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Abstract

The wedge shellDonax trunculus inhabits high energy environment of exposed
sandy beaches from the Atlantic coast of France to SenegalalliDonacidae, it is
relative small, flat-shaped with elongated solid shells. It isgaly demanded and
valuable species mainly in Algarve, with the dredge fleet increabmgressure on
species stocks. In 1986 the Portuguese Institute for the Cam@nAtmosphere
(IPMA) initiated a bivalve survey program to evaluate the stodkssta species with
economical valuable but always on the adult population. Sivete several managing
measures were implemented to guarantee bivalves’ sustainable eixploispite
the available information on the abundance and distributioheoiviedge shell along
the Algarve coast, no information on the larval planktonic plsageailable. To fill in
this gap, the present study aimed at obtaining, for thetiime information on the
broodstock condition and on the pelagic phase of the welgk in the Algarve
coast.

Through the determination of broodstock proteins, glycogetal lipids and
condition index (CI) as well as environmental factors such aswséce temperature
(SST), chlorophyll-a and phycotoxins, data obtained suggdeatsotdd events (high
SST and phycotoxins) during the spawning season were reflectde Cl of the
wedge shell showing that this index could be a valuabdécator for fisheries
management. In larvae, from the parameters analyzed, total lipids ereheingy
available were found to play an important role in the hatctsogcess and
development into D-larvae. More, the Total Lipid plus Carbohgdi@tProtein ratio
can be used to predict the hatching succes®.irtrunculus ldentification and
discrimination of the wedge shell from the other tHbemax species was successful
achieved with a specific primer design on 5S rDNA. Larvae quantificatisamples
was possible using a specific primer amplifying the ITS1 rewith real-time PCR.
Since the Intergovernmental Panel on Climate Change (IPCC) préndicgtecrease of
ocean acidification in the next centuries, the effect of p©h, on larvae hatching
rate and development was also considered and found to affecvefgtite hatching
rate success. It also seems to delay hatching. Results obtaiggest that high
acidified environment also produce more abnormal larvae than thecidgsed ones.

The results obtained here demonstrate that larval information ian¢lend should
be taken into consideration to improve managing measuresoatithély detect
possible recruitment failures.
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Resumo

A conquilha,Donax trunculus habita em sedimentos arenosos de praias com algum
hidrodinamismo desde a costa atlantica de Franca até ao Senegamdabudcos
Donacidae, é relativamente pequena, achatada com uma concha solidgeaalén
uma espécie com elevado valor econ6mico e muito procurada espedélno
Algarve, levando a que exista um aumento da presséo por part¢éadadefiarrasto de
ganchorra sobre a populacdo. Em 1986 o Instituto Portugués de ddaAtmosfera
(IPMA) iniciou um programa de monitorizacdo dos recursos bivaleesnddo a
avaliar o estado dos estoques populacionais das espécies coneo@miomico,
embora sempre sobre a populacdo adulta. Desde esse periodomedlidas de
gestdo tém sido implementadas garantido a sustentabilidade cla ppesar de
existir variada informacao acerca da populacéo adulta ao longotdaatgzvia, nao
existe qualquer informacéo sobre a fase planctonica desta espécie.ittaito ale
colmatar esta falha, o presente estudo teve como objectivo obtgrripedsra vez
informacao acerca da condicao dos progenitores e da fase planctérocaditha na
costa Algarvia.

Através da determinacdo nos progenitores das proteinas, glicpofpitos totais e
indice de condicdo (Cl), assim como de factores ambientais como a atmger
superficial do mar (SST), a clorofila-a e as ficotoxinas, os dadodoshdiurante a
época de desova sugerem que eventos incomuns (elevada SST xinfispto
reflectem-se no Cl da conquilha mostrando que este indice pode sSedicador
valioso para a gestdo da pescaria. Da andlise dos lipideseataienergia disponivel
nas larvas, descobriu-se que estes desempenham um papel imporsutesso da
eclosdo e posterior desenvolvimento em larva-D. Também o ratie Ekipidos
Totais mais Carboidratos e as Proteinas pode ser usado para precesso Sla
eclosdo na espécle. trunculus A identificacdo e discriminacdo da conquilha das
outras trés espécies dPonax existentes foi bem-sucedida com recurso ao
desenvolvimento de um primer especifico na regido 5S rDNA. Ati§jopagdo de
larvas em amostras foi possivel através de Real-time PCR, utilizandprimer
especifico que amplifica na regido ITS1. Uma vez que o Painefjdntrnamental
para as Alteracbes Climaticas (IPCC) prevé o aumento da acidificacdo dogsocean
nos proximos seéculos, o efeito do aumentopd®, na eclosdo das larvas e
desenvolvimento foi avaliado, tendo sido encontrado um efeitoiveget taxa de
eclosdo e também um atraso nessa mesma eclosdo. Os resultatbss também
demonstram que ambientes acidificados aumentam o numero de (@was
malformacgdes do que em ambientes menos acidificados.

Os resultados aqui obtidos demonstram que a informacéo sobreasstlaelevante e
deve ser considerada no melhoramento das medidas de gestaoode ambecipar a
possivel detec¢do de falhas de recrutamento.



Palavras chave:Bivalves, Donax trunculus Progenitores, Larvas, Bioquimica,
Indice de condicao, Real-time PCR, Acidificagdo do oceano, Pesc#&o Ges
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Aims and Chapters

The objective of the present study was to improve knowledgtheompelagic larval
phase of the wedge sheDonax trunculus and to discuss how the information
gathered can be useful in the management of the fishery. Thisddgawmay help to
timely detect possible recruitment failures anticipating, if necesdhey early
implementation of proper managing measures. The present fitadg the lack of
information onD. trunculuslarval phase in Portugal and in particular in the Algarve

coast. There were five main aims:

* To understand how biochemical quality®ftrunculusbroodstock is affected

by environmental factors;

* To find out if there is a relationship betwePn trunculuslarval quality and

hatching rate.

* To develop a simple and easy methodology to successfultyirdisate D.

trunculusfrom the other threBonaxspecies available in the Algarve coast.

* To develop methodologies to discriminate and quantifyakafD. trunculus

from seawater samples;

* To infer how the ocean acidification affect shell development andval of

early life stages db. trunculus

The present thesis is organized into five chapters containingdmmgpilation of

articles submitted or published in the scope of this study.

Chapter | provides a general introduction to the bivalves enAlgarve coast, the
bivalves species with commercial interest and the informatiostock population
that has been gathered by the Portuguese Institute for the @odaAtmosphere
(IPMA). A species characterizations, habitat and description of auedyis provided,

as well as a discussion on the importance of informationeplémktonic stage of the

1



wedge shell and the limitations that studies on thibjesti must deal with.
Information on the taxonomic identification and quantificatiof larvae are
presented. Information on the bivalve dredge fleet and on managagures is
described and a compilation of different studies on this speaésoiprovided.

The Chapter Il focus on the biochemistryDainax trunculusn two particular stages
of their life cycle. First, the broodstock condition is evaluaieag three consecutive
spawning seasons. The proteins, glycogen, total lipids candition index were
determined and the variation of these components with the suseawater
temperature, chlorophyll a and phycotoxins presence were analysednd, the
Proteins, Total lipids, Carbohydrates and energy content tbf dggs and D-larvae
were determined in order to assess the influence of these congonehatching

rate.

Chapter Il deals with a problem that has hindered studiesvatvé larvae dynamic
and dispersal: the identification and quantification time needetl difficulties in
processing these type of samples using traditional methadslo§uccessfully
distinction of Donax trunculusfrom the other 3Donax species available at the
Algarve coast was achieved and identification and quantificatioheofatnount of
Donax trunculuslarvae by real time PCR was used as an indicator of how many

larvae are available to settle and later to recruit to the population.

In Chapter 1V, the effect of ocean acidification on survival and abnosnell
formation in the larvae oD. trunculusafter spawning was assessed. This is not
information affecting directly the annual recruitment, but rather thairesdtself in a
long term scenario. In this chapter two scenarios were testednoree mild and
plausible, considered by the Intergovernmental Panel on @i@aange (IPCC) as
an actual threat to occur in the next 100 years and one moeenexscenario, where
the total carbon dioxide resulting from the depletion of all fdsgils reserves would

be released.

Finally, Chapter V provides the main conclusions of this wamkl highlights the

main contributions and future works.
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Chapter I. General Introduction

The Algarve coast is the habitat for more than 70 bivalve spestebuated from 0 to
more than 50 meters depth, occurring in different granulometry tyfjpssdiments,
such as sand, mud, sandy/muddy and coarse sedimentagr&ogn very fine to very
coarse sand (Gaspar 1996; Fregasl. 2011). Of these, only four have commercial
valuable: the wedge shdllonax trunculusthe surf clanmSpisula solidathe striped
venuschamelea gallinand the razor clafansis siliqua These four species are found
along the coast up 15 meters depth, inhabiting the verydime wsually found from 0
up to 7-10 meters and part of the coarser sand found beyordkgits (Freitagt al.
2011).

Although there are four species with economical interest, the erislgng fleet
operating in the Algarve coast target mainly the surf cl&nsplidg, the striped
venus C. galling) and the wedge sheD( trunculug. Of these, the wedge shell is one
of the most valuable and is extremely appreciated gastronomicaéiyhigh demand
of this species during summer, leads the dredge fleet to direcigfisfiort mainly to
this particular species, increasing the pressure on the availatks.sfpart from the
boats that operate along the coast, licensed hand dredgers tatgetiwedge clam
also operate in several places along the shore. In hand dredgiilg walking
backwards, the fisherman pushes and pulls the handle repdatddtjlitate towing
the gear over the sediment surface (Gaspal. 2013) One problem observed and
never properly addressed is the after catch procedure implemented bgetts of
hand dredges. A sieve is used to separate smaller wedge sksdlgh@n 25 mm
length) from the ones with the legal length, but unfortunatedyally the smaller ones
are left on the beach sand in areas that are hardly affected by tidesal$es the
remaining smaller specimens as well as other bivalve speciestlardinvertebrates
to be left to dehydration eventually ending up dying. Therexof this effect is not

studied, but it is a very common practice among the hand elfesthgermen.

Due to the easy access to this species, and the low hydrodgnaf the beaches in
the Algarve during the summer, vacationers also harvest specimieDonax
trunculusfor consumption. This practice takes place during low tidethaddepth

segregation observed on this species, with smaller indigduahallower waters and



the larger ones deeper (Gaspaml. 2002a), leads the vacationers to harvest mostly
juveniles. This touristic activity is not controlled andrthes no information available
on total catches occurring annually. All this pressure on theevetell population
occurs mainly during the summer, coincident in part withsffevning season of this

species (late March until the end of July, early August).

The Portuguese Institute for the Ocean and Atmosphere (IPMA)ddassaed over
the years several studies regarding the bivalve species availaigetlaé Portuguese
coast with emphasis on the Algarve coast. These studies havedyéamed since
1986 with usually two bivalve surveys held each year and sviprimary focus on
gathering information on the economically important speciptoggd by the dredge
fleet. These bivalve surveys are usually made in April and Septemith two
bivalve dredges mounted on board of a research vessel. The dredges tnees®
surveys respect the legal standards dredge grid size and motlthsize used by
commercial fishing vessel operating in these fishing areas. The atdrh@dge used
is specifically designed to capture mainly clams and the port elredgecially
designs to capture razor clams. The main difference found in the dradgd are
related to the length of teeth (10cm length in the starboadyyerand 35mm in the
port dredge) and is justified by the maximum burrowing deftthe target species
(Gaspar 1996). These annual surveys comprehends 108 transeeisljpeitpr to the
coastline along the Algarve coast separated each other by one andauhedfl mile.
At each transect three stations at different depths are towed anghetienens
collected. For more information on the survey program held by IBBARufincet al
(2010). Although all bivalve species captured are sampledgured and weighed),
naturally these campaigns focus on the four commercially valuable=gpioited

species, from which additional information has been collectedtbee/ears.

Since dredges specifications are built according legal standartif ghe smaller

individuals (<25 mm shell length for clams and <100mm rzor clams) pass
through the meshes of the net bag of the dredge and are usataiken on board
neither to the laboratory for further analysis. Thus the inébion obtained from the
specimens captured refers mostly to the adult fraction of the papulegilecting the

status of the adult population only. The information obtaitmedughout the years,
has been useful as a tool to design and implement managasyures to protect the

resources from overfishing. Several managing measures have bgleméanted in
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order to guarantee the sustainable exploitation of the commeir@ildpopulations,

such as: dredge and hand-dredges specifications; limit ohdh&er of fishing
licenses; limit of the fishing time per day; daily quotzer species and boat or
harvester; minimum landing size of the species; and a closechseasoMay f' to

June 18. For more detailed information on these general managing measures see
Pereiraet al. (2007). It is important to underline that hand dredgers aosvedl to
operate during the closed season. Nevertheless, during thosl gke total daily
catches are reduced from 30 kg to 5 kg of bivaperdisherman.

Despite the quantitative information available on the abundandedistribution of
the wedge shell population along the Algarve coast, no irdtomon the larval stage
is available. All managing measures mentioned above carberdypplied or adjusted
after the annual survey has been carried out and all the data haprbeessed.
Moreover, the results obtained reflect mainly the status of thé pajalilation due to
the selective properties of the dredges used. As a resufaitimging design adopted
in the IPMA surveys although effective to analyze the adult papuolatatus is not a
totally effective method to prevent possible recruitment failuresng critical
moments in the life cycles of marine bivalves such as spavamdgettlement. Aside
from the quantity information on the larvae, also qualityrimi@tion on bivalve larvae
in the Algarve coast is still scarce or even inexistent, bdiegstudy made by

Joaquimet al.(2008a) orSpisula solidaan exception.

It is then essential to collect new and more complete informatiothe wedge shell
stock. The data gathered during the monitoring surveys neusbimplemented with
information on the quality and condition of the broodst@tlowing us to understand
how energy reserves accumulation affect the reproductive success amtlividual
organisms respond to environmental stress such as atypicaleshahtemperature
and chlorophyll-a. Also the larvae biochemistry must be coraidesince the
physiological condition of the embryos and larvae has been redatadssfully to
larvae settlement and recruitment (Ogdaal. 2008; Marshall, McKinley, & Pearce
2010). This information is of utmost relevance to the resouam@agement, since it
will allow the timely adjustment of the fishing effort if a recnuént failure is
detected.



Species specific information on larval distribution can be criteahe management
of commercial species as it allows the understanding of recruitwaeiation and
success and helps predicting population demographic pattemisefLal. 2006).
Understanding the larval dispersal dynamic of bivalves is obsitnmportance in
order to interpret stock structure, population dynamics ancha&titig the abundance
of larvae within plankton communities to properly manage the ggdlspecies with
emphasis on those in decline (Morgan & Rogers 2001; Vadopaks2006). This
requires knowledge on the planktonic stage of the species, mgbndispersal is
achieved allowing long movement and colonization of new &tsbftivi et al. 2006).
The studies of these stages, in particular the spatial-tempattrs of the
planktonic larval supply of recruitment, is extremely difficuliteasure despite their
extreme importance in population, community and ecosystemgcoMorgan &
Rogers 2001; Garland & Zimmer 2002).

Obtaining samples of bivalve larvae may be fairly easy if we censidew samples,
but it rapidly becomes a cumbersome task if hundreds of samapteseeded.
Moreover it is laborious and difficult to process a great amofirgamples in a
reasonable time. Those difficulties have hindered studies ioptve waters at a large
scale. Another problem is the accurate taxonomic identificationhnikivital for the
correct interpretation of ecological data sets as well as estabiish fietween
conspecific adults and larvae so that a population can be trackg@dce and time
from one generation to the next (Morgan & Rogers 2001). Tenbmic
identification is a difficult process when one tries to differeatigppecies from the
same genus or even from different genera. Some authors have adthisspeablem
in their works finding different solutions to deal with thientification difficulty.
Morphology based methods and molecular based methods havedseketo identify
bivalve larvae (Lutzet al. 1982; Hare, Palumbi, & Butman 2000; Le Goff-Vitry,
Chipman, & Comtet 2007).

Morphological based methods include the traditional microscepamination of
larvae, but this is subjective, time consuming and even a traeesdn would have
serious difficulties in differentiating larval species from the sarerug and is,
therefore extremely dependent on the expertise of the persoifyidgntle larvae.
Moreover, there are more than 70 species in the Algarve coast othlyfpwi species

belonging to the genu®onax The morphological based identification in larva
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requires comparison among morphological traits for a definitivetifation with
the existence of published larval descriptions. However, thesachravailable or
exist only for a particular species (Garland & Zimmer 2002)rddweer, the majority
of bivalve larva is so similar in morphology that some taxanogroups are
morphologically indistinguishable even at later stages. Moleowdhods potentially
decreases the subjectivity inherent to the morphological baseddsethd are much
accurate and precise in identification (Garland & Zimmer 2002). Miaecu
techniques are diverse and include immunological, isoenzynies;dased such as
hybridization, PCR-RFLP, PCR-RAPD, microsatellites, multigh&R and PCR.

The identification of bivalve larva is fairly simple when we are idgalith one
specimen only or if we only want to detect the presence of the tspgetes in a
given sample, e.g. we may only want to detect the presenceifasive species in a
certain place, or in a survey along a shore we may only want iafimmabout the
presence/absence of a certain species along the shore. But the majoistpgical
studies need quantitative information, which bring us tdaffardnt problem: how to
easily quantify larva in the environment? Quantification of larvas two main
problems associated. First, counting larva manually is a cuorherand extremely
time consuming task when there are hundreds or thousands o lagvasample.
Studies dealing with hundreds of samples, each one with hendrethousands
larvae are not realistically feasible. This lead us to the secorueprp different
species of bivalve and other meroplanktonic organisms may benpras each
sample, and as mentioned above discriminating them visiglbifficult. Some
interesting work has been done in visually discriminating zebrssehdarva from
other organisms with polarized light, although no real discaton was actually
made between this species and other bivalve species preseatsanples (Johnson
1995). Machine learning and image analysis have been useari(& Gallager 2003;
Thompson, Hare, & Gallager 2012) but although with some dexfreerrectness
discriminating species using multiscale texture and colorrienwis in prepared
sample test, when applied to samples collected from the enwrdgrihe results are
still far from the expected. Molecular methods have been appliedlitcerse number
of species with planktonic larva: abalonda(iotis kamtschatkarnjalarvae quantified
using mitochondrial DNA marker cytochrome oxidase | via quatnté PCR

(Vadopalaset al. 2006), manila clam Ruditapes philipinarum harbour crab



(Liocarcinus depuratdr, velvet swimming crabNecora pubey, green crabGarcinus
maena} edible crab Cancer pagurus the king crab Raralithodes camtschaticus
and several barnacle species from the Japanese coast with reaCRn@&het al.
2008; Endoet al. 2010; Quinteircet al. 2011; Jenseet al. 2012). Polychaets from
genusOsedaxandOpheliaand barnacles from the gerBalanushas been tested with
rRNA targeted sandwich hybridization assay (SHA) using oligontideEoprobes to
detect and enumerate the larva (Jomgsal. 2008) and fluorescence in situ
hybridization using species specific DNA probes was also usadarine bivalves
(Heaney, Maloy, & Slater 2011).

Since the beginning of the industrial revolution the carbaxide released to the
atmosphere have changed the carbonate chemistry of seawater (Meen2@73l.,
(Orr et al. 2005; Meehkt al. 2007). This Carbonate chemistry is extremely important
to the mineral formation of calcium carbonate (CgCstructural element of bivalve
shells (Fabryet al. 2008). Since the shell formation in bivalves occurs at the
beginning of the planktonic stage still as a trocophore lafW#sset al. 2002), any
detrimental effect during this period may jeopardize the survival cégahiid/or
later development. The biological and economical implicatioasrttay arise during
the next century are not fully understand but must be addresseohas as possible.
At the present there is no information about the OA effedD ottunculus although
some negative effects have been found to occur in other spdtightapes
decussatugRangeet al. 2011; Fernandez-Reirigt al. 2011); Crassostrea virginica
and Mercenaria mercenaria(Matoo et al. 2013; Ivaninaet al. 2013); Arctica
islandica (Hiebenthalet al. 2012); Macoma balthica(Jansson, Norkko, & Norkko
2013) and in the genus Mytilus (Gazeatual. 2007; Rodolfo-Metalpat al. 2011,
Fernandez-Reiriet al. 2012; Ranget al. 2012; Hiebenthatt al. 2012).

