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Resumo 

A presente dissertação teve como objectivo principal o estudo das características 

morfológicas de oito das espécies mais importantes da família Sparidae, nomeadamente, 

a dourada, Sparus aurata Linnaeus 1758, o pargo, Pagrus pagrus (Linnaeus, 1758), o 

sargo, Diplodus sargus (Linnaeus, 1758), o sargo bicudo, Diplodus puntazzo (Cetti, 

1777), a ferreira, Lithognathus mormyrus (Linnaeus, 1758), o goraz, Pagellus 

hogaraveo (Brunnich, 1768), o pargo capatão, Dentex dentex (Linnaeus, 1758), e a 

choupa, Spondyliosoma cantharus (Linnaeus, 1758), provenientes da costa Europeia Sul 

Atlântica e do Mar Mediterrâneo. Como casos particulares da especiação morfológica 

das espécies em estudo foram analisados, o efeito exercido por condições artificiais de 

cultivo intensivo sobre uma das espécies estudadas (dourada), e o resultado da 

hibridação entre duas espécies simpátricas da mesma família, o híbrido Sparus 

auraíaxPagrus pagrus {SaxPp). 

A tese foi dividida em três capítulos principais, versando o primeiro capítulo a 

análise merística das espécies referidas, o segundo a análise morfométrica dessas 

mesmas espécies, e o terceiro a análise do híbrido SaxPp. Neste capítulo, para além da 

aplicação da metodologia utilizada nos capítulos 1 e 2 (análise merística e 

morfométrica), analisou-se ainda a morfologia craniana dos exemplares, 

nomeadamente, a estrutura dentária e a morfologia óssea. Sob um ponto de vista 

comparativo com os progenitores, foram ainda efectuadas experiências de crescimento 

com os referidos híbridos. 

Do ponto de vista merístico, as barbatanas anal, caudal, dorsal revelaram uma 

menor variabilidade nas características merísticas estudadas. Pelo contrário, as 

estruturas pares, como sejam as barbatanas peitorais e os arcos branquiais (superiores e 

inferiores) mostraram ser significativamente diferentes para a maioria dos casos 

(/7<0,05). Estas características variaram de uma forma independente. Nas espécies em 

estudo não foi possível, no entanto, estabelecer um padrão claro de variação geográfica 

entre as amostras. Apenas foram encontradas diferenças quando a comparação foi feita 

entre duas amostras ou entre uma amostra e todas as restantes. No universo analisado 

ocorreu apenas uma excepção com P. pagrus. Apesar deste facto, foi encontrada uma 

proximidade entre as amostras portuguesas e italianas dc dourada (quer selvagens quer 

cultivadas) e de ferreira. Esta semelhança parece estar relacionada com o isolamento das 

respectivas populações. 



A comparação do conjunto total das contagens das características merísticas 

entre todas as amostras, para cada uma das espécies analisadas, e os valores extraídos da 

bibliografia revelaram que, em 33,3% dos casos, os valores calculados neste estudo se 

incluem dentro dos intervalos propostos por outros autores. Quando, em 63,3% dos 

casos, os valores encontrados ultrapassaram estes intervalos, tal ficou a dever-se à 

presença de um a três indivíduos que excederam os intervalos propostos pelos diferentes 

autores. Nos restantes casos, o número de indivíduos que excederam os intervalos 

propostos variou entre 4 e 50, verificando-se que, em alguns casos, tal aconteceu em 

todas as amostras. 

De forma complementar à análise merística, foi analisada a relação entre a 

estabilidade de desenvolvimento e a variabilidade genética (heterozigotia) entre as 

amostras selvagens e cultivadas de dourada. A estabilidade de desenvolvimento foi 

avaliada através da análise da assimetria flutuante. Apesar dos valores obtidos 

(0,305±0,147), esta ocorreu na maioria das amostras, os valores mais elevados foram 

calculados nas amostras cultivadas. Os valores de heterozigotia resultantes da análise 

aloenzimática foram sempre elevados. No entanto, verificou-se que os valores das 

amostras cultivadas foram sempre inferiores aos valores das amostras selvagens. Na 

análise de DNA mitocondrial os valores de heterozigosidade foram superiores nas 

amostras de indivíduos cultivados, excepto nas amostras gregas. Estes resultados 

indicam que, nas amostras cultivadas ocorre uma diiminuição de variabilidade genética, 

o que se pensa ser devido principalmente, à perda dos alelos mais raros, presentes nas 

populações selvagens. A deriva genética causada, provavelmente, por técnicas 

selectivas de cultivo, é a razão mais provável para este decréscimo. Neste estudo, não 

foi possível, no entanto, distinguir uma variação geográfica entre as amostras. 

Relativamente à análise morfométrica, a análise de componentes principais (CP) 

revelou, através da componente principal 1 (CPI), valores semelhantes, quer em sinal, 

quer em magnitude, o que indica que esta característica representa uma medida geral do 

tamanho do peixe. Este facto verificou-se para ambos os métodos morfométricos 

utilizados (método tradicional e método truss). Esta componente mostrou para todas as 

espécies uma correlação sistemática e significativa com o comprimento standard (CS) 

(/7<0,05). Às componentes principais 2 a 5 corresponderam sempre menores 

percentagens de variação, não se correlacionando, na maioria dos casos, com o CS. 

Quando tal aconteceu, foi apenas de uma forma esporádica e com o CP2. Neste caso, 



apenas uma (num universo de 12 características para o método tradicional e 31 

características para o método truss) se correlacionou com uma das componentes. 

As características que apresentaram os valores mais elevados de correlação com 

a CP2 foram, de uma forma geral, características recolhidas na zona da cabeça (no caso 

da morfometria tradicional) ou recolhidas da zona da cabeça e do pedúnculo caudal (no 

caso do método truss). Este resultado aponta para um crescimento diferenciado de cada 

uma dessas áreas corporais, comparativamente com o resto do corpo. 

O número de características que contribuíram para a análise discriminatória das 

amostras variou entre 4 e 12, para o método tradicional, e entre 5 e 22, para o método 

truss. Numa perspectiva de alinhamento geográfico Oeste/Este, observou-se um 

gradiente em duas espécies {D. puntazzo e L. mormyrus) através do método tradicional, 

e em três espécies (D. sargus, D. puntazzo e D. dentex) através do método truss. 

No caso da dourada, a análise discriminante através do método truss identificou 

um conjunto de características morfométricas que asseguraram a discriminação 

morfológica das amostras. A taxa de classificação correcta nas amostras estudadas 

através da análise discriminante, baseada em 18 e 22 características morfométricas, foi 

de 97,3% e 98.7% para as amostras cultivadas e selvagens, respectivamente. 

Quer as amostras selvagens, quer as amostras cultivadas, evidenciaram uma 

clara diferença geográfica, bem como um elevado grau de diferenciação entre si. Estes 

resultados indicam diferenças morfologicamente significativas entre as amostras, o que 

sugere que cada uma das áreas de estudo é representada por populações com elevado 

grau de diferenciação mútuo. 

No caso do sargo, do sargo bicudo e da ferreira, a análise discriminante 

assegurou também um elevado grau de diferenciação, com base nas características 

seleccionadas. A taxa de classificação correcta para as quatro amostras através da 

análise discriminante, baseada em 7, 9 e 10 características ajustadas (sargo, sargo 

bicudo e ferreira) foi de, respectivamente, 93,7%, 90,6% e 96,3%. Foram ainda 

calculadas diferenças significativas entre as amostras de cada uma das espécies. Em 

cada uma destas três espécies foi também encontrado um claro gradiente geográfico 

entre a amostra Atlântica e as amostras Mediterrânicas, o que indicia que cada uma 

destas áreas é habitada por populações separadas. 

Tal como nas espécies anteriores, foram calculadas diferenças significativas 

entre as amostras de pargo, de goraz, e de pargo capatão. A taxa de classificação 

correcta das amostras, obtida através da análise discriminante, baseou-se em 9 



características, para o pargo, e 14 características, para o goraz e para o pargo capatão 

com valores percentuais de 96,8%, 100% e 97,9%, respectivamente. Para o pargo 

capatão, foi também possível encontrar um gradiente geográfico entre as amostras. Nas 

restantes espécies, este gradiente não foi encontrado, apesar do elevado grau de 

diferenciação entre as amostras. 

No caso da choupa, a análise restringiu-se apenas à comparação entre a amostra 

portuguesa e espanhola. No entanto foram calculadas diferenças significativas entre as 

amostras, com uma taxa de identificação correcta de 100% (para ambas as amostras) e 

com os critérios estatísticos D2 e F a apresentarem resultados altamente significativos 

(/7<0,0001). Estes resultados revelaram também uma diferença acentuada entre a 

amostra Atlântica e a amostra Mediterrânica. 

No caso da informação obtida através da morfometria tradicional, os resultados 

foram semelhantes aos obtidos com o método truss, apresentando um grau elevado de 

discriminação entre as amostras, mas não alcançando, na maioria dos casos, o grau de 

excelência obtido através do método truss. Só em duas das espécies (I. mormyrus e S. 

caníharus) os valores obtidos através das medições efectuadas com o método 

tradicional foram globalmente superiores aos obtidos com o método truss. No caso de L. 

mormyrus, foi mesmo possível ajustar um gradiente geográfico e, no caso de S. 

caníharus, os valores dos critérios estatístico melhoraram substancialmente. 

A análise do híbrido SaxPp mostrou que as características merísticas (barbatanas 

e arcos branquiais) variaram dentro dos intervalos observados para as espécies 

parentais. A contagem do número de dentes, embora feita separadamente no lado direito 

e no lado esquerdo de cada uma das maxilas, foram globalmente simétricos, 

apresentando o mesmo número de dentes em ambos os lados da boca. A maior diferença 

foi calculada para o número de filas de dentes molares, com cinco na dourada, quatro no 

híbrido e somente duas no pargo. Numa perspectiva global, o híbrido evidenciou uma 

maior grau de semelhança com a dourada. 

A comparação das características osteológicas entre o híbrido SaxPp e as 

espécies parentais mostrou que, na análise do neurocrânio, a maioria das estruturas 

observadas (supraoccipital, vomer, parasfenóide, basioccipital e basisfenóide) 

evidenciaram um maior grau de semelhança entre os híbridos e o pargo. Apenas duas 

características, o etmóide e o exoccipital se assemelharam à dourada. Outras estruturas 

ósseas, como sejam os ossos lacrimais, o opérculo, o sub-opérculo, o inter-opérculo, o 



pré-opérculo, a maxila, a pré-maxila, o dentário e o articular partilharam uma maior 

semelhança com o pargo. 

A análise morfométrica do híbrido, baseada no método truss, produziu 

resultados ligeiramente inferiores aos obtidos através da morfometria tradicional. 

Através desta, nove medições asseguraram a diferenciação das amostras. A taxa de 

classificação correcta foi de 100%, 98,8% e 98,3% para S. ciurala, SãxPp e P. pagrus, 

respectivamente, enquanto que através do método truss, 16 características asseguraram a 

discriminação entre as amostras. A taxa de identificação correcta foi superior para os 

progenitores, 98,8% e 99,2% para S. aurata e P. pagrus, respectivamente, e 

ligeiramente inferior para o híbrido, com 94,7%. 

Os valores médios das características morfométricas relacionados com a fonna 

da cabeça do híbrido encontram-se mais próximos dos obtidos para o pargo, enquanto 

que os relacionados com a forma do corpo, se encontram mais próximos da dourada. 

Este resultado, denota que as características transmitidas através do património genético 

dos progenitores não se manifestaram de uma forma aleatória. Através de ambos os 

métodos foi possível estabelecer uma diferenciação entre as amostras. Apenas uma 

fracção de híbridos partilhou as suas características com as espécies parentais. 

O estudo da relação entre a taxa de crescimento do híbrido e as diferentes dietas 

administradas mostrou que a temperatura da água (15,9-23,50C), o oxigénio (5,15-6,65 

mg.f1) e uma densidade de acondicionamento baixa (até 2,7 kg.m0) providenciaram 

condições de crescimento adequadas. Durante o primeiro período de experiências, os 

melhores resultados foram obtidos com o alimento A (38,43±1 l,68g), enquanto que no 

segundo período, o alimento B proporcionou uma taxa de crescimento mais elevada 

(32,67±12,31g). O alimento C apresentou sempre os piores resultados em ambos os 

períodos, respectivamente 33,81±13,35g e 18,01±6,41g. As taxas de crescimento mais 

elevadas foram obtidas durante o primeiro período em que a temperatura da água foi 

mais elevada. Nestas circunstâncias, a taxa de crescimento do híbrido foi bastante 

semelhante à da dourada, enquanto que, a temperaturas inferiores, o crescimento foi 

mais lento. Este ensaio permite concluir que a produção do híbrido SaxPp deve ser feita 

dentro de parâmetros ambientais criteriosos, de forma a providenciar taxas de 

crescimento mais elevadas. 



ABSTRACT 

The objective of ihis disserlation was lo study lhe morphological characteristics 

of eighl of lhe most importanl species of lhe Sparid family, namely lhe gilthead 

seabream. Sparus aurata Linnaeus 1758. lhe red porgy, Pagrus pagrus (Linnaeus 

1758), lhe white seabream, Diplodus sargus (Linnaeus 1758), lhe sharpsnout seabream, 

Diplodus puntazzo (Cetti, 1777), lhe stripcd seabream, Lithognathus mormyrus 

(Linnaeus 1758), lhe red seabream. Pagellus hogaraveo (Brunnich, 1768), lhe common 

dcntex, Dentex dentex (Linnaeus 1758), and lhe black seabream, Spondyliosoma 

cantharus (Linnaeus 1758), along lhe South European Atlantic coasl and in lhe 

Mediterranean Sea. 

The influence of intensive rearing conditions was also tesled in S. aurata, in 

order to evaluate its influence on lhe morphology of lhe species. 

The artificial hybrid Sparus auralaxPagrus pagrus was also studied, to analise 

the result of the cross between two sympatric species oí the same family. 

From the meristic point of view, the anal, dorsal and caudal fins were the less 

variant of the studied meristic traits. In contrast, the pectoral fin rays (both nght and left 

side) and the gill rakers (both upper and lower limbs) proved to be sigmficantly 

different in the majority of the cases (p<0.05). Thesc two traits were found to vary 

independently. A clear geographical variation between samples was not found, with the 

major diflferences being only found between paired samples, or between onc sample and 

ali the others, except for Pagrus pagrus. However, closeness between Portuguese and 

Italian samples was found for the 5. aurata (both wild and reared samples) and L. 

mormyrus samples. Such similarity is mainly due to the isolation of those populations. 

A specific case study concerning the relationship between the developmental 

stability and genetic heterozygosity was tested in the wild and cullured samples of 

gilthead seabream (S. aurata). The developmental stability was assessed by the analysis 

of the fluctuating asymmetry, which was shown to exist in the majority of the samples 

although their values were consistently low, (0.305 ±0.147), but higher in the cultured 

samples. The allozyme heterozygosity values were always high, but lower in the 

cultured samples. The microsatellite DNA analysis produced similar results. 

Heterozygosity was higher in cultured individuais (except for the Greek samples). These 

findings seem to be early evidence that the reared samples are losing some genetic 

variation. especially due to the loss of the rarest alleles (which were present in the wild 



populations). Genetic drift, probably caused by propagation practices, is most likely 

responsible for the decrease of the genetic variation. No distinct pattern of geographic 

separation was identificd. 

The comparison between the pooled counts of the meristic traits of ali samples 

for each of the studied speeies and the values found in the literature revealed that in 

33.3% of the cases the values found in this study lie within the range found by other 

authors. When the counts extcnded beyond or below is range, in 63.3% of the cases it 

occurred only due to the presence of one to three ftshes in the whole sample. In the 

retnaining cases, the number of individuais that exceeded the ranges varied between 4 

and 50. and in some cases in ali of the studied samples. 

In the morphomctric analysis, the principal componcnt 1 (PCI) loadings were 

similar in size and sign indicating it was a general measure of fish size and occurred m 

both methods (traditional morphometry and truss networks) and for ali the speeies in 

study, This component was always correlated significantly with the standard length 

(SL). PC2 to PC5 accounted for much smallcr percentage of variation not correlatmg 

with SL. Correlations between the morphological measurements and the rematning 

principal components occurred sporadically, and usually with PC2. When occumng, 

only one of them (in a universe of twelve and thirty-one morphological characteristics 

for the traditional morphometrics and truss networks, respectively) correlated with one 

of those components. For PC2 the largest loadings were usually head related for the 

traditional morphometry and head and the caudal pedunclc related in truss analysis, 

which is indicativo of differential growth of these body regions compared to rest of the 

body. 

The number of characteristics that contributed for the sample discrimmation 

varied between four and twelve. and between five and twenty-two for the traditional 

morphometry and truss networks, respectively. From a geographical perspective a 

geographic gradient in a West/East sequcnce was observed in D. pmtazzo and L 

mormyrus samples through the traditional morphometry and for D. sargus, D. puntazzo, 

and D. dentex samples through lhe truss networks. 

Based on the truss measurements, the stepwise diseriminant analysis yielded a 

reduced variable set that identified significam diiferences among ali five samples of 

gilthead seabream, X auram. The overall percent-correct classification rate for the five 

samples from the stepwise discriminam analysis. based on 18 and 22 adjusted 

morphometric characters was 97,3% and 98.7% for the reared and wild samples. 



respectively. Both wild and reared fish exhibited a clear geographica! gradient. 

Furthermore, when wild and reared samples were compared. lhere was a sigmíicanl 

degree of morphological dissimilarity betwecn lhem. These rcsulls indicalcd significam 

morphological differences of gilthead seabream, suggesting lhat fish irom lhese areas 

reprcsenl separatc groups. 

For white seabream. sharpsnout seabream, and striped seabream. stcpwise 

discriminam analysis yielded a reduced variable set that identified significam 

differences between ali samples. The overall percent-correct classification rate for lhe 

four samples ffom lhe stepwise discriminam analysis, based on 7, 9 and 10 adjusted 

morphometric characters (white seabream. sharpsnout seabream, and striped seabream 

samples, respectively) was 93.7%, 90.6% and 96.3%. For each species, there was a 

significam degree of morphological dissimilarity between samples. A clear geographical 

gradient occurred between the Atlantic and the Mediterranean samples, suggesting that 

in some cases the fish ífom these areas represem separate groups. 

Like the previous species, significam differences were found between samples of 

red porgy P. pagrus, red seabream P. bogaraveo, and common dentex D. dentex. The 

overall percent-correct classifícation rate for the four samples ffom the stcpwise 

discriminam analysis, based on 9, 14 and 14 adjusted morphometric characters (I. 

mormyrus P. bogaraveo. and D. dentex) was 96.8%, 100% and 97.9%. For D. dentex. a 

geographic gradient was found between ali samples, whereas, for the other two species 

a good discrimination between samples was found but wilh no specific gradation 

between them. 

For the black seabream, the analysis was restricted to two samples (Portugal and 

Spain). Nevertheless, a considerable difference was found between samples with an 

overall percent-correct classifícation rate of 100% for both samples. D1 and F statistics 

also presented highly significam results. which imply a large difference between the 

Atlantic and lhe Mediterranean samplc. 

Based on lhe traditional morphometric data. results were similar, indicating a 

good discrimination between samples, but never achicving for the majonty oí the 

species the values obtained with the truss networks. The traditional morphometry 

overlapped the results obtained with the truss networks only in two cases (/>. mormyrus 

and S. cantharus). For L mormyrus. a geographic gradient was established through 

traditional morphometry, whereas, for 5. cantharus the results obtained ífom each of the 

statistical methods overlapped lhose obtained through the traditional morphometry. 



The analysis of the hybrids showed thal lhe meristic characters (fins and gill 

rakers) fali within lhe range obscrvcd for lhe parental species. Tooth counts, although 

separately quantified in the left and right side of the jaws, were symmetrical, presenting 

the same number of tceth in the left and right sides of the mouth. A major diffcrence 

was lhe number of molar rows, which was íive in the S. auratci, four in the SaxPp and 

only two in the P. pagrus. In an overall perspective, the hybrid evidenced a higher 

degree of similarity with S. aurala. 

The osleological characteristics between the hybrids SaxPp and the parental 

species were comparcd. The neurocranium analysis indicated that the majority of the 

observed substructures (supraoccipital, vomer, parasphenoid, basioccipital, 

basisphenoid) evidenced a higher degree of similarity between hybrids and P. pagrus. 

Only two, the ethmoid and exoccipital, were similar to S. aurata. Other osleological 

structures such as lhe lacrimal bonés, the opercle, the subopercle, lhe interopercle, the 

preopercle, the maxilla. the premaxilla, the dentary and the articular also shared a higher 

degree of resemblance with P. pagrus. 

In the morphometric analysis of the hybrids, the truss protocol produced slightly 

worse results than the traditional morphometry. Through the traditional morphometry. 

nine measurements assured sample differentiation. The overall percent-correct 

classification success (PCS) was 100%, 98.7% and 98.3% for S. aurata, SaxPp and P. 

pagrus, respectively, whereas, through the truss networks sixteen truss elements were 

seleeted for sample differentiation. PCS was higher for lhe progenitors, 98.83 and 

99.19% for S. aurata and P. pagrus, respectively, and slightly worse for the hybrids 

with 94.74 %. 

The mean values calculated for lhe hybrids using body shape relatcd characters 

are much closer to lhose calculated for the gilthead seabream, with the head being more 

closely related to the red porgy. Such fmdings show that characters did not manifest a 

random influence of the parental gene pool. 

The morphological analysis based on both methods was able to differentiale the 

three samples. Only a small hybrid sample fraction shared similar characteristics with 

the parental species. 

A comparison of lhe growth performance of the hybrid SaxPp ted with differenl 

diets was carried out under intensive farming conditions. Water temperature (15.9- 

23.50C) and oxygen (5.15-6.65 mg.!"1) as well as low stock density (max. 2.7 kg.m"3) 



providcd favourable rearing conditions. Food A presented lhe best weight increase in 

lhe first period (38.43±11.68g), while food B was best in lhe sccond (32.67±12.31g). 

Food C presented lhe worst results in both periods, with 33.81±13.35g and 18.01 ±6.4Ig, 

respcctively. The best growth rales wcrc obtained in lhe first period of experiments with 

higher temperatures. Under these circumstances, the hybrid general growth was quite 

similar to the gilthead sea bream. In contrast. under low temperatures, growth was very 

poor. The present work showed that rearing of the hybrid Sa*Pp must be undertaken 

within a specific temperature range to provide the maximum growth capacity. 
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INTRODUCTION 

Fishes have been ecologically dominant in aquatic habitats through much ot the 

history of the complex life, inhabiting ali aquatic environments regardless of the local 

conditions. They occupy essentially ali habitats that have liquid water throughout the 

year. including thermal and alkaline springs, hypersaline lakes, sunless caves, anoxic 

swamps, temporary ponds, torrential rivers. wave-swept coasts. high-altitude, high- 

1 atitude environments (Heltman eí cil., 1997) and sub-zero water temperatures (Eastman 

& McCune, 2000). To colonize and thrive in such a variety of environments. fishes have 

evolved obvious and striking anatomic, physiological, behavioural. and ecological 

adaptations. A living animal is the result of past evolutionary events and those animais 

will be adapted to current environmental forces only if those forces are similar to what 

has happened to the individuaFs ancestors. Such phylogenetic constraints arise from the 

long-term history of a species (Helfman et ai., 1997). 

This dispersion of fishes, tightly related with their great capability of adaptation 

to the environment, is relevantly reflected by lhe number oí species. Valid scientific 

descriptions exist for approximately 24.600 living species of fishes (Nelson. 1994). 

which represent 48.1% of the vertebrate diversity (Lagler et ai, 1977). Marine fishes 

comprise about 58% of this number. whereas freshwater fishes make up about 41% and 

1% move between freshwater and the sea during their life cycles (Cohen, 1970). The 

majority of marine fish species (78%), which represent 44% of ali fishes inhabit the 

narrow water layer less than 200 m deep along the land masses (Moyle & Cech, 1996). 

Colonisation of new habitats is driven by several factors that influence the 

survival of species, and can be resumed lo three main aspects. environmental 

conditions, food availability and niche availabilily. Fishes like other animais live 

preferentially in habitats with environmental conditions that benefit their life style. If 

the conditions are not atlained. the habitat adaplability can. in a long term, induce a new 

life style in a new environment, when available (niche availability). Fíowever, such 

adaptation is only viable if a reliable food source is present. 

Although many fish radiations display phyletic diversity but little morphological 

and ecological diversity (Brooks & McLennan, 1991; Mayden, 1992) olhers can exhibil 

substantial morphological and ecological diversification. The adaptation to a new 

habitat induce several changes in lhe body morphology ol the fish, implying allerations 

that on a long term scale can transform two different populations of a single species in 
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two different species. Such body changes are mainly determined by teeding abilities 

(Ruiz & Lorencio, 1987, 1988; Hyndes et ai, 1997), local orographic conditions 

(Riddell & Leggett, 1981; Tortonese, 1983), depth dependency (Uiblein et ai, 1994), or 

even locomotion (swimming ability) (Webb. 1984; Gozlan, 1998). 

Morphological studies consist in one of the many available ways to study físh 

adaptability lo the environment. They are closely related to other areas such as ecology, 

systematics or even paleogeography, as well as other disciplines such as geology and 

biogeography. Several groups of fishes exhibit a remarkable range of morphological 

adaptive radiation (Fermon & Gibert, 1998). Particular cases, that are well documented 

such as the high abundance of African Cichlids species that live in the Lakes 

Tanganyika, Victoria and Malawi compared with other geographical locations (North 

and South America) (Brooks. 1950; Fryer & lies, 1972; Meyer et ai, 1990) illustrate 

how the geológica! movements of the earth crust represent a major and determinam 

factor in the fluctuations of the leveis of the African Great Lakes, and so act as a leading 

factor for the diversification and speciation ot this fish lamily. 

Throughout the years, numerous publications have focused on morphological 

related subjects, but only recently with the development of computer techniques have 

more detailed and insightful analyses been carried out. Until recently, morphological 

analysis was mainly based on recordable leatures, such as meristic characteristics, with 

small attempts in the allometric relationships of the animais. 

Nowadays the objects of the morphometric studies are not lhe torms themselves, 

but rather their associations. causes and effects (Bookstein, 1997). Characters derived 

from the externai phenotype of organisms provide useful information on the similarity 

or dissimilarity of taxa (Reist, 1985), conspecifics populations or ontogenetic stages 

(Strauss & Bookstein, 1982). These orienlations of objectives lead the morphometric 

studies from the so called traditional morphometrics to the new morphometrics. The 

approach now referred as traditional morphometrics is only a few dccades old and it is 

characterized by the application oí multivariate statistical methods lo sets ot variables. 

Such variables usually correspond lo various measured distances on the organisms. The 

measurements are usually length and width ot structures or distances belween certain 

landmarks (Rohlf& Marcus, 1993). 

New morphometrics is characterized by a new approach where the data is 

recorded to capture the struclure being studied. This is in the form of two-dimensional 

(2-D) or three-dimensional (3-D) coordinates of morphological landmark points (Rohlf 
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& Marcus, 1993). The analysis of the forni of whole biological organs or organisms is 

done by the acquisition of geometric locations of the landmark points. These points not 

only have their own locations but also have the "same" locations in every other form of 

the study. These measurements of the shapes of configurations of landmark locations 

reduce to multiple vectors of shape coordinates. These come in pairs that represent the 

shape of one triangle of landmarks in a manner completely independent of size 

(Bookstein. 1997). These landmark points are usually analysed by truss morphometrics 

protocol (Strauss & Bookstein, 1982; Bookstein et ed., 1985). 

Geographic variation in species characteristics is a function of the genetic 

variability of individuais comprising local populations and of environmental differences 

they experience in time and space (Ridell & Leggett, 1981). In such a context a 

significant number of authors have tested the relationship between genetics and 

morphological variability (e.g. Beacham & Withler, 1985a, 1985b; Strauss, 1989; 

Beacham. 1990; Pepin & Carr, 1993; Bembo et ai, 1996; Hânfling & Brandi, 1998; 

Zawadzki et a/., 1999). Nevertheless, in fish populations, genetic sources of phenotypic 

variation have generally been deemed less important than environmental sources in 

determining interpopulation differences. Beside the morphological characters. genetics 

is frequently compared with meristic characteristics (e.g. Epperly, 1989; Beacham & 

Withler, 1985a. 1985b; Bembo et ai, 1996) due to the same reasons stated above. 

Meristic traits are often considered to be the most reliable taxonomic 

characteristics because most are easy to determine (Moyle & Cech, 1996). Meristic 

traits include anything on a fish that can be counted, such as vertebrae, fin rays and 

spines, scale rows, pyloric ceca. lateral line pores and gill rakers. Within species 

variability usually occurs, so the interpretation of meristic data must be conscientious 

and not be unequivocally attributed to differences between species. Another factor that 

can lead to erroneous results is human error, especially in small fish (Moyle & Cech. 

1996). Standardization of methodology is always important in studies where more than 

one reader is involved in data analysis. 

Published morphological studies have focused on a vast number of species, with 

a special emphasis on salmonids (e.g. Winans. 1984; Winans & Nishioka. 1987; Bailey 

& Irvine. 1991; Wilkins et a/., 1994; Kacem et ai, 1998) and cyprinids (Child & 

Solomon, 1977; Corti et ai, 1988; Claytor & Verspoor, 1991, Claytor et al., 1991; 

Bogutskaya & Collares-Pereira, 1997; Hanfling & Brandi, 1998; Cibert et ai, 1999). 

Published information on the morphology of Sparid species is scarce, especially if 
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carried out over distinct geographical locations. During lhe preparation of lhe present 

dissertation only two publications on lhe morphology of Sparid species morphology 

were found in lhe literature. Due to this fact. this dissertation tries to discriminate and 

characterize the most important species of the Sparid species in the Eastem Atlantic 

Ocean and Mediterranean Sea. Due to the high commercial value of these species there 

is a constant and some times extreme pressure on their stocks, so an in depth 

understanding deep knowledge of these fish species is extremely important to their 

management and conservation. 

In recent years. a huge effort has been made to increase the research on new 

species for aquaculture in order to supplement natural production. Presenlly, among 

Sparids, only gilthead seabream is produced in a reliable commercial perspective. 

However. species like sharpsnout seabream are in a short term. promising marine fish 

species for aquaculture (Sará et a/., 1999), whereas others, like red porgy. white 

seabream or common dentex remain in a preliminary research (Divanach et ai, 1993; 

Kentouri et al., 1994a; Kentouri et al., 1995a). Furthermore, the production of hybrids 

has been concidered as another possibility for increasing the supply of high value fish. 

Several authors have described natural hybridisation (e.g. Child & Solomon. 

1977; Crivelli & Dupont, 1987; Waldman & Bailey, 1992; Kerby, 1993; Delling et ai, 

2000). The success of hybridisation has often been considered as an indication of the 

evolutionary relationship between two species (Hester, 1970). Among físhes, 

hybridisation often occurs when one species experiences a substantial reduction in 

abundance. so that rare fish tend to mate with closely but much more abundant members 

of other species (Hubbs, 1955). Among the Eurasian Salmo species, hybrids between 

Atlantic salmon Salmo salar L. and brown trout S. trutla L. are reported frequently from 

the entire range of sympatry of the two species (McGowan et al., 1992; Elo et al., 

1995). To date, there have been no published reports on natural hybridisation in the 

Sparid family and few have been published on laboratory-induced hybridisation (e.g. 

Dujakovic & Glamusina. 1990). Nevertheless, the study of artificial Sparid hybrids is an 

important and interesting case study of the sympatric and genetically related species of 

this family, relying mainly on the biological analysis (genetic, morphology or growth) 

and in its commercial importance as a potentially high profitable and reliable resource. 

The objective of this dissertation was to analyse the meristic and morphometric 

variability of eight species of the Sparidae family: gilthead seabream. Sparus auraía 

Linnaeus. 1758. (wild and reared samples), red porgy, Pagrus pagrus (Linnaeus. 1758), 
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white seabream, Diplodus sargus (Linnaeus, 1758), sharpsnout seabream. Diplodus 

puníazzo (Cetti, 1777), striped seabream, Liíhognaíhus mormyrus (Linnaeus, 1758). red 

seabream. Pagellus bogaraveo (Brunnich. 1768), common dentex, Dentex dentex 

(Linnaeus, 1758), and black seabream, Spondyliosoma cantharus (Linnaeus, 1758) as 

well as the hybrid Sparus auraía x Pagrus pagrus. 

This work tried not only to clariíy the morphological characteristics of these 

eight species, but also to devise and answer new and relevant questions about them; 1) 

Are there differences between populations, and if so, could they be attributed to the 

same geographical barriers that were already known to constrain other species? 2) 

Could a geographical gradient be established between the studied populations. 

translating the geographical distance into morphological difference? 3) And from a 

technical perspective, were the chosen methods efficient enough to discriminate 

between populations? 4) Were the chosen characteristics adequate, assuring a 

conclusive sample differentiation? And finally, 5) what is the most reliable 

morphological technique for this type of study. the traditional morphometry or the truss 

network? 

In order to give a clear answer to these questions. the dissertation was structured 

in three major areas; the meristic analysis of the eight Sparid species, the morphological 

analysis of those species and the hybrid analysis. 

Beside the three major areas pointed above, three case studies were considered 

throughout this dissertation to complement the analysis; 1) the effect of the rearing 

conditions on the morphology of the gilthead seabream. S. auraía. 2) the study of the 

fluctuating asymmetry as a suitable indicator of stock condition and heterozygosity 

leveis, and. 3) the study of an hybrid as a result of the cross of two sympatric species of 

a same family (in this case the species, S. auraía and P. pagrus). with a reference to the 

analysis of the expression of the morphological traits inherited from the progenitors. 

The analysis of wild and reared samples of Sparus auraía. were carried oul in 

order to verify if the rearing and reproductive conditions induced in the aquaculture 

facilities drive lhe morphology of those populations in other directions different from 

the wild animais. Ali artificial propagation and production affects the genetic 

composition of the cultured stock and even where no genetic selection is consciously 

practised. the change in the environmental conditions. increased food availability, 

higher densities, pathogens control and water quality have implications for survival and 
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hence for inheritance (Wilkins, 1987). Such conditions are often expressed as changes 

in the morphological characteristics of the fish. 

The study of the fluctuating asymmetry (small random departures from bilateral 

symmetry) as a suitable indicator of stock condition and heterozygosity leveis, through 

the comparison of the meristic information with genetics (allozyme and microsatellite 

analysis), was analysed in wild and reared samples of gilthead seabream. And finally, 

the hybrids analysis was extended from the previously referred (meristic and 

morphometry) to an osteological perspective (head morphology and mouth apparatus). 

Growth performance experiments were also carried out in comparative perspective with 

the parental species, but also as a potential candidate for aquaculture. 

In the morphological analysis, the two differcnt methods of analysis referred to 

above were used, the "traditional", and the truss method. These methods were compared 

in order to identify the most suitable for fish populations discrimination. This issue has 

been under discussion since more recent techniques (truss networks) have ansen. The 

meristic analysis tried to serve the same purpose but from a different angle of approach. 

Such analyses can be considered complementary. 

Parts of the three chapters of this dissertation are identical to five papers already 

published or submitted for publication. The first paper (Chapter 1; Palma et ai, 2001b) 

is published in the Journal of the Marine Biological Association of United Kingdom. 

The second and third (Chapter 2; Palma & Andrade, 2001; 2002) are submitted m the 

Journal of Fish Biology and published in the Fisheries Research, respectively. The 

fourth and fifth (Chapter 3, Palma aí ai, 1998; Palma et al, 2001a) are pubUshed in the 

Italian Journal of Zoology and submitted to the joumal Aquaculture International, 

respectively. 



