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Abstract 

The wedge shell, Donax trunculus, inhabits high energy environment of exposed 
sandy beaches from the Atlantic coast of France to Senegal. Like all Donacidae, it is 
relative small, flat-shaped with elongated solid shells. It is a highly demanded and 
valuable species mainly in Algarve, with the dredge fleet increasing the pressure on 
species stocks. In 1986 the Portuguese Institute for the Ocean and Atmosphere 
(IPMA) initiated a bivalve survey program to evaluate the stock status of species with 
economical valuable but always on the adult population. Since then, several managing 
measures were implemented to guarantee bivalves’ sustainable exploitation. Despite 
the available information on the abundance and distribution of the wedge shell along 
the Algarve coast, no information on the larval planktonic phase is available. To fill in 
this gap, the present study aimed at obtaining, for the first time information on the 
broodstock condition and on the pelagic phase of the wedge shell in the Algarve 
coast.  

Through the determination of broodstock proteins, glycogen, total lipids and 
condition index (CI) as well as environmental factors such as sea surface temperature 
(SST), chlorophyll-a and phycotoxins, data obtained suggests that odd events (high 
SST and phycotoxins) during the spawning season were reflected in the CI of the 
wedge shell showing that this index could be a valuable indicator for fisheries 
management. In larvae, from the parameters analyzed, total lipids and the energy 
available were found to play an important role in the hatching success and 
development into D-larvae. More, the Total Lipid plus Carbohydrate to Protein ratio 
can be used to predict the hatching success in D. trunculus. Identification and 
discrimination of the wedge shell from the other three Donax species was successful 
achieved with a specific primer design on 5S rDNA. Larvae quantification in samples 
was possible using a specific primer amplifying the ITS1 region with real-time PCR. 
Since the Intergovernmental Panel on Climate Change (IPCC) predicts the increase of 
ocean acidification in the next centuries, the effect of high  on larvae hatching 
rate and development was also considered and found to affect negatively the hatching 
rate success. It also seems to delay hatching. Results obtained suggest that high 
acidified environment also produce more abnormal larvae than the less acidified ones.  

The results obtained here demonstrate that larval information is relevant and should 
be taken into consideration to improve managing measures and to timely 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 atlântica de França até ao Senegal. Tal como outros 
Donacidae, é relativamente pequena, achatada com uma concha sólida e alongada. É 
uma espécie com elevado valor económico e muito procurada especialmente no 
Algarve, levando a que exista um aumento da pressão por parte da frota de arrasto de 
ganchorra sobre a população. Em 1986 o Instituto Português do Mar e da Atmosfera 
(IPMA) iniciou um programa de monitorização dos recursos bivalves de modo a 
avaliar o estado dos estoques populacionais das espécies com valor económico, 
embora sempre sobre a população adulta. Desde esse período, várias medidas de 
gestão têm sido implementadas garantido a sustentabilidade da pesca. Apesar de 
existir variada informação acerca da população adulta ao longo da costa algarvia, não 
existe qualquer informação sobre a fase planctónica desta espécie. Com o intuito de 
colmatar esta falha, o presente estudo teve como objectivo obter pela primeira vez 
informação acerca da condição dos progenitores e da fase planctónica da conquilha na 
costa Algarvia. 

Através da determinação nos progenitores das proteinas, glicogénio, lípidos totais e 
índice de condição (CI), assim como de factores ambientais como a temperatura 
superficial do mar (SST), a clorofila-a e as ficotoxinas, os dados obtidos durante a 
época de desova sugerem que eventos incomuns (elevada SST e ficotoxinas) 
reflectem-se no CI da conquilha mostrando que este índice pode ser um indicador 
valioso para a gestão da pescaria. Da análise dos lípidos totais e da energia disponível 
nas larvas, descobriu-se que estes desempenham um papel importante no sucesso da 
eclosão e posterior desenvolvimento em larva-D. Também o rácio entre Lípidos 
Totais mais Carboidratos e as Proteínas pode ser usado para prever o sucesso da 
eclosão na espécie D. trunculus. A identificação e discriminação da conquilha das 
outras três espécies de Donax existentes foi bem-sucedida com recurso ao 
desenvolvimento de um primer específico na região 5S rDNA. A quantificação de 
larvas em amostras foi possível através de Real-time PCR, utilizando um primer 
específico que amplifica na região ITS1. Uma vez que o Painel Intergovernamental 
para as Alterações Climáticas (IPCC) prevê o aumento da acidificação dos oceanos 
nos próximos séculos, o efeito do aumento de  na eclosão das larvas e 
desenvolvimento foi avaliado, tendo sido encontrado um efeito negativo na taxa de 
eclosão e também um atraso nessa mesma eclosão. Os resultados obtidos também 
demonstram que ambientes acidificados aumentam o número de larvas com 
malformações do que em ambientes menos acidificados.  

Os resultados aqui obtidos demonstram que a informação sobre as larvas é relevante e 
deve ser considerada no melhoramento das medidas de gestão de modo a antecipar a 
possível detecção de falhas de recrutamento.  
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The objective of the present study was to improve knowledge on the pelagic larval 

phase of the wedge shell, Donax trunculus, and to discuss how the information 

gathered can be useful in the management of the fishery. This knowledge may help to 

timely detect possible recruitment failures anticipating, if necessary, the early 

implementation of proper managing measures. The present study fills in the lack of 

information on D. trunculus larval phase in Portugal and in particular in the Algarve 

coast. There were five main aims:  

• To understand how biochemical quality of D. trunculus broodstock is affected 

by environmental factors; 

• To find out if there is a relationship between D. trunculus larval quality and 

hatching rate. 

• To develop a simple and easy methodology to successfully discriminate D. 

trunculus from the other three Donax species available in the Algarve coast. 

•  To develop methodologies to discriminate and quantify larvae of D. trunculus 

from seawater samples; 

• To infer how the ocean acidification affect shell development and survival of 

early life stages of D. trunculus.  

 

The present thesis is organized into five chapters containing the compilation of 

articles submitted or published in the scope of this study.  

Chapter I provides a general introduction to the bivalves in the Algarve coast, the 

bivalves species with commercial interest and the information on stock population 

that has been gathered by the Portuguese Institute for the Ocean and Atmosphere 

(IPMA). A species characterizations, habitat and description of sudy area is provided, 

as well as a discussion on the importance of information on the planktonic stage of the 



2 
 

wedge shell and the limitations that studies on this subject must deal with. 

Information on the taxonomic identification and quantification of larvae are 

presented. Information on the bivalve dredge fleet and on managing measures is 

described and a compilation of different studies on this species is also provided.  

The Chapter II focus on the biochemistry of Donax trunculus in two particular stages 

of their life cycle. First, the broodstock condition is evaluated along three consecutive 

spawning seasons. The proteins, glycogen, total lipids and condition index were 

determined and the variation of these components with the surface seawater 

temperature, chlorophyll a and phycotoxins presence were analysed. Second, the 

Proteins, Total lipids, Carbohydrates and energy content of both eggs and D-larvae 

were determined in order to assess the influence of  these components on hatching 

rate.  

Chapter III deals with a problem that has hindered studies on bivalve larvae dynamic 

and dispersal: the identification and quantification time needed and difficulties in 

processing these type of samples using traditional methodologies. Successfully 

distinction of Donax trunculus from the other 3 Donax species available at the 

Algarve coast was achieved and identification and quantification of the amount of 

Donax trunculus larvae 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 IV, the effect of ocean acidification on survival and abnormal shell 

formation in the larvae of D. trunculus after spawning was assessed. This is not 

information affecting directly the annual recruitment, but rather the resource itself in a 

long term scenario. In this chapter two scenarios were tested, one more mild and 

plausible, considered by the Intergovernmental Panel on Climate Change (IPCC) as 

an actual threat to occur in the next 100 years and one more extreme scenario, where 

the total carbon dioxide resulting from the depletion of all fossil fuels reserves would 

be released. 

 

Finally, Chapter V provides the main conclusions of this work and 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 species distributed from 0 to 

more than 50 meters depth, occurring in different granulometry types of sediments, 

such as sand, mud, sandy/muddy and coarse sediments, ranging from very fine to very 

coarse sand (Gaspar 1996; Freitas et al. 2011). Of these, only four have commercial 

valuable: the wedge shell Donax trunculus; the surf clam Spisula solida; the striped 

venus chamelea gallina and the razor clam Ensis siliqua. These four species are found 

along the coast up 15 meters depth, inhabiting the very fine sand usually found from 0 

up to 7-10 meters and part of the coarser sand found beyond this depth (Freitas et al. 

2011).  

Although there are four species with economical interest, the dredge fishing fleet 

operating in the Algarve coast target mainly the surf clam (S. solida), the striped 

venus (C. gallina) and the wedge shell (D. trunculus). Of these, the wedge shell is one 

of the most valuable and is extremely appreciated gastronomically. The high demand 

of this species during summer, leads the dredge fleet to direct fishing effort mainly to 

this particular species, increasing the pressure on the available stocks. Apart from the 

boats that operate along the coast, licensed hand dredgers targeting the wedge clam 

also operate in several places along the shore. In hand dredging, while walking 

backwards, the fisherman pushes and pulls the handle repeatedly to facilitate towing 

the gear over the sediment surface (Gaspar et al. 2013) One problem observed and 

never properly addressed is the after catch procedure implemented by the users of 

hand dredges. A sieve is used to separate smaller wedge shells (less than 25 mm 

length) from the ones with the legal length, but unfortunately, usually the smaller ones 

are left on the beach sand in areas that are hardly affected by tides. This causes the 

remaining smaller specimens as well as other bivalve species and other invertebrates 

to be left to dehydration eventually ending up dying. The extent of this effect is not 

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

Due to the easy access to this species, and the low hydrodynamics of the beaches in 

the Algarve during the summer, vacationers also harvest specimens of Donax 

trunculus for consumption. This practice takes place during low tide and the depth 

segregation observed on this species, with smaller individuals in shallower waters and 
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the larger ones deeper (Gaspar et al. 2002a), leads the vacationers to harvest mostly 

juveniles. This touristic activity is not controlled and there is no information available 

on total catches occurring annually. All this pressure on the wedge shell population 

occurs mainly during the summer, coincident in part with the spawning season of this 

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

The Portuguese Institute for the Ocean and Atmosphere (IPMA) has addressed over 

the years several studies regarding the bivalve species available along the Portuguese 

coast with emphasis on the Algarve coast. These studies have been performed since 

1986 with usually two bivalve surveys held each year and with a primary focus on 

gathering information on the economically important species exploited by the dredge 

fleet. These bivalve surveys are usually made in April and September with two 

bivalve dredges mounted on board of a research vessel. The dredges used in those 

surveys respect the legal standards dredge grid size and mouth tooth size used by 

commercial fishing vessel operating in these fishing areas. The starboard dredge used 

is specifically designed to capture mainly clams and the port dredge especially 

designs to capture razor clams. The main difference found in the dredges used are 

related to the length of teeth (10cm length in the starboard dredge and 35mm in the 

port dredge) and is justified by the maximum burrowing depth of the target species 

(Gaspar 1996). These annual surveys comprehends 108 transects perpendicular to the 

coastline along the Algarve coast separated each other by one and a half nautical mile. 

At each transect three stations at different depths are towed and the specimens 

collected. For more information on the survey program held by IPMA see Rufino et al 

(2010). Although all bivalve species captured are sampled (measured and weighed), 

naturally these campaigns focus on the four commercially valuable and exploited 

species, from which additional information has been collected over the years. 

Since dredges specifications are built according legal standards, part of the smaller 

individuals (<25 mm shell length for clams and <100mm for razor clams) pass 

through the meshes of the net bag of the dredge and are usually not taken on board 

neither to the laboratory for further analysis. Thus the information obtained from the 

specimens captured refers mostly to the adult fraction of the population, reflecting the 

status of the adult population only. The information obtained throughout the years, 

has been useful as a tool to design and implement managing measures to protect the 

resources from overfishing. Several managing measures have been implemented in 
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order to guarantee the sustainable exploitation of the commercial bivalve populations, 

such as: dredge and hand-dredges specifications; limit of the number of fishing 

licenses; limit of the fishing time per day; daily quotas per species and boat or 

harvester; minimum landing size of the species; and a closed season from May 1st to 

June 15th. For more detailed information on these general managing measures see 

Pereira et al. (2007). It is important to underline that hand dredgers are allowed to 

operate during the closed season. Nevertheless, during this period the total daily 

catches are reduced from 30 kg to 5 kg of bivalves per fisherman. 

Despite the quantitative information available on the abundance and distribution of 

the wedge shell population along the Algarve coast, no information on the larval stage 

is available. All managing measures mentioned above can only be applied or adjusted 

after the annual survey has been carried out and all the data has been processed. 

Moreover, the results obtained reflect mainly the status of the adult population due to 

the selective properties of the dredges used. As a result, the sampling design adopted 

in the IPMA surveys although effective to analyze the adult population status is not a 

totally effective method to prevent possible recruitment failures during critical 

moments in the life cycles of marine bivalves such as spawning and settlement. Aside 

from the quantity information on the larvae, also quality information on bivalve larvae 

in the Algarve coast is still scarce or even inexistent, being the study made by 

Joaquim et al. (2008a) on Spisula solida an exception.  

It is then essential to collect new and more complete information on the wedge shell 

stock. The data gathered during the monitoring surveys must be complemented with 

information on the quality and condition of the broodstock, allowing us to understand 

how energy reserves accumulation affect the reproductive success and how individual 

organisms respond to environmental stress such as atypical changes of temperature 

and chlorophyll-a. Also the larvae biochemistry must be considered since the 

physiological condition of the embryos and larvae has been related successfully to 

larvae settlement and recruitment (Ojea et al. 2008; Marshall, McKinley, & Pearce 

2010). This information is of utmost relevance to the resource management, since it 

will allow the timely adjustment of the fishing effort if a recruitment failure is 

detected.  
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Species specific information on larval distribution can be critical to the management 

of commercial species as it allows the understanding of recruitment variation and 

success and helps predicting population demographic patterns (Livi et al. 2006). 

Understanding  the larval dispersal dynamic of bivalves is of utmost importance in 

order to interpret stock structure, population dynamics and estimating the abundance 

of larvae within plankton communities to properly manage the exploited species with 

emphasis on those in decline (Morgan & Rogers 2001; Vadopalas et al. 2006). This 

requires knowledge on the planktonic stage of the species, when high dispersal is 

achieved allowing long movement and colonization of new habitats (Livi et al. 2006). 

The studies of these stages, in particular the spatial-temporal patterns of the 

planktonic larval supply of recruitment, is extremely difficult to measure despite their 

extreme importance in population, community and ecosystem ecology (Morgan & 

Rogers 2001; Garland & Zimmer 2002).   

Obtaining samples of bivalve larvae may be fairly easy if we consider a few samples, 

but it rapidly becomes a cumbersome task if hundreds of samples are needed. 

Moreover it is laborious and difficult to process a great amount of samples in a 

reasonable time. Those difficulties have hindered studies in the open waters at a large 

scale. Another problem is the accurate taxonomic identification which is vital for the 

correct interpretation of ecological data sets as well as establish links between 

conspecific adults and larvae so that a population can be tracked in space and time 

from one generation to the next (Morgan & Rogers 2001). The taxonomic 

identification is a difficult process when one tries to differentiate species from the 

same genus or even from different genera. Some authors have addressed this problem 

in their works finding different solutions to deal with this identification difficulty. 

Morphology based methods and molecular based methods have been used to identify 

bivalve larvae (Lutz et al. 1982; Hare, Palumbi, & Butman 2000; Le Goff-Vitry, 

Chipman, & Comtet 2007).  

Morphological based methods include the traditional microscopic examination of 

larvae, but this is subjective, time consuming and even a trained person would have 

serious difficulties in differentiating larval species from the same genus and is, 

therefore extremely dependent on the expertise of the person identifying de larvae. 

Moreover, there are more than 70 species in the Algarve coast only, with four species 

belonging to the genus Donax. The morphological based identification in larva 
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requires comparison among morphological traits for a definitive identification with 

the existence of published larval descriptions. However, these are not available or 

exist only for a particular species (Garland & Zimmer 2002). Moreover, the majority 

of bivalve larva is so similar in morphology that some taxonomic groups are 

morphologically indistinguishable even at later stages. Molecular methods potentially 

decreases the subjectivity inherent to the morphological based methods and are much 

accurate and precise in identification (Garland & Zimmer 2002). Molecular 

techniques are diverse and include immunological, isoenzymes, DNA-based such as 

hybridization, PCR-RFLP, PCR-RAPD, microsatellites, multiplex PCR and PCR.  

The identification of bivalve larva is fairly simple when we are dealing with one 

specimen only or if we only want to detect the presence of the target species in a 

given sample, e.g. we may only want to detect the presence of an invasive species in a 

certain place, or in a survey along a shore we may only want information about the 

presence/absence of a certain species along the shore. But the majority of biological 

studies need quantitative information, which bring us to a different problem: how to 

easily quantify larva in the environment? Quantification of larvae has two main 

problems associated. First, counting larva manually is a cumbersome and extremely 

time consuming task when there are hundreds or thousands of larvae per sample. 