The majority of studies dealing with different aspectdDohax trunculus refer to
post-settled individuals and covers distribution, diet amthemical composition
(Ozden, Erkan, & Deval 2009; Boussowfa al. 2011; Martinez-Pitaet al. 2012),
identification (Pereiraet al. 2012), pollution effect (Bresler & Fishelson 1994; Beldi
& Gimbert 2006; Altug, Cardak, & Ciftci 2008; Ozden, Erkan, Eeval 20009;
Yawetzet al. 2010; Tlili et al. 2011), biological indicator of grain size (Huz, Lastra,
& Lopez 2002; La Valleet al. 2011), eco-toxicology (Mansoet al. 1998; Fishelson,
Bresler, & Manelis 1999; Neuberger-Cywiak, Achituv, & Garcia 20@807,
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Moukrim et al. 2004; Tlili et al. 2010), ecology (Romeo & Gnassiabarelli 1988;
Neuberger-Cywiak, Achituv, & Mizrahi 1990; Rufinet al. 2010), growth and
reproduction (Bayed 1990; Ramon, Abello, & Richardson 199%06i & Salas 1998;
Gaspar, Ferreira, & Monteiro 1999; Delgado & Defeo 2007; Dev@dR@ytogenetic
(Cornet & Soulard 1990; Gonzalez-Tizehal. 1998; Martinezt al. 2002; Petro\d

et al. 2009), genetics and molecular biology (Plohl & Cornudé®®6, 1997,
Petrove & Plohl 2005; Petrovi et al. 2007; Theologidiset al. 2008), population
dynamics (Bayed & Guillou 1985; Guillou & Bayed 1991; Gasearal. 2002a;
Zeichenet al. 2002), parasitology (Ramon 1999) and pathology (Sousdieita
1994).

To the author best knowledge, there are only a three studiesgied wedge shell
larvae, namely larvae rearing conditions (Ruiz-Azcona, Rodriguez-Sieriar&n
1996), larvae detection in planktonic samples (lavial. 2006) and settlement
(Voliani et al. 1997). Ruiz-Azcona, Rodriguez-Sierra, & Martin (1996) showed th
high temperatures (2Q) in rearing conditions were better I trunculuslarvae
culture than lower temperatures and that multispecies diets iimgl@haetoceros
gracilis improved growth when compared to monospecies diets.eLial (2006)
aiming at identifing the species that were presented in plaicksamples (including
D. trunculug developed a primer set by amplifying a region from the 18s rD8IAg
PCR-SSCP. This method allowed a fast sample processing datktn if a species is
absent or present in a sample. Finally, Volietrnal (1997) in their work quantified the
amount of juveniles oD. trunculusthat settled for square meter during the annual

cycle in Toscan coast.

Study area characterization

The Algarve coast is characterized by a wind forced near surface offsh@@ottan
coastal upwelling of cold subsurface waters and generation of atwegsirrents to
depths of 30 meters or more (Relvas & Barton 2005). The watexpéd dominated
by W-SW waves that represent about 71% of waves, followedhbyt-period SE
waves generated by regional winds (“Levante”) that represent 3¥ave types
(Costa, Silva, & Vitorino 2001). Wave energy is moderate waittannual average of
offshore wave height of 1.0 meter and average peak period of 8.2dse(@uwsta,
Silva, & Vitorino 2001). Along the year this region is affectay storm events,
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although these only account for 1% of the offshore wave clin@anstg, 1994). A
large range of sediment grains can be found along the coast, an¢ghmuddy areas

and finer sediment grains near the outflow of the Guadiana Rivec@arde sand
found on the western coast (Rufiabal. 2010; Freitagt al. 2011). Moreover as we
approach the Guadiana river, the grains size decreases and the beachedéend to
more dissipative, although more hydrodynamic and consequesglysediment stable
due to exposure, having an higher turnover of nutrients fawrablsuspension
feeders likeDonax trunculugRufinoet al. 2010).

The study are, Lota beach°8032.21T'W, 37956.33N) in eastern Algarve, was
chosen for its’ easy access and low hydrodynamics during SprihgSammer,
allowing the use of a hand dredge. It is classified as pasgedesan medium sand

(Freitaset al. 2011), wherdonax trunculusccurs in quantity throughout the years.

Species characterization - Geographical and spatiaistribution

The wedge shellDonax trunculus is an Atlantic-Mediterranean warm-temperate
species, extending from the Atlantic coast of France (Ansell &atdege 1980) to
Senegal (Tebble 1976). It inhabits the high energy environimleexposed sandy
beaches with tidal rhythm, intense wave action and sedimstatbility (Ansell &
Lagardére 1980), where it forms extensive dense beds (Gaspar, Fé&ridioajeiro
1999) becoming the dominant macrobenthic organism in comtigsicharacterized
by a low specific diversity (Donet al. 1986; Ramén, Abello, & Richardson 1995).
Along the Portuguese coast, this species is one of the foomdoed to the genus
Donax Apart fromD. trunculusalsoD. semistriatugPoli 1795),D. vittatus(da Costa
1778) andD. variegatus(Gmelin 1791) inhabit the soft sediments along the shore.
Although also present in the Northwest coast and Southwestt @oBortugal, it is in
the South coast that the wedge shell presence is more exprésshe Algarve D.
trunculusoccurs along the entire coast with emphasis on the EasQparteira to

Vila Real de Santo Antoénio.

The wedge shell is the most inshore surf clam species in Begegvaters, occurring

up to 6 m depth, with higher densities between 0 and 8&pthdGaspar, Ferreira, &
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Monteiro 1999). Several authors have referred a depth segregatioanyErem
defining this species vertical distribution, with juvenilesdted in shallower depths at
mid tide level, while adults are located deeper near the speciesnedtical limit
(Ansell & Lagardere 1980; Guillou & Bayed 1991; Gasgiaal. 2002a; Zeicheet al.
2002). A study on depth segregation@onax serrahas demonstrated that there is an
intimate correlation between temperature and depth, with juvendsgigming
themselves in shallower waters where the higher temperature enhancertoenigu
speed and avoid dislodgement and predation (Stenton-DozByo&n 1994). An
inverse pattern distribution has been observed to occur in thecbéor@oast (Bayed
& Guillou 1985) where juveniles were situated at greater deptns adults, since
juveniles have lower tolerance and resistance to the high temperatusagace
sediments (30 40°). It was described that this phenomenon of depth segregation
observed in Algarve coast may result from larval fixation at shallaepths, that
undergo a depth migration as they grow allowing spacestavailable for further

larva fixation (Gaspaet al.2002a).

This species lives close to the sediment surface, a compromigeehethe possibility
to be flushed away or exposed to predation and the more avajlabiood (Rufino

et al. 2010). As all DonacidaePonax trunculusis a suspension-feeder on
phytoplankton and suspended particulate matter, which determinegeriisal
distribution. The wedge shell inhabits wash zones wvathcertain degree of
hydrodynamism, favoring the presence of particulate matter apeding its rapid
sedimentation (Zeicheet al. 2002). It is a rapid and efficient burrower, with a shell
shape designed to allow easy penetration into the sedimena@Mianet al. 1995)
and is considered a species sensitive to substrate grain size mariatiparticular
during early growth stages (Huz, Lastra, & Lopez 2002). @asediment could limit
the presence dbonax trunculuson exposed sandy beaches since individual may be
carried away by waves and currents reducing the effectiveness of tineiwing
(Huz, Lastra, & Lopez 2002).
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Taxonomy and species description

The wedge shell was first described by Linnaeus in 1758 itSyistema Naturae per
regna tria naturaé where it was referred as possessing a smooth shell, internally

violet, with crenulate margins. Presently, its taxonomical dlaason is as follows:

KingdomAnimalia (Linnaeus, 1758)
PhylumMollusca (Limmaeus, 1758)
ClassBivalvia (Linnaeus, 1758)
Subclas$ieterodonta (Neumayr, 1884)
OrderVeneroida (Gray, 1854)
SuperfamilyTellinoidea (Blainville, 1814)
Family Donacidae(Fleming, 1828)
GenusDonax (Linnaeus, 1758)

SpeciedDonax trunculus (Linnaeus, 1758)

Like all Donacidae,Donax trunculusis relative small flat-shaped with elongated
shells. The shell is solid with a wedge shape (hence its camaroe “wedge shell”),
equivalve, inequilateral and triangular in outline with margimaigit. Beaks are
positioned in the posterior half inwards and backwards witamgnt as a small
brown arched band. Almost invisible radial lines can beenked in the shell. Shell
color white-yellowish, yellow, brown, purple or various shadadsthese colors.
Sometimes with rays of white or purple radiating from the umband often with
bands of color concentrated about the growth lines. The periostraagiossy, thin,
greenish, yellow or dark yellow to brown. Sculpture of verye fevenly spaced
incised radiating lines over the greater surface area are visible as wedl gowth
stages. Right valve with two cardinal teeth (the posterioroist &nd bifid and the
anterior short and ridge like), two posterior and one lateral; left waithetwo thin
cardinal teeth (the posterior bifid and one weak anterior) andoosierior lateral.
Interior of the shell color may vary, being white or purple, sonme tinted yellow or
orange. Muscle scars well marked as well as the pallial siteeq, extending half-

way inside the shell with its lower border partially confluanth the pallial line.
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Margin crenulated inside from the anterior border to the behindigament and
rough to the touch (Nobre 1932; Tebble 1976; Macedo, MacedmrgeB 1999).

Left valve, exterior Right valve, interior

Figure 1.1.Donax trunculusexterior and interior (lllustration by A.M. Arias,
ICTIOTERM).

Growth

Growth inDonax trunculugs controlled by the interaction of ecological factors such
as temperature, density and food availability (Ansell, FrenkielM8ueza 1980;
Bodoy 1982; Gaspar, Ferreira, & Monteiro 1999). The growthigispecies shows a
point of inflection beyond average sizes of 25-30 mm and growdk ed$0 decrease
at lower latitudes (Bayed & Guillou 1985). The analysis ef tficrostructure of the
shell of the wedge clam populations that occur along the Algaltegyed to evidence
a seasonal discrimination of growth, with a rapid shell graetturring in spring and
summer when wide micro-growth increments were deposited ishtbleé and a slow
growth season occurring in late summer and early autumn wetldeposition of
narrow growth increments and the formation of a well defined argroalth ring
(Gaspar, Ferreira, & Monteiro 1999). These authors reported agepidh during
the first two years of life, reaching the minimum legal size sififig (25 mm) in

about one year.
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Reproduction and settlement

In southern Portugal, the gametogenic cycleDoftrunculususually begin in late
November and the spawning occurs from March to late July. Itspgeaies with a
continuous spawning activity during all the spawning @easand the gamete
presence at all stages of maturity reveal an individually sugeesgsawning activity
(Gaspar, Ferreira, & Monteiro 1999). After the end of the spawseason the
majority of adults are in a spent state with gonads completgbgyeamd contracted
making the macroscopically sexual differentiation difficult (Zeiclkeéral. 2002). It
has a life expectancy of 3 to 4 years, reaches maturity during theeinsof life and
maturity is a function of age and not size (Gaspar 1996; Gdspaeira, & Monteiro
1999). The wedge shell in the Algarve coast present a sexhatibas been found to
be slightly in favor of males (Gaspar, Ferreira, & Monteiro 1998joabh other
studies in different geographical areas have found no such differenca @D@9).
The increase of seawater temperature in March triggers the mass gamete release
initiating the spawning season, a synchronism observed byek& & Frenkiel
(1973); Neuberger-Cywiak, Achituv, & Mizrahi (1990); Gaspar, Fearé Monteiro
(1999). After spawning, the larvae planktonic period can lastou@ tmonths
(Neuberger-Cywiak, Achituv, & Mizrahi 1990) although settlersenit 4-6 months
after the end of gonad activity have been reported by Moueza & FrémhRIigB).
Within 24 hours after spawning, the eggs develop into D-larvddader develop the
velum, a feeding structure that allows larvae to feed.

Fishery and management

The bivalve fishery is one of the most important artisanal fiskén the Portuguese
coast, being one of the most profitable. Along the Southt,ddasax trunculuss an
important commercial species, being exploited by an artisanal dteeprising 57
boats divided between local and coastal boats (Oliveira, Cam&naspar 2013).
Local boats operate near the homeport or adjacent ports and haverah length
smaller than 9 m, a gross tonnage (GT) between 1.18 andd&glhrid up to 75kW
engines. Coastal boats can operate within all the fishingtlaegaare registered for,
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their overall length is above 9m, ranging between 3.19 &®42GT and an up to
130kW engine power.

The exploitation of bivalves along the Portuguese coast startateid960s (Gaspar
et al. 2003). Until 1986, minimum landing sizes were the onjnhagement measure
available, but due the increase in landings, fishing powereswlirce conservation
concerns, the IPMA (ex-IPIMAR) initiated a bivalve survey prograrevi@uate the
stock status of the bivalve species with economical valuablereBléis obtained led
to the implementation of new managing measures that weredithat year. Apart
technical regulations such as gear restrictions and fishing seagbas measures
were implemented to control fishing effort namely maximum engioeer and
limitation to the number of fishing licenses. A seasonirghban period was
introduced in 1987 and since then annual surveys were helWiradl the suggestion
of new managing measures to the competent authorities in twrdemprove the
management of this fishery. The technical characteristics of the edredgre later
changed in order to meet biological and ecological characteristichkeotatget
species. These modifications included minimum mesh sizegeretuth width,
tooth length and spacing. In addition a seasonal clagaseset between May'and
15" June (Gaspar & Chicharo 2007). In 1997 some signs of oveitaxipn of the
bivalve stocks led to the implementation of the maximum nurobsix fishing days
per week and maximum daily fishing quotas adjusting catchéisetstatus of the
resource (Gaspar & Chicharo 2007). Later research culminated in thiuation, in
the year 2000, of a new dredge design which is more selecdveffcient than the
traditional one (Gaspar, Castro, & Monteiro 1999; Gaspai. 2002b, 2003). Since
then the managing measures that regulate the bivalve fishery remmicleainged.
However daily quotas are reviewed annually in order to adfestcatches to the

conservation status of the fishing resources.
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Chapter 11

Biochemistry ofDonax trunculus
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Chapter Il. Biochemistry of Donax trunculus
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Is condition index a valuable indicator for the maragement of the

Donax trunculus (Linnaeus, 1758) fishery in the Algarve coast?

Pereira, AM; Joaquim, S; Chicharo, L; Gaspar, MB. Is conditmiex a valuable
indicator for the management of tB@nax trunculugLinnaeus, 1758) fishery in the
Algarve coast? (Accepted for publication in Fisheries Research).
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Abstract

Donax trunculugs one of the most important commercial species that occurs along
the southern Portuguese coast. A high demand for this spec@ss during
spawning season. In order to prevent overexploitation, sever@gement measures,
based only on quantitative data have been applied. Howeverygué&irmation is
important to understand how the nutritional status of thedstock population may
affect reproduction and consequently recruitment success. The ormariati the
condition index reflects the individual reproductive activity asdnfluenced by
variations in biochemical composition, namely proteins, gjgooand total lipids. We
also tested the influence of sea surface temperature and chlorophylleacamdition
index and biochemical contents. Our data suggests that dysawnsg season,
wedge shell is accumulating and simultaneously convertyapgén into total lipids
indicating an opportunistic reproductive strategy. Our data stgytied both Cl and
biochemical components storage and use are affected by the presence whqols/co
This affected the wedge shell feeding response and energy ilga#img to the use
of proteins reserves. It was demonstrated that odd eventsasughusual high sea
surface temperatures and abnormal presence of phycotoxins duringatheirgy
season was reflected in the condition index of the wedge shellirghdhat the

variation of the CI could be a valuable indicator for fisheries manage
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Introduction

According to Rees (2010), the bivalve production industriumnope covers mainly
oysters and mussels, since these are highly demanded spesgseial countries
(e.g. United kingdom, France, Denmark, Ireland, Netherlands arain)Sp
Nevertheless, as well as the oyster or the carpet shell, the leableakedge shell
(Donax trunculuy has become increasingly important in Portugal and other sauther
European countries such as Italy and Spain (Ruiz-Azcona, Redrfgierra, &
Martin 1996). Although captured all year round, it is durihg summer season that
the demand for this species increases dramatically, mainly dihe wastronomical
tourism offered in the South of the Iberian Peninsula. It imduhis season that may
become apparent an overfishing of this and other commercial bsjadoges (Rufino
et al. 2010). The fishing effort set on this species and other bivaividse South of
the Iberian Peninsula and in particular in the Algarve coast (Seartingal) has an
important socio-economical role due to the size of the fishingdlegthe number of
people directly and indirectly dependent upon this activitgsf@aret al. 2002a),
which is unlikely to decline in the near future. Furthermomngdide with the fishing
fleet, hand dredgers also operate in shallow waters cap@ritrgnculus the wedge
shell is well distributed across a narrow sandy zone of théhSmast of Portugal
between 0 to 5 meters depth. Hand operated dredges have easylkeossall year
round, except winter, when some hydrodynamics are observed (Gilsia, &
Vitorino 2001). Moreover, vacationers tend to cdichtrunculusby hand. However,
due to the depth segregation observed in this speciestaimgguvenile specimens
are captured, because smaller individuals are usually found neaiotbe(Glaspaet
al. 2002a). Unfortunately all this fishing activity occurs exadilying the spawning
period ofD. trunculus that usually begins with the rise of temperature in late March—
early April (Gaspar, Ferreira, & Monteiro 1999), and therefore some gmana
measures have been implemented to protect the available stocks ofrem
exploitation. The fishery is managed by a closure season (from1May Jun1¥),
maximum daily catch per boat and harvester and a minimum shgthl of 25 mm.
Daily quotas may change annually, depending on the resuétmed from the annual
bivalve surveys held by the Portuguese Institute for the Oe&anAtmosphere
(IPMA) along the Algarve coast. Unfortunately, the informatiotated refers only

to quantitative information without reference to the qualiyus of the broodstock.
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This quality or nutritional status information is of fundata¢rimportance, since
energy reserve accumulation and the importance of each gross biochemical
component has in the reproductive process, play a role in theedsirttegies of a
species to the habitat (Goodman 1979; Crosby & Gale 1990h@&i2004). One
way to follow these nutrient reserve changes during critieglest of their life cycle,
is using condition indices (Crosby & Gale 1990). The nussd Cl is that proposed
by Walne & Mann (1975), since it reflects the individuals eodpctive activity
(Massapineet al. 1999; Mladinecet al. 2007; Joaquinet al. 2008a; Boussoufat al.
2011). More important, ClI may reveal how individual organisespond to rapid
environment changes and how the involved factors interact at larger &napar
spatial scales (Dahlhoff 2004). The condition index isugticed by variations in
biochemical composition, that occur due to energy tradesglspawning, as well as
food availability (Matozzo, Tomei, & Marin 2005). Indeed, @Sl related to the
organic matter (proteins, glycogen and total lipids) foundedsgd within in the

organic tissue.

In bivalves, proteins play a structural role, that are only used ast aelsource of
energy reserve in cases where the organisms suffer from extreme stnds=namo

other source of energy is available (Gonza&tzal. 2001; Gopalakrishnan &
Vijayavel 2009). Glycogen is the major energy source in &gl converted into
lipids during gamete production that are later lost duriegsflawning process (L&t

al. 2008). Total lipids, with its high caloric content actaasimportant immediate
energy reserve, being used by most marine bivalve speciesbasia energetic

reserve for sustaining embryonic and larval development (Fraser 1989).