7 

CHAPTER 1 - Meristic Analysis 

1.1- íntroduction 

Embryonic development generally progresses according lo instruclions laid 

down in the gcnetic blucprinl, but timing and occurrencc of specific developmenlal 

delails are sensitivo to environmcntal iníluences (Bcacham, 1990; Hclfman et ai, 1997), 

with the morphology of an individual being produced by the developmenlal process that 

transforms the genotype into the phcnolypc (Vollestad & Hindar, 1997). Natural 

variations such as tcmpcralure, oxygcn, salinity, light intensity, photopcriod or CO2 can 

aíTect development. Non-natural phenomcna such as anthropogenic influcnccs can also 

induce changes in the aquatic habitat and result in larval abnormalities (Longwell et al., 

1992). Environmental changes or its manipulaíion, which occur in semi-intensive and 

intensive aquacullure facilities, can also produce similar distress factors in fish. The 

ability of development to produce a determined phenotypc despite eventual disturbing 

factors is defined as developmenlal stability (Lcary eí ai, 1992). 

Meristic traits such as number of fm rays, verlebrae, scales in the lateral line, and 

gill rakers are known to vary in relation to environmcntal conditions. The number of the 

diífcrent meristic traits is of considcrable use in the classification of fishes (Laglcr eí al., 

1977). Historically, the morphology of fishes has been the primary source of 

information for taxonomic and evolutionary studies (Strauss & Bond, 1990). The 

practicc of segregating groups, especially fishes, based on differences in vertebrae 

counts, fín ray counts, and morphometric distanccs is well entrenched in systematics 

(Sneath & Sokal, 1973) and fisheries biology (Royce, 1964). 

Such differentiation can also bc used in the discrimination bctwccn different 

populations of a same spccies, refleeting fairly diíTercnt phenotypic differences among 

population subjccted to different environmental conditions. As such, the basis for such 

analyses is that morphometric and meristic charactcristics are esscntially phenotypic 

expressions of environmental conditions during cgg and larval development, which in 

an adequate spatial and temporal heterogencity provide the basis for stock 

differentiation (Shcpherd, 1991). 

In paired structures, such as pectoral fins, gill rakers or number of scales of the 

lateral line, the distress caused by environmcntal changes can be assessed by lhe degree 

of asymmetry of the left and right side of the fish. Flucíuating asymmctry (FA), small 
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random departures from bilateral symmetry (Markow, 1995) has been used as a measure 

of developmental stability of bilateral, normally symmetrical morphological traits 

(Palmer & Strobeck, 1986; Zakharov, 1992). FA is a suitable indicator oí stock 

condition and heterozygosity leveis (Crozier, 1997) in salmonids and othcr tish (Leary 

et ai. 1984. 1985; Blanco et a/.. 1990). In recent years, a number of studies have 

examincd the relationship bctwcen enzyme heterozygosity and FA (e.g. Leary et ai, 

1983; Crozier. 1997). The results of these studies have supported the hypothesis that 

individuais or populations with higher heterozygosity also display higher developmental 

homeostasis, which is reflected by lower degrees of bilateral asymmetry of meristic 

traits. FA quantifíes the differences between the two sides in various morphological 

traits; the larger the FA, the lower the developmental stability. The concept is that 

individuais of low fitness cannol control their development precisely. and consequently 

more often develop different phenotypes on both sides (Windig & Nylin, 2000). Both 

intrinsic (genetic) and extrinsic (environmental) factors may intluence developmental 

stability (Wilkins et al., 1995). Their relative impact can be evaluated by means of FA, 

which can be easily used by aquaculturists, simply by counting meristic traits. In lhe 

present chapter the relationship between fluctuating asymmetry (FA) and multilocus 

heterozygosity, derived from allozyme and microsatellite markers, was studied for the 

specifíc case of wild and cultured stocks of gilthead seabream, Sparus aurata. 

However, although using discriminative criteria such as FA and its relation with 

fish heterozygosity, the results are not always clear. The high within species variability 

of some traits are not easy to understand, and results must be analysed with precaution. 

In several spccies, sex is an important source of variation (e.g. Haddon & Hillis, 1995). 

Mowever, in the Sparid species analysed in lhe present work, hermaphroditism 

(protogynous or protandrous) is widespread in the family (Whitehead et ai, 1986) and 

meristic sex differentiation is not referred in lhe literature. 

In the South European Atlantic coast and Mediterranean Sea almost ali Sparid 

fishes are highly valuable marketable fish. Their stock exploitation is olten intensive 

and continuous throughout the year, so adequate stock management policies are 

required. Such measures can only be assured with a complete knowledgc ol the fish 

biology, which may provide the basis for separation and management ol distinct 

populations (Pepin & Carr, 1993). 

This study aims to identiíy eventual differences among the populations of eight 

species of the Sparid family, the gilthead seabream. Sparus aurata Linnaeus 1758, (wild 
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and reared samples), the rcd porgy, Pagrus pagrus (Linnaeus, 1758), the white 

seabream, Diplodus sargus (Linnaeus, 1758), the sharpsnout seabream, Diplodus 

puníazzo (Cetti, 1777), the striped seabream. Lithognaíhus mormyrus (Linnaeus, 1758), 

the red seabream, Pagellus bogaraveo (Briinnich, 1768), the common dentex, Dentex 

dentex (Linnaeus, 1758), and the black seabream. Spondyliosoma cantharus (Linnaeus. 

1758). along the South European Atlantic coast and in the Mediterranean Sea, based on 

their meristic variability. 

1.2 - Materials and Methods 

1.2.1 - Sampling 

Meristic data from 1767 specimens of eight sparid species; S. aurata, (wild and 

reared samples), P. pagrus. D. sargus. D. puníazzo. D. dentex. L mormyrus. P. 

bogaraveo. and S. cantharus (Annex I, Figures 1 to 8) from four European countries 

(Portugal, Spain, Italy and Greece) were used. Specimens were captured in the 

surrounding arcas of the places presented in Figure 1 (see Table I for details). 

Figure I - Sampling locations; France (1 - Oleron Island, S. aurata reared sample), Portugal (2 - Ria de 
Aveiro lagoon {S. aurata wild sample), 3 - Faro (ali samples except P. bogaraveo and S. aurata). 4 - 
Tavira {S. aurata reared sample)), Atlantic Spain (5 - Cadiz (both wild and reared samples ol 5. aurata)). 
Mediterranean Spain (6 - Murcia and Alicante (ali Mediterranean Spanish samples)), Italy (7 - Trieste, 
(both wild and reared samples ofS. aurata). 8 - Lecce, Italy (remaining species)), Greece (9 - Mesologgi 
lagoon, {S.aurata wild sample), 10 - Grete (ali Grcek samples, except S. aurata). 11 - Leros Island {S. 
aurata reared sample)). 

0" 

V 
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Table I - Sampling location (gcographic coordinates) and number of specimens in each sample 
for ali the species in study, except Sparus uurata (both reared and wild). 

Country Sampling locations N 

Portugal Quarteira (Algarve/South coast) 
Lat. 37° 04'N Long. 08° (WW 

109 

Spain Tabarca/Alicante 37 

Pagrus pagrus Lat. 38° 2^ Long. 0o 29'W 
Italy Lecce 

Lat. 40° □'N Long. 18° KTW 

31 

Greecc Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

54 

Portugal Faro (Algarve/South coast) 
Lat. 37° 26'N Long. 90° 26'W 

114 

Spain Tabarca/Alicante 30 

Diplodus sargus Lat. 38° 2'N Long. 0o 29^ 
Italy Lecce 

Lat. 40° 13'N Long. 18° KTW 

33 

Greece Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

30 

Portugal Faro (Algarve/South coast) 
Lat. 37° 26'N Long. 90° 26'W 

35 

Spain Tabarca/Alicante 41 

Diplodvs pimtazzo Lat. 38° 2'N Long. 0o 29'W 
Italy Lecce 

Lat. 40° 13'N Long. 18° 10'W 

41 

Greece Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

43 

Portugal Faro (Algarve/South coast) 
Lat. 37° 26'N Long. 90° 26'W 

123 

Spain Tabarca/Alicante 32 

Lithognathus mormyrus Lat. 38° 2'N Long. 0o 29'W 
Italy Lecce 

Lat. 40° 13'N Long. 18° I0'W 

31 

Greece Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

31 

Portugal Horta (Faial/Açores) 
Lat. 38° 32'N Long. 28° 38'W 

73 

Spain Tabarca/Alicante 49 

Page 11 us bogaraveo Lat. 38° 2'N Long. 0o 29'W 
Italy Lecce 

Lat. 40° 13'N Long. 18° 10'W 

32 

Greece Iraklion 
Lat. 35° 20'N Long. 25° OS^E 

32 

Portugal Quarteira (Algarve/South coast) 
Lat. 37° 04'N Long. 08° 06'W 

38 

Spain Tabarca/Alicante 31 

Dentex dentex Lat. 38° 2'N Long. 0o 29'W 
Italy Lecce 

Lat. 40° 13'N Long. 18° 10'W 

30 

Greece Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

45 

Portugal Faro (Algarve/South coast) 
Lat. 37° 26'N Long. 90° 26'W 

39 

Spondyl ios orna cantharus Spain Tabarca/Alicante 
Lat. 38° 2'N Long. 0o 29'W 

30 

Greece Iraklion 
Lat. 35° 20'N Long. 25° 08'E 

3* 

* - Excluded from analysis due to the small sample size. 
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For S". aurata, additional samples were collected in the Atlantic arca oí Spain 

(Cadiz) (both wild and reared) and Atlantic arca of France (reared sample) (Figure 1 and 

Table 11 for details). Hereon, S. aurala samples will be mentioned as, FrR (france - 

reared sample), PtW (Portugal - wild sample), PtR (Portugal - reared sample), SpAtW 

(Atlantic Spain - wild sample), SpAtR (Atlantic Spain - reared sample), SpMW 

(Mcditerranean Spain - wild sample), SpMR (Mediterranean Spain - reared sample), 

ItW (Italy - wild sample), UR (Italy - reared sample) and GrW (Greece - wild sample), 

GrR (Greece - reared sample). The remaining species will be identified by the species 

and country. 

Table II - Sampling location, geographic coordinates and number ol individuais (N) in each 
sample for Sparus aurala (both reared and wild). 

Sampling locations 
Reared Wild 

Olcron Island - 

France Lat. 45° 55'N Long. 1° I6'W - 

N=40 
Tavira Ria de Aveiro Lagoon 

Portugal Lat. 37° OT-N Long. 7o SQ-W Lat. 40° 38'N Long. 8o 39^ 
N=50 N-77 

San Fernando/Cadiz San Fernando/Cadiz 

Spain Atlantic Lat. 36° 32'N Long. 6o 18^ Lat. 36° 32'N Long. 6o 1 

N=50 N=48 

Mazarrón/Murcia Tabarca/Alicante 

Spain Mediterranean Lat. 37° 59^ Long. Io 08^ Lat. 38° 2TN Long. 0o 29^ 

N=50 N=51 

Trieste Trieste 

Italy Lat. 45° WN Long. 13° Lat. 45o40'N Long. 13035,E 

N=50 N=40 

Leros Island Mesologgi lagoon (Gulf ot Patras) 

Greece Lat. 37° I0'N Long. 26° SOT Lat. 38° 20'N Long. 21o20,E 

N=54 N=40 

Single samples were captured from each one of the referred locations. 

Portuguese sample of P. bogaraveo was captured in the Azorean waters around the 

Island of Faial. Reared samples of S". aurata were obtained during the spnng of 1995, 

from well establish fish farms operating for several years. The broodstocks have been 

managed for several generations, and were formed with individuais collected from the 

wild in the surrounding sea areas of those fish farms. Ali the other species, including lhe 

S. aurata wild samples were captured during the spring of 1996. and spring of 1997. 

The Portuguese and Italian samples were obtained from commercial catches, and those 
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trom Spain and Greece were collected írom scientific cruises. Ali individuais evidenced 

adult morphology. 

1.2.2 - Meristic counts 

Characters recorded were: number oí soft rays oí the dorsal, anal. caudal and 

pectoral fins (this one in the left and right side), and number of gill rakers on the upper 

and lower tirst branchial left and right arches. Gill rakers on the first branchial areh 

were counted on the arch's upper (epibranchial) and lower (ceratobranchial) limb. I he 

rakcr in the angle between the upper and lower limb was counted in the lower limb. Gill 

rakers were divided into upper and lower sectors. because they have been shown to vary 

independently (Leary et ai, 1983). Ali individuais of the cultured sample ífom Greece 

had an abnormality and did not present gill rakers in the first branchial arches. Thus, 

these were not scored for this character. 

Pectoral fin rays and gill rakers counts were recorded on ífesh specimens. When 

necessary a binocular microscope was used. These counts were performed by different 

readers (one in each country). After this, fish were X-rayed in a mammography X-ray 

device, which is much more sensitive than the standard X-ray device. An intensily 

between 25-27kV assured that ali topographic landmarks were always visible, including 

the fleshy ones. Before taking the radiograph. this machine lowered down a plastic plate 

that hold the fish parallel to the X-ray source, thus minimizing distortions. Each fish 

was radiographed with the fins in the extended position and the resulting X-rays 

maintained their real size. 

Counts of the dorsal fin, caudal fin, and anal fin were recorded ífom 

radiographs, and were performed by the same sampler for ali samples. A previous 

meeting was held between samplers to standardize procedures. 

Fluctuating asymmetry was assessed by counting three bilateral meristic 

characters: pectoral fm rays, and gill rakers on the upper and lower first branchial 

arches. and were counted as described above. These characters were chosen because 

they could be easily and accurately counted. Other bilateral characteristics such as the 

pelvic fins were not scored because they do not show varialion in the Sparidae físhes. 

1.2.3 - Allozyme electrophoresis 

For allozyme electrophoresis, frozen tissues were subjecled to no more than 

three ífeezing and thawing cycles to obtain a cell lysate, which was run through a 
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horizontal starch gel. Electrophoretic protocols, staining procedures and genetic 

interprctation of zymogram patterns and locus designation were done according lo 

Reina et ai (1994). A total of 16 enzymatic systems were used in the sample analysis 

(Table III). The individual and sample heterozygosity (heterozygous loci in each 

animal/numbcr of loci of each animal) was calculated for ali samples. 

Table 111 - List ofenzyme systems. *- CTC - Continuous Tris-Citrate. pll 8.0. RID - Litium-citrate, pi I 8.1 

E.C. n" Tissue Buffers* N0ofLoci 

Adenilato Kinasc (AK-I and AK-2) 4.2.1.3. Muscle CTC 2 

Adenosine Desaminase (ADA) 3.5.4.4. Liver RID 1 

Alcohol Dehydrogenase (ADI 1) 1.1.1.1. Liver CTC 1 

Diaforase (DIA-1) 1.6.2.2. Liver RID 2 

Esterasc (EST) 3.1.1.*. Liver RID 1 

Glucose-6-phosphate Dehydrogenase (GPI1 and GPI2) 5.3.1.9. Muscle RID 2 

Glicerol-3-phosphate Dehydrogenase (G3PDH) 1.1.1.8. Muscle CTC 1 

Iditol Dehydrogenase (1DDH) 1.1.1.14. Liver Cl C 1 

Isoeitretc Dehydrogenase (IDHP) 1.1.1.42. Liver CTC 1 

Lactate Dehydrogenase (LDH-1, LDH-2 and LDH-3) 1.1.1.27. Eyc RID 3 

Malale Dehydrogenase (MDH-1. MDH-2 and MDH-3) 1.1.1.37. Muscle CTC 3 

Malic Enzyme (MEP-land MEP-2) 1.1.1.40. Muscle CTC 2 

Phosphoglucomutase (PGM) 5.4.2.2. Muscle RID 1 
CTC 1 6-phosphoglucunate Dehydrogenase (PGDIl) 1.1.1.44. Liver 

Superoxidase Dismutase (SOD-1 and SOD-2) 1.15.1.1. Liver RID 2 
CTC 1 Xanline Dehydrogenase (XDH) 1.2.1.37. Liver 

1.2.4 - MicrosatelHte DNA analysis 

To estimate heterozygosity values three microsatellite loci were screened. 

(SA26. SA32 and SA41b. SA- Sparus auratu) with EMBL library accession numbers 

Y17266, Y17264 and Y17262, respectively. 

DNA extraction ífom each individual was performed according either to the 

standard proteinase-K protocol (Sambrook et ai, 1989) or the salt-extraclion lechmque 

of Miller et ai (1988). 10-100 ng of these DNA's were used in PCR reactions (vol. 10 

pm), conlaining 0.2 mM of each dNTP, 1 mM MgCb, 0.5 pM of each primer. and 0.5 

units of Taq polymerase. A small ffaction of the reverse primer was end-labelled prior 

to amplifícation. Each amplification included seven cycles with denaturation at 940C, 

annealing at 520C and extension at 720C, and 28 cycles under the same conditions, 

except that the denaturation temperature was 880C. Ali cycles lasted for 30 seconds. An 

aliquot of the PCR produets (5pl) was run in 6% polyacrylamide denaturing sequencing 

gels (2.5 h at 60W). DNA bands were visualised by autoradiography. The process was 

performed according to Batargias et ai (1999). 
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1.2.5 - Staíistical anaíysis 

The traditional way to present meristic data has been as mean values and total 

range (Reinert & Larstein, 1992). In the present work, beside the descnptive statistical 

analysis that was performed for each sample, the Mann-Whitney U test (Zar, 1984) was 

used to test the differences between samples. Although less powerful than the /-test or 

one-way ANOVA this test is less likely to find a significam result when there is no real 

difference (Dytham, 2000). Thus, the null hypothesis that two groups come ífom the 

same distribution was tested. The meristic variability was compared between ali 

pairwise combinalions ot populations with the Mahalanobis distance {D ). 

Four steps were followed in the analysis of FA data: i) a two-way ANOVA 

tested the data. regardless of the right-left orientation. Larger values were placed in a 

first column and the smaller ones in a second. No statistical difference between columns 

indicates that asymmetry is not different from bilateral symmetry. A statistical 

difference indicates that asymmetry exists, ii) a two-way ANOVA tested the data in its 

original orientation with respect to right and left sides (Palmer & Strobeck, 1986). No 

statistical difference indicates non-directionality. Columns were tested for normality and 

homogeneity of variance (Sokal & Rohlf, 1981) iii) the distribution of the signed 

asymmetries was tested for normality (Palmer & Strobeck, 1986), with normality 

indicating no antisymmetry, iv) if the assumptions of the previous points were venfied 

the FA was calculated and expressed as variance, var(A/), were A/=(R/-U), 

(A/-Asymmetry of a particular character for individual /; R/= counts on the right side, 

U= counts on left side). The above procedures were performed as suggested by Pomory 

(1997) for determining the pattern and type of asymmetry. The FA Índices were 

correlated with the allozyme and microsatellile heterozygosity leveis. 

The Shapiro Wilks test (Conover, 1980; Zar, 1984) was used to assess normality 

of data. 

Within-sample relationships between heterozygosity (allozyme and 

microsatellite loci) and asymmetry (FA) were examined at the individual levei using the 

Spearman rank correlation test (Conover. 1980). Significance of correlation coefficients 

was corrected using the Bonferroni method (Snedecor & Cochran. 1982). A null 

hypothesis, stating that heterozygous individuais have the same levei of bilateral 

symmetry as homozygous individuais was tested in this analysis. 
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FA and heterozygosity were compared among samples using the Wilcoxon 

signed rank test (Conover, 1980; Zar, 1984). Homogeneity among samples was tested 

using Chi-Square tesl (x2) (Conover, 1980; Zar, 1984). 

1.3 - Results 

Descriptive statistics for the species in study are presented in the Appendix I - 

Tables I to IX. The anal fin proved to be the least variable meristic trait. When no 

variability was registered, the anal fm accounted for 73.3% of the cases, the dorsal fin 

20%, and the caudal fin 6.6%. 

Sample variance (Appendix í - Table X) varied within a very narrow boundary, 

always presenting low values. Nevertheless, variance was higher for the pecloral fin 

(left and right side) and gill rakers, both upper and lower limb. Such occurrence was 

confirmed through the Man-Whitney U test, which showed no significam differences 

between samples for the majority of the pairwise combinations (Appendix I - Tables XI 

to XIX). In contrast, the pectoral fin (both right and left side) and gill rakers (both upper 

and lower limb) proved to be significantly different for the majority of the cases 

(Appendix I - Tables XI to XIX). 

Left and right counts of the pectoral fin rays and gill rakers showed an 

independem variation between sides of the fish. Nevertheless, statistical analysis 

showed that both sides exhibit similar patterns of significance among the studied 

samples (Appendix I - Tables XI to XIX). 

Despite the above stated differences between samples, these could nol be 

translated through the Mahalanobis distances (D2) into geographical differentiation 

between them (Table IV). The only evidence that can be retained from Mahalanobis 

distances is the major difference between paired samples, or between one sample and ali 

the others, namely. the difference between the French sample of reared S. aurata and ali 

the other samples; between the Italian and Portuguese samples of wild S. aurata ífom 

the others, and the Italian samples of D. sargus and P. hogaraveo, the Greek sample ot 

D. puntazzo and the Spanish sample of L. mormyrus ífom ali the others (T able IV). The 

pectoral fins rays (both left and right), and upper and lower gill rakers (both left and 

right) invariably made the largest contribution to this differentiation. 
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Table IV - Values ofthe squared Mahalanobis (D2) distances for ali the species (Ali. - Atlantic. Med. - Mediterranean). 
i I- • i 1 r' I I 1 i n h 1 I~ I-'rance Portugal Spain Atl. Spain Mcd. \la\y 

Sparus aurala (rcarcd) 

Sparus aurala (wild) 

Pagrus pagrus 

Diplodus sargus 

Diplodus piuUazzo 

Denlex dentex 

Page IIus hogaraveo 

France 
Portugal 
Spain Atlantic 
Spain Mediterranean 
Italv 

0 
11.81 
I 1.74 
9.16 
10.36 

11.81 
0 

2.86 
10.39 
3.07 

11.74 
2.86 

0 
6.68 
5.13 

Portugal 
Spain Atlantic 
Spain Mediterranean 
Italy 
Grcecc 

Portugal Spain Ali. Spain Med 

Portugal 
Spain 
llaly 
Grcecc 

Portugal 
Spain 
Italy 
Grcecc 

Portugal 
Spain 
Italy 
Grccce 

Portugal 
Spain 
Italy 
Grcecc 

Portugal 
Spain 
Italy 
Grcecc 

Portugal 
Lilhognathus mormyrus Spain 

Italy 
Greece 

0 
11.73 
3.89 
0.76 
12.83 

11.73 
0 

4.07 
16.52 
0.87 

3,89 
4.07 

0 
5.80 
3.78 

Portugal _S£ ain Italy 
0 

3.77 
4.85 
5.68 

3.77 
0 

0.79 
2.56 

0.79 
4.85 

0 
1.08 

Portugal Spain Italy 
0 

4.54 
6.27 
7.45 

4.54 
0 

10.23 
2.80 

10.23 
6.27 

0 
10.56 

Portugal Spain Italy 
0 

18.88 
6.02 
14.55 

8.88 
0 

2.44 
11.79 

12.44 
6.02 

0 
17.81 

0 
9.14 
3.70 
6.83 

9.14 
0 

4.32 
1.56 

4.32 
3.70 

0 
5.53 

Portugal Spain Italy 
0 

2.54 
7.50 
2.47 

2.54 
0 

3.77 
4.89 

3.77 
7.50 

0 
9.28 

Portugal Spa in Italy 
0 

14.04 
0.85 
4.23 

14.04 
0 

15.89 
24.27 

0.85 
15.89 

0 
2.93 

9.16 
10.39 
6.68 

0 
4.72 

Italy 

10.36 
3.07 
5.13 
4.72 

0 

0.76 
16.52 
5.80 

0 
16.63 

12.83 
0.87 
3.78 
16.63 

0 

Greece 
2.56 
5.68 
1.08 

0 

Grcecc 
2.80 
7.45 
10.56 

0 

Grcecc 
11.79 
14.55 
17.81 

0 

(ireece Italy Spain Portugal 
1.56 
6.83 
5.53 

0 

Greece 
4.89 
2.47 
9.28 

0 

Grccce 
4.23 
24.27 
2.93 

0 

When comparing lhe pooled counts of the meristic traits oí ali samples for each 

species with the values íbund in lhe litcrature, in 33.3% ofthe cases the values found in 

this study fali within the range found by other authors (lable V). When the counts 

extended bcyond or below this range, in 63.3% ofthe cases it occurred only duc lo the 

presence of one to three fishes in the whole sample universe (Table VI). In the 

remaining cases, the numbcr of individuais that exceeded the ranges varied between 4 

and 50 (Table VI). 
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Table V - Comparison ofthc pooled valucs of ali samples found in the prcscnt study with those 
obtained in the literature. (DF - dorsal lln; AF - anal lln; PF - Pcctoral fin; UGR - uppcr gill rakcrs; 
l.GR - lowcr gill rakers).   

DF CF AF PF UGR LGR 

Sparus a ura ta 

Albuquerque (1956) 
Fischer et a/. (1981) 
Bauchol & Pras(1982) 
Bianchi(1984) 
Whitehead et al. (1986) 
Present Study (reared) 
Present Study (wild) 

Pagrus pagrus 

Albuquerque (1956) 
Fischer et al. (1981) 
Bauchot& Pras (1982) 
Bianchi(1984) 
Whitehead et al. (1986) 
Present Study 

Diplodus sargus 

Albuquerque (1956) 
Fischer el al. (1981) 
Bauchol & Pras(1982) 
Whitehead et al. (1986) 
Pastor & Cuadros (1992) 
Prcscnt Study 

Diplodus puntazzo 

Albuquerque (1956) 
Fischer e/ r//. (1981) 
Bauchot& Pras(1982) 
Whitehead el al. (1986) 
Prcscnt Study 

Dentex dentex 

Albuquerque (1956) 
Fischer et al. (1981) 
Bauchot& Pras(1982) 
Whitehead et al. (1986) 
Present Study 

Pagellus hogaraveo 

Albuquerque (1956) 
Fischer et al. (1981) 
Bauchot & Pras (1982) 
Whitehead et al. (1986) 
Present Study 

Lithognathus mormyrus 

Albuquerque (1956) 
Fischer et al. (1981) 
Bauchot& Pras(1982) 
Whitehead et al. (1986) 
Present Study 

Spondyliosoma canlh arus 

Albuquerque (1956) 
Fischer el al. (1981) 
Bauchot& Pras(1982) 
Whitehead el al. (1986) 
Prcscnt Studv 

XI+13 n.ref. III+11-12 16 n.ref n.ref. 
XI+13-14 n.ref. 111+11-12 n.ref. 5-6 7-8 
XI+13-14 n.ref. 111+11-12 n.ref. n.ref n.ref 

XI+12-13 n.ref. III+11-12 n.ref. 11- 13* 
XI+13-I4 n.ref. 111+11-12 n.ref. 5-6 7-8 

X-XI+12-14 17-23 111+10-13 12-18 3-8 6-10 
XI+12-14 20-23 111+10-12 13-18 3-7 6-10 

XU+lO-ll n.ref. 111+8-9 15 n.ref. n.ref 
Xl-XIII+9-12 n.ref. 111+8-9 n.ref. 6-8 8-10 
XI-XI1I+9-12 n.ref. 111+7-9 n.ref. n.ref. n.ref 
XI-XI1+9-10 n.ref. 111+7-8 n.ref. 14- 17* 
XI-XIII+9-l() n.ref. 111+7-8 n.ref 6-8 8-10 
Xl-XI 11+9-11 20-24 111+8-9 14-17 4-9 7-11 

Xl-XII+12-15 n.ref. 111+12-14 15-16 n.ref. n.ref 
Xl-XII+12-15 n.ref. 111 + 12-14 n.ref 6-9 9-12 
XI-X11+I3-I5 n.ref. 111+12-14 n.ref. n.ref. n.ref 
X1-X1I+I2-15 n.ref. 111+12-14 n.ref. 6-9 9-12 
XI-XI1+12-17 n.ref 111+13-17 14-17 n.ref n.ref. 
XI-XII+13-16 21-26 111+12-15 11-17 6-10 8-11 

XI+13-14 n.ref 111+12 15-16 n.ref n.ref. 
XI+12-15 n.ref 111+11-13 n.ref. 5-7 7-11 
XI+12-15 n.ref. 111+11-13 n.ref n.ref n.ref. 
Xl+12-15 n.ref. 111+11-13 n.ref. 5-7 7-11 
Xl+12-14 21-26 111+11-13 12-17 4-8 8-11 

X-Xl+11-12 n.ref. 111+7-8 14-15 n.ref. n.ref. 
Xl+11-12 n.ref. 111+7-9 n.ref 8-9 9-10 
Xl+ll-12 n.ref. 111+7-9 n.ref n.ref. n.ref. 
XI+ll-12 n.ref. 111+7-9 n.ref. 8-9 9-10 
XI+10-12 20-23 III+7-8 14-16 2-9 7-12 

Xll-XIII + 11-12 n.ref. 111+10-12 15-17 n.ref n.ref. 
XII-X111+11-13 n.ref. 111+11-13 n.ref 11-13 18-19 

XI1-XIII+11-13 n.ref III+11-12 n.ref. n.ref. n.ref. 
XI1-X1I1+11-13 n.ref 111+11-12 n.ref. 11-13 18-19 

XI1+10-13 20-24 111+11-13 15-18 8-15 15-20 

X1-XI1+11-12 n.ref. III+10-11 16 n.ref. n.ref 

XI-XII+11-12 n.ref. III+I0-11 n.ref 9-11 14-17 

XI-XI1+11-12 n.ref. 111+10-11 n.ref. n.ref. n.ref. 
Xl+11-12 n.ref. 111+10-11 n.ref. 9-11 14-17 
XI+II-13 19-23 111+9-11 14-17 7-12 12-19 

Xl+11-12 n.ref 111+9-11 14-16 n.ref. n.ref. 
XI+11-13 n.ref 111+9-11 n.ref. 8-9 14-16 
XI+11-13 n.ref. III+9-11 n.ref. n.ref. n.ref. 
X1+I1-I3 n.ref. 111+9-1 1 n.ref. 8-9 14-16 
Xl+11-12 21-24 111+9-11 15-16 8-11 12-19 

* - Author regard il as "Total gill rakcrs on tlrsl arch" 
n. ref. - No refcrences wcrc found for this characterislic 
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Table VI - Pooled values of the numbcr of flsh in ali samples with a numbcr of counts difTcrent from thosc 
found in lhe literature. In parenlhesis is lhe number of counl lhat those flsh presented. 
(DF - dorsal fín; AF - anal fln; PF - Peetoral fin; UGR - upper gill rakers; LGR - lower gill rakers). 

Sparus aurata (reared) 
Sparus aurata (wild) 
Pagrus pagrus 
Diplodus sargus 
Diplodus puntazzo 
Dentex deníex 
Page Uns boga rave o 
Lithognathus mormyrus 
Spondyliosoma canlharus 

DF AF PF UGR 
0 I2( I0)-5(13) 4( 12)-1( 18) 1(3)-1(8) 
0 1(10) l(13)-l(18) l(3)-50(7) 
0 0 12( l4)-2( 17) 2(4)-2(9) 
0 0 1(11)-l 5(17) 5(10) 
0 0 l(I2)-l(17) 7(4)-3(8) 

8(10) 0 14(16) 1(2) 
3(10) 2(13) 5(18) 1(8)-1( 15) 
3(13) 1(9) 0 2(7)-27( 12) 

0 0 0 7(11) 

LGR 
2(6)-4( 10) 
16(6)-1( 10) 
1(7)-13(11) 

0 
0 

I(7)-3(12) 
3(l5)-3(20) 
2(12)-1(I9) 
2(I2)-I( 19) 

1.3.1 - Asymmetries and fluctuating asymmetry 

1.3.1.1 - Asymmetries 

Table VII shows the percentage of fish with asymmetries and the percentage of 

fish with at least one asymmetry (Al). The Italian sample (R) was the most asymmelric 

(92%), while the Greek sample (W) was the least asymmetric (37.5%). The Spanish 

reared samples (SpAtR, SpMR) and the Italian wild sample (ItW) also presented high 

leveis of asymmetry, respectively 68%, 64% and 65%. 

Table VII - Percentage of fish lhat were asymmetric for each characteristic in each sample. 
» i • .i .    i' ...   .x«—G.-U oror»tí»rictir* 

FrR PtR IHW SpAtR SpAtW SpMR SpMW UR ItW GrR GrW 

P.F.R. 21.8 20 18 26 25 22 9.8 60 20 48 7.5 

U.G.R. 13 20 16 24 31.3 30 21.6 50 32.5 » 7.5 

L.G.R. 39.1 20 20 36 33.3 40 25.5 42 40 * 22.5 

Al 56.3 50 42 68 64 58.3 47.1 92 65 48** 37.5 

P.F.R. 0.209 0.202 0.183 0.423 0.096 0.591 0.255 0.1318 0.4 0.499 0.154**** 

FA U.G.R. 0.391 0.202 0.189 0.551 0.256 0.529 0.404 0.473 0.408 ♦ 0.215 

L.G.R. 0.134 0.204 0.149*** 0.219*** 0.34 0.366 0.383 0.5 0.317 * 0.076**** 

♦* - based in just one characterislic 
*** - failed lhe slatistical procedure (lirsl step) 
**** . failed the slatistical procedure (sccond step) 

1.3.1.2 - Fluctuating asymmetry 

Peetoral fin rays (PFR) and the lower gill rakers (LGR) in the GrW failed the 

statistical procedure (fírst step), and were excluded ífom Rirther analysis. The LGR of 

the SpAtR and PtW also failed, not presenting FA (second step), and were also 

excluded (Table VII). 

FA varied between 0.096 (SpAtW) and 0.591 (SpMR) for PFR, 0.189 (PtW) and 

0.551 (SpAtR) for UGR, and 0.134 (FrR) and 0.5 (ItR) for LGR (Table VII). Results of 

the Shapiro Wilks tesl indicated that meristic traits were normally distributed. 

No signifícant correlations (Spearman rank correlation test; /2<0.005) were 

found between the heterozygosity (both allozymes and microsatellites). 
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Wild samples were quite similar, with a marginal degree of heterogeneity. In 

contrast. there was a considerable difference in the degree of asymmetry among the 

reared samples. Chi-square tests for analysis of homogeneity among samples were 

barely significant (Table VIII). 

Table VIII - Results obtained for Chi-square test 

for homogenity. 

Chi-square test 

X2 DF P 

FrR 5.655 6 0.463 

PtR 25.469 13 0.044 

SpMR 12.722 12 0.389 

Reared SpAtR 25.469 15 0.044 

ItR 11.186 15 0.739 

GrR 7.789 6 0.254 

PtW 1 1.426 8 0.179 

Wild SpMW 11.426 8 0.179 

SpAtW 15.132 8 0.057 

ItW I 1.186 15 0.739 

GrW 2.26 5 0.812 

1.3.2 - AHozyme heterozygosity 

Of the 24 loci screened, 11 proved polymorphic (EST, GPI-2, IDDH, IDHP, 

LDH-2, MDH-2, MDH-3, PGM, PGDH, SOD-1, SOD-2). Among these, five were 

polymorphic in ali the samples (EST, GPI-2, IDHP, PGM, PGDH). 

The percentage of heterozygous físh observed for each allozyme. as well as the 

observed heterozygosity (Ho), are presentcd in Table IX. Individually, hsh were 

heterozygous to a maximum of six loci. 

