow Levitoret al. (1985).

External morphometric measurements were taken #0% ethanol preserved specimens
by dial callipers to 1/10 of a millimetre largelplibwing the scheme of Bigelow and
Schroeder (1953), i.e. between perpendicularsltavalirect comparison with previously
described congeners, except for: ventral head heafjér Ishiyama (1958); nasal curtain and
head length (= dorsal HL) measurements after Halploslshiyama (1968), length of anterior
and posterior pelvic lobes according to Stehmar@8%), which all also taken between
perpendiculars. Skeletal morphometric measuren@ntganium and scapulocoracoid follow
McEachran and Compagno (1979) and vertebral cokirgfft (1968b). Skeletal meristics
were counted from soft x-rays films: for pectoradlials, the anteriormost propterygium was
not counted but only the first laterally attacheehlr radial, as well as on the last
metapterygium the last laterally attached one wasmied as a radial but not radial-like
extension (at times bifurcated) at the rear surf&oe pelvic fin (V) radial counts, the thick
first one was counted as first one.

The Portuguese samples were taken during M.E. Gostaearch period for her PhD
under the auspices of the projects DISCALG (Bomgfesl, 2000), BYDISCARD (Borgest
al., 2002) and BIOFISH (Borgest al, 2007) on board chartered commercial crustacean
trawlers using nets specified only by their ovelafigth, with mesh size between 55 and 59

mm.
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Two damaged Portuguese paratype specimens, jufembide (ZMH 25427) and juvenile
male (ZMH 25428), were used for skeletal dissestiohcrania, scapulocoracoids and pelvic
girdles and these elements kept at the Zoologicakddm Hamburg University (ZMH).
Alcian blue staining and dissections from undersifiesnout of another specimen (ZMH
25435) were done to confirm shape of rostral natkits long appendices. In addition, left
scapulocoracoids of two more female and male ppestfMNHN 2007-0124 and MNHN
2007-0125) were dissected in order to confirm venarange found in the two ZMH
paratypes specified above and for confirming seriabrphism. The holotype male was not
at all dissected, only its opened glans claspér external components is illustrated here, and
clasper skeleton was dissected of the mature naabgype ZMH 25429.

Photographs of the original Spanish specimens (1682Malaga University, and of all
new Portuguese and Spanish specimens were tak#resenior author, who also prepared
the drawings of Figures 5.4, 5.5-9 and 5.15. ZMhthgology staff assisted with radiographs
of all specimens. The map of Figure 5.1 was prepdne Jodo Sendao of the CCMAR,
University of the Algarve, Faro. The 50 type spemi® have been split and distributed to

various European and an U.S. collection as speédifi¢he list of material.

NEORAJA IBERICA N. SP.

Proposed vernacular nametberian pygmy skate (En), raie pygmée ibériqug (Rya

pigmea ibérica (ES), raia pigméia ibérica (P), ikmrer Zwergrochen (De)

Material examined

Holotype MB (Museu Bocage, Portugal) 4869, mature male 322 iL; FV ‘Porto
Amboim’, trawl #1, 3 Jun. 2006; 36°50.7" — 36°54\8'07°44.8" — 07°39.1’ W at 558-531 m
depth; 23 m crustacean trawl; collectors Patri@gbx@® and Goncalo Carvalho.

49 paratypes - Portuguese specimemB 4870; adolescent female 253 mm TL; FV
‘Crustaceo’, trawl #2, 8 Jun. 2000; 36°47.8-36°50,507°39.6’-07°48.5° W at 520-620 m;
23.6 m crustacean trawl; collectors M. Esmeraldat&and Sénia Olim. — MB 4871; juvenile
male 249 mm TL; FV ‘Aurora Boreal’, trawl #1, 8 M&p05; 36°48.5’ N-07°59.1" Wstart
position only) at 538 m depth (mean); 26.5 m creesta trawl; collectors Inés Figueiredo and
Jorge Encarnacdo. — MB 4872; juvenile male 244 mimFV ‘Aurora Boreal’, trawl #1, 9
May 2005; 36°46.9° N-08°10.3' W (start position Wnlat 531-540 m depth; 26.5 m

crustacean trawl, collectors Inés Figueiredo andjeld&ncarnacdao — MB 4873a-d; adol.
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female 235 mm (@), juv. female 129 mm (b), juv. @200 mm (c), juv. male 221 mm TL (d);
FV ‘Porto Amboim’; trawl #2, 29 May 2006; 36°49.86°51.0" N, 07°39.4'-07°35.0’ W, at
529-512 m depth; 23 m crustacean trawl; colledRasicia Calixto and Gongalo Carvalho. —
MB 4874, mature female 314 mm TL; FV ‘Porto Ambojrirawl #1, 3 Jun. 2006; 36°50.7" —
36°54.3' N, 07°44.8'-07°39.1" W at 558-531 m defB; m crustacean trawl; collectors
Patricia Calixto and Gongalo Carvalho. — MNCN (Maudéationale de SCiences Naturelles,
Paris) 259.151; juvenile male 216 mm TL; FV ‘Joaot®, trawl not numbered, 1 May 1999;
no precise locality data, off Faro; 24.5 m crussactawl. — MNCN 259.152; juv. female 192
mm TL; data as for MB 4871. — MNCN 259.153: juv.lend67 mm TL; FV ‘Porto Amboim’,
trawl #3, 25 Sep. 2005; 36°57.3'-36°54.1’ N, 07834017°46.2" W at 172-403 m depth; 23 m
crustacean trawl, collectors Gongalo Carvalho aodjel Encarnacdo. — MNHN (Musée
Nationale de Histoire Naturelle, Paris) 2007-00[L8; female 228 mm TL; FV ‘Gamba’,
trawl #3, 11 May 1999; 36°53.1-36°45.7" N, 07°4203°54.2’ W at 172-670 m; 30 m
crustacean trawl; collectors M. Esmeralda Costa%dmia Olim. — MNHN 2007-0014: juv.
male 270 mm TL; data as views for MNCN 259.151 —HNN2007-0015; juv. female 239
mm TL; data as for MB 4870. — MNHN 2007-0016; juwale 183 mm TL; FV ‘Aurora
Boreal’, trawl #1, 10 May 2005; 36°46.9' N-08°10W¥’ (start position only) at 530 m depth
(mean); 26.5 m crustacean trawl, collectors In@si¢éiredo and Jorge Encarnacdo. — TCWC
(Texas Cooperative Wildlife Collection, Texas A&WnlWersity, i.e. McEachran) 13204.01;
juv. female 262 mm TL; data as for MB 4870. — ZMEb¢logical Museum of Hamburg)
25427; juv. female 230 mm TL; FV ‘Crustaceo’, trafdl, 8 Jun. 2000; off Faro on the slope,
no precise locality data taken) (skeletal partsyprt3 m crustacean trawl; collectors M.
Esmeralda Costa and Sonia Olim. — ZMH 25428; jualem252 mm TL (skeletal parts only);
data as for MNCN 259.151. — ZMH 25429; mature n&l8 mm TL; FV ‘Aurora Boreal’,
trawl #1, 8 May 2005; 36°48.5’'N-07°59.1’ W (stadsftion only) at 538 m depth (mean);
26.5 m crustacean trawl; collectors Inés Figueiradd Jorge Encarnagdo. — ZMH 25430,
immature female 200 mm TL; data as for MB 4873a-dMH 25431, immature female 191
mm TL; data as for MB 4873a-d. — ZMH 25432, immataorale 142 mm TL; data as for MB
4873a-d. —-ZMH 25433, immature male 209 mm TL; @dastdor MB 4873a-d. — ZMH 25434,
mature female 316 mm TL; data as for MB 4874.

Initial Spanish specimend immature females (170.5-206.4 mm TL) and 3 itumea
males (184.2-187.5 mm TL) taken by commercial temsvifrom the Isla Cristina, Gulf of

Cadiz, fishing fleet in 1982 by otter trawl on fim@d coarse sand bottom within an area
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delimited by approximately 36°30-45’ N, 07°05-20" ¥d within a depth range of about
270-315 m; collector J. Baro: MB 4875, juv. femal#@.5 mm TL. — MB 4876, juv. female
170.5 mm TL. — MNCN 259.154, juv. female 202.6 min ¥ MNCN 259.155, juv. female

206.4 mm TL. — MNCN 259.156, juv. female 192.7 min ¥ MNCN 259.157, juv. male

187.5 mm TL. — MNHN 2007-1024, juv. female 202 mmMNHN 2007-1025, juv. male

186.4 mm TL. — ZMH 25435, juv. female 203.4 mm HZMH 25436, juv. male 184.2 mm
TL.

New Spanish specimersom 1994-2004, collector J. Baro: MB 4877, matarale
297 mm TL; RV ‘Cornide de Saavedra’ cr. ARSA 0382ul 19, 2 Mar. 2001; 36°21.25’
N, 06°54.75 W, 522 m; ‘baka’ bottom trawl. — MB 48 juv. female 112 mm TL; RV
‘CdS’ cr. ARSA 0301, haul 35, 8 Mar. 2001; 36°21.80) 07°07.06’ W, 679 m; ‘baka’
bottom trawl.—MNCN 259.158 mature female 294 mm MNCN 259.159 adol. male
278 mm TL; RV ‘CdS’ cr. ARSA 0394, haul 18, 6 Ma994; 36°36.62' N, 07°03.87" W,
494 m; ‘baka’ bottom trawl. — MNCN 259.160, neon&gmale 55 mm, MNCN 259.161,
juv. female 97 mm, MNCN 259.162 juv. male 202 mnt RV ‘CdS’ cr. ARSA 197, haul
12, 22.11.1997; 36°47.55' N, 07°16.80" W, 484 maka’ bottom trawl. — MNCN 259.163,
mature male 315 mm TL; RV ‘CdS’ cr. ARSA 1199, h&ul5 Nov. 1999; 36°37.89" N,
07°04.26’ W, 496 m; ‘baka’ bottom trawl. — MNCN 2384, mature male 327 mm TL; RV
‘CdS’ cr. CALIMA 00, haul 25, 16 Nov. 2000; 36°42.6N, 07°06.89’ W, 478 m; ‘baka’
bottom trawl. — NMHN 2007-0017, mature male 298 nityy data as for MB 4877. —
MNHN 2007-0018, juv. female 157 mm TL; RV ‘CdS’ &RSA 0304, haul 37, 13 Mar.
2004; 36°21.35' N, 06°55.52’ W, 522 m; ‘baka’ battdrawl. — MNHN 2007-0019, mature
female 299 mm, data as for MNHN 2007-0018. — TCWB20b.01 mature male 312 mm
TL, data as for MNHN 2007-0018. — ZMH 25437, matuorale 305 mm TL, data as for
MB 4877. —ZMH 25438, juv. male 67 mm TL, data asNtB 4878.

Diagnosis

Disc inverse heart-shaped, with short, triangulajgetion at shout tip; tail length about
62% (mean) of TL,; lateral folds only along postetalf or 1/3 of tail length; caudal fin with
hypocordal lobe; anterior pelvic lobes about 3/4eofyth of posterior lobes; ochre to greyish-
brown or dark greyish disc and posterior pelvice®llistinctly ornamented dorsally by many
dark brown spots and dots and frequently a fewegaivhitish spots in small and half-grown

specimens, all often reduced in larger sized spemstio few pairs of larger symmetrically
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placed brown, pale edged spots, plus 1-2 pairslef gpots or dots; tail with 7-8 more or less
distinct dark cross-bars or asymmetrically placaddée blotches; underside of disc and talil
white, at most pale greyish margin to pectoral esrand posterior margins, and occasionally
a cloud of merged pale brownish spots centrallyeach pectoral. Upper side of disc,
posterior pelvic lobes and back of tail totally atehsely covered with fine dermal denticles,
sides of tail with several rows of hooked thornlétsdividual thorns on nape/shoulder
regions, no thorn triangle; median thorns alongikriand tail in a single row almost
disappearing in posterior half or 1/3 of tail. Darthorns appear irregularly mixed in various
stages of development, shape and size in all tbeations, resulting particularly in midline
thorns (about 60 posterior to shoulder girdle ttfidorsal (D1) being set at irregular
interspaces. Underside totally smooth, except fbreene edges of tail set with erect dermal
denticles which in dorsal and caudal fin sectioma @mbedded. Cranium without nasobasal
fenestrae, with narrow anterior fontanelle and aed, thin rostral shaft almost reaching
rostral node. Low number of less than 29 trunk elmde. Glans clasper with external
components terminal bridge, dike and newly defioeshponent ribbon; clasper skeleton with
large dorsal terminal 1 and ventral terminal cagés which firmly fused distally around

axial; accessory terminal 1 cartilage U-shapedvaitid distal extension.

Description of the holotype

(Figures 5.1-5.4, 5.10A, 5.12A) Detailed morphomeetind meristics measurements are
given in Tables 5.1-5.3 and 5.5.

External morphology(Figs. 5.1-5.3): Disc inverse almost heart-shafded, times as
broad as long, with axis of maximum disc width abat 60% of disc length somewhat
posterior to level of shoulder girdle. Anterior cismargins of this mature male strongly
undulated, i.e. concave opposite short projectt@naut tip, strongly convex at snout sides to
level with eyes, strongly concave to level of sgiea and nape, and convex again toward to
the broadly rounded outer corners continuous Wighdvenly convex posterior disc margins.
Inner pectoral corners narrowly rounded, with pedt@xils deeply incised to origin of
anterior pelvic lobes. Snout bluntly rounded, snamgle 122°, with short triangular
projection at tip. Snout very short, preorbitaldén 3.1 times the very narrow interorbital
width and nearly 6 times in disc width. Orbits lkarghorizontal diameter 1.8 times the
interorbital width and 57% of preorbital snout lémgSpiracle length 54% of orbit diameter,

interspace between spiracles 2.2 times the intéabnidth. Eight pseudobranchial folds in
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each spiracle. Pelvic fins large, with deep notepasating both lobes. Anterior lobes long
and broad, distal third narrowing slightly and withuntly rounded tip. Posterior lobes
elongated, with pointed tip, angular outer margioderately convex over distal two thirds.
Anterior lobe is 64.5% of length of the posteriobé. Claspers fully developed, evenly
elongated, with sharply pointed tip marked off aaltively short terminal region only little
widened (Figure 5.1B); postanal clasper length 3f%ail length from mid-vent. Tail very
long, slender, gradually tapering toward tip, léngearly 62% of the total length; depressed
over its entire length but less so on posteriadtHateral folds restricted to posterior third of
tail and terminating about mid-postdorsal tail lBndoorsal fins low and elongated, 2.6 times
(first dorsal, D1) and 3 times (second dorsal, B2)Jong as high, D1 slightly larger than D2,
their bases connected by a transparent membrane éibsurface, D2 and upper caudal (C)
confluent. Both dorsal fins of similar shape, wibimg, almost straight anterior margin rising
at about 45° and continuous with short, roundedeuppargin, with maximum height over
posterior third of base length, then sloping delitbward pointed apex widely overhanging
origin of either D2 or upper C, resp.; rear margirongly inclined forward. Postdorsal talil
section long, 60% of D2 base length, with almosiadlg high upper C fold of 1/4 of D2
height; lower C fold shorter and only half heightlte upper.

Preoral snout length 1.4 times the mouth width; thaudth 31% of ventral head length,
and the latter 3.6 times the internarial width.tBxce between fifth gill slitd8% of distance
between first gill slits, and the latter distanc® times the internarial space. Mouth width 1.1
times the distance between nostrils. Anterior nélsgls not well developed, cone-shaped,
with fine fringes along outer edge. Outer margihg@sal curtain strongly undulated, with a
triangular lobelet at proximal third, nearly squal@aped apices with angular outer corners
and transverse, almost straight rear edges setcodise, mostly bifurcated fringes; isthmus a
steeply arched (Figure 5.1A). Oronasal pits undgmeiasal curtain apices absent. Jaws
nearly straight, upper jaw distinctly indented nadigti with a median lower jaw protrusion
accordingly. Jaw teeth in 41 upper and 37 lowerstaw close set parallel in outer thirds of
band but in quincunx arrangement medially. Indigidteeth have rhombic crown bearing
short, conical cusp on inner corner in median rowigh cusp gradually becoming shorter
toward mouth corners. Anterior pectoral (P) radaisl propterygial elements extended over

entire rostral length and almost abutting rostcadenat snout tip.