To the authors best knowledge there are only four studgressing the biochemical
composition ofD. trunculus Three in the Mediterranean Sea, focusing on the effect
of chemical pollutants to the energy reserves such as glycogdipidsdTlili et al.
2011) and on the seasonal variation in the condition and &aitys composition
(Boussoufaet al.2011; Hamdani & Soltani-Mazouni 2011). The fourth studsiole

the Mediterranean Sea, is related to the effect of a controlled digairipads and
fatty acids composition, although information on Cl and tdifatls of the wild
broodstock is also presented (Martinez-Bttal. 2012).
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We believe that is still lacking some information related t@@tit populations ob.
trunculusin particular related to the broodstock condition during theartispawning
period. This particular type of information should be monitgreakly to complement

the quantitative data already obtained. With this work we aiatedtuding the
variation of the Condition Index, proteins, glycogen #otdl lipids in the broodstock
population ofD. trunculusduring the spawning season in order to understand the
reproductive strategy adopted Bpnax trunculusand to find out if the Cl is sensitive

to odd natural events and can be an useful indicator for fishamgagement.

Material and methods
Sample collection

A total of 1100 individuals oD. trunculuswere collected in years 2009, 2010 and
2011 during the spawning season between March and July at hedah
(7°3032.21'W, 37956.33N) located in the southeastern Algarve coast, (Figure
2.1).

)
(=

Temperature (°C)
=
(-

PORTUGAL

Chlorophyll-a concentration {mg/m?)

Algarve

Sampling area Month/Year

Figure 2.1. Sampling location @fonax trunculusand monthly average values of sea
surface temperature (SST) and chlorophyll-a (mp/at sampling site during the
years 2009, 2010 and 2011.
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Spawning season has previously been used by other atthassess broodstock
quality in species such as the sea ststerias vulgarisRaymond, Himmelman, &
Guderley 2007) and the swimming crBbrtunus trituberculatugWu et al. 2010).
During this five month of spawning season, the good ldydramic conditions
facilitate easy access to the broodstock, a key factor to annongllgment a sample

survey.

Individuals were caught during low tide using a bivalve hadwredige, similar to those
used by local harvesters. After been captured, the specimens wenetoakhe
laboratory and placed for a period of 24 hours in a closed wgstem at lower
seawater temperature (£I5 without being fed, to avoid spawning and to clean the
digestive tract. After this period, the closed water system wasetktdiascertain that
no spawning occurred, and specimens were packed up and froze0& for
posterior determination of Cl and biochemical contents (protein, gégycand total

lipids).

Sea Surface Temperature (SST) and chlorophyll-a

Data on SST and food availability was obtained in order to atatheir influence in
both CI and biochemical content d@. trunculus SST was provided by the
Hydrographical Institute (IH). The chlorophyll-a concentration, Wwhican be
estimated remotely using ocean color satellites, is the mostywided and remains
the best proxy of phytoplankton biomass for studies whgmy production (Houet
al. 2007). Therefore, chlorophyll-a concentrations were derived fronlitgatelmote
sensing data, collected from the Giovanni online data syste@D(BFAqua 4 km,
monthly processed data, available at http://disc.sci.gsfc.naggi@a@nni) developed
and maintained by the NASA GES DISC (Acker & Leptoukh 2007

Condition index determination

For the determination of the condition index 30 specimens gaple were used.

Shell length was measured to the nearest mm using a digiiigér before removing
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the edible part. Both, dry soft tissues and shell weight \@etermined after oven
drying at 80°C for 24 h. The dry meat was then convertedharaa muffle furnace
for 24 h at 450°C. Afterwards it was once again weighed (ashhtyefjl weights
were determined in an electronic scale (Mettler AJ100) with a preadi©.0001g.
The CI was calculated according to Walne and Mann (1975) usendotlowing

formula:

_ dry meatweight (mg) —ash(mg)
dry shell weight (mg)

Cl x100

This index was determined for a standard animal of 26 mmrSarder to suppress
the results of growth, so that accumulation or loss of orgaaiter associated with

reproduction can be shown (Gaspar, Ferreira, & Monteiro 1999).

Biochemical content

Biochemical content was determined separately for males and females. The
specimens were sexed according to the color of the gonad,idket, m females,
yellowish-orange in males. For each sampling period, thetiseftes of five males
and five females ranging from 26 mm to 30 mm SL were removed frerahtell and
homogenized individually with a blender (Ultra-Turf¥x For each individual it was
determined: (1) protein content using the modified Lowry met{tlabkir et al.
1994), (2) glycogen from dried homogenate (80 °C for 24h)gudiie anthrone
reagent (Viles & Silverman 1949) and (3) total lipids were extrabtech fresh
homogenized material in chloroform/methanol (Folch, Lees, & Slotardey 1957)
and estimated spectrophotometrically after charring with concentralfedicsacid
(Marsh & Weinstein 1966). Duplicate determinations were perfoimead cases and

values expressed in pg thof dry weight (DW).
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Statistical analysis

One Way Analysis of Variance (ANOVA) was performed to test differenteea
surface temperature, chlorophyll-a, condition index and biochemingds across a
time-series, whereas a t-test was used in order to investigaticaigndifferences
within years between males and females. Whenever the assunmfti@hEDVA or
the t-test were not met, the nonparametric Kruskal Wallis Ong Xrealysis of
Variance on Ranks test or the Mann-Whithey Rank Sum test wHsriped,
respectively. Each time ANOVA or Kruskal-Wallis tests detectegnifcant
differences among groups; pairwise multiple comparisons were usaug Tukey or
Dunn post hoctests. Finally, the Pearson’s correlation was used tothegbossible
correlations between SST, chlorophyll-a, condition indexemmet glycogen and total
lipids. Whenever the normality assumption was not verifisgte Spearmen’s
correlation coefficient was used. All statistical tests were peddrusing the Sigma

Stat 2.0 statistical package.

Results

The evolution of monthly SST along the three years of stsidhown in figure 2.1.
The lower SST was registered in February 2009 with 2€.&ind the highest SST
during August 2010 with 24.14C. Although the trend in year 2011 was similar to the
observed in previous years, temperature rose earlier and stayes 2(0vfor six
months. These differences were detected by ANOVA, that revealedicsighi
differences between SST observed during the spawning seasdtiladrad both 2009
(Tukey testg=5.51,p<0.05) and 2010 (Tukey tegt4.07,p<0.05).

The maximum values of chlorophyll-a in 2009 and 2010 were wbden March
(6.96 mg/m) and in April (12.21 mg/f) respectively. By opposition, the minima
were observed in September (0.47 niy/and in August (0.37 mg/finrespectively
(Figure 1). In 2011 the maximum value was observed earlierithprevious years,
in January (17.72 mgf) and the minimum was registered in August (0.50 mjg/m
(Figure 1). Notwithstanding, the ANOVA results showedsmgnificant differences
between years for chlorophyll-a (K-W.f.=2, H=1.578=0.454).
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The CI values during the spawning season followed a descgetnpérigure 2.2).
The highest value was registered in 2009 both for males (11L-AH+and females
(11.46£1.31) whilst the lowest was registered in 2011 bwtimales (4.99+0.88) and
females (4.72+0.93). A significant difference among the years wasvelosboth for
males (K-W,H=94.4,d.f.= 2,p<0.001) and females (K-W{=73.2,d.f.= 2,p<0.001),

with 2011 values differing from the other two years studied fmtmales (Dunn test:
2009vs2018=9.44p<0.05; 2010vs2018=7.61,p<0.05) and femaleSdyovs2016=8.41p<0.05;
2010vs2018=6.32, p<0.05). Significant differences in Cl were also observed between
2011 and the other years values when data from males and fenakegooled
(2000vs2019=12.56p<0.05; 2010vs2018=9.94,p<0.05).

Condition Index
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Glycogen{pg mg! DW)
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Figure 2.2. Condition index, protein, glycogen and togadi$ mean values (ug rifg
DW) for a standard 26mm specimen.
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The proteins were the predominant component in every year dimngpawning
season representing more than 66%, 77% and 83% in 2009, &td 2011,
respectively (Figure 2.2). As observed in Table 2.1, theesighalue of protein
content was recorded for males in June 2010 (481.10+58.62 jtgom and for
females in July 2009 (472.15+42.45 pg W) whereas the lowest values were
observed in July 2009 both for males and females (154.29+p08g" DW and
198.53+95.00 pg my DW, respectively). During the spawning season the mean
protein values determined in males differed significantly only eetw2010 and the
other two years (Dunn tesiovszco09 0=4.77, p<0.05; Dunn tesbiovsz01i 9=5.27,
p<0.05). In females, significant differences were observed for prbetimeen 2011
and the previous years (Dunn t&ks201i =4.00,p<0.05; Dunn tespiovsz01i 9=5.87,
p<0.05). When data was grouped, males plus females, there was deéfe@mong
the three years (Dunn te®byvsco1i 9=3.54, p<0.05; Dunn tesbiovs2006 0=5.37,
p<0.05; Dunn tesbiovsz01i §=7.98,p<0.05).

Regarding glycogen, the highest values were observed botlales and females in
April 2009 (126.05+57.29 pg mgdW and 155.49+62.91 pug mMdW, respectively),
whilst the lowest values were observed in May 2011 for maie$2+3.69 ug my
DW) and in July 2010 for females (16.67+6.88 pgniyV) (Table 2.1). Glycogen
content generally decreased from the beginning to the end spévening season in
years 2009 and 2010, but not in 2011 (Figure 2.2). Sogmfi differences were
observed between the three years in analysis for both malesraalse(K-Wajes
H=78.59,p<0.001; K-Wemaes H=72.57,p<0.001). Those differences were verified
along the spawning season of all three years (Dunn test: MaRso0:9=8.85,
p<0.05; 2009vs2016=3.14, p<0.05; 2010vs2018=5.97, p<0.05; FemaleSooovs2016=8.08,
p<0.05; 2000vs2016=5.76, p<0.05; 2010vs2016=3.05, p<0.05). The same differences
among the years were also observed when data from males and fesragmuled
(Dunn test: 2009vs2018=12.04, p<0.05; 2009vs2016=6.41, p<0.05; 2010vs2018=6.31,
p<0.05).

30



Table 2.1. Data mean values for all biochemical parameters determimeg th&®o
three years of study(+ s.d.).

Proteins (g mg1 DW) Glycogen {(pg mg DW) Total Lipids (pg mg2 DW)

Date Males Females Total Males Females Total Males Females Total
03-04-2009 232541+9946 379.10£3978 352.25+7870 82.72+1503 100.36+1500 91.54+17.18 91.08+1526 119.41+2895 105.24+26.80
13-04-2009 269.91+3067 34735+6413 30863+63.02 73174654 8515+1322 7916+11.87 11879+19.73 107.17+1213 112.98+17.02
30-04-2009 360.42+3035 313.75+8638 337.08+67.41 126.05+57.29 155.49+6291 140.77 +60.48 157.88+24.23 123.57+19.81 140.72+27.82
14-05-2009 34719+3840 437.23+4269 39221+60.79 87.87+14.68 112.51+26.93 100.19+2460 11470+38.64 12506+38.94 119.88+28.13
29-05-2009 216.39+6293 278813745 247.6£59.71 82.81+63.00 B87.08+6748 84.95x63.57 91.12+14.27 65261070 78.19+18.08
15-06-2009 339.26+29.54 409.94 +36.69 374.6+48.64 3419+7.32 26.20+14.87 29.99+12.29 58.50+6.45 60.23+4.01 59.37 +5.30
06-07-2009 31611+£5629 472.15+4245 39413 +9360 70.81+935 82731470 76.77+13.46 6570x10.47 7286+16.80 69.28+14.11
22-07-2009 154.29+51.06 19853 +9500 176.41+77.62 49.63+14.26 50.28+18.26 49.95+1595 5568+13.54 651742797 60.42+21.93
05-08-2009 339.22+112.87 389.69+214,12 364.46+168.59 5570+1543 53.99+12.60 54.85x13.74 49.68+14.24 5123778  50.46+11.20
24-03-2010 381.60+3420 378.00+3473 379.80+3360 67.99+9.58 65.41+40.45 66.70+9.84 65.85+10.28 64.71+3.80 65.34+7.89
06-04-2010 249.82+3423  352.77+5367 351.30+42.84 066.41£2097 51.27+12.59 58.84+18.54 104522202 7503+£1411 89.78+23.51
27-04-2010 268.59+26.09 458.02+5508 363.31+105.84 31.41+6.21 29.08 +6.57 30.24+6.34 80.59+13.66 6718+10.99 73.89+13.89
18-05-2010 460.71+2856 390.72+4016 425.72+4939 96.59+24.01 77.09+38.60 86.84+32.76 69.69+£20.53 46.65+£14.40 5817£20.92
02-06-2010 481.10+5862 398.38+4423 44433 +66.44 57.37+14.41 4507+13.92 51.28+1516 78.29+18.49 59.74+3.29  69.02+16.05
15-06-2010 280.45+£73.73 355762219 318.11+6558 39.46+8.51 26401152 3293+11.92 47.85+18.39 3701454 42431417
25-06-2010 331.61+67.31 389.48+50.68 360.55+6514 4428+10.83 33.47+9.78 3887+11.47 96.77+2530 7867+13.84 86.71+21.27
13-07-2010 40522 +£4697 40524+66.70 40523 +£56.26 37.08+13.54 16.67+6.88 26.87+14.80 30.56x24.80 21.55+x893  2555+17.79
28-04-2011 343.21+2758 328.42+3169 335.81+2989 36.68+14.59 40.27+3.03  38.38+1067 37.35+31.03 21.77+519  29.56+23.08
21-05-2011 208.73+£2856 31076 £1612 309.75+2260 18.52+3.69 18.32+2.84 18.42+3.21 2527 +7.55 30.24+842 27.76+8.19
03-06-2011 293.65+2990 293.12+2483 29339+2675 19.20+496 21.02+4.19 20.11+4.56 39.33+57 46.01+1559 4267 £+11.93
22-06-2011 199.59+19.34 26293 +£3273 231.26+4172 3454+1449 32.55+12.43 33541318 267211021 2831612 27.52+£8.23
07-07-2011 289.55+39.07 412.79+63.97 33577+7796 27.26+6.70 25.56 +4.43 26.46 +5.60 33.81+7.82 33.00+9.26 33.40+8.35

In what concerns total lipids, the highest value was obsemnvAgril 2009 for males
(157.88+24.23 pg mgDW) and May 2009 for females (125.06+38.94 pg'rbyv),
whereas the lowest values were observed in May 2011 for males¥25271g mg
DW) and in July 2010 for females (21.55+8.93 ug™mpW) (Table 2.1). As
observed previously for glycogen, total lipids generally decreased &he spawning
season and decreased from 2009 until 2011 (Figure 2.2). Sighdi¢i@nences were

observed between the three years, both for males and females [Kal&sH=84.45,

p<0.001; Female$i=100.66,p<0.001). For males, statistical differences were found
between 2009 and 2011 (Dunn tept9.02, p<0.05) and between 2010 and 2011
(Dunn test:g=6.98, p<0.05). In the case of females, significant differences were

observed between three years (Dunn tg@gbys2019=9.97, p<0.05; 2000vs2016=5.10,

p<0.05; 2010vs2019=5.36, p<0.05). Similar differences among the three years were

observed when data from males and females were grouped (Dunn

2009vs2018=13.49,p<0.05; 2000vs20161=5.12,p<0.05;2010vs2018=8.73,p<0.05).

From the three year time-series analysis, same correlations were olfsernedes
and females separately; henceforward the correlations are shown regafdiexs
During the spawning period, the sea surface temperature (SST) watateo
negatively with all the parameters studied: chlorophyi=a0.632,p=0.002) CI (r=-
0.815,p<0.001), glycogenrE-0.812,p<0.001) and total lipidsr€-0.802,p<0.001)
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(Table 2.2). Proteins were the exception with no correlatiorerabd. This
biochemical component does not correlated with any other paraanetgzed during
the studied period. Chlorophyll-a correlated positively with(1IG0.605,p=0.002),
glycogen (=0.582, p=0.005) and total lipidsr€0.605, p=0.002). Condition Index
also correlated positively with glycoger=Q.703,p<0.001) and total lipidsr€0.797,
p<0.001). Finally, glycogen and total lipids also correlateditpely (r=0.831,
p<0.001) during the spawning period (Table 2.2).

Table 2.2 Results of Pearson correlation between studied paran&$drs Sea
Surface Temperature; r - Pearson correlation coefficient; P - P value; noc. - n
correlation was found.

Chlorophyll-a Condition index (CI} Proteins (P} Glycogen (G} Total lipids {TL}

55T r=-0.632, p= 0.002 r=-0.815, p< 0.001 n.c. r=-0.812, p< 0.001 r=-0.802, p< 0.001

chl-a r=10.605, p= 0.002 n.c. r=0.582, p= 0.005 r=0.608, p=0.003
cl n.c. r=0.703, p< 0.001 r=0.797, p<0.001
P n.c. n.c.

G r=10.831, p< 0.001

Discussion

In the present study, the condition index was used touatealthe broodstock
condition of the wedge shell during the spawning seakba.Cl is likely to reflect
variations in the environmental conditions as well as the ocagrehodd events

during this critical phase of the wedge shell life cycle.

The CI values obtained during 2009 and 2010 spawning seasan accordance to
the ones observed by Boussoetaal (2011) and by Tliliet al (2011) in the Gulf of
Tunis. In the same period glycogen values are similar to ootesned by Tliliet al
(2011) and total lipids values observed are similar to the @ve=rved by Boussoufa
et al (2011) and lower to the ones registered by €lilal (2011) both in the Gulf of
Tunis. The CI, glycogen and total lipids values registatedng 2011 spawning
season were much lower than the ones observed by the above ttited.au
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The SST values followed the tendency observed for this regiprevious years. The
temperature starts to rise during Spring until reach its peak gusiwuring the
summer, decreasing afterwards to minimum levels between December andr{reb
during Winter. This pattern is normal for the studied arebsamilar to that observed
in previous studies (Gaspetral. 2004; Joaquinet al. 2008b).

The observed negative correlation between SST and the chlorapivgls expected
since during winter, when SST is lower, an upwelling evartturs in southern
Portugal (Soares 2004). This event is responsible for the ipeaklorophyll-a

concentration in later winter and early spring (Faleial. 2007). The concentration

of chlorophyll-a decreases afterwards as SST rises.

A negative correlation was also observed between SST and ClI, glyergl total
lipids. Correlations between SST and Cl and biochemical commomeasent in
tissues occur in many bivalve species since SST is assotiatbé reproductive
development, controlling the onset of gametogenesis in manjvbigpecies and it is
also the key factor triggering the spawning as reported by seveharayBayne
1976; Ansell & Lagardere 1980; Dridi, Romdhane, & Elcafsi72Q0u et al. 2008;
Joaquimet al. 2008b; Cerdn-Ortizt al. 2009; Fearman & Moltschaniwskyj 2010;
Ezgeta-Bali et al. 2011; Matiaset al. 2013). The above correlation was observed not
only in D. trunculusfor other areas (Boussouaal.2011; Martinez-Pitat al. 2012),
but also in other bivalve species that occur in the Portuguesst, such a€Ensis
siliqua, Venus striatul&Chamelea gallingGaspar & Monteiro 1998%pisula solida
(Gaspar & Monteiro 1999) ar@allista chiong(Moura, Gaspar, & Monteiro 2008).

In our study, the negative correlation found between SST anduggests that
glycogen is being used and transformed in total lipids forege production. Indeed,
SST is also correlated negatively with glycogen and totaldjas expected, since CI
is a reflection of the biochemical variation of these two coraptsnduring spawning
(Beninger & Lucas 1984; Mouneyraet al. 2008). Interestingly, Cl correlates
positively with both glycogen and total lipids during tstudied period, which seems
to indicate that while transforming glycogen into total lipidsring gamete
production, the species continues to accumulate and storeyefvétg-Garcia &
Saucedo 2008; Gomez-Robles & Saucedo 2009) which explainspdbiéive

correlation between glycogen and total lipids. This resulcatds thaD. trunculus
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in southern Algarve has an opportunistic reproductive stratlbgying investment of
any surplus energy into gamete production. Surplus enenglsbly ensured by a
high pumping rate to succeed in periods of low food conceirgPouvreatet al.
2000).