When the allozyme heterozygosity was compared in the reared individuais, the 

SpMR was significantly different ífom ali the other samples (Wilcoxon signed rank test; 

/?<0.005). No significant differences were found among lhe wild populations (Wilcoxon 

signed rank test; /?<0.005). Similar results were obtained for the microsatellite 

heterozygosity in lhe reared animais. In the wild animais, the Greek samplc was 

significantly different from the Portuguese and the Italian samples (Wilcoxon signed 

rank test; /7<0.005). 
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Table IX - Pcrcentages of heterozygous fish observed for each allozyme screcncd for ali samples. Monomorphic loci are 
not prcscntcd. Mo-Observed heterozygosity 

FrR PtR PtW SpAtR SpAtW SpMR SpMW UR ItW GrR GrW 

ESI 60.9 46 56 36 62.5 38 49 46 45 32 52.5 

GIM2 52.2 34 100 52 35.4 82 41.2 20 32.5 34 42.5 

11)1)11 0 0 0 0 0 0 3.9 0 2.5 0 0 

IDHP 39.1 48 38 32 31.3 68 45.1 62 42.5 38 42.5 

LDH-2 0 0 0 0 0 0 2 0 0 0 0 

MDH2 0 0 0 0 0 0 5.9 8 0 0 0 

MDH3 0 0 0 0 2.1 0 2 0 0 0 0 

PGM 56.5 36 56 68 52.1 82 74.5 44 55 38 65 

PGDI1 43.5 48 36 20 58.3 62 41.2 48 55 56 30 

SOD1 0 0 0 0 0 0 5.9 0 0 0 0 

S()l)2 4.3 20 8 10 6.3 0 2 2 0 18 0 

Ho 0.094 0.091 0.092 0.085 0.101 0.139 0.091 0.088 0.091 0.082 0.088 

1.3.3 - Microsatellites 

High percentages of heterozygous individuais were found for thc majority ol the 

samples (Table X). Nine samples presented 100% of heterozygous fishes for at least one 

MS locus. 

The average observed heterozygosity values varied between 0.78 (PtR) and 0.91 

(SpMR) in the rearcd samples, and between 0.61 (ItW) and 0.92 (GrW) in thc wild 

samples (Table X). 

Table X - NHF is the pcrcentages of heterozygotic fish observed for each one ol lhe thrcc MS loci. MS I is thc percentage 
of llsh in each sample that was heterozygotic for at least one MS loci. Ho - heterozygosity observed. 

FrR PtR PtW SpAtR SpAtW SpMR SpMW UR HW GrR GrW 

Sa26 75 82.4 92.1 92.1 77.7 89.7 77.4 95.6 63 86 87.5 

NHF Sa32 93.8 94.1 39.3 76.3 77.7 96.6 67,7 86.7 51.9 97.2 87.5 

Sa41 b 87.5 82.4 60.7 81.6 88.9 79.3 87.1 77.8 92.6 88.9 96.7 

MSI 100 100 93 100 100 100 97.2 100 100 100 100 

Sa26 0.83 0.64 0.76 0.92 0.8 0.93 0.78 0.96 0.57 0.8 0.89 

1 lo Sa32 0.97 0.98 0.55 0.85 0.78 0.96 0.63 0.85 0.41 0.98 0.89 

0.74 0.73 0.63 0.78 0.91 0.85 0.82 0.78 0.86 0.85 0.97 

pooled MS 0.85 0.78 0.65 0.85 0.83 0.91 0.74 0.86 0.61 0.88 0.92 
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1.4- Discussion 

1.4.1 - Meristic analysis 

Anatomical characteristics are hard to quantify but nevertheless importam as 

species descriptors. They include shape, completeness, and position ot the lateral line; 

position and size of internai organs; special anatomical teaturcs (such as air-breathing 

and electric organs); secondary characteristics (such as breeding tubercles on males); 

and lhe shapes, sizes, positions, and interrelationships of bonés, nerves and muscles 

(Moyle & Cech, 1996). Most of these are yes-no characteristics: either a físh has them 

or it does not. As a consequence they can be definitivc characteristics, uselul for 

separating not only species but also higher taxa. However, even these characteristics aie 

not always absolute, since occasionally individuais possess characteristics supposedly 

deflnitive for another, closely related species (Moyle & Cech, 1996). 

In some cases, such characteristics can also ensure the differentiation between 

populations of a same species. Local environmental conditions can bc quite different 

throughout the species geographic distribution and so influence throughout its lifetime, 

but especially during the early stages. Influences on ontogeny are more likely to induce 

transformations in specific morphological characteristics than others. However, because 

meristic characters generally vary within a relatively small range, it seems probable that 

unless there are consistem difterences between groups, lhe amount they contribute to 

the total variance will be so small that they will be of relatively minor importance in 

stock separalion (Schweigert, 1981). In the present study, in the majority of the cases, a 

geographic gradient in a West/East sequence (Portugal-Spain-Italy-Greece) with 

increasing values between samples could not bc observcd (exception for P. pagrus). 

Nevertheless, closeness between Italian and Portuguese samples was found for the S. 

aurata (both wild and reared), and L mormyrus samples. In a firsl approach such a 

finding could be quite strange and eventual causes could not be explained. Yet, for the 

gilthead seabream if we cross the biological analysis with the geological characteristics 

and formation of the Mediterranean Sea some hypothesis can be formulated. It is 

assumed that a species diverts ífom a single population, deriving that into diflerent 

populations. If these populations became completely isolated, they can suffer an 

evolutionary transformation and became different species, or maintain the original 

characteristics throughout time, if only partially isolated. Fryer & lies (1972) pointed 

out geological factors for lhe development of species flocks of cichlids in the Affican 
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Great Lakes, and according to Eastman & McCune (2000) the Antarctic shelf supports a 

highly endemic fauna, which due to the geological movements of the Antarctic shell 

was the centre of evolution for a variety of aquatic organisms. In the present study, the 

Portuguese samples were the only ones oblained from the Atlantic (except for S. 

aurata). The Italian samples of S. aurata were obtained in the most northern part oí the 

Adriatic Sea, whereas the other ones were captured in the southern Adnatic. According 

to Bembo et a/. (1996) and Naciri et ai. (1999) there are considerable oceanographic 

differences between the Adriatic and the East and Western Mediterranean. In both 

cases, these differences can influence the early developmental stages and so provide a 

sourcc of variation. Thus, if we look to those placcs as the most isolated ones that 

derived ífom the original populations, these populations could find themselves 

incapable of maintaining a constant contact with the neighbouring populations due to 

posterior geological events constraining the bulk of their migratory movements. 

According to Bembo et ai. (1996), there are three primary biogeographic regions 

in the Adriatic; the shallow waters of the northern Adriatic (<50 m), typically of 

moderate to high productivity, a western, similarly shallow coastal stnp, with locally 

eutrophic conditions, and the central-southern oligotrophic open waters with depths 

over 75 m. The northern and coastal waters are heavily influenced by riverine input, 

whereas hydrography in more southern waters is affected by exchange with loman Sea. 

Independent circulatory patterns in the north and soulh Adriatic (Zore-Armanda, 1969) 

reinforce such latitudinal discontinuities, and induce the presence of several endemic 

fish species in the northern waters (Tortonese, 1983). Thercfore, it is not surprising to 

find corresponding differences in the distribution of species and populations (Umani et 

ai. 1992). Thus. for the Italian L. mormyrus sample that was collected in the southern 

Adriatic, such constraints can also be applied due to the differences in the circulatory 

patterns between the southern Adriatic and the central Mediterranean. 

In the other species, the differentiation between Atlantic and Mediterranean 

species could be observcd. The Almeria-Oran oceanographic ífont (AOOF), is an 

effective boundary between Atlantic and Mediterranean surface waters, and is the major 

oceanographic discontinuity in the western Mediterranean (Beckers et «/., 1997). This 

corresponds to a major ecological break with drastic differences between differcnl 

planktonic communities on either side (Estrada et «/., 1985). The contact oí Atlantic 

surface water with higher density Mediterranean water of Alméria on the southern coast 

of Spain induces a jet towards North Africa. A part ot the Atlantic water returns 
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westward to form the Alboran gyre and the other part flows eastward along the coast of 

North Africa (Naciri et ed., 1999). The presence of this gyre could provide an 

explanation for the Atlantic/Mediterranean ecological and genetic discontinuity for the 

species in study: larvae spawned in the Mediterranean, cspecially near the Alboran Sea 

would be retained in the Alboran gyre until recruitment. This is supported by the 

similarity between the Spanish Atlantic reared sample and the Portuguese reared sample 

(Table IV), the two closest samples in analysis, and between the former and the Italian 

reared sample. 

The comparison between the studied populations can also be analysed from the 

environmental point of view, namely water temperalurc during the larval development. 

Northern latitudes usually produce colder water temperatures, that. in the present case 

would affect the Italian sample and the Atlantic samples due to colder water currents 

(see Brown et ai, 1995; Bigg, 1996). According to Tomczak & Godfrey (1994) there 

are meteorological factors that allow the water in the northern and central regions of the 

Adriatic to cool very fast during a hora event (characteristic wind in the northern 

Adriatic) and atlain a density higher than water masses in the south. Therefore, the 

differences in meristics characters may reílect differences in the geographic origins ot 

the larvae. The fact that these differences were still observed in the adult stage suggests 

that larvae, whose meristic counts developed under the influence oí local environmental 

conditions. remained in the region of hatching and development throughoul recruitment 

and maturity (Shepherd, 1991). According to Claytor et cd. (1991), ecological features 

are more important than continental effeets in explaining bolh morphometric and 

meristic variation, and again evidence the temperature as the most important ecological 

effect. Holcik & Jedlicka (1994) extended the influencing factors to geographical 

latitude and longitude, elevation and físh size. 

Beacham & Withler (1985a) also found a significam correlation between 

pairwise Mahalanobis distance based on meristic characters for pink salmon 

Onchorhynchus gorbuschci, and Ihsscn et al. (1981) found that same positive conelation 

for whitefish Coregonus clupeaformis. Nevertheless, Beacham & Withler (1985a) found 

that the correlation between the genetic distance and the Mahalanobis distance based on 

gill raker number was greater than that based on morphometric characters. As will be 

seen further on (Chapter 2) the opposite occurred in this study, but as stated by other 

authors (Riddell & Leggett, 1981; Beacham, 1985) such a constraint is closely related 

with the homing behaviour of the salmonids. The life history characteristics of the 
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Salmonidae suggest that genetic variation may contribute significantly to geographic 

variation in population traits (Riddell & Leggett, 1981). The homing bchaviour is 

unknown in sparids, and only certain species migrale to reproduction areas, usually in 

shallow waters. These behaviours do not induce major differences, since these areas 

usually share similar characteristics, in contrast to rivers, which in most of eases have 

their proper characteristics. 

After the initial description of a fish species, they suffer throughout time re- 

examinations and revisions of their systematic position. Such studies otlen result in lhe 

reappraisal of Genus (e.g. Bianchi, 1984; Ben-Tuvia, 1990; IvantsofF & Crowley, 1991; 

Crowley & Ivantsoff, 1992; Das & Nelson, 1996), new records of a species in 

determined areas (e.g. Klausewitz & Uiblein. 1994) and some times the description of 

new species (e.g. Akazaki, 1983; Randall & Guézé, 1984; Creech, 1992; Saeed et ed., 

1993; Crowley et ed., 1995; Griffiths & Heemstra, 1995; Allen & Feinberg, 1998; Allen 

et ai.. 1998; Randall, 1998; Ng & Freyhof, 2001a, 2001b). In the majority of cases, the 

redefinition or description of new fish species is based on meristic and morphological 

analysis. Ncverlhcless, in some cases even if there is not a redefinition ot lhe species, 

the di fferent authors present different ranges of variation of the fish characteristics. 

The results obtained in this study and those reported to by other authors are 

summarised in Table V. This table shows that there are some differences between the 

results of the present study and those of other authors. 

In some, such differences only happened for a small number of individuais, and 

two main reasons can provide explanations. The observed fishes sulfered injuries during 

their life and in that case, the number of counts was much smaller than lhe value 

described for that species. Often, these cases are recognisable bccause the injury was 

extended to lhe supporting structure or even lo the muscle. furthermore, the possibility 

of sampler error is not to be excluded. 

In fact, the definition of counting is an important step to normalize the criteria of 

different samplers. Still, major misunderstandings arise from the analysis ot more 

complex repetitive counts. For example, Kruse et ed. (1996), found significam different 

mean counts of pyloric caecae and scales above the lateral line among different 

samplers, but did not found significam differences for gill rakers between those same 

samplers. In this study, the sampling criteria were established a priori between 

samplers, and it was predictable that eventual errors would be reduced. The occurrence 
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of pooled counts of the four countries, both in the pectoral fin and gill rakers, within the 

range found by other authors reinforces this assumption. 

The organisms analysed in this study presented. for the same characteristics, 

systematic differences (higher or lower counts) when comparcd with the range of values 

reported in the literature. These differences were not due to few extreme organisms, but 

were presenl in a large number of the individuais, suggesting that these counts were 

valid, and, therefore, constitute a diagnostic criterion for species discrimination. 

Furlhermore, in some cases, these findings were recorded in ali the four countries. 

1.4.2 - Fluctuating asymmetry and heterozygosity analysis 

In this study, allozyme heterozygosity showed high values, and in contrast, the 

FA leveis were quite low which is in agreement with the results reported by Palmer & 

Strobeck (1986) and Crozier (1997) for Atlantic salmon. Nevertheless, the comparative 

analysis between reared and wild populations suggests that developmental stability 

appears to bc weaker in the reared samples. Ali reared samplcs (except for SpMR), 

presented lower allozyme heterozygosity values and higher values of FA (except for 

pooled FA in ItW) than the wild samples. This result might indicate a loss of genetic 

variability of the reared populations. Although microsatellite values were always 

higher for the reared samples (except for the Greek samples) this could be attributed to 

the mixed origin of founding populations and/or the renewal practice of the stocks. The 

allozyme loci usually have only a few alternative states (alleles), they are involved in 

the functioning of the biochemical pathways of the cell and they are candidate targets 

of natural seleclion. Large differences at allozyme loci are not usual among 

conspecifics samples and when seen, they imply very strong selective differences 

exacted on the population by virtue of difference in their environments, or (more 

likely) that the populations have been in reproductive isolation írom each other for a 

very long period of time. In contrast, microsatellites are small stretches of DNA made 

by tandem repeats of a pair of nucleotide bases and vary ífom each other because the 

number of pairs varies widely among homologous sites. As a result, the two copies an 

individual receives ífom each of its parents usually vary, with lhe consequence that the 

majority of individuais are heterozygous for each microsatellite (Zouros et ai, 1998). 

Thus there is a big difference between allozymes and microsatellites in the amount of 

variation among individuais in population. 
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These differences between natural and cultivated samples are justifíed by the 

dominance of the rare alicies in the wild populations, which have disappeared in lhe 

reared ones through genetic drift effect (Zouros eí al., 1998). fhis fact is iclated to 

breeding techniques used in aquaculture, which rely on the samc parental brood stock 

for several generations. Samples showed a predictable result oí a high degree oí 

homogeneily among samples. 

The majority of the meristic traits did not show high values of FA. which 

indicates lhat lhe mechanisms of developmental stability werc presenl. No 

destabilisation in development seems to be occurring, except for the Spanish reared 

samples (both Atlantic and Mediterranean) and the Ilalian samples (both wild and 

reared). The higher asymmetry obtained in these samples, could be related to 

environmenlal stress. This hypothesis is also related to the fact lhat the heterozygosity 

values were very similar for ali the samples. The higher leveis of asymmetry ol the 

Italian samples can be affected by particular abiotic conditions in lhe Northern Adriatic 

(e.g. temperature, salinity and ffeshwater inílow) (Tomczak & Godfrey, 1994). The 

values presented by the ItR (highest Al of ali the samples) seem to be enhanced under 

artificial conditions (due to breeding techniques) what seems to be the case in the wild 

populations. The high and similar FA obtained for both Spanish cultivated samples 

might result frorn exchanges between hatcheries, probably reflecting common origins. 

Moreover, animais might be experiencing differenl rcaring conditions when compared 

to other countries. In contrast. the wild populations from Portugal, Spain (Atlantic and 

Mediterranean) and Greece as well as the cultivated populations from France, Portugal 

and Greece might reflect more stable environmenlal and culturing conditions. 

The present sludy does not clearly indicate a distinct paltern of geographie 

differentiation for both wild and cultivated samples. In fact, non-signifícant differences 

were found for the comparison of lhe same data. The results obtained for the cultivated 

samples suggest two main hypotheses: fírstly, the exchange of eggs and breeders 

between aquaculture facilities within countries (as mentioned above) and also between 

neighbouring countries which is a common practice; and secondly, the production ol 

Sparus aurata is still a quite recent technique, and until now, it is not responsible for 

considerable changes in the genetic pool oí cultivated populations. 

In lhe case of the wild samples, the migration of individuais and consequent 

crossing between neighbouring populations is the main reason for their shared meristic 
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characteristics. Considering the dispersai abilities and the high fecundity ol the gilthead 

sea bream. only slight genetic differentiation could a priori be expected. 
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CHAPTER 2 - Morphometric analysis 

2.1 - Introduction 

Species are the fundamcnlal unit of classifícation schemes. What is a species, 

and how should species bc arranged in a phylogenetic classifícation? Fhc Bntish 

ichthyologist C. Tate Reagan defined species as "a group of orgamsms with distinctive 

enough morphological characteristics lhat, in the opinion ol a competent systematist, are 

sufficiently dcfmite to entitle them to a spccific name" (Norman, 1948). This practical, 

but some what circular, defmition of a species, now termed as morphospccies, does not 

depend on evolutionary concepts (Helfrnan ct ol., 1997). 

Studies of morphological development have contributed significantly to our 

understanding of the evolution of form and ílmction in vertebrates (Gans, 1969; Lauder, 

1981; Liem & Wakc, 1985; Splechtna & Hilgers, 1989). The discipline of biological 

morphometrics has had a reticulate evolution. From the 1960s until early 1980s the term 

was generally held to be synonymous with numerical taxonomy or phenelics, and the 

aim of it was to relate organisms objectively in terms of their overall similarity, assessed 

by measurements of body form and other quantitative traits (Strauss, 1990). In 

particular, ontogenic studies have focused attention on the relationships between 

allometric scaling, function and ecological role (Strauss & Altig, 1992). Morphological 

approaches to the study of community relationships are based on the premise that 

morphological differences among organisms reílect in large part their ecological 

relationship and that morphological "space" can be mapped onto ecological "space" 

(Strauss, 1987). 

A central problem in evolutionary biology is whether a single population 

contains one or more optimum phenotypes (Wilson, 1989). Polymorphism in ecological 

or morphological traits has ífequently been misinterpreted as speciation due to the lack 

of knowledge about the range and nature of phenotypic variation within population 

(Sage & Selander, 1975). The quantification of specific characteristics of an individual 

or group of coexistent individuais can bc a measure of the degree of differentiation 

induced by both biotic and abiotic conditions. Those characteristics contribute to lhe 

defmition of different stocks within a species. A general defmition of lhe term stock 

generally involves a group of individuais that sustains itself over time, but precise 

definitions vary among disciplines (Booke, 1981). For example, morphometric variation 
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can be used to discriminate "phenotypic stocks" defined as groups with similar growth. 

mortality, and reproductive rates (Cadrin, 2000). Species rarely reproduce randomly 

with oonspeciftcs throughout their geographic range, but form a serious of stocks that 

are reproductively isolated in space or time (Jennings et al., 2001). The development of 

a stock distinction scheme that facilitates the logistical management of a fishery and the 

monitoring of biological and genetic integrity of its population units is crucial to the 

long-term survival of the fish stoeks and to the fishery itself (Schweigert, 1990). In this 

process, it is also meaningíul to identify the geographic ranges of the stock units (Ihssen 

et al, 1981) or even in the estimation of biomass (Beddow & Ross, 1996; Hockaday et 

ai, 2000). 

Multivariate statistical analysis of morphometric characters is a powerlul 

technique to investigate the geographical variation of populations. It has provided useful 

results for assessing the stock structure of several species of marine fishes, because it 

can yield information complementary to that derived from biochemical, physiological 

and life history studies, (Schaefer, 1989). Biological morphometry has progressed in the 

past few years, however, owing primarily to the infusion of a geometric perspective on 

form and to a renewed emphasis on explicit assumptions about anatomical homologies 

and on allometric models on growth and size-variation. Such model assumptions are 

necessary for biological comparisons (as opposed to purely statistical contrasts) because 

they fumish a íirm biological context within which to interpret results (Strauss, 1990). 

The use of body landmarks, which are the points at which one's explanations of 

biological processes are grounded, have eased this task. They are signposts the 

organism conveniently erects to ease the task of functional or evolutionary brolog.st 

while remaining biometricians (Bookstein, 1991). There are three princtpa. types of 

points that are frequently used as landmarks, and are, discrete juxtapositions of tissues, 

maxima curvature or other local morphogenetic processes and extremai points. The 

space of this "configurations" in which landmark locations are recorded are at the same 

time the space of possible depictions of effects upon form and the space of statistics of 

deformations relating those forms. Thus, landmark-based morphometrics is the 

embodiment within biometrics of the functional form of biological explanation 

(Bookstein, 1991). 

The landmark-based techniques of geometric morphometrics pose no restrictions 

on the directions of variation and localization of changes in shape, and are very 

effective in capturing information about the shape of an organism (Cavalcanti et al. 
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,999). The emphasis on geometric aspects of the form dates back to the seminal work 

of D'Arcy Thompson, the father of the deformation grid, which graphically dep.cts the 

point-for-point geometric transformation of one form to another. Sinee then, many 

morphologists have taken a geometric approach in comparing life-history stages. These 

comparisons are faeilitated in Strauss & Bookstein's (1982) truss of morphometnc 

measurements. The truss consists of distances between homologous landmarks on the 

outline of a two-dimenstonal projection of a form. Such conformation revelled to be 

advantageous over the traditional morphometric data sets, because; 

- it provides a geometric protocol for morphometric character selection; 

- it archives the configuration of the landmarks so that the form of an individual 

specimen can be reconslructed 

- measurements can be performed in a digitising board 

- it enables construction of a composite, average form that represents a givcn 

population at a given age or size 

- it allows visualisation of multivariate trends of growth and allometry within 

populations (Strauss & Bookstein, 1982). 

More recently, the image analysis systems played a major role in the 

development of morphometric techniques, boosting the utility of morphometric research 

in the fish stock identification (Cadrin & Fnedland, 1999). 

Although extensive information about population discrimination in salmonids 

has been published in the last few years (e.g. Bailey & Hrvine, 1991; Swain e/ ai, 1991; 

Beeman et ai, 1994; Bronte et al, 1999), none has been produced concemmg Spartds, a 

highly important fishing resource in the South European Atlantic coasts and the 

Mediterranean Sea. Aside ífom natural exploitation, the gtlthead seabream ts an 

example of a species that is extensively reared in hatcheries to supplement natural 

production. In recent years, sharpsnout seabream has also been successfuUy produced 

(Sarà et al 1999). A widespread concem is that selection in the novel hatchery 

environment may result in an evolutionary response away ífom the wild type (Swain et 

al, 1991). 

In this chapter, eventual differences among the populations will be studied m 

eight species of the Sparid family, the gilthead seabream, Sparus aurata Linnaeus 1758, 

the red porgy, Pagrus pagrus (Linnaeus 1758), the white seabream, Diplodus sargus 

(Linnaeus 1758), the sharpsnout seabream, Diplodus puntazzo (Cetti, 1777), the stnped 

seabream, Lilhognathus mormyrus (Linnaeus 1758), the red seabream, Pagellus 
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hogaraveo (Brunnich, 1768), the common dentex, Dentex dentex (Linnaeus 1758), and 

the black seabrcam. Spondyliosoma caníharus (Linnaeus 1758), along lhe South 

European Atlantic coast and in the Mediterranean Sca, based on their morphological 

variability. The traditional morphomctrics and lhe truss networks will bc used. Rcsults 

betwcen methods will bc comparcd, sincc the discussion ovcr which method bcst 

describes the morphological variation of a species is far from over, and both methods 

are commonly used. 

2.2 - Material and Methods 

2.2.1 - Sampling 

Morphological analysis was carricd out on the same samples referred to in 

Chapter 1. A total of 1767 specimens of eight sparid species; S. aurala, P. pagrus, D. 

sargus, D. puntazzo, L. mormyrus, P. hogaraveo, D. denlex, and S. caníharus from four 

European countries; Portugal, Spain, Italy and Greecc were used (1 able I). For S. 

aurala, additional samples of reared animais were collected in the Atlantic area of Spain 

(Cadiz) (both wild and reared) and Atlantic arca of France (reared sample), as also 

dcscribed in chaptcr one (Table II). 

For the black seabream the morphological comparison was only undertaken 

between the Portuguese and the Spanish samples. It was nol possible to collect 

specimens from Ilalian walers during the sampling period, and only thrcc were collected 

from Greece. Due to the small sample size, those animais were not included in lhe 

analysis. 

2.2.2 - Morphomeíric analysis 

2.2.2.1 - Traditional morphomctrics 

Traditional morphomctrics was rccorded on lhe left side of the fish. Thirteen 

morphomctrics measures were taken (Figure 2); standard lenglh (SL), maximum fish 

height (MFH), head length (HL), head depth (HD), preorbital length (POL), orbital 

length (OOL), postorbital length (PSL), lowcr jaw length (LJL), upper jaw length 

(UJL), dorsal fin length (DFL), caudal pcduncle length (CPL), length between the 

pclvic and the anal fins (LPA), and the anal fin lenglh (AFL). In the Portuguese 

samples, data were collected from fresh fish. In ali the olhers samples measurements 

were performed on lhe X-rays. Ali measurements were taken with a digital calliper 

(MITUTOYO). In order to avoid biases due to different proccdures, ten fishes were 
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selectcd and measured in the fresh, aíter which lhey wcre X-rayed and re-mcasurcd. 

Image acquisition was carried out íbllowing Creech (1992). X-rays were taken as 

described in Chapter 1 (scction 1.2.2 of Material and Mcthods). Due to the precautions 

taken during the fish X-raying, no signifícant differences (p<0.05) were found bctwecn 

lhe two procedurcs. Rccordings were always performed by the samc sampler. 

Figure 2 - Localion of the 13 measurements used for tradilional morphometry. 

2.2.2.2 - Truss measurements 

The truss morphometrics protocol (Strauss & Bookstcin, 1982; Bookstein el ai, 

1985) was used to describc the shape of each físh using a set oí morphometrie 

characlcrs. The landmark data were transferred lo computer from the X-rays wilh an X- 

Y coordinale digitalizing table (WACOM Ultra Pad) properly calibratcd. Measurements 

were taken to the nearest 0.01 mm. The Euclidian distances were obtaincd with the 

software program Image Pro Plus 3.0. for each spccimen, 31 dislance measurements 

were taken betwecn the 14 landmark points (Figure 3) on the left side ol the fish. fhe 

landmarks were, in clockwise direction: (1) anterior tip of the snout, (2) dorsal suríace 

of the head at lhe nearest point to the cyc globe, (3) posterior point ol the ncurocranium, 

(4) origin of the dorsal fin, (5) origin of lhe 8lh ray of the dorsal fin, (6) origin of the 16th 

ray of the dorsal fin, (7) posterior end of lhe dorsal fin, (8) dorsal origin ofthe caudal 

HL DFL 

SL 
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fin, (9) ventral origin of the dorsal fin, (10) insertion of the anal fin, (II) origin of the 

anal fin, (12) insertion of the pelvic fin, (13) origin of the pelvic fin and (14) poster,or 

insertion of the sub-operculum. The ehoiee of these measurements assured that those 

points were identified with consistem features of the local morphology, covered the 

entire body form and the inter-landmark distances were as short as possible, since short 

measurements contain more localised information ahout shape (Strauss & Bookstem, 

1982) Additionally, six area measurements were also taken (Fig. 3). 

In order to veriiy the precision of the method, ali measurements were repeated 

ten times over a chosen individual. The standard deviation of each one of the 31 truss 

measurements varied between ±0.02 mm and ±0.07 mm. and between 0.06 nW and 

0.14 mm2 for the six areas. 
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Figure 3 - Location of the 14 landmarks used to caleulatc lhe truss nctwork (lines). 

2.2.3 - Data analysis 

Both the traditional measurements and the truss networks were transformed to 

common logarithms in order to increase linearity and multivariate nonnality (Pimentel, 

1979). Outliers were detected by regression analyses of morphometnc characters 

against the standard length and by scatter plots of residuais vs. predicted values (Cook 

& Weisburg, 1982). 

In organisms characterised by determinate growth, variation in absolute srze 

within or between taxa can be interesting, and such variables ean be used to quant.íy 
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similarity or dissimilarity. However, for organisms with indeterminate growth, the 

absence of well defmed stages of growth and of fixed sizes of adults both necessitate the 

transformation of absolute sizes of body parts to some estimates of relative size (shape) 

of those parts (Reist, 1985, 1986). Size and shape covary, and unless isometry pertams, 

such covariation implies a changing relationship between size and shape (Gould, 1966). 

The terms size and shape have been used in various and sometimes conílicting ways 

(see Humphries et ai, 1981, for references). Size and shape ean be interpreted not as 

measured variables, but as general faetors, with linear combinations parsimomously 

accounting for the association among the distance measures. Size, in particular, is not a 

single variable such as biomass or a standard length, but a factor which, when called 

upon to predict ali the distance measures in the population, leaves the smallest mean 

squared residual (Humphries et ai, 1981). Shape, can be defined as the geometry of the 

organism after Information about position, scale and orientation has been removed 

(Bookstein, 1978). As such, a basic problem in the field of mult.variate morphometncs 

is that of quantifying shape differences among form separately from size differences 

(Rohlf & Bookstein, 1987). In general, populations or speeies under study are 

considered to be groups defined « priori and linear measurements of morpholog.cal 

characters are obtained from the specimens within each sample. However, when 

applying this procedure it is important that the within-sample sources of variat.on be 

controlled in such a manner that the possible variat.on among samples will not be 

masked or result from sampling errors (Reis et ai, 1990). 

Size-dependent variation was removed using an allometric approach (Reist, 

1985) An « priori statistical analysis (ANOVA on the basic size variation between 

samples) was performed. Signifieant size differences (p<0.05) were found between ali 

the samples, with the exceptions occurring between the Italian and Portuguese reared 

samples of 5. aurata, the Greek and the Spanish Med.terranean reared samples of S. 

aurata, and between the Spanish and Greek samples of P. bogaraveo. Thus, data was 

transformed to eliminate size-dependency using the formula; 

Mran.s=log M - (3 (log SL - log SLmcan) 

were M,rans is the transformed measurement, M the original measurement, /? the within- 

group slope regressions of the log M vs. log SL, SL the standard length of the fish and 

SXmcan the overall mean of lhe standard lenglh. 
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Principal components analysis (PCA) of a covariance matrix transforma a set of 

variables into orthogonal (uncorrelated) components. In order to eluc.date the 

requirements of pertinent techniques related to PCA, the discussion ts bascd on 

orthogonal sbe and shape components derived ffom linear measurements taken trom 

some aspects of the morphology, with this being one of the common uses of PCA and 

related techniques (Thorpe, 1988). 

As a fírst approach, PCA was used: í) to analyse the separation between 

populations through the matrix variability; ii) to identify collinear variables; and. m) to 

choose the right subset of variables to be used in the discriminant analysts, wh.ch 

verified the levei of distinction between samples. Correlations between the five 

principal components (PCI to PC5) and the standard length (SL) were evaluated wtth 

Pearson^ product-moment correlation. 

After checking for homoscedasticity of the variance-covartance matrices, 

variables were evaluated on the basis of: /) the percentage of correct classifieation m 

discriminant analysis (PCS); ii) the Mahalanobis distance (D1) between eentroids and .ts 

associated probability; iii) the values of Wilks' X, and iv) the cons.steney of the vanable 

selection by stepwise procedures. A multivariate variance analysis of the canónica 

variable obtained ffom the previous sequence of analysis was used to evaluate the 

spatial separation between the eentroids of the samples (Johnson & W.chern, 1992). 

The PCS is expressed as the percent of correctly classified cases in each group. 

The classifieation of cases will be based on a priori classifieation probabifities that ali 

cases belong to the same group. The squared Mahalanobis distances of each case ffom 

each group centroid are analysed. These distances are similar to the squared Euchdean 

distances of the respective case ffom the eentroids for each group (the pomt deíined by 

the means for ali variables in the respective group). However, unl.ke the Euchdean 

distance, the Mahalanobis distance takes into account the intercorrelations between the 

variables in the model (which define the multivariate space). To access the 

discriminatory effectiveness of the analysis, Wilks' X was used (WUks, 1932), which is 

a multivariate analysis of variance statistic that tests the equahty of group means for the 

variable(s) in the discriminant function. The smaller the X, the bigger the d.fference 

among groups. ranging Ifom zero to one. The consistency of the variable select.on by 

stepwise procedures depends mainly on the criterion for the choice of F to remove. In 

this study the statistical model assigned the initial F and the stepwise procedure was 

"guided" by the respective F to enter and F to remove values. The F value for a vanable 
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indicates its statistical signifícance in the discrimination between groups, that is, a 

measure of the extent to which a variable makes a unique contribution to the prediction 

of group membership. 

In general, the statistical model will continue to choose variables to bc included. 

as long as the respective F values for those variables are larger than the user-specified F 

to enter. Variables will be removcd from the model if their signifícance is less that the 

user-specified F to remove. 

Statistical differences were considered significant for thep<0.05 levei, 

Methods of manipulating truss coniigurations for quantitahve comparisons were 

performed as described by Strauss & Bookstein (1982). Substantial measurements will 

be exposed when the form is drawn, while more subtle errors may be revealed by 

measures of the mutual inconsistence of data. A usefol measure of such "stratn" 

adjusted for the varying sizes of the cells, is the relative discrepancy between measured 

and reconstructed distances, The total strain value for each sample was also obtamed. 

These values are a measure of the mutual lack of fit of the original drstance 

measurements and it is the square root of the sum of the squared dev.at.ons of the 

distances in the mapped form ffom those originally measured (Strauss & Bookstem, 

1982). 

In a posterior analysis, the truss measurements were identified wrth the body 

areas were they were recorded. Four distinct body regions were chosen; head related 

characteristics (Al, A2, A3, A4, A5, A6), longitudinal measurements along the trunk of 

the fish (B3, B4, B5, C3, C4, C5, D3, D4, D5. E4. E5). transversal measurements along 

the trunk of the fish (BI, B2, Cl, C2, Dl, D2, El, E2) and caudal related measurements 

(E3, Fl, F2, F3, F4, F5). Such diíferentiation will help further on to discriminate the 

characteristics that gave a higher contribution to the sample discrimination. 

2.3 - Results 

No outliers were detected in the samples of each species. A basic statistical 

description of the sample size (standard length) is shown in Annex II (Tables I-IX) for 

each species. Portuguese samples presented a higher variance for ali species, except for 

5 auraia reared samples, and S. cantharus, fact that was associated with the larger 

sample sizes. Standard error and standard deviation varied accordingly. 
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For the principal components analysis (PCA), the first five components (PCI to 

PC5) were analysed. PCI loadings were similar in size and sign indicatmg it was a 

general measure of fish size (Bookstein et 1985), snch fmdings oecurred in both 

methods and for ali the species in study. This component was always correlated 

significantly with the standard length (SL) (values for each one of the spec.es w.11 be 

presented forther on). PC2 to PC5 accounted for much smaller percentages of vanat.on 

not correlating with SL and were used to interpret the nature of the morphometnc 

variation, Correlations between the morphological measurements and the remammg 

principal components oecurred sporadie, and usual.y w.th PC2. Only one (in a universe 

of twelve and thirty-one morphological charaeterist.es for the tradit.onal morphometr.es 

and truss networks, respectively) correlated with one of those components. The loadmgs 

of each one of these components var.ed in magnitude, indicating that they were shape 

related components. For PC2 the largest loadings were usually head related from the 

traditional morphometry and head and the caudal peduncle related in truss analys.s, 

which is indicative of differential growth of these body regions compared to rest of the 

body. The remaining components, PC3 to PC5 were similar to PC2, but w.th lower 

magnitudes. . . 

The number of characteristics that contributed to the sample d.scrnnmat.on 

varied between four and twelve, and between five and twenty-two for the tradit.onal 

morphometry and truss networks. respectively. In the traditional morphometry, from the 

characteristics that contributed to the sample discrimination the number of head related 

ones was always higher than the number of the number of body related eharacterist.cs. 