Studies dealing with hundreds of samples, each one with hundreds or thousands 

larvae are not realistically feasible. This lead us to the second problem, different 

species of bivalve and other meroplanktonic organisms may be present in each 

sample, and as mentioned above discriminating them visually is difficult. Some 

interesting work has been done in visually discriminating zebra mussel larva from 

other organisms with polarized light,  although no real discrimination was actually 

made between this species and other bivalve species present in the samples (Johnson 

1995). Machine learning and image analysis have been used (Tiwari & Gallager 2003; 

Thompson, Hare, & Gallager 2012) but although with some degree of correctness 

discriminating species using multiscale texture and color invariants in prepared 

sample test, when applied to samples collected from the environment the results are 

still far from the expected. Molecular methods have been applied to a diverse number 

of species with planktonic larva: abalone (Haliotis kamtschatkana) larvae quantified 

using mitochondrial DNA marker cytochrome oxidase I via quantitative PCR 

(Vadopalas et al. 2006), manila clam (Ruditapes philipinarum), harbour crab 
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(Liocarcinus depurator), velvet swimming crab (Necora puber), green crab (Carcinus 

maenas), edible crab (Cancer pagurus), the king crab (Paralithodes camtschaticus) 

and several barnacle species from the Japanese coast with real time PCR (Pan et al. 

2008; Endo et al. 2010; Quinteiro et al. 2011; Jensen et al. 2012). Polychaets from 

genus Osedax and Ophelia and barnacles from the genus Balanus has been tested with 

rRNA targeted sandwich hybridization assay (SHA) using oligonucleotides probes to 

detect and enumerate the larva (Jones et al. 2008) and fluorescence in situ 

hybridization using species specific DNA probes was also used in marine bivalves 

(Heaney, Maloy, & Slater 2011).  

Since the beginning of the industrial revolution the carbon dioxide released to the 

atmosphere have changed the carbonate chemistry of seawater (Meehl et al., 2007) 

(Orr et al. 2005; Meehl et al. 2007). This Carbonate chemistry is extremely important 

to the mineral formation of calcium carbonate (CaCO3) a structural element of bivalve 

shells (Fabry et al. 2008). Since the shell formation in bivalves occurs at the 

beginning of the planktonic stage still as a trocophore larvae (Weiss et al. 2002), any 

detrimental effect during this period may jeopardize the survival capability and/or 

later development. The biological and economical implications that may arise during 

the next century are not fully understand but must be addressed as sooner as possible. 

At the present there is no information about the OA effect on D. trunculus, although 

some negative effects have been found to occur in other species: Ruditapes 

decussatus (Range et al. 2011; Fernández-Reiriz et al. 2011); Crassostrea virginica 

and Mercenaria mercenaria (Matoo et al. 2013; Ivanina et al. 2013); Arctica 

islandica (Hiebenthal et al. 2012); Macoma balthica (Jansson, Norkko, & Norkko 

2013) and in the genus Mytilus (Gazeau et al. 2007; Rodolfo-Metalpa et al. 2011; 

Fernández-Reiriz et al. 2012; Range et al. 2012; Hiebenthal et al. 2012).  

The majority of studies dealing with different aspects of Donax trunculus, refer to 

post-settled individuals and covers distribution, diet and biochemical composition 

(Özden, Erkan, & Deval 2009; Boussoufa et al. 2011; Martínez-Pita et al. 2012), 

identification (Pereira et al. 2012), pollution effect (Bresler & Fishelson 1994; Beldi 

& Gimbert 2006; Altug, Cardak, & Ciftci 2008; Özden, Erkan, & Deval 2009; 

Yawetz et al. 2010; Tlili et al. 2011), biological indicator of grain size (Huz, Lastra, 

& López 2002; La Valle et al. 2011), eco-toxicology (Mansour et al. 1998; Fishelson, 

Bresler, & Manelis 1999; Neuberger-Cywiak, Achituv, & Garcia 2003, 2007; 
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Moukrim et al. 2004; Tlili et al. 2010), ecology (Romeo & Gnassiabarelli 1988; 

Neuberger-Cywiak, Achituv, & Mizrahi 1990; Rufino et al. 2010), growth and 

reproduction (Bayed 1990; Ramón, Abelló, & Richardson 1995; Tirado & Salas 1998; 

Gaspar, Ferreira, & Monteiro 1999; Delgado & Defeo 2007; Deval 2009), cytogenetic 

(Cornet & Soulard 1990; Gonzalez-Tizon et al. 1998; Martínez et al. 2002; Petrović 

et al. 2009), genetics and molecular biology  (Plohl & Cornudella 1996, 1997; 

Petrović & Plohl 2005; Petrović et al. 2007; Theologidis et al. 2008), population 

dynamics (Bayed & Guillou 1985; Guillou & Bayed 1991; Gaspar et al. 2002a; 

Zeichen et al. 2002), parasitology (Ramon 1999) and pathology (Sousa & Oliveira 

1994).  

To the author best knowledge, there are only a three studies dealing with wedge shell 

larvae, namely larvae rearing conditions (Ruiz-Azcona, Rodriguez-Sierra, & Martin 

1996), larvae detection in planktonic samples  (Livi et al. 2006) and settlement 

(Voliani et al. 1997). Ruiz-Azcona, Rodriguez-Sierra, & Martin (1996) showed that 

high temperatures (20°C) in rearing conditions were better to D. trunculus larvae 

culture than lower temperatures and that multispecies diets including Chaetoceros 

gracilis improved growth when compared to monospecies diets. Livi et al (2006) 

aiming at identifing the species that were presented in planktonic samples (including 

D. trunculus) developed a primer set by amplifying a region from the 18s rDNA using 

PCR-SSCP. This method allowed a fast sample processing and to detect if a species is 

absent or present in a sample. Finally, Voliani et al (1997) in their work quantified the 

amount of juveniles of D. trunculus that 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 offshore transport, 

coastal upwelling of cold subsurface waters and generation of alongshore currents to 

depths of 30 meters or more (Relvas & Barton 2005). The wave pattern is dominated 

by W-SW waves that represent about 71% of waves, followed by short-period SE 

waves generated by regional winds (“Levante”) that represent 23% of wave types 

(Costa, Silva, & Vitorino 2001). Wave energy is moderate with an annual average of 

offshore wave height of 1.0 meter and average peak period of 8.2 seconds (Costa, 

Silva, & Vitorino 2001). Along the year this region is affected by storm events, 
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although these only account for 1% of the offshore wave climate (Costa, 1994). A 

large range of sediment grains can be found along the coast, with more muddy areas 

and finer sediment grains near the outflow of the Guadiana River and coarse sand 

found on the western coast (Rufino et al. 2010; Freitas et al. 2011). Moreover as we 

approach the Guadiana river, the grains size decreases and the beaches tend to be 

more dissipative, although more hydrodynamic and consequently less sediment stable 

due to exposure, having an higher turnover of nutrients favorable to suspension 

feeders like Donax trunculus (Rufino et al. 2010).  

The study are, Lota beach (7°30′32.21″W, 37°9′56.33″N) in eastern Algarve, was 

chosen for its’ easy access and low hydrodynamics during Spring and Summer, 

allowing the use of a hand dredge.  It is classified as possessing clean medium sand 

(Freitas et al. 2011), where Donax trunculus occurs in quantity throughout the years.  

 

Species characterization - Geographical and spatial distribution 

The wedge shell, Donax trunculus, is an Atlantic-Mediterranean warm-temperate 

species, extending from the Atlantic coast of France (Ansell & Lagardère 1980) to 

Senegal (Tebble 1976). It inhabits the high energy environment of exposed sandy 

beaches with tidal rhythm, intense wave action and sediment instability (Ansell & 

Lagardère 1980), where it forms extensive dense beds (Gaspar, Ferreira, & Monteiro 

1999) becoming the dominant macrobenthic organism in communities characterized 

by a low specific diversity (Donn et al. 1986; Ramón, Abelló, & Richardson 1995). 

Along the Portuguese coast, this species is one of the four belonging to the genus 

Donax. Apart from D. trunculus also D. semistriatus (Poli 1795), D. vittatus (da Costa 

1778) and D. variegatus (Gmelin 1791) inhabit the soft sediments along the shore. 

Although also present in the Northwest coast and Southwest coast of Portugal, it is in 

the South coast that the wedge shell presence is more expressive. In the Algarve, D. 

trunculus occurs along the entire coast with emphasis on the East part Quarteira to 

Vila Real de Santo António.  

 

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

up to 6 m depth, with higher densities between 0 and 3 m depth (Gaspar, Ferreira, & 
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Monteiro 1999). Several authors have referred a depth segregation phenomenon 

defining this species vertical distribution, with juveniles located in shallower depths at 

mid tide level, while adults are located deeper near the species bathymetrical limit 

(Ansell & Lagardère 1980; Guillou & Bayed 1991; Gaspar et al. 2002a; Zeichen et al. 

2002). A study on depth segregation on Donax serra has demonstrated that there is an 

intimate correlation between temperature and depth, with juveniles positioning 

themselves in shallower waters where the higher temperature enhance the burrowing 

speed and avoid dislodgement and predation (Stenton-Dozey & Brown 1994). An 

inverse pattern distribution has been observed to occur in the Moroccan coast (Bayed 

& Guillou 1985) where juveniles were situated at greater depths than adults, since 

juveniles have lower tolerance and resistance to the high temperatures of surface 

sediments (30°- 40°). It was described that this phenomenon of depth segregation 

observed in Algarve coast may result from larval fixation at shallower depths, that 

undergo a depth migration as they grow allowing space to be available for further 

larva fixation (Gaspar et al. 2002a).  

 

This species lives close to the sediment surface, a compromise between the possibility 

to be flushed away or exposed to predation and the more availability of food  (Rufino 

et al. 2010). As all Donacidae, Donax trunculus is a suspension-feeder on 

phytoplankton and suspended particulate matter, which determines its vertical 

distribution. The wedge shell inhabits wash zones with a certain degree of 

hydrodynamism, favoring the presence of particulate matter and impeding its rapid 

sedimentation (Zeichen et al. 2002).  It is a rapid and efficient burrower, with a shell 

shape designed to allow easy penetration into the sediment (McLachlan et al. 1995) 

and is considered a species sensitive to substrate grain size variations in particular 

during early growth stages (Huz, Lastra, & López 2002). Coarse sediment could limit 

the presence of Donax trunculus on exposed sandy beaches since individual may be 

carried away by waves and currents reducing the effectiveness of their burrowing  

(Huz, Lastra, & López 2002). 
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Taxonomy and species description 

The wedge shell was first described by Linnaeus in 1758 in his “Systema Naturae per 

regna tria naturae” where it was referred as possessing a smooth shell, internally 

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

  

 

Kingdom Animalia  (Linnaeus, 1758) 

Phylum Mollusca (Limmaeus, 1758) 

Class Bivalvia (Linnaeus, 1758) 

Subclass Heterodonta (Neumayr, 1884) 

Order Veneroida (Gray, 1854) 

Superfamily Tellinoidea (Blainville, 1814) 

Family Donacidae (Fleming, 1828) 

Genus Donax (Linnaeus, 1758) 

Species Donax trunculus (Linnaeus, 1758) 

 

Like all Donacidae, Donax trunculus is relative small flat-shaped with elongated 

shells. The shell is solid with a wedge shape (hence its common name “wedge shell”), 

equivalve, inequilateral and triangular in outline with margins straight. Beaks are 

positioned in the posterior half inwards and backwards with ligament as a small 

brown arched band.  Almost invisible radial lines can be observed in the shell. Shell 

color white-yellowish, yellow, brown, purple or various shades of these colors. 

Sometimes with rays of white or purple radiating from the umbone and often with 

bands of color concentrated about the growth lines. The periostracum is glossy, thin, 

greenish, yellow or dark yellow to brown. Sculpture of very fine evenly spaced 

incised radiating lines over the greater surface area are visible as well as the growth 

stages. Right valve with two cardinal teeth (the posterior is stout and bifid and the 

anterior short and ridge like), two posterior and one lateral; left valve with two thin 

cardinal teeth (the posterior bifid and one weak anterior) and one posterior lateral. 

Interior of the shell color may vary, being white or purple, sometimes tinted yellow or 

orange. Muscle scars well marked as well as the pallial sinus, deep, extending half-

way inside the shell with its lower border partially confluent with the pallial line. 
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Margin crenulated inside from the anterior border to the behind the ligament and 

rough to the touch (Nobre 1932; Tebble 1976; Macedo, Macedo, & Borges 1999). 

 

Figure 1.1. Donax trunculus exterior and interior (Illustration by A.M. Arias, 

ICTIOTERM). 

 

Growth 

Growth in Donax trunculus is controlled by the interaction of ecological factors such 

as temperature, density and food availability (Ansell, Frenkiel, & Moueza 1980; 

Bodoy 1982; Gaspar, Ferreira, & Monteiro 1999). The growth in this species shows a 

point of inflection beyond average sizes of 25-30 mm and growth rates also decrease 

at lower latitudes (Bayed & Guillou 1985). The analysis of the microstructure of the 

shell of the wedge clam populations that occur along the Algarve, allowed to evidence 

a seasonal discrimination of growth, with a rapid shell growth occurring in spring and 

summer when wide micro-growth increments were deposited in the shell, and a slow 

growth season occurring in late summer and early autumn with the deposition of 

narrow growth increments and the formation of a well defined  annual growth ring 

(Gaspar, Ferreira, & Monteiro 1999). These authors reported a rapid growth during 

the first two years of life, reaching the minimum legal size of fishing (25 mm) in 

about one year. 
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Reproduction and settlement 

In southern Portugal, the gametogenic cycle of D. trunculus usually begin in late 

November and the spawning occurs from March to late July. It is a species with a 

continuous spawning activity during all the spawning season, and the gamete 

presence at all stages of maturity reveal an individually successive spawning activity 

(Gaspar, Ferreira, & Monteiro 1999). After the end of the spawning season  the 

majority of adults are in a spent state with gonads completely empty and contracted 

making the macroscopically sexual differentiation difficult (Zeichen et al. 2002). It 

has a life expectancy of 3 to 4 years, reaches maturity during the first year of life and 

maturity is a function of age and not size (Gaspar 1996; Gaspar, Ferreira, & Monteiro 

1999). The wedge shell in the Algarve coast present a sex ratio that has been found to 

be slightly in favor of males (Gaspar, Ferreira, & Monteiro 1999) although other 

studies in different geographical areas have found no such difference (Deval 2009).  

The increase of seawater temperature in March triggers the mass gamete release 

initiating the spawning season, a synchronism observed by Moueza & Frenkiel 

(1973); Neuberger-Cywiak, Achituv, & Mizrahi (1990); Gaspar, Ferreira, & Monteiro 

(1999). After spawning, the larvae planktonic period can last up to 2 months 

(Neuberger-Cywiak, Achituv, & Mizrahi 1990) although settlements of 4-6 months 

after the end of gonad activity have been reported by Moueza & Frenkiel (1973). 

Within 24 hours after spawning, the eggs develop into D-larvae and later develop the 

velum, a feeding structure that allows larvae to feed.  

 

Fishery and management  

The bivalve fishery is one of the most important artisanal fisheries in the Portuguese 

coast, being one of the most profitable. Along the South coast, Donax trunculus is an 

important commercial species, being exploited by an artisanal fleet comprising 57 

boats divided between local and coastal boats (Oliveira, Camanho, & Gaspar 2013). 

Local boats operate near the homeport or adjacent ports and have an overall length 

smaller than 9 m, a gross tonnage (GT) between 1.18 and 9.41 tons and up to 75kW 

engines. Coastal boats can operate within all the fishing area they are registered for, 
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their overall length is above 9m, ranging between 3.19 and 23.64 GT and an up to 

130kW engine power.  

 

The exploitation of bivalves along the Portuguese coast started in late 1960s (Gaspar 

et al. 2003). Until 1986, minimum landing sizes were the only management measure 

available, but due the increase in landings, fishing power and resource conservation 

concerns, the IPMA (ex-IPIMAR) initiated a bivalve survey program to evaluate the 

stock status of the bivalve species with economical valuable. The results obtained led 

to the implementation of new managing measures that were altered that year. Apart 

technical regulations such as gear restrictions and fishing seasons, other measures 

were implemented to control fishing effort namely maximum engine power and 

limitation to the number of fishing licenses. A season fishing ban period was 

introduced in 1987 and since then annual surveys were held allowing the suggestion 

of new managing measures to the competent authorities in order to improve the 

management of this fishery. The technical characteristics of the dredges were later 

changed in order to meet biological and ecological characteristics of the target 

species. These modifications included minimum mesh size, dredge mouth width, 

tooth length and spacing. In addition a seasonal closure was set between May 1st and 

15th June (Gaspar & Chícharo 2007). In 1997 some signs of overexploitation of the 

bivalve stocks led to the implementation of the maximum number of six fishing days 

per week and maximum daily fishing quotas adjusting catches to the status of the 

resource (Gaspar & Chícharo 2007). Later research culminated in the introduction, in 

the year 2000, of a new dredge design which is more selective and efficient than the 

traditional one (Gaspar, Castro, & Monteiro 1999; Gaspar et al. 2002b, 2003). Since 

then the managing measures that regulate the bivalve fishery remained unchanged. 

However daily quotas are reviewed annually in order to adjust the catches to the 

conservation status of the fishing resources.  