The above cited hypothesis contrasts to the conservative stragsbipyuspecies such
as Argopecten irradians concentricusy Florida (Barber & Blake 1981) and
Ruditapes decussatiis Galicia (Ojeaet al. 2004) that stores energy previously the
gametogenesis, when plenty food is available; until the velahort spawning period
occur during which the energy reserves become depleted (Barber & BiKe 19

The opportunistic reproductive strategy adopted by the weddjensts also observed
in other species such &3strea edulis(Bayne 1976)Mytella charruanaand M.
guyanensigCardenas & Aranda 2000). This strategy in wedge sheltlisagapted to
its long spawning season, allowing the species not toectrate all the reproductive
effort in a short temporal period, allocating surplus energy toodegtion under

environmental favorable conditions.

Our results revealed that during 2011 something must have occsimed,the ClI
values of this particular year were statistically different from thosergbd in 2009
and 2010. The values of proteins and in particular the valiigs/cogen and total
lipids were also lower than the ones observed in the pretwougears. The SST in
2011 was statistically different from 2010 and 2009, with tefaacrease of the SST
in March/April and with mean values reaching values clearly ab6%€ Buring 6
months whereas in 2009 and 2010 values of SST above 20%wlgrebserved in
four and three months respectively. Although no differences were ,faundas
observed that chlorophyll-a peaked two to three months earlier theh digring
2011. We believe that the unusual high SST values dutingy season were
responsible for the abnormal occurrence of phycotoxins registerda ispawning
season of 2011. Usually in this area, phycotoxins occur epgay with the rise of
SST and after a week are no longer detected in the water, reappearingrexgaor
twice during the summer. Although the SST pattern in 20@02010 were similar, in
2009 phycotoxins were detected in one day only (Aprif)15vhile in 2010
phycotoxins were recorded during a longer period (Juffet@Suly 23). In 2011,

phycotoxins appeared when the SST rose in March and remained abaile leg

34



established limits from March 95to April 28" and from July o August 11

leading to prolonged fishing bans due to public health hazard.

Although there are no studies published about the direct effedhymofmxins on
biochemical composition of marine bivalves and reproductive sucsasse effects
of phycotoxins on bivalves have been reported by several authabgrkornet al
(2010) has demonstrated that @rassostrea gigasthe PSP (paralytic shellfish
poisoning) phycotoxin had an effect on the spermatozoa qualtity motility.
Medhioubet al (2012) also reported an adverse effect of PSP phycotox{®sgigas
digestive gland tubules, affecting the digestive and absormapacity of the
specimens exposed to this phycotoxin. In addition, the egtwyprocess of digestive
gland tubules after the exposure revealed to be energy demgaRE8P phycotoxin
may also affects the clearance rate of some bivalve species dRaphass donacina
Dosinia anusand Pecten novaezelandiaas observed by Contreras, Marsden, &
Munro (2012), while in other species suchSmssula solidissiméhe clearance rate is
not affected at all (Shumwagt al. 1994). Bricelj] & Shumway (1998) reported that
phycotoxins may affect the burrowing capability and the fegdesponse of bivalves,
an effect that probably is reflected in the energy intake duringhyeofoxin blooms
as observed iRuditapes philippinarunandPerna viridiswhere the growth rate and
the scope for growth were affected when phycotoxins were presentVérig, &
Hsieh 2002). Thus, if the presence of phycotoxins affects the feesspgnse and
consequently the energy intake by bivalves, then the unp$yabtoxin presence
during the spawning season in 2011 may explain the differente Cl observed
during 2011 as well as the lower values of proteins, glycayeh total lipids
registered. In fact, although no correlation has been found betweemprand the
other parameters during the spawning season, protein values défeced) the three
years, with lower values occurring in 2011. It seems that glahie beginning of the
2011 spawning seaso, trunculuswas unable to recover glycogen reserves due the
phycotoxins presence in the water and therefore used proteinsleat anergy
resource to suppress energetic needs (Gopalakrishnan & Vijay@&ldthough for

a short period, since a recover of proteins was observedndker season.

In the first two years of this study, the SST as well as tleaphyll-a values were
similar. However, glycogen and total lipids differed among yeait) a slightly

decrease observed from 2009 to 2010 spawning season. In thispsaiod an
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increase in phycotoxins presence from one day in 2009 tosalome month in 2010
was registered. This phycotoxin increase may be related to theade observed in

glycogen and total lipids in 2010 spawning season.

The chlorophyll-a peak observed in January 2011 may alse &fiected the CI
values in the beginning of the spawning and may have comgedrtiie energy intake
prior to the beginning of the spawning season, althougihave no data related to the

Cl outside this season.

It was observed by the autharssitu during sampling, that when phycotoxins were
present in the water, the mantle and foot of the wedge shekled indicating that
phycotoxins affects somehow this species. Moreover, during labotpgriments,
when spawning was induced none of the individuals colleaiedg2011 responded
to thermal shock, which contrasted with the previous yedrere induced spawning

was successfully achieved (unpublished data).

The spawning season is a critical period of the life cyclb.dafunculusand, as our
data shows, unusual events such as the high SST observatieaptiycotoxins
presence seems to be reflected in both Cl and the biochemical donpos the
broodstock population. Additional information on larva dyalmay help
understanding the implications of odd events on the nolvieaple phase of the
resource (planktonic larval stage and settlement) and posterior rectugnceess.
This knowledge would allow a precautionary implementation ofggtive measures,

if needed,i.e,, a low number of larvae is detected, settlement fail or/and low

recruitment occur.

In conclusion, like other bivalve mollusk. trunculusis highly dependent of
temperature which is responsible for triggering the spawning ewnt.results
indicate that this species has adopted an opportunistic repireustrategy
accumulating energy in the form of glycogen while being convertedtatal lipids
used in gamete production. It seems to be sensitiveetprétssence of phycotoxin in
the water, although more studies on this subject must betakele. Our data showed
that the occurrence of odd events during the spawning seasorectegfin the CI,
making this index a valuable parameter for the management of theyfish
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Is the biochemistry of Donax trunculus (Linnaeus 1758) egg and

larvae suitable for managing purposes?

Pereira, A.M., Joaquim, S., Chicharo, L., Gaspar, MsBhe biochemistry obonax
trunculus (Linnaeus 1758) egg and larvae suitable for managing purposes?
(Submitted to Scientia Marina).
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Abstract

Knowledge on the energy reserves of the wedge Bloslax trunculusegg and larvae

is important to help predicting recruitment, allowing in casesoruitment failure to
timely adjust the fishing effort. We aimed at evaluating wedw# £gg and larvae
quality, in order to improve development and implementatibfuture managing
measures. Egg and D- larvae total lipids, proteins and cartaibgdrvere determined
and energy was calculated using the energy conversions factors wuséplidfo
carbohydrate and protein (35.24, 17.16 and 18.00%&spectively). A total lipid +
carbohydrates to protein ratio was determined for eggs. Tatis Bmd proteins were
the main components along the study period with carboleglrapresenting only a
small percentage. Total lipids play an important role in tehing success of the
species as well as in the amount of energy available to enseirsutitessful
development into D-larvadespite the differences in total lipids registered, neutral
lipid showed no differences indicating that a threshold mast.ekhe total lipid plus
carbohydrate to protein results may be used to predict hgtchiccess irD.
trunculus and we set 0.82+0.09 as the value above which recruitment occurs
successfully. This information has not been used in bivgtlvek management, being

this a first step into an earlier detection of recruitment failure.
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Introduction

Studies on bivalve larvae quality, address almost exclusitiatghery conditioning
techniques based on diet effect on growth and survival ratarnedd and in most
cases with a restocking perspective in mind (e.g. Patedl. 2002; Hendriks, van
Duren, & Herman 2003; Leveroret al. 2006; Matiaset al. 2010; Pettersept al.
2010; Przeslawski, Perino, & Padilla 2012; Gonzalez Aetyal. 2012). Other few
cases focus on particular topics such as the differences in larvay dratit different
latitude broodstocks populations (Lagos 2012), the effecandfbiotics on the
dissoconch development and posterior metamorphosis successt,(MBzicelj, &
Cartier 2006), the effect of harmful algae on lipid storage (Przeslatski 2008),
the food limitation in larvae development (Betsal. 2006) or egg and larvae quality
in growth and survival success (Vidadaal. 1998; Burke, Bataller, & Miron 2008).
No studies have addressed larvae quality in wild populatwitts a managing

perspective in mind.

The wedge shelDonax trunculusis a widely distributed species along the Algarve
coast and although captured all year round, it is duriegsttmmer season that the
demand for this species greatly increases. This demand is rdamlp tourism and
occurs during part of the spawning periodCoftrunculusthat begins with the rise of
temperature in late March early April and ends in late July (Gaspareifa, &
Monteiro 1999). After spawning the eggs released into the watatelthe beginning
of the meroplancktonic stage of the wedge shell that lastissetitement takes place

(Savina & Ménesguen 2008).

During the first 24 hours, the wedge shell eggs, asherdivalve species, must rely
solely on the endogenous energy reserves provided by tigenmiars during the
gametogenesis (Holland & Hannant 1973; Holland & Spen®&&3;1Gallager &
Mann 1986; Whyte, Bourne, & Ginther 1990; Massaphal. 1999; Matiaset al.
2013) This is a stressful and crucial period with tisgeeganization (Pernet, Bricelj,
& Cartier 2006) that, if successful, culminates in the hatching BFshape larvae
ready to grow. To accomplish successfully this transformatimbyyos need to use
their primary nutritional reserves that consist mainly in dipgds particularly on the
neutral lipid fraction (Holland & Hannant 1974; Ferreiro, Pérez-Camagh.abarta

1990). The neutral lipids are also fundamental for larval growth tinely become
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competent pediveligers (e.g. Holland & Spencer 1973; Ferreiro, Péareadbo, &
Labarta 1990; Videlaet al. 1998; Przeslawsket al. 2008; Gonzalez Arayat al.
2012).

Along with total lipids, proteins are also an abundant comept in tissues during the
embryonic development, essential to ensure larva body growdthmaintenance
beyond the embryonic phase until metamorphosis occurs (Gogalsm &
Vijayavel 2009; Matia®t al. 2010). According to da Cost al (2011) protein may
also be used as an energy source, and has been proven bydf@(#004) that in
Crassostrea gigasnd Argopecten purpuratuproteins are likely to improve larval
survival as settlement approaches. Carbohydrates are othesrwamhpvailable in the
eggs and larvae of bivalves, and although it has been sugtfestedrbohydrates do
not play an important role during larval development (Holl@&d&pencer 1973;
Gallager, Mann, & Sasaki 1986), according to Haws, DiMichelelatd (1993) they

may be used to optimize the utilization of other reserves availabissues.

In the majority of bivalves the physiological condition of #rabryos and larvae, as
well as their capacity to grow and survive under various envirotaineanditions
during the species life cycle, has been related successfully to latienent and
recruitment (Phillips 2002; Racotta 2003; Opaal. 2008; Marshall, McKinley, &
Pearce 2010). This success depends on the acquisition by thardj¢eter on by the
larvae, of energy reserves that suffice the metamorphosis energyeands (Pernet,
Bricelj, & Cartier 2006). The knowledge on the egg and larvae tyualli the D.
trunculus is therefore of utmost importance since it may be used to cpredi
recruitment. From the management point of view this knowleslgendamental since
in case of recruitment failure it allows the timely adjustment ehifig effort

contributing, this way, to the sustainability of the fishery

This work aims at evaluating egg and larva quality on the istiglID. trunculus as
well as the implications of seawater temperature in the energetic reseeggs and
D-larvae quality. We believe this will provide new insiglaisring such a critical
period of the life cycle of the wedge shell (post spawning l@idhing period),

improving the development and implementation of future magageasures.

42



Materials and methods

Adult collection and spawning

A total of 1100 individuals oD. trunculuswere collected in years 2009, 2010 and
2011 between Mars and July at Lota beact8@B2.21'W, 37°956.33N) in the
Algarve coast, western Portugal (Figure 1). The captures were madetatdayging

a bivalve hand dredge similar to the ones used by local harvdsterthis location,
data on seawater surface temperature (SST) was obtained from the Hydoagraphi
Institute (IH). After captured, the specimens were taken to tierdtory and placed

in three previously prepared spawning tanks. Filtered and aeededter was used

in these tanks and foots¢chrysis galbanandChaetoceros calcitransvas provided

ad libitum Adults were placed in the tanks and left overnight to spaifter
spawning, eggs were collected at the exit end of each tank as#fijum sieve.
Whenever spawning did not occur naturally, a thermal shock aierwsystem
temperature plus°® was applied for one hour, after which, the adults were retrieved

to the original tanks. This procedure was repeated two to fhres.t

Egg and larva collection

After spawning, eggs were removed from the sieve, counted and050¢de rinsed
with isosmotic ammonium formate (3%) to remove salt, and frozenO&€C-ZThe
remaining eggs were placed in an aerated tank with food avadableg 24 hours
until they hatch in D-shape larvae. At this stage samplég)@®00 D-shape larvae
were collected and preserved, following the same procedures uskedeggs.
Hatching rate was determined by counting the number of 1-day Hataheae
relative to the total number of incubated eggs.

Sample fractioning and biochemical content

A micro-analytical fractionated extraction scheme developed byartbl& Gabbott
(1971) and Holland & Hannant (1973) was followed for thesmeination of the

contents of biochemical components. Lyophilized samples wengodenized in
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500ul distilled water and sonicated in an ice water bath foe timtervals of 10 s at
20 W each to obtain a thoroughly homogenized sample. Twolssammip200 pul each
were taken from the initial homogenate, of which one was tsetktermine total
lipids and neutral lipids content whereas the other was wsé@termine proteins,
total carbohydrates and free reducing sugars. Total lipid comenextracted by the
method of Bligh & Dyer (1959) and taken up in 500 pl chlonwforotal lipids were
determined by the methods of Marsh & Weinstein (1966) usipglmnitin as a
standard, and the absorbance was determined at 375 nm. Neuttal Wpre
determined in the same way as total lipids; 200 pl samglesewtral lipids in
chloroform were dried for 20 min at 18 and used for determinations.
Phospholipids were determined as the difference between total andl figids.
Proteins were precipitated by cold 5% trichloroacetic acid (TCA) tlamgbrecipitate
was washed in warm 1.0 N NaOH. Protein concentration veay@d by the method
of Lowry et al (1951), modified by Bensadoun & Weinstein (1976) and Hesss, &
Derr (1978), at 750 nm using serum albumin as a standardroblged and
unhydrolyzed samples of TCA supernatant were used for the destionirof total
carbohydrates and free reducing sugars by a modification of thednefti-olin and
Malmros (1929). The components were quantified with a ferricyanate ti@auc
reaction at 420 nm using glucose as a standard. Duplicate dettomsnwere
performed in all cases and values expressed as organic \peigieintages. Energy
conversion factors used for lipid, carbohydrate and protein weré,357216 and
18.00 kJ &, respectively (Beukema & De Bruin 1979). The Total lipid +
Carbohydrates to Protein ratio was determined for eggs (Hofetair2004).

Statistical analysis

Statistical analyses were computed using Sigma-Stat for Wmd®aferences
between years in each component were assessed by analysisante/d ANOVA)
and when assumptions of normality and homoscedasticity werduliitled the
nonparametric Kruskal-Wallis test was used. When results steggeignificant
differences, pairwise multiple comparisons were made using TukByimamn's tests,

respectively (Zar 1984). Prior to any analysis data was tnametbto arcsine square
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root values. Results were regarded as significani<$0r05. Correlations between the

components were assessed by the Spearman Rank Order Correlation.

Results

Seawater Surface Temperature (SST)

The evolution of monthly SST along the three years ofysisighown in Figure 2.3.
Lowest SST value was registered in February 2009 with 1@.8thd the highest SST
value during August 2010 with 24.2€. Although the trend in year 2011 was similar
to the observed previously in 2009 and 2010, temperature roser earti stayed
above 20C for a period of six months. These differences were detected by ANOVA
that revealed significant differences between SST observed in 2014o8n@009
(Tukey test g=5.51, p<0.05) and 2010 (Tukey test q=4.07.0p%
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Figure 2.3. Sampling location @onax trunculusprogenitors and monthly average
values of sea surface temperature (SST) at sampling site during tee2§88, 2010
and 2011.
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Biochemical components

The percentage of proteins, carbohydrates and total lipids inrglamio weight and
the composition of total lipids and carbohydrates classegntentage are shown in
tables 2.3 and 2.4 for eggs and D-larvae, respectively.

Eggs

Total lipids were the predominant constituent in the eggyear 2009 with a
percentage between 46.97+5.76% and 68.82+1.73% whereas in 2020 XEintotal
lipids were the second predominant constituent ranging bet@280+15.52% and
51.77+14.81% and between 36.01+3.45% and 39.99+4.80%rgdnic weight,
respectively (Table 2.3). The percentage of total lipids in tted tyganic weight
decreased in 2010 and 2011 compared to 2009 values. Indeddiptds content in
2009 were statistically different from both 2010 (Dunn’s tgs3.27 p<0.05) and
2011 (Dunn’s tes}=3.94 p<0.05). Total lipids were represented by neutral lipids an
phospholipids. Both neutral lipids and phospholipidssenéed similar percentages,
oscillating along each year with some samples with higheeptage of neutral lipids
and other with phospholipids more represented. Howevef}1ifi this oscillation was
not observed. During this year, the percentage of neutral ligdsalways higher that
70% with the exception of the sample obtained in April whlee groportion of

phospholipids was higher than neutral lipids (Table 2.3).

Proteins were the second predominant constituent in egge year 2009 with only
the first sample (in April 8 2009) registering a percentage bellow 40%
(29.69+9.43%). In 2010 and 2011 proteins were generally more egpedshan total
lipids, ranging between 42.07+17.07% and 60.56+9.27% (f@02and between
47.59+5.18% and 55.54+9.25% in 2011 (Table 2.3). Algfnoilne mean percentage of
proteins in the total organic weight registered in 2009 were IdWvan in the
following years, no statistical differences were detected among YAAIOVA:
H=4.9d.f=2 P>0.05).

Carbohydrates were the less represented fraction in the total orgaigict w all
three years of study ranging in 2009 from 1.48+0.63% to 4.63%6, in 2010 from
0.85+0.55% to 6.14+2.08% and from 6.37+1.07% to 801468% in 2011 (Table 2.3).
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Significant differences in the percentage of carbohydrir th inoteal srgahnic: wegh
were observed between 2011 and both 2009 (Dunn’s d@es¥, q<0F5) tand2:01
(Dunn’s Test, q=4.6 p<0.0

Table 23. Biochemical components expressed as organic weightemarce
composition of lipid class and energetic valueDonax trunculu eggs during th
spawning season in 2009, 2010 and 2

B

4

The highest energy value obtained was 13.62+0.Jug™ in 15" June 2009 and th
lowest registered was 6.36+0.4 tug® in 27" of April 2010. A significant decrea:
in the energy values was observed between 2009 and2both zndX)11c (Dnn’

test q=3.53, p<0.0 g=3.8%, p<0.05, respectively) (Table ).

The Totallipid + Carbohydrates to Protein ratio data followed thelé:icdedf the 1R
decreasing from 2009 to 2011 spawning season (Fid.4). This ratio in 200¢
differed significantly from 2010 and 2011 ratios-W t=19, p=0.03 and MW t=6,
p=0.017 respectively

D-Larvae

The percentage of total lipid in organic weight of larveas wasiiar alcrg tthe tre
years of study with values varying from 50.00+4.00% tc87338.£3%ika 2(009 fror
34.90+33.71% to 59.76+14.42% in 2010 and from 46.633% )0 5136132.94b/0 i
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2011 (Table 2.4). Despite the two highest percentages registared009
(73.74+28.81% - 30 May and 83.87+35.43% 1%6July) no statistical differences
were observed among years in the amount of total lipids.eMenyin terms of the
percentage of total lipids in the total organic weight it whseoved a significant
decrease between 2009 and both 2010 and 2011 (Dunn’s teat @=<B.05; q=3.94
p<0.05, respectively). The total lipid class was also repregdnt both neutral lipids
and phospholipids. In 2009 and 2011, both neutraldipitd phospholipids presented
similar percentages, oscillating along the spawning seastin s@me samples
showing a higher percentage of neutral lipids and others ptitispholipids more
represented. In 2010 this pattern was not observed. With thetiexcepthe sample

collected late April, the percentage of neutral lipids was alwaggehithat 70%.