For the truss networks the transversal measurements along the trunk of the fish usua y 

accounted for the higher percentage of contribution, The head related character.st.cs 

gave a smaller contribution to the sample discrimination. 

The chosen F to enter, F to remove values were three and two, respect.vely, for 

the majority of the species (except for D. sargus and L. mormyrus). These values were 

chosen because when higher values of F to enter and F to remove were tested they d.d 

not produce higher degrees of discrimination between samples. 

Under a geographical perspective of sample discrimination a geographrc 

gradient in a West/East sequence (Portugal-Spain-Italy-Greece) with increasing values 

between samples was observed for the D. pun,azzo and L. mormyrus through the 

traditional morphometry and for D. sargus, D. pumazzo, and D. dente, through the truss 

networks. 
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2.3.1 - Traditional morphometry 

2.3.1.1 - Gilthcad seabream {S. aurata) 

A tolal of 98.51% and 97.43% percent of the total variation associated with the 

12-morphometric measurements was accounted for by the first five principal 

components for the reared and wild samplcs, respectively. PCI loadings explained 

89.2% and 94.9% of the total variation for the reared and wild samples, respectively 

(Tables XI and XII). 

Table XI - Loadings ífom principal component analysis ofthe 12 
morphomeíric characters for S. aurata reared samples. Loadings are 
lislcd for the five principal components. Character descriptors refcr 
to Figure 2. (Exp. Var. - - Explained Variance). 

Descri ptor PCI PC2 PC3 PC4 PC5 

MFH 0.978 -0.112 -0.104 -0.052 0.014 

POL 0.986 0.022 -0.050 -0.009 -0.066 

OOL 0.904 -0.275 0.252 0.204 0.037 

PSL 0.955 0.161 0.171 -0.092 -0.053 

HL 0.988 0.076 0.034 0.006 -0.059 

HD 0.962 -0.021 0.213 -0.106 -0.017 

UJL 0.972 0.190 -0.019 0.005 -0.046 

LJL 0.957 0.076 -0.204 0.126 -0.107 

CPL 0.956 0.207 -0.063 0.025 0.144 

DFL 0.687 -0.711 -0.117 -0.063 0.000 

LPA 0.968 0.179 -0.103 0.007 0.079 

AFL 0.983 -0.013 -0.026 -0.055 0.077 

Exp. Var. 10.71 0.74 0.22 0.09 0.06 

% of total 89.23 6.2 1.86 0.73 0.49 

Table XII - Loadings from principal component analysis ofthe 12 
morphomeíric characters for S. aurata wild samples. Loadings are 
listcd for the five principal components. Character descriptors refcr 
to Figure 2. (Exp. Var. - - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PC 5 

MFH 0.984 0.067 0.025 0.085 -0.013 

POL 0.982 -0.087 -0.025 0.050 -0.069 

OOL 0.952 0.261 -0.016 -0.087 -0.039 

PSL 0.976 -0.034 0.132 0.010 -0.116 

HL 0.988 -0.003 0.013 0.074 -0.081 

HD 0.963 -0.114 0.142 -0.181 0.026 

UJL 0.961 -0.236 -0.079 -0.003 -0.007 

LJL 0.959 -0.029 -0.256 -0.056 0.021 

CPL 0.971 -0.023 0.097 0.077 0.170 

DFL 0.991 0.057 0.01 1 -0.032 0.040 

LPA 0.979 0.057 -0.018 0.093 0.038 

AFL 0.985 0.081 -0.030 -0.036 0.030 

Exp. Var. 11.39 0.16 0.12 0.08 0.06 

% of total 94.93 1.37 1.02 0.06 0.05 
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In lhe reared samples only lhe dorsal fin length (DFL) did not correlate wilh 

PCI. PCI correlated significantly wilh lhe standard length (SL) (reared, r = 0.99; 

/?<0.05; N =294; wild, r = 0.97; /?<0.05; N =256). 

Stepwise discriminant íunction analysis on wild and reared animais indicated 

that ali morphological characteristics in study contributed to the discrimination between 

samples (Table XIII). The role of those characteristics was quite high with the majority 

of them with F remove values over 10. These results are corroborated by the low values 

of Wilks' A,, especially in the reared samples (Table XIII). 

Table XIII - Stepwise Discriminant Analysis for lhe traditional morphometry of llie.S. aurata samples 
(Wilks11= 0.00004; F (60,I300)=163.36;p<0.0001) and wild (Wilks1 0.0049; F (48,926)=57.565;/?<0.0001). 

reared -— 
Dcscrintor Wilks). 1'artial X F-remove p-level Descriptor Wilks). Partial 7 
LPA 0.000 0.268 151.276 0.01 LP A 0.009 0.557 47.80; 0.001 
HD 0.000 0.354 101.213 0.01 GOL 0.008 0.622 36.398 0.001 
MFH 0.000 0.524 50.273 0.01 MF1I 0.007 0.690 26.914 0.001 
I1L o.OOO 0.799 13.939 0.001 CPL 0.007 0.719 23.437 0.001 
DFL 0.000 0.764 17.154 0.001 DFL 0.006 0.788 16.146 0.001 
CPI 0.000 0.718 21.782 0.001 HD 0.006 0.792 15.718 0.001 
OO! 0.000 0.786 15.047 0.001 UL 0.006 0.832 12.078 0.001 
1JI 0()()() 0 82i 12.119 0.001 UJL 0.006 0.833 12.014 0.001 
POl 0 000 0.875 7.930 0.001 HL 0.006 0.853 10.325 0.001 
AP! oooo 0.883 7.370 0.001 POL 0.006 0.858 9.957 0.001 
PSL 0.000 0.868 8.457 0.001 PSL 0.005 0.905 6.295 0.001 
Ujp o.OOO 0.907 5.693 0.001 MF 0.005 0.926 4.828 (UKH— 

The overall pcrcent-correcl classification success (PCS) was 90.2% and 98% íor 

the wild and reared samples, respectively. Generalised Mahalanobis distances (D ), F- 

statistics, and particularised PCS for cach sample for wild and reared samples are 

presented in Tables X, XI and XII of Annex II. These parameters indicated a large 

difference between the French sample and ali the other reared samples. Consequently, 

the canonical discriminant-factor scores of the remaining samples were highly 

superposed (Spain Atlantic, Spain Mediterrancan. Portugal and Greece) (Figure 4). 

When the French sample was withdrawn from the analysis a more clcar ditíerentialion 

between the remaining samples was obtained (Figure 5). For the wild samples il was not 

possible to establish a clear discrimination between the Portuguese, Greek and Spanish 

Mediterrancan samples. Only the Spanish Atlantic and the Italian samples becamc 

separate from the others (Figure 6). 
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Figure 4 - Bivariate mean 95% conf.dence ellipsoids for the canonical discriminant-factor scores of the 
reared samples of 5. aurata based on the traditional morphometry; France (■), Portugal (•), Sp. AU. (A), 
Sp. Med. (O), Italy (□), Greece (o). 
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Figure 5 - Bivariate mean 95% conf.dence ellipsoids for the canonical discriminant-factor scores of the 
reared samples of 5. aurata based on the traditional morphometry, without lhe French sample; Portugal 
(•), Sp. Atl. (A), Sp. Med. (O), Italy (□), Greece (o). 
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Fisure 6 - Bivariate mean 95% confldence ellipsoids for the canonical discriminant-factor scores of the 
wild samples of 5. aurata based on the traditional morphometry; Portugal (•), Sp. Atl. (A), Sp. Med. (O), 
Italy (□), Greece (o). 

Table XIV - Means of Canonical Variables for the reared 
and wild S. aurata samples (CV - Canonical variables). 
(Atl. - Atlantic, Med. -Mediterranean). 

Reared 
CVl CV2 CV3 CV4 

Samples   
Portugal 4.843 2.934 2.708 1.330 

Spain Atl. 4.569 -4.286 0.785 1.271 

Spain Med. 2.469 -2.839 -1.707 -0.625 

Italy 4.193 0.644 1.674 -2.520 

Greece 5.407 3.016 -3.227 0.417 

France -27.391 0.362 0.030 0.117 

Wild 

CVl CV2 CV3 CV4 

Samples   — 
Portugal 0.004 -1.827 0.354 -1.013 

Spain Ali. -3.488 3.918 0.203 -0.112 

Spain Med. -1.031 -1.515 -1.781 0.552 

Italy 5.710 2.460 -0.203 0.095 

Greece -0.218 -1.713 1.548 1.286 

This fact is supported by the means of the canonical variables (I able XIV). For 

the reared samples, the first function discriminated the French sample from ali the 

others. while the second function discriminated the Italian and Portuguese samples írom 

the remaining samples. For the wild samples, the first canonical variable (CVl) 
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discriminatcd the Italian sample from ali the others, and thc CV2 separated lhe Atlantic 

samples from the remaining Mediterranean ones. 

2.3.1.2 - Red porgy {P. pagrus) 

A total of 97.9% percent of the total variation associated with the 12- 

morphometric characters was accounted for by the íirst five principal components 

(Table XV). 

Table XV - Loadings from principal component analysis ofthe 12 
morphometric characters for P. pagrus samples. Loadings are listed 
for the five principal components. Character dcscriptors refer to 
Figure 2. (Exp. Var. - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PC 5 

MFH 0.955 0.263 -0.008 -0.013 -0.052 

POL 0.980 0.086 -0.025 0.004 -0.035 

OOL 0.920 0.057 0.334 -0.026 0.176 

PSL 0.932 -0.235 0.042 -0.248 -0.107 

HL 0.988 0.069 0.068 -0.049 0.010 

HD 0.924 0.184 -0.274 -0.073 0.135 

UJL 0.969 -0.058 -0.165 0.008 0.052 

LJL 0.882 -0.447 -0.011 0.090 0.081 

CPL 0.956 -0.068 -0.210 0.081 -0.037 

DFL 0.957 0.060 0.140 0.1 12 -0.090 

LP A 0.974 0.011 0.036 0.061 -0.091 

AFL 0.980 0.040 0.075 0.048 -0.023 

Exp. Var. 10.87 0.39 0.29 0.10 0.09 

% of total 90.6 3.22 2.43 0.86 0.77 

PCI loadings explained 90.6% ofthe total variation. PCI correlated significantly 

with the standard length (SL) (r = 0.99; /K0.05; N =231). 

Nine morphometric characteristics contributed to the sample differentiation 

(MFH, PSL. UJL, POL, AFL, CPL, FID, OOL and LJL) with six of those characteristics 

Table XVI - Stepwise Discriminant Analysis for the 
traditional morphometry comparison between P. pagrus 
samples. (Wilks' 0.0412; F (27,640)=46.970;/7 <0.0001). 

Descriptor Wilks X Partia 1 X F-remove p-level 

MFH 0.077 0.532 64.173 0.001 

PSL 0.074 0.556 58.257 0.001 

UJL 0.065 0.633 42.241 0.001 

POL 0.055 0.754 23.840 0.001 

AFL 0.053 0.783 20.172 0.001 

CPL 0.050 0.820 16.004 0.001 

HD 0.046 0.902 7.904 0.001 

OOL 0.044 0.939 4.779 0.003 

LJL 0.043 0.958 3.175 0.025 
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with F to remove o ver 16 (Table XVI). 

The overall percent-correct classification success (PCS) was 94.4%. Generalised 

Mahalanobis distances (D2), F-statistics, and particularised PCS for each sample are 

presented in Annex II, Tables X, XI and XII. Ali these paramcters indicated significant 

differences between samples (Figure 7). 
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Figure 7 - Bivariate mean 95% confídence ellipsoids for lhe canonical discriminant-factor scores of lhe 
P.pagrus samples based on lhe traditional morphometry; Portugal (o), Spain (A), Italy (O), Greece (□). 

The value of CV1 obtained for the Italian sample confirmed this result 

discriminating it from ali the others (1 able XVII). 

Table XVII - Means of Canonical Variables for 
P. pagrus samples (CV - Canonical variables) 

CV1 CV2 CV3 

Samples 
Portugal -1.652 -0.597 0.307 

Spain 1.531 -0.746 -2.211 

Italy 3.645 -0.776 1.599 

Greece 0.193 2.161 -0.022 
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2.3.1.3 - White seabrcam {D. sargus) 

A total of 97.2% percent of the total variation associated with the 12- 

morphometric characters was accounted for by the first tive principal components 
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(Table XVIII). PCI loadings explained 83% oí lhe total variation. PCI correlated 

significantly with the standard length (SL) (r = 0.99; /7<0.05; N =207). 

Table XVIII - Loadings froin principal component analysis ofthe 12 
morphometric characters for D. sargus samples. Loadings are listed 
for the five principal components. Character descriptors refer to 

Figure 2. (Exp. Var. - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PC5 

MFH 0.969 0.018 -0.033 0.110 -0.002 

POL 0.973 -0.033 -0.065 -0.148 -0.054 

OOL 0.830 0.449 -0.227 0.081 0.087 

PSL 0.944 -0.178 0.030 0.155 -0.127 

HL 0.988 0.043 -0.056 0.039 -0.061 

HD 0.937 -0.270 0.056 0.082 -0.108 

UJL 0.960 -0.083 -0.062 -0.192 -0.089 

LJL 0.904 0.199 -0.209 -0.282 0.015 

CPL 0.785 -0.544 0.150 -0.112 0.188 

DFL 0.681 0.396 0.612 -0.074 -0.002 

LPA 0.947 0.015 -0.030 0.125 0.215 

AFL 0.963 0.066 0.001 0.173 -0.015 

Exp. Var. 9.96 0.81 0.51 0.25 0.13 

% of total 83.02 6.77 4.25 2.1 1.1 

Nine morphometric characteristics contributed to the sample diflerentiation 

(CPL, UJL, HD, LPA, OOL, LJL, POL, HL and MFH) (Table XIX). 

Table XIX - Stepwise Discriminant Analysis for the 
traditional morphometry comparison bctween D. sargus 
samples. (Wilks11= 0.0907; F (27,570)=26.919;/?<0.0001) 

Descriptor Wilks X Partial X. F-remove p-level 

CPL 0.145 0.625 39.020 0.001 

UJL 0.123 0.738 23.102 0.001 

HD 0.121 0.750 21.717 0.001 

LPA 0.116 0.784 17.856 0.001 

OOL 0.101 0.902 7.067 0.001 

LJL 0.109 0.836 12.779 0.001 

POL 0.104 0.872 9.518 0.001 

HL 0.096 0.941 4.089 0.008 

MFH 0.095 0.952 3.303 0.021 

The overall percent-correct classification success (PCS) was 89.4%. The Spanish 

sample presented the lower PCS of ali the species in study (Annex 11, Table XII). 

Gencralised Mahalanobis distances {D2), F-statistics, and particularised PCS for each 

sample are presented in Annex II. Tables X, XI and XII. As a consequence of the low 

PCS of the Spanish sample, its individuais appeared scattered with the remaining 
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samples (Figure 8). Nevertheless, a geographic gradation was found betwcen them 

(Annex II, Table X). 
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Figure 8 - Bivariate mean 95% confidence ellipsoids for the canónica! discriminant-lactor scores of the 
D. sargus samples based on lhe Iraditional morphometry; Portugal (o), Spain (A), llaly (O), Greece (□). 

The CV1 values clustercd the Italian and Greek samples logether, which is a 

clear evidence of the difference between these samples and the Atlantic sample (I able 

XX). 
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Table XX - Means of Canon ical Variables for 
D. sargus samples (CV - Canonical variables) 

CVI CV2 CV3 

Samples 
Portugal -1.302 0.123 -0.270 

Spain -0.002 -0.186 1.618 

Italy 2.675 1.597 -0.195 

Greece 2.007 -2.039 -0.378 

2.3.1.4 - Sharpsnout seabream (D. puntazzo) 

A total of 96% of the total variation was accounted for by the first five principal 

components (Table XXI). PCI loadings explained 82.6% of the total variation. Only the 

CPL measurement did not correlate with PCI, corrclating with PC2 instead. PCI 

correlated significantly with the standard length (SL) (r = 0.97; /7<0.05; N =160). 

Ten morphometric characteristics contributed to the sample separation (AFL. 

POL, UJL, OOL, DFL, LPA, HD, LJL, HL and MFH) (Table XXII). 
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Table XXI - Loadings from principal component analysis of the 12 
morphometric characters for D. puníazzo samples. Loadings are 
listed for the five principal components. Character descriptors refcr 
to Figure 2. (Exp. Var. - - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PC 5 

MFH 0.746 -0.197 -0.631 0.016 0.009 

POL 0.961 -0.057 0.131 0.062 0.098 

OOL 0.958 -0.054 0.099 0.042 -0.083 

PSL 0.920 0.019 0.008 -0.295 0.109 

HL 0.982 -0.045 0.090 -0.002 0.079 

HD 0.944 0.015 0.112 -0.185 0.011 

UJL 0.940 -0.073 0.117 0.120 0.147 

LJL 0.895 -0.134 0.062 0.367 -0.090 

CPL 0.649 0.741 -0.131 0.107 0.032 

DFL 0.959 0.017 0.033 -0.057 -0.216 

LPA 0.942 -0.071 -0.061 0.002 0.156 

AFL 0.947 0.026 -0.006 -0.128 -0.240 

Exp. Var. 9.91 0.63 0.49 0.31 0.19 

% of total 82.59 5.22 4.05 2.56 1.62 

Table XXII - Stepwise Discriminant Analysis for the 
Iraditional morphometry comparison betwccn D. puníazzo 
samples. (Wilks' 1= 0.0393; F (30.432)=28.999; p<0.0001) 

Descriptor WilksX PartiaU F-remove pdevel 
AFL 0.055 0.717 19.333 0.001 

POL 0.051 0.777 14.067 0.001 

UJL 0.049 0.798 12.377 0.001 

OOL 0.047 0.828 10.175 0.001 

DFL 0.047 0.837 9.561 0.001 

LPA 0.046 0.856 8.261 0.001 

HD 0.045 0.881 6.588 0.001 

LJL 0.044 0.884 6.450 0.001 

HL 0.043 0.903 5.286 0.002 

MFH 0.042 0.939 3.161 0.026 

The overall percent-correct classification success (PCS) was 90.6%. Generalised 

Mahalanobis distances (D2), F-statistics, and particularised PCS for each sample are 

presenlcd in Annex II, Tables X, XI and XII. The D2 values were rather high and 

discriminated a geographie gradient between samples (Annex II, 1 ablc X). This result is 

corroborated by the canonical discriminant-factor scores between samples (Figure 9). 
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Ficure 9 - Bivariate mean 95% confidence ellipsoids for the canonical discriminanl-facloi scores oí lhe 
D.puntazzo sampies based on the traditional morphometry; Portugal (o), Spain (A), Italy (O), Greece (□). 

The mean canonical values showed a clear differentiation between the Atlantic 
(Portuguese) sample and ali the others (1 able XXIII). 

2.3.1.5 - Striped seabream (L. mormyrus) 

A total of 96.6% of the total variation was accounted for by the first five 

principal components (Table XXIV). PCI loadings explained 87.2% of the total 

variance. with PCI correlated significantly with the standard length (SL) (r = 0.98; 

/?<0.05; N =217). 

Eight morphometric characteristics contributed to the sample individualization 

(LPA. OOL, HD, HL, LJL, AFL, PSL and CPL) (Table XXV). The overall percent- 

correct classification success (PCS) was high (96.8%), and it was similar among 

sampies (Table XII, Annex II). Generalised Mahalanobis distances (D2), C-statistics, 

and particularised PCS for each sample are presented in Annex II, Tables X, XI and XII. 

Table XXIII - Means of Canonical Variables for 
D. puníazzo sampies (CV - Canonical variables) 

CV) CV2 CV3 
Sampies 

-3.531 0.781 -0.307 
-0.125 -2.240 0.412 
1.233 1.345 1.029 
1.818 0.218 -1-124 

Portugal 
Spain 
Italy 
Greece 
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Table XXIV - Loadings from principal component analysis ofthe 12 
morphometric characters for L mormyrus samples. Loadings are hstcd 
for the five principal components. Character descriptors refer to 
Figure 2. (Exp. Var. - Explaincd Variance). 

Descriptor PCI PC2 PÇ3 
MFH 0.971 0.087 0.137 -0.053 -0.005 

POL 0.952 -0.023 -0.164 -0.154 -0.135 

OO L 0.807 0.495 -0.251 0.174 0.090 

PSL 0.978 -0.012 -0.089 -0.047 -0.001 

HL 0.974 0.082 -0.163 -0.071 -0.040 

HD 0.909 -0.325 -0.042 -0.040 0.192 

UJL 0.930 -0.265 -0.139 0.112 -0.021 

LJL 0.956 -0.166 -0.139 0.018 -0.073 

CPL 0.919 -0.249 0.175 0.194 -0.007 

DFL 0.961 0.166 0.088 -0.043 -0.016 

LPA 0.904 0.140 0.345 0.065 -0.133 

AFL 0.929 0.122 0.230 -0.115 0.167 

Exp. Var. 10.46 0.59 0.39 0.14 0.12 

% of total 87.15 4.89 3.28 1.13 0.1 

Table XXV - Stepwise Discriminant Analysis for the 
traditional morphometry comparison betwcen L mormyrus 
samples. (Wilks1 0.02403; F (33,598)=46.180; p <0.0001) 

Descriptor Wilks X Partial X F-remove p-level 

LPA 0.047 0.516 63.487 0.001 

OOL 0.041 0.589 47.206 0.001 

HD 0.032 0.760 21.362 0.001 

LJL 0.028 0.848 12.172 0.001 

AFL 0.028 0.867 10.411 0.001 

PSL 0.027 0.875 9.677 0.001 

HL 0.027 0.877 9.504 0.001 

MFH 0.026 0.922 5.692 0.001 

POL 0.026 0.939 4.387 0.005 

CPL 0.025 0.949 3.671 0.013 

UJL 0.025 0.956 3.149 0.026 

Through the D2 values it was also possible to establish a geographic gradienl 

between samples of L. mormyrus (Table X, Annex II). The canonical discriminant- 

factor scores between samples are presented in Figure 10. 

Table XXVI - Means of Canonical Variables for 
L morrnvrus samples (CV - Canonical variables). 

CV1 CV2 CV3 

Samples 
Portugal 0.765 1.234 0.023 

Spain -0.892 -1.738 2.275 

Italy 2.482 -2.770 -1.297 

Greece -4.597 -0.332 -1.141 
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Figure IO - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores oí the 
L mormyrus sampies based on the traditional morphometry; PortugabJ, Spain 00, Italy ( O), Greece 
(□). 

The canonical mean values for the L. mormyrus sampies discriminated the two 

most eastern sampies (Italian and Greek sampies) from the most Western ones 

(Portuguese and Spanish sampies) (Table XXVT). 
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2.3.1.6 - Red seabream (P. bogaraveo) 

A total of 96% of the total variation was accounted for by the first five principal 

components (Table XXVII). 

Table XXVII - Loadings from principal componení analysis ol the 12 
morphometric characters for P. bogaraveo sampies. Loadings are listed 
for the tive principal components. Character descriptors reler to Figure 
2. (Exp. Var. - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PC5 

MFH 0.963 0.134 -0.131 -0.028 -0.035 

POL 0.975 -0.013 0.078 -0.016 -0.049 

00 L 0.978 0.036 0.025 -0.080 -0.003 

PSL 0.960 0.004 0.109 0.068 -0.100 

HL 0.654 -0.741 -0.148 -0.028 0.014 

IID 0.912 0.021 0.043 0.193 -0.316 

UJL 0.934 -0.027 0.268 -0.105 0.004 

LJL 0.914 0.066 0.145 -0.306 0.091 

CPL 0.875 -0.024 0.212 0.332 0.271 

DFL 0.857 0.182 -0.400 0.068 0.097 

LPA 0.963 0.097 -0.121 -0.051 0.043 

AFL 0.968 0.048 -0.134 -0.023 0.011 

Exp. Var. 10.09 0.62 0.39 0.27 0.21 

% of total 84.05 5.16 3.25 2.27 1.72 
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PCI loadings explained only 84.1% of the total variation, and from the twelve 

characteristics only HL did not correlate with PCI. Nonetheless, PCI was significantly 

correlated with the standard length (SL) (r = 0.99; pO.OS; N =186). 

Nine of the morphometric characteristics contributed to the sample separation 

(OOL. MFH, PLA, UJL, MD, AFL, LJL, PSL and POL) (Table XXVIII). Mean PCS 

was 98.9%, with 100% correct classification of the Portuguese and Spanish samples 

(Table XXVIII). 

Table XXVIII - Stepwise Discriminant Analysis for the 
tradilional morphometry comparison between P. bogaraveo 
samples. (Wilks1 X= 0.004; F (27.508)= 106.09; p <0.0001) 

Descriptor Wilks A, Partial A F-remove p-level 

OOL 0.008 0.503 57.214 0.001 

MFH 0.008 0.512 55.243 0.001 

LPA 0.006 0.641 32.487 0.001 

UJL 0.006 0.705 24.257 0.001 

HD 0.005 0.843 10.803 0.001 

AFL 0.005 0.846 10.531 0.001 

LJL 0.004 0.887 7.397 0.001 

PSL 0.004 0.892 7.011 0.001 

POL 0.004 0.911 5.647 0.001 

Generalised Mahalanobis distances (D2), F-statistics, and particularised PCS for 

each sample are presented in Annex II, Tables X, XI and XII. No geographic gradient 

was found among samples (Annex II, Tables X), although marked differences were 

found between the Atlantic (Portuguese) sample and the Mediterranean samples. 
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Figure 11 - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores ol the 
P. bogaraveo samples based on the traditional morphometry; PortugalcO, Spain (A), Italy ( O), Greece 
(□). 
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Such findings are well evidenced through íhe canonical discriminanl-faclor 

scores (Figure 11). Again, the mean canonical values confirmed the results reported 

above (TableXXIX). 

Table XXIX - Means of Canonical Variables for 
P. bogaraveo samples (CV - Canonical variables), 

Samples 
CV1 CV2 CV3 

Portugal -3.453 1.587 0.247 

Spain -0.086 -4.216 0.143 

Italy 5.159 1.674 1.819 

Greece 2.851 1.160 -2.601 

2.3.1.7 - Common Dentex {D. dentex) 

A total of 96% of the total variation was accounted for by the first fíve principal 

components (Table XXX) with PCI loadings explaining 83.6% of the total variation. 

PCI correlated significantly with the standard length (SL) (r = 0.98; p<0.05; N =144). 

Table XXX - Loadings from principal component analysis ofthe 12 
morphometric characters for D. dentex samples. Loadings are listcd for 
the five principal components. Character descriptors reler to Figure 2. 
(Exp. Var. - Explained Variance). 

Descriptor PCI PC2 PC3 PC4 PCS 

MFH 0.979 -0.038 -0.056 0.003 -0.027 

POL 0.909 -0.056 0.002 0.290 -0.176 

OOL 0.937 -0.051 -0.027 -0.114 0.072 

PSL 0.961 -0.027 -0.040 0.036 -0.074 

HL 0.960 -0.041 -0.148 0.169 -0.087 

HD 0.681 0.731 -0.033 -0.013 0.007 

UJL 0.920 0.005 0.348 -0.124 -0.007 

LJL 0.916 -0.060 0.358 -0.066 -0.029 

CPL 0.866 -0.061 -0.039 0.124 0.458 

DFL 0.852 -0.092 -0.261 -0.365 -0.056 

LPA 0.966 -0.056 -0.070 -0.015 0.025 

AFL 0.980 -0.062 -0.045 0.045 -0.072 

Exp. Var. 10.03 0.57 0.35 0.30 0.27 

% oftotal 83.55 4.72 2.95 2.48 2.25 

Eight morphometric characteristics contributed to the sample separation (LJL, 

POL. UJL. LP A. MFH, OOL, HL and AFL) (Table XXXI). The PCS was 89.6% 

(Annex II, Table XII). Generalised Mahalanobis distances (D2), F-statistics, and 

particularised PCS for each sample are presented in Annex II, Tables X, XI and XIL For 



Morphometric analysis 
52 

D. dentex il was not also possible to establish a geographic gradient (Annex II, 1 able X) 

between samples. 

Table XXXI - Stepwise Discriminam Analysis for the 
tradilional morphometry comparison between D. dentex 
samples. (Wilks1 X.= 0.032; F (24,3B6)=36.644; ^<0.0001) 

Descriptor Wilks X Partial 1. F-remove p-level 

LJL 0.064 0.504 43.639 0.001 

POL 0.058 0.552 35.939 0.001 

UJL 0.043 0.746 15.080 0.001 

LPA 0.041 0.781 12.442 0.001 

MFH 0.041 0.787 11.966 0.001 

OOL 0.041 0.788 11.929 0.001 

HL 0.037 0.868 6.767 0.001 

AFL 0.035 0.923 3.689 0.014 

There was also a marked difference between the Atlantic (Portuguese) sample 

and the Mediterranean samples. Canonical discriminant-factor scores are presented in 

Figure 12. 
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Fimire 12 - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores of the 
D*dentex samples based on the traditional morphometry; Portugal (o), Spain (A), Italy (O), Greece (□). 
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Mean canonical values evidenced a clear separation of the Atlantic (Portuguese) 

sample from ali the Mediterranean (Spanish, Italian and Grcek) samples (Table XXXII). 
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Table XXXII - Means of Canónica! Variables for 
D. dentex samples (CV - Canónica! variables). 

Samples 
CVI CV2 CV3 

Portugal 3.912 0.369 -0.078 

Spain -1.977 2.286 0.386 

Italy -0.734 -1.764 1.033 

Greece -1.452 -0.711 -0.888 

2.3.1.8 - Black seabream {S. cantharus) 

A total of 97.2% of the total variation was accounted for by the first five 

principal components (Table XXXIII) with PCI loadings explaining 84.2% of the total 

variation. HD did not correlate with PCI, but was correlated with PC2. Like ali the 

other species PC1 correlated significantly with the standard length (SL) (r = 0.97; 

pO.OS; N =66). 

Table XXX1I1 - Loadings from principal component analysis of the 12 
morphometric characters for S. cantharus samples. Loadings are hsted 
for the five principal components. Character descriptors refer to Figure 
2. (Exp. Var. - Explained Variance). 

Descri ptor PCI PC-  ipiwi 
MFH 0.978 -0.066 0.053 0.135 -0.074 

POL 0.962 -0.056 0.035 -0.031 0.003 

OO L 0.958 -0.095 0.165 -0.079 -0.015 

PSL 0.945 0.176 -0.011 0.098 0.039 

HL 0.747 -0.373 -0.547 0.033 -0.033 

HD 0.945 0.220 -0.065 0.152 0.056 

UJL 0.928 -0.004 -0.019 -0.266 0.230 

LJL 0.865 -0.430 0.171 -0.125 0.029 

CPL 0.898 0.334 -0.054 0.138 0.145 

DFL 0.986 0.022 0.071 0.023 -0.072 

LPA 0.933 -0.184 0.185 0.159 -0.101 

AFL 0.836 0.406 -0.105 -0.273 -0.221 

Exp. Var. 10.10 0.73 0.42 0.26 0.15 

% of total 84.19 6.09 3.48 2.21 1.25 

With only four morphometric characteristics contributing to the sample 

differentiation (DFL, HL, LJL and CPL), 5. cantharus was the species that had the 

Table XXXIV - Stepwise Discriminant Analysis for the 
traditional morphometry comparison between S. cantharus 
samples. (Wilks11= 0.0258; F (5,60)=453.48; p <0.0001) 

Descriptor Wilks X Partial X F-remove p-level 

DFL 0.048 0.533 52.489 0.001 

HL 0.033 0.771 17.866 0.001 

LJL 0.029 0.881 8.106 0.006 

CPL 0.027 0.946 3.415 0.070 
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smallest number of discriminatory characteristics between samples (Table XXXIV). 

Nonetheless, the overall percent-correct classif.cation success (PCS) was 100% for both 

Portuguese and Spanish samples. The generalised Mahalanobis distance (D2) was 

156.33, with an F-statistics F(5,6)=452.5 íbr/?<0.001. 

From the canonical analysis, both samples correlated significantly with CV1 

(5.04 and -7.25, for the Portuguese and Spanish samples, respectively), which 

invalidated the graphical image of the difference between samples. However, the 

obtained D1 and PCS values ensure a high degree of differentiation between samples. 

2.3.2 - Truss networks 

2.3.2.1 - Gilthead scabream (5. auraíá) 

A total of 95.4% and 94.2% of the total variation associated with the 31-truss 

morphometric charaeters was accounted for by the first three principal components for 

the reared and wild samples, respectively. PCI loadings explained 92.9% and 89.4% of 

the total variation for the reared and wild samples, respectively (Table XXXV). This 

component was significantly correlated with the standard length (SL) (reared, r = 0.93; 

p<0.05; N =294; wild. r = 0.87;p<0.05; N =256). For PC2 the largest loadings were for 

the head and the caudal peduncle related measurements, which are indicative of 

differential growth of these body regions compared to the rest of the body. 

Nevertheless, this occurred mainly in reared fish, and was less visible in the wild fish. 

Stepwise discriminant function analysis on truss data ffom reared and wdd 

animais indicated highly significant differences in the truss element distances among the 

different countries (reared, Wilks' X =0.0021. F(25, 87)=48.192;p<0.0001; wild. Wtlks' 

5. =0.00371, F(88, 911)=32.325; p<0,0001) Tables XXXVI and XXXVII. A total of 18 

truss elements were selected for the reared fish (Al, A2. A3, A6, BI, B2, B5. Cl. C2, 

Dl, D2, D4, D5, E2, E5, Fl, F3, F5) and 22 for the wild fish (Al, A2, A4, BI, B2, B3, 

B4, B5, Cl, C3, C4, C5, Dl, D3, D4, D5, El, E4, E5, Fl, F2, F5). 

The PCS was 96.5% and 98.7% for the reared and wild samples, respectively. 

Particularised PCS for each sample generalised Mahalanobis distances (D2) and F- 

statistics for wild and reared samples are presented in Annex II, Tables XIII, XIV and 

XV. The French and the Spain Atlantic and the Italian reared and wild samples were 

100% correctly classified. 
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Table XXXV - Loadings from lhe principal oomponents analys.s of the 31 morphometnc 
for the reared and wild sanrplcs. Loadings are lis.ed for the five pnncpal conrponents. 
Characters descriptors refer to Figure 3. (Exp. Var. - Explatned Vanance). 