 

 

 



18 
 



19 
 

 

 

 

Biochemistry of Donax trunculus 
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Chapter II. Biochemistry of Donax trunculus 
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Is condition index a valuable indicator for the management of the 

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

Donax trunculus is one of the most important commercial species that occurs along 

the southern Portuguese coast. A high demand for this species occurs during 

spawning season. In order to prevent overexploitation, several management measures, 

based only on quantitative data have been applied. However, quality information is 

important to understand how the nutritional status of the broodstock population may 

affect reproduction and consequently recruitment success. The variation in the 

condition index reflects the individual reproductive activity and is influenced by 

variations in biochemical composition, namely proteins, glycogen and total lipids. We 

also tested the influence of sea surface temperature and chlorophyll-a on the condition 

index and biochemical contents. Our data suggests that during spawning season, 

wedge shell is accumulating and simultaneously converting glycogen into total lipids 

indicating an opportunistic reproductive strategy. Our data suggests that both CI and 

biochemical components storage and use are affected by the presence of phycotoxins. 

This affected the wedge shell feeding response and energy intake, leading to the use 

of proteins reserves. It was demonstrated that odd events such as unusual high sea 

surface temperatures and abnormal presence of phycotoxins during the spawning 

season was reflected in the condition index of the wedge shell showing that the 

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

According to Rees (2010), the bivalve production industry in Europe covers mainly 

oysters and mussels, since these are highly demanded species in several countries 

(e.g. United kingdom, France, Denmark, Ireland, Netherlands and Spain). 

Nevertheless, as well as the oyster or the carpet shell, the less valuable wedge shell 

(Donax trunculus) has become increasingly important in Portugal and other southern 

European countries such as Italy and Spain (Ruiz-Azcona, Rodriguez-Sierra, & 

Martin 1996). Although captured all year round, it is during the summer season that 

the demand for this species increases dramatically, mainly due to the gastronomical 

tourism offered in the South of the Iberian Peninsula. It is during this season that may 

become apparent an overfishing of this and other commercial bivalve species (Rufino 

et al. 2010). The fishing effort set on this species and other bivalves in the South of 

the Iberian Peninsula and in particular in the Algarve coast (South Portugal) has an 

important socio-economical role due to the size of the fishing fleet and the number of 

people directly and indirectly dependent upon this activity (Gaspar et al. 2002a), 

which is unlikely to decline in the near future. Furthermore, alongside with the fishing 

fleet, hand dredgers also operate in shallow waters capturing D. trunculus: the wedge 

shell is well distributed across a narrow sandy zone of the South coast of Portugal 

between 0 to 5 meters depth. Hand operated dredges have easy access almost all year 

round, except winter, when some hydrodynamics are observed (Costa, Silva, & 

Vitorino 2001). Moreover, vacationers tend to catch D. trunculus by hand. However, 

due to the depth segregation observed in this species almost only juvenile specimens 

are captured, because smaller individuals are usually found near the shore (Gaspar et 

al. 2002a). Unfortunately all this fishing activity occurs exactly during the spawning 

period of D. trunculus, that usually begins with the rise of temperature in late March–

early April (Gaspar, Ferreira, & Monteiro 1999), and therefore some managing 

measures have been implemented to protect the available stocks from over-

exploitation. The fishery is managed by a closure season (from May 1st to Jun15th), 

maximum daily catch per boat and harvester and a minimum shell length of 25 mm. 

Daily quotas may change annually, depending on the results obtained from the annual 

bivalve surveys held by the Portuguese Institute for the Ocean and Atmosphere 

(IPMA) along the Algarve coast. Unfortunately, the information obtained refers only 

to quantitative information without reference to the quality status of the broodstock. 
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This quality or nutritional status information is of fundamental importance, since 

energy reserve accumulation and the importance of each gross biochemical 

component has in the reproductive process, play a role in the adaptive strategies of a 

species to the habitat (Goodman 1979; Crosby & Gale 1990; Dahlhoff 2004). One 

way to follow these nutrient reserve changes during critical stages of their life cycle, 

is using condition indices (Crosby & Gale 1990). The most used CI is that proposed 

by Walne & Mann (1975), since it reflects the individuals reproductive activity 

(Massapina et al. 1999; Mladineo et al. 2007; Joaquim et al. 2008a; Boussoufa et al. 

2011). More important, CI may reveal how individual organisms respond to rapid 

environment changes and how the involved factors interact at larger temporal and 

spatial scales (Dahlhoff 2004). The condition index is influenced by variations in 

biochemical composition, that occur due to energy trades during spawning, as well as 

food availability (Matozzo, Tomei, & Marin 2005). Indeed, CI is related to the 

organic matter (proteins, glycogen and total lipids) found dispersed within in the 

organic tissue.  

In bivalves, proteins play a structural role, that are only used as a last resource of 

energy reserve in cases where the organisms suffer from extreme stress or when no 

other source of energy is available (González et al. 2001; Gopalakrishnan & 

Vijayavel 2009). Glycogen is the major energy source in bivalves, converted into 

lipids during gamete production that are later lost during the spawning process (Liu et 

al. 2008). Total lipids, with its high caloric content act as an important immediate 

energy reserve, being used by most marine bivalve species as a basic energetic 

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

To the authors best knowledge there are only four studies addressing the biochemical 

composition of D. trunculus. Three in the Mediterranean Sea, focusing on the effect 

of chemical pollutants to the energy reserves such as glycogen and lipids (Tlili et al. 

2011) and on the seasonal variation in the condition and fatty acids composition 

(Boussoufa et al. 2011; Hamdani & Soltani-Mazouni 2011). The fourth study, outside 

the Mediterranean Sea, is related to the effect of a controlled diet in total lipids and 

fatty acids composition, although information on CI and total lipids of the wild 

broodstock is also presented (Martínez-Pita et al. 2012).   
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We believe that is still lacking some information related to Atlantic populations of D. 

trunculus in particular related to the broodstock condition during the critical spawning 

period. This particular type of information should be monitored yearly to complement 

the quantitative data already obtained. With this work we aimed at studing the 

variation of the Condition Index, proteins, glycogen and total lipids in the broodstock 

population of D. trunculus during the spawning season in order to understand the 

reproductive strategy adopted by Donax trunculus and to find out if the CI is sensitive 

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

 

Material and methods 

Sample collection 

A total of 1100 individuals of D. trunculus were collected in years 2009, 2010 and 

2011 during the spawning season between March and July at Lota beach 

(7°30′32.21″W, 37°9′56.33″N) located in the southeastern Algarve coast, (Figure 

2.1).  

 

 

Figure 2.1. Sampling location of Donax trunculus and monthly average values of sea 
surface temperature (SST) and chlorophyll-a (mg/m3) at sampling site during the 
years 2009, 2010 and 2011. 



26 
 

 

Spawning season has previously been used by other authors to assess broodstock 

quality in species such as the sea star Asterias vulgaris (Raymond, Himmelman, & 

Guderley 2007) and the swimming crab Portunus trituberculatus (Wu et al. 2010). 

During this five month of spawning season, the good hydrodynamic conditions 

facilitate easy access to the broodstock, a key factor to annually implement a sample 

survey.  

Individuals were caught during low tide using a bivalve hand dredge, similar to those 

used by local harvesters.  After been captured, the specimens were taken to the 

laboratory and placed for a period of 24 hours in a closed water system at lower 

seawater temperature (±15°C) without being fed, to avoid spawning and to clean the 

digestive tract. After this period, the closed water system was verified to ascertain that 

no spawning occurred, and specimens were packed up and frozen at - 20°C for 

posterior determination of CI and biochemical contents (protein, glycogen and total 

lipids). 

 

Sea Surface Temperature (SST) and chlorophyll-a 

Data on SST and food availability was obtained in order to evaluate their influence in 

both CI and biochemical content of D. trunculus. SST was provided by the 

Hydrographical Institute (IH). The chlorophyll-a concentration, which can be 

estimated remotely using ocean color satellites, is the most widely used and remains 

the best proxy of phytoplankton biomass for studies of primary production (Hout et 

al. 2007). Therefore, chlorophyll-a concentrations were derived from satellite remote 

sensing data, collected from the Giovanni online data system (MODIS-Aqua 4 km, 

monthly processed data, available at http://disc.sci.gsfc.nasa.gov/giovanni) developed 

and maintained by the NASA GES DISC (Acker & Leptoukh 2007). 

 

Condition index determination 

For the determination of the condition index 30 specimens per sample were used. 

Shell length was measured to the nearest mm using a digital caliper before removing 
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the edible part. Both, dry soft tissues and shell weight were determined after oven 

drying at 80°C for 24 h. The dry meat was then converted to ash in a muffle furnace 

for 24 h at 450ºC. Afterwards it was once again weighed (ash weight). All weights 

were determined in an electronic scale (Mettler AJ100) with a precision of 0.0001g. 

The CI was calculated according to Walne and Mann (1975) using the following 

formula:  

 

                                     
100

)(

)()( ×−=
mgweightshelldry

mgashmgweightmeatdry
CI

 

 

This index was determined for a standard animal of 26 mm SL, in order to suppress 

the results of growth, so that accumulation or loss of organic matter 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, i.e., violet in females, 

yellowish-orange in males. For each sampling period, the soft tissues of five males 

and five females ranging from 26 mm to 30 mm SL were removed from the shell and 

homogenized individually with a blender (Ultra-TurraxTM). For each individual it was 

determined: (1) protein content using the modified Lowry method (Shakir et al. 

1994), (2) glycogen from dried homogenate (80 °C for 24h) using the anthrone 

reagent (Viles & Silverman 1949) and (3) total lipids were extracted from fresh 

homogenized material in chloroform/methanol (Folch, Lees, & Sloane-Stanley 1957) 

and estimated spectrophotometrically after charring with concentrated sulfuric acid 

(Marsh & Weinstein 1966). Duplicate determinations were performed in all cases and 

values expressed in µg mg-1 of dry weight (DW). 
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Statistical analysis 

One Way Analysis of Variance (ANOVA) was performed to test differences in sea 

surface temperature, chlorophyll-a, condition index and biochemical contents across a 

time-series, whereas a t-test was used in order to investigate significant differences 

within years between males and females. Whenever the assumptions of ANOVA or 

the t-test were not met, the nonparametric Kruskal Wallis One Way Analysis of 

Variance on Ranks test or the Mann-Whitney Rank Sum test was performed, 

respectively. Each time ANOVA or Kruskal-Wallis tests detected significant 

differences among groups; pairwise multiple comparisons were made using Tukey or 

Dunn post hoc tests. Finally, the Pearson’s correlation was used to seek the possible 

correlations between SST, chlorophyll-a, condition index, proteins, glycogen and total 

lipids. Whenever the normality assumption was not verified, the Spearmen’s 

correlation coefficient was used. All statistical tests were performed using the Sigma 

Stat 2.0 statistical package. 

 

Results 

The evolution of monthly SST along the three years of study is shown in figure 2.1.  

The lower SST was registered in February 2009 with 14.81°C and the highest SST 

during August 2010 with 24.14 °C. Although the trend in year 2011 was similar to the 

observed in previous years, temperature rose earlier and stayed above 20°C for six 

months. These differences were detected by ANOVA, that revealed significant 

differences between SST observed during the spawning season of 2011 and both 2009 

(Tukey test q=5.51, p<0.05) and 2010 (Tukey test q=4.07, p<0.05).  

The maximum values of chlorophyll-a in 2009 and 2010 were observed in March 

(6.96 mg/m3) and in April (12.21 mg/m3) respectively. By opposition, the minima 

were observed in September (0.47 mg/m3) and in August (0.37 mg/m3) respectively 

(Figure 1). In 2011 the maximum value was observed earlier than in previous years, 

in January (17.72 mg/m3), and the minimum was registered in August (0.50 mg/m3) 

(Figure 1). Notwithstanding, the ANOVA results showed no significant differences 

between years for chlorophyll-a (K-W, d.f.=2, H=1.578 p=0.454). 
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The CI values during the spawning season followed a descent pattern (Figure 2.2). 

The highest value was registered in 2009 both for males (11.95±1.72) and females 

(11.46±1.31) whilst the lowest was registered in 2011 both for males (4.99±0.88) and 

females (4.72±0.93). A significant difference among the years was observed both for 

males (K-W, H=94.4, d.f.= 2, p<0.001) and females (K-W, H=73.2, d.f.= 2, p<0.001), 

with 2011 values differing from the other two years studied both for males (Dunn test: 

2009vs2011q=9.44 p<0.05; 2010vs2011q=7.61, p<0.05) and females (2009vs2011q=8.41 p<0.05; 

2010vs2011q=6.32, p<0.05). Significant differences in CI were also observed between 

2011 and the other years values when data from males and females were pooled 

(2009vs2011q=12.56 p<0.05; 2010vs2011q=9.94, p<0.05). 

 

Figure 2.2. Condition index, protein, glycogen and total lipids mean values (µg mg-1 
DW) for a standard 26mm specimen. 
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The proteins were the predominant component in every year during the spawning 

season representing more than 66%, 77% and 83% in 2009, 2010 and 2011, 

respectively (Figure 2.2). As observed in Table 2.1, the highest value of protein 

content was recorded for males in June 2010 (481.10±58.62 µg mg-1 DW) and for 

females in July 2009 (472.15±42.45 µg mg-1 DW) whereas the lowest values were 

observed in July 2009 both for males and females (154.29±51.06 µg mg-1 DW and 

198.53±95.00 µg mg-1 DW, respectively). During the spawning season the mean 

protein values determined in males differed significantly only between 2010 and the 

other two years (Dunn test2010vs2009: q=4.77, p<0.05; Dunn test2010vs2011: q=5.27, 

p<0.05). In females, significant differences were observed for protein between 2011 

and the previous years (Dunn test2009vs2011: q=4.00, p<0.05; Dunn test2010vs2011: q=5.87, 

p<0.05). When data was grouped, males plus females, there was differences among 

the three years (Dunn test2009vs2011: q=3.54, p<0.05; Dunn test2010vs2009: q=5.37, 

p<0.05; Dunn test2010vs2011: q=7.98, p<0.05). 

Regarding glycogen, the highest values were observed both in males and females in 

April 2009 (126.05±57.29 µg mg-1 DW and 155.49±62.91 µg mg-1 DW, respectively), 

whilst the lowest values were observed in May 2011 for males (18.52±3.69 µg mg-1 

DW) and in July 2010 for females (16.67±6.88 µg mg-1 DW) (Table 2.1). Glycogen 

content generally decreased from the beginning to the end of the spawning season in 

years 2009 and 2010, but not in 2011 (Figure 2.2). Significant differences were 

observed between the three years in analysis for both males and females (K-Wmales: 

H=78.59, p<0.001; K-Wfemales: H=72.57, p<0.001). Those differences were verified 

along the spawning season of all three years (Dunn test: Males 2009vs2011q=8.85, 

p<0.05; 2009vs2010q=3.14, p<0.05; 2010vs2011q=5.97, p<0.05; Females 2009vs2011q=8.08, 

p<0.05; 2009vs2010q=5.76, p<0.05; 2010vs2011q=3.05, p<0.05). The same differences 

among the years were also observed when data from males and females were pooled 

(Dunn test: 2009vs2011q=12.04, p<0.05; 2009vs2010q=6.41, p<0.05; 2010vs2011q=6.31, 

p<0.05). 
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Table 2.1. Data mean values for all biochemical parameters determined along the 
three years of study ( ). 
 

 
In what concerns total lipids, the highest value was observed in April 2009 for males 

(157.88±24.23 µg mg-1 DW) and May 2009 for females (125.06±38.94 µg mg-1 DW), 

whereas the lowest values were observed in May 2011 for males (25.27±7.55 µg mg-1 

DW) and in July 2010 for females (21.55±8.93 µg mg-1 DW) (Table 2.1). As 

observed previously for glycogen, total lipids generally decreased along the spawning 

season and decreased from 2009 until 2011 (Figure 2.2). Significant differences were 

observed between the three years, both for males and females (K-W:  Males H=84.45, 

p<0.001; Females H=100.66, p<0.001). For males, statistical differences were found 

between 2009 and 2011 (Dunn test: q=9.02, p<0.05) and between 2010 and 2011 

(Dunn test: q=6.98, p<0.05). In the case of females, significant differences were 

observed between three years (Dunn test: 2009vs2011q=9.97, p<0.05; 2009vs2010q=5.10, 

p<0.05; 2010vs2011q=5.36, p<0.05). Similar differences among the three years were 

observed when data from males and females were grouped (Dunn test: 

2009vs2011q=13.49, p<0.05; 2009vs2010q=5.12, p<0.05; 2010vs2011q=8.73, p<0.05). 

From the three year time-series analysis, same correlations were observed for males 

and females separately; henceforward the correlations are shown regardless of sex. 

During the spawning period, the sea surface temperature (SST) was correlated 

negatively with all the parameters studied: chlorophyll-a (r=-0.632, p=0.002), CI (r=-

0.815, p<0.001), glycogen (r=-0.812, p<0.001) and total lipids (r=-0.802, p<0.001) 
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(Table 2.2). Proteins were the exception with no correlation observed. This 

biochemical component does not correlated with any other parameter analyzed during 

the studied period. Chlorophyll-a correlated positively with CI (r=0.605, p=0.002), 

glycogen (r=0.582, p=0.005) and total lipids (r=0.605, p=0.002). Condition Index 

also correlated positively with glycogen (r=0.703, p<0.001) and total lipids (r=0.797, 

p<0.001). Finally, glycogen and total lipids also correlated positively (r=0.831, 

p<0.001) during the spawning period (Table 2.2). 