SquamationEntire upper disc densely set with fine dermaltidéas, except for extreme

posterior margins, eyes with fine prickles; demisctoarser, to thornlet size, in malar regions
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and along sides of trunk. Anterior pelvic lobes sthg posterior lobes with central patch of
fine denticles. Edges of clasper groove over &iigth densely set with very fine denticles, as
well as externally on entire terminal region, amdosth only the proximal half of dorsal
clasper stem (Figure 5.1B). Dermal denticles spdn®ztly alongside and between median
thorns from nape to 2/3 tail length, but from thezarward more densely set also on back of
tail. Laterally along back of tail, a stripe of ety set fine denticles on each side, lower sides
of tail densely set with several rows of much layg@oked thornlets attaining nearly the size
of median tail thorns (Figure 5.1B-C). Both doréak and upper caudal also set with fine
denticles. Underside of disc and pelvic fins smpotiter and inner edges and part of terminal
surface of claspers set with fine denticles; undersf tail smooth along broad midline, only

extreme tail edges with narrow stripe of fine, e@enticles which embedded below dorsal-

caudal fin section.

C Figure 5.1 -Neoraja iberican. sp., 322 mm

TL mature male holotype, MB 4869, close
ups of mouth/nasal region (A), pelvic fins
and claspers dorsally (B) and enlarged tail

m section dorsally (C) showing transition from

regular median thorn row to its becoming

a irregular and almost disappearing in posterior
g half of tail..

Dorsal thorns appear in various stages of developnsbape and size in all areas of their
location. The initial ones are evenly cone-shapidhed and on a circular basal plate, with
the tip erect and placed centrally; later addedeptaced thorns have oval basal plate with

- 183 -



Chapter 5 — New European pygmy skate species

low base and long, rearward curving long and pditifg overhanging rear base end; the latter
type of thorns also appearing in early developrstages, i.e.being whitish, with the low base
not yet formed and the long pointed tip being siifift and often embedded under the
integument. All three kinds of thorns do appeawrhits, on nape and midline of trunk and tail
irregularly mixed resulting in mainly midline tharset at irregular interspaces.Patch of 7/5
preorbital and 3/2 postorbital thorns on left/rigtitle, respectively, separated by a gap
supraorbitally. Pair of small, conical interspirkruthorns at level of occipital joint, only
slightly larger than surrounding erect dermal dges with rearward curving tip. Five median
nuchal thorns in a regular line, one in supras@ppobsition and 1/2 on left/right shoulder
(Figure 5.2A). Regular mid-row of 12 thorns aloragk of trunk between shoulder girdle and
level of pectoral axils, but these thorns of difigrsizes and set at varying interspaces; this
median row of thorns continued onto tail with apgpneately 50 more thorns of different size
and shape to near D1, but this row becoming veegidar in posterior half of tail with regard
to much smaller size of and much wider spaces letleorns, so that median thorns appear
to rather disappear in posterior half of tail ldngfFigure 5.1C). Alar thorns of the
permanently erect, hooked, non-erectile type, wharm a rather narrow and short stripe
inward on left and right wing tip of 2/10 and 2/@nbitudinal/transverse thorn rows,
respectively (Figure 5.2B).

Figure 5.2 -Neoraja iberican. sp., 322 mm TL mature male holotype, MB 486@se& ups of
head dorsally (A) and of left wing tip with alaotim field (B).
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Table 5.1 Neoraja iberican.sp., morphometrics 40 type specimens: holotgpam and %
TL; mature female, small juvenile female and madeapypes as % TL; all 40 types with
min-max-mean values % TL.

Collection HT MB PT-ZMH PT-MNCN PT-ZMH  min. max. mean notes
Coll. No. 4869 25434 259,161 25438 as values
Sex mat. male mat. fem. juv. fem. juv. mald8 females and 22 malest times fo
316 mmTL 97 mmTL 67 mm TL less than
mm % % % % 40 spec.
TL, mm 322.0 100.0 100.0 100.0 100.0 55.0 327.0 2299 mm
Disc, width 170.0 52.8 54.1 49.5 41.8 25.5 55.0 50.4 -
Disc, length 140.0 43.5 44.0 41.2 43.3 36.4 446 420 -
Snout length, preorbital 28.8 8.9 10.1 9.3 9.4 7.6 10.8 9.0 -
Snout length, preoral 30.4 9.4 10.8 10.0 11.6 7.9 16.6 10.0 -
Snout length, prenasal 21.5 6.7 7.7 8.2 9.0 45 9.0 7.1 -
Orbit, horizontal diameter 16.5 51 51 51 6.3 43 6.3 51 -
Eyeball, horiz. diameter 135 4.2 4.4 - 4.8 3.9 5.1 4.4 [Bfs
Interorbital width 9.2 2.9 3.0 4.4 5.2 2.6 5.2 3.2 -
Spiracle length 9.0 2.8 3.3 2.8 3.0 2.3 3.4 2.9 39 spec.
Interspiracular width 20.5 6.4 6.2 7.4 9.3 5.7 9.3 6.5 -
Orbit + spiracle length 18.3 5.7 5.7 6.5 7.5 53 7.5 5.9 -
D1, height 7.3 2.3 2.2 - 15 0.8 23 1.3 36 spec.
D1, base length 18.8 5.8 6.3 5.2 3.7 35 6.4 49 39 spec.
D2, height 5.8 1.8 21 - 12 0.6 21 1.3 37 spec.
D2, base length 17.2 5.3 4.8 5.3 3.9 34 6.5 5.0 39 spec.
Interdorsal space 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.1 -
C, base length 10.4 3.2 1.8 5.2 25 13 5.2 2.7 39 spec.
C, height epichordal lobe 15 0.5 0.5 - 0.6 0.3 1.2 0.6 &&s
C, height hypochordal lobe 0.8 0.2 0.3 - - 0.1 0.3 0.2 3sp
Talil, postdorsal length 10.4 3.2 1.9 5.2 25 17 5.2 2.8 s@Ex.
Tall, height at V-tips 6.0 19 2.2 3.0 2.7 0.5 3.6 23  3Bsp
Tall, width at V-tips 10.5 33 3.6 3.8 33 2.0 4.4 3.4 38Gp
Talil, height at D1-origin 25 0.8 0.9 0.9 1.2 0.7 1.2 0.8 spec.
Tail, width at D1-origin 3.4 11 12 12 1.6 0.8 1.6 11 spec.
Tall, lateral fold length 75.0 23.3 26.7 - - 13.8 31.2 23.434 spec.
Head length, ventrally 70.3 21.8 22.2 20.6 24.2 8.4 24.2 .5 2139 spec.
Head length, dorsaly 50.5 15.7 16.6 16.8 19.0 6.5 19.0 815 -
Mouth width 21.9 6.8 6.5 7.0 8.2 6.2 9.3 7.0 -
Internarial width 19.5 6.1 5.9 6.9 6.3 54 7.3 6.1 -
Nasal curtain, length 13.5 4.2 4.1 4.0 4.0 3.1 5.5 40 8tsp
Nasal curtain, width each lobe 7.8 2.4 2.2 2.4 3.0 1.8 3624 37 spec.
Nasal curtain, space between 10.0 3.1 3.1 3.0 3.1 2.3 3.9 3.2 37 spec.
Gill slit length, 1st 2.7 0.8 1.3 15 15 0.8 1.6 1.3 39%spe
Gill slit length, 3rd 3.2 1.0 1.3 15 19 1.0 19 1.3 39spe
Gill slit length, 5th 25 0.8 1.0 1.3 1.0 0.7 1.3 0.9 38spe
Interspace first gill slits 37.4 11.6 12.6 14.4 14.6 10.714.6 12.5 -
Interspace fifth gil slits 18.0 5.6 7.4 8.2 9.0 4.1 9.0 66. 39spec.
V-length, ant. lobe 39.0 12.1 11.7 10.7 14.3 9.2 14.3 11.19 sp&c.
V-length, post. lobe 60.5 18.8 15.8 11.5 12.5 11.5 18.8 7 14.39 spec.
Clasper, postanus length 67.7 21.0 - - 6.3 5.7 22.2 12.8 spee.
Clasper length 57.3 17.8 - - - 2.6 19.7 10.1 21 spec.
Shout tip to mid-anus 119.0 37.0 38.9 36.8 38.1 34.5 40.07.6 3 -
Snout tip to 1st hemal spine 127.0 39.4 41.1 40.0 - 36.91.14 39.4 38spec.
Snout tip to axis max. disc width  84.0 26.1 26.9 24.7 428 222 28.4 25.3 39 spec.
Mid-anus to D1 153.5 47.7 48.1 50.0 44.0 44.0 51.1 49.1 pées
Mid-anus to D2 171.0 53.1 53.6 55.2 47.8 47.8 56.7 54.0 p8es
Mid-anus to tail tip 198.5 61.6 60.3 65.7 61.8 59.6 65.7 .761 39 spec.
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Colouration (after preservation in formalin and ethahdFigure 5.3A-B): Upper side
medium greyish-brown, slightly darker along midlioebody and on tail. Rostral triangle
semitransparent pale whitish, with rostrum markdid boown. Eyes dusky bluish, broad
margins of outer corners and posterior disc sensfarent lighter. Two pairs of circular dark
brown spots with pale outer ring on inner pectgralsterior pair smaller and level with
anterior nape, posterior pair larger and level waititerior trunk. Anterior pelvic lobes as disc,
with outer margin white only in basal half, whereaser margin totally edged white;
posterior lobes as disc, with white blotch at akiétween tail and claspers and narrow pale
outer edge. Dorsal side of claspers greyish-brommesvhat darker than disc, except for
proximal inner half being paler brown, and alsoeowtdge of the ventral lobe dark brown
along clasper groove and its broader terminal reghkdout seven indistinct dark cross-bars
along tail length, with last three through D1, D&leC, respectively, marking the three fins
dusky, respectively. Lateral tail folds nearly sparent, only at dorsal and caudal fins partly
dark. Underside milky-white, with short projectiat snout tip brown, broad pale greyish
margin to outer corners and posterior pectoralscldpd with pale brown spots, as well as
outer margin posterior pelvic lobes. Cloud of ldaygmerged pale brown spots on each
pectoral centre. Claspers white, with some broweraaching from dorsal side at terminal
outer margin. Underside of tail only in posterialfh irregularly coloured with few pale

brown spots at edges, and extreme tail tip duslguthlcavity white.

A B B
Figure 5.3 -Neoraja iberican. sp., 322 mm TL mature male holotype, MB 48@0tatal
dorsal (A) and ventral (B).
Clasper componeni&igure 5.4): Clasper with very elongated but naremd shallow
pseudosiphon (ps) along entire stem section ofr @ldesal lobes from about level of apopyle
to begin of terminal region (Figure 5.4), but psnied entirely by a dorsal dilatator muscle

without direct relation to and not formed by thesdd terminal 1 (dtl) cartilage of the clasper
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skeleton. Inner dorsal lobe with deep longitudipedximal and shallower distal cleft (cf),
separated diagonally by a terminal bridge (tb).xPnally, integumental slit (sl) spans
between axial and dtl-cartilages over and acrogerupnd of the proximal cleft. A new
component ‘ribbon’ (rb) is defined here: integunantibbon-like fold located very
proximally along midline of glans clasper, origimat at base of inner dorsal lobe about level
with slit (sl), running diagonally across axialantlasper groove and terminating level with
about half length of proximal cleft. Predominantmgmnent on inner ventral lobe is the
elongated trough-like shield (sh) over nearly entength of terminal region, with a cutting
outer edge of free cartilage and an inward curdikg (di) as a plate-like extension at inner
distal end, whereas distal extension as funneli§frgoorly developed. Along the proximal
inner wall of ventral lobe and to proximal end dfiedd stretches the rhipidion (rh), an
integumental fold with porous outer surface. Framarneath proximal end of shield extends
diagonally inward a short, finger-like sentinel)(¢d half length of terminal region, and
originating underneath shield and tip of sentinatves up a spoon-shaped spike (sp)
transversally into the opened glans. Only four agneight mature males showed distally on
axial cartilage the rather rudimentary integumerdgamponent ‘flag’ (MNCN 259.163,
MNHN 2007-0017, ZMH 25437, MNHN 2007-0017) not gresin glans clasper of holotype

and a paratype illustrated here.

Figure 5.4 -Neoraja iberican. sp., 322 mm
TL mature male holotype, MB 4869, opened
left glans clasper showing components and
coverage with dermal denticles.
Abbreviations: cf=cleft, dd=dermal denticles,
di=dike, fn = funnel, hp = hypopyle, ps =
pseudosiphon, rb = ribbon, , rh = rhipidion,
sh = shield, sp = spike, st = sentinel, sl = slit,
tb = terminal bridge.

Internal meristics Trunk vertebrae (Vir): 24, Predorsal tail versbr(Vprd): 71,
Pectoral radials (P radials): 65/65, Pelvic radjglsadials): 19/19 (Table 5.2).
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Table 5.2 —Neoraja iberican. sp.: snout angle and meristics of the holotgpd 35-37
paratypes as min-max-mean values.

Holotype min. max mear n
Snout angle 122° 119° 145° 132.3° 36
Pseudobranchial folds 8 9 10 9.1 37
Trunk vertebrae Vtr 24 20 27 23.9 37
Predorsal tail vertebrae Vprd 71 67 78 71.5 37
Pectoral radials 65 64 69 65.6 37
Pelvic radials 19 16 20 17.7 35
Upper jaw tooth rows 41 40 52 43.1 37
Lower jaw tooth rows 37 35 48 41.2 35

Squeletal anatomyProportional measurements of skeletal elementgjiaesn in Tables

5.3-5.5.

Table 5.3 —Neoraja iberican. sp.: cranial morphometrics of the holotype é&r two
dissected juveniles and three more paratypes (X}i@y per cent of the nasobasal length.

Specimen

Holotype
MB 4869

ZMH 25427

ZMH 25428*  ZMH 25431 ZMH 25434 ZMH 25429

x-ray

dissected

dissected X-ray X-ray x-ray

Sex & maturity

mature male immature female

immature male immatonalée mature female mature male

TL/DW in mm 322 /170 230/118 252 /127 191/98 316 /171 6B/
Cranium TL (x-ray) 178.70 151.30 ca. 144.0 202.00 182.10 172.30
Nasobasal length 100.00 100.00 100.00 100.00 100.00 100.00
Max. ethmoidal width 121.70 103.10 98.40 122.70 112.90 120.80
Min. dorsal interorbital width 33.10 30.50 28.00 38.00 30.10 34.60
Min. internasal width 17.10 17.70 16.00 22.70 16.10 17.30
Min. basal plate width 27.00 26.50 24.80 31.30 29.40 28.50
Max. width otic region 73.00 59.30 58.00 70.00 70.60 78.10
Max. width jugular 59.70 58.40 56.00 62.70 60.90 65.40
Rostral shaft length (x-ray) 64.60 51.30 48.00 76.00 71.70 60.80
Rostrum base width 22.10 17.70 17.60 18.70 19.00 21.20
Postnasal length orbit region 30.40 37.20 39.60 30.70 29.00 28.80
Length otic region 30.40 19.50 22.00 29.30 24.40 30.80
Postoccipital length jugal arches 0.00 0.00 0.00 0.00 0.00 0.00
Tip rostrum to tip ant. fontanelle 43.30 24.30 - 55.30 49.50 36.50
Tip rostrum to end ant. fontanelle 91.30 77.90 113.30 99.60 84.60
Tip rostrum to tip post. fontanele 96.20 79.60 - 120.00 106.10 90.00
Tip rostrum to end post. fontanelle 144.10 126.10 - 169.30 154.10 138.50
Tip rostrum to level ant. propterygia 11.40 - - 6.70 5.70 3.80
Tip rostrum to level max. ethmoid: 88.20 66.40 - 98.00 93.20 78.80
Tip rostrum to symphysis upper jaw 117.10 91.20 - 133.30 118.30 121.90
Ant. fontanele length 44.50 40.70 47.20 57.30 50.50 45.80
Ant. fontanelle max. width 20.50 14.60 16.00 22.70 21.90 21.20
Space betw. ant.&post. fontanelles 6.50 8.80 10.80 6.70 7.20 7.70
Post. fontanelle length 49.40 42.50 45.20 52.00 48.70 50.00
Post. fontanelle min. width 1.90 0.40 3.60 4.70 5.00 3.80
Post. font. max. width anteriorly 8.70 4.40 4.80 6.70 7.20 5.80
Post. font. max. width posteriorly 19.00 13.30 12.00 20.00 15.10 15.40
Max. cranial height - 31.00 28.00 - - -
Max. height rostral shaft - 14.60 14.00 - - -
Angle post. edge nasal capsules 79° 80° 80° 70° 71° 75°
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Table 5.4 -Neoraja iberican. sp.: scapulocoracoid morphometrics as per aentaximum
length of left and right dissected elements of immmature paratypes.