Reared Wild 

Descriplor 
ÃT 
A2 
A3 
A4 
A4 
A6 

,xp. Var. 
ó of total 

PCI 
0.920 
0.965 
0.877 
0.991 
0.986 
0.972 
0.863 
0.935 
0.990 
0.988 
0.987 
0.914 
0.967 
0.895 
0.990 
0.990 
0.964 
0.988 
0.994 
0.992 
0.989 
0.980 
0.943 
0.986 
0.988 
0.992 
0.945 
0.949 
0.970 
0.977 
0.980 

28.81 
92.9 

PC2 
0.273 
0.057 
0.378 
0.060 
0.059 
0.150 
-0.203 
-0.143 
-0.071 
0.010 
-0.072 
0.015 

PC3 
0.056 
-0.013 
-0.174 
0.044 
0.071 
-0.064 
-0.417 
0.103 
-0.015 
-0.071 
0.058 
0.235 

0.018 -0.012 
-0.156 -0.021 
-0.070 -0.002 
-0.080 0.002 
-0.084 -0.059 
-0.007 0.017 
-0.045 0.024 
-0.041 0.035 
-0.076 -0.013 
-0.008 0.034 
-0.075 0.134 
-0.044 -0.027 
-0.065 0.049 
-0.033 0.031 
0.152 -0.037 
0.066 -0.031 
-0.019 0.046 
0.016 -0.035 
0.060 0.006 

0.42 0.33 
1.38 1.1 

PC4 
0.036 
-0.055 
0.117 
0.032 
0.026 
0.008 
0.050 
-0.191 
0.051 
0.044 
0.005 
0.153 
-0.033 
0.230 
0.051 
0.036 
-0.109 
-0.019 
0.013 
0.020 
-0.012 
-0.008 
0.061 
-0.029 
0.011 
0.001 
-0.108 
-0.173 
-0.017 
-0.087 
-0.076 

0.22 
0.7 

PC5 
0.042 
-0.004 
-0.033 
0.024 
0.042 
0.007 
0.130 
-0.046 
0.080 
0.057 
0.032 
0.039 
-0.080 
-0.331 
0.051 
0.018 
-0.093 
0.003 
0.028 
0.042 
-0.012 
0.039 
0.128 
0.003 
0.066 
0.035 
-0.056 
-0.076 
-0.049 
-0.024 
-0.041 

0.2 
0.64 

PCI 
0.941 
0.971 
0.711 
0.982 
0.980 
0.975 
0.787 
0.967 
0.991 
0.989 
0.991 
0.791 
0.764 
0.989 
0.991 
0.989 
0.924 
0.983 
0.992 
0.994 
0.981 
0.984 
0.947 
0.975 
0.991 
0.992 
0.937 
0.742 
0.808 
0.977 
0.970 

27.7 
89.4 

PC2 
0.154 
-0.065 
0.436 
0.117 
0.090 
0.084 
-0.548 
-0.082 
0.026 
-0.001 
0.041 
0.442 
0.022 
0.031 
0.029 
0.051 
-0.287 
-0.028 
0.006 
0.015 
-0.002 
0.006 
-0.022 
-0.048 
-0.018 
-0.009 
0.051 
-0.035 
-0.398 
-0.013 
-0.029 

1.01 
3.2 

PC3 
0.013 
-0.077 
0.445 
0.029 
-0.005 
0.055 
0.108 
-0.113 
-0.009 
-0.026 
-0.006 
0.020 
-0.354 
-0.008 
-0.013 
-0.011 
0.100 
-0.026 
-0.017 
-0.015 
-0.020 
-0.060 
-0.027 
-0.040 
-0.024 
-0.046 
-0.077 
0.001 
0.324 
0.010 
-0.004 

0.49 
1.58 

PC4 
-0.035 
-0.028 
0.260 
-0.015 
-0.040 
0.039 
0.123 
-0.066 
-0.037 
-0.023 
-0.028 
-0.017 
0.536 
-0.042 
-0.039 
-0.044 
0.010 
-0.033 
-0.033 
-0.043 
-0.043 
-0.016 
-0.028 
-0.041 
-0.035 
-0.025 
-0.052 
-0.026 
0.107 
-0.036 
-0.025 

0.41 
1.34 

PC 5 
0.018 
-0.056 
0.163 
-0.021 
-0.013 
-0.017 
-0.041 
-0.054 
-0.014 
0.020 
-0.037 
-0.358 
-0.017 
0.004 
-0.028 
-0.014 
0.036 
0.012 
0.011 
0.002 
0.039 
0.006 
-0.118 
0.108 
0.003 
0.030 
0.190 
0.110 
-0.188 
0.047 
0.120 

0.3 
0.96 



Morphomctric analysis 

Table XXXVI - Stepwise Discriminant Analysis for the truss 
comparison between the rcarcd S. auraía samples. 
(Wilks' X =0.0021, F(25,87)=48,192;/? <0.0001)   

n^riptnr Wilks X PartiaU F-removc p-'evel 
B5 0.000 0.425 73.453 0.001 
A2 0.000 0.561 42.403 0.001 
Ai 0.000 0.600 36.108 0.001 
04 0.000 0.630 31.842 0.001 
05 0.000 0.668 26.915 0.001 

02 0.000 0.698 23.442 0.001 
B1 0.000 0.699 23.335 0.001 

A6 0.000 0.726 20.478 0.001 
B2 0.000 0.749 18.141 0.001 
C2 0.000 0.752 17.842 0.001 
A3 0.000 0.782 15.152 0.001 
Dl 0.000 0.804 13.177 0.001 
E5 0.000 0.828 11.238 0.001 
E2 0.000 0.839 10.429 0.001 

F5 0.000 0.842 10.198 0.001 
Cl 0.000 0.865 8.433 0.001 
F3 0.000 0.880 7.418 0.001 
pi 0.000 0.890 6.728 0-001— 

Table XXXV11 - Stepwise Discriminant Analysis for the truss 
comparison between the wild S. auraía samples. 
(Wilks1 X= 0.0037; F (88,911)=32.325, pO.OOOl) ^ 

"Õescriotor Wilks X Partial X. F-remove p-level . 
 B4 (fÕÕS 0^758 18-334 ÕTOOI 

0 005 0.762 17.925 0.001 

E5 
F5 
A2 
B2 
F2 
F1 
El 
Dl 

0 005 0.786 15.648 0.001 
0.005 0.821 12.529 0.001 

B5 
C4 

04 0-004 0.833 11.489 0.001 
D5 0.004 0.863 9.105 0.001 
E4 0.004 0.884 7.514 0.001 

0.004 0.891 7.042 0.001 
0.004 0.897 6.631 0.001 
0.004 0.897 6.618 0.001 
0.004 0.898 6.514 0.001 
0.004 0.902 6.278 0.001 
0.004 0.905 6.062 0.001 
0.004 0.911 5.641 0.001 
0.004 0.912 5.544 0.001 

d 0.004 0.916 5.261 0.001 
BI 0.004 0.918 5.107 0.001 
Al 0 004 0.919 5.069 0.001 
A4 0.004 0.935 3.972 0.004 
B3 0.004 0.937 3.881 0.005 
C3 0 004 0.938 3.792 0.005 
03 0.004 0.939 3.738 0-006 
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The results of the truss analysis were similar to those of the traditional 

morphometry, stressing the large difference bctween the French sample and ali the other 

reared samples, with considerable overlap of the canonical discriminant-factor scores of 

the remaining samples (Spain Atlantic, Spain Mediterranean. Portugal and Greece) 

(Figure 13). 
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Figure 13 - Bivariate mcan 95% conf.dcncc ell.psoids for the canomcald.senmmam-factors^res ofthe 
rèarcd samples of S. aura,a based on the truss networks; France (■), Portuga, (•), Sp^ Atl. (A). Sp. Med. 
(O), Italy (□). Grcccc (o). 
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Figure 14 - Bivariate mean 950/0 confldence ellipsoids for the canonical d^criminant-fac^ 
reared samples of 5. aurata based on the truss networks without the French sample, I ortugal (•), Sp. Atl. 
(A), Sp. Med. (O), Italy (□), Greece (o). 
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Atiain, when thc French sample was withdrawn from the analysis a more clear 

differentiation bctwecn the remaining samples was obtaincd (Figure 14). 

The truss protocol revcaled a differentiation belween samples, giving a 

reasonable degree of individualization, with a significam separation of the Italian 

sample (Figure 15). 
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Figure 15 - Bivariate mean 95% conf.dence ellipsoids for the canónica! discriminantTactor scores of ^ 
wild samples S. aurata based on the truss networks; Portugal (•), Sp. Atl. ^), Sp. Med. (O), Italy ( ), 
Greece (o). 

Atlantic samples (Portugal and Spain Atlantic) also showed a distance from the 

Mediterranean ones (Spain Mediterranean, Italy and Greece). This fact is evidcnced by 

the means of the canonical variables (Table XXXVIII). For the reared samples, the first 

fanction discriminated the French sample from ali the others, while the second function 

discriminated the Italian and Portuguese samples from the remaining samples. 

For the wild samples, the first canonical value (CV1) discriminated the Italian 

sample from ali the others, and the CV2 separated the Atlantic samples from the 

Table XXXVIII - Mcans of Canonical Variables for the reared and wild 
samples (CV - Canonical variables, Atl. - Atlantic, Med. - Mediterranean) 

Reared Wild 
CV1 CV2 CV3 CV1 CV2 CV3 

Samples 
France 
Portugal 
Spain Ali. 
Spain Med. 
Italy 
Greece 

20.103 
-1.795 
-2.738 
-3.552 
-5.780 
-2.051 

-1.198 
4.727 
1.126 
0.398 
-5.738 
0.411 

0.268 
3.232 
-0.325 
-1.550 
2.178 
-3.470 

0.162 
1.935 
1.453 

-5.863 
1.675 

3.425 
-3.092 
-0.994 
-1.386 
-0.258 

-0.927 
-2.327 
1.620 
0.201 
2,588 
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remaining Meditcrranean ones. 

2.3.2.2 - Red porgy {P. pagrus) 

A total of 97.1% of the total variation associated with the 31 truss morphometric 

characters was accountcd for by the first five principal components for ali samples. PCI 

loadings explained 84% of the total variation (Table XXXIX). This component 

correlated significantly with the standard length (SL) (r = 0.84; p<0,05; N =231). 

Table XXXIX - Loadings from principal component analysis of the 
31 truss morphometric characters for P. pagrus samples. Loadings 
are listed for the five principal components. Character dcscriptors 
refer to Figure 3. (Exp. Var. - Explained variance). 

BI 
B2 
B3 
B4 
B5 
Cl 

PCI PC2 PÇ3 PC4  PC5_ 
XI ^ 0994 ^012 -01)39 ^007 -0.014 
A2 0.959 0.202 -0.010 -0.062 -0.038 
A3 0.995 -0.014 -0.002 0.030 -0.017 

A4 0.960 -0.007 0.091 0.019 0.062 

A5 o 970 -0.038 0.084 0.043 -0.049 

A6 0.931 0.263 -0.016 -0.141 -0.032 
0.992 -0.036 -0.032 -0.001 -0.020 
0 994 -0.005 -0.009 -0.007 0.033 
0.930 -0.196 0.075 -0.101 -0.095 
0 080 0.861 0.464 -0.091 -0.017 
0.966 -0.038 0.183 0.060 -0.036 

^ i 0.986 -0.049 0.013 0.004 -0.008 

Q2 0.996 -0.004 0.009 0.023 -0.016 
-0.104 -0.877 0.248 -0.359 -0.088 
0 982 0.065 0.038 -0.043 -0.023 
0.857 -0.132 0.451 0.110 -0.036 
0 930 0.227 -0.124 0.073 -0.009 
0.933 0.104 -0.211 -0.015 -0.166 
0 982 -0.013 -0.001 -0.050 -0.055 
0 868 -0.036 -0.317 -0.151 0.272 
0.784 -0.034 -0.574 -0.101 0.067 
0.985 -0.018 -0.068 -0.027 -0.019 
0.743 -0.447 0.052 0.479 0.050 
0 984 -0.007 0.074 0.011 0.004 
0 994 -0.005 -0.019 0.000 0.024 
0 991 -0.033 -0.039 -0.030 0.062 
0.983 0.019 -0.075 0.026 -0.047 
0 991 -0.033 -0.016 0.021 -0.017 
0.996 -0.009 -0.020 0.000 -0.011 
0.991 0.069 -0.043 -0.043 -0.002 
0.704 -0.080 0.621 -0.091 0.225 

Exp. Var. 26.03 1.97 1.44 0.48 0.20 
% of total 84 6.34 4.63 1^3 0_60_ 

C3 
C4 
C5 
Dl 
D2 
D3 
D4 
D5 
El 
E2 
E3 
E4 
E5 
F1 
F2 
F3 
F4 
F5 

Stepwise discriminam function analysis between samples indicated highly 

significam differences in the truss element distances among the different countnes. 
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Wilks' X and F values are presented in Table XL. A total of 18 truss elements were 

selected for sample discrimination (Al, A2, A3, A4, A6, BI, B2, B4, Cl, C3, Dl, D2, 

D5, El, E2, E4, F3 and F5). 

Table XL - Stepwise Discriminant Analysis for the 
truss comparison bclwccn P. pagrus samples. 
(Wilks' X= 0.00013; F(54,626)-220.43,p<0.0001) 

Descriptor Wilks X PartiaU F-remove p-lcvel  1 — ^"7777 TTTTTToo a A A i 
D2 0.001 0.195 289.482 0.001 

F3 0.000 0.286 174.613 0.001 

A3 0.000 0.653 37.127 0.001 

A2 0.000 0.762 21.889 0.001 

Dl 0.000 0.770 20.874 0.001 

E4 0.000 0.800 17.449 0.001 

Al 0.000 0.846 12.697 0.001 

BI 0.000 0.854 12.011 0.001 

A6 0.000 0.855 11.855 0.001 

El 0.000 0.870 10.497 0.001 

E2 0.000 0.876 9.918 0.001 

Cl 0.000 0.920 6.070 0.001 

C3 0.000 0.924 5.764 0.001 

B4 0.000 0.925 5.711 0.001 

D5 0.000 0.940 4.433 0.005 

B2 0.000 0.952 3.523 0.016 

F5 0.000 0.957 3.139 0.026 

A4 0.000 0.958 3.080 0.028 

D2, F-statistics and particularised PCS for each sample are presented in Annex 

II, Tables XIII, XIV and XV. The overaU PCS was 99.6%, with three of the samples 

(Portugal, Spain and Greece) presenting a oorrect classification of 100%. The Italian 

samples had a predicted classification of 96.8%, but this value was due to one 

individual that shared a higher resemblance with fish from the Sparash sample. 

Figure 16 show, a clear differentiation of the Portuguese and Greek samples 

(confirmed by the mean canonical values (Table XLI)). Another extremely relevant fact 

revealed in Figure 16 is the high similarity of the individuais within samples. 

Table XLI - Means of Canonical Variables for 
P. pagrus samples (CV - Canonical variables). 

Samples 
CV1 CV2 CV3 

Portugal -8.112 -3.391 0.046 

Spain 1.277 9.613 1.880 

Italy 0.962 8.446 -2.460 

Greece 14.947 -4.590 0.031 
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'jgure 16 - Bivariate mean 95% confidence ellipsoids for lhe canonical discriminant-factor scores of the 
pagrus samples based on the truss networks; Portugal (o), Spain (A), Italy (O), Greece (□). 

2.3.2.3 - White seabrcam (/). sargus) 

A total of 95.5% of the total variation associated with the 31 truss morphometric 

characters was accounted for by the first five principal components for ali samples. 

PCI loadings explained 85.1% of the total variation (Table XLII). This component 

correlated significantly with the standard length (SL) (r = 0.36; p<0.05; N -207). 

Stepwise discriminant function analysis between samples indicated highly 

significant differences in the truss element distances among the different eountnes, 

whieh showed a geographic gradient. Wilks' ^ and F values are presented in Table 

XLIII. Only five truss elements were selected for sample discrimination (A3, A6, B5, 

D2 and F3). The white scabream was the species where sample discrimination was 

achieved with the fewest number of morphological characleristics. 

D\ F-statistics and particularised PCS for each sample are presented in Annex 

II. Tables XIII, XIV and XV, The overaU PCS was 93.1%, with the Greek and the 

Portuguese samples presenting the highest PCS values. 
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Table XL1I - Loadings from principal component analysis ofthe 31 
morphometric characters for D. sargus samples. Loadings are l.stcd 
for the five principal componcnts. Charactcr descnptors reter to 
Figure 3. (Exp. Var. - Explained variance). 

— t- ^TTj pc3 PC4 PC5 Descriptor PC 1 l ^ LEi   —— 
 L TTTFn TTTTT A mA .0 OS I 0 214 
Al 0.907 
A2 0.921 
A3 0.508 
A4 0.954 
A5 0.966 
A6 0.951 
BI 0.874 
B2 0.934 
B3 0.993 
B4 0.987 
B5 0.983 
Cl 0.178 
C2 0.961 
C3 0.992 
C4 0.993 
C5 0.993 
Dl 0.946 
D2 0.960 
D3 0.985 
D4 0.992 
D5 0.991 
El 0.965 

E2 0.825 
E3 0.972 
E4 0.958 
E5 0.982 
El 0.806 
F2 0.835 
F3 0.933 
F4 0.951 
F5 0.953 

Exp. Var. 26.37 1.44 1.03 0.40 0.36 
%of total 85.1 4.64 3.33 U LJ1 

0.156 0.076 -0.051 0.214 

-0.231 -0.035 0.028 0.214 

0.723 0.216 0.393 -0.045 

0.157 0.048 0.023 0.187 

0.076 0.016 -0.057 0.188 

0.032 0.064 0.153 0.184 

-0.243 -0.028 0.138 -0.206 

-0.264 -0.072 -0.095 0.014 

-0.061 -0.016 0.014 0.014 

-0.025 0.005 0.050 -0.005 

-0.064 -0.010 -0.011 0.095 

-0.214 0.951 -0.107 0.000 

0.052 0.002 -0.089 0.010 

0.017 -0.028 0.016 -0.005 

-0.068 -0.004 0.014 0.016 

0.014 -0.008 0.002 -0.003 

0.027 -0.148 0.042 0.018 

-0.066 -0.122 -0.002 0.027 

-0.125 0.012 0.033 -0.047 

-0.078 -0.023 0.014 -0.011 

-0.024 -0.049 0.027 -0.021 

-0.143 -0.031 0.005 -0.055 

-0.356 0.091 0.197 -0.179 

-0.068 -0.025 -0.055 -0.038 

-0.207 0.037 0.056 -0.096 

-0.117 -0.039 -0.006 -0.032 

0.376 0.002 -0.259 -0.115 

0.344 0.060 -0.165 -0.134 

0.236 -0.023 -0.040 -0.096 

0.185 0.036 -0.069 -0.095 

0.176 -0.054 -0.131 -0.080 

Table XLIII - Stepwise Discriminant Analysis for the truss 
comparison between D. sagrus samples. 
(Wilks1 X= 0.078, F(2I,566)=38.48I p<0.000l)   

n...r;r,nr Wilksl Partial k F-remove p-level 
nj 0 159 0.494 67.367 0.0001 
P3 o 141 0.554 52.843 0.0001 

D2 0 112 0.703 27.759 0.0001 
A3 0 089 0.885 8.491 0.0001 

A6 0 087 0.896 7.584 0.0001 
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Figure 17 - Bivariate mean 95% confidcncc ellipsoids for the canonical discriminant-factor scores of the 
D. sagrus samples based on the trass networks; Portugal (o), Spain (A). Italy (O). Grecce (□). 

The mean canonical values did not show a clear differentiation between samples, 

and ali values can be considered to be of the same magnitude. The strongest evidence of 

differentiation between samples is the negative correlation of the Atlantic (Portuguese) 

sample with CV1 (Table XLIV). 

Table XLIV - Mcans of Canonical Variables for 
D. sagrus samples (CV - Canonical variables) 

Samples 
CV1 CV2 CV3 

Portugal -1.674 0.104 -0.051 

Spain 1.842 0.361 1.485 

Italy 1.702 -1.918 -0.342 

Greece 2.648 1.355 -0.914 

2.3.2.4 - Sharpsnout seabream {D. puntazzo) 

A total of 95.5% of the total variation was associated with the 31 truss 

morphometric characters and was accounted for by the first five principal components 

for ali samples. PCI loadings explained 90.1% of the total variation (Table XLV). This 

component correlated significantly with the standard length (SL) (r = 0.69; p<0.05; N 

=160). 
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Table XLV - Loadings from principal component analysis oí the 31 
truss morphometric characters for D. pmtazzo samplcs. Loadings are 
listed for the flve principal components. Charactcr descnptors reter 
to Figure 3. (Exp. Var. - Explained variance). 

Descriptor PC 1 l>(-2   ítEÍt— 
  5^55 IÕTHM 0074 -0.032 0.096 

0.950 -0.002 -0.079 -0.058 0.113 
0.822 -0.386 -0.132 -0.329 -0.033 
0.958 -0.141 0.074 -0.033 0.112 
0*978 -0.043 0.032 -0.018 0.065 
0.961 -0.118 -0.102 -0.138 0.071 
0.918 0.126 -0.164 0.148 -0.060 
0.966 0.077 -0.042 0.057 -0.002 
0.988 0.048 0.017 0.056 -0.023 
0.991 0.027 -0.016 0.050 -0.016 
0.993 0.013 -0.032 -0.002 0.008 
0.822 -0.274 0.351 0.155 -0.267 
0.966 -0.080 0.011 -0.030 0.078 
0.794 0.329 0.163 -0.392 -0.206 
0.988 0.059 0.012 0.055 -0.030 
0 990 0.019 0.033 0.047 -0.031 
0.956 0.081 -0.113 0.041 0.107 
0.976 0.060 -0.063 0.020 0.041 
0 907 0.156 -0.146 -0.001 -0.171 
0.992 0.051 -0.013 0.036 -0.016 
0 991 0.039 -0.021 0.041 -0.001 
0.976 -0.068 -0.050 0.010 -0.081 
0.933 0.041 -0.104 -0.015 -0.125 
0.964 0.128 0.006 0.068 0.049 
0.984 0.071 -0.027 0.013 -0.025 
0 991 -0.015 -0.014 0.023 -0.054 
0.894 -0.211 -0.093 0.081 0.004 
0.893 0.113 0.233 -0.045 0.279 
0.961 -0.035 0.116 0.037 -0.064 
0.955 0.089 0.180 -0.006 0.141 
0.964 -0.090 -0.037 0.066 -0.025 

Al 
A2 
A3 
A4 
A5 
A6 
BI 
B2 
B3 
B4 
B5 
Cl 
C2 
C3 
C4 
C5 
Dl 
D2 
D3 
D4 
D5 
El 
E2 
E3 
E4 
E5 
El 
F2 
F3 
F4 
F5 

Exp. Var. 27.93 
% of total 90.1 

0.56 0.39 0.37 0.34 
1.79 1.26 1-2 ^1 

Stepwise discriminant function analysis between samples indicated highly 

significant differences m the truss element distances among countries, evidencing a 

geographic gradient between them. Wilks' X and F values are presented in Table XLVI. 

Seven truss elements were selected for sample discrimination (A2, A5, A6, BI, Cl, D4 

and F3). 

D1, f-statistics and particularised PCS for each sample are presented in Annex 

II, Tables XIII, XIV and XV. The overall PCS was 90.8%, the Italian and Greek 

samples showed values below 90%, with 87.8 and 88.4 percent, respectively. Such fact 
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is evidenced in Figure 18, were those samples appeared to be almost supenmposed and 

therefore share a high degrce of similarity. 

Table XLV1 - Stepwise Discriminant Analysis for thc truss 
comparison bctween D. puntazzo samples. 
(Wilks' X=0.0230; F(27,432)=42.297;Jn <0.0001)   

Descriptor Wilks 7. Partial X F-remove p-level 

BI 0.037 0.625 29.595 0.001 

A5 0.033 0.701 21.055 0.001 

D4 0.032 0.717 19.476 0.001 

A6 0.030 0.770 14.697 0.001 

Cl 0.029 0.796 12.618 0.001 

A2 0.029 0.798 12.457 0.001 

F3 0.026 0.886 6.359 0.001 
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Figure 18 - Bivariatc mean 95% oonf.dence cllipsords for ihc canon.cal d^rim.nanrfactor ^rc5 of the 
D. puntazzo samples based on thc truss networks; Portugal (o), Spain (A). Ita y ( ). 

In contrast, the Portuguese sample was well differentiated from ali the others, as 

confírmed by the mcan canonical values (Table XLVII). 

Table XLVII - Means of Canonical Variables for 
D. puntazzo samples (CV - Canonical variables) 

CV1 CV2 CV3 

Simples   

Portugal 
Spain 
Italy 
Greece 

3.804 
0.061 
-0.560 
-2.620 

-1.414 
2.904 
-0.015 
-1.604 

0.362 
0.604 
-1.751 
0.798 
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2.3.2.5 - Stripcd seabrcam {L. mormyrus) 

A total of 94.5% of the total variation was associated with the 31 truss 

morphometric characters and was accounted for by the first five principal components. 

PCI loadings explained 85.1% of the total variation (Table XLVIII). Th.s component 

correlated significantly with the standard length (SL) (r = 0.31; p<0.05; N -217), 

however the obtained r for the L. mormyrus sample comparison was the lowest between 

ali studicd samples. 

Table XLVIII - Loadings from principal component analysis of the 31 
truss morphometric characters for L mormyrus samples. Loadings are 
listed for the five principal components. Character descnptors reler 
to Figure 3. (Exp. Var. - Explained variance).  
— rr prõ PC3 PC4 PC5 
Pescr|Ptor—^—irrr» 
Al rt| 0 955 0.019 -0.043 0.056 -0.182 

a ô 0.921 0.018 0.131 0.075 -0.293 
A3 0.791 0.176 -0.488 0.087 -0.008 
A4 0 977 0.041 -0.130 0.043 -0.087 

A5 0.974 0.031 -0.052 0.041 -0.120 
A6 0.947 0.079 -0.076 0.081 -0.222 
Di 0.835 -0.061 0.326 -0.057 -0.078 

B2 0 840 -0.093 0.348 -0.026 -0.249 
B3 0 990 0.012 -0.030 -0.024 0.020 

B4 0 986 0.015 0.019 0.003 -0.061 
p.. 0 990 0.011 -0.003 -0.006 -0.061 

C1 0.169 -0.956 -0.226 -0.035 -0.038 

C2 0 933 0.007 -0.148 -0.010 -0.027 
C3 0 980 0.035 -0.072 -0.048 0.112 
C4 0.991 -0.006 -0.020 -0.028 0.022 

0.982 0.011 -0.076 -0.037 0.085 
0.930 0.102 0.158 -0.064 0.087 
0 625 -0.113 0.169 0.730 0.185 

D3 0.975 -0.006 -0.025 -0.075 0.166 

D4 o 990 0.000 0.004 -0.033 0.083 
D5 0.979 0.043 0.037 -0.058 0.111 

E, 0.975 -0.033 0.045 -0.046 0.043 

P2 0.825 -0.141 0.313 -0.134 0.157 
E3 0.968 0.012 -0.040 -0.052 0.147 

0.962 -0.046 0.109 -0.086 0.151 
0.983 -0.017 0.005 -0.066 0.118 
0 908 -0.012 -0.036 -0.002 -0.037 
0.899 -0.062 -0.029 -0.004 -0.077 
0.961 0.071 -0.152 0.021 0.014 
0.967 0.019 -0.053 0.003 -0.005 
0.974 0.005 -0.040 -0.026 0.027 

Exp. Var. 26.37 1.03 0.79 0.62 0.47 
% of total 85.1 3.31 ^56 :  

C5 
Dl 
D2 

E4 
E5 
F1 
F2 
F3 
F4 
F5 
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Stepwise discriminant analysis between samples indicated highly sigmficant 

differences in the truss elemenl distances among the different countnes. Wilks' A, and F 

values are presented in Table XLIX. Nine truss elements were selected for sample 

discrimination (Al, A2, A6, B2, B3, C5, Dl, F2 and F3). 

D2, F-statistics and particularised PCS for each sample are presented in Annex 

II, Tables XIII, XIV and XV. The overall PCS was 97.8%, with the Spanish sample 

presenting the lowest PCS among the L. mormyrus samples, with 93.75%. The 

remaining samples showed values over 96%. Canonical discriminant-factor scores are 

presented in Figure 19. 

Table XLIX - Stepwise Discriminant Analysis for the truss 
comparison between L mormyrus samples. 
(Wilks' )e=0.03791; F(27,599)=45.87; p<0.0001) 

Descriptor Wilks PartiaU F-remove p-levcl  11 ——: TrTTÃn n nn i 
0.065 0.579 49.647 0.001 
0 061 0.623 41.263 0.001 
0.048 0.785 18.674 0.001 
0.047 0.813 15.767 0.001 
0.046 0.821 14.941 0.001 
0.046 0.825 14.451 0.001 
0.046 0.830 13.968 0.001 
0.044 0.854 11.689 0.001 
0.043 0.890 8.432 0-001 

6 

Gr 
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Figure 19 - Bivariatc mean 
L. mormyrus samples based 

Bivariatc mean 95% confidcncc ellipsoids for the canonical discriminant-factor scorcs of the 
samples based on the truss nctworks; Portugal (o), Spain (A), Italy (O), Grccce (□). 
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Mean canonical values correlate the Greek sample with CV1, untying it from ali 

the others. Due to its negative corrclation with CV1 the Portuguese sample is also 

separated (Table L). 

Table L - Mcans of Canonical Variables for L 
mormyrus samples (CV ■ - Canonical variables) 

CV1 CV2 CV3 

Samples 
Portugal 
Spain 
Italy 
Greece 

-1.783 
1.962 

-0.023 
5.072 

0.645 
-1.618 
-2.422 
1.534 

0.056 
1.288 

-1.109 
-0.441 

2.3.2.6 - Red seabream {P. bogaraveo) 

A total of 97% of the total variation was associated with the 31 truss 

Table LI - Loadings from principal componcnt analysis ol lhe 31 truss 
morphomctric characters for P. bogaraveo samples. Loadings are 
listed for the five principal coniponents. Characlcr dcscriptors refer 
to Figure 3. (Exp. Var. - Explained variance). 

Descriptor PCI PC 2 PC3 

Al 0.953 -0.184 0.097 

A2 0.966 0.063 0.062 

A3 0.887 -0.141 -0.398 

A4 0.994 -0.021 -0.023 

A5 0.988 -0.068 0.039 

A6 0.984 -0.017 -0.094 

BI 0.871 0.365 -0.165 

B2 0.930 0.112 0.300 

B3 0.995 0.040 -0.014 

B4 0.993 0.052 -0.004 

B5 0.995 0.049 -0.007 

Cl 0.845 -0.479 -0.062 

C2 0.984 -0.029 0.036 

C3 0.994 0.036 -0.018 

C4 0.996 0.011 -0.015 

C5 0.994 0.012 -0.018 

Dl 0.952 0.188 -0.007 

D2 0.986 -0.025 0.014 

D3 0.996 0.022 -0.004 

1)4 0.997 -0.002 -0.002 

D5 0.991 0.077 -0.006 

El 0.982 0.040 0.021 

E2 0.965 0.125 -0.002 

E3 0.980 0.131 -0.040 

E4 0.990 0.074 -0.020 

E5 0.992 0.064 0.007 

Fl 0.938 -0.139 0.113 

F2 0.948 -0.159 0.058 

F3 0.983 -0.094 0.032 

F4 0.981 -0.074 0.032 

F5 0.977 -0.075 0.049 

Exp. Var. 29.13 0.60 0.33 
% of total 93.4 1.93 1.06 

PC 4 PC 5 
-0.077 0.021 
-0.110 -0.015 
0.112 -0.054 
-0.025 0.022 
-0.061 0.017 
-0.031 -0.025 
-0.223 -0.093 
-0.004 0.004 
-0.015 0.030 
-0.067 -0.005 
-0.011 0.033 
-0.158 0.052 
-0.013 0.019 
0.030 0.047 
-0.022 0.032 
0.019 0.049 
0.160 0.052 
0.036 0.006 
0.009 0.007 
0.006 0.020 
0.075 0.043 
0.028 -0.035 
-0.030 0.014 
0.052 0.013 
0.017 0.044 
0.027 -0.023 
0.050 -0.282 
0.096 0.054 
-0.016 0.022 
0.042 0.065 
0.073 -0.155 

0.17 0.14 
0.56 0.47 
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morphometric characters and was accounled for by the fírst five principal components, 

with PCI loadings explaining 93.4% oí the total variation (Fable LI). 

This component corrclatcd significantly with the standard length (SL) (r - 0.99, 

£><0.05; N =186). 

Stepwise discriminam analysis between samples indicated highly significam 

differences in the truss element distances among the different countrics. Wilks' A. and F 

values are presented in Tahle LII. A total 14 truss elements werc selected for sample 

discrimination (A2, A3, A6, BI, B3, B4, Cl, D2, D3, D5, E2, E3, F2 and 1 5). 

Table LII - Stepwise Discriminant Analysis for the truss 
comparison between P. hogaraveo samples. 
(Wilks1 Xp0.0002; F(42,502)=213.19;/?<0.0001) 

Dcscriptor Wilks l. Partial X F-rcmove p-lcvcl 

F5 0.000 0.685 25.940 0.001 

BI 0.000 0.719 22.057 0.001 

F2 0.000 0.724 21.423 0.001 

A2 0.000 0.809 13.288 0.001 

Cl 0.000 0.814 12.869 0.001 

B4 0.000 0.825 11.947 0.001 

D5 0.000 0.827 11.758 0.001 

B3 0.000 0.853 9.717 0.001 

A6 0.000 0.859 9.249 0.001 

E2 0.000 0.884 7.427 0.001 

E3 0.000 0.889 7.057 0.001 

D2 0.000 0.896 6.532 0.001 

A3 0.000 0.917 5.100 0.002 

D3 0.000 0.943 3.377 0.020 
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Figure 20 - Bivarialc mcan 95% confidcncc cllipsoids for the canonical discriminant-factor scorcs of the 
P. hogaraveo samples bascd on the truss networks; Portugal (o), Spain (A), ítaly (O), Greece (□). 
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D2, F-statistics and particularised PCS for each sample are presented in Annex 

II. Tables XIII, XIV and XV. The ovcrall PCS was 100%, with ali samples correctly 

idenlified. Based on the above stated findings it was possible to establish a clear 

differentiation among samples (Figure 20, and Table LIII for the mean canonical 

values), especially between the Italian sample and ali the others. 

Table LIII - Means of Canonical Variablcs for 
P. bogaraveo samples (CV - Canonical 
variables). 

Samples 
CV1 CV2 CV3 

Portugal -4.226 3.716 1.055 

Spain -2.568 -5.310 1.627 

Italy 17.983 0.600 -0.225 

Greecc -4.410 -0.946 -4.673 

2.3.2.7 - Common Dcntcx (Z). deníex) 

A total of 98% of the total variation was associated with the 31 truss 

morphometric characters and was accounted for by the fírst íive principal components, 

with 92,1% being explained by PCI (Table LIV). PCI was significantly correlated with 

the standard length (SL) (r = 0.88;p<0.05; N =144). 

Stepwise discriminant analysis between samples indicated highly significant 

differences in the truss element distances among the different countnes. Wilks' X and F 

values are presented in Tables LV. A total of 14 truss elements were selected for sample 

discrimination (Al, A2, A4, A5, BI, B4, C2, C4, Dl, D2, D4, El, E2 and F2). 

D\ F-statistics and particularised PCS for each sample are presented in Annex 

II, Tables XIII, XIV and XV. The D2 values discriminated a geographic gradient 

between samples, with a clear difference between the Atlantic sample (Portugal) and the 

Mediterranean ones. This result was corroborated through the PCS values, with the 

Portuguese sample presenting a correct classification of 100%. AU the others showed 

PCS's over 96%. with an overall PCS of 97.9%. Based on the above findings the 

canonical discriminant-factor scores established a clear differentiation between the 

Atlantic and the Mediterranean samples (Figure 21, and Table LVI íor mean canonical 

values). 
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Table L1V - Loadings from principal component analysis of the 31 truss 
morphometric characters for D. dentex samples. Loadings are listed for 
the five principal components. Character descriptors refer to l igure 3. 
(Exp. Var. - Explained variance). 