 

Table 2.2  Results of Pearson correlation between studied parameters. SST- Sea 
Surface Temperature; r - Pearson correlation coefficient; P - P value; n.c. - no 
correlation was found. 

 

 

Discussion 

In the present study, the condition index was used to evaluate the broodstock 

condition of the wedge shell during the spawning season. The CI is likely to reflect 

variations in the environmental conditions as well as the occurrence of odd events 

during this critical phase of the wedge shell life cycle.  

The CI values obtained during 2009 and 2010 spawning season are in accordance to 

the ones observed by Boussoufa et al (2011) and by Tlili et al (2011) in the Gulf of 

Tunis. In the same period glycogen values are similar to ones obtained by Tlili et al 

(2011) and total lipids values observed are similar to the ones observed by Boussoufa 

et al (2011) and lower to the ones registered by Tlili et al (2011) both in the Gulf of 

Tunis. The CI, glycogen and total lipids values registered during 2011 spawning 

season were much lower than the ones observed by the above cited authors. 
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The SST values followed the tendency observed for this region in previous years. The 

temperature starts to rise during Spring until reach its peak in August during the 

summer, decreasing afterwards to minimum levels between December and February 

during Winter. This pattern is normal for the studied area and similar to that observed 

in previous studies (Gaspar et al. 2004; Joaquim et al. 2008b).  

The observed negative correlation between SST and the chlorophyll-a was expected 

since during winter, when SST is lower, an upwelling event occurs in southern 

Portugal (Soares 2004). This event is responsible for the peak in chlorophyll-a 

concentration in later winter and early spring (Falcão et al. 2007). The concentration 

of chlorophyll-a decreases afterwards as SST rises.  

A negative correlation was also observed between SST and CI, glycogen and total 

lipids. Correlations between SST and CI and biochemical components present in 

tissues occur in many bivalve species since SST is associated to the reproductive 

development, controlling the onset of gametogenesis in many bivalve species and it is 

also the key factor triggering the spawning as reported by several authors (Bayne 

1976; Ansell & Lagardère 1980; Dridi, Romdhane, & Elcafsi 2007; Liu et al. 2008; 

Joaquim et al. 2008b; Cerón-Ortiz et al. 2009; Fearman & Moltschaniwskyj 2010; 

Ezgeta-Balić et al. 2011; Matias et al. 2013). The above correlation was observed not 

only in D. trunculus for other areas (Boussoufa et al. 2011; Martínez-Pita et al. 2012), 

but also in other bivalve species that occur in the Portuguese coast, such as: Ensis 

siliqua, Venus striatula/Chamelea gallina (Gaspar & Monteiro 1998), Spisula solida 

(Gaspar & Monteiro 1999) and Callista chione (Moura, Gaspar, & Monteiro 2008).  

In our study, the negative correlation found between SST and CI, suggests that 

glycogen is being used and transformed in total lipids for gamete production. Indeed, 

SST is also correlated negatively with glycogen and total lipids, as expected, since CI 

is a reflection of the biochemical variation of these two components during spawning 

(Beninger & Lucas 1984; Mouneyrac et al. 2008). Interestingly, CI correlates 

positively with both glycogen and total lipids during the studied period, which seems 

to indicate that while transforming glycogen into total lipids during gamete 

production, the species continues to accumulate and store energy (Vite-García & 

Saucedo 2008; Gómez-Robles & Saucedo 2009) which explains the positive 

correlation between glycogen and total lipids. This result indicates that D. trunculus 
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in southern Algarve has an opportunistic reproductive strategy allowing investment of 

any surplus energy into gamete production. Surplus energy is probably ensured by a 

high pumping rate to succeed in periods of low food concentration (Pouvreau et al. 

2000). 

The above cited hypothesis contrasts to the conservative strategy used by species such 

as Argopecten irradians concentricus in Florida (Barber & Blake 1981) and 

Ruditapes decussatus in Galicia (Ojea et al. 2004) that stores energy previously the 

gametogenesis, when plenty food is available; until the relative short spawning period 

occur during which the energy reserves become depleted (Barber & Blake 1985).  

The opportunistic reproductive strategy adopted by the wedge shell was also observed 

in other species such as Ostrea edulis (Bayne 1976), Mytella charruana and M. 

guyanensis (Cardenas & Aranda 2000). This strategy in wedge shell is well adapted to 

its long spawning season, allowing the species not to concentrate all the reproductive 

effort in a short temporal period, allocating surplus energy to reproduction under 

environmental favorable conditions.  

Our results revealed that during 2011 something must have occurred, since the CI 

values of this particular year were statistically different from those observed in 2009 

and 2010. The values of proteins and in particular the values of glycogen and total 

lipids were also lower than the ones observed in the previous two years. The SST in 

2011 was statistically different from 2010 and 2009, with a faster increase of the SST 

in March/April and with mean values reaching values clearly above 20°C during 6 

months whereas in 2009 and 2010 values of SST above 20º were only observed in 

four and three months respectively. Although no differences were found, it was 

observed that chlorophyll-a peaked two to three months earlier than usual during 

2011. We believe that the unusual high SST values during this season were 

responsible for the abnormal occurrence of phycotoxins registered in the spawning 

season of 2011. Usually in this area, phycotoxins occur every year with the rise of 

SST and after a week are no longer detected in the water, reappearing again once or 

twice during the summer. Although the SST pattern in 2009 and 2010 were similar, in 

2009 phycotoxins were detected in one day only (April 15th), while in 2010 

phycotoxins were recorded during a longer period (June 25th to July 23th). In 2011, 

phycotoxins appeared when the SST rose in March and remained above legally 
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established limits from March 25th to April 28th and from July 6 to August 11th, 

leading to prolonged fishing bans due to public health hazard.  

Although there are no studies published about the direct effect of phycotoxins on 

biochemical composition of marine bivalves and reproductive success, some effects 

of phycotoxins on bivalves have been reported by several authors. Haberkorn et al 

(2010) has demonstrated that in Crassostrea gigas, the PSP (paralytic shellfish 

poisoning) phycotoxin had an effect on the spermatozoa quality and motility. 

Medhioub et al (2012) also reported an adverse effect of PSP phycotoxins in C. gigas 

digestive gland tubules, affecting the digestive and absorption capacity of the 

specimens exposed to this phycotoxin. In addition, the recovering process of digestive 

gland tubules after the exposure revealed to be energy demanding. PSP phycotoxin 

may also affects the clearance rate of some bivalve species such as Paphies donacina, 

Dosinia anus and Pecten novaezelandiae as observed by Contreras, Marsden, & 

Munro (2012), while in other species such as Spisula solidissima the clearance rate is 

not affected at all (Shumway et al. 1994). Bricelj & Shumway (1998) reported that 

phycotoxins may affect the burrowing capability and the feeding response of bivalves, 

an effect that probably is reflected in the energy intake during the phycotoxin blooms 

as observed in Ruditapes philippinarum and Perna viridis where the growth rate and 

the scope for growth were affected when phycotoxins were present (Li, Wang, & 

Hsieh 2002). Thus, if the presence of phycotoxins affects the feeding response and 

consequently the energy intake by bivalves, then the unusual phycotoxin presence 

during the spawning season in 2011 may explain the difference in the CI observed 

during 2011 as well as the lower values of proteins, glycogen and total lipids 

registered. In fact, although no correlation has been found between proteins and the 

other parameters during the spawning season, protein values differed among the three 

years, with lower values occurring in 2011. It seems that during the beginning of the 

2011 spawning season, D. trunculus was unable to recover glycogen reserves due the 

phycotoxins presence in the water and therefore used proteins as a last energy 

resource to suppress energetic needs (Gopalakrishnan & Vijayavel 2009) although for 

a short period, since a recover of proteins was observed later in the season.  

In the first two years of this study, the SST as well as the chlorophyll-a values were 

similar. However, glycogen and total lipids differed among years, with a slightly 

decrease observed from 2009 to 2010 spawning season. In this same period, an 



36 
 

increase in phycotoxins presence from one day in 2009 to almost one month in 2010 

was registered. This phycotoxin increase may be related to the decrease observed in 

glycogen and total lipids in 2010 spawning season. 

The chlorophyll-a peak observed in January 2011 may also have affected the CI 

values in the beginning of the spawning and may have compromised the energy intake 

prior to the beginning of the spawning season, although we have no data related to the 

CI outside this season.  

It was observed by the authors in situ during sampling, that when phycotoxins were 

present in the water, the mantle and foot of the wedge shell wrinkled indicating that 

phycotoxins affects somehow this species. Moreover, during laboratory experiments, 

when spawning was induced none of the individuals collected during 2011 responded 

to thermal shock, which contrasted with the previous years, where induced spawning 

was successfully achieved (unpublished data).  

The spawning season is a critical period of the life cycle of D. trunculus and, as our 

data shows, unusual events such as the high SST observed and the phycotoxins 

presence seems to be reflected in both CI and the biochemical composition of the 

broodstock population. Additional information on larva quality may help 

understanding the implications of odd events on the non exploitable phase of the 

resource (planktonic larval stage and settlement) and posterior recruitment success. 

This knowledge would allow a precautionary implementation of protective measures, 

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

recruitment occur.  

In conclusion, like other bivalve mollusks, D. trunculus is highly dependent of 

temperature which is responsible for triggering the spawning event. Our results 

indicate that this species has adopted an opportunistic reproductive strategy 

accumulating energy in the form of glycogen while being converted into total lipids 

used in gamete production. It seems to be sensitive to the presence of phycotoxin in 

the water, although more studies on this subject must be undertaken. Our data showed 

that the occurrence of odd events during the spawning season is reflected in the CI, 

making this index a valuable parameter for the management of the fishery.  
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Is the biochemistry of Donax trunculus (Linnaeus 1758) egg and 

larvae suitable for managing purposes? 
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Abstract  

Knowledge on the energy reserves of the wedge shell Donax trunculus egg and larvae 

is important to help predicting recruitment, allowing in case of recruitment failure to 

timely adjust the fishing effort. We aimed at evaluating wedge shell egg and larvae 

quality, in order to improve development and implementation of future managing 

measures. Egg and D- larvae total lipids, proteins and carbohydrates were determined 

and energy was calculated using the energy conversions factors used for lipid, 

carbohydrate and protein (35.24, 17.16 and 18.00 kJ g-1 respectively). A total lipid + 

carbohydrates to protein ratio was determined for eggs. Total lipids and proteins were 

the main components along the study period with carbohydrates representing only a 

small percentage. Total lipids play an important role in the hatching success of the 

species as well as in the amount of energy available to ensure the successful 

development into D-larvae. Despite the differences in total lipids registered, neutral 

lipid showed no differences indicating that a threshold may exist. The total lipid plus 

carbohydrate to protein results may be used to predict hatching success in D. 

trunculus and we set 0.82±0.09 as the value above which recruitment occurs 

successfully. This information has not been used in bivalve stock 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 exclusively, hatchery conditioning 

techniques based on diet effect on growth and survival rate of larvae and in most 

cases with a restocking perspective in mind (e.g. Powell et al. 2002; Hendriks, van 

Duren, & Herman 2003; Leverone et al. 2006; Matias et al. 2010; Pettersen et al. 

2010; Przeslawski, Perino, & Padilla 2012; Gonzalez Araya et al. 2012). Other few 

cases focus on particular topics such as the differences in larval quality from different 

latitude broodstocks populations (Lagos 2012), the effect of antibiotics on the 

dissoconch development and posterior metamorphosis success (Pernet, Bricelj, & 

Cartier 2006), the effect of harmful algae on lipid storage (Przeslawski et al. 2008), 

the food limitation in larvae development (Bos et al. 2006) or egg and larvae quality 

in growth and survival success (Videla et al. 1998; Burke, Bataller, & Miron 2008). 

No studies have addressed larvae quality in wild populations with a managing 

perspective in mind. 

The wedge shell Donax trunculus is a widely distributed species along the Algarve 

coast and although captured all year round, it is during the summer season that the 

demand for this species greatly increases. This demand is mainly due to tourism and 

occurs during part of the spawning period of D. trunculus that begins with the rise of 

temperature in late March early April and ends in late July (Gaspar, Ferreira, & 

Monteiro 1999). After spawning the eggs released into the water dictate the beginning 

of the meroplancktonic stage of the wedge shell that lasts until settlement takes place 

(Savina & Ménesguen 2008).  

During the first 24 hours, the wedge shell eggs, as in other bivalve species,  must rely 

solely on the endogenous energy reserves provided by the progenitors during the 

gametogenesis (Holland & Hannant 1973; Holland & Spencer 1973; Gallager & 

Mann 1986; Whyte, Bourne, & Ginther 1990; Massapina et al. 1999; Matias et al. 

2013) This is a stressful and crucial period with tissue reorganization (Pernet, Bricelj, 

& Cartier 2006) that, if successful, culminates in the hatching of a D-shape larvae 

ready to grow. To accomplish successfully this transformation, embryos need to use 

their primary nutritional reserves that consist mainly in eggs lipids particularly on the 

neutral lipid fraction (Holland & Hannant 1974; Ferreiro, Pérez-Camacho, & Labarta 

1990). The neutral lipids are also fundamental for larval growth until they become 
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competent pediveligers (e.g. Holland & Spencer 1973; Ferreiro, Pérez-Camacho, & 

Labarta 1990; Videla et al. 1998; Przeslawski et al. 2008; Gonzalez Araya et al. 

2012).  

Along with total lipids, proteins are also an abundant component in tissues during the 

embryonic development, essential to ensure larva body growth and maintenance 

beyond the embryonic phase until metamorphosis occurs (Gopalakrishnan & 

Vijayavel 2009; Matias et al. 2010). According to da Costa et al (2011) protein may 

also be used as an energy source, and has been proven by Uriarte et al (2004) that in 

Crassostrea gigas and Argopecten purpuratus proteins are likely to improve larval 

survival as settlement approaches. Carbohydrates are other component available in the 

eggs and larvae of bivalves, and although it has been suggested that carbohydrates do 

not play an important role during larval development (Holland & Spencer 1973; 

Gallager, Mann, & Sasaki 1986), according to Haws, DiMichele, & Hand (1993) they 

may be used to optimize the utilization of other reserves available in tissues. 

In the majority of bivalves the physiological condition of the embryos and larvae, as 

well as their capacity to grow and survive under various environmental conditions 

during the species life cycle, has been related successfully to larvae settlement and 

recruitment (Phillips 2002; Racotta 2003; Ojea et al. 2008; Marshall, McKinley, & 

Pearce 2010). This success depends on the acquisition by the eggs, and later on by the 

larvae, of energy reserves that suffice the metamorphosis energetic demands (Pernet, 

Bricelj, & Cartier 2006). The knowledge on the egg and larvae quality of the D. 

trunculus is therefore of utmost importance since it may be used to predict 

recruitment. From the management point of view this knowledge is fundamental since 

in case of recruitment failure it allows the timely adjustment of fishing effort 

contributing, this way, to the sustainability of the fishery.  

This work aims at evaluating egg and larva quality on the wedge shell D. trunculus, as 

well as the implications of seawater temperature in the energetic reserves in eggs and 

D-larvae quality. We believe this will provide new insights during such a critical 

period of the life cycle of the wedge shell (post spawning and hatching period), 

improving the development and implementation of future managing measures. 
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Materials and methods 

 

Adult collection and spawning 

A total of 1100 individuals of D. trunculus were collected in years 2009, 2010 and 

2011 between Mars and July at Lota beach (7°30′32.21″W, 37°9′56.33″N) in the 

Algarve coast, western Portugal (Figure 1). The captures were made at low tide using 

a bivalve hand dredge similar to the ones used by local harvesters. For this location, 

data on seawater surface temperature (SST) was obtained from the Hydrographical 

Institute (IH). After captured, the specimens were taken to the laboratory and placed 

in three previously prepared spawning tanks. Filtered and aerated seawater was used 

in these tanks and food (Isochrysis galbana and Chaetoceros calcitrans) was provided 

ad libitum. Adults were placed in the tanks and left overnight to spawn. After 

spawning, eggs were collected at the exit end of each tank using a 40 µm sieve. 

Whenever spawning did not occur naturally, a thermal shock of water system 

temperature plus 5°C was applied for one hour, after which, the adults were retrieved 

to the original tanks. This procedure was repeated two to three times.  

 

Egg and larva collection 

After spawning, eggs were removed from the sieve, counted and 150,000 were rinsed 

with isosmotic ammonium formate (3%) to remove salt, and frozen at -20°C. The 

remaining eggs were placed in an aerated tank with food available during 24 hours 

until they hatch in D-shape larvae. At this stage samples of 50,000 D-shape larvae 

were collected and preserved, following the same procedures used with eggs. 

Hatching rate was determined by counting the number of 1-day hatched larvae 

relative to the total number of incubated eggs. 