Specimen ZMH 25427 ZMH 25428
Sex & maturity  immature female immature male
TL/DW in mm 230/ 118 2521127
left right left right

Max. length 100 100 100 100
Max. height 86.9 79.6 79.8 80.7
Height at rear corner 61.7 63.9 56.1 57
Pre-mesocondyle-length 42.1 43.5 52.6 49.1
P ost-mesocondyle-length 49.5 50.9 44.7 48.2
Anterior fenestra height 26.2 25 28.1 26.3
Anterior fenestra length 15 16.7 7 11.4
Postdorsal fenestra height 9.3 10.2 19.3 17.5
Postdorsal fenestra length 13.1 18.5 26.3 22.8
Postventral fenestra height 14 15.7 14.9 14.9
Postventral fenestra length 15 17.6 27.2 24.6
Total number of postdorsal fenestrae 1 1 1 1
Total number of postventral fenestrae 1 1 1 1

Table 5.5 -Neoraja iberican. sp.; pelvis morphometrics of the holotype (X¥}raa juvenile
paratype couple (dissected and X-rays) and three paratypes (X-rays), and relation max.
width shoulder girdle / pelvis. (*: from level ofar. width / from level of ant. contour. **:

from level of max. width).

Specimen  ZMH 25427 ZMH 25428 MB 4869 ZMH ZMH ZMH
holotype 25431 25434 25429
) immature immature mature immature mature
Sex & maturity
female male male female female
TL /DW in mm 230/ 118 252/ 127 322/170 191/98 316/171 318/168
dissected x-ray dissected x-ray X-ray X-ray x-ray
Pelvis max. width 100 100 100 100 100 100 100
Median transverse 138 139 136 114 106 11.8 13.1
thickness
Prepelic processes oo s 192 19889 P 10150 18457 14129 15647
length * broken
liac processes length** 19 18.3 23.3 15 10.6 5.9 15.6
Depth posterior a 13.¢ 14.¢ 13.1 15.¢ 13.1 8.¢ 11.2
Number iliac foramina 2 2 2
Shoulder girdle max. 26 26.5 9.7
width, mm
Pelvis max. width, mm 19.5 20.2 20.6 22 28.2 17 32
Relation shoulder
girdle / pelvis max. 1.3 1.2 1.1

width
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Clasper (Figs. 5.5-5.7): Both marginal cartilages do nosgess any extended distal
process. The large dtl with pointed proximal precesd with long distal extension curving
around the axial to the ventral side, where firfuged with the distal tip of the large vt
cartilage; plate-like elongated dt2 and dt3 cagéka connect distal end of dorsal marginal
with tip of axial cartilage, with the distal paift@t2 forming terminal bridge by connecting to
the axial at half length of terminal region; vetifrathe elongate ventral terminal forms the
outer edge, and it is linked with its medial pracegth the medio-distal notch of the U-
shaped atl, which itself is attached with its pmeedi notch around the outer 2/3 of the ventral
marginal; at the inner end of the vm attaches tbagated, club-shaped aT2. Figure 5.6A
illustrates the entire clasper of the mature malatype ZMH 25429 in dorsal view mainly
for showing the full extension of the pseudosiplama the coverage with dermal denticles;
Figure 5.6B which represents the opened left gtdansper, shows components being identical
in kind and position with those of the holotype.biwviations in Figure 5.6 are as in Figure
5.5. The clasper skeleton displays, in dorsal (fedu6A) and ventral views (Figure 5.6B),
the genus-typical composition and characteristimidating cartilages: dorsally. Figure 5.7
provides enlarged the isolated relevant cartilagamely the distally fused dtl and vt, with
the latter’s outer lamella forming externally thengonent shield, and with the inward
curving process near distal end the component eikereas an extension as funnel at distal
end is rudimentary; further forms of the U-shape&dfarms with its distal process external
component sentinel, and the club-shaped at2 igxtexnal component spike with its spoon-

shaped curved distal end.
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Figure 5.5 -Neoraja iberican. sp., 318 mm TL mature male paratype ZMH 254Rfisal
view of left clasper showing extension of pseudosipand coverage with dermal denticles
(A), and opened left glans clasper (B). Abbreviasicas in Fig. 5, and ap = apopyle, =
posterior pelvic lobe.

vm

dt2 at1

Figure 5.6 -Neoraja iberican. sp., 318 mr
TL mature male paratype ZMH 25429, |
clasper skeleton in dorsal (A) and ventral
views. Abbreviations for cartilages: atl-
at2=accessory terminals 1 and 2, ax=a
dm=dorsal marginal, dtl-d@3= dorsa
terminals1, 2, 3 resp., tb=terminal bridc
vm=ventral marginal, vt=ventral terminal.
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B §

Figure 5.7 —Neoraja iberican. sp., 318 mm TL mature male paratype ZMH 25429,
individual cartilages of left clasper in dorsal arehtral views (left and right, resp.): distally
fused dorsal terminal 1 and ventral terminal cagis (A), accessory terminal 1 (B) and at2
(C) cartilages.

Cranium of holotype from x-ya(Figure 5.8; Table 5.3): Rostral base forms maeéra
broad triangle, base width 18.1% of maximum crawiiglth; rostral cartilage tapers abruptly
at about 2/3 of length to thread-like, non-caldifie@stral filament extending to near rostral
node. Anterior cranial fontanelle forms elongatedrow triangle with rounded anterior and
straight transverse posterior margins; its lend@i6%, its maximum width 16.9% of cranial
width. Posterior cranial fontanelle long and cliiaysed with the posterior part being much
wider; its length 1.1 times that of anterior forele and 40.6% of cranial width. Fontanelles
separated by solid, broad cartilaginous bridge.aNaspsules very large, with bulging
anterior, straight to weakly concave posterior nmrgand marked preorbital processes;
capsules slightly angled forward at 79° to longitadl axis of cranium. Nasobasal fenestrae
absent. Orbital region long, strongly constrictedeaxenly deep arc; minimum interorbital
width dorsally 27.2% of maximum cranial width. Mmum width of basal plate and
internasal space are 22.2% and 14.1% of craniaghwrdsp. Otic region relatively long and
wide, postorbital processes well marked and separdly notch from smaller pterotic
processes. Jugal arches small and delicate, netedig the contours of occiput. Rostral
node is thin and plate-like, with two large pertaras, and long, thin appendices not fused

with rostral shaft; length of appendices about 48%ostral length.
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Figure 5.8 -Neoraja iberican. sp., X-ray of cranium of 322 mm TL mature miatdotype
(MB 4869) (A) and dissected cranium of 230mm TL.jtemale paratype (ZMH 25427) in
dorsal (B) and ventral (C) views different in semed shape in left and right element of the
male.

ScapulocoracoidFigure 5.9, Table 5.4): Figure 5.9 illustrates diesected left and right
scapulocoracoids of immature female and male paesty(ZMH 25427 + 25428) to
demonstrate obvious sexual dimorphism in generagbeslkand in size of fenestrae already at
sexually immature stage, as well as the fact #iataind right elements of one and the same
specimen are not necessarily 100% identical. Leftpslocoracoids of another immature
paratype couple (MNHN 2007-1024 and 2007-1025) veelditionally dissected to confirm
sexual dimorphism. One large, vertically to somewdiagonally oval anterior fenestra is
situated nearly completely in the dorsal part ef éfement above a horizontal line through all
three condyles. Post-mesocondyle length of the ehénms only a bit larger than pre-
mesocondyle length, except for the left elementhefimmature male (ZMH 25428) with a
little longer pre-mesocondyle (msc)-section. A nratiedy large to very large, and more or
less horizontally oval postdorsal and postveneakttra close to horizontal midline, resp.. In
the female (Figure 5.9A), the scapulocoracoid shawsctangular, rather low overall shape
with angular contours, with maximum length bein§ fimes the height at rear corner; the
dorsal margin is horizontally concave, with verylwmarked angular rear corner, the
postdorsal margin slopes steeply to metacondyleyedisas the postventral margin from this
condyle; ventral margin horizontally nearly strdigim its left element both, postdorsal (pdf)
and postventral (pvf) fenestrae are equally ratimeall and of the same size, their length is
87.5 and 100.0%, resp., of that of the anterioe$tma (af); in its right element, however, pdf
and pvf are almost twice as large as in the l&fineint and their length is 111.0 and 105.6%
of the af, resp. In the male (Figure 5.9B), themaat rather displays a more compact,
relatively higher and ovoid overall shape with rdad contours, with maximum length being
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1.8 times the height at rear corner; dorsal margimore or less horizontally straight to
weakly concave, the rear corner widely angled tonded but not sharply angular, and
postdorsal margin slopes at about 45° angle didlyolmamétacondyle (mtc), as also does the
postventral margin from mtc, so that the rear contppears triangular or trapezoid, rather
than rectangular as in the female. The large, antdrior fenestra is equal in size and shape in
left and right element, and corresponds well witle &af of the female. However both,
postdorsal and postventral fenestrae are abouetasclarge in the male than in the female,
and further are both fenestrae

scp pdf rc A

prc af msc pvf mtc

k i
10mm

Figure 5.9 -Neoraja iberican. sp., left and right scapulocoracoids of 230 jum female
(ZMH 25427) (A) and 252 mm TL juv. Male (ZMH 2542@) paratypes in lateral views.
Abbreviations: af = anterior fenestra, msc = mesdgte, mtc = metacondyle, pdf =
postdorsal fenestra, prc = procondyle, pvf = pasheat fenestra, rc = rear corner, scp =
scapular process.

Pelvic girdle of Holotype from X-rafFigure 5.10, Table 5.5): Figure 5.10 illustrate in
dorsal view x-rays the element of the holotype nfglgure 5.10A) and an adolescent female
paratype (Figure 5.10B), to likewise demonstrataiaedimorphism. Prepelvic processes are
very short, solid conical and outward inclined; talgturatorial foramina in each iliac region;
pelvic bar weakly angled only, more so in the fean@igure 5.10B); posterior contour an
evenly rounded deep arc in the male, with transitm iliac regions as well marked angles,
whereas in the female the rounded arc is much ashatl with transition to iliac regions
hardly marked. lliac processes are massive andelong the male than in the female.
Proportionally, the female pelvis is apparently avithan that of the male, whose iliac regions
also are more massive, as is shown as well bydlaian of maximum width of shoulder

girdle to that of the pelvis, resp. (Table 5.5).
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Figure 5.10 Neoraja iberican. sp., X-rays of pelvic girdles in dorsal views3@2 mm TL
mature male holotype (MB 4869) (A) and juv. femafe262 mm TL (TCWC 13204.01)
paratype (B).

Variation in paratypes

Proportional morphometrics are given in Table S *ange and mean.

Like in most rajid species, the shape of disc diffm young and females from that of
mature males, in that the latter have a strongljulated anterior disc margin, whereas in
young of both sexes and also larger females it mast weakly undulated to evenly convex.
As a rule the bases of dorsal fins are confluetthig species, but exceptionally do specimens
show a more or less distinct interspace separdtotg dorsals. Only four immature males
(ZMH 25428, MNHN 2007-0014, MB 4873c, ZMH 25433) @mg the Portuguese samples
and only one male (MNCN 259.159) among the new Spasamples had dorsal fins
separated. As is demonstrated by the values ineTall, there is no obvious sexual
dimorphism in proportional morphometrics, and valygesent in general only a moderate
range.

There is little variation in shape and density efrdal denticles on dorsal surface of disc,
posterior pelvic lobes, on eyes, tail and on doasal upper caudal fins. All specimens are
smooth ventrally, except for prickles along therexte outer edges of the tail. Sides of tail in
small juveniles possess only one or two less iteggwows of enlarged thornlets. In all
specimens, the median row of thorns begins dirguibterior to shoulder girdle, or at most on
anterior trunk, and appears more regular in younghiape of and distance between thorns.
However, from smallest specimens onward, mediamnthdecome rapidly much smaller
from about half tail length to D1, to become vengignificant, irregularly spaced and
apparently disappearing with growth. The drastducgion of median thorns in posterior half
to one third of tail is a natural condition and sloeither display a late development of thorns
in this section with growth, nor a reduction or @ipgion of existing normal thorns as
specimens grow. Thus there is some variation inbarmf median thorns in small and large

specimens. Likewise is some variation displayeshumber of orbital, nuchal and scapular
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thorns, as these appear to be replaced rather aftdrso vary in number and shape. Also
scars are present where thorns have been loshaedbeen counted especially in the median
row series.

Preorbital thorns of different developmental stagese found in a patch of 2-8, mostly 4-
6, on each side. Supraorbitally usually no thoras & gap separating pre- and postorbital
thorns, only very exceptionally may a small supb#at thorn appear. Postorbital thorns,
again differing in development, were found in taage of 2-5, mostly 2-4, each side. Only in
about 50% of the specimen was a small supraspamad¢bbrn present on each side, but
regularly was found a pair of small, conical inparacular thorns with a very few exceptions.
Thorns along midline of nape are mostly large gopkear in the range of 2-7, mostly 4, with
the maximum numbers resulting from few cases wadlrga thorns anteriorly, and in one
specimen was also a pair of smaller lateral nuth@ins present. On mid-shoulder mostly a
single thorn, but in one third of specimens a sdcone located usually over rear edge of
shoulder girdle. Thorns on shoulders vary from@4each side, often differing on both sides
in number and also in arrangement, i.e. side by, €idin triangular position, but mostly were
only one or two thorns found on each shoulder. lsiedhorns from anterior trurtk level of
pectoral axils, mostly in rather regular line aricequally short interspaces, numbered 7-17,
mainly in the range of 10-15. Much greater rangshiswn in number of median tail thorns
for reasons mentioned above, with extremes fronto2&bout 60, if obvious scars and very
tiny thorns in posterior half of tail to D1 are inded; about 35-40 is the most frequent count,
which however all rather relative due to the uraety with counting the tiny median thorns
along posterior half of tail. Apparent large thofr@m posterior to shoulder girdle to about
midlength of tail are in the range of 28-51.

Most obvious in this species is the change in dagsaund colour from ochre-brown in
young to rather medium greyish-brown in larger speas, along with lively colour pattern
in young fading toward mature stages. Figure 5.108 &igure 5.11A show the regular
appearance in adult males and females, i.e. oiwly ornamentation of juveniles and half-
grown ones remain one or a few pairs of the ladgek spots and eventually one or two pairs
of the pale or whitish dots, or specimens may eygpear nearly plain brownish. Figure 5.12
shows the dorsal appearance of small juvenile spatw MB 4873b and ZMH 25432, namely
the disc, incl. rostral area and eyeballs, andepmstpelvic lobes are scattered to the extreme
outer edges with dark brown oval to circular dotsl aspots, and of the latter several

symmetrical pairs on inner parts of both pectoaaéslarger and pale edged; mostly two pairs

- 196 -



Chapter 5 — New European pygmy skate species

of circular whitish spots are found on inner peat®tevel with posterior nape (the larger) and
level with posterior trunk (the smaller) and, aligh fading with growth, these do often also
remain in larger specimens. Occasionally are nuahdlscapular thorns pigmented dark, and
few specimens showed a dark transverse bar ovarldgrogirdle, including the darkly
pigmented thorns, and others display dark edgingeatoral axils and/or a dark blotch on
pelvic origin. Further arethe usually eight blackish-brown cross-bars or seha
asymmetrically paired saddle blotches along taitarapparent in small specimens. The white
underside of disc displays seemingly in smallercspens with very thin disc margins dark
spots and dots, which however are translucent fiteendorsal pattern. The intensity of the
broad greyish margin to outer disc corners andegpimstmargins, as well as that to posterior
pelvic lobes, varies but becomes indistinct ratimelarger specimens. Further variation is
shown by the appearance in several specinfergs, in the holotype and paratype female
ZMH 25434, see Figure 5.1B, Figure 5.11B) of vasigularge clouds on inner ventral

pectorals of more or less distinct medium brownspoerging to various degrees.

z‘«,
’ f!r’"' Figure 5.11 -Neoraja iberican. sp., 316 mm

{ TL mature female paratype, ZMH 25434, in
total dorsal (A) and ventral (B) views, plus
enlarged mouth/nasal region (C).
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A B

Figure 5.12 Neoraja iberican. sp., 129 mm juv. female (MB 4873b) (A) and v TL
juv. male (ZMH 25432) (B) paratypes showing distijuwenile dorsal colour pattern.