Descri ptor PCI PC2 PC3 PC4 PC 5 

Al 0.959 0.125 -0.011 -0.058 -0.156 

A2 0.959 0.121 -0.080 -0.150 -0.083 

A 3 0.649 0.710 -0.181 0.153 0.044 

A4 0.973 0.202 -0.001 -0.041 -0.041 

A 5 0.981 0.132 0.017 -0.052 -0.071 

A6 0.924 0.346 -0.100 -0.057 -0.052 

BI 0.831 -0.423 -0.144 0.260 -0.100 

B2 0.901 -0.346 0.015 -0.189 -0.018 

B3 0.993 -0.023 0.033 0.000 0.021 

B4 0.989 -0.075 0.011 0.061 -0.018 

B5 0.978 0.077 0.003 -0.094 -0.003 

Cl 0.838 0.221 0.477 0.104 -0.045 

C2 0.985 -0.061 0.028 0.029 0.020 

C3 0.994 -0.008 0.022 -0.015 0.029 

C4 0.994 -0.025 0.039 0.010 0.025 

C5 0.994 0.005 0.036 -0.023 0.024 

Dl 0.963 -0.117 -0.100 0.002 -0.027 

D2 0.990 -0.048 -0.014 -0.002 0.029 

D3 0.993 -0.076 0.002 0.007 0.039 

D4 0.994 -0.069 0.008 0.010 0.038 

D5 0.995 -0.035 -0.023 -0.021 0.017 

El 0.988 -0.053 -0.005 -0.032 -0.019 

E2 0.966 -0.050 -0.014 -0.051 0.104 

E3 0.989 -0.070 -0.003 0.028 0.026 

E4 0.992 -0.055 -0.004 0.007 0.074 

E5 0.993 -0.073 -0.015 -0.015 0.003 

F1 0.955 -0.089 0.011 0.115 -0.129 

F2 0.958 -0.007 -0.021 0.052 0.199 

F3 0.985 0.045 0.001 -0.025 -0.011 

F4 0.983 -0.018 0.017 0.023 0.134 

F5 0.985 -0.053 -0.027 0.052 -0.071 

Exp. Var. 28.55 1.14 0.32 0.21 0.16 

% of total 92.10 3.67 1.02 0.68 0.51 

Table LV - Stepwise Discriminant Analysis for the truss 
comparison between D. dentex samples. 
(Wilks1 àf 0.0086; F(42,377)=35.734; p<0.0001) 

Descri ptor Wilks X Partial X F-remove p-level 

D4 0.017 0.518 39.369 0.001 

B4 0.013 0.673 20.540 0.001 

El 0.012 0.695 18.563 0.001 

Al 0.012 0.708 17.481 0.001 

A5 0.010 0.818 9.433 0.001 

A4 0.010 0.822 9.146 0.001 

BI 0.010 0.827 8.861 0.001 

C4 0.010 0.828 8.789 0.001 

D2 0.010 0.833 8.464 0.001 

C2 0.010 0.858 7.023 0.001 

Dl 0.010 0.878 5.873 0.001 

F2 0.010 0.892 5.136 0.002 

E2 0.010 0.901 4.665 0.004 

A2 0.009 0.905 4.422 0.005 
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Figure 21 - Bivariate mean 95% confidcnce ellipsoids for the canonical discriminant-factor scores ol lhe 
D. dentex samples based on the truss networks; Portugal (o), Spam (A), Italy (O), Greece (□). 

Table LV1 - Means of Canonical Variables for D. 
dentex samples (CV - Canonical variables) 

CVl CV2 CV3 

Samples 
Portugal -4.233 -1.239 0.153 

Spain -0.413 3.183 0.814 

Italy 1.374 0.145 -2.684 

Greece 2.943 -1.243 1.100 

2.3.2.8 - Black seabrcam (S. cantharus) 

Due to the sampling problems referred to in section 2.2.1, the truss 

morphometric analysis was only carried out between the Portuguese and the Spanish 

samples A total of 96.8% of the total variation was associated with the 31 truss 

morphometric characters and was accounted for by the first five principal components 

for ali samples, with PCI loadings explaining 88.2% of the total variation (Table LVII). 

PCI was signifícantly correlated with the standard length (SL) {r = 0.84; /7<0.05; N 

=66). 

Stepwise discriminant analysis between samples indicated highly sigmficanl 

differcnces between truss elements for samples from the two countries. Wilks' \ and F 
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values are presentcd in Table LVI1I. Ten truss elements were selected for sample 

discrimination (Al, A4, A5, B2, C2, D2, D3, D5, El and E3). 

Table LVII - Loadings from principal component analysis of the 31 
morphometric charactcrs for S. canlharus samples. Loadings are 
listcd for the five principal componcnts. Charactcr dcscriptors 
refer to Figure 3. (Exp. Var. - Explained variance). 

Descriptor PCI PC2 PC3 PC4 PC 5 

Al 0.970 0.052 0.008 -0.054 -0.046 

A2 0.947 -0.077 -0.103 -0.069 -0.156 

A3 0.681 0.535 -0.270 0.381 0.154 

A4 0.985 0.103 0.016 0.044 -0.063 

A5 0.989 0.049 0.013 -0.007 -0.074 

A6 0.959 0.135 -0.137 0.070 -0.065 

BI 0.837 -0.377 -0.188 -0.104 0.133 

B2 0.948 -0.170 0.019 -0.056 -0.156 

B3 0.990 -0.045 -0.048 0.032 -0.060 

B4 0.988 -0.081 -0.078 -0.009 -0.021 

B5 0.992 0.026 0.011 0.036 -0.080 

Cl 0.128 0.922 -0.056 -0.348 -0.009 

C2 0.936 0.135 0.020 0.054 -0.178 

C3 0.994 -0.020 0.009 0.034 -0.046 

C4 0.994 -0.013 -0.041 0.015 -0.049 

C5 0.991 0.016 0.007 0.043 -0.077 

Dl 0.928 -0.241 -0.013 -0.019 -0.013 

D2 0.932 -0.100 -0.037 -0.124 0.203 

D3 0.994 -0.013 0.028 0.028 -0.018 

D4 0.995 -0.034 -0.006 0.006 0.006 

D5 0.988 -0.087 0.014 0.005 -0.001 

El 0.967 -0.081 -0.076 -0.095 0.098 

E2 0.896 -0.151 -0.213 -0.108 0.203 

E3 0.986 0.032 0.062 0.039 -0.072 

E4 0.989 -0.010 -0.022 0.003 0.045 

E5 0.996 -0.037 0.005 -0.017 0.004 

El 0.922 0.081 0.283 -0.005 0.095 

F2 0.887 0.101 0.324 0.098 0.200 

F3 0.956 0.104 0.023 -0.097 0.035 

F4 0.963 0.138 0.136 0.024 0.045 

F5 0.969 0.008 0.178 -0.016 0.060 

Exp. Var. 27.34 1.53 0.45 0.36 0.31 

% of total 88.20 4.94 1.44 1.17 1.01 

As was the case with the traditional morphology analysis, the overall percent- 

correct classification success (PCS) through the truss protocol was 100%. Gcneralised 

Mahalanobis distances {D2) was 31.4, the F-statistics 41.65 for /KO.OOl. From the 

canonical analysis, both samples correlatcd signifícantly with CV1, invalidating the 

graphical prescntation of the differences betwecn samples. Nevertheless, the obtained 

D1 and PCS values ensurc a good dcgree oí differentiation betwecn samples. 
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Tablc LVIII - Stepwise Discriminant Analysis for the 
truss comparison bctween S. cantharus samplcs. 
(WiIks' 7=0.1164; F( 10,55)=41.741;/? <0.0001) 

Descri ptor Wilks 7 Partial 7 F-remove p-level 

D2 0.153 0.763 17.061 0.000 

D3 0.152 0.766 16.818 0.000 

Al 0.150 0.776 15.869 0.000 

D5 0.139 0.838 10.652 0.002 

B2 0.135 0.864 8.645 0.005 

C2 0.131 0.887 7.007 0.011 

A4 0.131 0.887 6.991 0.011 

A5 0.129 0.903 5.900 0.018 

El 0.129 0.905 5.748 0.020 

F3 0.126 0.923 4.558 0.037 

2.3.3 -Área analysis 

In five of the eight studied species, ali six-area measurements were selected for 

sample differentiation {S. aurata (both wild and reared), D. sargus, D. deníex, L 

mormyrus, P. bogaraveo), five for P. pagrus, four for D. puntazzo, and three for 5". 

cantharus. Wilks' ^ and F values are presented for each of the species in Annex II, 

Tables XVI-XXIV. The Wilks' 7. values for ali species were always higher, than the 

ones obtained through the traditional and truss measurements, while the canonical 

discriminant-factor scores appcar scattered, providing worse sample differentiation 

(Figure 22). 

o 

4 

2 

O 

-2 

-4 

CV1 

4 

2 

S 0 

■2 

-4 

Pt 

Fr 
/í5 N 

/m ■■ U. Sp.Atl. / ■ h 

FÍL 
' J 

Gr 

r" r Sp. Med. 

IS 10 6 

TO 

SP AO. 

A 

O 
i Sp. Med. 

—=* V A 9 V/ 

. ( ' 
V • • 

St?** dD \ ^ 
r* °°o)K 

■ Gr 

-2 0 2 
CV1 

pt 
7-vNSp 

l °0 

o 
Co^oeJ 
„ 0°° 
o yoM 

V / o „ 

a   -L Or 

80Jt%í\ °°a7 c / aDa>/ o / 

Vo ' " S 
it    

-4 -2 0 2 4 



Morphomctric cmalysis 
75 

Sp 

È 

? 0 o o 

Gr 

•25 -20 -15 -10 -5 
CV1 

? 0 

0 -4 -2 0 2 1 6 8 

CV1 

3p tó.\ 
Gr 

It 

| 
L0° Ô / Pt 

I 

V 

o 0 0 
pt 

sp 
Gr 4 

S ífè 0 
8o 

_/ o 0 O 0 

^ I I Q I 

\ 0 ^ 
\o O It 

•4 -2 0 
CV1 

2 t 

Figure 22 - Bivariate mean 95% confidence ellipsoids for the canomcal discriminant-factor scores ofthe 
D denlex samples based on the area measurcments; a) S. aurata wild, b) £ awra/a reared c) P. PaZrus^ 
D. sargus, e) D. puntazzo, f) L mormyrus, g) P. hogaraveo, and h) D. dentex. Portugal (o), Spain (A), 
Italy (O), Greece (□). 

2.3.4 - Mapped configurations 

Mapped landraark conligurations for wild and reared samples of S. aurata are 

shown in Figure 23. No apparent distortions are noticeable, with the differences 

between the reconstructed forms for each of the samples being attributed to dissimilanty 

among samples. This is re-enforced by the small values obtained of total stram values of 

each sample (Figure 23). 

The remaining species in study did not show any relevant distortions in the 

overall sample configuration. These results confirmed the precautions undertaken 

during data acquisition. As for the X aurata samples, ali the remaining species showed 

smaller total strain values of each of the samples (Figures 24 to 27). 
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Figure 23 - Mapped configurations for each of the wild and reared samples of S. aura,a. T.S. total 
strain value. 
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P. pagr us D. sagrus 

Portugal 

T.S. — 0.019 T.S. - 0.026 

Sjiain 

T.S. = 0.032 T.S. = 0.034 

Italy 

T.S. = 0.035 T.S. = 0.03 

Greece 

T.S. = 0.023 T.S. = 0.036 

Figure 24 - 

value. 

Mapped configuralions for each of the samplcs oíP. pagrus and D. sargus. T.S. - 
lotai strain 
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D. puntazzo L mormyrus 

Portugal 

T.S. = 0.026 T.S. = 0.04 

Spain 

T.S. = 0.0.51 T.S. = 0.033 

Italy 

T.S. = 0.038 T.S. = 0.039 

Greccc 

T.S. = 0.044 
T.S. = 0.027 

Figure 25 - Mapped configurations for each of the samples of D. puntazzo and L. mormyrus. T.S. 

strain value. 

total 
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P. bogaraveo 

79 

D. dentex 

Portugal 

T.S. = 0.053 T.S. = 0.033 

Spain 

T.S. = 0.048 T.S. = 0.028 

Italy 

Greece 

T.S. = 0.056 

T.S. = 0.043 

T.S. = 0.035 

T.S. = 0.053 

Figure 

strain value. 

26 - Mapped configurations for each of the samples of P. bogaraveo and D. dentex. T.S. - total 

S. caníharus 

Portugal 

T.S. = 0.016 

Spain 

T.S. = 0.018 

Figure 27 - Mapped configurations for each of the samples of5. caníharus. F.S. - total strain value. 
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2.4 - DlSCUSSION 

From an historical point of view, many nongenetic markers have been used in 

order to manage fish stocks and understand the population structure and the movement 

of the fish (Garcia de Léon et ai, 1997). The definition and identification of discrete 

fish stocks still remains an important issue in the fisheries management scheme. The 

dilemma from both biological and management perspective is how to determme the 

correct spatial scale to employ when identifying populations of fish (Larkin, 1981). 

Isolation can induce both genotypic and phenotypic differentiation between 

stocks. Thus, fish stocks are identified as natural breeding units that are reproductively 

isolated from other similar intraspecifíc populations (Haddon & Willis, 1995). Among 

the several factors that contribute to the divergence of animal populations, geographic 

partitioning assumes a major importance, particularly if that separation is due to natural 

barriers. In the present study, and as already referred in Chapter 1, the phylogeographic 

break created by the Strait of Gibraltar between the Northeast Atlantic and the 

Mediterranean Sea (as referred by Borsa et ai, 1997; Naeiri et al, 1999) can be 

responsible for the separation between populations of the same species. Its influence 

will be discussed íurther on. In freshwater fishes, rivers and lakes are usually considered 

as geographical barriers. This definition is widely confirmed by morphological findmgs 

(e.g. Melvin, et al, 1992; Garavello e/ al, 1992; Jerry & Caims, 1998; Keenlyne e/ al, 

1994a; Golubtsov & Berendzen 1999; Treer et al, 2000). 

' Reared fish can also be considered as isolated populations. The reproduction in 

these "units" is artificially manipulated and based only on selected specimens. As so, it 

is interesting to compare them with the wild populations. Nevertheless, these 

populations are originally derived from the native population. Thus, it is of major 

interest to assess, both qualitatively and quantitatively, the differentiation or proximity 

from the wild individuais. 

In recent years, morphological studies have been used not only to discrimmate 

populations of a same species, but also to discriminate species. Species identification 

seams to be a rather strait forward concept, but in specific habitats, where niche 

variability is limited, species tend to adapt similarly, and so to reduce the phenotypic 

differences between them, with lack of discrete morphological features, and uncertam 

homologies of pigmentation pattems. In some cases, morphological analysis is 

complemented with colour analysis (e.g, Garavello et al, 1991). However, 
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pigmentation patterns may be of some phylogenetic value once ontogenic sequences 

have been described in representative species and putative homologous elemcnts have 

been identified (Slrauss, 1985). 

Under similar stimulation, species can cvidence rather different reactions to 

environment, with diverse morphologies providing different adaptations. But, is 

supposed that species of a same family have similar responses, and so, their morphology 

be affected in a similar way? The answer to this will be analysed and discussed further 

on. 

2.4.1 _ Traditional measurements vs. truss networks 

lt is often referred by authors that the so-called "traditional morphometry" 

provides worse results than the modem procedures, where the truss analysis is included. 

Such differences rely on the fact that the traditional morphometry is based on 

measurements that are usually chosen along the longitudinal axis of the animal, limitmg 

information over it. Another problem, has to do with the redundancy of measurements 

based on determined parts of the body morphology, the selection of whieh is mainly due 

to the scarcity of eonspicuous points in body parts or the tendeney of the sampler to 

choose the points in a cognitivo way and so, give preference to particular areas, usually, 

head measurements. 

In the present study, for the traditional morphometry, twelve measurements were 

chosen (excluding standard length), The established criteria that guided this choice were 

the use of traits evenly distributed throughout the fish body. Yet, seven of those 

characteristics were head related. For the truss networks, and following the Strauss & 

Bookstein (1982) protocol, measurements were evenly distributed, avoiding any 

subjective landmark choice. 

When comparing both procedures, results were similar and proportional, but 

with the truss protocol providing a better distinction between samples, based on higher 

discriminant values. Although the finding of a geographical gradient was not the goal in 

the sample discrimination, the results obtained through the truss protocol ean be seen as 

an improvement in the sample discrimination. Through the traditional morphometry, 

only two species evidenced a geographic gradient {D. puntazzo and L. mormyrus), 

whereas, through the truss protocol this was the case of three species (D. sargus, D. 

puntazzo and D. dentex), with only one of in common {D. puntazzo). 
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Such a discrepancy can be related to two major factors: the difference of the 

acquired measurements by both methods, and the greater number of analysed traits in 

the truss protocol. Good examples are the samples of D. sargus, P. pagrus and P. 

hogaraveo. In the first case, through the traditional morphometry nine morphometnc 

characteristics contributed to sample discrimination, whereas, through the truss network 

it was only based on five (the lowest for ali species). However, those five characteristics 

showed the existence of a geographic gradient among samples. For red porgy, sample 

discrimination was much more inefficient with the traditional morphometry than with 

the truss protocol, where the sample individualisation was very high (confront Figures 7 

and 16). For red seabream, although sample discrimination based on traditional 

morphology, was quite good a high deviation of the Italian sample was detected through 

the truss protocol. 

However, if the truss method enhances the possibility of finding differences 

between populations due to the greater number of analysed traits, the specificity of the 

measurements of the traditional method can also provide an adequate basis for 

differentiation. In this study, in two of the species (L mormyrus and S. canlharus), the 

sample discrimination based on the traditional procedure overlapped the results 

obtained with the truss networks. 

Due to the limitations pointed out in the Material and Methods, the results 

obtained for S. canlharus cannot be as conclusive as those obtained for the other species 

(only two samples were compared). On the other hand, the samples of i. mormyrus are 

a good example, since a geographic gradient was found among samples. For this 

species, morphological characteristics such eye diameter, length of the upper or lower 

jaws can be more important for sample discrimination than the distances between 

landmarks. Moreover, sample discrimination in L. mormyrus was based on eight 

morphological characteristics (both traditional and truss analysis), which taking in to 

account that the truss analysis was based on a greater number of measurements, 

reinforces the adequacy of the traditional morphometry in the description of this 

particular species. According to Akazaki (personal communication) within one fish 

family or even between species of a same genus it is necessary to consider particular 

characteristics, and to avoid looking upon the family as an entity. Similar findings were 

reported by Schaefer (1990), who reported an adequacy of 11 out of 12 morphometnc 

characteristics when discriminating populations of yellow fm tunas (Thunnus 

albacares), which is an indicator of the adequacy of the chose morphological 



Morphometric analysis 83 

characteristics. Jerry & Cairns (1998) also noted that conventional characters were 

bettcr at discriminating populations of the catadromous Australian bass {Macquaria 

novemaculeaíá) than thc truss network. 

Thus, the above-formulatcd question starts to bc answered. 11 each one oí the 

methods is found to be more adequate in the characlerisation of a species, it is because 

the discriminatory characteristics must be analysed from a diíTerent perspective, even if 

(Hke the present case) they bclong to the same family. Thus, the results obtained with 

the traditional morphology do not reject it as a morphometric procedure, since it 

provided a fairly good discrimination between samples. Its use can be helpful when 

other proccdurcs that involve more demanding logistic procedures are not available, or 

when the truss networks do not produce relevant fíndings. The main concern for its use 

should be the choice of the measurements. These results can only be addressed to the 

methodological differences between procedures, since the statistical analysis was the 

same for both methods. However, summing the pros and cons of both methods the 

results obtained through the truss protocol overcamc those obtained by the traditional 

morphometry. Truss results were bascd on solid statistical fíndings, with no 

contradictions between the statistical parameters. D2 values below 10 were only found 

in a reduccd number of pair-wise sample comparison, and always between 

Mediterranean samples. 

2.4.2 - Species analysis 

Analysis of the morphometric characters suggested that each of the areas 

considered in this study is inhabited by discrete groups of gilthead seabream. The 

existence of different populations of S. aurata along South European Atlantic coasts and 

Mediterranean Sea was demonstrated. The correct classification rates of the samples 

herein (always higher than 94%) as well as the results obtained in the discriminant 

function analysis reinforce this assumption. Therefore, differences or similarities must 

be attributes of within-sample characteristics and not of an incorrecl sample 

classification. 

The Mahalanobis distances {D2) were calculated as units of standard deviation 

about the group means, so they are good descriptors of the differences between stocks. 

In the present study, these differences (cf. Tablc XIII, Annex II) were very clcar. 

Considering the reared samples, the westernmost samples (France and Portugal) were 

quite different ffom thc Mediterranean ones. The Spanish Atlantic sample completes lhe 
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gradient between Atlantic and Mediterranean samples, occupying an mtermediate 

position between the Portuguese and thc Spanish Mediterranean samples. Nevertheless, 

it showed a higher proximity to the Spanish Mediterranean sample, due to the higher 

gcographic proximity. 

Considering the wild samples, the Italian sample was quite different from ali thc 

othcrs. This dissimilarity might bc due to a higher gcographic isolation. According to 

Bembo et ai (1996), there are three primary biogeographic regions in the Adriatic: 1) 

the shallow waters of the northcrn Adriatic (<50m dcep), with modcrate to high 

productivity; 2) a western shallow coastal strip, but with locally eutrophic conditions, 

and 3) the opcn oligotrophic waters of the central-southern area with depths cxcccding 

75m. Independem circulatory patterns in lhe north and south Adriatic (Zore-Armanda, 

1969) reinforce such latitudinal disconlinuities, as evidenced by the presencc of sevcral 

endemic fish species in the northern waters (Tortonese, 1983). Thereíore, it is not 

surprising to find corrcsponding differences in the distribution of species and 

populations (Umani et ai, 1992), which for gilthead seabreams correspondcd to a 

different morphotype, distinguishable from the other Mediterranean stocks. 

On the other hand, populations that inhabit the areas around the sampling places 

of Spain and Greece could migrate throughoul the Central Mediterranean and maintain a 

closer contact between bordering populations. 

The remaining samples did not display a clear gcographic pattern, despite the 

existence of a good differentiation among them. The analysis of the mean canomcal 

values, cluster the Portuguese and Spanish Atlantic samples (in the CV2, after 

discrimination of the Italian samples by the CV1). Nevertheless, the Mahalanobis 

distance between these two samples was smaller than those between Portugal/Spain 

Mediterranean and Portugal/Greece. 

When wild and reared samples were comparcd, there was a significam degree of 

dissimilarity between them. D2 clearly increased, showing an evident sample 

differentiation (cf. Table XIII, Annex II). This fact is particularly clear between the 

Italian samples, where the reared morphotype increased the difference already observed 

between the wild population and ali the other samples. 

Thc differences between wild and reared stocks were also evident when a within 

species comparison was performed. Reared samples showed a higher and positive 

correlation to the body heighl and caudal rclated characteristics. Conversely, the 

samples of wild fishes correlated negatively with those characteristics. On the other 
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hand. the samples of wild fish correlated positively with the head and longitudinal 

characteristics, whereas the samples of reared fish were negatively correlated with those 

characteristics. Our fmdings translate to a more robust body in the reared populations, 

and a more elongated body in the wild ones (Figure 23). In contrast, Fleming & Gross 

(1989) predicted the evolution of a more streamlined body shape in hatchery 

populations of Pacific salmon. This is due to reduced selection for burst swimmmg 

performance, because juvenile rearing occurs in a controlled predator-ffee environment 

and spawning is artificial. These authors stated that this difference indicates an 

evolutionary response of reared populations to novel selection pressures in the hatchery 

environment. Attending to the Sparidae morphology, a stronger body with reinforced 

capacity for constant swimming, rather than a more elongated body, is the physiological 

response to the intensive rearing conditions with constant water flow. The observed 

morphology of the wild populations provides fish a higher capability for predator 

avoidance. Differences between wild and reared population seem to mainly depend 

upon the rearing conditions. However, differences between wild and reared populations 

are not always detectable. Ellis et al. (1997) also found differences between populations 

of turbot, Scophthalmus maximus, whereas Johnson et al. (1986) did not fínd any 

differences between wild and reared populations of American shad {Alosa sapidissima). 

Red porgy evidenced the greatest difference between the results obtained from 

the two morphological procedures. In the traditional method the sample discrimination, 

although reasonable did not achieve the degree of separation attained by the truss 

protocol (compare Figures 7 and 16). Thus, it can be speculated that non-related head 

characteristics are more relevant than the head related, Based on truss measurements, P. 

pagrus was one of the species were sample discrimination was based on a large number 

of characteristics (eighteen). Of those, eleven were trunk related, proving that P. pagrus 

was one of the studied species were the body form adjustment is more visible. Beside 

the slight adjustment of the head morphology, the body adjustment has an important 

role in their adaptability. Like common dentex, red porgy is an active predator, which is 

not limited to slower or sessile preys. Thus, the burst speed is a necessity for this 

species. Similar findings were observed in cyprinids, which displayed morphological 

gradients that correspond to the degree of adaptation to moving waters. The individual 

forms that inhabit rivers with stronger currents displayed a more streamlined body as 

well as longer, and more curved fins (Barlow, 1961). In this work a streamlining of the 

body was also found between the wild and reared samples of & aurata. 
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When analysing the only two species that belong to the same sub-family 

(Diplodinae), D. sargus and D. puntazzo, results confirmed a differentiation between the 

Atlantic and the Mediterranean populations, with a clear geographic pattern for both of 

them. 

Although sharing the same habitats, D. sargus and D. puntazzo (Macpherson et 

a/., 1997) have dissimilar morphological characteristics. According to Macpherson 

(1998) the distinction between these two species is perceptible srnce the early stages of 

development as they avoid overlap by using the shallow crannies at different times of 

year, D. puntazzo in autumn and D. sargus in the spring, After attaining larger sizes 

they begin to disperse to zones outside the nursery areas, and the juveniles of D. sargus 

join shoals of adult conspecifics. Due to the low density of conspecific adults, juvenile 

D. puntazzo tend to remam solitary. Low densities of D. puntazzo were quantiíied by 

Vigliola et al. (1998) in a study over the settlement of juveniles of D. vulgaris, D. 

sargus and D. puntazzo. In that study, D. vulgaris accounted with 71%, D. sargus, 25%, 

and D. puntazzo 4%, The higher occurrence of D. sargus can ensure a more effective 

dispersion capacity, increasing the probability of combination between neighbour 

populations, reducing high dissimilarities between them. 

Differences between populations of D. sargus were based on a smaller number 

of morphological characteristics than in D. puntazzo. In both cases, more than 50% of 

the characteristics were head-related, which suggests the influence of habitats 

differences between the populations. In fact, feeding is a well-known factor that 

influences head morphology (e.g. Gerking, 1994; Hyndes et ai, 1997; Delariva & 

Agostinho, 2001). Thus, if different populations of a same species show discordant 

pattern of head morphology, this is often due to the exploitation of different ecological 

niches, especially constrained by the availability and type of prey. These differences are 

based on hydrographic and physical characteristics of each habitat (e.g. water 

temperature, currents) induced by geographical dissimilarities. Similar results regarding 

the head morphology were obtained by Sarà et al. (1999) in cultivated D. puntazzo 

reared under different conditions, and Schaefer (1992) between Pacific samples of 

yellowfin tuna {Thunnus alhacares). 

Genetically analysis (Bargelloni, unpublished data) of these same samples 

produced similar results, with higher degree of homogeneity for D. sargus than for D. 

puntazzo. Furthermore, this study also found a genetic differentiation between Atlantic 

and Mediterranean samples. A similar constraint, although with a lower sigmficant 
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differentiation appeared between East and Eastern Mediterranean samples. Lenfant & 

Planes (1996) also reported a genetic differentiation between samples of D. sargus from 

the Gulf of Lion (France) and the Ligurian Sea (Italy). According to these authors, the 

break in the costal continuum and the complexity of local current systems, which may 

retard larval dispersai, could determine the degree of heterogeneity referred to above. 

In the case of L. mormyrus, where population isolation is also relevant, the 

Atlantic population is eloser to the Italian sample than to the Spanish one (truss 

analysis). This degree of similarity is probably supported by the above stated 

environmental conditions of the southern Adriatic (open waters with depths exceeding 

75m), whieh share higher similarities with the Atlantic oligotrophic conditions. The 

grouping of the Portuguese and the Italian samples indicates a greater degree of 

isolation with regards to the other samples. With the Portuguese sample being the 

geographieally most isolated population, the closeness of the Italian sample, reinforces 

the assumption that the Spanish and Greek samples have diverted from them, and so 

from an initial global population, the initial characteristics of which are retained in the 

Portuguese and the Italian samples. A similar constraint for differentiation such as head 

morphology found for D. sargus and D. Puntazzo cannot be applied, since only 30% of 

the differentiating eharacteristies are head related. Sueh a faet can be elosely assoeiated 

to the choice of fecding grounds. 

Red seabream provided a rather enigmatic result similar to red porgy. Although 

good sample diserimination was obtained by both methods, the results were quite 

different. Truss measurements evidenced a high distinetion between samples (PCS was 

100% for ali species). InitiaUy, it was expeeted that the greatest differenee would be 

found between the Portuguese sample and ali the others, sinee this sample was eaptured 

in Azorean waters, Although it as been found a signifieant differenee between the 

Atlantic and the Mediterranean samples (Figures 11 and 20), the differenee between the 

Italian sample and ali the others was even greater. Such a differenee cannot be easily 

explained in light of the present faets. Only a more interdisciplinary analysis can supply 

answers. Nevertheless, the sample variation must be dependent on constramts similar to 

those pointed out for the striped seabream. According to the genetic data obtained by 

Bargelloni (unpublished data) for these same samples, no relevant genetic differences 

were found. Such findings are not at ali surprising and new, morphological 

differentiation is often clear and statistically signifieant, whereas differences in gene 

frequency are commonly less powerful in discriminating among populations (Lewontin, 
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1984). Other authors have reported absence of correlation between morphological and 

genetic analysis in a widc varicty of species, Oncorhynchus gorhuska (Salmomdae), 

Beacham & Withler (1985a), Oncorhynchus keta (Salmonidae), Beacham & Withler 

(1985b), Gephyrocharax valência (Characidae), Rivero & Rojas (1995), Leuciscus 

cephalus (Cyprinidae), Hânfling & Brandi (1998), Gadus morhua (Gadidae), Pepin & 

Carr (1993), and Hoplostethus atlanticus (Trachichthydae), Elliott et al. (1995). 

Elliott et ai (1995) found considerable morphometric variability among 10 

samples of orange roughy H. atlanticus, despile the genetic data indicating appreciable 

leveis of gene flow between them. In a study of artic charr {Salvelinus alpinus) Hindar 

& Jonsson (1993), argucd thatbased on a comparison of charr life history in captivity 

and in the wild, ecological polymorphism of this species is chiefly a result of vanation 

in growth conditions between different habitats. 

The common dentex was the third species (according to the truss protocol) 

where a geographic gradient could be identified. Such a fact is a direct consequence of 

the observed dissimilarity between the Atlantic and the Mediterranean samples. The 

Atlantic sample, was the only one among the four were the PCS was 100%. Ali the 

other samples although with a high degree of distinction between them (over 96.7%) 

registered one individual in each that shared similar characteristics with the 

neighbouring population (except the Italian sample) (Table XV, Annex II). The 

isolation between the Atlantic sample and the Mediterranean ones is also well evidenced 

in the mean canonical values (Table LVI) were the Atlantic sample correlates negatively 

and significantly with CV1. 

Differentiations between samples were mainly based on two types of 

characteristics, the head related (four distance measurements) and longitudinal 

characteristics (seven distance measurements). These two types represented eleven of 

the fourteen chosen characteristics for sample discrimination. These findings call 

attention to a similar explanation pointed out for the diíferentiation between the P. 

pagrus samples, since as referred above these two species share many similarities in 

their feeding bchaviour. 

In contrast to the other species, the importance of sample comparison of the 

black seabream is smaller since samples were available from only two places. As 

described in the Material and Methods sampling was not possible dunng the specified 

periods. However, sampling was carried out during the samc period of the year in order 

to minimize bias induced by seasonal differences due to the iníluence oí reproductive 
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period or stomach fullness. Mamuris et al. (1998), argued that he could not cslablish a 

clear morphological differcntiation betwecn populalions red mullet {Mullus barhatus) 

from diíferent geographical places in the lonian and Aegean sea, which according to lhe 

author was due to the fact that the samples were eolleeted in different penods of the 

year. Saborido-Rey & Nedreaas (2000) reported the same problem wilh samples of 

Se hastes mente lia, and Schaefer (1992) with T. albacares. 

Nevertheless, when comparing the Portuguese and Spamsh samples of blaek 

seabream, ali the slatistical fmdings suggest a high degree of dissirmlanty belwcen 

them. 100% PCS was found for both species, and a D2 value ol 31.4 can be considercd 

high. These findings, sustain lhe hypothesis of a high differcntiation bctween Atlantic 

and Mediterranean samples of blaek seabream. Such a possibility is supported by the 

genetic findings of Bargelloni (unpublishcd data) based on these same samples. 

These results shed light on the differcntiation between the Atlantic and 

Mediterranean spccies based on morphological analysis. In an overall perspective, such 

separation was observed for ali species, although with a stronger degree of 

differcntiation for P. pagrus, D. puntazzo, D. dentex, P. hogaraveo and 5. cantharus 

samples. In the remaining species, S. aurata (both wild and reared), D. sargus and L 

mormyrus, the degree of individualization although present was less pronounced. 

The Mediterranean Sea is a relatively young system that has been subjected to 

extensive changes in configuration and climate change over the last six million years 

(Pérès, 1967; Blanc, 1968). The combination of events such as the opening and closing 

of the Strait of Gibraltar, advances and contractions of glaciations and changes in 

current patterns, have apparently made the north-east Atlantic/Mediterranean area a 

remarkable generator of diversity. 

It can be hypothesised that the history of the Mediterranean Sea, combined with 

the present hydrographie pattern, might have promoted and maintained the 

differentiation of the Mediterranean samples. Following the Messinian salinity cnsis (ca 

5.5 million years ago) (Hsii e, ai, 1977; McCullaeh & De-Deckker, 1989), 

communication between the Atlantic and Mediterranean was re-established, and íully 

marine conditions were restored during the Pliocene (5.4 to 1.8 million years ago). In 

the Pliocene (1.8 to 0 million years ago), and particularly during the Quatemary, a series 

of glaciations and interglacial periods with associated marine regressions affected the 

area (Blanc, 1968). Atlantic and Mediterranean species of P. pagrus, D. puntazzo, D. 
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dentex, P. bogaraveo and S. cantharus may have become physically isolated during 

these cycles and differcntiated morphologically. 

Present day hydrographic barriers, in particular the previously mentioned 

Almeria-Oran oceanographic front (AOOF), may be implicated in lhe observed 

differentiation. This front is a zone of turbulence in the Alboran Sea (Tmtore et ai, 

1988) that may restrict larval dispersai in both directions (Pannacciulh el al., 1997). 

This author supports the hypothesis that the AOOF is the major barrier to the gene flow 

between the Atlantic and Mcditerranean populations of two Chthamalus species. 

Genetic discontinuity due to the AOOF is also reported by Naciri et al. (1999) for 

population of sea bass (Dicenlrarchus labrax). Likewise, the AOOF seam to be an 

effective boundary between the Atlantic and Mcditerranean populations for the majonty 

of the sparid species studied in the present work, both morphologically and genetically, 

since the morphological results obtaincd in the present work are in strong correlation 

with the genetic findings of Bargelloni (unpublished data) carried out on these same 

samples. Genetic and morphological results were only uncorrelated for the samples of 

P. pagrus and P. bogaraveo. 

As referred above, such a finding is not unique, since some morphological 

adaptations are not dependent on genetic mutations. The novelties of some 

morphological adaptations are not immediately expressed in the species gene pool. As 

with ali stock identification techniques including genetic factors, the lack of differences 

in one study does not preclude the existence of a stock differentiation (Schweigert, 

1991). According to Bargelloni (unpublished data) the lack of genetic differentiation 

between the P. pagrus populations is caused by large demographic fluctuations. In this 

case, if a dramatic reduction in population size brought the Mcditerranean population to 

extinction, then the lack of differentiation is the exceptional result of recolonization of 

the Mediterranean from the Atlantic, quite recently. Under this scenario, there was not 

enough time for populations of the two basins to diverge again, even if under "normal" 

conditions migration across the Gibraltar Strait is low, as is the case with other sparid 

species. However, from a morphological point of view, changes already exist, which 

demonstrate that morphological differentiations are expressed earlier than genetic ones 

and are a dircct consequence of environmental adaptation. 

According to lhe samc author, the distribution of P. bogaraveo suggests that the 

observed genetic pattern might be the legacy of historical events, rather than a 

consequence of the present-day oceanographic situation, and might be related to a 
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temperature gradient across the Mediterranean Sea. Such a constramt indicates that the 

presence of this species in this marine basin has bcen (re-)established only recently, 

without the possibility of accumulating detectable divergence between Atlantic and 

Mediterranean populations. 