 

Sample fractioning and biochemical content 

A micro-analytical fractionated extraction scheme developed by Holland & Gabbott 

(1971) and Holland & Hannant (1973) was followed for the determination of the 

contents of biochemical components. Lyophilized samples were homogenized in 
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500µl distilled water and sonicated in an ice water bath for three intervals of 10 s at 

20 W each to obtain a thoroughly homogenized sample. Two samples of 200 µl each 

were taken from the initial homogenate, of which one was used to determine total 

lipids and neutral lipids content whereas the other was used to determine proteins, 

total carbohydrates and free reducing sugars. Total lipid content was extracted by the 

method of Bligh & Dyer (1959) and taken up in 500 µl chloroform. Total lipids were 

determined by the methods of Marsh & Weinstein (1966) using tripalmitin as a 

standard, and the absorbance was determined at 375 nm. Neutral lipids were 

determined in the same way as total lipids; 200 µl samples of neutral lipids in 

chloroform were dried for 20 min at 100°C and used for determinations. 

Phospholipids were determined as the difference between total and neutral lipids. 

Proteins were precipitated by cold 5% trichloroacetic acid (TCA), and the precipitate 

was washed in warm 1.0 N NaOH. Protein concentration was assayed by the method 

of Lowry et al (1951), modified by Bensadoun & Weinstein (1976) and Hess, Lees, & 

Derr (1978), at 750 nm using serum albumin as a standard. Hydrolyzed and 

unhydrolyzed samples of TCA supernatant were used for the determination of total 

carbohydrates and free reducing sugars by a modification of the method of Folin and 

Malmros (1929). The components were quantified with a ferricyanate reduction 

reaction at 420 nm using glucose as a standard.  Duplicate determinations were 

performed in all cases and values expressed as organic weight percentages. Energy 

conversion factors used for lipid, carbohydrate and protein were 35.24, 17.16 and 

18.00 kJ g-1, respectively (Beukema & De Bruin 1979). The Total lipid + 

Carbohydrates to Protein ratio was determined for eggs (Hofmann et al. 2004). 

 

 Statistical analysis 

Statistical analyses were computed using Sigma-Stat for Windows. Differences 

between years in each component were assessed by analysis of variance (ANOVA) 

and when assumptions of normality and homoscedasticity were not fulfilled the 

nonparametric Kruskal–Wallis test was used. When results suggested significant 

differences, pairwise multiple comparisons were made using Tukey or Dunn’s tests, 

respectively (Zar 1984). Prior to any analysis data was transformed to arcsine square 
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root values. Results were regarded as significant for p<0.05. 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 of study is shown in Figure 2.3. 

Lowest SST value was registered in February 2009 with 14.81°C and the highest SST 

value during August 2010 with 24.14 °C. Although the trend in year 2011 was similar 

to the observed previously in 2009 and 2010, temperature rose earlier and stayed 

above 20°C for a period of six months. These differences were detected by ANOVA, 

that revealed significant differences between SST observed in 2011 and both 2009 

(Tukey test q=5.51, p<0.05) and 2010 (Tukey test q=4.07, p<0.05).  

 

 

Figure 2.3. Sampling location of Donax trunculus progenitors and monthly average 
values of sea surface temperature (SST) at sampling site during the years 2009, 2010 
and 2011.  
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Biochemical components 

The percentage of proteins, carbohydrates and total lipids in the organic weight and 

the composition of total lipids and carbohydrates classes in percentage are shown in 

tables 2.3 and 2.4 for eggs and D-larvae, respectively.  

 

Eggs  

Total lipids were the predominant constituent in the eggs in year 2009 with a 

percentage between 46.97±5.76% and 68.82±1.73% whereas in 2010 and 2011 total 

lipids were the second predominant constituent ranging between 32.10±15.52% and 

51.77±14.81% and between 36.01±3.45% and 39.99±4.80% of organic weight, 

respectively (Table 2.3). The percentage of total lipids in the total organic weight 

decreased in 2010 and 2011 compared to 2009 values. Indeed, total lipids content in 

2009 were statistically different from both 2010 (Dunn´s test q=3.27 p<0.05) and 

2011 (Dunn´s test q=3.94 p<0.05). Total lipids were represented by neutral lipids and 

phospholipids. Both neutral lipids and phospholipids presented similar percentages, 

oscillating along each year with some samples with higher percentage of neutral lipids 

and other with phospholipids more represented. However, in 2010 this oscillation was 

not observed. During this year, the percentage of neutral lipids was always higher that 

70% with the exception of the sample obtained in April where the proportion of 

phospholipids was higher than neutral lipids (Table 2.3). 

Proteins were the second predominant constituent in eggs in the year 2009 with only 

the first sample (in April 3rd 2009) registering a percentage bellow 40% 

(29.69±9.43%). In 2010 and 2011 proteins were generally more represented than total 

lipids, ranging between 42.07±17.07% and 60.56±9.27% in 2010 and between 

47.59±5.18% and 55.54±9.25% in 2011 (Table 2.3). Although the mean percentage of 

proteins in the total organic weight registered in 2009 were lower than in the 

following years, no statistical differences were detected among years (ANOVA: 

H=4.9 d.f=2 P>0.05).  

Carbohydrates were the less represented fraction in the total organic weight in all 

three years of study ranging in 2009 from 1.48±0.63% to 4.53±0.61%, in 2010 from 

0.85±0.55% to 6.14±2.08% and from 6.37±1.07% to 8.14±0.16% in 2011 (Table 2.3). 



Significant differences in the percentage of carbohydrates in the total organic weight 

were observed between 2011 and both 2009 (Dunn´s Test, q=4.7 p<0.05) and 2010 

(Dunn´s Test, q=4.6 p<0.05).
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2011 (Table 2.4). Despite the two highest percentages registered in 2009 

(73.74±28.81% - 30th May and 83.87±35.43% 16th July) no statistical differences 

were observed among years in the amount of total lipids. However, in terms of the 

percentage of total lipids in the total organic weight it was observed a significant 

decrease between 2009 and both 2010 and 2011 (Dunn´s test q=3.27 p<0.05; q=3.94 

p<0.05, respectively). The total lipid class was also represented by both neutral lipids 

and phospholipids. In 2009 and 2011, both neutral lipids and phospholipids presented 

similar percentages, oscillating along the spawning season with some samples 

showing a higher percentage of neutral lipids and others with phospholipids more 

represented. In 2010 this pattern was not observed. With the exception of the sample 

collected late April, the percentage of neutral lipids was always higher that 70%.  

In larvae, proteins were the second predominant constituent in 2009 with a percentage 

ranging between 13.43±1.36% and 42.55±13.88%. In 2010 and 2011 protein 

percentage was similar to the total lipid ones. In 2010 it ranged from 36.83±3.46% to 

53.81±6.34% of total organic weight and in 2011 it was fairly constant ranging from 

44.65±1.27% to 49.63±9.42% of total organic weight (Table 2.4). The percentages of 

proteins observed in 2009 differed statistically from the values of 2010 (Dunn´s test 

q=6.62, p<0.05) and 2011 (Dunn´s test q=5.0, p<0.05).   

Carbohydrates were the less represented fraction of organic weight in all three years 

of study ranging in 2009 from 2.68±0.83% to 9.45±2.43%, in 2010 from 3.20±1.15% 

to 11.28±5.65% and in 2011 from 1.97±0.1% to 3.72±0.77% (Table 2.4). The only 

statistical difference observed among years was between 2010 and 2011 (Dunn´s test 

q=3.00, p<0.05). 

Energy in the larvae was lower than the observed in the eggs with the highest value 

observed in 25th March 2010 (5.74±0.46 KJ. µg-1) and the lowest observed in 7th July 

2009 (1.15±0.24 KJ. µg-1) (Table 2.4). Values from 2009 were slightly lower than the 

observed in the other years, however the only statistically significant difference found 

was between 2009 and 2010 (Tukey test q=5.6 p=0.002). 
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et al. submitted). The effect of these phycotoxins on adult bivalves have been studied 

by several authors (Shumway et al. 1994; Bricelj & Shumway 1998; Li, Wang, & 

Hsieh 2002; Haberkorn et al. 2010; Contreras, Marsden, & Munro 2012; Medhioub et 

al. 2012) but still lack information in both eggs and larvae. Only Yan et al (2001) 

referred in scallop Chlamys farreri an inhibition on eggs hatching into D-larvae due to 

the presence of phycotoxins. We found no such effect on our data, with no differences 

in the hatching rate (HR) among the three years of study observed, despite the slightly 

decrease from 2009 to 2011 (Figure 2.3). Nevertheless, since phycotoxins could be a 

factor of stress, and since it is known that stressful environmental conditions affect 

the survival of larvae with poor quality (Phillips 2002) further studies should be 

undertaken to assess the direct effect of phycotoxins on egg and larvae, exploring 

possible relations. It worth noting, however, that we did register difficulties in 

inducing spawning during 2011 especially from June to August, when all attempts for 

inducing spawning failed. This result seems to suggest that although not directly 

related to HR, the phycotoxins presence may have affected the spawning event by 

delaying it, probably until phycotoxins were no longer present. 

When spawning occurs, the released eggs must rely solely on their endogenous 

reserves to develop successfully into D-larvae (Ojea et al. 2008). As in other bivalve 

species, fertilized eggs of the wedge shell develop into veliconcha larvae within 24 

hours and the positive correlation found between energy reserves in the eggs and 

hatching rate indicates that this period of major transformations requires that the 

progenitors provided the eggs with sufficient energy to successfully achieve D-larva. 

The effect of eggs energetic reserves on the hatching success and posterior larval 

survival has been demonstrated by other authors (Gallager & Mann 1986; Whyte, 

Bourne, & Ginther 1990; Burke, Bataller, & Miron 2008). In our study, the energetic 

levels in 2009 were significantly higher than the ones observed in 2010 and 2011. 

Since the energy in eggs must suffice the metamorphosis energetic needs and, later 

on, the energetic needs of growing larvae until feeding structures are completely 

formed, it would be expected that the D-larvae hatched in 2009 would have higher 

energy values to continue to grow than in the other years. Nonetheless our data 

showed exactly the opposite, with the energetic values in D-larva in 2009 being lower 

than the ones determined in 2010 and 2011 (Tables 2.3 and 2.4). When we analyzed 

the percentage reduction in the amount of energy between eggs and larvae, this 



53 
 

reduction was higher and statistically different in 2009 with a loss in energy levels 

above 67.4% reaching 88.27%, while in 2010 and 2011 it ranged between 30.85%-

59.75% and 45.98%-56.68%, respectively. It seems that despite the higher amount of 

energy available in 2009 eggs, more energy was used to achieve the D-larva stage 

when compared to the other years. It would be interesting to evaluate in further 

studies if a higher consumption of energy is reflected later in the survival rate of 

larvae, since individuals that complete larval development with minimal energetic 

reserves are known to fare poorly (Phillips 2002). The relation between high energetic 

values and successful metamorphosis and settlement was previously reported for 

Crassadoma gigantea (Whyte, Bourne, & Ginther 1990). These authors observed that 

larvae with an energy value around 6.1-6.3 kJ g-1 were better equipped to successfully 

metamorphose into competent larvae being 4.5-5.0 kJ g-1 considered the minimum 

energy to achieve success. 

Energy comes mainly from total lipids, proteins and to a lesser extent, from 

carbohydrates: the three biochemical components available in the eggs and larvae 

tissues (Ferreiro, Pérez-Camacho, & Labarta 1990). Nevertheless the total lipids in 

the eggs are the ones considered responsible for the hatching success in bivalves 

(Gallager & Mann 1986; Utting & Millican 1997; Massapina et al. 1999; Matias et al. 

2013). The positive correlation found for the wedge shell, indicates 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 during egg development and 

hatching. This total lipid loss (from eggs to D-larvae) was higher in 2009 (52% to 

89%), a value in accordance to the 70% lipid loss registered during the development 

of the Mercenaria mercenaria and Crassostrea virginica eggs by Gallager & Mann 

(1986) and contrasting with the lower total lipid loss observed in 2010 (19.5% to 

53.2%) more similar to the 19% total lipid loss observed in Crassostrea gigas by 

Waldock & Nascimento (1979). In 2011 the loss in total lipid ranged widely from 

38.5% to 79.1% positioning between the other years results. Interestingly, Burke et al. 

(2008a) registered in Ostrea edulis an increase in 15% of the total lipid content from 

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

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

are considered an important energy source in pelagic veligers, especially in periods of 
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low food availability or during starvation (Gallager, Mann, & Sasaki 1986; Kheder et 

al. 2010) while phospholipids play a more structural function in cell membranes 

(Chícharo et al. 2003). In our data the percentage of neutral lipids in the eggs did not 

show any differences among years despite the difference between total lipids 

percentage in 2009 and the remaining years. Although a higher total lipid loss was 

observed in 2009 as mention above, neutral lipids loss from egg to larvae did not 

show any differences between years. This result may indicate that despite the 

oscillation in total lipids percentage in eggs, a threshold in neutral lipids may exist, 

assuring that the embryogenesis is completed successfully as suggested by Utting & 

Millican (1997). Lipid content in the eggs of Argopecten purpuratus and Ostrea 

edulis affect their hatching success (Helm et al. 1991; Navarro et al. 2000)  although 

we did have in D. trunculus a significant higher percentage of total lipids in eggs 

during 2009 when compared to 2010 and 2011 no significant differences among years 

were observed in the hatching rate.  

The majority of studies on biochemical content in bivalve larvae focus only in the 

lipid class content, mainly due to proteins being considered as having a structural 

importance and used for somatic growth only. Hofmann et al (2004) considered, in 

their model, that egg rich in protein grow rapidly, but store insufficient lipid to sustain 

a successful egg and larvae development. In our study the proteins in eggs correlated 

negatively both with the HR and total lipid content which is in accordance with this 

author’s assumption that protein is not metabolized into other biochemical 

constituents, affecting the egg growth. Our data suggests that when more total lipids 

are available more energy is available to ensure the successful development into D- 

larvae. 

The third and less represented component both in eggs and larvae of D. trunculus, 

were the carbohydrates and although it has been suggested that they do not play an 

important role during larval development (Holland & Spencer 1973; Gallager, Mann, 

& Sasaki 1986), carbohydrates may optimize the utilization of other reserves 

available in tissues (Haws, DiMichele, & Hand 1993). According to our results, the 

Total Lipids plus Carbohydrates to Protein Ratio trend was similar to the HR along 

the three years of study. The correlation between these two parameters was positive 

suggesting that this ratio may be used to predict hatching success in D. trunculus. 

Since D. trunculus landings between 2010 and 2012 did not vary (DGRM landings 
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database) it can be assumed that recruitment was successful during the study period 

than this indicates that both mean ratio and mean hatching rate observed can be used 

to predict recruitment success. Therefore, based in our results, it can be assumed that 

a mean ratio higher than 0.82±0.09 (the lowest mean value observed during the 

present study) may lead to a good recruitment. Below this value managers should be 

aware that recruitment could fail. This type of information has not been used in 

bivalve stock management, being a first step into an earlier detection of recruitment 

failure, complementing stock assessment. Notwithstanding, further studies on larval 

survival should be conducted to understand how larvae quality is reflected in the 

survival rate when they become competent.  
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Chapter III. Identification and quantification of Donax 

trunculus larvae. 
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Identification of the wedge clam Donax trunculus by a simple PCR 

technique. 
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Abstract 

The wedge clam Donax trunculus is an important bivalve commercial species in 

Portugal which can be easily mistaken with other three morphologically similar 

species (D. semistriatus, D. vittatus and D. variegatus) that have a lower market price. 

This may lead fish sellers to make false claims about the authenticity of their products 

in order to get higher profits. To overcome this problem it is important to develop 

analytical techniques that can be used to test the authenticity of the species that is 

being sold. In this study we present two DNA extraction methodologies and a simple 

PCR method for the accurate identification of D. trunculus based on the amplification 

of the nuclear marker 5S rDNA. The PCR amplification results showed that this 

method is reliable to differentiate D. trunculus and D. variegatus from the remaining 

Donax species, since fragments of D. trunculus were about 275-300bp while D. 

variegatus were about ~450bp a little lower molecular weight than DNA fragments of 

the other two species (~500bp).  
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Introduction 

The demand of bivalves in the Algarve (southern Portugal) highly increases during 

the summer, mainly due to tourism and the large quantities of shellfish festivals held 

during this season. This high demand of bivalve products sometimes offered to the 

consumer shelled may lead to mislabeling, either intentionally or not.  

In the Algarve region the wedge clam Donax trunculus is one of the most 

economically important bivalve species. In Portugal this species occurs along the 

south and southwest Portuguese coast in very shallow waters of sandy beaches at a 

depth ranging from 0 to 6 meters (Gaspar, Castro, & Monteiro 1999) where is subject 

to an intensive fishery carried out by both dredger boats and hand-dredgers. 

Concurrently with D. trunculus, other Donax species such as Donax semistriatus, 

Donax vittatus and Donax variegatus can also be caught in the same fishing grounds. 

Although Donax species can be distinguished by their morphological traits, this is not 

a straightforward task for the consumer since the shell of these species but D. 

variegatus are very similar in size, shape and colour. Therefore, it is likely to find in 

the fish market other Donax species being sold as D. trunculus.  