Internal meristics Trunk vertebrae (Vtr): 20/27, Predorsal tail ebriae (Vprd): 67/78,
Pectoral radials (P radials): 64-69, Pelvic rad{&lsadials): 16-20 (Table 5.2).

Size
Minimum-maximum sizes of the material are 55 (n@e)3827 mm TL, with 327 mm for

the largest male and 316 mm TL; largest adolesoete was 278 mm, smallest mature male

was 295 mm TL. Males appear to mature between &80:290 mm TL.

Distribution

Upper south slope of Iberian Peninsula within BaZadiz at 270-670 m depth. One oblique
haul from 172-414 m (ZMH 25427) presumably took sipecimen at the deeper part of the
haul. Bottom temperature and salinity, if taken,capture stations were approximately
between 12.76 and 13.95° C and 36.18 and 37.20r@s01, according to data obtained by J.
Baro. Regarding bottom substrate, which was notciBpally registered during trawl
operations, J. Baro’'s colleague V. Diaz del Riovpgted the following summary for the
general condition: “Sediments become progressitiar-grained with increasing depth of
water and distance from the sea shore. On the wglppe, there is a strong dominance of
contourite deposits composed of fine and very foweasionally muddy, sands created by the
contour-flowing of the strong outflow current of Migerranean water through the Strait of
Gibraltar” (

Figure 5.13).
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Figure 5.13 — Atlantic south coast of the Iberi@miRsula from Strait of Gibraltar to Cabo de
Sé&o Vicente, with 100 m and 500 m continental slgobathic lines. Rectangles indicate
capture areas of the Portuguéésoraja ibericasamples off Faro during the 1999-2000 and
2005-2006 project periods and the Spanish sampiésnvwithe Gulf of Cadiz during 1994-
1997, 1999-2000 and 2001-2004 surveys.

Etymology
Named for the type localities which are a verynetgd area of the eastern North Atlantic
along south-western slope of the Iberian Peninsulahoth the Portuguese and Spanish

sectors.

| nter specific comparison

N. ibericais already clearly distinguished from its four cengrs by its relatively light
ochre to medium greyishbrown dorsal ground coleaplain dark ground colour, or bluish in
N. caeruled and by its pattern of largely symmetrically agad dark brown dots and spots
plus a few pairs of small whitish spots on pecwid posterior pelvic lobess(no dorsal
colour pattern at all)N. ibericahas an almost totally white underside with at miagtt
greyish broad margins to outer corners and postpaotoral margins, as well as to posterior
pelvic lobes, and as a rule is its underside d¢fplain white. The four congeners, in contrast,
show distinctlydark to even blackish broad margmestrally at least at outer corners and
along posterior pectorals, as well as to postgravic margins, and hardly ever a plain white
underside of tail. Head and the centre of discraflgtare usually plain white ilN. ibericg
with at most a cloudy blotch of pale brown, partigrging spots on inner pectoral centres in

few specimens. In contrast, as a rule congenepsagisnore or less large dark areas also on
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underside of head, interbranchially, along lingyitis slits, on belly and inner pectorals to at
times almost totally dark discs, as well as theiderside of tail is always marbled light and
dark, largely blotched dark, or even totally darlanterior half or two thirds of length.

The four congeners resemble each other Mndbericain further external aspects like:
general shape, squamation and even morphometpogians, tooth row counts and internal
meristics (Vtr, Vprd, P and V radials), as wellthsir scapulocoracoids and pelvic girdles are
very similar, as largely demonstrated by McEachand Compagno (1982). Even claspers,
except forN. carolinensiswith no mature males yet known, show externally andheir
skeleton a very similar aspect, in that outer gadisplay a rather intensive coverage of fine
dermal denticles, and the ‘pseudosiphon’ grooveooter dorsal lobe is either lackindy.(
stehmanniN. caeruleg, or present but formed as a longitudinal, vergxpnally located
groove largely . africang or totally (N. ibericg within the dorsal dilatator muscle. All
congeners with mature males known show externatiy e their clasper skeleton the
component ‘terminal bridge’ separating two distifat¢fts’ on inner dorsal lobe (not labeled
by Hulley, 1972, Figure 5.3, as neither externahponents ‘dike’ and ‘funnel’, but likely
present according to skeleton Figure 5.4), andatezal ‘dike’ and distal ‘funnel’ extensions
of ventral terminal cartilage in its distal thirfihe large clasper cartilages dorsal terminal 1
and ventral terminal — each of characteristic shapd dt1 curving around axial distally — are
firmly fused with their distal tips on inner ventiside, with (. stehmanniN. africang N.
iberica but rudimentary in the latter) or withoutl.(caerulea distal extension of vt forming
external component ‘funnel’, depending on whether dtl or the vt is the longer element at
distal fusion, and if the vt shows a more or lessirtct distal extension. Further differences
are due to presencl.(stehmanniN. africang or absenceN. caeruleaN. ibericg of a distal
extension of the dorsal marginal cartilage and swmoee or less distinct external component
‘pseudorhipidion’. The accessory terminal 1 andatilages are in all species, with mature
males known, of genus-typical U-shape, with Z-slklagestal lateral extension, or straight
club-shaped with spatulate, curved tip, resp. Timaber of dorsal terminal cartilages, other
than dtl, may vary from mostly threl.(stehmannicaerulea iberica) to four (N. africang
as a sequence connecting as dorsal lobe suppodidta¢ end of dorsal marginal with the
terminal bridge to the axial and the very tip of thxial cartilage. To a degree, presence or
absence, or distinctiveness of external comporsrgported by cartilages, as well as clasper
cartilages themselves may depend on age of a matate specimen, in that continued

growth of cartilage extensions and the increasegyee of skeletal calcification may make up
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some of the interspecific differences. This may disld true for integumental components in
the glans, as was found M. iberica Of eight mature males, only three (MNCN 259.163,
MNHN 2007-0017, ZMH 25437) showed a rudimentary ponent flag (fg) in both claspers
as a low integumental flap on distal end of theabgartilage, but a flag showed only in the
right glans clasper of MNHN 2007-0017. Such natwaiation demonstrates the apparent
gradual development of the flag, if it shows aPalls mature males grow larger and become
older.

Based on the revision by McEachran and Compagn82j1and availability of better
species specific information, a final conclusiom gagow be drawn regarding the generic
identity of theBreviraja sp. Raja fullonicaof Vaillant, 1888, non Linnaeus; Figure 5.14C) as
mentioned and commented on in CLOFNAM (Stehman318nd 1979 [Suppl.]) and in
FNAM (Stehmann and Burkel, 1984), which appearbawee been taken at 614 m depth on
the continental slope off northern Spain, i.e.hie southern Bay of Biscay. This single, badly
disintegrated, partly skeletonised mature maleppfeximately 260 mm TL (MNHN 83-149)
has been re-investigated to the still possibleildelby the senior author, incl. radiographs. It
can be assigned now to the geteoraja based on mainly the following features: cranium
without nasobasal fenestrae and with obviously drbasal rostral triangle narrowing
abruptly to a delicate rostral shaft being disinégd like rostral node and its appendices, but
with anterior propterygia and pectoral radials apptdy extending forward to nearly snout
tip. Totally skeletonised claspers, no more prawdiany indication of integumental
components in the terminal region, do however sladwNeorajaypical features of the
terminal skeleton (Figure 5.14A,B): large dtl wgtloximal extension and distally curving
around axial onto ventral surface; elongated vthwvahterior notch and medial extension
linking with ventral surface of atl but distally ® more due to disintegration) not fused to
and longer than dtl, further with distal, inner sidrplatelike, upward curving extension
(dike); dt2 to dt4 sequence of dorsal terminalileayes linking distal end of dm, which has an
outer distal extension (pseudorhipidion), with éipaxial, and dt2 with its distal end fused
with axial (terminal bridge) and head of dt3; atidat2 typically of U-shape with Z-shaped
lateral extension and club-shape with spatulateréigp.. Internal meristics fall well into the
range for congeners: Vtr 25, Vprd 73, P radials raxmately 65, and tooth rows
approximately 40 in each jaw. Further external abtars also fit well the generic diagnosis:
individual thorns but no thorn triangle on napeldter region (2 median nuchal, none

suprascapular, probably one on each shoulder) bodt &ix small orbital thorns each side;
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from directly posterior to shoulder girdle one nadrow of about 50 thorns to D1 (10 on
trunk, about 39 on tail) but almost disappearirtgraivo thirds of tail length a fair distance in
front of D1. Upper side totally spinulose. Latetail folds only in posterior third of tail

length.

ax
vm

dt2

+4— dm -
extension [

at1i

at1

at2 at2

Figure 5.14 -Raja fullonicaof Vaillant (1888) (non Linnaeus); mature male @260 mm
TL (MNHN 83-149) =Neorajasp.; skeletonised left clasper in dorsal (A) aedtral (B)
views. Abbreviations as in figure 9; plus dt4 =shirterminal 4. Vaillant’s original plate 4
illustrations (C) of this specimen.

However, several distinct features distinguish theoraja sp. from its five congeners:
disc of this mature male very evenly inverse hehdped, without obvious undulation of

anterior margins as is typical in mature males réaness of pl. 4 in Vaillant, 1888,
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assumed); colour (in present bad condition andepvesl) dorsally and ventrally sort of plain
medium brown, without any indication or remaingdofsal colour pattern; dorsal fins widely
separated by space of about two times D1 basehlebgth very short-based and fanshaped
much higher than long, with probably interdorsabrtts between both; this mature male
shows a strikingly long postdorsal tail section,iahkhis about twice as long as the distance
from D1 origin to D2 base end, bearing a long, lepichordal C lobe terminating a bit
anterior to tip of tail. If the locality in the sthern Bay of Biscay at a depth of 614 m has been
interpreted correctly, it is surprising that no #iddal specimens have been discovered.
Hence doubts remain concerning the locality of $pecimen. The poor condition of the
specimen also recommends to not yet formally ndmsespecies.

Discussion

One may wonder, whil. ibericahas been only recently discovered, although Europea
slope waters are among the best investigated lfmmgtime, and this moderately rare species
lives at upper to middle slope depths having beannsercially fished on the bottom for fish
and crustaceans again for a long time by locakfisten. The very small size of this pygmy
skate species may mainly be responsible, thatgsblean overlooked probably and/or been
discarded at sea or mistaken on a first glancguf@niles of not marketable size of one of the
well know, larger growing skate species landed latyufor human consumption. Its very
small size eventually also prevented its being baumgy trawls, or made it easier for
specimens to escape from a trawl. Such circumssameg also have delayed the discovery of
N. caeruleawithin the Rockall Trough to the west of Scotlantt drelanduntil the 1970s,
despite its exceptional blue dorsal colour makingdeed obvious in any catch, in particular
because commercial deep water fishing there has bagied out by large factory stern
trawlers using trawls with large mesh size — unlike small local fishing boats along the
Iberian Peninsula south coast.

Species of the genuseorajashow at least in the Eastern Atlantic mostly ansuailly
localized, very limited distribution not only conmed with other offshore deep water but
likewise shelf species of skates. However, theialssize is an apparent reason for them
being unable to migrate over long distance, ang thay have occupied particular ecological
niches within their restricted habitat areas, wheey have been found living sympatrically
with larger species of other deep water skateswHaage of their biology is still too limited

for confirming the latter assumption. According@ompagneet al.(1991) isN. stehmannan
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endemic off the west coast of South Africa from mhaiabout Saldanha Bay to south of
Agulhas Bank, with so far only one more northercord south west of Orange River mouth
at 292-1025 m depth. It is saith€. cit) to have been caught in considerable numbers of
mostly adults off Cape Town and Saldanha Bay intdich areas below 600 m deptN.
caeruleahas only been found at about 600-1260 m depth nvitie Rockall Trough to the
west of Scotland and Ireland on the continentgbesland slopes of surrounding submarine
banks, with occasional records also on the outgpes of the latter banks delimiting the
Trough to the north and west. Bottom water tempeest at capture localities were between
6.41° and 9.102°C, mostly between 6.4° and 6.97(d, salinities between 35.171 psu and
35.326 psu. The species thus appears to live witlerNEAtlantic water mass characterised
by temperatures higher than 6°C and salinity ofariban 35 psu. If this holds true, the depth
range ofN. caeruleawill be limited to a maximum of about 1300 m (Stetnm, 1976;
Stehmann and Burkel, 1984. africanawas so far found with three type specimens on the
Central West African continental slope off Gabon9&0-1030 m and 4.35° to 4.66°C
(Stehmann and Seéret, 1983) and with one postemiorfemale off Mauritania/Rio de Oro at
1490-1640 m depth (Stehmann, 1995). With these widely separated localities and
apparently greater depth ran@ye,africanashows a wider geographical distribution within the
Eastern Atlantic than its congenehs. ibericawith its very limited distribution, eventually
sharply restricted by the outflow of high salinMediterranean water through the Strait of
Gibraltar, is geographically intermediate betweden africana and N. caerulea and the
Neorajasp. of Vaillant (1888) from off the north coast $pain — correctness of its locality
given — is intermediate betweéh ibericaandN. caerulea The only NW Atlantic congener,
N. carolinensiswas found with all but one of six type specimeffsNorth Carolina at 695-
1010 m, 4.18-4.56°C and 34.929-34.958 psu, onlyparatype off Florida at 1000-1008 m,
6.09°C and 35.035 psu (McEachran and Stehmann).1984
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Abstract

The authors described in this note three hermajpticogpecimens of the Velvet belly
Etmopterus spinaXLinnaeus, 1758) captured off the southern coaftartugal (Algarve),
during commercial trawl fisheries. The concomitanésence of a pair of claspers and a
normal and complete female reproductive systemwakb considering these specimens as
hermaphrodites. These three specimens are thecéissts of hermaphroditism recordecEin
spinaxto date and the second reported case of hermapbnodn chondrichthyan species in
Portuguese waters. The authors summarized and commhe different records of
hermaphroditism known to date in sharks, pointingtbat such a phenomenon is extremely
rare within this group.

Introduction

Velvet belly lantern sharktmopterus spinai.innaeus, 1758) is a small to medium-sized
common shark, well known in the eastern Atlantronf Iceland and Norway to Portugal
(Quéroet al, 2003). South Strait of Gibraltar, the specieorted off Morocco (Lloris and
Rucabado, 1998), Mauritania (Maurin and Bonnet,0)9%enegal (Capapet al, 2001a, b),
Guinea Bissau (Sanches, 1991), Azores (Sanches; 1S@ntoset al, 1997), Madeira
(Sanches, 1986) and the Cape Verde Islands (Mem¢zds 2004), also in southern Africa
(Compagno, 1984a). spinaxis reported in both Mediterranean Basins (Capd989;
Golani, 2005), in waters between 150-200 m to 4QCand probably more (Quignard and
Capapeé, 1971), however, it has been recorded do@2Q0 m in the lonian Sea (Siehal,
2004).

Previous studies on the reproductive biologyEofspinaxshowed that it is a viviparous
aplacental species, with a gestation period not@diog one year. Sexual maturity is reached
at similar sizes for specimens from off the Britiskes (Hickling, 1963) and those from the
Tunisia coast (Capapet al, 2001b). Additionally, in each area, males matuaed smaller
size than females, 350 mm and 380 mm resp., withmé the maximum size recorded for
both sexes. However, Compagno (1984) noted thanhtreémum size observed was 600 mm.
Capapeet al. (2001b) recorded near term embryos, having 126tatah length and weighing
6.03 g in pregnant females. Lo Bianco (1909), Hiekl(1963) and Capapét al. (2001b)
considered that the gestation period did not ex@egear. Food composition and feeding
habits ofE. spinaxhave been studied from different marine areas®feastern Atlantic and
Mediterranean. Stomach contents were analyzed aodesl that the species feeds on
crustaceans, teleosts and cephalopods (Cagiagle 2003; McPherson, 1980; Relini Orsi and
Wurtz, 1977).
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Off the southern Portuguese coast (Algange)spinaxis commonly caught as a bycatch
by bottom trawls, being always discarded at seeesihhas no commercial value (Borgss
al., 2002). Thus, in order to obtain information osh&ries discards, research was carried out
on board commercial bottom trawl fisheries trawkargeting red shrimgAristeus antennatus
(Risso, 1816), deep-water rose shrifgrapenaeus longirostrifLucas, 1847) and Norway
lobster Nephrops norvegicuélLinnaeus, 1758) operating off the southern caddPortugal
(Algarve). Of the 629 specimens Bf spinaxsampled during the survey, three revealed an
abnormal genital apparatus, and constituted neescashermaphroditism; the first recorded
to date in this species, to the best of our knogded

The aims of the paper are to describe each specueéine the kind of hermaphroditism,
normal or abnormal, and comment and discuss henrodipism in shark species. Of the three
categories of abnormalities reported by Dawson 419866, 1971) and Dawson and Heal
(1971) in chondrichthyans, hermaphroditism is pbiypahe most interesting due to the fact
that it directly concerns reproductive organs aputoduction.