Throughout the data analysis, the Italian samples were the most atypical, since 

for some species there were no significant differences between lhe neighbounng 

populations, and in other cases they evidenced a high degree of differentiation. The 

explanation of such fmdings seem to be in direct relation with the diíferent adaptabil.ty 

of the analysed species, The hydrodynamic and competitive constraints imposed by the 

aquatic environment do not necessarily lead to raorphologtcal similanty among 

assemblages by way of evolutionary convergence, at least with regard to pattems of 

variation among species. The teleost "morphotype" seems to be sufficiently flexible that 

morphological structure need not be highly eonstrained in similar ways in different 

habitats. Instead, each charaeteristie body form exploits the aquatic environment 

somewhat differently in terms of its own morphology and ecological design, and 

resultam differences among species (in magnitude and direction) are highly variable. 

Thus phylogenetic pattems of form diversity are responsible both for consistency 

among different fish assemblages within the same biogeographic regions and not for 

noncongruence among assemblages having little faunal similarity (Strauss, 1987). 

Although the results obtained in the prcsent work, not ali morphometric studies 

were been able to distinguish differences among the studied populations (e.g. Guénette 

et a/., 1992; Krzykawski et ai, 1994; Gutiérrez et ai, 1995; Rivero & Rojas, 1995; 

Almeida, 1996; Velasco et ai, 1996). Nevertheless the raajority of morphometric 

studies have been able to identify differences and these achievements emphasize 

morphometric studies as helpíul tools for the discrimination of fish populations. Truss 

analysis combined with image analysis is a step ahead to produce a better understanding 

of stock structuring of fish species. 
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CHAPTER 3 - Hybrid Analysis 

3.1 - INTRODUCTION 

Theoretically, species are genetically isolated even if they have the same number 

of chromosomes. In Teleosls, however, hybridisation is a common phenomcnon 

(Crivelli & Dupond, 1987) irrespective of chromosome number, and hybridization is 

considered as an inter-specific insemination (Dujakovic & Glamusina. 1990) as well as 

a basic type of genetic combination in which traits of two or more parental species are 

intermingled in the hybrid progeny (Kerby & Harrel, 1990). Different species contain 

different gene combinations, which means that a hybrid brings together genes that have 

not undergone such fine-tuned co-evolution (Helfman et ai, 1997). 

Among fishes, hybridization is more common in freshwater species and less 

well documented among marine species (Schwartz, 1981). Schwartz (2001) reported 

hybridization in 95 fish families (34 freshwater, 53 marine, and 8 intermediate 

representatives), which represent 19.7% of the 482 fish families worldwidc (Nelson, 

1994). Freshwater fish families such as Acipenseridae, Salmonidae, Esocidae, 

letal uri dae. Cichlidae, Cyprynidae, Centrarchidae. and Poeciliidae dominated the hybrid 

related publications until 1981. They have now been joined by marine and intermediate 

fish families, such as: Atherinidae, Gasterosteidae, Moronidae, Sparidac, Sciaenidae. 

Pomacanthidae, Scombridae, Pleuronectidae, and a variety of other marine fish families 

(Schwartz. 2001). 

Hybridization in fishes has been studied since the ISOON, but only recently, was 

recogniscd and used as a tool to enhance certain desirable characteristics and for 

management purposcs (Kerby, 1993). Natural hybridization has been recognized in 

several fish families namcly the Cyprinidae (Child & Solomon. 1977; Crivelli & 

Dupond, 1987; Bianco, 1982; 1988; Dupond & Crivelli, 1988; Martins et ai, 1998), the 

Moronidae (Waldman & Baily, 1992) the Salmonidae (Chevassus, 1987; Wilkins et ai, 

1993), the Esosidae (Reist & Crossman, 1987) and Acipenseridae (Keenlyne et ai, 

1994b) among others. 

Knowledge about hybrids, for any fish family, is vital not only for identification 

purposes (in the case of the natural hybrids), or for control (in the case of the artificially 

produccd hybrids), but also to ensure that the so-called new species will not compete 

with the native species contributing to their decrease. Biological constraints such as 
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reproduction. age and growth, meristics and morphology are very important for defming 

the viability of the hybrids. 

Artificial hybridisation has served a variety of purposes, and during the past 25 

years, advances in culture and rearing techniques have opened new management 

opportunities in inland lakes and reservoirs where the production of some new "species,, 

from the original inhabitants (e.g. Salmonidae and Moronidae) has resulted in extensive 

new recreational físheries for sport fishing (Kerby, 1980, 1993). Research during the 

1980s, also demonstrated that hybrids can be commercially cultured as new, high-value 

food fish, resulting in the dcvelopment of a new commercial induslry (see Kerby (1993) 

for references). Today at least 179 countries are hybridising fishes to meet sport and 

commercial food necds, with China. Japan, and índia among the ones that produce most 

hybrids (Pedini, 2000). Although a number of ífeshwater fish hybrids have been 

described or produced, dominanl hybridization efforts concentrate on sturgeons 

(Rússia), salmonids (USA), carp-goldfish-grass carp (Israel and Europe) and 

tilapia/Cichlidae (a freshwater family often raised in marine environments, Asia and 

many countries of the world). Most of the marine hybrids involve members of the 

Moronidae (Schwartz, 2001). 

Fish farming, in contrast to modern agriculture, is still concerned largely with 

the domestication of wild stocks (Wilkins, 1987). Throughout the world, this has been 

achieved with several wild species, but the continued demand for new products puts a 

constant pressure on the fish farmers. Thus, the crosses of species where the breeding 

techniques are well established with others that are virlually impossible to successfully 

produce in aquaculture are constantly been attempted. In the South European Atlantic 

and Mediterranean Sea aquaculture production has traditionally been based in a small 

number of species, with an emphasis on gillhead seabream (S. auralá). 

Since Roman times this species has had an important role in the Mediterranean 

diet due to it refined taste, and has been físhed ífom the south European waters. 

Nonetheless, in the last decades the increased exploitation has decreased their numbers, 

boosting their artificial production as a complement to the natural production. Because 

of its commercial value, relative ease of adjustment to environmental conditions, fast 

growth and low mortality rate, the gilthead seabream, has always been extensively 

reared in brackish water lagoons along the South European coasts (Ardizzone et ai, 

1988; Gouveia, 1995). With the control of the reproductive cycle, extensive rearing has 
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been transformed lo semi-intensive and intensive rearing in earth and concrete ponds, 

and sea cages, yielding increased production. 

Red porgy, Pagrus pagrus (L.), has been recently introduced in aquaculture in 

order to diversify lhe production ol fish in South European countrics (Colombam, 

1993). using rearing technologies similar to those applied in gilthead seabream culture 

(Kentouri et ai, 1995a). Thus, the production of the hybrid, S. aurata x P. pagrus 

{SaxPp), arises as a new step in this diversifícation. Using these parental species, it was 

expected not only that the red porgy rearing difficulties would be reduced by the 

qualities of adaptation of the gilthead sea bream to aquaculture, but also the develop a 

highly profitable resource for aquaculture. 

Growth rate is an important criterion for the selection oí a new species for 

intensive aquaculture because it indicates the lime required for a fish to reach market 

size (Divanach et ai, 1993). Growth can be calculated as changes in biomass (weight), 

energy (calories), carbon or nitrogen, during an interval or measurcmenl and includes 

somatic (protein and lipid) growth and development of gonads (Adams & Breck, 1990). 

The quantitative needs of íbod depend mainly on its composition (Hepher, 

1988), and optimal feeding leveis are obtained when the food supplied contains the 

proper proportions of essential nutrients required by lhe fish, both for maintcnancc and 

growth. In intensive marine aquaculture, the quality of food has a strong influence in lhe 

growth rate, amount of food supplied, transformation Índex and organoleptic 

characteristics of físh. In fact, it also has a strong influence on the cost-effective 

production (Kentouri et ai, 1993a). 

This hybrid raises some new and interesting questions about its biology and 

behaviour. Ifs study can be addressed ífom two different perspectives: strictly 

biological or as an aquaculture product. Both provide answers that together can produce 

a greater understanding. Thus, in this chapter, in addition to the biological analysis used 

in the previous chapters to characterize the above mentioncd sparid species ther 

biological analyses, such as hcad morphology, both quantitative, with the counls oí 

different tooth types, as well as qualitative, with the osteological characterization were 

carried out. Detailed analysis of the hybrids head ensured not only that ali the 

morphology of the animal was taken in to account, bui also that this analysis permittcd a 

comparison with the parental species. Differences between them are well known 

(Bianchi, 1984). Under the above statcd aquaculture perspective its growth performance 

was also analysed, and again compared with the parental species. 
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3.2 - MATERIALS AND METHODS 

3.2.1 - Merístic Analysis 

3.2.1.1 - Experimental procedure 

Merístic analysis of the hybrids was extended beyond the analysis carried out in 

Chapter 1 for the other sparid species. Beside the above stated meristic characteristics. 

special attention was paid to the head morphology, both quantitatively and qualitatively. 

For the quantitative analysis the tooth type were identified and counted as; camnes (big 

or small (when present)), intermediate tooth and molars in each row in the upper and 

lower jaw, both in the right and left side of the jaw. Characters were counted both in 

hybrid and parental species. In the dentary analysis samples were divided in two length 

classes, below 150 mm, and more than 150 mm. 

For the qualitativc analysis the head morphology was analysed from an 

osteological perspective, where relevant bonés were identified and descnbed, namely 

the neurocranium. in which other sub-structures were studied (supraoccipital, voraer, 

ethmoid, parasphenoid, basioccipital, condyle of the hyomandibula, exoccipital, 

basisphenoid), lacrimal bonés, opercle, sub-opercle, inter-opercle, pre-opercle, maxilla, 

articular, premaxilla and dentary. 

This analysis (both meristic and osteological) was carried out using j54 

specimens of Sa*Pp. Parental species analysis was bascd on the Portuguese wild 

specimens of these species {S. aurata, n=92, and P. pagrus n=106). Sample size is 

slightly diíferent from chapters one and two, because specimens were added to the X 

auraía sample and thrce individuais were taken out from the P. pagrus sample. 

A meristic analysis similar to the one described in Chapter 1 was carried out with 

80 hybrids and compared with the pooled wild samples ofS. aurala and P. pagrus. 

3.2.1.2 -Data analysis 

Firstly, one-way ANOVAs were used to compare differences between hybrids 

and progenitors. Significant relationships were tested using the Tukey HSD test. 

Subsequently, a principal components analysis was performed. and when justifiable a 

discriminant function analysis was also applied. 
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3.2.2 - Morphological analysis 

3.2.2.1 — Experimental procedure and data analysis 

Morphometric data from 80 specimens of Sa*Pp were analysed and compared 

with the pooled wild samples of S. aurata and P. pagrus, using the same procedure 

described in the Chapter 2 for both methods. Statistical analysis was performed 

aceordingly. The traditional morphological was also compared with the truss method. 

3.2.3 - Growth experimení 

3.2.3.1 - Experimental procedure 

The growth experiments of the hybrid Sa*Pp were performed in the facUities of 

the Institute of Marine Biology of Crete (Dep. of Aquaculture), were the hybrids were 

also produced. 

From the initial available stock, the hybrids were manually graded for size 

uniformity and randomly assigned into the tanks, creating six groups (Tl to T6). Each 

fish was marked with a subcutaneous injection of alcian blue solution for individual 

identification. A total of 50 fish was placed in each tank (2 m3 water capacity, with 

permanent water recycling), with an average initial stocking density of 1.3 kg.m3. In the 

first cycle the initial length and weight was 13.65±1.45cm and 51.48±16.31g, and in the 

second was I6.99+15.6cm and 94.14±16.31g. The tanks were placed under natural 

conditions for both temperature and photoperiod. Fish were fed under self-feedmg 

conditions (Divanach, cl ai, 1993; Kentouri ef ai, 1995b) with three commercial foods 

(Table LIX). Differences among these were only due to the content in proteins and 

lipids, with ali the other components, such as vitamins, ash, and water in identical 

percentages. Each type of food was supplied as follows; food A in tank 1 and tank 2. 

food B in tank 3 and tank 4, and food C in tank 5 and tank 6. 

Table LIX - Content in proteins and lipids 
for food A. B and C (in percentage)  
 Protein Lipids 
FOOD A 48.1 11.9 
FOOD B 47.8 16.8 
FOOD C 50 16  

Growth experiments were carried out between September 1995 and December 

1995 (lst period) and between January 1996 and March 1996 (2 period). A total of 10 

fish were sampled in the beginning of each period and 30 fish (5 in each tank) at the end. 
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For each fish, Uver was weighed to the nearest 0.1 g, and a blood sample was taken from 

the caudal vein and plaeed in 1.5 ml Eppendorf tubes, using a sterile syringe, Blood was 

allowed to clot and centrifaged at 2500 g, The concentration in protein, glucose and total 

lipids was assessed using Biosis kits®. Carcasses were frozen for further studies of body 

composition on ashes and water content. 

At the end of the Ia period (December 1995), fish from ali tanks were mixed and 

then allocated to the six tanks and fed with a diíferent food from the one that they had 

been eating until then (based on their individual Identification). 

Every two weeks, fish were anaesthetised (0.3 ml.!"1 etylenglycol- 

monophenylether, Merck), measured (total length, to the nearest 1 mm) and weighed 

(total weight, to the nearest 0.1 g). 

Temperature (0C), oxygen (mg-f1), and weight (g) of food consumed were 

recorded daily. and salinity Coo) was measured weekly. The average temperature 

decreased from 23.49±0.23 0C to 1B.87±0.04 °C in the first period, and from 18.23±0,05 

°C to 15.89±0.04 "C in the second (Figure 24). Salinity was approximately 40±1.27oo 

throughout the experiments. 

The average dissolved oxygen varied between 5.15±0.2 mg.l"1 and 6.35±0.05 

mg.l'1 in the first period, and between 6.68±0.08 mg.l1 and 6.65±0.23 mg.l in the 

second (Figure 28). 
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Figure 28 - Average temperature and dissolved oxygen in a) the first period and b) in the second period. 

3.2.3.2 - Data analysis 

The overall growth performance of the hyhrids was descnbed using the 

following Índices and ratios: 

Temperature 
Oxygen 

Weeks 
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Specific Growlh Rate (SGR) 

SGR=|(WrWi)
1/AT-l| xlOO 

Growth rate (GR) 

GR=((WyW/)/AT-1) xlOO 

Conversion index (Cl) 

CI=C/Wg 

where. W, is the initial mean body weight, is the final mean body weight, At is the 

duration (in days) of the experiment, C/is the food consumed during the experiment and 

W,, is the weight increase (W/W,). Food utilisalion was calculated using the following 

Índices: 

Daily Feeding Rate (DFR) 

DFR=l(Fy(5/-B,)/2)MT| xlOO 

Hepatosomatic Index (HIS) 

HSI=(Lw/Fw) x 100 

Mesenteric Fat Index (MFI) 

}A\=Mf x 100/Fw 

where F^ is the food demanded, B, initial biomass, Bf the final biomass, Lw is the hver 

weight, Fw is the gutted fish weight, Mf the mesenteric fat weight, Fw the gutted físh 

weight and AT the number of days of the experiment. 

3.2.3.3 - Statistical Analysis 

One-way ANOVAs were used lo compare differences within and among diets. 

Two replicates were considered for each diet: tanks 1 and 2 for food A, tanks 3 and 4 for 

food B. and tanks 5 and 6 for food C. Significant relationships were tesled using the 

Tukey HSD test. Growth curves were fít by regression analysis, and regression 

parameters were compared using the /-Student test (Snedecor & Cochran, 1982). 
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3.3 - RESULTS 

3.3.1 - Meristic analysis (fins and gill rakers) 

Descriptive statistics of the meristic characteristics of the hybrid and parental 

species are presented in Annex III, Table I. Intermediate mean values were recorded for 

the dorsal fin and anal fin, with the other meristic counts being equal to at least one of 

the progenitors. The range of the counts also fell within the ones observed for the 

parental species. Only one exception occurred in the pectoral fin, where a count of 12 

rays occurred (Table LX). 

Table LX - Comparison of the meristic range values of the hybrids and parental species 
(DF - dorsal fin; AF - anal fin; PF - Pectoral fin; UGR - upper gill rakers; LGR - lower gill rakers). 
   pp ÇF AF PF UGR LGR 

Sparus aurata XÍTÍ2^ ^3 m^lõ^ 0^8 3^ 6^0 

Hybrid Sa xPp X1I-XIV+10-12 20-23 II1-IV+8-1 1 12-16 3-8 7-10 

Paeruspagrus X1-XI1H-9-I1 20-24 1II+8-9 1AT7 ^9 T-H  

The observed variance for each of the traits (Table LXI), showed similar pattcrns 

to the parental species. In three cases (upper right gill rakers and lower gill rakers (nght 

and left)) they were even lower than both progenitors. 

Table LXI - Sample variance of lhe meristic traits recorded for the hybrid Sa *Pp and the parental species 
(DF- dorsal fin, CF- caudal fin, AF- anal fin, RPF- right pectoral fin, LPF- left pectoral fin, URGR- upper    ■ i . -n _-u__ i nno irva.ror rioht cri 11 mkftr I .LGR- lower neht gill raker) 

Sparus aurata 

Hybrid Sa \Pp 

Pagrus pagrus 

DF 
0.33 

CF 
0.57 

AF 
0.23 

RPF 
0.74 

LPF 
0.86 

URGR 
0.41 

ULGR 
0.48 

LRGR 
0.56 

LLGR 
0.61 

0.42 0.90 0.53 0.37 0.33 0.16 0.91 0.26 0.24 

0.04 1.00 0.00 0.24 0.20 0.65 0.56 0.39 0.45 

3.3.2 - Meristic analysis (teeth counts) 

Although counted separately in the left and right side of the jaw, ali counts were 

symmetrical, presenting the same number of teeth in the left and right sides of the 

mouth. The only exception was recorded for the molars; in the second and third rows of 

the hybrids and in S. aurata respectively (Annex III, Tables II, III, and IV). The sample 

variance varied within small ranges with no major difference between Sa*Pp and 
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progenitors. Again, the exceptions occurred in the molars of the fourth row of the upper 

jaw (both sides) and in the molars of the second row of the lower jaw (both sides) 

(Annex III, Tables V and VI). No significant differences in the teeth counts (p<0.05) 

were found in fish of different length classes. The only visible diíference was the higher 

number of molar rows, both in hybrids and the parental species. S. aurala had five rows, 

SaxPp four, and P. pagrus only two. Thus, the hybrids had an intermediate position 

between progenitors. Consequently, the statistical analysis was carried out only for the 

first two rows in each sample. Other diíference arises from the fact that no small canmes 

were found in the lower jaw of hybrids. 

Non-significant differences in the upper jaw were found m the number of btg 

canine teeth (both left and right side) and molar teeth in the first row (both left and nght 

side) between the hybrids and S. aurata. Small canines, intermediate teeth and molars in 

the second row (ali in both and right side) were significantly different (Annex III, Table 

VII). When compared with P. pagrus, non-significant differences were only found for 

the small canine teeth (both and right side) (Annex III, Table VII). 

In the lower jaw, non-significant differences between hybrids and S. aurata, were 

found only in the canines (both left and right side), and molars in the second row (both 

left and right side) (Annex III, Table VIII) between hybrids and P. pagrus. 

Due to the high occurrence of significant differences in character counts between 

the hybrid and the parental species, it would be expected that such characteristics would 

provide a diiferentiation between samples. Through the principal components analysis, a 

total of 79.5% and 90.08% of the variation was accounted for by the five principal 

components for the upper and lower jaws, respectively (Tables LXII and LXIII). For the 

upper jaw, none of these components correlated with the bulk of characters. In contrast. 

characters correlated with the first two components in the lower jaw. 

Table LX11 - Loadings from principal component analysis ofthc 
looth counls for the hybrids and parental species samples in the 
upper jaw. Loadings are listcd for the five principal components. 
(Exp. Var. - Explained Variance) 

PCI PC2 PC 3 PC4 PC 5 

BRC -0.466 0.299 0.128 0.701 -0.144 

BLC -0.620 0.332 0.149 0.372 0.202 

SRC -0.064 -0.498 -0.547 0.251 0.605 

SLC 0.012 -0.234 -0.739 0.236 -0.548 

1TR -0.765 -0.043 -0.057 -0.356 -0.127 

1TL -0.807 -0.112 -0.010 -0.207 -0.014 

RM 1R 0.672 0.479 -0.288 -0.010 0.002 

RM2R -0.668 0.374 -0.311 -0.188 0.092 

LM IR 0.602 0.577 -0.297 -0.130 0.155 

LM2R -0.697 0.325 -0.342 -0.129 0.054 

Exp. Var. 3.59 1.33 1.27 0.99 0.78 

% of total 35.87 13.25 12.73 9.86 7.79 
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Table LXIII - Loadings from principal component analysis of the tooth 
counts for the hybrids and parental species samples in the lower jaw. 
Loadings are listed for the five principal components. 

(Exp. Var. - Explained Variance)   

Descriptor PCI PÇ2 PÇ3 PC4  
-0.152 0.785 0.233 -0.544 -0.085 

LQ -0.125 0.801 -0.106 0.573 -0.039 

ITR .0.723 -0.128 0.514 0.199 -0.043 

ITL .0.751 -0.128 0.482 0.071 -0.113 

RM1R 0.811 0.046 0.353 0.044 0.271 
RM2R 
LM IR 
LM2R 

-0.850 0.029 -0.158 -0.079 0.386 
0 813 0.088 0.286 0.067 0.355 
-0.858 0.062 -0.120 -0.035 0.366 

Exp. Var. 3.90 1.31 0.81 0.68 0.51 
%of total 48.79 16.32 10.11  632_ 

The above stated similarity between the left and right side of the fish, is clearly 

ihown with the clustering of the oharacters in figures 29 and 30. 

UR 
RIR 

O 
à SCL 

SCR/ 
o 

PC1 

igure 29 - Factor loadings for the PCA analysis for the left and right counts of teeth in the "PP« 0_f 

~ 1 u -A c vPn rnrR - Rio canine riehL BCL - Big canine left; SCR - Small canine right, SCL 

maU canine left; ITR - Intermediate tooth right; ITL - Intermediatc t00th^ft; L1^ ^ ^'^n second 
dw; RIR - Right molars in fírst row; L2R - Left molars m second row, R2R - Right molars 
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•igure 30 - Factor loadings for the PCA analysis for the left and right counts of leeth in the lower jaw of 
he hybrid Sa*Pp. (RC - Right canine; LC - Left canine; ITR - Intermediate tooth nght; 1TL - 
ntermediate tooth left; LIR - Left molars in first row; RIR - Right molars in f.rst row; L2R- Left molars 
n second row; R2R - Right molars in second row). 

Under a criterion of F to remove equal to 3 {cf. Results in Chapter 2, pp. 36), ali 

:haracters accounted for the differentiation between samples (Table LXIV) in the 

liscriminant ftmction analysis for the upper jaw (Wilks? \ =0.288, F(20,1022)=44.17, 

9<0.001), and seven for the lower jaw (Table LXV) (Wilks' X =0.285, F(14,107)-66.7, 

r7<0.001). 

Table LXIV - Stepwise Discriminant Analysis for the 
comparison of tooth counts between the hybrid and the 
parental species for the upper Jaw. (Wilks' 7= 0.288, 
F (20,1022)=44.173, and p <0.0001). 

Wilks 7 Partial 7 F-remove p-level 
ITR 0.314 0.916 23.320 0.001 

BCL 0.313 0.919 22.370 0.001 

RIR 0.308 0.934 18.135 0.001 

L1R 0.303 0.950 13.480 0.001 

SCR 0.298 0.965 9.223 0.001 

R2R 0.298 0.966 8.959 0.001 

BCR 0.296 0.972 7.372 0.001 

L2R 0.296 0.972 7.233 0.001 

ITL 0.296 0.973 6.998 0.001 

SCL 0.292 0.984 4.025 0.018 



Hyhrids analysis 103 

Tabie LXV - Stepwise Discriminant Analysis for the 
comparison of tooth counts between the hybrid and the 
parental species for the lower Jaw. (Wilks' 0.288, 
F (20,1022)=44.173, and p <0.0001). 

Descri ptor Wilks 1. Partial \ F-remove p-level 

RM2R 0.322 0.885 34.745 0.001 

LM IR 0.314 0.906 27.844 0.001 

1TL 0.301 0.945 15.578 0.001 

LM2R 0.301 0.947 14.961 0.001 

1TR 0.295 0.965 9.756 0.001 

LC 0.291 0.977 6.230 0.002 

RC 0.288 0.988 3.204 0.041 

Particularised PCS for each sample, F-statistics and generalised Mahalanobis 

distances (D2) are presented in Annex III, Table IX for the upper and lower jaws, 

respectively. From the PCS analysis the poor discrimination of the S. aurata sample in 

both jaws, presenting in both cases lower discriminant values than the hybrids and ted 

porgy can be clearly seen. Mahalanobis distances showed a distinct pattern of proximity 

for the upper and lower jaws. D1 values between hybrids and S. aurata were smaller 

(3.22) than between hybrids and P. pagrus (11.35) for the upper jaw, but were higher 

between hybrids and S. aurata (9.83) and lower between hybrids and P. pagrus (1.87) 

for the lower jaw. The upper jaw canonical discriminant-factor scores provided a better 

sample discrimination (Figure 31) than thosc scored for the lower jaw (Figute 32). 
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Figure 31 - Bivariate mean 95% confidcncc ellipsoids for the canonical discriminant-factor scores ofthc 
hybrid SaxPp and parenta! species samples bascd on lhe tooth counts in the upper jaw; hybrid SaxPp (o), 
S. aurata (□), P. pagrus (O). 
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iRure 32 - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores of the 
ybrid SaxPp and parental species samples based on the tooth courts in the lower jaw; hybr.d Sa*Pp ( ), 
aurata (□). P. pagrus (O). 

The mean canonical values, separate P. pagrus frora the other two for the upper 

aw, but clustered the three samples for the lower jaw (same magnitude, but negatively 

br S. aurata and P. pagrus and positively for SaxPp) (Table LXVI). 

Table LXVI - Mean Canonical Values between hybrids and parental species 
for the upper and lower jaws. 

Upper jaw Lowerjaw 
rvi  CV2  CVj ÇV2_ 

S aurata ^278 TTW" S. aurata -1.979 -0.696 
SaxPp 0.836 0.202 SasPp 1.071 "0.014 
P. pagrus -2.521 0.331 P. pagrus -1.768 0.649 

3.3.3 - Osteological analysis 

3.3.3.1- Neurocranium 

The neurocranium was more elongated in P. pagrus than in S. aurata and m the 

hybrid (both similar in size) (Figures 33, 34, and 35). The supraoccipital erest was more 

pronounced in 5. aurata than in P. pagrus and SaxPp. The ethmoid was similar between 

the hybrid and S. aurata, while in P. pagrus it is more elongated and less concave. The 
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ventral profile of the neurocranium was formed by the vomer, parasphenoid and 

basioccipital. 

The vomer was especially pronounced in P. pagrus and less so in S. aurata, with 

the hybrid showing an intermediate shape. The parasphenoid was more pronounced in 

5 aurata than in the P. pagrus and Sa.Pp. The basioccipital was similar in both 

parental species and the hybrid. The artieulating facet for the antenor condyle of 

hyomandibula shared similarities between the parental species but was less pronounced 

in the hybrid. The exoccipital although similar between samples. shared a higher degree 

of proximity between 5. aurata and Sa*Pp. While the basisphenoid was more 

pronounced in S. aurata, it was only vestigial in the P. pagrus and Sa*Pp. 

From a frontal view the articulated facet for the palatine and the olfactory foramen were 

very close, both in the hybrids and S aurata. In P. pagrus there was a greater distance 

between lhese two struetures. Similarities between the hybrid and the parental species 

are summarized in 1 able LXVI1. 
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Figure 33 - Gilthead seabream neurocranium. (1) supraoccipital, (2) vomer, (3) ethmo.d, (4) 

parasphenoid, (5) basioccipital, (6) condyle of the hyomandibula, (7) exoccipital. (8) basispheno.d. 



Figure 34 - Red porgy neurocranium. (1) supraoccipital, (2) vomer, (3) ethmoid, (4) parasphenoid, (5) 
basioccipital, (6) condyle of the hyomandibula, (7) exoccipital, (8) basisphenoid. 
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Figure 35 - Hybrid SaxPp neurocranium. (1) supraoccipital, (2) vomer, (3) ethmoid, (4) parasphenoid, (5) 
basioccipital, (6) condyle of the hyomandibula, (7) exoccipital, (8) basisphenoid. 

Table LXVI1 - Shared similarities of the neurocranial sub-structures 
between the parental speeies and liybrids. + - Denote highcr 
similarity.  

S. auraia Sa xPp P.pagrus 
Neurocranium + + 
Supraocippital + + 
Vomer + + 
Ethmoid + + 
Parasphenoid + + 
Basiooccipital - - - 
Condyle of hyomandibula + + 
Exoccipital + + 
Basisphenoid + + 
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3.3.3.2 - Lacrimal hones 

The lacrimal is the first of the infraorbital bonés, forming the anterior part of the 

maxillary sheath. It is rectangular in shape, deepcr than wide, with a projection at the 

upper anterior corner. which is attached to the lateral ethmoid. The upper part of thrs 

bone is usually well ossified and the lower half consists of a thin lamina. The shape of 

this bone is very different in S. aurala and P. pagrus (Figure 36). 
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Figure 36 - Lacrimal bonés of: a) 5. aurala, b) Hybrid SaxPp, c) P. pagrus 

The hybrid incorporates the two major differences presented by the progenitors in that it 

is well ossified like P. pagrus and lhe anterior tip is quite elongated like in the S. 

aurata. 

3.3.3.3 - Opercle 

The opercle presented a greater degree of similarity between P. pagrus and 

SaxPp. The upper two left crests are very similar (Figure 37). The areas A and B are 

also very similar. 
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Figure 37 - Opercle bonés of: a) S. aurala. b) Hybrid SaxPp, c) P. pagrus. 
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3.3.3.4 - Subopercle 

This bone is similar in P. pagrus and SaxPp (Figure 38). The grcaler ossiíication 

in area A is an evidcnee of it. 
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Figure 38 - Subopercle bonés of; a) S. auraía, b) Hybrid SaxPp, c) P. pagrus 

3.3.3.5 - In ter o perde 

The interopercle shows a higher degree of similarity bctwcen hybrids and P. 

pagrus (Figure 39). 
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Figure 39 - Interopercle bonés of: a) S. auraía, b) Hybrid SaxPp, c) P. pagrus. 

3.3.3.6 - Preoperde 

As in the case of the previous struclurcs, there is a higher degree of similarity 

between hybrids and P. pagrus (Figure 40). 
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Figure 40 - Preoperclc bonés of; a) S. auraía, b) Hybrid SaxPp, c) P. pagrus. 
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3.3.3.7 - Maxilla 

It is almost concealed by the subocular sheath and lies along the uppcr half of 

the premaxilla ramus, posteriorly extending beyond it. It ís formed by an outer lamina 

and inner upper and inner lower projections, anteriorly located, forming respectively a 

groove for the articulation with the palatine and one for the premaxilla. These processes 

are quite strong both in P. pagrus and hybrids, but are weaker in & aurata (Figure 41). 
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Figure 41 - Maxilla bonés of: a) S. aurata, b) Hybrid SaxPp, c) P. pagrus. 

3.3.3.8 - Premaxilla 

It is composed of a horizontal ramus bearing teeth and vertical peticel, the latter 

usually shorter than or as long as the former. In 5". aurata the ramus is particularly stout 

whcn compared with P. pagrus and Sa*Pp (Figure 42), because of the large number of 

mo lar s and the prcsence of one very large tooth posteriorly on each side. 
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Figure 42 - Premaxilla (upper) and dentary (lower) bonés of: a) 5. aurata, b) Hybrid SaxPp, c) P. pagrus. 
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3.3.3.9 - Dentary 

It is formed by an upper, horizontal dentigerous branch and obUque ventral 

branch. At the comer formed by the two arches a pocket fits the triangular anterior 

projection of the angular. Again there is a higher degree of similarity between P. pagrus 

and SaxPp (Figure 42). Such similarity lies in the number of molar rows, whtch is 

smaller in P. pagrus and hybrids. 

3.3.3.10 - Articular 

This bone fits in the pocket formed between the horizontal dentigerous branch 

and oblique ventral branch of the dentary. The inferior tip (a) of the articular bonés is 

similar in Sa*Pp and P. pagrus (Figure 43). Such tips have sharpened configurations 

than S. aurata. 
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Figure 43 - Articular bonés of: a) S. aurata. b) Hybrid Sa*Pp, c) P. pagrus. 

The above-described characteristics are summarized in Table LXIII. It is clear 

that ali the head bonés (apart ffom the neurocranium) share a higher degree of similarity 

with P. pagrus. 

Table LXVII1 - Shared similarities ofthe osteological analysis 
between lhe parental species and hybrids. + - Denote 
greater similarity.  

S. aurata Sa*Pn P.pagrus 

Lacrimal bonés 
Opercle 
Subopercle 
Interopercle 
Pre-opercle 
Maxilla 
Premaxilla 
Dentary 
Articular   I    
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3.3.4 - Morphometric analysis 

3.3.4.1 - Traditional method 

Descriptive statistics for each of the characleristics is presented in Armex III, 

Table X. Mean character values of lhe hybrids were intermediate for 7 ol the 12 

characters (PSL, HD, UJL, DFL, AFL and LP A). 

A total of 97.61% of the total variation associated with the 14-morphometric 

characters was accounted for by the first five principal components, both for hybnd and 

parental species. PCI loadings explained 88.85% of the total variation (Table LXIX). 

Table LXIX - Loadings from principal component analysis 
of the 12 morphometric characters for both hybrids and 
parental species. Loadings are listed for the five principal 
components. Character descriptors refer to figure 2. 
(Exp. Var. - Explained variance). 

Descriptor PCI PC2 PC3 PC4 PC5 

MFH 0.983 0.004 0.007 0.109 -0.022 

POL 0.975 0.046 0.123 -0.012 -0.022 

OOL 0.813 -0.577 0.000 -0.043 0.002 

PSL 0.963 0.045 -0.036 0.055 0.191 

HL 0.979 -0.139 -0.013 0.013 0.043 

HD 0.955 0.111 -0.079 -0.134 0.148 

UJL 0.955 0.216 0.030 -0.057 0.013 

LJL 0.914 0.050 0.340 -0.156 -0.105 

CPL 0.889 0.059 -0.412 -0.105 -0.136 

DFL 0.963 0.071 0.075 0.150 -0.043 

LP A 0.966 0.035 -0.051 0.153 -0.083 

AFL 0.974 0.032 -0.046 0.136 -0.052 

Exp. Var. 9.77 0.43 0.32 0.12 0.10 

% of total 88.85 3.89 2.88 1.09 0.90 

As in the case of the previous species analysis, the PCI loadings were similar in 

size and sign indicating it was a general mcasure of fish size (Bookstein et ai., 1985). 

This component was significantly correlated with the standard length (SL) (r = 0.99; 

p<0.05; N =566). 

Nine measurements assured sample differentiation (LJL, OOL, DFL, LP A, POL, 

UJL. MFH, CPL and HL) (Table LXX). 

Stepwise discriminant function analysis indicated highly significant differences 

based on the chosen measurements among the threc samples (SaxPp, S. aurala and P. 

pagrus) (Wilks' l =0.027, F(18, 1106)=310.1; /7<0.001). Five of the characleristics 

contributed largely to the sample differentiation with F-remove values over 50. 
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Graphically, the canonical discriminant-factor scores also display a clear sample 

differentiation (Figure 44). 

Table LXX - Stepwise Discriminant Analysis for the 
traditional morphology comparison between the 
hybrid and the parental species. (Wilks' X= 0.027, 
F(18,l 106)=310.10 pO.OOl). 