In larvae, proteins were the second predominant constituent dwvidf@®a percentage
ranging between 13.43£1.36% and 42.55+13.88%. In 2010 201id protein
percentage was similar to the total lipid ones. In 2010 ite@dtigpm 36.83+£3.46% to
53.81+6.34% of total organic weight and in 2011 it wadyf@onstant ranging from
44.65+1.27% to 49.63+9.42% of total organic weight (Tabl¢. Zhe percentages of
proteins observed in 2009 differed statistically from the vatieZ010 (Dunn’s test
g=6.62, p<0.05) and 2011 (Dunn’s test q=5.0, p<0.05).

Carbohydrates were the less represented fraction of organic weiglhthinee years
of study ranging in 2009 from 2.68+0.83% to 9.45+2.4892010 from 3.20+1.15%
to 11.2845.65% and in 2011 from 1.97+0.1% to 3.722%7Table 2.4). The only
statistical difference observed among years was between 2010 an(D2Oils test
g=3.00, p<0.05).

Energy in the larvae was lower than the observed in the eijygshe highest value
observed in 28 March 2010 (5.74+0.46 KJ. ffyand the lowest observed iffl July
2009 (1.15%0.24 KJ. ng (Table 2.4). Values from 2009 were slightly lower than the
observed in the other years, however the only statisticallyfiseym difference found
was between 2009 and 2010 (Tukey test g=5.6 p=0.002).
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Table 24. Biochemical components expressed as organic weightemerce
composition of lipid classes annergetic value irDonax trunculu D-larvae during
the spawning season in 2009, 2010 and -

Hatching rate (HR)

In the three years, the highest hatching rate observedireccurthe ™ April 2009
sample, with an 84.9% of hatching success in-larvae, whilst the lowest we
observed in the sample from™ April 2010 with only a success of 25.9%. Des
the slight decrease observed in HR values from the ye#®13009.:1 (=ijuree.4), no

statistical differences were observed among the three
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Figure 2.4 Donax trunculu eggs hatching rate (HR), and T¢ lipid plus
Carbohydrates to Protein ratio (TL+C to P) during 200® 20%d 264 sppawvini
season:

Correlations

The results of the Spearman Rank Cotion test are shown in Table . Fromits
analysis it can be concluded that SST did not correlate evithof the parametel
analyzed. The hatching rate correlated negatively with eggsenps: «th |poisitively
with eggs total lipids and energy. The TL+C to P ratia weoundbto rrrdat
negatvely with proteins and positively with total lipids both emygsgamd hrwviae.
positive correlation was also found between this ratid tae: | taergeidwvallue ir th
eggs. Eggs proteins correlated positively with larvae limetend ne@tivwzly vitk
both egss total lipids and energy.-larvae proteins also correlated negatively \
eggs energy and with total lipids in eggs and in larvahi a\dggs carbohydrat:
correlated negatively with eggs total lipids no correlation fvaed] aettwveem-larvae
carbohydrtes and any other component. Eggs total lipids correlapativrelly wth
its energy and with total lipids in larvae. Finally, totial ds in karvae comrelate

positively with eggs enerc
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Table 2.E Results of Spearman correlation between studieameters. SST-
Seawater Surface Temperature; (TL+C- Total Lipids + Carbohydrates to Prot¢
ratio; r — Spearman correlation coefficierp — p value; n.c.— no correlation wa
found

Hatching  Egg Ratic Fraotein Protein Carbohydrates  Carhohydrates  Totallipids  Totallipids Energy Energy
Rate (TL+P Eggs Larva Eggs Larvae Eggs Larvae Eqgs Larvae
Temperature ac n.c nc n.c nc rc nc nc nec nc
Hatohing Rate r=0889 r=40823 ne ne e r= 0.75% ne r=0.59¢ ne
p=0005 p-<0.0M f=0.001 p=0.018
Egg ratio r= 0880 r=-0.581 = 0.959 r=0.526 r=0.643 -
(TL+C/P; pr0001  p=0.023 ne. rec. pe0001  p=0o4d  p=0oie T
Pratein eggs '=0.566 r.c rc r= 020 n.c r=-0.600 nc
p=0.028 : : P 0.004 : p=00ig
Protein larvas nc rc r=-0.725 r=-0573 r= 0837 ne
p=0.002 < 0.004 p=0011%
Carhohydrates r=4.551 ne ne ne
enns f=0.033
Carhohydrates
larvae nc nc nc ne
Total lipids r=0A&74 r=0710 ac
engs p=0.006  p=0003 -
Taotal lipids r=9.544
larvae p=0.036 ne
Ensrgy eggs nc
Discussior

Marine bivalves have their life cycle strongly relato environmental factors such
the sea surface temperature (SST) or the type and aimilabifood (Chicharo &
Chicharo 2001; Burke, Bataller, & Miron 2008; Marshall, McKinley, & Pese 20@.
These create a broodst-recruitment relation that is reflected in the anr
variability observed in shellfish recruitme(Hoffmann, Pfaff, & Branch 201.
During our study, the SST trend in 2011 was similar to the two pres. years
nevertheless it rose earlier, staying above t°C for a six month period, a long
period than observed in 2009 and 2010. The 2011 SET svavess statisticall
different from the onein 2009 and 2010. The influence of SST in the wedgh sfe
cycle in the Algarve has already been demonstrateGaspar, Ferreira, & Monteil
(1999, with the rise of the SST in March/April triggering the aniiwg 2veert oyithe
species. Althouh no information is available on the effect of the SST s ogt
larvae of the wedge shell in the wilRuiz-Azcona, Rodrigez-Sierra, & Martin
(1996 demonstrated under controlled conditions that the pergertageLrviwsg
larvae of this species was greater at 20°C than at 1/°QL Irtudy ve ifownc ne
correlation between SST and any other parameter analsated,igm tuelong perioc
with high SST registered in 2011 has been previously ralatdhe> hgh miuniber ¢

days with phycotoxins registered in that particular yeahen/tigairve coasst (Peeil
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et al submitted). The effect of these phycotoxins on adult bivdlags been studied
by several authors (Shumway al. 1994; Bricelj] & Shumway 1998; Li, Wang, &
Hsieh 2002; Haberkoret al. 2010; Contreras, Marsden, & Munro 2012; Medhietib
al. 2012) but still lack information in both eggs and larv@aly Yanet al (2001)
referred in scallohlamys farrerian inhibition on eggs hatching into D-larvae due to
the presence of phycotoxins. We found no such effect on ound#iajo differences
in the hatching rate (HR) among the three years of study obsdeasgte the slightly
decrease from 2009 to 2011 (Figure 2.3). Nevertheless, sincetgkipsocould be a
factor of stress, and since it is known that stressful enviromneanditions affect
the survival of larvae with poor quality (Phillips 2002) het studies should be
undertaken to assess the direct effect of phycotoxins on egg aad, l@xploring
possible relations. It worth noting, however, that we did stegi difficulties in
inducing spawning during 2011 especially from June to Ayyguhen all attempts for
inducing spawning failed. This result seems to suggestditfabugh not directly
related to HR, the phycotoxins presence may have affected the spaewant by
delaying it, probably until phycotoxins were no longer pnése

When spawning occurs, the released eggs must rely solelyemetidogenous
reserves to develop successfully into D-larvae (@jea. 2008). As in other bivalve
species, fertilized eggs of the wedge shell develop into vel@tarvae within 24
hours and the positive correlation found between energy reserube eggs and
hatching rate indicates that this period of major transformatieqsires that the
progenitors provided the eggs with sufficient energy to succhssfthieve D-larva.

The effect of eggs energetic reserves on the hatching success stedopdarval

survival has been demonstrated by other authors (Gallager & M886; Whyte,

Bourne, & Ginther 1990; Burke, Bataller, & Miron 2008). In study, the energetic
levels in 2009 were significantly higher than the ones observé&10 and 2011.
Since the energy in eggs must suffice the metamorphosis energetis and, later
on, the energetic needs of growing larvae until feeding structures amgletely

formed, it would be expected that the D-larvae hatched in 2@@8dvwhave higher
energy values to continue to grow than in the other yearsetNeless our data
showed exactly the opposite, with the energetic values arilin 2009 being lower
than the ones determined in 2010 and 2011 (Tables 8.2.4h When we analyzed

the percentage reduction in the amount of energy between eggsraad, Ithis
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reduction was higher and statistically different in 2009 witlbbss in energy levels
above 67.4% reaching 88.27%, while in 2010 and 2011 it rabg®deen 30.85%-
59.75% and 45.98%-56.68%, respectively. It seems that debpithigher amount of
energy available in 2009 eggs, more energy was used to achelarva stage
when compared to the other years. It would be interesting to ateain further
studies if a higher consumption of energy is reflected later irsdin@val rate of
larvae, since individuals that complete larval development mitimal energetic
reserves are known to fare poorly (Phillips 2002). The relatiomeagt high energetic
values and successful metamorphosis and settlement was previepstyed for
Crassadoma gigante@Vhyte, Bourne, & Ginther 1990). These authors observed that
larvae with an energy value around 6.1-6.3 kivgre better equipped to successfully
metamorphose into competent larvae being 4.5-5.0"kdogsidered the minimum

energy to achieve success.

Energy comes mainly from total lipids, proteins and to ssde extent, from
carbohydrates: the three biochemical components available in tiseaedglarvae
tissues (Ferreiro, Pérez-Camacho, & Labarta 1990). Neverthelessahgptds in
the eggs are the ones considered responsible for the hatchoessuc bivalves
(Gallager & Mann 1986; Utting & Millican 1997; Massapiiaal. 1999; Matiaset al.
2013). The positive correlation found for the wedge shadlicates that total lipids

also play an important role in hatching success of this species

Total lipids available in the eggs are in part used/loss glegy development and
hatching. This total lipid loss (from eggs to D-larvae) was highe&009 (52% to
89%), a value in accordance to the 70% lipid loss registeredgdimendevelopment
of the Mercenaria mercenariand Crassostrea virginicaeggs by Gallager & Mann
(1986) and contrasting with the lower total lipid loss obsérin 2010 (19.5% to
53.2%) more similar to the 19% total lipid loss observediassostrea gigaby
Waldock & Nascimento (1979). In 2011 the loss in totaidliranged widely from
38.5% to 79.1% positioning between the other years resutigsestingly, Burke et al.
(2008a) registered i@strea edulisan increase in 15% of the total lipid content from

the eggs to the D-larvae which did not occur in any momhemtg our observations.

The total lipids class comprises the neutral lipids and thepstolipids. Neutral lipids

are considered an important energy source in pelagic veligers, especpalyods of
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low food availability or during starvation (Gallager, Mann, & 8a<986; Khedeet

al. 2010) while phospholipids play a more structural functiorcel membranes
(Chicharoet al. 2003). In our data the percentage of neutral lipids in the edgsod
show any differences among years despite the difference between total lipid
percentage in 2009 and the remaining years. Although a highetipadaloss was
observed in 2009 as mention above, neutral lipids loss &ggito larvae did not
show any differences between years. This result may indicate tbpitede¢he
oscillation in total lipids percentage in eggs, a threshwoldeutral lipids may exist,
assuring that the embryogenesis is completed successfully gessed) by Utting &
Millican (1997). Lipid content in the eggs ofrgopecten purpuratugnd Ostrea
edulisaffect their hatching success (Heéal. 1991; Navarrcet al. 2000) although
we did have inD. trunculusa significant higher percentage of total lipids in eggs
during 2009 when compared to 2010 and 2011 no significatehices among years

were observed in the hatching rate.

The majority of studies on biochemical content in bivalve larvaedmnly in the
lipid class content, mainly due to proteins being considasediaving a structural
importance and used for somatic growth only. Hofmanal (2004) considered, in
their model, that egg rich in protein grow rapidly, but stosaifficient lipid to sustain
a successful egg and larvae development. In our study thengroteeggs correlated
negatively both with the HR and total lipid content whis in accordance with this
author's assumption that protein is not metabolized into othiechemical
constituents, affecting the egg growth. Our data suggests tleat nvbre total lipids
are available more energy is available to ensure the successful deseiopta D-

larvae.

The third and less represented component both in eggtavag ofD. trunculus

were the carbohydrates and although it has been suggestédethaio not play an
important role during larval development (Holland & Spencer 1&&tager, Mann,
& Sasaki 1986), carbohydrates may optimize the utilizationotbfer reserves
available in tissues (Haws, DiMichele, & Hand 1993). Adowg to our results, the
Total Lipids plus Carbohydrates to Protein Ratio trend wadas to the HR along
the three years of study. The correlation between these two paramasepositive
suggesting that this ratio may be used to predict hatchiogess inD. trunculus

SinceD. trunculuslandings between 2010 and 2012 did not vary (DGRM taygdi
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database) it can be assumed that recruitment was successful derstgdy period
than this indicates that both mean ratio and mean hatchinglhs¢eved can be used
to predict recruitment success. Therefore, based in our resels e assumed that
a mean ratio higher than 0.82+0.09 (the lowest mean valueveldseuring the
present study) may lead to a good recruitment. Below this vadueagers should be
aware that recruitment could fail. This type of information has be®n used in
bivalve stock management, being a first step into an earlier detexdtiecruitment
failure, complementing stock assessment. Notwithstanding, fustbdres on larval
survival should be conducted to understand how larvae qualitgflected in the

survival rate when they become competent.
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Identification of the wedge clamDonax trunculus by a simple PCR

technique.

Pereira, AM; Fernandez-Tajes, J; Gaspar, MB; Méndez, J (2012) |deiificditthe
wedge clanDonax trunculusy a simple PCR technique. Food Control, 23:268-270.
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Abstract

The wedge clanDonax trunculusis an important bivalve commercial species in
Portugal which can be easily mistaken with other three morpicalbg similar
speciesD. semistriatusD. vittatusandD. variegatu$ that have a lower market price.
This may lead fish sellers to make false claims about the autiyeofitheir products
in order to get higher profits. To overcome this problens itmportant to develop
analytical techniques that can be used to test the authentidihe &fpecies that is
being sold. In this study we present two DNA extractionhag@dlogies and a simple
PCR method for the accurate identificatiorDoftrunculusbased on the amplification
of the nuclear marker 5S rDNA. The PCR amplification results shawad this
method is reliable to differentiaf®. trunculusandD. variegatusfrom the remaining
Donax species, since fragments Dt trunculus were about 275-300bp whilB.
variegatuswere about ~450bp a little lower molecular weight than DNA fregshof
the other two species (~500bp).
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Introduction

The demand of bivalves in the Algarve (southern Portugal) higicieases during
the summer, mainly due to tourism and the large quantitiskedffish festivals held
during this season. This high demand of bivalve produmtsemes offered to the

consumer shelled may lead to mislabeling, either intentionalp

In the Algarve region the wedge clambonax trunculusis one of the most
economically important bivalve species. In Portugal this sgeoccurs along the
south and southwest Portuguese coast in very shallow widteedy beaches at a
depth ranging from 0 to 6 meters (Gaspar, Castro, & Monteiro) M#9ére is subject

to an intensive fishery carried out by both dredger boats amdl-tiredgers.
Concurrently withD. trunculus other Donax species such aBonax semistriatys
Donax vittatusandDonax variegatugan also be caught in the same fishing grounds.
Although Donaxspecies can be distinguished by their morphological trhitsig not

a straightforward task for the consumer since the shell of thesses butD.
variegatusare very similar in size, shape and colour. Therefore, it is likefind in

the fish market othebonaxspecies being sold & trunculus

In order to protect the consumer, European Union introduced tliecC&egulation
EC 104/2000. This regulation state at Chapter 2, Articléat, fishery product may
not be offered for retail sale to the final consumer unless apatepnarking and
labeling indicates commercial designation of the species, the giirmalumethod and
the catch area. Moreover this regulation enforced all member stateblish a list
reporting the scientific name and the corresponding commerciag(sarfor each
commercial species. Despite this regulation, when only edibts pabivalves are
available to retail, the uncertainty that the product correspotitetepecies claimed
in the label may arise, since it is impossible to the wores to differentiate between
species. It is therefore important the setting up of fast, tejiadproducible and low
cost techniques to be applied to test the authenticity of tradvbi species that are
being used as raw material in order to avoid economic fraud. Tievacthis goal,
several techniques based on protein analysis (electrophoretic, chromiaitognagh
immunological methods) have been developed for fish specietifichtion (Carrera
et al. 1997; Mackieet al. 2000). However according to Lockley & Bardsley (2000)
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those methodologies have some limitations especially ioepsed products, where

processing techniques may easily result in protein denaturatio

Contrary to immunologic techniques, the DNA-based techniques j@wen to be
reliable, sensitive and fast for fish species authentication (Asetsal. 2009).
Actually, DNA molecule offers several advantages over proteinpgecesly when
extracted from processed products, since it is present in alegissantains more
information than proteins and is more stable towards procepstogdures (Lin &
Hwang 2008). DNA techniques have been used by several authossess aheir
effectiveness in the certification of species present in commercial foddtantion of
food mislabeling and in detection of fraudulent species sutisti (Russellet al.
2000; Machado-Schiaffino, Martinez, & Garcia-Vazquez 2008; Saretraedz2009).

Most of the DNA based methods used to verify fish and bivsiezies identity are
based on polymerase chain reaction amplification of polymorphtopaf genomic
DNA due to its simplicity, specificity and sensitivity (&ssioet al. 2009). Some
examples of PCR based techniques are: sequencing of PCR proaisetson DNA,
restriction digestion of PCR products, species-specific PCRepsinsingle strand
conformational polymorphism analysis and random amplified rpoiphic DNA
(RAPD) analysis. A more detailed description of these and t¢dlcniques can be
found elsewhere (e.g. Lockley & Bardsley 2000; Asensio Gil @ath nuclear and
mitochondrial DNA are available in cells. Mitochondrial DNA hasesalvadvantages
over nuclear DNA, mainly due to its higher abundance, mutatienarad number of
copies inside the cell (Macki al. 2000). Nevertheless Fergusehal (1995) stated
that nuclear markers may be useful for species discrimination bewfaheeexistence
of introns of different sizes which allow the amplification oésjps-specific DNA
fragments. The 5S rDNA forms a multigene family of tandem amnatysa highly
conserved region of 120 bp and a non-transcribed spacer (NTS) thatsenmre
rapidly, this makes it an interesting and widely used markeliscriminate several

commercial fish/shellfish species (Fernandez-Tajes & Méndez 2007).

The present article deals with a reliable and fast protocol bast @omparison of
two DNA extraction methodologies, and a simple PCR ampliioathethod in order
to properly detect or confirm the identity Bf trunculusin raw products. Actually the

setting up of reproducible, fast, reliable and low cost techniguetentify shellfish
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species used both as raw and processed matter in industry ip@naimh goal for

food safety and consumer rights protection.

Material and methods

Bivalve sampling

The adult specimens (20 individuals of each species) were captdiredtafbeach
(N37°9'57.92”, W7°30°'36.79") South Portuguese coast, witmanual dredge in the
case oDonax trunculusand by a bivalve dredge mounted onboard the research vessel
NI Diplodus in the case obD. semistriatus D. variegatusand D. vittatus All
specimens were taken alive to the laboratory and were identifiedhéy t
morphological characteristics according to Macedo, Macedo, & Bor@29)kand
Tebble (1966). For each species, the foot and adductor muscle weresdearay

preserved in 95% ethanol for posterior DNA extraction.