In order to protect the consumer, European Union introduced the Council Regulation 

EC 104/2000. This regulation state at Chapter 2, Article 4, that fishery product may 

not be offered for retail sale to the final consumer unless appropriate marking and 

labeling indicates commercial designation of the species, the production method and 

the catch area. Moreover this regulation enforced all member states to publish a list 

reporting the scientific name and the corresponding commercial name(s) for each 

commercial species. Despite this regulation, when only edible parts of bivalves are 

available to retail, the uncertainty that the product correspond to the species claimed 

in the label may arise, since it is impossible to the consumer to differentiate between 

species. It is therefore important the setting up of fast, reliable, reproducible and low 

cost techniques to be applied to test the authenticity of the bivalve species that are 

being used as raw material in order to avoid economic fraud. To achieve this goal, 

several techniques based on protein analysis (electrophoretic, chromatographic and 

immunological methods) have been developed for fish species identification (Carrera 

et al. 1997; Mackie et al. 2000). However according to Lockley & Bardsley (2000) 
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those methodologies have some limitations especially in processed products, where 

processing techniques may easily result in protein denaturation.  

Contrary to immunologic techniques, the DNA-based techniques have proven to be 

reliable, sensitive and fast for fish species authentication (Asensio et al. 2009). 

Actually, DNA molecule offers several advantages over proteins, especially when 

extracted from processed products, since it is present in all tissues, contains more 

information than proteins and is more stable towards processing procedures (Lin & 

Hwang 2008). DNA techniques have been used by several authors to assess their 

effectiveness in the certification of species present in commercial food, in detection of 

food mislabeling and in detection  of fraudulent species substitution (Russell et al. 

2000; Machado-Schiaffino, Martinez, & Garcia-Vazquez 2008; Sánchez et al. 2009).  

Most of the DNA based methods used to verify fish and bivalve species identity are 

based on polymerase chain reaction amplification of polymorphic portion of genomic 

DNA due to its simplicity, specificity and sensitivity (Asensio et al. 2009). Some 

examples of PCR based techniques are: sequencing of PCR products based on DNA, 

restriction digestion of PCR products, species-specific PCR primers, single strand 

conformational polymorphism analysis and random amplified polymorphic DNA 

(RAPD) analysis. A more detailed description of these and other techniques can be 

found elsewhere (e.g. Lockley & Bardsley 2000; Asensio Gil 2007). Both nuclear and 

mitochondrial DNA are available in cells. Mitochondrial DNA has several advantages 

over nuclear DNA, mainly due to its higher abundance, mutation rate and number of 

copies inside the cell (Mackie et al. 2000). Nevertheless Ferguson et al (1995) stated 

that nuclear markers may be useful for species discrimination because of the existence 

of introns of different sizes which allow the amplification of species-specific DNA 

fragments.  The 5S rDNA forms a multigene family of tandem arrays with a highly 

conserved region of 120 bp and a non-transcribed spacer (NTS) that evolves more 

rapidly, this makes it an interesting and widely used marker to discriminate several 

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

The present article deals with a reliable and fast protocol based on the comparison of 

two DNA extraction methodologies, and a simple PCR amplification method in order 

to properly detect or confirm the identity of D. trunculus in raw products. Actually the 

setting up of reproducible, fast, reliable and low cost techniques to identify shellfish 
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species used both as raw and processed matter in industry is an important goal for 

food safety and consumer rights protection.   

 

Material and methods 

 

Bivalve sampling 

The adult specimens (20 individuals of each species) were captured off Lota beach 

(N37º9’57.92’’, W7º30’36.79’’) South Portuguese coast, with a manual dredge in the 

case of Donax trunculus and by a bivalve dredge mounted onboard the research vessel 

NI Diplodus in the case of D. semistriatus, D. variegatus and D. vittatus. All 

specimens were taken alive to the laboratory and were identified by their 

morphological characteristics according to Macedo, Macedo, & Borges (1999) and 

Tebble (1966). For each species, the foot and adductor muscle were removed and 

preserved in 95% ethanol for posterior DNA extraction. 

 

DNA extraction 

Two DNA extraction methodologies were used on non processed tissue in order to 

compare extraction times, costs and feasibility and to establish the most appropriate 

method to use.  

 

Method 1 - bivalve specific extraction method 

A piece of adductor muscle of each sample (20 mg) was incubated with 400µl of lysis 

buffer (Fernandez-Tajes & Méndez 2007) and 2 µl of proteinase K at 65ºC for 2 

hours. Then 100µl of precipitation buffer were added and the suspension was 

vortexed vigorously for 30 seconds and centrifuged at 13000g for 7 minutes. 

Supernatant was dropped in an autoclaved 1.5µl tube and 500µl of isopropanol were 

added and centrifuged once more at 13000g for 7 minutes. After isopropanol removal, 

1ml of 70% ETOH was added and the suspension was centrifuged at 13000g for 7 
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minutes. After ETOH removal, the content of tubes was dried at room temperature 

and resuspended. 

 

Method 2 – Chelex 100 ™ (Bio-Rad- Barcelona - Spain) resin based method 

To each sample (2mm3 of adductor muscle), 100 µl of a previous prepared Chelex 

100™ solution (1g Chelex 100™ for 10 ml milliq water) was added, followed by a 

vigorous stirring, after which the sample was placed into a thermalcycler for 20 

minutes at 100ºC. After being centrifuged for 1 minute, the supernatant was 

transferred to an autoclaved tube.  

 

Primer design and PCR amplification  

In this study a set of primers designed by Fernandez-Tajes & Méndez (2007) for 

amplifying the 5S rDNA gene was used. These primers were successfully used by the 

same authors in differentiating Ensis 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 assessed. PCR amplification was 

carried out in a final volume of 25µl containing 15 ng of genomic DNA, 0.24µM of 

each dNTP, 2mM of MgCl2+, 1µM of each primer, 0.625 U of Taq polymerase 

(Roche Applied Science, Barcelona, Spain) and the buffer recommended by the 

polymerase suppliers. The amplification process was performed using a Gene Cycler 

thermal cycler (BIO-RAD – Barcelona - Spain) and consisted in an initial 

denaturation step of 2 minutes at 95 ºC, 35 cycles with a denaturation step at 95ºc for 

30 seconds, an annealing step at 55ºC for 30 seconds and an extension step for 1 

minute at 72ºC, and a final extension step at 72ºC for 5 minutes. The length of 

fragments was determined by comparison with Step Ladder 50-750bp marker from 

RocheTM after electrophoresis in a 3% agarose gel. Gel were stained by immersion in 

0.5 µg/ml ethidium bromide solution for 30 minutes, visualized and 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 successfully achieved with both 

methodologies. In the case of the bivalve specific extraction method, six reagents and 

five major steps were used. This method took about two and a half hours to obtain 

DNA from the tissue (without the overnight resuspension step). The method based on 

Chelex 100™ resin used two reagents and consists of three major intermediary steps. 

With this method the extraction process was concluded in only half an hour and the 

samples were ready for PCR amplification. Even though we kept the DNA extractions 

in the second method at 4ºC, it was observed that after a month, successful PCR 

amplifications became more difficult or even impossible to obtain.  

The amplification of the 5S rDNA was successfully obtained with both DNA 

extraction techniques and for the four Donax species (Figure 3.1). Length was about 

275-300 bp for D. trunculus fragments, about 450bp for D. variegatus and around 500 

bp for fragments obtained from the other two Donax species.  

 

Figure 3.1. Image of 3% agarose gel electrophoresis of amplicons from different 
Donax species after staining with 0.5µg/ml ethidium bromide. XIII – step ladder 50-
750 bp. 
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Discussion 

Designing a proper method that could be easily implemented by state or private 

entities that deal with food safety and consumer rights are fundamental to dispel or 

confirm suspicions about mislabeled food and to ensure that consumers do not incur 

economic fraud. In the present study, two methodologies were used to extract DNA to 

be used to discriminate D. trunculus from other three Donax species (with lower 

commercial value) and both proved to be effective. However, differences were 

observed in the time needed to perform the extraction. Indeed, the method based on 

Chelex 100™ resin is much faster than the bivalve specific extraction method in 

obtaining proper DNA to be used in an amplification process. This resin has been 

used successfully for DNA extraction in the pacific oyster (Launey & Hedgecock 

2001; Aranishi & Okimoto 2006), arkshells and in pen shells (Steiner & Muller 

1996). Furthermore, this method requires less reagents and intermediary steps making 

it also cheaper and easy to apply. This makes the difference when a large number of 

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

The oligonucleotides used were designed from 5S rDNA region because this 

ribosomal gene has two main advantages for species identification: a highly 

conserved region (even among different taxa) and a more variable spacer that allows 

species-specific differentiation (Freire, Insua, & Mendez 2005). Although primers 

5SF and 5SR, which annealed in the coding region, are not specific to genus Donax 

these oligonucleotides are mollusc-specific and were previously used with success in 

the differentiation of species of the genus Ensis (Fernandez-Tajes & Méndez 2007). 

In the case of the genus Donax, despite successfully identifying D. trunculus and D. 

variegatus, this set of oligonucleotides were unsuitable for discriminating the other 

two Donax species, and therefore a set of specific oligonucleotides should be 

developed for this genus. Indeed, it was observed that 5S rDNA of D. vittatus, D. 

semistriatus presented a similar molecular weight (~500 bp) which hinders the 

authentication of these species.  

One of the main drawbacks using 5S rDNA for species identification is the 

organization of ribosomal genes in multiple tandem arrays. The intraspecific variation 

that could exist in the different repeats at individual level could give rise to possible 

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

inside and among individuals of the species (Dover, Coen, & Strachan 1982). 

Problems in using the above methodologies may arise if processed food is analyzed 

since heat and pressure processing may lead to DNA fragmentation reducing the 

sensitivity of the analysis. Hird et al (2006) subjected several samples of turkey meat 

to different processing conditions (baking, boiling, autoclaving and canning) and 

concluded that in general, when compared to DNA from raw samples, there was no 

differences in the amplification rates of DNA extracted from boiled or baked ones.  

Moreover these authors stated that amplification rates were not compromised for 

amplicons higher than 150 bp. Nevertheless, in the case of bivalves, 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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Abstract 

Methodologies dealing with bivalve larvae identification and quantification are a key 

step to improve the management of bivalve fishery. Currently, in the Algarve, the 

managing measures applied on this fishery are based only on the adult population 

ignoring the larval stage. Knowledge on larvae quantification along the Algarve coast 

is important to better understand recruitment variations in economically valuable 

species such as the wedge shell, Donax trunculus. Larvae quantification of a single 

species is a cumbersome task to perform manually and if several species are present 

in seawater samples, it is practically impossible to accomplish successfully. To solve 

the discrimination and quantification problem in D. trunculus larvae, we used a real 

time PCR methodology to determine the amount of larvae in seawater samples. We 

developed two sets of primers on ITS1 and COI regions and tested them in both adults 

and larvae of the four Donax species occurring along the Algarve coast, in order to 

verify that amplification was species specific. After tested successfully for specificity, 

developed primers were used to obtain Ct-values from samples with different amount 

of larvae. Our results showed a high efficiency in both amplified regions (ITS1 and 

COI), however, only ITS1 registered a high r2=0.9902 between Ct-values and the 

number of larvae, allowing us to predict the larvae abundance in water samples from 

the Ct-values obtained. During our experiment we found that high DNA concentration 

due to the large amount of larvae in samples as well as the phytoplankton presence in 

seawater samples have an inhibitory effect in Real-time PCR reactions and should be 

further studied in future works. The variability in DNA concentration revealed in 

samples with same amount of larvae and the difference in size of larvae within each 

sample led us to develop Ct-values intervals enabling us to assign the Ct-value 

obtained from blind-test samples to the respective larvae abundance interval, 

obtaining the general amount of larvae. We demonstrated that a Real-time PCR 

method may successfully quantify Donax trunculus larvae from water samples 

improving the information available for a better management of the resource.  
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Introduction 

Some bivalve species, due to their economical importance are subjected to a high 

demand and tend to be overfished. This overexploitation usually leads to the 

implementation of management measures to protect the resource from depletion. 

These protective measures must be based on data frequently collected along the life 

cycle of the species. Presently at the Algarve coast, the only data available about 

bivalve stock populations, is obtained by the Portuguese Institute for the Ocean and 

Atmosphere through monitoring bivalve surveys that are carried in a yearly basis (for 

further information on these surveys see Rufino et al., 2010). The results obtained 

through these surveys are extremely important since it allows to adjust daily quotas to 

the conservation status of the stocks. Currently, these measures are based on juveniles 

and mostly on adults, ignoring the larval stages and limiting the scientific and/or 

management questions that could be addressed if such data was available (Garland & 

Zimmer 2002). With data on larval distribution of a target species, it would be 

possible to understand recruitment variations (Mann 1988; Weinberg 1999; Garland 

& Zimmer 2002) and predict population demographic patterns of a species (Morgan 

& Rogers 2001; Livi et al. 2006), being therefore an important tool aiding the 

management of the resources (Morgan & Rogers 2001; Vadopalas et al. 2006).  

Regardless the importance in understanding the causes affecting recruitment in 

bivalves, the problems in obtaining field data on a large scale usually leads to a 

scarcity or total absence of information (Hare, Palumbi, & Butman 2000). Usually 

studies on planktonic larval distribution are limited by the difficulty in obtaining large 

number of samples with adequate spatial and temporal coverage and their subsequent 

analysis in due time, because of the large amount of samples generated (Levin 1990; 

Garland & Zimmer 2002). The two main problems in this type of studies are the 

identification of the larvae species present in the samples and the quantification of the 

amount of larvae of the desired species present in those samples. 

Classically, bivalve larvae identification has been made based on morphological 

characteristics (Larsen et al. 2005) despite the particular difficulty in identifying 

bivalve larvae trough their morphological traits using a light microscope (Hare, 

Palumbi, & Butman 2000). This can be rather laborious, time consuming and costly, 

since specialized personnel is needed and the identification of a single individual 
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sometimes requires a great deal of training, experience and dedication and usually 

requires a long time to process (Pan et al. 2008). Independent of the degree of such 

expertise, the phenotypic variability caused by environmental factors also increases 

the uncertainty in the identification of many species (Pan et al. 2008) with most cases 

ending with larvae only identified to larger taxa and not to the species level (Bell & 

Grassle 1998). Many of the youngest larval stages in bivalves (frequently the most 

abundant invertebrate larvae in coastal samples) are so similar in appearance during 

their early development that they cannot be identified to the species by using gross 

morphological criteria alone (Loosanoff, Davis, & Chanley 1966; Garland & Zimmer 

2002).  

 

Also problematic is the quantification of the larva, with two main problems hindering 

studies on this subject. First, counting larvae manually is a cumbersome task when 

hundreds or thousands of larvae are present in each sample and therefore extremely 

time consuming. Studies dealing with dozens of samples, each one with dozens or 

hundreds of larvae are not realistically feasible. This leads us to the second problem, 

different species of bivalve and other meroplanktonic organisms may be present in 

each sample, and as mentioned above, discriminating them visually is unpractical. 

Some interesting work has been done in discriminating visually bivalve larvae from 

other organisms with polarized light such as the larvae of zebra mussel (Johnson 

1995). Notwithstanding, no real discrimination was actually made between this 

species and other bivalve species presented in the samples but rather between bivalve 

larvae and debris. Also machine learning and image analysis have been used (Tiwari 

& Gallager 2003; Thompson, Hare, & Gallager 2012) with some degree of 

correctness discriminating species using multiscale texture and color invariants in 

prepared sample tests. Nevertheless when applied to samples collected from the 

environment the results are still poor.  

To solve the discriminating problem in bivalve larvae, scientists have turned to 

several solutions in order to identify and quantify larval species in samples. The 

majority of those solutions use molecular methods for identifying bivalve larvae to 

species, thereby alleviating some of the ambiguity or subjectivity of traditional 

morphology-based taxonomy and eventually expediting sample-processing (Garland 



73 
 

& Zimmer 2002). Molecular methodologies have been used successfully to identify 

visually indistinguishable early stage in gadoid eggs (Taylor et al. 2002; Fox et al. 

2005), to estimate the abundance of diatoms and dinoflagelates (Hosoi-Tanabe & 

Sako 2005; Godhe et al. 2008) and in the quantification and identification of algae in 

copepod stomachs content (Troedsson et al. 2008). Polymerase chain reaction (PCR) 

has been the most robust reliable and versatile methodology used, although numerous 

technical challenges, and development of these approaches require extensive 

optimization and empirical testing before they can be routinely applied (Larsen et al. 

2005).  

Several species of marine invertebrates with planktonic larvae have been tested, using 

real time PCR methodologies: the abalone (Haliotis kamtschatkana), in which larvae 

were quantified using mitochondrial DNA marker cytochrome oxidase I (Vadopalas 

et al. 2006), the manila clam (Ruditapes philipinarum) (Quinteiro et al. 2011), the 

crustaceans larvae from Liocarcinus depurator, Necora puber, Carcinus maenas and 

Cancer pagurus using taqman® probes designed in the cytochrome oxidase I (Pan et 

al. 2008), some barnacle species from the Japanese coast (Endo et al. 2010) and the 

King crab Paralithodes camtschaticus were quantified via primer development and 

dual labeled probe for use in real-time PCR assay (Jensen et al. 2012). The use of 

fluorescence in situ hybridization using species specific DNA probes in marine 

bivalves was also performed by Heaney et al. (2011). Polychaets from genus Osedax 

and Ophelia as well as barnacles from the genus Balanus have also been tested with 

rRNA targeted sandwich hybridization assay (SHA) using oligonucleotides probes to 

detect and enumerate the larva (Jones et al. 2008). 