Material and Methods

The whole sample including three abnormal specimg&as collected during fishing
carried out between February 1999 and Septembe®, 20@stly on muddy and sandy
bottoms, using a minimum codend mesh size of 50 iBpecimens were taken to the
laboratory where they were frozen whole for latewdg and processed after thawing.
Identification to species level was confirmed fr@@ompagno (1984b) and McEachran and
Branstetter (1984).

During the study, all measurements were recordebedmearest lowest millimeter. Total
length was measured in a straight line from theofighe snout to the posterior tip of the
caudal fin, depressed along the anterior-postexes of the fish (Compagno, 1984b, 2001).
Total body weight, eviscerated weight, the weigbitshe ovaries and the liver after being
excised were recorded to the nearest lower centigkangths of left and right male claspers
were recorded, and state of the claspers (fleibdr rigidity) was noted. Inner clasper
lengths were measured from the point of insertibtha cloaca to distal tip of clasper and
outer clasper lengths were measured from the pbiattside insertion in the pelvic fin to tip
of clasper (Compagno, 1984b, 2001).

Additionally, maximum oviduct widths, right oviducgland, length and width, ovaries

length, width and weight, oocyte diameters andi wt@ith were recorded. All measurements
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of reproductive organs were taken with a digitdipea with 0.01 mm precision and weights

with a digital scale to an accuracy of 0.01 g. $&xoaturity was ascertained macroscopically
and was determined following the maturity scalegopsed by Stehmann (2002) for viviparous
chondrichthyan specie3est for significance was performed by chi-squast with p< 0.05

following the methodology of Schwartz (1963).

Results

The first specimen was caught in March 1999, atlgepnging from 561 to 650 meters,
between 36° 46" 04°N - 36° 53" 15 N and 7° 358V - 7° 53" 08" W (Figure 6.1). It
measured 320 mm in total length and weighted 13@.Bviscerated and liver weights were
85.33 g and 20.49 g, respectively. Claspers wedtefiaxible and longer than extreme tips of
posterior pelvic fins lobes, but the left clasperswather smaller, 3 mm outer length; 19 mm
inner length, than the right one, 6 mm outer leng&mm inner length. Both left (LO) and
right (RO) ovaries were transparent and almost lggo&the same length, 46.59 mm in LO
and 46.80 mm in RO, and weight, 0.13 g in LO anthQy in RO. The right ovary was
slightly wider, 5.58 mm, than the left ovary, 4./f8n. Some small-sized transparent ovarian
eggs (oocytes) in the ovaries were visible, but macroscopically measurable. Oviducal
glands (OG) appeared to be in a developing stagesuaning 12.06 mm in length and 4.58
mm in width (right OG). Oviducts were widened posidy forming the uterus, and the
widths of right and left sides were 5.36 mm and35r&m, respectively (Figure 6.2).
Measurements and weights of the internal femaleodeetive organs were within the range
of values observed in normal maturing females ofilar total length, with exception of a
wider uterus. The state of these organs allowetb udassify this specimen as a maturing

female, according to Stehmann (2002).
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Figure 6.1 -Etmopterus spinaxMap of southern Portugal showing the capturesacéahe
three abnormal hermaphroditic specimens.

Figure 6.2 —-Etmopterus spinaXVentral view of the abdominal cavity of the figbnormal
hermaphroditic specimen, showing normal femalea@yctive organs and claspers. LC, left
clasper; RC, right clasper; LOG, left oviducal glafunderneath the ovary); LO, left ovary;
RO, right ovary; Oc, oocyte; LU, left uterus; Rlight uterus.

The second specimen was caught in September 18€88pths ranging from 595 to 640
meters, between 36° 41" 53N - 36° 46" 47" N @hd0" 55~ W - 7° 52" 05" W (Figure
6.1). It had a total length of 319 mm and a total weightt32.90 g. The eviscerated body
weight and liver weight were 84.56 g and 25.65 gpeetively.Both claspers were soft,
flexible and extended beyond the extreme tips atgroor pelvic fins lobes, being the left
clasper quite smaller, 3 mm outer length; 22 mneinangth, than the right clasp&,mm
outer length; 26 mm inner lengtiihe leftovary was rather smaller, 41.03 mm asmidler,
10.60 mm, but also heavier, 0.22 g, thia@ right ovary, which was 45.16 mm in length, 7.25

mm in width and 0.15 g in weight. Both ovaries é&itad translucent oocytes having different
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small sizes, 5.15 mm maximum diameter, easily rezafple by naked eye. The right
oviducal gland measured 12.81 mm in length and 549 in width. Oviducts were still
narrow, 2.40 mm in left side and 3.38 mm in riglides posteriorly widened forming the
uterus, with widths quite similar on both left anght sides, 9.51 mm and 9.91 mm,
respectively (Figure 6.3). The description of theeinal female reproductive organs fits the
criteria of a maturing female defined Byehmann (2002). Measurements and weights of the
internal female reproductive organs were compartabteose of normal maturing females of
the same size, and only the inner right claspegtlempresented a size similar to this of

maturing males having the same total length

Figure 6.3 -Etmopterus spinaX/entral view of the abdominal cavity of the sed@bnormal
hermaphroditic specimen, showing normal femalea@yctive organs and claspers. LC, left
clasper; RC, right clasper; LOG, left oviducal glaiROG, right oviducal gland; LO, left
ovary; RO, right ovary; Oc, oocyte; LU, left uter®J, right uterus.

The third specimen was caught in September 199€@¢epths ranging from 465 to 590
meters, between 36° 47" 05" N - 36° 49" 38" N @ah&6” 49" W - 8° 07" 55" W (Figure
6.1). The total length of this specimen was 376 amd the total weight was 238.57 g. The
eviscerated body and liver weighed 147.04 g an@&€$, respectively. Both left and right
claspers were of the same size, 10 mm outer le@§timm inner length, and were rigid and
longer than the extreme tips of the posterior peivi lobes. Ovaries were large, well rounded
and measured 63.10 - 74.63 mm in length, 15.71821&m inwidth and 2.45 - 4.23 mm in
weight, on the left and right side, respectiveljneTspecimen contained enlarged yolked
oocytes, easily counted and measured, and almogb@lt the same size, with a maximum
diameter of 13.48 mm. The right oviducal gland nieed 15.28 mm in length and 5.40 mm
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in width. Oviduct width ranged from 3.28 mm in Isftle to 5.30 mm in right side. The uterus
was rather wider on the right side, 10.01 mm, thianhe left side, 9.06 mm (Figure 6.4). The
condition of both ovaries and uterus allowed uslé&ssify this specimen as a mature female
according to Stehmann (2002). The internal femafgaductiveorgans measurements and
weights are typical of those found in the same easige of normal mature females, with the
exclusion of the uterus (narrower) and the ovid@eisler). As no normal mature male more
than 330 mm in total length was sampled, it waspastsible to verify if the claspers of this

specimen approached the length of normal maturesnal

..—. b, s o
Wi - B o . len B .
P N e e e

R~ N nt

Figure 6.4 -Etmopterus spinaxVentral view of the abdominal cavity of the thetdnormal
hermaphroditic specimen, showing internal normahdke reproductive organs and male
claspers. LC, left clasper; RC, right clasper; LQ&% oviducal gland; ROG, right oviducal
gland; LO, left ovary; RO, right ovary; Oc, oocytea), left uterus; RU, right uterus.

Discussion

Although Etmopterus spinalkas been the subject of studies concerning sopeetssof its
reproductive biology and diet and feeding habitscase of hermaphroditism has to date been
reported for the species. Thus, the tHEespinaxdescribed in the present paper constitute the
first cases of hermaphroditism ever recorded foe tpecies, and the second for
chondrichthyans in Portuguese waters; the firstwasg described in the Portuguese dogfish
Centroscymnus coelolepigBocage and Capello, 1864)y Verissimo et al. (2003).
Consequently, the low occurrencetfspinaxhermaphroditic specimens highlights the rarity
of such an abnormality, in agreement with Atz (196hd the reports of Dawson (1964,
1966, 1971) and Dawson and Heal (1971).
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Two types of hermaphroditism are generally reportedchondrichthyans such as
‘abnormal hermaphrodite’ and ‘normal hermaphroditdfowing Atz (1964) and Iglesiast
al. (2005), and defined also as ‘pseudo-hermaphroditd’ ‘true hermaphrodite’ by Irvinet
al. (2002). Normal hermaphrodites or true-hermaphesdéxhibit internally both sexes with
claspers and when mature the individual could assooth male and female functions; while
all other cases of hermaphroditism would be defag@bnormal or pseudo-hermaphroditism
(Irvine et al, 2002; Iglesiaset al, 2005). Additionally, Atz (1964) and Bortone an@vis
(1994) noted that intersexuality ¢®nsidered when primary or secondary charactetsthf
sexes are present in a same specimen. The preskedespers characteristic of males and a
normal and complete female reproductive systenhénthreeEtmopterus spinaspecimens
described, allowed us to state that they are abaloon pseudo-hermaphrodite sharks,
following the definitions cited above.

In Table 6.1, we have summarized reports of th&é&®aphroditism cases available to
date in the literature; it appears that number a@fmal hermaphrodite cases, 16, did not
significantly differ from that of abnormal hermaptites, 14, with* = 2.00, df = 1, p = 0.31.
Conversely, of the 14 hermaphroditism cases regandatoid species by Ribeiro-Pradb
al. (2009), only 4 were normal hermaphrodites, the dtBier cases were abnormal
hermaphrodites; with this difference being stataty significant §* = 50.00, df = 1, p <
0.05). This phenomenon, especially normal hermaptisa, seems to be more characteristic
of sharks than batoids. Normal hermaphroditisnvident in both aplacental and viviparous
species. Although such abnormality is considerag xare in chondrichthyans (Atz, 1964), a
high percentage of normal hermaphrodites were wbdein the brown lantern shark
Etmopterus unicolo(Engelhardt, 1912) by Yano and Tanaka (1989), taedblack dogfish
Centroscyllium fabricii(Reinhardt, 1825) by Yano (1995), while Igleseésal. (2005) stated
that hermaphroditism is the normal condition ofrogjuction in the longhead catshark
Apristurus longicephalublakaya 1975.

The causes of hermaphroditism in chondricthyan ispestill remain difficult to explain
(Atz, 1964; Ribeiro-Pradet al, 2009). As in other vertebrates, hermaphroditisay mave
different origins, probably genetic and/or hormorahfavorable environmental conditions
such as radio-activity contamination could playimportant role (Yano and Tanaka, 1989;
Scennaet al, 2007), and other pollutants may be implicatethenwild (Ribeiro-Pradet al,

2009). The large variations of hermaphroditism saise different chondrichthyan species
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reported to date, especially the recent obsenmtidriglesiaset al. (2005), support the need
of further and more detailed studies on this subjec
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Table 6.1 —Etmopterus spinaxNormal and abnormal cases of hermaphroditismrdecbin shark species from different marine regions

including the specimens described in this note.

FAMILY SPECIES HERMAPHRODITISM REPRODUCTIVEMODE CAPTURESTE AUTHORS

Hexanchidae  Notorynchus cepedianus Normal* Yolk-sac viviparous ? Daniel (1928)

Etmopteridae  Etmopterus baxteri Normal Yolk-sac viviparous Southern Australia Irvine (2004, in Joneet al., 2005
Etmopteridae  Etmopterus granulosus Abnormal Yolk-sac viviparous Eastern New Zealand Weihe (1996)
Etmopteridae  Etmopterus granulosus Normal Yolk-sac viviparous South-east Tasmania Irgihal. (2002)
Etmopteridae  Etmopterus unicolor Abnormaf Yolk-sac viviparous Suruga Bay, Japan Yand&naka (1989)
Etmopteridae  Centroscyllium fabricii Abnormaf Yolk-sac viviparous Western Greenland Y ah®9b)

Etmopteridae  Etmopterus spinax Abnormal Yolk-sac viviparous Southern Portugal Thisdgt

Somniosidae  Centroscymnus coelolepis  Normal Yolk-sac viviparous Central Portugal Verissimeet al. (2003
Somniosidae  Centroscymnus owstonii Abnormal Yolk-sac viviparous Suruga Bay, Japan Yd@8%, in Irvineet al., 2002)
Squalidae Centrophorus lusitanicus Abnormal Yolk-sac viviparous Coast of Senegal Cadéreao)

Squalidae Squalus acanthias Abnormal Yolk-sac viviparous Western Canada Rowagq)19

Squalidae Squalus acanthias Abnormal Yolk-sac viviparous ? Gelsleichtelet al. (1997, in Irvineet al., 2002
Squalidae Squalus megalops Abnormal Yolk-sac viviparous South-eastern Australia ra&ini (2009)

Heterodontidae Heterodontus portusjacksoni Normal
Heterodontidae Heterodontus portusjacksoni Normal

Carcharhinidae Prionace glauca Normal
Scyliorhinidae  Apristurus longicephalus Normal *
Scyliorhinidae  Apristurus longicephalus Normal
Scyliorhinidae  Apristurus longicephalus Normal*
Scyliorhinidae  Scyliorhinus canicula Abnormal
Scyliorhinidae  Scyliorhinus canicula Normal
Scyliorhinidae  Scyliorhinus canicula Abnormal
Scyliorhinidae  Scyliorhinus canicula Normatf*
Scyliorhinidae  Scyliorhinus canicula Normal
Scyliorhinidae  Scyliorhinus canicula Normal
Scyliorhinidae  Scyliorhinus canicula Abnormal
Scyliorhinidae  Scyliorhinus stellaris Normal
Scyliorhinidae  Scyliorhinus stellaris Normal
Triakidae lago omanensis Abnormal
Triakidae lago omanensis Abnormal*

Yolk-sac viviparous
Oviparous
Placental viviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Oviparous
Placental viviparous
Placental viviparous

South-western Australia nelet al. (2005)
South-western Australia  Jones &e?@R009)
Central Long Island, UBAatt (1979)

New Caledonia Iglésiesal. (2005)

West Australia Iglésiaset al. (2005

South-western Japan Iglésinal. (2005)

France Borcea (1904)

British waters Bamber (1917)

British waters Murray & Baker (492

British waters Arthur (1950)

British waters Fuller and Zachart86Q)
Coast of Tunisia Capapé & Zahnd4)197
Bristol Channel, UK Elis & Shaekl(1997)
Southern France Vayssiere & Quintgi@14)
Coast of Tunisia Capapé et al. (1979
Northern Arabian Sea Qagno & Springer (1971)
Madras coast, India vaoss & Batcha (1997)

* Several specimens were observed byoasith
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Hauling of a trawl net with a BRD - photo by @ Ra#onseca adapted by MECosta







Chapter 7 — General Discussion

Neither bycatch (the portion of the unintentionaltah of non-targeted species) nor
discards (the portion of the catch not retained #mdwn overboard) are new issues of
international concern. However, since the recetlusion of a ‘landing obligation’ (hereafter
referred to as ‘discards ban’), addressed in tlierme of the European Union Common
Fisheries Policy, bycatch and discards issues lgauged a tremendous attention from the
economic, scientific, political and social pointwaéw.