DNA extraction

Two DNA extraction methodologies were used on non processagktis order to
compare extraction times, costs and feasibility and to estahksimost appropriate

method to use.

Method 1 - bivalve specific extraction method

A piece of adductor muscle of each sample (20 mg) was incubatedQ@ith of lysis
buffer (Fernandez-Tajes & Méndez 2007) and 2 pl of proteinase K @t f65°%2

hours. Then 100ul of precipitation buffer were added and thpess®n was
vortexed vigorously for 30 seconds and centrifuged at 13G00g7 minutes.
Supernatant was dropped in an autoclaved 1.5ul tube and &0@ppropanol were
added and centrifuged once more at 13000g for 7 minutes. After isoalagmoval,
1ml of 70% ETOH was added and the suspension was centrifude80@0g for 7
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minutes. After ETOH removal, the content of tubes was dried at temperature

and resuspended.

Method 2 — Chelex 100 ™ (Bio-Rad- Barcelona - Spain) ressed method

To each sample (2mhof adductor muscle), 100 pl of a previous prepared Chelex
100™ solution (1g Chelex 100™ for 10 ml millig water) waslet] followed by a
vigorous stirring, after which the sample was placed into a tdeyeier for 20
minutes at 100°C. After being centrifuged for 1 minute, theemgtant was

transferred to an autoclaved tube.

Primer design and PCR amplification

In this study a set of primers designed by Fernandez-Tajes & M&R@6Z) for
amplifying the 5S rDNA gene was used. These primers were suctesskd by the
same authors in differentiatingnsis species. The forward primer was the 5SF (5
CGTCCGATCACCGAAGTTAA 3) whilst the reverse was the 5SR' (5
ACCGGTGTTTTCAACGTCAT 3). Primers specificity for DNA samples obtained
by the two methodologies described above was assess&l.a@lification was
carried out in a final volume of 25ul containing 15 ng of gewwodNA, 0.24uM of
each dNTP, 2mM of MgCI2+, 1uM of each primer, 0.625 U of Taq rpehase
(Roche Applied Science, Barcelona, Spain) and the buffer recommenddtk by t
polymerase suppliers. The amplification process was performed aist@me Cycler
thermal cycler (BIO-RAD - Barcelona - Spain) and consisted in atialini
denaturation step of 2 minutes at 95 °C, 35 cycles with awtatiah step at 95°c for
30 seconds, an annealing step at 55°C for 30 seconds axteamsion step for 1
minute at 72°C, and a final extension step at 72°C for riutes. The length of
fragments was determined by comparison with Step Ladder 50-750tkernfiaom
Roché™ after electrophoresis in a 3% agarose gel. Gel were stained by iommiars
0.5 pg/ml ethidium bromide solution for 30 minutes, visualizew recorded on a

transilluminator (Gel Doc XR Systems, Bio-Rad, Barcelona, Spain).
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Results

Extraction of DNA from the tissue samples was successfullyeaett with both
methodologies. In the case of the bivalve specific extraction mhesitoreagents and
five major steps were used. This method took about two aradf &durs to obtain
DNA from the tissue (without the overnight resuspension) siépe method based on
Chelex 100™ resin used two reagents and consists of three ntejonediary steps.
With this method the extraction process was concluded in onlyahatour and the
samples were ready for PCR amplification. Even though wetke@@NA extractions
in the second method at 4°C, it was observed that after a nsuutessful PCR
amplifications became more difficult or even impossible to obtain.

The amplification of the 5S rDNA was successfully obtainedh viboth DNA
extraction techniques and for the fddonaxspecies (Figure 3.1). Length was about
275-300 bp foD. trunculusfragments, about 450bp fbr. variegatusand around 500
bp for fragments obtained from the other tmnaxspecies.

Dnﬁax semistriatus  Donax vittatus
Donax variegatus

Donax trunculus

Figure 3.1. Image of 3% agarose gel electrophoresis of ampliocoms different
Donaxspecies after staining with @&/ml ethidium bromide. XlIl — step ladder 50-
750 bp.
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Discussion

Designing a proper method that could be easily implementedtdig or private
entities that deal with food safety and consumer rights areafnedtal to dispel or
confirm suspicions about mislabeled food and to ensure thatiroens do not incur
economic fraud. In the present study, two methodologies werdagattact DNA to
be used to discriminatB. trunculus from other threeDonax species (with lower
commercial value) and both proved to be effective. However, differenees w
observed in the time needed to perform the extraction. Indeed, thedresed on
Chelex 100™ resin is much faster than the bivalve specific extrastethod in
obtaining proper DNA to be used in an amplification proc&bss resin has been
used successfully for DNA extraction in the pacific oyster (Laufelledgecock
2001; Aranishi & Okimoto 2006), arkshells and in pemlish(Steiner & Muller
1996). Furthermore, this method requires less reagents and inenmyrsdps making
it also cheaper and easy to apply. This makes the difference waegeawumber of

samples has to be analyzed rapidly and at a lower cost.

The oligonucleotides used were designed from 5S rDNA region keecthis
ribosomal gene has two main advantages for species identificaiohighly
conserved region (even among different taxa) and a more variable dpcaitaws
species-specific differentiation (Freire, Insua, & Mendez 2005). Adthgorimers
5SF and 5SR, which annealed in the coding region, are aoffisgo genudDonax
these oligonucleotides are mollusc-specific and were previogsly with success in
the differentiation of species of the geriussis(Fernandez-Tajes & Méndez 2007).
In the case of the gendnax despite successfully identifyifig. trunculusandD.
variegatus this set of oligonucleotides were unsuitable for discriminativegother
two Donax species, and therefore a set of specific oligonucleotides|dsHiai
developed for this genus. Indeed, it was observed that 5S rDNA wittatus, D.
semistriatuspresented a similar molecular weight (=500 bp) which hindees t

authentication of these species.

One of the main drawbacks using 5S rDNA for species ideniditais the
organization of ribosomal genes in multiple tandem arrays. Trasp#cific variation
that could exist in the different repeats at individual level cguld rise to possible

variations in array size. Nevertheless, concerned evolution, dlre force that rules
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the evolution of tandem repeat arrays, tends to homogerezeepleat units present

inside and among individuals of the species (Dover, Coeriral&an 1982).

Problems in using the above methodologies may arise if meddeod is analyzed
since heat and pressure processing may lead to DNA fragmentatiaingedoe
sensitivity of the analysigdird et al (2006)subjected several samples of turkey meat
to different processing conditions (baking, boiling, autoclgvamd canning) and
concluded that in general, when compared to DNA from raw sanipkg was no
differences in the amplification rates of DNA extracted from boiled oedalnes.
Moreover these authors stated that amplification rates were not comedo for
amplicons higher than 150 bp. Nevertheless, in the casévalivds, this is not a

problematic issue since they are usually sold alive or frozen.
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Quantification of wedge shell,Donax trunculus (L.), larvae by Real
Time PCR.
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trunculus(L.), larvae quantification by Real Time PCR.
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Abstract

Methodologies dealing with bivalve larvae identification andrgification are a key
step to improve the management of bivalve fishery. Curremmtlyhe Algarve, the
managing measures applied on this fishery are based onlyecadtiit population
ignoring the larval stage. Knowledge on larvae quantificationgatlba Algarve coast
is important to better understand recruitment variations in eccadly valuable
species such as the wedge shebnax trunculus Larvae quantification of a single
species is a cumbersome task to perform manually and if severasspeeipresent
in seawater samples, it is practically impossible to accompliscessfully. To solve
the discrimination and quantification problemDn trunculuslarvae, we used a real
time PCR methodology to determine the amount of larvae inadeawamples. We
developed two sets of primers on ITS1 and COl regions and testedn both adults
and larvae of the foudonaxspecies occurring along the Algarve coast, in order to
verify that amplification was species specific. After tested sucdbsgfu specificity,
developed primers were used to obtain Ct-values from samplesliff@ient amount
of larvae. Our results showed a high efficiency in both amplifggons (ITS1 and
COl), however, only ITS1 registered a highs@.9902 between Ct-values and the
number of larvae, allowing us to predict the larvae abundancater wamples from
the Ct-values obtained. During our experiment we found thatid@ concentration
due to the large amount of larvae in samples as well as yhepbdnkton presence in
seawater samples have an inhibitory effect in Real-time PCR reaatidnshould be
further studied in future works. The variability in DNA concentmatrevealed in
samples with same amount of larvae and the difference in siaevaklwithin each
sample led us to develop Ct-values intervals enabling ussignashe Ct-value
obtained from blind-test samples to the respective larvae abundatereal,
obtaining the general amount of larvae. We demonstrated that airReaPCR
method may successfully quantifiyonax trunculuslarvae from water samples

improving the information available for a better managemerteofésource.
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Introduction

Some bivalve species, due to their economical importance are sdbjeca high
demand and tend to be overfished. This overexploitatiarallys leads to the
implementation of management measures to protect the cesénam depletion.
These protective measures must be based on data frequentlyedofitmrtg the life
cycle of the species. Presently at the Algarve coast, the only datablevaibout
bivalve stock populations, is obtained by the Portuguesguliestor the Ocean and
Atmosphere through monitoring bivalve surveys that are carrieq@aidy basis (for
further information on these surveys see Rutal., 2010). The results obtained
through these surveys are extremely important since it allowsustatdily quotas to
the conservation status of the stocks. Currently, these measeressed on juveniles
and mostly on adults, ignoring the larval stages anditighithe scientific and/or
management questions that could be addressed if such dataavaSleGarland &
Zimmer 2002). With data on larval distribution of a targpecies, it would be
possible to understand recruitment variations (Mann 1988nh&ay 1999; Garland
& Zimmer 2002) and predict population demographic patterres sjfecies (Morgan
& Rogers 2001; Liviet al. 2006), being therefore an important tool aiding the
management of the resources (Morgan & Rogers 2001; Vadatah2006).

Regardless the importance in understanding the causes affectingmentuin
bivalves, the problems in obtaining field data on a large scalallydeads to a
scarcity or total absence of information (Hare, Palumbi, & But@@00). Usually
studies on planktonic larval distribution are limited by ti&adlty in obtaining large
number of samples with adequate spatial and temporal coverdgeeimsubsequent
analysis in due time, because of the large amount of samples gdn@&etin 1990;
Garland & Zimmer 2002). The two main problems in thisetyyd studies are the
identification of the larvae species present in the samples amuéntification of the
amount of larvae of the desired species present in those samples.

Classically, bivalve larvae identification has been made based asphaological

characteristics (Larsest al. 2005) despite the particular difficulty in identifying
bivalve larvae trough their morphological traits using a lightroscope (Hare,
Palumbi, & Butman 2000). This can be rather laboriouse wensuming and costly,

since specialized personnel is needed and the identification of & &muyidual
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sometimes requires a great deal of training, experience and dediaatiousually
requires a long time to process (Raral. 2008). Independent of the degree of such
expertise, the phenotypic variability caused by environmentabriaetso increases
the uncertainty in the identification of many species (€aad. 2008) with most cases
ending with larvae only identified to largixa and not to the species level (Bell &
Grassle 1998). Many of the youngest larval stages in l@salfrequently the most
abundant invertebrate larvae in coastal samples) are so similgpearance during
their early development that they cannot be identified to thelego®y using gross
morphological criteria alone (Loosanoff, Davis, & Chanley 196&rland & Zimmer
2002).

Also problematic is the quantification of the larva, with twommaioblems hindering
studies on this subject. First, counting larvae manually ceimbersome task when
hundreds or thousands of larvae are present in each sample ande¢hexgfemely
time consuming. Studies dealing with dozens of sample$, eae with dozens or
hundreds of larvae are not realistically feasible. This leads ug teettond problem,
different species of bivalve and other meroplanktonic organismshagyesent in
each sample, and as mentioned above, discriminating themllyiss unpractical.
Some interesting work has been done in discriminating visballve larvae from
other organisms with polarized light such as the larvae of zslissel (Johnson
1995). Notwithstanding, no real discrimination was actuallgden between this
species and other bivalve species presented in the sampleshbubettveen bivalve
larvae and debris. Also machine learning and image analysisbkeaveused (Tiwari
& Gallager 2003; Thompson, Hare, & Gallager 2012) with soregrae of
correctness discriminating species using multiscale texture dod ingariants in
prepared sample tests. Nevertheless when applied to samplestecblfrom the

environment the results are still poor.

To solve the discriminating problem in bivalve larvae, scientisave turned to
several solutions in order to identify and quantify larval speiriesamples. The
majority of those solutions use molecular methods for idengfjivalve larvae to
species, thereby alleviating some of the ambiguity or subjsctofi traditional

morphology-based taxonomy and eventually expediting samptessimg (Garland
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& Zimmer 2002). Molecular methodologies have been used succgdsfutlentify
visually indistinguishable early stage in gadoid eggs (Tagtoal. 2002; Foxet al.
2005), to estimate the abundance of diatoms and dinoflagelats®i{Tanabe &
Sako 2005; Godhet al. 2008) and in the quantification and identification of algae in
copepod stomachs content (Troedssbal. 2008). Polymerase chain reaction (PCR)
has been the most robust reliable and versatile methodolegy although numerous
technical challenges, and development of these approaches requirsivexten
optimization and empirical testing before they can be routinglliezp(Larseret al.
2005).

Several species of marine invertebrates with planktonic larvae hamddsted, using
real time PCR methodologies: the abaloHaliptis kamtschatkanain which larvae
were quantified using mitochondrial DNA marker cytochrome oxida&&atlopalas
et al. 2006), the manila clamR{ditapes philipinarum(Quinteiroet al. 2011), the
crustaceans larvae frohiocarcinus depuratgrNecora puberCarcinus maenaand
Cancer pagurusising tagman® probes designed in the cytochrome oxidase e{Pan
al. 2008), some barnacle species from the Japanese coastdiEada010) and the
King crab Paralithodes camtschaticusere quantified via primer development and
dual labeled probe for use in real-time PCR assay (Jexisain 2012). The use of
fluorescence in situ hybridization using species specific DNAgsoin marine
bivalves was also performed by Hearsyal. (2011). Polychaets from genGsedax
andOpheliaas well as barnacles from the geBadanushave also been tested with
rRNA targeted sandwich hybridization assay (SHA) using oligontideEoprobes to
detect and enumerate the larva (Jaetes. 2008).

Although widely use, real time PCR may be problematic wattvde that largely
increase cell numbers as they grow. Since the real time PCRtiaserount
genomes, the counts of these organisms will be biasedyagrth&, unless standard
curves are derived from larvae containing a similar number of cells ankhewn
samples or standard curves are derived for earlier and later stages in larval
development (Vadopala al. 2006).

The wedge shelDonax trunculugs an economical important species in the Algarve,
and although knowledge on adult population is retrieved eyesy, there is a

tremendous lack on information on larval abundance and distribat this species
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in the Algarve coast. Aside frol. trunculus only three more species of this genus
are found along the Algarve coafd. (vittatus D. variegatusand D. semistriatus
This species is perfect to test if a real time PCR methodologpearsed to identify
and quantify larvae since there is no information on its larvain@nce and
distributions and there is an easy access to the stock populdtioour study we
intended to develop a real-time PCR assay in order to routaradly accurately
identify and quantify larvae from the wedge shBbnax trunculusfrom unsorted
plankton samples. The success in discriminating and quagtifgrvae in samples
gathered from the Algarve coast is an important step to imphevenanagement of
this fishery. Moreover, this methodology could be easilysfiemned to other bivalve
or invertebrate species with planktonic larval stages after speci@ficspemers are
developed and tested.

Material and methods

Larvae samples

Larvae ofD. trunculuswere obtained from adults previously captured at Lota beach
(7°3032.21'W, 37956.33N) in the Algarve coast, western Portugal. The captures
were made at low tide, during the morning and using a bivalad dredge similar to
the ones used by local harvesters. After captured, the specimensakeneto the
laboratory facilities and placed in three previous prepared nursemsnvning
occurred overnight and eggs were collected and placed for 24ihdfd tanks until
hatched into D-larvae. Larvae were collected and aggregated in group3, &0,
100, 250, 500, 1000, 5000) and preserved in 96% ethameltemaining larvae were
allowed to achieve umbunate state after which were collectecerpeesin 96%
ethanol and grouped (1, 10, 50, 100, 250, 500, 1000,) 360further use.

Extraction of template DNA from the larvae

Larvae DNA was extracted according the methodology used by &taak (2005)
with an additional first step, where samples were centrifuge@CQi0Lrpm, in order
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to break the shell and improve extraction quality. Ethdnol frioe larvae sample
was carefully removed, and differenises buffer (Roche™) volumes were ad
depending on the number of larvae (60ul to groups-500 larvae and 100ul -
groups above 1000 larvae). Samples were briefly vailtexed:caniriiceged iy 2
minutes at 10000 rpm. Different volumes of proteinaseele added depending «
larvae number (5ul to larvae groups from 1 to 500 andf7ulrMoupsabove 100
larvae) and heated at 55°C for 1 hour, vortex briefly bnd he a LIC&°C br 2C

minutes. Supernatant was used as DNA tem|

Primer design

A piece of dductor muscle (20 mg) of each adult specimen from thexisiiex
Donay species in the Algarve coast was used to extract DNAwWmg tie methoc
described byFernande-Tajes and Méndez (20(. ITS1 region was amplified usit
the primers described Freireet al (2008 and COI region was obtained by mean
amplification with the primers desied by Palumbi (199¢ (Table 3.1). Fresh PCF
products were ligated into theasmid pCI®2.1-TOPC® using the TOP-TA Cloning
kit (Invitrogen) and transformed into TOP10F’ cells. Prad DL/ purriicatior was
carried out using QIAprep Miniprep Kit (Qiagen, Barcelpfa, &), vhizlwcempys
the modified alkaline method (Bimboim and Doly (197¢ Sequencing of bot
strends of the insert of -6 clones/individual was performed with an autom
capillary DNA sequencer (CEQTMB8000 Genetic Analysist8yst

Table 3.1 Sequence of prims used initially to amplify IT1 and COI regions ar
specific primers design fiDonax tunculusin gPCF-RT analysis

Region Primer sequence Author
Cytochrome ¢ oxidase Subunit 1 COltruf 5" AAGGGAACAGCCCAATTACC 37 present study
Cytochrome ¢ oxidase Subunit 1 COitruR 5 GGTCACTTCGCATGGGTTAC 37 present study
Cytochrome ¢ oxidase Subunit 1 COI-F 5" CCTGCAGGAGGAGGAGAYCC 37 [Palumbi, 1996)
Cytochrome ¢ exidase Subunit 1 COI-R 5 GAACATGATGAAGAAGTGCACCTTICCC 37 (Palurmbi, 1996}

Internal Transeribed Spacer 1 DtrunF 5TCATCTCCTCTCGGAGTCCAC 37 present study
Internal Transeribed Spacer 1 DtrunR 5 GAAAGTCCTGCCGGGAAAT 37 present study
Internal Transcribed Spacer 1 ITS1IN-F 5 CAGGATGGATCATTACCAAAG 37 [Freire et al. 2008)
Internal Transcribed Spacer 1 ITSTN-R 5 GAGTGATCCACCGCATAGAG 37 (Freire et al. 2008)




The sequences obtained were used for designing primers specidis-spéeble for
gPCR-RT analysis (Table 3.1). Briefly, nucleotide sequeneex® aligned using
ClustalX software (Thompsomt al. 1997), and edited with GeneDoc software
(Nicholas, Nicholas, & Deerfield 1997). Interspecific differences foantfS1 and

COl regions ofDonax species were employed for designing reverse species-specific
primers using the Primer3 software (Rozen & Skaletzky 2000).obteined ITS1

and COI primers were tested in adults and larvae of theCionaxspecies to verify

that amplification only occur iD. trunculus Blastn searches for homology was also

undertaken to test in-silico for possible cross amplifications.