Although widely use, real time PCR may be problematic with larvae that largely 

increase cell numbers as they grow. Since the real time PCR essentially count 

genomes, the counts of these organisms will be biased as they grow, unless standard 

curves are derived from larvae containing a similar number of cells as the unknown 

samples or standard curves are derived for earlier and later stages in larval 

development (Vadopalas et al. 2006).  

The wedge shell, Donax trunculus is an economical important species in the Algarve, 

and although knowledge on adult population is retrieved every year, there is a 

tremendous lack on information on larval abundance and distribution of this species 
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in the Algarve coast. Aside from D. trunculus, only three more species of this genus 

are found along the Algarve coast (D. vittatus, D. variegatus and D. semistriatus). 

This species is perfect to test if a real time PCR methodology can be used to identify 

and quantify larvae since there is no information on its larval abundance and 

distributions and there is an easy access to the stock population.  In our study we 

intended to develop a real-time PCR assay in order to routinely and accurately 

identify and quantify larvae from the wedge shell Donax trunculus from unsorted 

plankton samples. The success in discriminating and quantifying larvae in samples 

gathered from the Algarve coast is an important step to improve the management of 

this fishery. Moreover, this methodology could be easily transferred to other bivalve 

or invertebrate species with planktonic larval stages after species specific primers are 

developed and tested. 

 

Material and methods 

 

Larvae samples 

Larvae of D. trunculus were obtained from adults previously captured at Lota beach 

(7°30′32.21″W, 37°9′56.33″N) in the Algarve coast, western Portugal. The captures 

were made at low tide, during the morning and using a bivalve hand dredge similar to 

the ones used by local harvesters. After captured, the specimens were taken to the 

laboratory facilities and placed in three previous prepared nurseries. Spawning 

occurred overnight and eggs were collected and placed for 24 hours in 50 l tanks until 

hatched into D-larvae. Larvae were collected and aggregated in groups (1, 10, 50, 

100, 250, 500, 1000, 5000) and preserved in 96% ethanol. The remaining larvae were 

allowed to achieve umbunate state after which were collected, preserved in 96% 

ethanol and grouped (1, 10, 50, 100, 250, 500, 1000, 5000) for further use. 

  

Extraction of template DNA from the larvae 

Larvae DNA was extracted according the methodology used by Taris et al. (2005) 

with an additional first step, where samples were centrifuged at 12000 rpm, in order 
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The sequences obtained were used for designing primers species-specific suitable for 

qPCR-RT analysis (Table 3.1). Briefly, nucleotide sequences were aligned using 

ClustalX software (Thompson et al. 1997), and edited with GeneDoc software 

(Nicholas, Nicholas, & Deerfield 1997). Interspecific differences found at ITS1 and 

COI regions of Donax species were employed for designing reverse species-specific 

primers using the Primer3 software (Rozen & Skaletzky 2000). The obtained ITS1 

and COI primers were tested in adults and larvae of the four Donax species to verify 

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

undertaken to test in-silico for possible cross amplifications. 

 

PCR amplifications 

Primers were used in PCR amplification both with a final volume of 25µl containing 

15 ng of genomic DNA, 0.24µM of each dNTP, 2mM of MgCl2+, 1µM of each 

primer, 0.625 U of Taq polymerase (Roche Applied Science, Barcelona, Spain) and 

the buffer recommended by the polymerase suppliers. PCR fragment amplifications 

were performed using a Gene Cycler thermal cycler (BIO- RAD – Barcelona - Spain). 

For ITS1 it consisted of an initial denaturation step of 5 minutes at 95 ºC, 40 cycles 

with a denaturation step at 94ºc for 20 seconds, an annealing step at 56ºC for 20 

seconds and an extension step for 1 minute at 72ºC, and a final extension step at 72ºC 

for 5 minutes. In the case of, COI PCR fragment amplifications consisted of an initial 

denaturation step of 3 minutes at 94 ºC, 34 cycles with a denaturation step at 94ºc for 

45 seconds, an annealing step at 60ºC for 45 seconds and an extension step for 45 

seconds at 72ºC, and a final extension step at 72ºC for 3 minutes. PCR products were 

migrated using a 2% agarose gel. Gels were stained by immersion in 0.5 µg/ml 

ethidium bromide solution for 30 minutes, visualized and recorded on a 

transilluminator (Gel Doc XR Systems, Bio-Rad, Barcelona, Spain).  
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with 0.1; 1; 5; 10; 50; 100; 250 and 500 larvae were tested and Ct-values and larvae 

abundances fell successfully into the ranges described in Table 3.4.  

 

Discussion 

Methodologies dealing with larvae identification and quantification are most desired 

since monitoring the amount of larvae available and the determination of their 

available on the water is a key step to improve the management of the fisheries, 

Although some authors have used real-time PCR methods to accomplished 

quantification of larvae on marine invertebrate species such as Haliotis 

kamtschatkana (Vadopalas et al. 2006); Liocarcinus depurator (Pan et al. 2008); 

Paralithodes camtschaticus (Jensen et al. 2012) and several barnacles species (Endo 

et al. 2010), in bivalves the use of these methodologies is scarce  (Ruditapes 

philippinarum, Quinteiro et al., 2011).   

In our study we used a real time PCR methodology based on SYBR green assay to 

determine the amount of larvae in seawater samples. The PCR methodologies 

developed for larval quantification have to overcome two critical elements: first, 

reactions that produce no species specific product because of an absence of target 

DNA must be distinguished from failure of the overall enzymatic reaction (Hare, 

Palumbi, & Butman 2000). We accomplished that by including positive control 

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

simple and inexpensive to be applied in a large amount of samples even from 

preserved samples stored for several years in order to be considered for large scale 

use (Larsen et al. 2005).  

We demonstrate that the development of such methodology may take some time in 

order to achieve the specificity required and to build the linear relation between the 

Ct-value and larvae abundance. Nevertheless, when is fully operational, its 

implementation is fairly easy and allow treating a high number of samples (ranging 

from 48 to 386 including replicates and controls) at the same time. Another important 

aspect of real-time PCR for larval quantification is to choose an appropriate DNA 

molecular marker. This marker has to be specific for the tag species and reliable. In 

our approach, a nuclear region (ITS1) and a mitochondrial one (COI) were selected. 
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By making use of interspecific variation at the ITS1 and COI loci we designed two 

sets of species-specific primers capable of distinguish the wedge shell species from 

the other three Donax species present in the Algarve coast. The next step was to 

establish the linear regression between the Ct-values and the amount of larvae for 

each region amplified. The Ct-value will depend on the amount of DNA available in 

the initial template and this is related to the initial amount of larvae in the samples. 

One problem is that while lecitotrophic larvae typically exhibit less daily growth than 

planktotrophic larvae and may have only a minor increase in cell number during their 

planktonic phase (Havenhand & Todd 1988) they also tend to have short planktonic 

phases such as in the case of Haliotis kamtschatkana with only one week as 

planktonic before become benthic (Sloan & Breen 1988). The opposite is observed in 

the wedge shell, a planktothrophic species with a one month planktonic phase that 

develop feeding structures allowing them to feed and grow larger.  

Since the aim of a quantification methodology is their practicability and celerity, a 

previous size sorting would delay all the process and become unrealistic. To 

overcome this problem we use a mixture of D-shape and umbonated larvae. Our 

results showed a high efficiency in both amplified regions, However, only ITS1 

registered a high r2=0.9902 between Ct and number of larvae allowing us to predict 

their abundance in water samples from the Ct-values obtained. The poor correlation 

obtained for COI (r2=0.0195) discarded the usefulness of this region for larvae 

quantification. 

With the linearity determined, the blind tests were only undertaken using the ITS1 

region. The variability in DNA concentration revealed in samples with same amount 

of larvae and the difference in size of larvae within each sample was reflected in Ct-

value variability among replicas. This fact leads us to develop Ct-values intervals as 

presented in Table 3.4. By using these intervals we were able to assign the Ct-value 

from blind-test samples to the respective interval and know the general amount of 

larvae. Cycle threshold ranges was already used to quantify Liocarcinus depurator 

larvae in water samples by Pan et al. (2008) although with different Ct-values 

intervals than ours.  

It should be mentioned that we did find that in samples with a number of larvae above 

1000 Ct-values were extremely variable and most of the times a failure on the PCR 
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reaction was observed. The inhibitory effect of a high DNA concentration seems to be 

the most plausible explanation for this observation. Similar results were also reported 

in samples with high number of manila clam larvae by Quinteiro et al. (2011). 

Another problem is related to the inhibitory effect that phytoplankton has when mixed 

with larvae samples prior DNA extraction. This inhibition may not only result in a 

reaction failure, but also in reaction delays that may give false or negative Ct-values 

estimates of initial template quantity (Vadopalas et al. 2006).   

Overall, the Real-time PCR method base on SYBR green assay developed in this 

work revealed that it is possible to correctly quantify larvae of Donax trunculus in 

water samples using the nuclear region ITS1. The described procedure is relatively 

fast with no post-manipulation after the Ct-values have been obtained and does not 

require an exhaustive experience in bivalve identification. However, there are some 

issues that should be addressed in further studies in order to increase the methodology 

efficiency. The extraction protocol should be improved or replaced by other protocols 

more effective in reducing DNA concentration variability in samples. Since high 

concentrations of DNA may inhibit PCR reaction we recommend using dilutions, 

avoiding large larvae concentrations. Also the inhibitory effect that phytoplankton 

causes in the PCR reactions should be addressed and solved, either by dilution, by 

removal before DNA extraction or by using a reaction promoter such as UDG.   

As a conclusion we can say that for the first time a PCR-based methodology that 

allows obtaining information on wedge shell larvae abundance along the Algarve 

coast is available and their use could allow using this information as an aid to the 

traditional stock assessment measures and other larvae dynamic studies. 
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Abstract 

Noticeable changes in global temperatures, climate and ocean carbon chemistry are 

the result of carbon dioxide increase in the atmosphere. This increase has been 

mitigated by the oceans capacity to absorb 25 to 26% of the carbon dioxide in the 

atmosphere although this  intake affects oceans carbonate chemistry. The 

detrimental effect of acidification in the development and shell formation in several 

bivalve species have been studied, although no information is available on the wedge 

shell Donax trunculus, a most gastronomically appreciated species and an important 

economical resource to the Algarve region. We evaluated the effect of pCO2 increase 

on hatching and early life stages of Donax trunculus considering the two ocean 

acidification scenarios predicted by the IPCC. Our results showed that the hatching 

rate was negatively affected in the extreme scenario (∆pH=-0.6) and a delay in 

hatching into D-larvae was registered with some trochophore larvae found in day 5 

and day 9 of the experiment. Our results suggests that ∆pH=-0.6 acidified treatment 

produce more abnormal larvae than the ∆pH=-0.3 and ∆pH=-0.0 treatment. Also 

veligers under acidified treatments grow larger than veligers in ∆pH=-0.0 suggesting 

that wedge shell larvae under acidified conditions invested in growth, maybe to better 

resist the adverse environment since smaller larvae cannot feed as well as larger or 

due higher mortality occurring in the acidified treatments that may leave more food 

available to favoring growth. This was a first insight of the detrimental effects of 

 increase in the wedge shell larvae according the predicted scenarios for the next 

centuries.  

 

 

 

  



89 
 

Introduction 

With the beginning of the industrial revolution 250 years ago, human activity has 

been responsible for a concentration increase in atmosphere carbon dioxide ( ) 

(Meehl et al. 2007). This increase, according to Intergovernmental Panel on Climate 

Change (IPCC) is unequivocally accepted as causing global climate changes, 

affecting average air and ocean temperatures, causing not only a widespread melting 

of snow and ice and rising of average sea level but also noticeable changes in global 

temperatures, climate and ocean carbon chemistry  (Raven et al. 2005).   

Oceans have an important role mitigating the effects of carbon dioxide, since they are 

responsible for absorbing 25 to 26% of the total global emissions without which the 

values would be 55% higher than the presently observed (Sabine et al. 2004; Fabry et 

al. 2008; Feely, Doney, & Cooley 2009). Of course this oceanic uptake of also 

affect the oceans, changing the carbonate chemistry of seawater altered by the 

dissolution of anthropogenic , increasing the concentration of hydrogen () and 

bicarbonate ( ) and reducing the carbonate ion ( ) saturation, and pH (Feely 

et al. 2004; Orr et al. 2005). Estimations based on IPCC emissions scenarios indicate 

that pH will decline 0.3 to 0.5 units during the 21st century, and if there is an 

unrestricted burning of fossil fuels, an extreme scenario with a reduction of 0.7 units 

will occur until 24th century (Caldeira & Wickett 2003).  

Carbonate chemistry in the seawater is extremely important to the mineral formation 

of calcium carbonate ( ), a structural element of shells and skeleton of marine 

calcifying organisms (Fabry et al. 2008). These organisms are seen as the most 

threatened since their ability to produce calcareous structures is expected to be 

directly affected by the seawater carbonate chemistry (Broecker & Takahashi 1966; 

Orr et al. 2005). Moreover, bivalves are most likely to be the organisms to have their 

calcification rates compromise over other organisms if IPCC predicted scenarios 

occur (Hendriks, Duarte, & Álvarez 2010). Indeed, of all marine calcifiers predicted 

to be affected by the ocean acidification (OA), bivalves are of most concern due to 

their important role in marine and coastal ecosystems, the contribution to the 

inorganic carbon cycle as carbonate producers and for being a link between the 

primary productivity and the upper trophic levels (Range et al. 2011; Barros et al. 

2013). Moreover, in many coastal areas, bivalves are economical important resources 
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for fisheries and aquaculture and the potential for significant economical and 

ecological impacts arising from the effects of OA on bivalves stocks could be of 

utmost importance, reason why the need of further experiments has been recognized 

(Cooley et al. 2012). 

In bivalves, the process of shell segregation and mineralization initiates in the first 

hours after hatching, during the trocophora stage (Weiss et al. 2002) from the 

invagination of specialized ectotermic cell that form the shell gland and mantle and 

the remaining outer cells producing the outer layer of the shell, the periostracum 

(McConnaughey & Gillikin 2008). Unlike the shells of adult bivalves, that are built of 

calcite, aragonite or both, structured in several layers, the shells of all larvae contain 

aragonite (Weiss et al. 2002), the most soluble form of  (Barros et al. 2013). 

The detrimental effect of acidification in the development and shell formation in 

several species of bivalves have been studied, such as in the genus Mytilus (Gazeau et 

al. 2007; Rodolfo-Metalpa et al. 2011; Fernández-Reiriz et al. 2012; Range et al. 

2012; Hiebenthal et al. 2012), Ruditapes decussatus (Range et al. 2011), Crassostrea 

virginica and Mercenaria mercenaria (Matoo et al. 2013; Ivanina et al. 2013), 

Arctica islandica (Hiebenthal et al. 2012) and Macoma balthica (Jansson, Norkko, & 

Norkko 2013). 

The species targeted in the present study, the wedge shell Donax trunculus, has 

becoming increasingly important in Portugal and other southern European countries 

such as Italy and Spain (Ruiz-Azcona, Rodriguez-Sierra, & Martin 1996). It is most 

appreciated gastronomically and is a source of income not only to the fishermen 

involved in the bivalve fishery but also to a network of secondary activities that 

depend on this fishery. The disappearance of such economical resource would be 

tragic for the sector, as a result studying the effects of ocean acidification in early-life 

stages of the wedge shell is essential to predict not only future consequences on the 

ecosystem but also to inform the industry on the problems that may arise, alloying to 

timely adapt. The present study aims at evaluating, for the first time, the effect of 

pCO2 increase on hatching and early life stages of Donax trunculus.  
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 Material and methods 

 

Rearing system 

The rearing system was installed in the experimental bivalve hatchery Portuguese 

Institute for the Ocean and Atmosphere (IPMA) in Tavira, Southern Portugal 

(37°7′17.73″N, 7°37′12.19″W). Seawater was pumped from the Ria Formosa lagoon, 

sand filtered and stored in a 200 000 l concrete reservoir. Before entering the rearing 

system, it was aerated during 2-3 days in a 2000 l fiber glass tank before being 

transferred to the 250 l header tanks. Each pH level had a separate header tank (250 l) 

and pump, connected to the experimental 20 l plastic tanks by a loop of PVC tube. A 

flow through system was used to minimize the interference from metabolic waste 

products of the organisms. Seawater flow in the tanks was regulated manually to 6 L 

h-1, allowing the excess water to overflow so that the total volume in each tank was 

totally exchanged every 3 hours. Cleaning of tanks and sieves (40 µm mesh) were 

done whenever the tanks were emptied for larvae counting and observations. 

 

Experimental design 

Three levels of pH were applied, each with 3 replicate tanks: the control pH 

(∆pH=0.0) and two manipulated pH levels (∆pH=-0.3 and ∆pH=-0.6). The pH of 

seawater in the acidified treatments was adjusted to the predetermined set-points by 

diffusing pure gaseous into closed reactors (Aqua Medic-reactor 1000), installed 

before the headertanks. The flux of gas from the  to the reactors was controlled 

using a pH-stat system (Aqua Medic AT control), by adjusting a solenoid valve when 

deviation from the pH predetermined setting points exceeded ± 0.005 pH units. 