The present work provides results on bycatch arsdadils in the Portuguese commercial
trawl fisheries, specifically on the southern co@dgarve), which are relevant to other high
discarding multi-species and multi-sized fisheriE#sese include:

M The crustacean and fish trawl fisheries are charigedd by considerable amounts of
bycatch, largely exceeding the target catch (Cha@)eand also of discards, both in
abundance and biomass (Chapter 3), commonly atibbito the inherently non-selective
nature of the trawl gear,

M Both bycatch and discards are much higher in thle fiawl than in the crustacean
trawl métier (Chapters 2 and 3); these bycatchesnaore related with the non-selective
nature of trawl nets and the discards are more exied with the catch of small pelagic
organisms (e.gMacroramphosusspp.), whose depth distribution overlaps the deptige
exploited by trawlers;

M The biomass of target species caught by crustacaats is considerably higher than
those caught by fish trawls, but the inverse apptiencerning commercial bycatch species
(Chapter 2), which can be attributable to longev gurations of crustacean trawlers and
shorter trip durations of fish trawlers;

M No significant seasonal patterns in the targetatnfc (total and commercial), retained
and discarded catch components were found (Chagteasd 3), most likely due to the
persistence of groundfish assemblages composiiien tome; also no seasonal trends in the
overall species abundance and biomass discard wages found (Chapter 3), which may
indicate no changes in the fishing behaviour, sisl@ng operations are conducted in order
to take advantage of the availability of the magpaortant (target) species;

M The highest amount of discards found in a specéason/year, in each métier, is
probably related to the increase of the local magkeces of some commercial bycatch
species otherwise discarded;
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i Demersal trawl fisheries in this region captureeatraordinary diversity of species
from a large number of taxonomic categories (Chraf2eand 3), reinforcing the multispecies
nature of the trawl fisheries;

M Both bycatch and discard biodiversity is far greate crustacean trawls, which is
expected since fishing is carried out over a gredd¢pth range and a broader area and with
four times longer mean tow durations than in fislwts; target species, selected by the
skippers represent a very small fraction of thelimersity in both métiers (Chapters 2 and 3);

M Bony fishes were dominant in both bycatches andadils, followed by cephalopods
in the bycatches and by crustaceans in the dis¢@fuspters 2 and 3);

i Most species caught by crustacean trawls wereragsieally discarded while most of
the caught in fish trawls were frequently discar{ledapter 3);

M Fishes and cephalopods are retained and discatdmhsiderably higher mean rates
in fish trawls when compared to crustacean trawl#) the retained ones always exceeding
the discards; discards in excess of landings wahg found in specific seasons and years,
associated to the sporadic presence of high amaintsrtain bony and cartilaginous fish
species in each métier, which could only be a cafle of a temporal variation in their
abundances (Chapter 3);

M Deep-water rose shrim@Parapenaeus longirostrjsin crustacean trawls, and horse
mackerels Trachurusspp.), in fish trawls, were the species which aoted for the largest
fraction of the target catch (Chapter 2);

i The species that contributed most to the commekgiehtch were the cartilaginous
fishes in the crustacean trawl métier, and themitachub mackerelScomber coligsand
European pilchardSardina pilchardug in the fish trawl métier, whose commercialization
depends on the total amount of catch and on thkenprices (Chapter 2);

M In both métiers, bony fishes alone account for smeenely high percentage of the
discards abundance and biomass, although beingmigtthe fish trawl métier (Chapter 3);

M A limited number of fish species, of low or no coemcial value and particularly
relevant to the marine food welosntributes to high levels of discards in each erghoth in
abundance and in biomass. The main species distabye crustacean trawls are
Micromesistius poutasso(blue whiting), Macroramphosus scolopaffongspine snipefish)
and Capros aper(boarfish) in abundance, and blue whiting, boarfiGlaleus melastomus
(blackmouth catshark) andonger congelEuropeanconger) in biomass. The species most

discarded by fish trawls are longspine snipefistl boarfish in abundance, and snipefishes,
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Atlantic chub mackerelScyliorhinus canicula(small-spotted catshark) arBloops boops
(bogue) in biomass (Chapter 3);

M The reasons for discarding are fundamentally ofeaanomic nature for bycatch
species, since the majority of them have no comialex@lue (e.g. longspine snipefish,
boarfish, and most of the cartilaginous fishes iavdrtebrates) (Chapter 3), and of legal and
administrative nature for commercially importamget species, as most are below the legal
minimum landing sizes (e.g. hake, seabreams ofgémisPagellusspp., deep-water rose
shrimp) (Chapters 2 and 3). Both target and bycapsties are also discarded because of
damaged condition and/or poor (bad) quality of widlials as a result of long tows,
particularly those less resistant to deteriorafmg. hake, blue whiting, forkbeards) (Chapters
2 and 3). Other important economic reasons that tealiscarding of bycatch species are the
inexistence of readily available markets for maonynmercial bycatch species (e.g. triglids,
most of cephalopods), and the low commercial véug. blue whiting, catsharks) (Chapter
3).

The results of these studies come to reinforceirtbeasing concern about bycatch and
discards that we have been assisting recently wailtd and highlight the urgent need to
search for solutions towards addressing this pmblBue to the lack of selectivity of the
trawl nets and the multispecies nature of trawhdrges, of which the southern Portuguese
trawl fisheries is a good example, some bycatch aliays occur making it impossible to
completely eliminate the discards, however thermisloubt that the current levels of bycatch
and discards of non-target species and undersizidduals can be significantly decreased.

The concern to investigate and take appropriatesurea for the minimization of bycatch
and discards is not recent (Alversenal, 1994) and, since 1995, it is referred in the FAO
Code of Conduct for Responsible Fisheries (CCRRF1995). In light of the management
goal to maintain or restore stocks at levels capable ofdoing maximum sustainable yield
(Article 7.2.1), the CCRF specifies thaliscards, catch of non-target species, both fisth an
non-fish species, and impacts on associated orribp# speciésshould be minimized by
means of appropriatesélective, environmentally safe and cost-effectisieing gear and
techniques(Article 7.2.2 g), including technical measures related to fish size, meshaize
gear, discards, closed seasons and areas and zesesved for selected fisheriagith the
foremost purpose tgfotect juveniles and spawnéférticle 7.6.9) (FAO, 1995).

The mitigation of bycatch and consequent reductibrdiscards can be achieved by a

broad range of technical, regulatory and socio-esoa measures, which are presented in
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Table 7.1. These possible measures will not beudsed in detail in this chapter as this
belongs to a much wider context and is beyond tiopes of this study. Nevertheless, those
measures found to be most pertinent in the comkRortuguese trawl fisheries, and taking
into account the main outcomes of this study, élldiscussed in a more generic way.

The most recent and most feasible approach use@dace catches of bycatch and
undersized species, thus decreasing discards lelvblsttom trawls, is thdevelopment and
adoption of more selective fishing gears and praces(Table 7.1), where only one or a few
target species are captured and others, such asilgs, are allowed to escape during the
catching process. A large number of gear modifceti (e.g. increasing mesh sizes) and
technical improvements in the selectivity of trawvelts, both in size and species-selection (e.g.
Bycatch Reduction Devices, BRBshave been tested worldwide and some have praven t
be very successful in some fisheries for many ingmrmarketable species. However, as
these gear-based technical measures allow the esseap of some of the commercially
valuable target species from trawl nets, reduchegdatching efficiency or even a potential
loss of landings and incomes in a short term, igteefs, whose main concern is to maximize
catches of target species, do not accept themyeasiis is further aggravated in multi-size
and multi-species fisheries as the improvemenhefdselectivity by the gear-based technical
measures cannot be achieved for all species. Omttiexr hand, the additional work that
fishers have to face, associated to inserting, lrapdrepairing and maintaining BRDs, as
well as the high economic costs of manufacturireséhdevices, makes them and the fishing
industry more reluctant to adopt this type of meesu

In order to achieve a minimization of bycatch aeduction of discards, it is also of
utmost importance that fishers, as major stakehsldmd knowers of fisheries, adopt
appropriate measures that best respond to thistolgeeither by implementing the technical
measures referred abowe by finding new fishing techniquesor changing to more
selective fishing gearghat induce lower bycatch/discards levels (Tablg.7To make them
realize that they can benefit from the adoptiomefv improvements and measures, and feel
encouraged to, i.e. to perceive that the cost wewlin the technical modifications will
compensate their profit in a long-termingentive-based systemwhether economic and/or
social, (Table 7.1) is also a vital measure todesmlered. Some possible incentives could be
given to those fishers who are receptive to theafisaeore selective fishing gears generating

lower bycatches, such as granting of fishing peymiit the best fishing grounds and/or

% See Suuronen and Sarda, 2007 for a comprehensiesvren this subject.
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extended seasons (e.g. in Norwegian shrimp fissleraxtra fishing days (e.g. in English
Nephropsfishery), higher catch limits/extra quotas, ecormoaubsidies (e.g. loans or grants)
for initial costs associated to technological madiions of fishing gear and installation of
BRDs, and lower taxes/fees on investment. A systénmdividual penalty (orihdividual
shame), where the worst performing fishers in terms pédiches are placed on a list, is also
considered a clear incentive. One example of §stes is the ‘dirty dozen’ list used in some
Alaskan fisheries where being on the list is aremtive for fishers to improve their fishing
behavior. However, to be effective, these or amgoincentives should not be exclusive to a
single fishery, but rather applied to all fisheriagyeting the same stocks, because fishermen
need to have confidence that resulting measurefaiare

The minimization of bycatch and reduction of disisacan also be achieved effectively by
spatial and/or temporal fisheries closureseither on a permanent or on a temporary basis
(Table 7.1), banning or limiting fishing to all selected fishing gears where and when there
are relatively high levels of bycatch and high aartcations of juvenile undersized fish.
Besides helping in the reduction of gear impactshenhabitatfisheries closures can also be
used to reduce fishing intensity, and consequdisiyng mortality, on not only unwanted or
less valuable bycatch species and on target spdmigsalso on immature and spawning
aggregations, therefore protecting nursery aredsspawning grounds. Likewise, the rare,
endangered, threatened and/or protected specieslafiops can also benefit from the
fisheries closures. Temporary, and in real-timesutes, adapted to occurrences of high/low
bycatches (e.g. exchanging fishing grounds whenowentering significant bycatch levels), are
thought to be more useful and effective than peentslosures. However, a problem with
the fishery closures is that at the boundariesdjacant areas of the closures or in periods
outside the closure, the fishing effort may incesadversely influencing the desired effect.
The identification and establishment of where ameénvfishing should be closed to the use of
all or certain less selective fishing gears, shoh#&l carried out without significantly
compromising the retained catch to the point of imgikhe fishery economically viable.

Although the current lack of detailed informatiom ¢he stock distribution in their
habitats, spawning seasons and biological conditibrish, allied to the spatio-temporal
variability in the population structure, hampers ttientification of such closures, making the
limitation of these areas/periods difficult to irapient (e.g. Hall and Mainprize, 2005;
Kennelly, 1997; Walker, 2005), the access to figlgnounds that otherwise should be closed

due to excessive bycatches (as happens e.g. im $&mNephropsfisheries and in the
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Norwegian roundfish fishery), along with thorougtabysis of bycatch records, is considered
an effective incentive for the development and abeselective devices (BRDs) in trawl
fishing nets. As it has been widely accepted hydiimen, this could be a promising approach
to minimize bycatch and reduce discards in othardiiies, but always taking into account the
nature of those fisheries.

Another alternative to minimize bycatch and reddesards includes a thoroughgoing
utilization of bycatch (Table 7.1) by making it a harvested resourceeatstof a wasted
discard. The development of new economically vidbtal markets for bycatch species that
are currently discarded, the commercialization ertain bycatch species to countries which
developed a market for these species (e.g. sardiisearded by Italian fisheries could be
exported to supply Spanish markets), the use oatbiicspecies with low commercial value
for animal feed and aquaculture (e.g. fishmeal fsld wafers), and the development of
products either for human consumption (e.g. frommoked and/or salted and dried fish;
minced fish and canned produdtster alia) or for application in cosmetic (e.g. collagen to
skin treatments), pharmaceutical (e.g. fish oitd Aiomedical (e.g. bacteriological peptone to
produce antibiotics and vaccines; chitosan to weastity, cholesterol and kidneys, blood and
dental diseases; hyaluronic acid with anti-inflantwna properties) industries, are possible
ways by which discarded waste can be transformeéd @xploitable catch, thereby
contributing to a more rational use of marine reses. Although not considered by many as
the most satisfactory measure to use the resofkal et al, 2000),the utilization of
discardshas proven to be an extremely effective measuredoce bycatch in many African
and Asian (e.g. India) fisheries generating sigaift economic and social revenues to the
populationd’. However, one of the main problems that couldeafiem this measure is that
fishermen can increase fishing effort on the bytagpecies with potential future market
value. Overcoming this situation (e.g. not allowthg market value of bycatch species to be
very high) and the costs involved in the technicaprovements necessary to the
transportation, preservation and/or processingyoateh species to be used, as well as in the
investments needed to promote the sale of new dfistmel/or products, the utilization of

bycatch could be indeed a great improvement tomiad the impacts of discards.

10 kumar and Deepthi (2006), Lol al. (2010) and Raffi (2011)’s articles are good revi@nghis subject.

- 224 -



Chapter 7 — General Discussion

Table 7.1 — Measures to minimize bycatch and redismards".

TECHNICAL MEASURES

IMPROVE SELECTIVITY Fishing gear modifications / changes of gear desifyfi* 7 10:1417:19.20.24.28

OF FISHING GEAR e.g. changes in mesh configuration, fishing gear dimessimad codend mesh
sizes, in trawls; changes in hook size, in longline

Development and instalation of selectivity device@ycatch
Reduction Devices, BRD’§)2‘4'1°‘14'22’28’2?0 improve:

Size-Selectivity —e.g. Codend Mesh Size, Square-Mesh Codends, Square-
meshed Panels (SMPs), Turned Mesh Codend (T-90), Selde#iorls and
Escape Windows (e.g. Square mesh panels, Bacoma panelh[Zanedish

exit windows), (Rigid) Size Sorting Grids, for aetigears.

Species-Selection- e.g. Nordmgre Grid, Modified Nordmgre Grids and
Other Excluding Grids, Selective Ring Device, Horizontalp&rator Panel,
Inclined Separator Panel, Sieve Net, Set-back HeadlingA@ay-Trawl),
Large Mesh Top Panel Net, Selective Ground-gear modiicaenthic
Release Panels, Electric Stimuli, for active gears.

CHANGE FISHING e.g. handling and release practices, changing the time yfolldishing

VISt le YA =Y Nexi[e =l Operations, the immersion time of nets, the fiskiagth.
6,8-9,13

BANNING FISHING Non-selective fishing gears that induce the highest bycatch/discards
GEARS/METHODS *” levels (e.g. beam trawl and single trawl)

IMPROVING DETECTION Identify shoal composition (target/bycatch specie)efore its capture
TECHNIQUES *"* Geoglobal Positioning Systems (GP S)
Automated image analysis (e.qg., Geographic Infaom&ystems, GIS).

USE OF ALTERNATIVE [V R R il R T e

FISHING GEARS e.g. gilnets, trammel nets, longlines, fixed gears

SPATIAL/TEMPORAL Permanent
CLOSURES 1,2,4-7,9-10,18,21,26,28- Wi mporary

eompiled from:Crean and Symes (1994FAO (1996) Clucas (1997)‘FAO (2011b)Hall (1996),°Hall et
al. (2000), "Elliston et al, (2005),®Hall and Mainprize (2005)Walker (2005),°Catchpoleet al. (2006),
Branchet al. (2006),*%Kilimnik et al. (n/d), *umar and Deepthi (2006)'Broadhurset al. (2007),**Suuronen
and Sarda (2007)°Campbell and Cornwell (2008}/Catchpole and Revill (2008}%Fuller et al. (2008),
®Macheret al. (2008), “Matsuoka (2008)*Anon. (2009b),?Eneveret al. (2009), “*Alonso et al. (2010),
**Catchpole and Gray (201GfLobo et al (2010),Dunn et al. (2011),%'Raffi (2011),”Gilmanet al. (2012),
“Johnsen and Eliasen (2013%Harringtonet al. (2005),*'Zhou (2008)*Jenkins and Garrison (2013).
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Table 7.1 (cont.) — Measures to minimize bycatah muluce discards

REGULATORY M EASURES

INPUT CONTROLS Limit fishing effort or overall capacity
e.g. reduction of vessels number, decommissioning grdimits on
trips, fishing days, tow duration.

1,2,5-6,8-10,16,19,21,28-30

OUTPUT CONTROLS * Size restrictiong"% %128
(to limit catch) e.g. increasing Minimum Landing Size (MLS)

Limits and/or quotas on allowable bycatchet® 1819283

e.g. Maximum Acceptable Bycatch (MAB), imits o thycatch:itarget
catch proportion, trip limits.

2,7,9,11
Transfers of quotas

e.g. Individual Transferable Quotas (ITQs)

Ban on discargd 4810212829
UTILIZATION OF Human consumptiorf-3°89:13:23.25.27

4,1 . _ . . .
BYCATCH ** e.g. frozen fish, salted and dried fish, fish pafigh sausages, fish jam,
fish noodles, fish pickles, fish spirals, fish pagp, surimi, fish protein
concentrate, fish gelatine, canned and breadedigiscetc.

New potential use §*>1%1320.23.25.27

for aquaculture (e.g. fishmeal and fish wafers) and cossee.g.
collagen, bioactive compounds), pharmaceutical (e.q.dis chondroitin
sulphate) and biomedical (e.g. hyaluronic acid, bactegichl peptone,
chitosan, chitin) industries.