PCR amplifications

Primers weraused in PCR amplification both with a final volume of 25 taming
15 ng of genomic DNA, 0.24uM of each dNTP, 2mM of MgCI2+Mlpf each
primer, 0.625 U of Taq polymerase (Roche Applied Science, Barcebmaar)) and
the buffer recommended by the polymerase suppliers. PCR fragmphfications
were performed using a Gene Cycler thermal cycler (BIO- RAD — Barcel8pain).
For ITS1 it consisted of an initial denaturation step of 5 temat 95 °C, 40 cycles
with a denaturation step at 94° for 20 seconds, an anpesép at 56°C for 20
seconds and an extension step for 1 minute at 72°C, anal &xfiension step at 72°C
for 5 minutes. In the case of, COl PCR fragment amplificationsisted of an initial
denaturation step of 3 minutes at 94 °C, 34 cycles with a datiatustep at 94°c for
45 seconds, an annealing step at 60°C for 45 secondsnaextension step for 45
seconds at 72°C, and a final extension step at 72°C fori8asirPCR products were
migrated using a 2% agarose gel. Gels were stained by immersia® ipg/mi
ethidium bromide solution for 30 minutes, visualized aretorded on a

transilluminator (Gel Doc XR Systems, Bio-Rad, Barcelona, Spain).
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Real time PCR amplification

Oligonucleotide primers previously designed were usedh Rea PCR was un i
triplicate using LightCycler® SYBR green | Master Kifi (Fhechcaxd foke
LightCycler® 480 Re«time PCR Detection System (Roche). The PCR condi
were 95°C for 10s, 60°C for 10 s, and 7:°C for 5 s, for 45 cycles and fin
extension of 5 min. A subsequent melting temperatureecurvihe atpliicon va
performed. Prior to running samples, efficiency af targepsfication was optimize
for each pair of primers by saying four primer concentrations (200, 150, 100 an
nM). LightCycler software 1.5.0 (Roche) was used fomcomg treyntbumke of
amplification steps required to reach the threshold cycle nurf@Qt)r (Chistani@
values were observed at a 100 final primer concentration for each of the prin
pairs. Efficiency of PCR was calculated by means of t-values estimation throug
a range of DNA concentrations: from 1.23 to x10* ng for ITS1 region an

between 1.71 to 1.71x™ ng for COI regior

Ct- standard curve design

Linearity was evaluated by amplifying DNA isolated frcen ariiableafhumbe of
larvae and replicates as expressed in Table 3.2. Thevedtainvalie eenabl th
calculation of a coefficient of variation (CV) evaluatinipgitiettierrorsod possible
variability and reproducibility in the DNA isolation proted. r ampes witl

identical larvae numbe

Table3.2. Larvae templates used in 11 and COl linear functions and the numbe
replicates used. C- coefficient of variation within amples with same number
larvae

Larvae 001 202 005 01 1 z 5 10 20 50 100 250 500 5000
ITS-1samplesne 2 1 2 5 G 3 5 29 2 15 16 7 12 2

TS CV 0022 0.016 0.054 0.033 0001 0.039 0.001 0.071 (206 0.005 0.114 0.051 0.135 0.004
COlsamales n2 a 1 E| 8 1 [ G E 2

coicy 0,017 0,007 0,010 0029 4,031 0121 0,204 ¢,138 0,005
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Results

After extraction, DNA concentration measures using NaopOrcewealed that as tr
number of larvae increased in samples also the DNA ctratimtraicreasd
although some variation within samples with the e amount of larvae we

registered (Table 3.:

Table 3. Measures of DNA concentrations (n¢*) in two sets of samples wi
different amount of larva

DiNA concentration ( ng.ul
number of larvae
sample set 1 sample set 2
100 212 412
256 .42 12.97
500 16.91 31.35
1000 29.64 36.35

Prior to ree-time PCR, primer specificity was tested in adult amd larsae fles fim
D. truncuus and the other threDonay species that occur in the Algarve coast. C
success amplification was produced D. trunculus samples corroborating tl
usefulness of our spec-specific primers for distinguishinDona> species. Afte
each re«time PCR un, Ct values were obtained from the different lai
concentrations and ranged in the ITS1 from a minimum6d 1Gjistergdl in1 sanple
with 5000 larvae to a maximum of 35.34 in samples witi Qarlae In the: CClI th
Ct-values ranged from 24.95 to 35 both registered in samples with 100 larvae. -
replicates for each larvae sample were introduced in oocdar tue thee liayiidia
PCR reaction. Negative controls were added for ascettair na cataaminéor
existed in the PCR Mas-Mix and Positie controls were also incorporated

controlling the success of PCR amplificat

As an additional quality control all -values above 36 were not considered du
lack of liability and the samples with Ct valu=40 were excluded since no sig
was olserved in template DNA. Besides, replicates with -difference higher tha

0.7 were not considered in the analy
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The PCR slope in the SYBR Green assay-5.558, =0.986,p<0.001 (ITS1) an-
1.295, ?=0.985p<0.001 (COIl), suggesting a very highiciency of the re«time
PCR method in both cases. The plot of the ITS1 line&etydrn the Ct walue ar
the abundance of larvae (In scale) is presented inefi@ure 3ee linee - egjuaiol
obtained showed &= 0.9902 indicating almost 100% efficiency allowing to
predict larvae abundance from the-value obtained in the re-time PCR reactior
The plot of the COI linearity between the-value and the abundance of larvae
scale) is presented in Figure 3.3. On the contrary to thse'obd fo e I1S1, the
linear equation obtained from COI -values did not allow to predict larv.
abundance ?=0.0195)

40
35 19 o
- o
ETO A = e
w £ - .
=3
2 20 ° g S
50 L
5 g
109 1a6ax 1 28.1¢5
< i 0.9902
} T T T T |
5 -3 1 1 3 3 7 9

Larvae number {Ln scale)

Figure 3..— Plot of the relation between larval numbed estimated (-values using
ITS1. (¢). White circles represent blind test samples .1; 1; 5; 10; 50; 100; 2=
and 500 larvae. Linear regression equation ? displayec
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Figure 3.2 Plot of the relation betwe larval number and estimated-values usin(
COI (¢). Linear regression equation ar displayed

Although in ITS1 an %= 0.9902 was registered, differences in DNA extrac
concentration and size differences among larvae withimgpsamaded sdibeco JuiC-

values ranges (Table 3.

Table 3.4. Ranges of -values obtained by re-time PCR, used for relatiy
guantificaion of D. trunculu¢ larvae on plankton sampl

Range of Ct-values Larvae abundance

>100 <21.58
10-100 21.98-21.58
10-50 24.26-21.89
10-1 27.70-24.25

<1 »27.70

Test sample application

Since no linear relation between-values and the amount of larvae was found u
COl primers, blin-test samples were only applied in the ITS1 case. Theleannglt

to test ou rea-time PCR approach were obtained as previous mentioredpl St
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with 0.1; 1; 5; 10; 50; 100; 250 and 500 larvae wereeteand Ct-values and larvae

abundances fell successfully into the ranges described in Tdble 3.

Discussion

Methodologies dealing with larvae identification and quantificatioen most desired
since monitoring the amount of larvae available and the detationnof their
available on the water is a key step to improve the managemehe disheries,
Although some authors have used real-time PCR methods to dstwdp
guantification of larvae on marine invertebrate species such Hakotis
kamtschatkangVadopalaset al. 2006); Liocarcinus depurator(Panet al. 2008);
Paralithodes camtschaticuSenseret al. 2012) and several barnacles species (Endo
et al. 2010), in bivalves the use of these methodologies is scaRReditgpes

philippinarum Quinteiroet al, 2011).

In our study we used a real time PCR methodology basedBR $reen assay to
determine the amount of larvae in seawater samples. The PCPRdoleties

developed for larval quantification have to overcome two critical efsn first,

reactions that produce no species specific product because of amceab$darget
DNA must be distinguished from failure of the overall enzymag@&ction (Hare,
Palumbi, & Butman 2000). We accomplished that by includmogitive control

amplification in every reaction. Second, the method must be staighrd, relative

simple and inexpensive to be applied in a large amount of ssanepken from
preserved samples stored for several years in order to be ereaksior large scale
use (Larsert al.2005).

We demonstrate that the development of such methodologytaka some time in
order to achieve the specificity required and to build the linearaelagtween the
Ct-value and larvae abundance. Nevertheless, when is fully apetatiits
implementation is fairly easy and allow treating a high nunabesamples (ranging
from 48 to 386 including replicates and controls) at the sames #nother important
aspect of real-time PCR for larval quantification is to choose an e DNA
molecular marker. This marker has to be specific for the tag speciaslaiude. In

our approach, a nuclear region (ITS1) and a mitochondrial one (G£¢) selected.
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By making use of interspecific variation at the ITS1 and COI \Wweidesigned two
sets of species-specific primers capable of distinguish the wéadlespecies from
the other threedDonax species present in the Algarve coast. The next step was to
establish the linear regression between the Ct-values arahtbent of larvae for
each region amplified. The Ct-value will depend on the amoubiN# available in
the initial template and this is related to the initial amafriarvae in the samples.
One problem is that while lecitotrophic larvae typically exhigssl daily growth than
planktotrophic larvae and may have only a minor increase imagiber during their
planktonic phase (Havenhand & Todd 1988) they also teidve short planktonic
phases such as in the case Hdliotis kamtschatkanawith only one week as
planktonic before become benthic (Sloan & Breen 1988). The oppssibserved in
the wedge shell, a planktothrophic species with a one numattktonic phase that

develop feeding structures allowing them to feed and grow larger.

Since the aim of a quantification methodology is their practicatalitd celerity, a
previous size sorting would delay all the process and becamealistic. To
overcome this problem we use a mixture of D-shape and umbonated [@uwae.
results showed a high efficiency in both amplified regions, Hewewnly ITS1
registered a high®x0.9902 between Ct and number of larvae allowing us to predict
their abundance in water samples from the Ct-values obtained. Thegroelation
obtained for COIl (=0.0195) discarded the usefulness of this region for larvae

guantification.

With the linearity determined, the blind tests were only undertakérg the ITS1
region. The variability in DNA concentration revealed in sampliés 8ame amount
of larvae and the difference in size of larvae within each sampleeftasted in Ct-
value variability among replicas. This fact leads us to devetoyaldes intervals as
presented in Table 3.4. By using these intervals we weeetaldssign the Ct-value
from blind-test samples to the respective interval and know ¢hergl amount of
larvae. Cycle threshold ranges was already used to quandidarcinus depurator
larvae in water samples by Pan et al. (2008) although with diffeCenalues

intervals than ours.

It should be mentioned that we did find that in sampléls anumber of larvae above

1000 Ct-values were extremely variable and most of the tinieduee on the PCR
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reaction was observed. The inhibitory effect of a high DNA concémtraeems to be
the most plausible explanation for this observation. Simésults were also reported
in samples with high number of manila clam larvae by Quintetral. (2011).
Another problem is related to the inhibitory effect that phytdgtamhas when mixed
with larvae samples prior DNA extraction. This inhibition nmregt only result in a
reaction failure, but also in reaction delays that may give falsegative Ct-values

estimates of initial template quantity (Vadopatasil. 2006).

Overall, the Real-time PCR method base on SYBR green assay deveioihesi
work revealed that it is possible to correctly quantify larva®ahax trunculusin
water samples using the nuclear region ITS1. The described prodgdetatively
fast with no post-manipulation after the Ct-values have been ebtaind does not
require an exhaustive experience in bivalve identification. Howévere are some
issues that should be addressed in further studies en rihcrease the methodology
efficiency. The extraction protocol should be improved or replacemth®r protocols
more effective in reducing DNA concentration variability in sampf&ace high
concentrations of DNA may inhibit PCR reaction we recommendgudilutions,
avoiding large larvae concentrations. Also the inhibitory effeat ghytoplankton
causes in the PCR reactions should be addressed and solkwed bgitdilution, by

removal before DNA extraction or by using a reaction promoter sItib&.

As a conclusion we can say that for the first time a PCR-baseddoétly that
allows obtaining information on wedge shell larvae abundatmeyahe Algarve
coast is available and their use could allow using this nméition as an aid to the

traditional stock assessment measures and other larvae dynanes.studi
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Chapter IV

Ocean acidification effect ddonax
trunculuslarvae
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Larval hatching and development of Donax trunculus (L.) under

increased CQ and reduced pH scenarios.

Pereira, A.M.; Range, P.; Campoy, A.; Oliveira, A.P.; Joaqusm, Matias, D.;
Chicharo, L.; Gaspar, M.B. Larval hatching and developmebbaobx trunculugL.)
under increased Gnd reduced pH scenarios.
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Abstract

Noticeable changes in global temperatures, climate and ocean carbostghene

the result of carbon dioxide increase in the atmosphere. ifbisase has been
mitigated by the oceans capacity to absorb 25 to 26%eotdhbon dioxide in the
atmosphere although thi€0, intake affects oceans carbonate chemistry. The
detrimental effect of acidification in the development and shell formatieeveral
bivalve species have been studied, although no informatiawvaitable on the wedge
shell Donax trunculusa most gastronomically appreciated species and an important
economical resource to the Algarve region. We evaluated the effpCfincrease

on hatching and early life stages Dbnax trunculusconsidering the two ocean
acidification scenarios predicted by the IPCC. Our results shdwetdhe hatching
rate was negatively affected in the extreme scendypH£-0.6) and a delay in
hatching into D-larvae was registered with some trochophore larvad fouday 5
and day 9 of the experiment. Our results suggesttdt-0.6 acidified treatment
produce more abnormal larvae than thgH=-0.3 andApH=-0.0 treatment. Also
veligers under acidified treatments grow larger than veligefgpht=-0.0 suggesting
that wedge shell larvae under acidified conditions investedonth, maybe to better
resist the adverse environment since smaller larvae cannot feed as\aijer or
due higher mortality occurring in the acidified treatments that mayel more food
available to favoring growth. This was a first insight of tedrimental effects of
pCO, increase in the wedge shell larvae according the predicted scdpatios next

centuries.
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Introduction

With the beginning of the industrial revolution 250 yeag®, human activity has
been responsible for a concentration increase in atmosphere carkme d0,)
(Meehlet al. 2007). This increase, according to Intergovernmental Panel orat€li
Change (IPCC) is unequivocally accepted as causing global climateggesha
affecting average air and ocean temperatures, causing not only a widespitiag
of snow and ice and rising of average sea level but also noticgabiges in global
temperatures, climate and ocean carbon chemistry (FRa\ar2005).

Oceans have an important role mitigating the effects of carborddicsince they are
responsible for absorbing 25 to 26% of the total global eamsswithout which the
values would be 55% higher than the presently observed (Setah€2004; Fabryet
al. 2008; Feely, Doney, & Cooley 2009). Of course this oceapiake ofC0,also
affect the oceans, changing the carbonate chemistry of seawater alterbd by t
dissolution of anthropogeni0,, increasing the concentration of hydrogéit) and
bicarbonate {C0O3) and reducing the carbonate iat0&~) saturation, and pH (Feely
et al. 2004; Orret al. 2005). Estimations based on IPCC emissions scenadasie
that pH will decline 0.3 to 0.5 units during the 21st ggntand if there is an
unrestricted burning of fossil fuels, an extreme scenario withwctied of 0.7 units
will occur until 24th century (Caldeira & Wickett 2003).

Carbonate chemistry in the seawater is extremely important tmitrexal formation

of calcium carbonateCaCO0s), a structural element of shells and skeleton of marine
calcifying organisms (Fabregt al. 2008). These organisms are seen as the most
threatened since their ability to produce calcareous structurespected to be
directly affected by the seawater carbonate chemistry (Broecker & Takah&$hi 19
Orr et al. 2005). Moreover, bivalves are most likely to be the organisrhsite their
calcification rates compromise over other organisms if IPCC predstedarios
occur (Hendriks, Duarte, & Alvarez 2010). Indeed, of all nexgalcifiers predicted

to be affected by the ocean acidification (OA), bivalves are of most coduaerto
their important role in marine and coastal ecosystems, the lmadn to the
inorganic carbon cycle as carbonate producers and for being ddimkeen the
primary productivity and the upper trophic levels (Raegel. 2011; Barroset al.

2013). Moreover, in many coastal areas, bivalves are economical ampaasources
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for fisheries and aquaculture and the potential for significant eccab and
ecological impacts arising from the effects of OA on bivalves stackdd be of
utmost importance, reason why the need of further experimentebasdcognized
(Cooleyet al.2012).

In bivalves, the process of shell segregation and mineralizatitiates in the first
hours after hatching, during the trocophora stage (Weisal. 2002) from the
invagination of specialized ectotermic cell that form the shelldglamd mantle and
the remaining outer cells producing the outer layer of the siel,periostracum
(McConnaughey & Gillikin 2008). Unlike the shells of aduiltalves, that are built of
calcite, aragonite or both, structured in several layers, the siellslarvae contain
aragonite (Weisegt al. 2002), the most soluble form 6&C0; (Barroset al. 2013).
The detrimental effect of acidification in the development and gbathation in
several species of bivalves have been studied, such as in thevyaihus (Gazeatet
al. 2007; Rodolfo-Metalpaet al. 2011; Fernandez-Reirigt al. 2012; Rangeet al.
2012; Hiebenthatt al. 2012),Ruditapes decussat(Rangeet al. 2011),Crassostrea
virginica and Mercenaria mercenariag(Matoo et al. 2013; Ivaninaet al. 2013),
Arctica islandica(Hiebenthalket al. 2012) andvlacoma balthicgJansson, Norkko, &
Norkko 2013).

The species targeted in the present study, the wedge Btwedix trunculus has
becoming increasingly important in Portugal and other soutBaropean countries
such as Italy and Spain (Ruiz-Azcona, Rodriguez-Sierra, & Mar@6)19t is most
appreciated gastronomically and is a source of income not onlyetdishermen
involved in the bivalve fishery but also to a network of séeoy activities that
depend on this fishery. The disappearance of such economical resmuick be
tragic for the sector, as a result studying the effects of ocean acidificatarly-life
stages of the wedge shell is essential to predict notfatye consequences on the
ecosystem but also to inform the industry on the probleatsntly arise, alloying to
timely adapt. The present study aims at evaluating, for the ifinst the effect of

pCO; increase on hatching and early life stageBarfiax trunculus
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Material and methods

Rearing system

The rearing system was installed in the experimental bivalve hatEluetyguese
Institute for the Ocean and Atmosphere (IPMA) in Tavira, SoutHeontugal
(37°7'17.73N, 7°3712.19W). Seawater was pumped from the Ria Formosa lagoon,
sand filtered and stored in a 200 000 | concrete reservoir. Beforengrttee rearing
system, it was aerated during 2-3 days in a 2000 | fiber g¢tands before being
transferred to the 250 | header tanks. Each pH level had a separatetdiaia@50 |)
and pump, connected to the experimental 20 | plastic tankddmpaf PVC tube. A
flow through system was used to minimize the interference from oistalaste
products of the organisms. Seawater flow in the tanks was regutsnually to 6 L
h-1, allowing the excess water to overflow so that the totaivelin each tank was
totally exchanged every 3 hours. Cleaning of tanks and sievegn@thesh) were

done whenever the tanks were emptied for larvae counting and atisesy

Experimental design

Three levels of pH were applied, each with 3 replicate tanks:ctmérol pH
(ApH=0.0) and two manipulated pH levelApH=-0.3 andApH=-0.6). The pH of
seawater in the acidified treatments was adjusted to the predeteseingoints by
diffusing pure gaseous0,into closed reactors (Aqua Medic-reactor 1000), installed
before the headertanks. The flux of gas fromGfe to the reactors was controlled
using a pH-stat system (Aqua Medic AT control), by adjustisglenoid valve when

deviation from the pH predetermined setting points exceede@bdb @H units.

Determinations of variables in seawater

Temperature (T), salinity (S) and pH were monitored continudansdach of the nine
tanks during the course of the experiment, using dedicated elexteod the data
logger function of the controller. The automatics readings wereataticby weekly
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manual determinations with an YSI Pro Plus multiprobe, stdimbat against Tris
seawater buffers (ionic strength of 0.7M). All pH readings areessed in the total
scale (pHT). Salinity readings were calibrated with an AutoSah@akter using

IAPSO standard seawater.