 

Determinations of variables in seawater 

Temperature (T), salinity (S) and pH were monitored continuously in each of the nine 

tanks during the course of the experiment, using dedicated electrodes and the data 

logger function of the controller. The automatics readings were validated by weekly 
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manual determinations with an YSI Pro Plus multiprobe, standardized against Tris 

seawater buffers (ionic strength of 0.7M). All pH readings are expressed in the total 

scale (pHT). Salinity readings were calibrated with an AutoSal salinometer using 

IAPSO standard seawater.  

 

Bioassay 

Eggs from wedge shell were obtained from broodstock taken at Lota Beach 

(7°30′32.21″W, 37°9′56.33″N; Southern Portugal) in 9/05/2012 and placed in a 

rearing system to spawn overnight. After collection, the fertilized eggs were counted 

and 1,000,000 eggs were transferred to each replicate tank filled with seawater at 

natural pH. The larvae were fed with Isochrysis aff. galbana (T-ISO) through a 

continuous-flow system at a concentration of 50 to 100 cells µL-1. During the 

subsequent hours seawater in the tanks was gradually replaced to achieve the planned 

pH levels. Every 48 hours all replicates tanks were emptied for counts of trochofore 

larvae, normal and abnormal veligers until no specimens were found alive in the 

treatments, ending the experiment.  

At each sampling day, one hundred larvae from each replicate were conserved in a 

4% formaldehyde solution to evaluate shell growth. Photomicrographs were taken to 

measure shell diameter and area and to evaluate the morphology and shell 

abnormalities. Abnormal shells were classified according three shell abnormalities: 

convex hinge, valve inequality and shell protuberances.  

 

Image processing and analysis of the larvae 

Image processing and analysis was done using the program ImageJ. The first step was 

converting all the images to an 8-bits TIFF format to reduce memory requirements 

and allow images to be opened in stacks, enabling to work with multiple images at the 

same time. These stacks were subsequently converted to 8-bits greyscale and a 

Despeckle filter applied to remove noise. This is a median filter that replaces each 

pixel with the median value in its 3x3 neighborhood. The stacks were converted to 
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Binary images with an automatic threshold operation and the spatial calibration 

(5.961 pixels.µm-1) was defined from a reference image of a cell counter grid. The 

Set Measurements command was used to define the variables to measure: area, shape 

descriptors, perimeter and Feret´s diameter. Finally, measurements were done using 

the Analyze particles command, with boundaries defined for particule size (500-8000 

µm2) and circularity (0.2-1.0), to exclude particles other than bivalve larvae.  

 

Statistical analysis 

Differences in hatching rate, mortality and growth were tested with analysis of 

variance (ANOVA). For multiple pairwise comparisons among means the post-hoc 

SNK test was used. For all test, differences were considered significant at p<0.05. All 

statistical tests were performed on Sigmaplot© software. 

 

Results 

The experiment was terminated after day 9 due to the high mortality registered. The 

seawater carbonate chemistry variables registered for the three treatments are 

presented in Table 4.1.  

The hatching rate success was higher in the control treatment (CT) with 34.1%±11.7 

decreasing in ∆pH=-0.3 (19.9%±7.6) and even more in ∆pH=-0.6 (10.4%±5.5) 

(Figure 4.1). Statistical differences were found only between CT treatment and the 

most extreme treatment ∆pH=-0.6 (ANOVA, F=6.2, df=2, p=0.035; SNK, q=5.0, 

p<0.05). In day 2 of the experiment a large amount of larvae were still in trocophore 

stage in all treatments and therefore no statistical differences were found among them. 

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

∆pH=-0.6 13.0%±3.8 of the larvae were still in the trocophore stage.  
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the CT treatment and the ∆pH=-0.3 and ∆pH=-0.6 were found (ANOVA, F=11.1, 

df=2, p=0.01; SNK, q=4.3, p<0.05 and SNK, q=6.6, p<0.05 respectively) and in day 5 

differences between the CT and both ∆pH=-0.3 and ∆pH=-0.6 were registered 

(ANOVA, F=30.8, df=2, p<0.001; SNK, q=9.9, p<0.05 and, q=9.2, p<0.05 

respectively). No differences were found among treatments in days 7 and 9 (Figure 

4.2). 

 

Figure 4.3 – Larvae of Donax trunculus (a – trochophore; b – normal D-larvae; c – 
abnormal D-larvae with unequal valves; d – abnormal D-larvae with convex hinge; e 
– abnormal D-larvae with shell protuberances; f – abnormal D-larvae with mantle 
protuberant) (bars displayed = 10µm length). 

 

The amount of abnormal veligers (Figure 4.3) also decreased along the experiment 

but with a higher amount of abnormal veligers in the ∆pH=-0.3 treatment and even 

higher in the more acidified treatment ∆pH=-0.6. Notwithstanding, no statistical 

differences were found among treatments in any day of the experiment (Figure 4.2). 
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Discussion 

The projections for global ocean acidification indicate that this process will continue 

in this century, affecting coastal ecosystems more vulnerable to increase 

(Talmage & Gobler 2011), in particular bivalve larvae, which are more sensitive to 

low pH and future acidification than other organism groups (Fabry et al. 2008). The 

knowledge on the effects of ocean acidification in the development of bivalve larvae 

is still limited and the responses that each species may present in face of such effect 

are diverse.  

In natural conditions, after spawning occurs, the wedge shell eggs develop into 

trochophore in few hours and after a 24 hours period hatch into D-larvae. In our data 

we found that 48 hours after the beginning of the experiment, not all larvae hatched 

into D-larvae and trochophore were still present in all treatments. At this time, the HR 

success was lower than registered in previous experiments by the authors, although 

HR may oscillate greatly during spawning season, being intimate related to the 

energetic reserves available in eggs (Pereira et al. submited). Although a decrease in 

HR was observed in ∆pH=-0.3 and in ∆pH=-0.6 (figure 1), the statistical difference 

between the CT and the ∆pH=-0.6 treatment indicate that in an extreme scenario, the 

hatching rate success is negatively affected. Similar effects were registered  in 

Crassostrea gigas  (Kurihara, Kato, & Ishimatsu 2007; Barros et al. 2013), Mytillus 

galloprovincialis (Kurihara et al. 2009), Crassostrea virginica, Mercenaria 

mercenaria (Calabrese & Davis 1966) and in Macoma balthica (Van Colen et al. 

2012). Moreover, in this most extreme treatment, our data also shows a delay in 

hatching, since we still found trochophore larvae in day 5 and in day 9 (Figure 4.3). 

This delay implies that all structure development is also postponed, including the 

feeding structures that allow veligers to feed and get energy from the environment. 

Relying for a longer period on the reserves provided by genitors, may lead larvae to 

die if the energetic reserves do not suffice energetic needs. Since the main energetic 

source in the eggs of D. trunculus are 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 days of experiment. 

However, this decrease occurred more rapidly than we expected. In other species, a 

diverse total of experiment days were found, e.g. Crassostrea gigas – 6 days (Barros 
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et al. 2013); Ostrea edulis – 18 days (Bamber 1990); Macoma balthica - 19 days 

(Van Colen et al. 2012). The present experiment was ended after day 9 due the 100% 

mortality observed in all treatments. We believe that this rapid mortality is mainly due 

to the species biology rather than the acidification process. The wedge shell has a 

planktonic stage for about a month after which it settles. In previous experiments 

conducted by the authors, high mortalities were registered and maintaining larvae 

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

The differences registered in the amount of normal veligers in all treatments in days 2 

and 5 reveal the negative effect of a higher  in the first days of life. This general 

decrease observed in all treatments is normal in marine invertebrates, that have a 

natural high mortality in early life stages (Pedersen et al. 2008) although as suggested 

by Jansson, Norkko & Norkko (2013) even a slight change in survivorship may have 

long-lasting consequences. 

The extreme acidified treatment seems to produce more abnormal larvae than the 

medium and CT treatment although we found no statistical difference. However the 

negative impact that  increase have in calcifying stages in benthic mollusks was 

demonstrated by Fabry et al (2008) and found to produce shell abnormalities such as 

indented shell margins (Crassostrea gigas) (Kurihara, Kato, & Ishimatsu 2007) and 

convex hinge and protuberating mantle (Macoma balthica, Saccostrea glomerata, 

Crassostrea gigas) (Parker, Ross, & O’Connor 2010; Van Colen et al. 2012)  

The image analyzes in day 5, revealed that the initial diameter in the acidified 

treatments was higher than the observed in CT, which was not expected to occur. 

Similar growth increments under ∆pH=-0.5 was reported in Mytillus edulis, although 

the author has attributed such increments to random variation (Berge et al. 2006). 

Nevertheless our data does not agree with the general pattern of inhibition/decrease in 

shell growth registered in larvae from a variety of species such as Macoma balthica, 

Crassostrea gigas, Crassostrea virginica, Mytilus galloprovincialis, Mercenaria 

mercenaria and Argopecten irradians when exposed to pH treatments between 7.4 

and 7.8 (Kurihara et al. 2009; Talmage & Gobler 2011; Van Colen et al. 2012; 

Jansson, Norkko, & Norkko 2013; White et al. 2013; Barros et al. 2013). However in 

day 9 this difference cease to exist and the diameter among all treatments did not 

differ significantly. It seems that in first days under acidified treatment, the wedge 
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shell larvae invested in growth, maybe to better resist the adverse environment since 

smaller larvae cannot feed as well as larger and therefore are more susceptible to 

starvation (Hart & Strathann 1995; Kurihara, Kato, & Ishimatsu 2007). Moreover, 

higher mortality occurring in the acidified treatments may have benefited the 

remaining individuals with more food availability, favoring growth. This food 

availability effect may outweighed  effect as observed by Thomsen et al (2013) 

in Mytilus edulis larvae where growth was primarily dependent on food supply rather 

than  increase. This increase in growth registered in the first days may potentiate 

survival in later post-larva stages (Bonsdorff, Norkko, & Boström 1995).  

Our experiment is a first step to understand the effects of acidification in the wedge 

shell. It is important to notice that scenarios predicted by IPCC are long term 

scenarios that will occur in a century timeframe and some of these detrimental effects 

may be attenuated by the capacity of the organisms to acclimate or adapt to elevated 

 over that period (Parker et al. 2012). The effect of ocean acidification should be 

considered as a serious threat to economically important resources for local economy, 

such as the wedge shell is. As demonstrated by our results, higher  has a 

detrimental effect on wedge shell larvae survival in both acidified treatments and a 

negative impact in hatching success and hatching delay in the most acidified one. 

The delay in the hatching could prolong the planktonic phase of later spawned larvae 

(late July) beyond September, when the hydrodynamics in the Algarve coast (south 

Portugal) increases washing larvae offshore from suitable sediment to settle. This may 

impact severely wedge shell populations since the population dynamic is largely 

dependent on settlement and recruitment success of post-larvae (Pedersen et al. 2008). 

This is a first insight on the effect of the  increase in Donax trunculus early life 

stage, further studies should be also made on the effect of  increase in shell 

formation and structure.    
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Chapter V: General conclusions 

The present work aimed at improving the knowledge on the planktonic phase of the 

wedge shell, filling the gap currently existing on the information about Donax 

trunculus larvae in the Algarve coast. The main goal was to develop tools and 

methodologies that could be used to help predict possible recruitment failures earlier 

than it is done presently. The tools and information here obtained are not meant to be 

used as standalone tools neither to replace traditional stock assessment 

methodologies, but as an important complement to the annual information on  adult 

population presently obtained by IPMA, contributing to the understand of earlier life 

stages of the wedge shell.  

This study focused on the spawning season, a critical period of the life cycle of the 

wedge shell. The information obtained and presented in chapter two is the result of 

data collection in three spawning season’s (2009, 2010 and 2011).  This period was 

chosen due to the necessity of collecting broodstock specimens ready to spawn as 

well as larvae from the broodstock and from the meroplankton.  

 The following up of the condition on broodstock prior spawning and later, the quality 

of the eggs and post hatched D-larvae was achieved. The condition index revealed to 

be an important indicator of the broodstock condition in this particular period, with 

odd events, such as the long periods of high SST registered in 2011, affecting the 

energetic reserves and therefore the condition of the broodstock. The wedge shell 

revealed to be sensitivity to the presence of phycotoxins that affect negatively the 

ready to spawn adults, delaying the spawning event. Despite the large spawning 

period that this species has, the delay in the spawning may reduce the availability of 

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

Monitoring the condition of the broodstock during the spawning season is an easy 

task with a low cost and effort, providing important information on the quality of the 

wedge shell during spawning. After spawning occurs, the fertilized eggs must rely on 

the energetic reserves provided by the progenitors to successfully hatch into D-larvae. 

Also in chapter two the quality of both eggs and larvae were studied and was 

demonstrated that eggs with less energetic reserves hatch less successfully into D-

shape and, in eggs and larvae, the total lipids are the main energetic source that allow 



105 
 

eggs to survive and hatch. Therefore it is important to monitor eggs quality to detect if 

hatching may be compromised affecting the amount of D-shape larvae availability. 

During this study it was found that the Total Lipids plus Carbohydrates to Protein 

Ratio may be used successfully to predict hatching success. This type of information 

is usually used in aquaculture to produce high value market bivalves but has not been 

previously used in bivalve stock management, being a first step into an earlier 

detection of future recruitment failure, complementing the presently used 

methodologies. Notwithstanding, further studies on larval survival should be 

conducted to understand how larvae quality is reflected in the survival rate through 

the entire planktonic phase until their metamorphose and settlement.   

After hatching, successful veligers of D. trunculus larvae will disperse along the 

coast, but only some will find suitable sediment to settle, grow and recruit into adult 

population. At the present, no information neither methodologies exist to monitor the 

abundance of wedge shell larvae on the water. Monitoring the wedge shell larvae 

along the coast could help perceive larvae abundances variations and relate the 

quantity of larvae to recruitment in the following year, therefore in chapter III, we 

developed a methodology that allowed us to obtain information on the quantity of 

larvae present in the water by using Real-time PCR. The quantification of larvae from 

a single species in meroplanktonic samples would be a great improvement in larvae 

dynamic studies, especially on large sets of samples. Moreover, this quantification 

should be practical to obtain and could be implemented at a low cost.  

Quantifying larva from meroplanktonic samples is only possible if the results 

obtained are promising and usable. The surveys currently held by IPMA are a great 

platform to collect data along the coast, with little increase in the time and effort of 

the survey. The results in chapter III showed that discriminating D. trunculus from the 

other Donax species present in the Algarve coast is possible and easy to achieve with 

an 5S primer developed and tested in the first part of this chapter. Nonetheless, it was 

necessary to obtain information on the quantity of larvae in the water column. New 

specific primers were design focusing on ITS-1 rDNA and COI mDNA regions and 

although discrimination was achieved successfully for these two regions, the standard 

curve linearity was only obtained with success for the ITS-1. Since we detected size 

variability in the larvae, we used Ct-values ranges, representing larvae abundances 
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intervals, thus avoiding the need of a previous triage of larvae according to their size, 

a step that would nullify the main purpose of this method: fast and easy to apply to 

samples collected from the environment. 

While larvae information is important to improve predictions on recruitment failure or 

success, and should be obtained annually with the information presently collected on 

adult population, some factors may slowly affect the development of larvae of the 

wedge shell. Such is the case of the ocean acidification; a slow process that according 

to IPCC predictions will not stop in the next decades. In chapter IV the two scenarios 

predicted by IPCC were simulated and their effect on larvae was assessed to 

understand how the increase in sea water may affect larvae development. It was 

evident that the most extreme scenario predicted (∆pH=-0.6) was the one most 

affecting the wedge shell larvae. This increase in the not only reduced the 

hatching rate success but also delayed it, revealing that trochopore larvae may be 

found up to 9 days after fecundation. Along with the reduction in hatching success 

and survival, acidification increases the amount of abnormal larvae. Further 

experiments on the structure of the shell of larvae under acidified conditions should 

be made, growing larvae in these scenarios until settlement in order to understand 

how shell structure and resistance is affected. The effect of ocean acidification should 

be considered a serious threat to economically important resources, such as the wedge 

shell. This is of utmost importance in future studies, in order to understand if the 

sector must adapt their capture methodologies and gears to maintain shell intact upon 

capture.  

The results obtained during this thesis revealed that it is possible and desirable to use 

information on larvae to improve the management and, in the future, timely predict 

possible recruitment failures of this important resource. The studies conducted 

allowed monitoring the condition of adults and larvae, their quantity and presence in 

the water column during the spawning season, easily and at low cost. The current 

surveys held by IPMA could be used as a platform to sample collection without extra 

cost providing access to the entire Algarve coast rapidly. It is important to group some 

information that is already available but disperse, such as the SST, phycotoxins and 

chlorophyll-a concentration. This thesis is a starting point to better understand how 

the planktonic phase may be reflected in the recruitment of the species and give the 
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bivalve fishing sector and decisions makers’ new tools to improve the management of 

this economical important resource. Further studies should be made on the later phase 

of the plankonic phase, in particular when metamorphose occurs and veligers became 

benthic pediveligers, initiating their life in the sediment. Also the quantification 

methodology should be improved to detect more accurately, the number of larvae.  To 

determine how the results obtained impact the adult population over time, further 

studies linking larvae data to adult population data should be implemented prior to 

management measures design. Data presented in this work is easily obtained, 

increasing substantially the information available on this species and should be 

considered in future survey programs on Donax trunculus.  
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