New market53,5,8,10,13,25,27

Fish trade®®?%?’

SOCIO-ECONOMIC MEASURES

e S\l SSEIORS NI ISl Compe nsation mechanisms to encourage technological

developmentand according to the fishers performance
(lowest/highest bycatche§)4’ll’32

Access to or restrictions to fishing opportun?ti%—:‘os24

Positive (rewardingys. negative (penalty) systé;fﬁ’lo’z“'zg’32

Economic (e.g. fundings, subsidies, lower taxes§>*2®

The perception and the non-acceptance of the diyrdmgh levels of discards in
European fisheries by the European Commissioredalio the increasing awareness of the
negative impacts that the practice of discardingrtsxon fish stocks and in the marine
ecosystem, made the European Community prepare0@Y 2 policy proposal which

addresses the problem of bycatch and discards ematger of priority, establishing the
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procedures to be taken in order to reduce unwabightch and eliminate discards in
European fisheries (CEC, 2007a,b). The instrumentthis policy proposal includes the
introduction of adiscard ban as a regulatory measu(@&able 7.1)with a combination of
several other measures to mitigate bycatch, suctheasmprovement in the selectivity of
fishing gear, real-time closures in areas of higbaliches, flexibility and transferability in the
use of quotas, obligation to move to other fishgngunds when significant bycatch levels are
encountered, imposition on fees on unwanted byeatchnd/or their expropriation,
introduction of preferential access to fisherieanged on the basis of low bycatch track
records, alternative utilization of bycatches oflor no commercial value with the possible
creation of new markets of previously discardedcsse and the implementation of
information systems that allow fleets to identifpréori where the bycatch risk is lowest.

The inclusion of a discards ban, in the latest Bsapfor a Regulation of the European
Parliament and of the Council on the Common Figisefiolicy (CFP}, where all individuals
of commercial stocks that are caught will have ¢oldnded (citingArticle 15 paragraph 1
“All catches of species which are subject to catuitd (...) shall be brought and retained on
board the fishing vessels (7),)thought as an incentive to improve the selestiof the
fisheries, to decrease the capture of potenti@adis and to avoid food waste (EC, 2011a),
constitutes one of the most emblematic and demgnatioposals in terms of implementation,
within the scope of the CFP reform. After some gezfrdebates (Borges (2013) provided an
excellent review article on evolution of the EurapdJnion’s discard policy), the reforms to
the new European CFP were finally agreed on Decerhbe2013 and applicable froni'1
January 2014 (EU, 2013). The new regulation ofGk® contemplates the introduction of a
mandatory discard ban (referred to mding obligation) limited to species that are subject
to catch limits (i.e. species under TACs and/orimum sizes) (Article 15(1)), which will be
gradually introduced on a fishery-by-fishery ba@st. 2) and with specific start dates for
each fishery (pelagic species in 2015, most vatal@mersal species in 2016 and other
species in 2019) (Art. 15(1a)), with the main pwedo allow fishermen to adapt to the
change. These catches will be counted against ubtas) of the target species (Art. 15(1)),
which can be transferred between Member Statesrdiogoto a certain percentage (Art.
15(8,9)), and the complete phase out of discardimganned for 2019 (Art. 15(1c,1d)). The
EU Regulation also addresses the issue of theatidin of the catches of regulated species

under minimum conservation reference sizes, byt famlpurposes that do not involve human

125 comprehensive review on this subject can bedaarSTECF (2013b).
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consumption (Art. 15(11)), and also considers improent of the selectivity of fishing gears
in order to avoid and reduce bycatch (Art. 7 1@yl the possibility of granting increasing
fishing opportunities (Art. 16(2)) as prioritiesefgations from this legislation (Art. 15(4)
onwards), shall apply to those regulated speciesvfoch it is demonstrated there are high
survival rates after capture and when releasedirese’ (regarding this point, more studies
on survival in different fisheries need to be arout), as well as on those (non-commercial)
species not considered subject to the ‘landing gabibn’ and under the minimum
conservation reference size, which must be nowadisr at sea (Art. 15(5)). Although not
excluding the full consultation of the document (&r XX), an extract of the most recent EU
Regulation on the CFP, pertaining to bycatch mimation measures and ban on discarding,

is presented in Table 7.2.

3 A complete review of survival rates of discards, $pecies for which a landing obligation has beeposed,
can be found in Santurtt al. (2014).
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Table 7.2 — Extract of the most recent EU Regutatibthe European Parliament and of the
Council on the Common Fishery Policy (EU, 2013).

REGULATION (EU) No 1380/2013
OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 11 December 2013

on the Common Fisheries Policy, amending Council Relations (EC) No 1954/2003
and (EC) No 1224/2009 and repealing Council Regulahs (EC) No 2371/2002, (EC)
No 639/2004 and Council Decision (EC) No 2004/585

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EURREAN UNION,

Having regard to the Treaty on the Functioning laf European Union, and in particulay
Article 43(2) thereof,
Having regard to the proposal from the European @ssion, (...)

Whereas:

(-.))

(13) An ecosystem-based approach to fisheries nemmaigt needs to be implemented,
environmental impacts of fishing activities shoblel limited and unwanted catches should e
avoided and reduced as far as possible.

(26) Measures are needed to reduce the current laighs of unwanted catches and tp
gradually eliminate discards. Unwanted catchesdischrds constitute a substantial waste aphd
negatively affect the sustainable exploitation ofrime biological resources and maring
ecosystems and the financial viability of fisherids obligation to land all catches (“thd
landing obligation") of species which are subjectatch limits and, in the Mediterranean Sef,
also catches of species which are subject to mimirsizes, made during fishing activities i
Union waters or by Union fishing vessels shouldebgblished and gradually implemented and
rules that have so far obliged fishermen to dischaild be repealed.

(27) The landing obligation should be introduced afishery-by-fishery basis. FishermeI
should be allowed to continue discarding specieschyhaccording to the best availabl
scientific advice, have a high survival rate wheleaised into the sea.

(28) In order to make the landing obligation workabnd to mitigate the effect of varying
yearly catch compositions, Member States shouldllogved to transfer quotas between year
up to a certain percentage.

v

(29) In the management of the landing obligations inecessary that Member States do th
utmost to reduce unwanted catches. To this endovements of selective fishing techniques
avoid and reduce, as far as possible, unwantetemtaiust have high priority. It is importan
for Member States to distribute quotas betweenelgss a mix that reflects as far as possible
the expected composition of species in the fiskerie the event of a mismatch betweegn
available quotas and actual fishing pattern, MenSiates should consider adjustments throufh
guota swaps with other Member States, including grermanent basis. Member States shoyld
also consider facilitating the pooling by vesselhevs of individual quotas, for example at the
level of producer organisations or groups of vessaters. Ultimately, Member States shoulf
consider counting by-catch species against theaqubthe target species, depending on the
conservation status of the by-catch species.

r

5

(30) The destination of landings of catches of fistder the minimum conservation referende
size should be limited and should exclude saléfionan consumption.
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Table 7.2 (cont.) — Extract of the most recent E&giation of the European Parliament and
of the Council on the Common Fishery Policy (EU12D

(31) In order to cater for unwanted catches thatusiavoidable even when all the measures for
their reduction are applied, certaia minimisexemptions from the landing obligation should He
established for the fisheries to which the landiolgligation applies, primarily through
multiannual plans.

(32) Subject to scientific advice and without jedfising the objectives of maximum
sustainable yield or increasing fishing mortalityhere the landing obligation, including thé¢
obligation to document catches, applies, an ineredselated fishing opportunities should b
possible, in order to take into account the faat fish previously discarded will be landed. (...

HAVE ADOPTED THIS REGULATION:

PART | GENERAL PROVISIONS

(...)
Article 2 - Objectives

(...)
5. The CFP shall, in particular:

(a) gradually eliminate discards, on a case-by-bases, taking into account the best availabje
scientific advice, by avoiding and reducing, as & possible, unwanted catches, and by
gradually ensuring that catches are landed;

(b) where necessary, make the best use of unwaatebles, without creating a market for sugh
of those catches that are below the minimum coasiervreference size;

(.)

PART IIl MEASURES FOR THE CONSERVATION AND SUSTAINA BLE
EXPLOITATION OF MARINE BIOLOGICAL RESOURCES
TITLE | CONSERVATION MEASURES

(..)

Article 7 - Types of conservation measures

1. Measures for the conservation and sustainalpéoigation of marine biological resourced
may includejnter alia, the following: (...)

(d) incentives, including those of an economic matguch as fishing opportunities, to promote
fishing methods that contribute to more selectishifig, to the avoidance and reduction, as ffar
as possible, of unwanted catches, and to fishirtlg lewv impact on the marine ecosystem arjd
fishery resources; (...)

(j) technical measures as referred to in paragfaph

2. Technical measures may inclugger alia, the following: (...)

(b) specifications on the construction of fishirgag including:

(i) modifications or additional devices t@duce the incidental capture of endangerdd,
threatened and protected species, as well asuoeatther unwanted catches;

(c) limitations or prohibitions on the use of cantéishing gears, and on fishing activities, i
certain areas or periods; (...)
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Table 7.2 (cont.) — Extract of the most recent E&giation of the European Parliament and
of the Council on the Common Fishery Policy (EU12D

(d) requirements for fishing vessels to cease d¢ipgrén a defined area for a defined minimum
period in order to protect temporary aggregatiohgralangered species, spawning fish, figh
below minimum conservation reference size, androthimerable marine resources;

(e) specific measures to minimise the negative ohpaf fishing activities on marine
biodiversity and marine ecosystems, including messsto avoid and reduce, as far as possibje,
unwanted catches.

TITLE Il SPECIFIC MEASURES
(.)

Article 10 - Content of multiannual plans

1. As appropriate and without prejudice to the eetipe competences under the Treaty,|a
multiannual plan shall include: (...)

(f) objectives for conservation and technical meesto be taken in order to achieve the targgts
set out in Article 15, and measures designed tidaarod reduce, as far as possible, unwantgd
catches; (...)

2. A multiannual plan may also include:
(a) other conservation measures, in particular oreasto gradually eliminate discards, takin

into account the best available scientific advare,o minimise the negative impact of fishing o
the ecosystem, to be further specified, where gpjai@, in accordance with Article 18; (...)

(..)

Article 14 - Avoidance and minimisation of unwantatthes

= Q

1. In order to facilitate the introduction of thbligation to land all catches in the respectiy
fishery in accordance with Article 15 (“the landingligation™), Member States may condug
pilot projects, based on the best available sdiergtlvice and taking into account the opinion
of the relevant Advisory Councils, with the aimfafly exploring all practicable methods for
the avoidance, minimisation and elimination of untea catches in a fishery.

[ ¢)

2]

17

2. Member States may produce a "discard atlas" islgpthe level of discards in each of th
fisheries which are covered by Article 15(1).

Article 15 - Landing obligation

1. All catches of species which are subject to ledimits and, in the Mediterranean, als¢
catches of species which are subject to minimurassas defined in Annex 1l to Regulatior
(EC) No 1967/2006, caught during fishing activities Union waters or by Union fishing
vessels outside Union waters in waters not sulbgetttird countries' sovereignty or jurisdiction
in the fisheries and geographical areas listedvbelwall be brought and retained on board the
fishing vessels, recorded, landed and counted sigiia quotas where applicable, except when
used as live bait, in accordance with the followiimge-frames:

(a) From 1 January 2015 at the latest:
— small pelagic fisheries (i.e. fisheries for maekeherring, horse mackerel, blue whiting,
boarfish, anchovy, argentine, sardine, sprat);
— large pelagic fisheries (i.e. fisheries for binefuna, swordfish, albacore tuna, bigeye tun
blue and white marlin);

b

- 231 -



Chapter 7 — General Discussion

Table 7.2 (cont.) — Extract of the most recent E&giation of the European Parliament and
of the Council on the Common Fishery Policy (EU12D

— fisheries for industrial purposes (inter alish&ries for capelin, sandeel and Norwegian pou});
— fisheries for salmon in the Baltic Sea.

(b) From 1 January 2015 at the latest for spectashwdefine the fisheries and from 1 Januafy
2017 at the latest for all other species in fiskgein Union waters of the Baltic Sea for specigs
subject to catch limits other than those coveregdipt (a).

(c) From 1 January 2016 at the latest for the ggeuwihich define the fisheries and from |L
January 2019 at the latest for all other species in

() the North Sea

— fisheries for cod, haddock, whiting, saithe;
— fisheries for Norway lobster;

— fisheries for common sole and plaice;

— fisheries for hake;

— fisheries for Northern prawn;

(il) North Western waters

— fisheries for cod, haddock, whiting, saithe;
— fisheries for Norway lobster;

— fisheries for common sole and plaice;

— fisheries for hake;

(iii) South Western waters

— fisheries for Norway lobster;

— fisheries for common sole and plaice;
— fisheries for hake;

(iv) other fisheries for species subject to caintits.
(d) From 1 January 2017 at the latest for spectashwdefine the fisheries and from 1 Januafy
2019 at the latest for all other species in fiskgeriot covered by point (a) in the Mediterranegn,
in the Black Sea and in all other Union waters andon-Union waters not subject to third
countries' sovereignty or jurisdiction. (...)

4. The landing obligation referred to in paragramhall not apply to:

(a) species in respect of which fishing is protatdiand which are identified as such in a Unign
legal act adopted in the area of the CFP;

—

(b) species for which scientific evidence demornefrdigh survival rates, taking into accour
the characteristics of the gear, of the fishingpicas and of the ecosystem;

(c) catches falling undete minimisexemptions.
5. Details of the implementation of the landingigation referred to in paragraph 1 shall b

specified in multiannual plans referred to in Agik 9 and 10 and, where relevant, furthér
specified in accordance with Article 18, including:

[¢]

(a) specific provisions regarding fisheries or $gecovered by the landing obligation referred
to in paragraph 1;
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Table 7.2 (cont.) — Extract of the most recent E&giation of the European Parliament and
of the Council on the Common Fishery Policy (EU12D

=5

(b) the specification of exemptions to the landifjgation of species referred to in point (b) g
paragraph 2;

(c) provisions forde minimisexemptions of up to 5 % of total annual catcheslbEpecies
subject to the landing obligation referred to imgggaph 1. The&le minimisexemption shall
apply in the following cases:

(i) where scientific evidence indicates thatreases in selectivity are very difficult tg
achieve; or

(i) to avoid disproportionate costs of handlingwmamted catches, for those fishing geafs
where unwanted catches per fishing gear do noesept more than a certain percentage, to |be
established in a plan, of total annual catch of ¢ear.

Catches under the provisions referred to is ploint shall not be counted against the relevgnt
quotas; however, all such catches shall be fultpnaed.

For a transitional period of four years, tleqgentage of the total annual catches referred tg
this point shall increase:

(i) by two percentage points in the first tywears of application of the landing obligation
and

(ii) by one percentage point in the subsequeatyears;
(d) provisions on documentation of catches;

(e) where appropriate, the fixing of minimum consgion reference sizes in accordance with
paragraph 10. (...)

8. By way of derogation from the obligation to cowatches against the relevant quotas jn
accordance with paragraph 1, catches of speciésathasubject to the landing obligation ang
that are caught in excess of quotas of the stackgiéstion, or catches of species in respect|of
which the Member State has no quota, may be dedldicien the quota of the target specie
provided that they do not exceed 9 % of the qubthetarget species. This provision shall on
apply where the stock of the non-target speciestign safe biological limits.

< 0

9. For stocks subject to the landing obligationmiber States may use a year-to-year flexibilify
of up to 10 % of their permitted landings. For thigpose, a Member State may allow landirlg
of additional quantities of the stock that is sobj® the landing obligation provided that such
quantities do not exceed 10 % of the quota allacabethat Member State. Article 105 o
Regulation (EC) No 1224/2009 shall apply. (...)

11. For the species subject to the landing obligatis specified in paragraph 1, the use pf
catches of species below the minimum conservataference size shall be restricted tp
purposes other than direct human consumption, divgdufish meal, fish oil, pet food, food|
additives, pharmaceuticals and cosmetics.

12. For species that are not subject to the landiiyation as specified in paragraph 1, tHe
catches of species below the minimum conservat@erence size shall not be retained gn
board, but shall be returned immediately to the sea

13. For the purpose of monitoring compliance wité landing obligation, Member States shg
ensure detailed and accurate documentation ashlhfy trips and adequate capacity and
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Table 7.2 (cont.) — Extract of the most recent E&giation of the European Parliament and
of the Council on the Common Fishery Policy (EU12D

.

means, such as observers, closed-circuit televi€@iTV) and others. In doing so, Membe
States shall respect the principle of efficiencgt proportionality.