Bioassay

Eggs from wedge shell were obtained from broodstock taken a Betich
(7°3032.21'W, 37°956.33N; Southern Portugal) in 9/05/2012 and placed in a
rearing system to spawn overnight. After collection, the fertilizeg$ egere counted
and 1,000,000 eggs were transferred to each replicate tank filledseathater at
natural pH. The larvae were fed withochrysis aff. galbangT-ISO) through a
continuous-flow system at a concentration of 50 to 100 cdlld.uDuring the
subsequent hours seawater in the tanks was gradually replaadddoe the planned
pH levels. Every 48 hours all replicates tanks were emptied fotsoafitrochofore
larvae, normal and abnormal veligers until no specimens werel falive in the

treatments, ending the experiment.

At each sampling day, one hundred larvae from each replicate were coniseaved
4% formaldehyde solution to evaluate shell growth. Phatwographs were taken to
measure shell diameter and area and to evaluate the morpholdgyshei
abnormalities. Abnormal shells were classified according three abetrmalities:

convex hinge, valve inequality and shell protuberances.

| mage processing and analysis of the larvae

Image processing and analysis was done using the progrageJmr he first step was
converting all the images to an 8-bits TIFF format to reduce meneguirements
and allow images to be opened in stacks, enabling to workmwittiple images at the
same time. These stacks were subsequently converted to 8-bitcayeeyand a
Despeckle filter applied to remove noise. This is a mediaer filiat replaces each

pixel with the median value in its 3x3 neighborhood. Ttaelks were converted to
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Binary images with an automatic threshold operation and th&akpalibration
(5.961 pixels.um-1) was defined from a reference image of a cell courdeiTpe
Set Measurements command was used to define the variableasoreerea, shape
descriptors, perimeter and Feret’s diameter. Finally, measurementsomere&sing
the Analyze particles command, with boundaries defined for patgzé (500-8000
pnm2) and circularity (0.2-1.0), to exclude particles other thaah\m®varvae.

Statistical analysis

Differences in hatching rate, mortality and growth were tested wittlysia of
variance (ANOVA). For multiple pairwise comparisons among meangdkehoc
SNK test was used. For all test, differences were considered cagniéit p<0.05. All

statistical tests were performed on Sigmaplot© software.

Results

The experiment was terminated after day 9 due to the high mortgjistered. The
seawater carbonate chemistry variables registered for the three treaanents

presented in Table 4.1.

The hatching rate success was higher in the control treatménivt 34.1%+11.7
decreasing inApH=-0.3 (19.9%+7.6) and even more fApH=-0.6 (10.4%z5.5)
(Figure 4.1). Statistical differences were found only between CT tesatand the
most extreme treatmetpH=-0.6 (ANOVA, F=6.2, df=2, p=0.035; SNK, g=5.0,
p<0.05). In day 2 of the experiment a large amount of larvae wkii@ stocophore
stage in all treatments and therefore no statistical differences weredmamg) them.

In day 5, all the larvae in CT amibH=-0.3 were in a D-shape stage whereas in

ApH=-0.6 13.0%=3.8 of the larvae were still in the trocophore stage.
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Table 4.1. Seawater carbonate chemistry variables (M&ih; + Ségasuireasents omi
(total scale), Temperature (T), Salinity (Snd Total Alkalinity (TA); Dissolvec
inorganic carbon (DIC); partial pressureCO,in seawater pC0,) and saturatio
state for calcitecal) and aragonitefara) were calculated from in situ T and
corrected pH and T,

"y
ApH T 0 g pHr o Ta o BIC POz Cen ol
B A ' (umol Kgty (umol Kg*) (paten)
Fist spawning (11/05/2012 - 19/05/2012)
oT 22,08, 004 3141,001 7934001  3506% 8 3250+ 14  800% 33 5444015 353010
03 2221,010 3140 002 7542002  3431% 4  34%6x 11 2344 179 246£0,17 150+ 0,11
08 2229 ,016 3140 002 7274002  3485% 6 3556+ 14 4555% 167 1342005 0874003

Field samppling (Z4/05/2012)

20204172 3596, 0,19 2014004  2454: 34 3051 32 641+ €2 T,545053 498030

=19
on
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T
AN i
o i
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i
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Figure 4.1 Hatching rate percentage for Donax trunculus, 48 h after spay, imgg
controlApH=0.0 (CT) inApH=-0.3 (medium) anApH=-0.6 (extreme) treatmen
(meanzsd)

94



The number of larvae alive decreased in the threemeedtmoiiing loee tine of
experiment. Sigificant differences between treatments were only founday ¢
(ANOVA, F=6.0, df=2, p=0.037) and only between the &T drecApH=-0.3 (SNK,
g=4.83, p<0.05
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Figure 4... Abundance ofDonax trunculu veligers (normal and abnorme
trochophore larvae artotal survivors (trochophore plus veligers) during tlwa9 d&
experiment, for the three treatmerApH=0.0;ApH=-0.3; ApH=-0.6), (standard errc
bars displayec

The amount of normal larvae in veliger stage decreased ala exp ecent, Tth

ApH=-0.3 decreasing more than tApH=-0.6 treatment. In day 2 differences betw
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the CT treatment and thipH=-0.3 andApH=-0.6 were found (ANOVA, F=11.1,
df=2, p=0.01; SNK, g=4.3, p<0.05 and SNK, g=6.6, p80espectively) and in day 5
differences between the CT and baipH=-0.3 andApH=-0.6 were registered
(ANOVA, F=30.8, df=2, p<0.001; SNK, g=9.9, p<0.05 ands9®, p<0.05
respectively). No differences were found among treatments in days 9 @ngure

4.2).

Figure 4.3 — Larvae dbonax trunculuga — trochophoreb — normal D-larvae¢ —
abnormal D-larvae with unequal valvek: abnormal D-larvae with convex hinge;

— abnormal D-larvae with shell protuberances; abnormal D-larvae with mantle
protuberant) (bars displayed = 10um length).

The amount of abnormal veligers (Figure 4.3) also decreased thlergxperiment
but with a higher amount of abnormal veligers in ffp#H=-0.3 treatment and even
higher in the more acidified treatmeApH=-0.6. Notwithstanding, no statistical

differences were found among treatments in any day of the experimane(Big).
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Figure 4... Diameter (um) and Area (/%) of Donax trunculu veligers (normal an
abnormal), trochophore larvae and total survivors [trochoe ybre p\elliensd
measured on days 5 and day 9 ol experiment in the three treatmenApH=0.0;
ApH=-0.3;ApH=-0.6), (standard error bars display:

The image analysis of larvae collected in days 5 and 8= exheirimenteveealecth:
in day 5 the veligers in CT treatment were smallemthan thesdinthe acidifiec
treatment (Figure 4.4. A statistical difference was found in normal velig
(ANOVA, F=8.25, df=2, p<0.05), abnormal veligers (ANO\ F= FHE, df=2,
p<0.05) and in total veligers alive (ANOVA, F=11.46, d £20(x01)0In day 9, th
diameterof veligers in the CT increased and no differences to drear trents veng
found. The area of larvae determined with image amahlsis lfthat thdday > the
normal, abnormal veligers and trochophore larvae fitbm the treamient nvere
smaller than the onein acidified treatments. This smaller area remained yn Yay
the experiment only with a significant difference regesterin toti tesurwiors
(ANOVA, F=6.74, df=2, p<0.05). The image processirg rewd fed itin da 9,

trochophore larvae still existed the ApH=-0.6 treatmer (Figure 4.4,
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Discussion

The projections for global ocean acidification indicate that trosgss will continue
in this century, affecting coastal ecosystems more vulnerabléOjoincrease
(Talmage & Gobler 2011), in particular bivalve larvae, which are memsitive to
low pH and future acidification than other organism grolgab(yet al. 2008). The
knowledge on the effects of ocean acidification in the developmenvalf/é larvae
is still limited and the responses that each species may predantiof such effect

are diverse.

In natural conditions, after spawning occurs, the wedge shell éggslop into
trochophore in few hours and after a 24 hours period hatch into &elalv our data

we found that 48 hours after the beginning of the experimenglhlatrvae hatched
into D-larvae and trochophore were still present in all treatmAntbis time, the HR
success was lower than registered in previous experiments bythwgsawalthough

HR may oscillate greatly during spawning season, beinghame¢ related to the
energetic reserves available in eggs (Pewmdira. submited. Although a decrease in
HR was observed iApH=-0.3 and inApH=-0.6 (figure 1), the statistical difference
between the CT and tigH=-0.6 treatment indicate that in an extreme scenario, the
hatching rate success is negatively affected. Similar effects were registered |
Crassostrea gigas(Kurihara, Kato, & Ishimatsu 2007; Barres al. 2013), Mytillus
galloprovincialis (Kurihara et al. 2009), Crassostrea virginica Mercenaria
mercenaria(Calabrese & Davis 1966) and Macoma balthica(Van Colenet al.
2012). Moreover, in this most extreme treatment, our data &l®essa delay in
hatching, since we still found trochophore larvae in day 5 amyn9 (Figure 4.3).
This delay implies that all structure development is also posthoincluding the
feeding structures that allow veligers to feed and get energy fromnthenment.
Relying for a longer period on the reserves provided by gsnitoay lead larvae to
die if the energetic reserves do not suffice energetic needs. Since thermagaietic
source in the eggs &@. trunculusare total lipids, larvae need to be in high condition

to survive such delay and successfully hatch.

There was a great decrease in veligers found alive during the 9 fdaygesiment.
However, this decrease occurred more rapidly than we expected. In othesspeci

diverse total of experiment days were found, €Emgssostrea gigas 6 days (Barros
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et al. 2013); Ostrea edulis— 18 days (Bamber 1990Macoma balthica- 19 days
(Van Colenet al. 2012). The present experiment was ended after day 9 duéQte 1
mortality observed in all treatments. We believe that this rapitiafitg is mainly due
to the species biology rather than the acidification procHss.wedge shell has a
planktonic stage for about a month after which it settles. Inigusvexperiments
conducted by the authors, high mortalities were registered andamaig larvae

after the umbonate stage was extremely difficult (unpublished data).

The differences registered in the amount of normal veligers in all ®aetdrm days 2
and 5 reveal the negative effect of a high€0, in the first days of life. This general
decrease observed in all treatments is normal in marine invertebratedate a
natural high mortality in early life stages (Pederskal. 2008) although as suggested
by Jansson, Norkko & Norkko (2013) even a slight changriivorship may have

long-lasting consequences.

The extreme acidified treatment seems to produce more abnormal laara¢he
medium and CT treatment although we found no statistical differéfmsever the
negative impact thatC0, increase have in calcifying stages in benthic mollusks was
demonstrated by Fabst al (2008) and found to produce shell abnormalities such as
indented shell marginsC¢assostrea giggs(Kurihara, Kato, & Ishimatsu 2007) and
convex hinge and protuberating mantMa€oma balthica Saccostrea glomerata
Crassostrea giggqParker, Ross, & O’Connor 2010; Van Cokdral. 2012)

The image analyzes in day 5, revealed that the initial diameténe acidified
treatments was higher than the observed in CT, which wasxpeicted to occur.
Similar growth increments undé&pH=-0.5 was reported iMytillus edulis although
the author has attributed such increments to random variatione(Bei. 2006).
Nevertheless our data does not agree with the general patternbationfdecrease in
shell growth registered in larvae from a variety of species subfaasma balthica
Crassostrea gigasCrassostrea virginica Mytilus galloprovincialis Mercenaria
mercenariaand Argopecten irradiansvhen exposed to pH treatments between 7.4
and 7.8 (Kuriharaet al. 2009; Talmage & Gobler 2011; Van Colen al. 2012;
Jansson, Norkko, & Norkko 2013; Whige al. 2013; Barrost al. 2013). However in
day 9 this difference cease to exist and the diameter among all @érggatdid not

differ significantly. It seems that in first days under acidifieshtment, the wedge
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shell larvae invested in growth, maybe to better resist thesaleavironment since
smaller larvae cannot feed as well as larger and therefore are more slesdeptib
starvation (Hart & Strathann 1995; Kurihara, Kato, & IshimatsQ720Moreover,
higher mortality occurring in the acidified treatments may have fibedethe
remaining individuals with more food availability, favoring gtb. This food
availability effect may outweigheolC0, effect as observed by Thomseinal (2013)

in Mytilus edulislarvae where growth was primarily dependent on food supplgrath
thanpCO, increase. This increase in growth registered in the first daypaotagtiate

survival in later post-larva stages (Bonsdorff, Norkko, & Bosti®@85).

Our experiment is a first step to understand the effects of acidificatithe wedge
shell. It is important to notice that scenarios predicted W@ClRare long term
scenarios that will occur in a century timeframe and some of thesmelgial effects
may be attenuated by the capacity of the organisms to acclimatapirtacelevated
pCO, over that period (Parket al. 2012). The effect of ocean acidification should be
considered as a serious threat to economically important resourdesaloeconomy,
such as the wedge shell is. As demonstrated by our resigiserpC0O, has a
detrimental effect on wedge shell larvae survival in both acidifiedtrtrents and a

negative impact in hatching success and hatching delay in theaowdigied one.

The delay in the hatching could prolong the planktonic phatsefspawned larvae
(late July) beyond September, when the hydrodynamics in thev&lgaast (south
Portugal) increases washing larvae offshore from suitable sedinsitleo This may
impact severely wedge shell populations since the populaymamic is largely
dependent on settlement and recruitment success of post-larvae (Petlatsz908).

This is a first insight on the effect of th€0, increase irbonax trunculusearly life

stage, further studies should be also made on the efferi@gfincrease in shell

formation and structure.
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Chapter V

General conclusions



Chapter V: General conclusions

The present work aimed at improving the knowledge on thekfolaic phase of the
wedge shell, filling the gap currently existing on the infation aboutDonax
trunculus larvae in the Algarve coast. The main goal was to develop touds
methodologies that could be used to help predict possible traentifailures earlier
than it is done presently. The tools and information hbtaimed are not meant to be
used as standalone tools neither to replace traditional stoskssasent
methodologies, but as an important complement to the amrfoamation on adult
population presently obtained by IPMA, contributing to timelerstand of earlier life

stages of the wedge shell.

This study focused on the spawning season, a critical perittedife cycle of the
wedge shell. The information obtained and presented in chapieis tthe result of
data collection in three spawning season’s (2009, 2010 @ht).2 This period was
chosen due to the necessity of collecting broodstock specireadyg to spawn as

well as larvae from the broodstock and from the meroplankton.

The following up of the condition on broodstock prior spangrand later, the quality
of the eggs and post hatched D-larvae was achieved. The comuttenrevealed to
be an important indicator of the broodstock conditionhis particular period, with
odd events, such as the long periods of high SST register2dlil, affecting the
energetic reserves and therefore the condition of the broodstockwddge shell
revealed to be sensitivity to the presence of phycotoxins that algetively the
ready to spawn adults, delaying the spawning event. Defiatdarge spawning
period that this species has, the delay in the spawniygredaice the availability of

larvae in the water if it is to prolonged in time.

Monitoring the condition of the broodstock during thevepiag season is an easy
task with a low cost and effort, providing important informaton the quality of the
wedge shell during spawning. After spawning occurs, théifed eggs must rely on
the energetic reserves provided by the progenitors to successfahyimiat D-larvae.
Also in chapter two the quality of both eggs and larvae wardiexl and was
demonstrated that eggs with less energetic reserves hatch lessfsillgciego D-

shape and, in eggs and larvae, the total lipids are the mairegoemurce that allow
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eggs to survive and hatch. Therefore it is important to moeggs quality to detect if
hatching may be compromised affecting the amount of D-shape lavadability.
During this study it was found that the Total LipidsiplCarbohydrates to Protein
Ratio may be used successfully to predict hatching successtyphisf information
is usually used in aquaculture to produce high value rhaikalves but has not been
previously used in bivalve stock management, being a first istepan earlier
detection of future recruitment failure, complementing the prgsensed
methodologies. Notwithstanding, further studies on larvaitvigal should be
conducted to understand how larvae quality is reflected in thévaurate through

the entire planktonic phase until their metamorphose and setttem

After hatching, successful veligers Bf trunculuslarvae will disperse along the
coast, but only some will find suitable sediment to segiley and recruit into adult
population. At the present, no information neither methagles exist to monitor the
abundance of wedge shell larvae on the water. Monitoring theewstlgl larvae
along the coast could help perceive larvae abundances variationselatel the
quantity of larvae to recruitment in the following year, therefarehapter Ill, we
developed a methodology that allowed us to obtain informatiorthe quantity of
larvae present in the water by using Real-time PCR. The quambificgtlarvae from
a single species in meroplanktonic samples would be a gneabvement in larvae
dynamic studies, especially on large sets of samples. Morebigemjuantification

should be practical to obtain and could be implemented at adstv

Quantifying larva from meroplanktonic samples is only possiibl the results
obtained are promising and usable. The surveys currently hdlMy¥ are a great
platform to collect data along the coast, with little increasthe time and effort of
the survey. The results in chapter 11l showed that discrimin&irtgunculusfrom the
otherDonaxspecies present in the Algarve coast is possible and eashitve with
an 5S primer developed and tested in the first part of thiseha&wnetheless, it was
necessary to obtain information on the quantity of larvaeanatater column. New
specific primers were design focusing on ITS-1 rDNA and COI mDBigions and
although discrimination was achieved successfully for thesedgions, the standard
curve linearity was only obtained with success for the ITS+iceSiwe detected size

variability in the larvae, we used Ct-values ranges, represelatinge abundances
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intervals, thus avoiding the need of a previous triage ofdéaacaording to their size,
a step that would nullify the main purpose of this metHast and easy to apply to

samples collected from the environment.

While larvae information is important to improve predictiongecruitment failure or
success, and should be obtained annually with the informptesently collected on
adult population, some factors may slowly affect the developmwitdrvae of the
wedge shell. Such is the case of the ocean acidification; gostme&ss that according
to IPCC predictions will not stop in the next decades. Intendy the two scenarios
predicted by IPCC were simulated and their effect on larvae was abkdesse
understand how theCO0,increase in sea water may affect larvae development. It was
evident that the most extreme scenario predictguH€-0.6) was the one most
affecting the wedge shell larvae. This increase inpif@,not only reduced the
hatching rate success but also delayed it, revealing that trochiapese may be
found up to 9 days after fecundation. Along with the redudtiohatching success
and survival, acidification increases the amount of abnormal larvagheF
experiments on the structure of the shell of larvae under acidifieditions should
be made, growing larvae in these scenarios until settlemesrder to understand
how shell structure and resistance is affected. The effect of ocean acdaffisiatiuld
be considered a serious threat to economically important resourcegssthe wedge
shell. This is of utmost importance in future studiesorder to understand if the
sector must adapt their capture methodologies and gears to mahg#dimtact upon

capture.

The results obtained during this thesis revealed that itsSsifple and desirable to use
information on larvae to improve the management and, in tieefutimely predict
possible recruitment failures of this important resource. The estudonducted
allowed monitoring the condition of adults and larvae,rteantity and presence in
the water column during the spawning season, easily armlvatdst. The current
surveys held by IPMA could be used as a platform to samplectiolh without extra
cost providing access to the entire Algarve coast rapidly.fipsitant to group some
information that is already available but disperse, such aS$fe phycotoxins and
chlorophyll-a concentration. This thesis is a starting pmnbetter understand how

the planktonic phase may be reflected in the recruitment of theespaad give the
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bivalve fishing sector and decisions makers’ new tools t@augthe management of
this economical important resource. Further studies shoultdblde on the later phase
of the plankonic phase, in particular when metamorphose ocadingetigers became
benthic pediveligers, initiating their life in the sedimeAtso the quantification
methodology should be improved to detect more accurately, the nofberae. To
determine how the results obtained impact the adult populatien time, further
studies linking larvae data to adult population data shbel implemented prior to
management measures design. Data presented in this work lig @atsiined,
increasing substantially the information available on thiecigs and should be

considered in future survey programs@onax trunculus
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