(...)
Article 16 - Fishing opportunities

(.

2. When the landing obligation in respect of a fitbck is introduced, fishing opportunities
shall be fixed taking into account the change frfixng fishing opportunities that reflect
landings to fixing fishing opportunities that reftecatches, on the basis of the fact that, for the
first and subsequent years, discarding of thaksioit no longer be allowed.

(--2)
PART XIII FINAL PROVISIONS
(--2)
Article 51 - Entry into force

This Regulation shall enter into force on the daliofving that of its publication in th®fficial
Journal of the European Union

It shall apply from 1 January 2014.

This Regulation shall be binding in its entiretydatirectly applicable in all Member States.

Done at Strasbourg, 11 December 2013.

Although chondrichthyan fisheries give only a rielalty small contribution to the overall
fisheries production (0.8% in 2010) and in spitethed decrease in their catches worldwide
(from 847,982 t in 2004 to 738,924 t in 2010) (FAXD12), thebycatch of elasmobranchs
(sharks and rays), and consequently the discards, diso been gaining a high and
increasingly concern at an international level. sklabranchs bycatch accounts for a
significant part (e.g. ~50% in large-scale high-kemline and driftnet fisheries) of the total
elasmobranch reported world landings (Bonfil, 20B@leret al, 2002; Wormet al, 2013),
but it is expected to be much higher if the elasrapnbhs caught as bycatch in other fisheries
directed at more productive and highly valued telespecieswhich are unknown and never
documented in the official statistics of world &sles (Anon., 2007; Bonfil, 2002; Compagno
and Musick, 2005; Fowlest al, 2002; Walker, 2002), could be included.

The most recent information on the current statishark populations found in the
literature is provided by Wornet al. (2013). These authors gathered all the information
available up to now (1961-2011) on global sharloregdl landings, illegal, unregulated and
unreported (IUU) landings and shark finning andetber with their own and first worldwide

estimates of shark discards, have reached to algstiark catch and mortality estimate of
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1.412 million tons in 2010v6. 1.445 Mt in 2000) which, converted into numbersbfrks,
gives an estimate of between 97 to 267 millionvieiials in 2010\{s. 69 to 100 million in
2000). Despite the uncertainty of data, which iswtiemed by the authors, who also advised
care in interpretation of their calculations, a semvative value of 1.135 Mt of sharks
discarded has been estimated for the year 200@itAlincertain, this estimate illustrates the
magnitude of the discards problem and by itsel&rtyejustifies the rising concern that falls
on this particular group of species. The elasmatirafrselected life-history characteristics,
among which the particular reproductive stratefgeg. long gestation periods, low fecundity
and late age at maturity), renders them far moteevable to fishing pressure compared to
most r-selected, prolific, bony fishes, and makesovery after major declines in their
populations difficult (Bonfil, 1994, 2002; Bradleand Gaines, 2014; Steveas al, 2005;
Fowleret al, 2002; Musick, 2005; Myers and Worm, 2005; Stewetral, 2000, 2005). This
is further aggravated in deepwater chondrichthyasmgheir reproductive potential is even
lower (e.g. slower growth and reproductive rataghér age at maturity) than most other
coastal and pelagic shallow-water elasmobranchiepg€Compagno and Musick, 2005;
Fowleret al, 2002; Garci&t al, 2008; Stevenst al, 2005; Walker, 2002).

As shown in chapters 2 and 3 of this study, thdilagmous fishes contribute to the
existing high biodiversity in coastal waters offuitern Portugal and are an important
component of commercial bycatches and discardhefttawl fisheries, of whiclGaleus
melastomugblackmouth catshark) in crustacean trawls, &aglliorhinus canicula(small-
spotted catshark) in fish trawls, are the deepwataark species that stand out most
Considering the low reproductive potential of tHasenobranchs and the limited, or even
inexistent, reproductive biological studies for mad these species in Portugal, the
reproductive biology of the deepwater sh&k Melastomusthe second fish species most
discarded in biomass by trawlers fishing for crostms, was investigated. Addressed in
chapter 4, it was found that:

M The sex ratio o5. melastomudoes not vary throughout the year and there appears
be a sexual segregation for the stock within tbdiet area;

M This species presents a sexual dimorphism by siitke,females growing larger than
males and reaching first maturity at larger sipegstmales;

¥ An extended breeding season with eggs developmgigihout the year, and with two

reproductive activity peaks during winter and sumrsesuggested for this species;
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i In this region of the Atlantic, blackmouth catsharittain greater maximum total
lengths, reach first sexual maturity at larger siaed produce larger egg capsules, compared
to those reported for the Mediterranean;

M Morphometric measurements of the left clasper astist of males, and the oviducal
glands of females, were suitable for determininguaé maturity of blackmouth catsharks;
females uterus width is not a good potential inicaf maturity, but the ovary is considered
to be the best reproductive organ to define matstdages of females;

M The lack of larger specimens, mostly females inldisé reproductive stages, could be
either a characteristic of the local populatioradendency of larger specimens to be found at
even deeper waters.

M The population ofc. melastomusvas found to consist mostly of young individuals,
and the non-selectivity of the crustacean trawl ge/or the overfishing effects at bathyal
depths, are pointed out as possible reasons;

M Only small proportions of individuals greater th88 cm TL are marketed but,
considering that length at which this species détdirst sexual maturity is far greater, a
minimum legal landing size should be considered asthblished, for this and other
deepwater elasmobranch species.

The knowledge of the reproductive biology of a spets a fundamental key in the stock
assessments and management of any fishery (HoluriRaitt, 1974; Caillieet al, 2005;
Lowerre-Barbieri, 2009; Morgan, 2008). Reproductiparameters, such as sex ratio,
fecundity, age and size at sexual maturity and spaytime and location, can be used to
determine the size, recruitment and the reprodeicpotential of a stock, to assess the
optimum age of first capture of a species andithe &ind grounds of spawning (Holden and
Raitt, 1974; Morgan, 2008). This kind of informatis extremely useful to fishery managers
to the extent that it enables them to make impobrtktisions in the management of the
stocks. Changing the fishing practice, delineategv fishing strategies, proposing fishing
temporal/area closures, or restricting specifiifig gears or even fishing of stocks in which
recruitment is compromised (Holden and Raitt, 19K#grgan, 2008), are some of the
examples of the decisions that can be taken.

The incorporation of the biological reproductivegraeters into fisheries management has
been applied to stocks of the most commerciallyafale teleosts (Cailliett al, 2005). In
contrast, the elasmobranch fisheries are, in génkngely unmanaged and unregulated
(Fowleret al, 2002; Pawson and Vince, 1999; Stevenal, 2005). In effect, the lack of data
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pertaining to both (reproductive) biological asgeahd catch components (landings, bycatch
and discards) and of information on the size astridution of the stocks, coupled with the
small numbers of species targeted and the lackoar market value of most of the
elasmobranchs, makes it impossible to manage toispgof species in an accurate and
efficient way (Fowler and Cavanagh, 2005; Pawsah dimce, 1999; Stevenst al, 2005;
Walker, 2005). Regarding the specific life-histatyaracteristics and reproductive strategies
of the elasmobranchs and the lack of adequate @atmore rigorous and specialized
management of this group is nevertheless, requareshsure the sustainability of their stocks
(Anderson and Teshima, 1990; Bonfil, 1994; Cailietl, 2005; Camhet al, 1998; Musick

et al, 2000; Stevenst al, 2005). In this context, particular attention sliole given to the
elasmobranchs caught as by-catch and discardedltispecies trawl fisheries since this type
of fishery has been responsible for the reductiomany demersal elasmobranch stocks (e.g.
Squaliformes, batoids) (Musiak al, 2000; Walker, 2005).

Basic biological information (e.g. age and growsize composition, distribution and
habitat, ecology, length by maturity stageer alia) is still considered insufficient or missing
for most elasmobranch, especially with regards depwvater species (Cailliet al, 2005;
Ellis et al, 2008; Fowler and Cavanagh, 2005; Hoff and Musi@dQ0; Martin and Treberg,
2002; Stobutzket al, 2002). It is therefore of utmost importance torgaut studies on the
biology of these species (Ellist al, 2008; Jone®t al, 2008) and improve research and
monitoring on the elasmobranchs bycatch (CavanadgiCéaudine, 2007) in order to not only
properly assess the status of stock condition am#terma rational management of the
elasmobranchs populations, but also for the coasierv management of this vulnerable
group of fishes.

From the aforementioned, the reproductive biolaggrimation provided in this particular
study (chapter 4) is considered to be a valuabtdribmition both to the management and
conservation of th&. melastomugopulation off the southern coast of Portugal. doer,
further detailed and demanding research on relevmolbgical and other life-history
characteristics of this species, as well as onrahaally important deepwater elasmobranch
species, are compulsory.

The life-history traits of elasmobranchs is alsiterted in the degree of extinction risk of
their species, which is higher than that of tele@std other vertebrates (Duley. al, 2000,
2014; Fieldet al, 2009; Garciat al, 2008; Hutching®t al, 2012). Maximum reproductive

rates and particularly age at maturity are considl@xcellent indicators of the extinction risk
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(Hutchings et al, 2012; Myers and Worm, 2005), and the reproductioode of the
elasmobranchs is considered by Gaastial. (2008) as a crucial factor of this risk, asserting
that it increases according to the complexity gretglization of the reproductive organs (i.e.
lowest in oviparous, increased in yolk-sac vivipmrand highest in aplacental viviparous
species).

This subject leads us to chapter 6 where referenaceade to the hermaphroditism cases
recorded in the deepwater velvet belly sh&tmopterus spingxdiscarded by the crustacean
trawl métier. From this study it was found that:

i Hermaphroditism was observed in three specimepsesenting around 0.5% of the
studied sample, in which the presence of claspacs & normal and complete female
reproductive system allowed us to state that theyabnormal or pseudo-hermaphrodite
sharks;

i These are the first cases known to date of hermdplem recorded in this species
and the second reported in chondrichthyan spegiEgituguese waters;

4 Although normal and abnormal (or pseudo) hermapthsod was recorded in some of
other yolk-sac viviparous (aplacental) shark specés well as in oviparous and placental
viviparous species, hermaphroditism in chondricattsy is still considered a very rare
phenomenon, which let us consider that the low weage of velvet bellyhermaphroditic
specimens emphasizes the rarity of such abnormality

M The causes of hermaphroditism in chondricthyan ispestill remain difficult to
explain but genetic and/or hormonal causes andvardale environmental conditions (e.g.
radio-activity contamination, other pollutants) &atee possible explanations found in the
literature.

Although no reference to hermaphroditism as a htive feature that makes
elasmobranch species prone tcadditionalincreased risk of population extinction was found
in the literature, it should be important to studlycause of the possible implicatiofts
conservation of endangered species and populafldveslarge variations of hermaphroditism
cases in different chondrichthyan species repaitedate supports the need of further and
more detailed studies on this subject.

At the time when the high levels of bycatch andcalids, the overexploitation of fish
stocks, the ecological impact of fishing (particlyarawlers) on the marine environment,
threatening the marine biodiversity and placing s@pecies, particularly sensitive species

such as the elasmobranchs, at risk of extinctiomaamatter of great concern, leading to an
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increasing need to ensure the long-term sustaityabil marine resources, the discovery of
the new pygmy skate speci@ésoraja iberican. sp., during this study (Chapter 5) could not
be more gratifying. The study deoraja iberican. sp., based on a complete and detailed
description of 50 specimens, half of which were gtduas bycatch and discarded by
commercial crustacean trawlers in the southerrugoese coast and the remaining in Gulf of
Cadiz, reveals that the Iberian pygmy skate is darately rare species, with a very limited
geographic distribution in the upper slope, andsiteasily distinguished from four other
congenersN. stehmanniN. caeruleaN. africanaandN. carolinensiy both by the external
characteristics as by specific internal featureshef cranium, scapulocoracoid and clasper
skeleton. Its recent discovery could be associatats very small size (TL max. of 316 mm
for females and 327 mm for males) to the extent thamight have been overlooked,
discarded at sea or mistaken as juveniles of abimercial skate species of non-marketable
size, or because they escape more easily by tratsl tts inability to migrate over large
distances, as a result of their small size, istediut as a reason to the unusually localized,
very limited, distribution when compared to oth@esies of skates. The discovery Mf
iberican. sp., is of great importance to the extent tha major contribution not only to the
local marine biodiversity of Portuguese watersdisib to the global biodiversity.

In conclusion | would like to express that, in spaf the overall potential benefits of the
adoption of a discard ban in the European fisheréasl taking into consideration the
economic and social complexity inherent in thismdang obligation’, care must be taken
regarding its implementation. Although the implenta¢ion of the discard ban is to be phased-
in, in Portugal, this issue is bound to raise add#l difficulties due to the multigear and
multispecies nature of its fisheries, in contrasthie more single-species fisheries of northern
Europe (e.g. Norway, Iceland), by increasing betthhical (e.g. lack of space on board, more
time spent sorting unwanted catch, increase obtlezall number of trips, etc.) and logistic
(e.g. onshore management, preparation of landsitnéretures to receive discards, increased of
fuel consumption and associated costs, etc.) Gintdr

The ideal way to address the problem of bycatchdishrds is, and paraphrasing Hell
al. (2007), byfinding ways to fish “better; instead of merely banning the practice of
discarding which, although being the most directywd controlling discards, will not
improve the very high current levels of discardsagated by European fisheries. Agreeing
with Borges and O’Dor (2010), statinghére important than to forbid is to study ways of

mitigating discard§ the best approach to apply in the southern Bose multispecies trawl
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fisheries should be the minimization of the bycahwfore implementing a discard ban,
primarily centered on the adoption of the techniceasures via gear modification and
implementation of selectivity devices to increaséedivity of trawl nets, which has been
already been carried out in Portuguese coastalrsvéferred in Chapters 2 and 3) and have
proved to be effective in reducing the amount afdigh, allowing the escapement of a high
percentage of undersized specimens and non-conahéngatch species, and with minor
losses and an increase in quality of target spetlesever, to compensate more the high
short-term losses in the revenue, the combinatioth@se technical measures with other
available bycatch mitigation regulatory (e.g. indisal quotas/licenses on allowable bycatch,
limits on fishing effort, market controls) and se@&@conomic (e.g. incentives to fishers in the
adoption of technical modifications in the gear)asiwes must be also considered, since the
formers are not effective as a single measure (dacheret al, 2008; Sacchi, 2008;
Suuronen and Sarda, 200idter alia) to reduce discards. Other approaches that carséa

in conjunction with the technical measures, in¢betext of Portuguese trawl fisheries, could
be the development of alternative commercial markat species currently discarded and the
exploitation of some systematically discarded sgg¢e.g. longspine snipefish and boarfish),
fostering the reutilization of the old but stillisting fishmeal and fish oil factories (Chapter
3). In effect, fishing mortality of the concernedhf stocks can only be reduced with a
significant reduction in bycatches, therefore cbuting to an optimization of the yield of
these stocks and to the promotion of the sustaenade of the living resources.

The lack of information and the difficult accessddack of transparency of data on
discards resulting from the Data Collection Framewdy the Portuguese institution
responsible for monitoring and managing fisherg®atly hampered a more detailed and
comparative study on this subject. To comply witle new EU CFP regulated “landing
obligation” in Portuguese fisheries, it is vitaldmnduct new long-term studies to enhance and
improve the necessary scientific research (e.glofjical and ecological) and technical
knowledge, and a close and honest cooperation batalethose directly involved in fisheries
(from the simple fisherman, represented by the-shipers, through the fishing industry,
scientists, fishery managers, environmental pati@kersand government), always having in
regard the hedonistic principle, i.e., promote dishen’s interest in adopting the necessary
available measures to minimize bycatch and reduseadis and their compliance with
regulations, and by showing them the profits thay obtain (e.g. in the particular case of a

‘landing obligation’, the costs of such landing dde be lower than the cost of discarding in
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order to maximize their economic gains). Moreovkere should be an adequate, extensive
and well-developed system of scientific and techinnconitoring (e.g. self-sampling, regular
onboard observer programs, electronic monitoringiesys), control (e.g. vessel monitoring
systems (VMS)) and surveillance (e.g. closed drQiCTV) cameras) of fishing practices
that result in discarding, for effective enforcemand compliance to the obligation to land all
catches. Irrespective of the measures to be adapté@dplemented, a balance between the
human needs in a socio-economic context (e.g. imseof consumption, markets and
employability), the state of the marine fisheryawses and the ecological impacts on the

marine ecosystem must always be sought.
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