Descriptor Wilks 1. Partial X F-remove p-level 

LJL 0.047 0.584 197.037 0.001 

GOL 0.038 0.716 109.570 0.001 

DFL 0.037 0.745 94.752 0.001 

LPA 0.034 0.800 69.21 1 0.001 

POL 0.033 0.828 57.625 0.001 

UJL 0.032 0.861 44.814 0.001 

MFH 0.031 0.891 33.763 0.001 

CPL 0.030 0.924 22.682 0.001 

HL 0.028 0.977 6.481 0.002 
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■isiiire 44 - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores of lhe 
lybrids SaxPp, and parental species samples based on the traditional morphometry; S. aurata (o), hybrid 
íax/y? (□), P. pagrus (O). 

The overall percent-correct classification success (PCS) was 100%, for S. aurata 

and hybrid, and 98.7% for P. pagrus (fable LXXI). 

Table LXXI - Percent classification success (PCS) for lhe linear discriminant 
flinctions for ali traditional morphometric characlers for lhe hybrid and 
parental species. 

PCS 5. aurata Hybrid SaxPp P. pagrus N 

S. aurata 100 256 0 0 256 

Hybrid SaxPp 100 0 80 0 80 

P. pagrus 98.70 0 3 228 231 

Mean 99.47 
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Generaliscd Mahalanobis distances {D2) and F-statistics are presentcd in Table 

LXII. D2 values between hybrids and S. aurata were higher (48.97) than between 

hybrids and P. pagrus (28.1). The smaller distance between hybrids and P. pagrus is 

reílected in the mean canonical values, with those two samples correlating similarly 

with CVl (negatively and with similar magnitude) (Table LXXIII). 

Table LXXII - Generalised Mahalanobis distances {D2), and the 
F-statistics for the linear discriminant functions for ali truss characters 
for the hybrid and parental species. Asterisks denote *- p<0.01 
(F-values; df = 9,553). 

 Statistic S. aurata Hybrid SaxPp P. pagrus 

S. aurata D2 

F 

Hybrid Sa x Pp D2 48.97 
F 314.04* 

P. pagrus D2 36.09 28.08 
F 477.96* 175.67* - 

Table LXXIII - Means of canonical 
variables for the hybrids and the 
parental species. 

CVl CV2 

S. aurata 3.178 -0.031 

Hybrid SaxPp -2.529 3.987 

P. pagrus -2.679 -1.295 

3.3.4.2 - Truss method 

A total of 94.28% of the total variation associated with the 31-morphometric 

characters was accounted for by the first fíve principal components, both for hybrid and 

parental species. PCI loadings explained 81.48 % oí the total variation (1 able LXXIV). 

Again, PCI loadings were similar in size and sign indicating it was a general measure of 

fish size (Bookstein et ai, 1985). Only three measuremcnts (A3, D2 and F3) did not 

correlate with PCI, instead correlating with PC2. This componcnt was significantly 

correlated with the standard length (SL) (r = 0.91; p<0.05; N =566). PC2 and PC3 

accounted for a much smaller percentage of variation (1 able LXVIII), not correlating 

with SL, and were used to interpret the nature of the morphometric variation. The 

loadings of each of these components varied in magnitude, indicating that they were 
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shape related components. For PC2 the largest loadings were in the head and the caudal 

peduncle related measurements, which are indicative of differential growth of these 

body regions compared to rest of the body. The remaining components, PC3-PC5, was 

similar to PC2, but with lower magnitudes. 

Table LXXIV- Loadings from principal component 
analysis of lhe 31 morphometric characters for both 
hybrids and parental species. Loadings are listed for the 
five principal components. Character descriptors refer 
lo Figure 3. (Exp. Var. - Explained variance). 

Descriptor PCI PC2 PC3 PC4 PC 5 

Al 0.946 0.097 0.097 -0.001 0.130 

A2 0.937 0.196 -0.064 0.037 -0.137 

A3 0.080 0.924 0.179 0.063 -0.203 

A4 0.970 0.050 0.153 -0.051 0.009 

A5 0.973 0.128 0.039 0.004 0.020 

A6 0.891 -0.065 0.336 -0.118 -0.095 

BI 0.745 -0.157 -0.335 0.295 -0.187 

B2 0.850 -0.188 -0.346 -0.022 -0.120 

B3 0.991 -0.023 -0.019 -0.041 -0.010 

B4 0.988 -0.005 -0.034 0.019 0.039 

B5 0.984 0.041 -0.017 -0.027 -0.086 

Cl 0.700 0.116 0.580 -0.011 -0.121 

C2 0.829 0.235 -0.048 0.080 -0.030 

C3 0.991 -0.005 -0.011 -0.037 0.037 

C4 0.991 -0.026 -0.010 -0.039 -0.014 

C5 0.992 0.005 0.004 -0.039 0.024 

Dl 0.925 0.002 -0.215 0.091 -0.001 

D2 0.688 -0.513 0.088 -0.423 0.055 

D3 0.990 -0.014 -0.021 -0.015 0.047 

D4 0.992 -0.035 -0.024 -0.026 -0.001 

D5 0.981 0.015 -0.068 -0.020 0.048 

El 0.953 -0.150 -0.027 -0.060 -0.166 

E2 0.905 -0.037 -0.139 -0.208 -0.256 

E3 0.932 0.139 -0.025 0.109 0.261 

E4 0.989 -0.038 -0.034 -0.014 0.016 

E5 0.993 -0.012 -0.037 0.000 0.018 

F1 0.931 0.124 0.039 0.045 0.192 

F2 0.928 -0.073 0.080 0.170 0.062 

F3 0.238 -0.773 0.376 0.392 -0.107 

F4 0.973 0.057 0.004 0.087 0.061 

F5 0.960 0.116 0.022 0.063 0.159 

Exp. Var. 25.26 2.00 0.99 0.57 0.41 

% of total 81.48 6.45 3.19 1.83 1.33 

Stepwise discriminant function analysis on truss data indicated highly significant 

differences in the truss element distances among the three samples {SaxPp, S. aurata 

and P. pagrus) (Wilks' X =0.0424, F(32.109)=131.3; PO.OOl). Sixteen truss elements 
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were selected for sample differentiation (Al, A2, A6, BI, B2, B4, B5, Cl, C4, Dl, D3, 

D4. El, E2. E3. E5. F3) (Table LXXV). Although graphical visualisation based on the 

discriminant analysis proved to be slightly less precise than the traditional 

morphometry, it is still recommendable (Figure 45). 

Table LXXV - Stepwise Discriminant Analysis for the 
truss comparison between the hybrid and the parental 
species. 
(WiIks )i=0.04243; F (32,109)= 131.30; p <0.001). 

B5 0.065 0.652 145.728 0.001 

El 0.059 0.723 104.204 0.001 

E3 0.050 0.845 49.914 0.001 

D4 0.048 0.878 37.919 0.001 

C4 0.047 0.896 31.763 0.001 

A6 0.047 0.904 28.980 0.001 

E2 0.046 0.929 20.747 0.001 

Al 0.045 0.940 17.403 0.001 

F3 0.045 0.947 15.350 0.001 

A2 0.045 0.949 14.769 0.001 

Dl 0.044 0.967 9.175 0.001 

E5 0.044 0.973 7.637 0.001 

Cl 0.044 0.974 7.281 0.001 

D3 0.044 0.975 6.916 0.001 

B2 0.043 0.980 5.655 0.004 

B4 0.043 0.980 5.500 0.004 
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Figure 45 - Bivariate mean 95% confidence ellipsoids for the canonical discriminant-factor scores of the 
hybrids SaxPp, and parental species samples based on the truss network; S. aurata (o), hybrid Sa*Pp 
(□), P. pagnis (O). 
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Percent-correct classification success (PCS) was higher for the progenitors, 98,83 

and 99.19% for 5. auratc and P. pagrus, respectively. Hybrids PCS was slightly worse 

with 94.74 % (lable LXXVI). 

Table LXXVI - Percent classification success (PCS) for the linear discriminam 
functions for ali truss network for the hybrid and parental species.  

PCS s. auraía Hybrid Sa xPp P■ pagrus N 

S. aurata 98.83 253 2 ' 256 
Hybrid .SaxP/? 95.00 
P. pagrus 99.13 

0 76 4 80 
1 l 229 231 

Mean 98.4 

Generalised Mahalanobis distances (-D2) were slightly smaller between hybrids 

and S. aurata (25.73) than between the hybrids and P. pagrus (21.91). F-statistics varied 

accordingly (Table LXXVII). 

Mahalanobis distances (D2), and the F-statistics for the linear 
discriminam ftmctions for ali truss characters for the hybrid and 
parental species. Asterisks denote *-/7<0.01 (F-values; df- 16,545 ). 

Country Statistic S. aurata SaxPp P- pagrus 

S. aurata D2 

F - 

Hybrid Sa x Pp D2 

F 

25.73 
90.69* - 

P. pagrus D2 

F 
35.16 

258.59* 

21.91 
75.38* 

CV1 separated the P. pagrus sample from the other two, whereas CV2 isolated 

the hybrids from the parental species (Table LXXVIII). 

Table LXXVIII - Means of canonical 
variables for the hybrids and the 
parental species. 

CV1 CV2 

S. aurata -2.886 -0.415 

Hybrid Sa\Pp 0.530 3.316 

P. pagrus 3.024 -0.631 
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Sample differentiation provided worse results, with the percent of correcl 

classification of the hybrids sample dropping to 65.79%, and the S. aurata and P. pagrus 

to 90.63 and 92.64%, respectively. 

In the stepwise discriminant analysis, two body areas Ar5 and Ar6 contributed 

largely to the sample differentiation, (Table LXXIX). ZX varied in the same proporíion 

as the truss elements, with a shorter distance between SaxPp and S. aurata (Table 

LXXX). 

Table LXXIX - Stepwise Discriminam Analysis for 

area comparison between the hybrid and the 
parental species. 
(Wilks 1= 0.212; F (12.111)= 108.25;/? <0.001). 

Descri ptor Wilks X Partial X F-remove p-level 

A5 0.362 0.587 195.562 0.01 

A6 0.346 0.613 175.058 0.01 

A2 0.276 0.769 83.453 0.01 

Al 0.249 0.853 47.751 0.001 

A4 0.235 0.904 29.457 0.001 

A3 0.215 0.985 4.154 0.016 

This low differentiation between can be elearly seen in the graphieal 

rcpresentation of the discriminant analysis (Figure 46). 

Table LXXX - Generalised Mahalanobis distances (D2), and 
the F-statistics for the linear discriminant functions for the 
area measurements for the hybrid and parental species. Asterisks 
denote *- /?<0.01 (F-values; dl —6.555). 

Statistic S. aurata SaxPp P. pagrus 
—PP  S. aurata D1 - 

F - 

Hybrid Sa x Pp Dz 4.28 - 
F 41 * - 

P. pagrus D2 11.02 8.66 - 

F 220.17* 80.92* - 
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Figure 46 - Bivariate mean 95% confídence ellipsoids for the canonical discriminant-factor scores of the 
hybrids SaxPp, and parental species samples based on the area analysis; S. auraía (o), hybrid SaxPp (□), 

P. pagrus (0). 

3.3.5 - Growth experiments 

3.3.5.1 - Biologicalperformance parameters 

No slaíistical differences were found within tanks of the same food (ANOVA, 

p>0.05). 

Best results for weight increase were obtained with food A in the first period 

(38.43±11.68g), and with food B in the second (32.67±12.31g). Lowest values were 

obtained with Food C in both periods: 33.81±13.35g and 18.01±6.41g, respectively 

(Figure 41). 
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Figure 41 - Total weight increase for each diet during a) the first and b) the second period of experiment. 



Hybrids analysis 119 

The analysis of the values calculated for specific growth rate (SGR), growth rate 

(GR), conversion index (Cl) and daily feeding rate (DFR) (Table LXXXI) indicates that 

food A resulted in better growth at the end of the experiments while presented the best 

results at the beginning of the experiments were obtained with B. Nevertheless, these 

were similar to results obtained with food A at the end. Food C always presented the 

worst results. 

Table LXXXI - Mean values and standard deviations calculated for growth rate (GR), 
specific growth rate (SGR), daily feeding rate (DFR) and conversion index (Cl) 
for foods A, B and C. 

Ist Period 

Food A Food B Food C 
beggining end beggining end beggining end 

GR 9.41±0.84 7.8±0.24 9.46±0.92 7.86±0.23 9.33±0.71 7.79±0.37 
SGR 1.41 ±0.44 0.19±0.21 1.45±0.64 0.28±0.2 1.36±0.54 0.16±0.34 
DFR 2.2±0.3 0.99±0.16 2.53±0.06 0.82±0.11 2.14±0.41 0.86±0.4 

Cl I.6U0.2 5.47±2.6 I.85±0.26 3.16±1.07 1.63±0.09 8.3±5.96 

2ntl Period 

Food A Food B Food C 
beggining end beggining end beggining end 

GR 8.2±0.51 7.84±0.13 8.36±0.36 7.77±0.17 8.08±0.35 7.79±0.37 
SGR 0.44±0.49 0.25±0.21 0.57±0.31 0.15±0.I5 0.35±0.32 0.12±0.14 
DFR 0.84±0.05 0.44±0.03 1.05±0.04 0.47±0.01 0.88±0.03 0.41±0.05 
Cl 2.18±0.83 3.41±0.42 1.9±0.6 6.72±1.7 2.82±1.53 4.89±1.19 

The similarity between food A and B was shown by the lack of significant 

differences between them (p>0.876 and p>0.298 in the first and in the second periods, 

respectively). In contrast, food A and food B were significantly different from food C 

(food A/food C,/><0.009 and /?<0.001, food B/food C,/><0.02 and /7<0.01 in the first and 

second periods of analysis, respectively). This analysis is corroborated by the results of 

Tukey FISD test: food A/food C with /K0.045 and food B/food C with /?<0.042. 

The regressions of the length/weight relationships at the beginning and at the end 

of each period were significantly different for ali the foods in the first period (r<0.05) 

and significantly different for food A (K0.05) during the second period. Opposite results 

were obtained for food B and food C during the same experiments (Figure 47 and Figure 

48). 
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Figure 47 - Comparison of the regressions of the length/weight relationships at the start and at the end of 
the first period for food A (a,,33), food B (b,^) and food C (c,,C2). 

The analysis of carcass composition indicated a marked decrease of the water 

content and ashes in the tissues for the three diets. In contrast, there was an increase of 

the body content in proteins (except for food C/first period) and lipids (except for food 

B/first period) in both experiments (Table LXXXII). 

The HSI increased throughout both experiments, and MI decreased with ali food 

types (except for food B/second period) (Table LXXXII). 

The results of the blood analysis are presented in Table LXXXIII. Protein leveis 

showcd significant differences between the initial and final values in both experiments 

(/7<0.05), except for food C, where no signifícant differences were found (p>0.05). 

Signifícant differences were found between food A and food C, and between food B and 
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food C (/7<0.05) in the first period. In the second period no significant differences were 

found between foods (/?>0.05). 
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Figure 48 - Comparison of the regressions of the length/weight relationships at the start and at the end of 
the second period for food A (a,^), food B (b|,b2) and food C (c^). 

Glucose leveis were significantly different in the beginning and at the end of the 

experiments, for both periods (/7<0.05). However, no significant differences were found 

between food types, in both periods (/7>0.05). Lipid concentration in the blood showed 

no significant differences between the beginning of the experiments and food A 

(/?>0.05). Significant differences were found between food A and B and A and C at the 

end of the first period (p<0.05). In the second period, no signifícant differences were 

found between the initial and the final values for each food type and between food types 

(p>0.05). 
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Table LXXXI1 - Carcass composition of the satnpled fish at the 
start and at the end of each period, for each food. 

I5' Period 
Food A Food B Food C 

beeinning end end end 

Water 68.8 63.62 60.73 67.01 

Proteins 22 22.2 25.7 20.1 

Lipids 9.2 11 9.1 9.85 

Ashes 3.25 3.06 3.06 3 

HIS 2.53 2.8 3 3.19 

Ml 0.78 0.66 0.41 0.67 

2nd Period 
Food A Food B Food C 

beginning end end end 

Water 69.97 67.2 66.19 65.39 

Proteins 20.5 22.7 22.1 21.7 

Lipids 6.2 7.2 8.8 9.9 

Ashes 3.33 2.91 2.99 3.09 

HIS 3.09 4.11 4.51 4.1 

Ml 0.51 0.3 0.58 0.51 

Table LXXXIII - Leveis of proteins, glucose and lipids in the blood of the hybrids 

beginning final 
Food A Food B Food C 

lst period 

proteins (g%) 
glucose (mmoles/1) 

lioids (mg%) 

4.17 
1.44 

1224.86 

6.31 
3.14 

1592.69 

5.95 
3.38 

2427.63 

5.09 
2.38 

2356.85 

beginning final 
Food A Food B Food C 

2nd period 

proteins (g%) 
glucose (mmoles/1) 

lipids (mg%) 

2.63 
2.64 

2805.82 

3.92 
4.36 

2662.1 

4.01 
3.35 

3315.41 

3.9 
3.95 

2540.18 
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3.4 - DlSCUSSION 

It is considered as common knowledge, that the hybrids present mtermediate 

characteristics when compared to parental species. In fact, Hubbs (1955) stated that: "It 

has proved to be an almost universally valid rule that natural interspecific hybrids are 

intermediate between their parental species in ali characters in which those species 

differ...". Nevertheless, this is a straightforward perspective, which reduces the 

importance of the genetic heritage of the parents, and most of ali, levei it to similar 

proportions, that forther on will be transmitted to the hybrid. In some cases, the 

transmitted genes of one ofthe progenitors that regulate the phenotypic occurrence of a 

characteristic overlap the genes of the other progenitor with the same results as a 

dominant/recessive gene within a species, increasing the hybrid similarity with one of 

the progenitors, suggesting that codominance of genetic input to these vanables is 

unlikely. This opinion is corroborated by several authors (e.g. Alm, 1955; Simon & 

Noble, 1968; Kerby, 1979) where in some hybrids particular characters more closely 

resemble those of one parent or the other, or are unlike those of either parents. In this 

study, depending on the characters analysed, similar results were obtained. 

From the meristic point of view, the hybrid &xPp did not express a strong 

phenotypic dissimilarity to the progenitors. The meristic analysis ofthe number of rays 

in each of the analysed fins as well as the gill rakers only exposed intermediate mean 

values in two characteristics, while the others were skewed towards the characteristic of 

the parental species. Most of the time, dissimilarity between parental species mduces 

high variance rates in the hybrids. In the present case, due to the relative similarity ofthe 

meristic traits ofthe progenitors, the hybrids did not express high variance. In some of 

the cases, it was even smaller than the parental species. As a consequence ofthe meristic 

similarity between hybrids and progenitors, it was not possible to establish a clear 

differentiation between them. 

On the contrary, the meristic analysis of the mouth morphology revealed more 

interesting results. In the upper jaw, hybrids shared a higher degree of similarity with S. 

aurata. Of the four tooth types, the hybrid only presented similarities with P. pagrus in 

one (small canines), and presented an intermediate number of molar teeth rows between 

progenitors, which washowever, closer to S. aurata. This fact is reinforced by the low 

values of PCS, where a relatively high number of specimens ofthe S. aurata sample (42) 

presented similar characteristics to the ones evidenced by the hybrids. In this case, the 
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poor discrimmation of the S. aurata sample is a direct consequence of its similarity with 

the hybrids. 

In the lower jaw, the hybrids shared similarities. The number ot canines was 

alike in S. aurata, and the number of molars in the second row was similar to P. pagrus. 

Like the upper jaw they also presented an intermediate number of molar rows. Thus, 

when analysing the mouth apparatus as a whole, the major similarities are shared with S. 

aurata. In spite of this similarity, it was possible to establish a differentiation between 

hybrids and parental species based on the dentition, and more speoifically in the number 

of molar rows. Similar sample isolation based on dentition was also found by Waldman 

(1986) for several Marone crosses. 

The ability to capture a prey depends not only on the prey but also on the 

predator (Drenner & Comas, 1980). Some fish species are specifically adapted to feed 

on their prey. A specialist feeder is morphologically suited to exploit its prey habitats, 

whereas the generalist has developed structures allowing feeding in different habitats 

(Morris, 1981). With such a mouth apparatus, the hybrid SaxPp might have similar 

feeding capabilities as S. aurata. However, the smaller number of molar rows can 

determine a certain incapability to consume those same preys. Gilthead seabream feed 

mainly on bivalves, crustaceans and polychaetes (Andrade et ai, 1996), while the red 

porgy feeds mainly on crustaceans and bivalves (Reis, 1998). Nevertheless, the bivalve 

species consumed in each case are different, due to the greater crushing capability of S. 

aurata, increasing the capability to ingest larger and harder shelled bivalves. When 

artificiaUy produced, the crushing capability also assures a higher and faster absorption 

of artificial diets based on pelleted food. The lower adequacy of the hybrids dentition 

(smaller number of molar rows) can influence the growing capacity under artificial 

condition. Thsis fact will be discussed further on. 

On the contrary, the remaining analysed structures ot the head morphology 

shared a higher degree of similarity with P. pagrus. Only two neurocranium sub- 

structures shared similarities with X aurata (ethmoid and exoccipital), and none of the 

analysed bonés of the head structures shared resemblances with that progenitor. 

Therefore, it is interesting to note that under a generic perspective the analysed 

structures in the head morphology are highly similar to one of the progenitors. The tooth 

structure with S. aurata, and the head structure with P. pagrus. Intermediate 

characteristics were scarce and reduced in number, skewing the hybrids morphology to 
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one of the progenitors, and not supporting the assumption of intermediate characteristics 

between the hybrids and the parental species. 

The morphological analysis also proved very interesting results. Based on the 

traditional morphometry, 7 of the 12 characters revealed to be intermediate with the ones 

presented by the parental species. Thus, the mean values calculated for the hybrids using 

body shape related characters were much closer to those calculated for the gilthead 

seabream, with the head related ones being more close to the red porgy. Such íindmgs 

show that characters did not manifest a random iníluence of parental gene pool. 

Morphological relatedness was constrained to specifíc body regions, reinforcing lhe 

above stated theory that specific genes of one of the progenitor overlap the genes of the 

other. 

The morphological analysis based on the traditional measurements differentiated 

the three samples (Figure 44). Only a small hybrid sample fraction shared similar 

characteristics with the parental species. Such discrimination is again based on the 

similarity of one of the body regions with one of the parents. The differences of the body 

morphology between the hybrid and P. pagrus were enough to discriminate them, with 

the same occurring between the hybrid and S. aurata for the head related characteristics. 

Sample differentiation was based on solid statistical findings, where nine measurements 

contributed to sample differentiation. Wilks' X presented a low value, and the F to 

remove values was consistently high (eight characteristics with values over 20). The 

obtained Mahalanobis differences showed a higher proximity between the hybrid and P 

pagrus. 

The truss method produced a less clear differentiation (Figure 45), with sixteen 

truss measurements contributing to the sample separation. Although with an inferior 

degree of discrimination the statistical analysis provided significant indications for 

sample separation. The only incongruous analysis with the traditional morphometry was 

the Mahalanobis distance, which indicated a higher proximity with S. aurata. In a first 

analysis, these results may seem discordant, leading to inconclusive findings, but they 

are far from being unexplainable. In the traditional method, seven out of twelve 

measurements were head related dimensions. Of these twelve measurements, nine 

contributed to the sample differentiation, with six being head related. In the truss 

analysis, the morphological traits are evenly distributed in the fish morphology, with 

none of the body areas overcoming the others. Therefore, although with slightly worse 
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results, the truss methods described in a more evenly weighted way the dissimilarity 

between samples. 

These findings reinforce the theory that the results obtained with the truss 

methods give a more clear perspective of sample differentiation than those obtained with 

the traditional one. Nevertheless, the traditional method still is a powerful tool in sample 

discrimination, although it must be used with certain precautions. The truss method 

eliminates the subjectivity of the choice, and so the over emphasis of specific body 

areas. Several other authors have addressed this differentiation between morphological 

methods (e.g. Creech, 1992; Almeida, 1996; Velasco et ai, 1996; Bronte et ai, 1999) 

but most did so it only in the context of justifying the use of one or other method. Only a 

few have demonstrated the difference between methods in practical terms. 

Thus, when pooling together the meristic and morphological analysis, it is clear 

that the influence of each of the parental species is a constraint to specific parts of the 

hybrid body morphology. In each one of the analyses, the hybrids charactenstics are 

consistently close to one of the parents, even when the obtained results revealed the 

existence of intermediate values to the ones of the progenitors. 

When the resulting hybrids become intermediate in the majority of the studied 

characteristics it can be rather difficult to discriminate them from the progenitors. 

Waldman et al. (1988) obtained 70-80% precision for striped bass {Morom saxatilis) 

stock delineation using various discriminant techniques, and Harrel & Dean (1988) 

reported 83% resolution for discriminant morphometric analysis of juverales of several 

Morone crosses, and Procarione et al. (1988) reported 90.8% correct classification 

between spotted seatrout {Cynoscion nehulus), orangeraouth corvine (C. xantalus) and 

their hybrids. Using truss networks Muoneke et al. (1991) found a resolution of 85% in 

the discrimination between the striped bass {Marone saxatilis), white bass {Marone 

chrysops) and their hybrids. In lhe present study, the percent classification success 

increased to 98.7% and 94.7% for the traditional morphology and truss networks, 

respectively. Thus, both methods assured a high degree of separation between the 

hybrids and progenitors due to the above stated reasons. 

However, such differentiation may also be based on the fact that the parental 

species do not hybridise naturafiy. Several authors agree that closer taxonomic 

relationships between the parental species produce hybrids with a higher number of 

intermediate characteristics, resulting in higher degrees of resemblance with the 

progenitors. In such cases, the presence or absence of definitive hybrid features rather 
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than in intermediate values is likely to be more reliable (Cbild & Solomon, 1977). 

According to Crevelli & Dupond (1987) the frequency of interspecific and intergeneric 

hybridization in cyprinids occurring in European waters creates a taxonomical problem, 

especially at the genus levei. Dubois (1981) suggested that genera should be defined as 

evolutionary units, and Crevelli & Dupond (1987) emphasized this concept, stating that 

two species that are able to produce viable adult hybrids should be included in the same 

single genus. 

The progenitors used in the present study belong to different genera (Sparus and 

Pagrus). In their first identification these species were considered as belonging to two 

different genera, Sparus Linnaeus, 1758 and Pagrus Cuvier, 1816. The genus Sparus 

was established by Linnaeus (type-species: Sparus aurata Linnaeus, 1758) and included 

22 species from various parts of the word. With the recognition of many new species, 

the original Linnean genus was split into a number of well-defined genera (Jordan & 

Fesler, 1893; Regan, 1913; Fowler, 1933; Smith, 1938). 

Cuvier established the genus Pagrus m 1817 (type species: Sparus argenteus) 

Bloch & Scheneider (1801)= Sparus pagrus Linnaeus, 1758) (Bianchi, 1984) and 

distinguished it from Sparus by the presence of two rows of molars instead of three or 

four. Over time their taxonomical differentiation was redefined and they were placed in 

the same genera. The primary key for their differentiation was based m the number of 

teeth. Nevertheless, Jordan & Fesler (1893) did not agree onthis separation, placing both 

species in the same genera and arguing that there were no important differences in the 

skull and skeleton. As so, besides the morphological and genetic separation of both 

species, the results obtained with their hybridization provides new evidence for their 

demarcation in two genera and so, reinforces the present classification. 

Due to the taxonomic difference between Sparus aurata and Pagrus pagrus, the 

characteristics found in the hybrid SaxPp fali entirely within the concepts stated above, 

with intermediate values in some of the studied characteristics but with higher degrees of 

similarity with one of the parents, easy morphological discrimination between them and 

the progenitors and lack of reproductive capabihty (Paspatis, personal commumcation). 

Most knowledge concerning íish dietary requirements arises from experimental 

nutrition studies carried out on cultured species, primarily in salmonids. These studies 

have demonstrated the relative importance of dietary proteins, lipids and carbohydrates 

for growth (Moyle & Cech, 1996). 
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During the last few years, similar work has been developed with Sparids, mainly 

gilthead sea bream (e.g. Anthouard et ai, 1996; Kentouri et ai, 1993a. 1993b. 1994a. 

1995b) and. more recently, with red porgy (e.g. Colombani, 1993; Kentouri et ai, 

1994b, 1995a; Rueda et ai, 1995a, 1995b, 1997). The present study indicated that the 

growth performance of the hybrid SaxPp is a rough expression of growth rates of the 

parental species. Results calculated for GR, SGR and Cl were quite similar to those 

reported to by Kentouri et ai. (1993b) for S. aurata using fish of similar sizes and 

temperature range. Nevertheless, the best results have been obtained under relatively 

high temperature, because when exposed to lower temperature the growth performance 

was also lower. The hybrid showed similar or lower values than the ones attained by P. 

pagrus. According to Kentouri et ai. (1995a) red porgy shows higher growth rates 

during winter, a fact that could not be validated in the present study, confírming the 

fíndings of Paspatis et al. (1999) for this hybrid. Two main reasons may account for this; 

fírstly, the experimental design did not provide adequate rearing conditions. or, 

secondly, the hybrid did not acquire the growth capacity of P. pagrus during winter. 

Water quality is a limiting factor for Pagrus growth (Kentouri et al, 1994b). However, 

considering that high concentrations of dissolved oxygen were recorded during the 

experiment, it does not seem that it played a major role in the present study. 

Diet composition seems to be one of the main factors affecting the growth 

performance. Fish fed íbod C always presented worse results than those fed food A and 

food B. The statistical difference between food C and the other two supported this 

fínding. It was expected that food C, with higher protein content (50%), would give 

better results. but the protein utilisation by the físh was not as efficient as for íbod A and 

food B. This fact might be duc to a partial vegetal origin of the protein. Again, the effect 

of food composition is particularly evident when the temperature decreased lo ccrtain 

limits. In this situation, food A seemed to be slightly better than food B. This was 

statistically supported by the signiíicant differences between the length/weight 

relationship at the start and at the end of the second experiment. 

Results from blood analysis were similar to those obtained for the carcass 

composition. The pooled information (muscle and blood) showed significant protein 

retention efhciency as a percentage of the digestible intake. 1 he lipid leveis in the 

second period were higher than in the first. 1 his might indicate a reduction in lhe growth 

performance and consequently a decrease in the energy budget. Glucose leveis in the 
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blood did not vary among food types, indicating that carbohydrates of the threc diets 

covered the nutritional requirements. 

Under the same temperature range, the protein leveis in the blood were highei 

than those found for gilthead sea bream by Pavlidis et ai. (1997), but lower than glucose 

leveis. Similar results were found by Pavlidis et al (1999) for red porgy. 

This study indicated that a diet formulation for optimal growth of the hybrid 

Sa*Pp must be based on the shared characteristics of food A and food B. 
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Final considerations 

Throughout this dissertation, it was possible to answer, or at least to clariíy thc 

questions previously formulated. Results varied among species, and a general constraint 

applicable to this fish family was not found. 

The meristic analysis presented less visible differences among samples than the 

morphometric analysis. Such results are not at ali unexpected due to the lower plasticity 

of the meristic traits. A geographical gradation was not attained among samples. The 

analysis of the iluctuating asymmetry in S. aurata helped to clariíy these assumptions. 

Results proved that although existing, the FA values were low, showing that the 

developmental stability processes were present. Since there is a straight relation 

between higher values of FA and environmental stress, it was expected that reared 

populations would evidence higher FA values. This fact was confirmed because reared 

populations presented higher values of FA. This supported the assumption that in the 

wild, species meristic variability tends to diverge but in a progressively dimimshing 

process. Environmental extreme circumstances that diverge ifom the optimal conditions 

(considered to be the main reason for meristic dissimilarities) do not seem to have 

occurred constantly, leading species to divert markedly. 

The meristic analysis, however, lead to one important issue that must be taken in 

consideration, since the divergcnce between the number of counts in some of the 

characteristics analysed and those proposed in the bibliography was rather different. In 

some of the cases, the counts found in this work overlapped the reíerenced ones, in ali 

the samples, and in a signifícant number of specimens. Due to the large geographical 

distance between some of the samples it can be argued that it is the actual range value 

for the o ver ali population, and the referred counts in the bibliography must be revised. 

The morphometric analysis provided rather different and interesting results. 

Based on solid statistical results, the existence of signifícant differences between 

populations of the studied species has been demonstrated. A geographical gradient was 

found in three of them D. sargus, D. punlazzo and D. deníex (through the truss 

networks). The morphological plasticity seems to occur more pronouncedly in the 

morphometric than in meristic characteristics. In most of the cases, the morphological 

variability is driven by the feeding habits inherent to the capture of the preys that occur 

in the exploited ecological niches. Different environments provide different types oí 

prey, implying an adaptation to the conditions, whenever they occur. Yet, in particular 
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cases, even if lhe environmental conditions forced lhe species to diverge into different 

populations, lhe neighbouring populations can maintain contact between them, thereby 

reducing their dissimilarity. This occurred in some of lhe studied species, between 

certain pairwise sample comparisons, and more often between the central 

Mediterranean/South Adriatic species, and in some cases the Greek samples. 

On the other hand, it was possible in most of the cases to distinguish between 

Atlantic and Mediterranean samples, a fact that might be related to the geographical 

barrier represented by the Strait of Gibraltar in conjunction with the Almeria-Oran 

Oceanographic Front. Nonetheless, such differentiation cannot be seen in a 

straightforward perspective for ali species. The inherent dispersai abilities of some of 

them. assured that after the successive changes in the water leveis of the Mediterranean 

and the Atlantic during the last few million years, they could again estabhsh a contact 

between populations, thereby reducing their dissimilarity. 

The present study indicated that the Strait of Gibraltar is not the only 

geographical barrier causing the dissimilarity between the studied populations. The 

difference between the Adriatic Sea and the central Mediterranean, Alboran and 

Ligurian Sea in one side and the lonian and Aegean Sea on the other, lead to significam 

differences between populations. 

As proved throughout the dissertation, findings were based in solid statistical 

results, with the chosen methods providing conclusive evidences of similarity of 

dissimilarity between samples. In any case, the statistical analyses lead to dubious or 

contradictory findings, enabling the formulation of the required answers. 

The use of two morphological procedures, besides serving lhe purpose of 

comparison between them (determining the most accurate) also confirmed the above 

stated differences between populations, since both methods lead to the same results. 

Nonetheless, in six of the eight species, the truss networks improved the results obtained 

with the traditional morphometry, showing that in most of the cases it is a more accurate 

and balanced procedure than the traditional morphometry. 

Finally, the study of the hybrid S. auralaxP. pagrus extendcd the analysis of the 

Sparid family beyond the morphological analysis. Beside the unequivocal biological 

interest of the hybrid, the cladistic relationship between the parental species could also 

be studied. According to the bibliography, species that do not hybndise naturally 

produce hybrids with characteristics that in the majority of the cases are not 

intermediate to the ones presented by the progenitors. In the present study, the results of 



Final considerations 
132 

the morphological analysis of the hybrid corroborate this assumption, and can be 

considered as conclusive evidence of the difference between the genus Sparus and the 

genus Pagrus, corroborating their phylogenetic position. 

The dietary analysis can also be seen as an extension of these findings since the 

growing capacity of the hybrid during warm periods was similar to one of the 

progenitors (S. aurata). However in the coldest period when it was expected that they 

would have a similar growth to the other progenitor (P. pagrus), this did not occur, 

which bring together the growth capacity of the hybrid and the gilthead seabream. 

Therefore, the hybrid offers a good commercial perspective if grown under restncted 

temperature ranges. 

As a proposition for further studies on this subject, several measures could be 

taken to ensure more extensive and decisive assumptions on population discnmination 

of these Sparid species. A greater number of samples should be collected, not only in 

the North of the Mediterranean, in order to clearly estabhsh the borders of the 

neighbouring populations, but also to collect them throughout the South Mediterranean. 

The collection of Atlantic samples could help not only to clarify the divergence between 

Atlantic/Mediterranean populations, but also to establish eventual differences or 

sirailarities between Atlantic populations. But most of ali, sample analysis should be 

extended to other biological information, such as genetic and parasitological markers in 

order to compare them with the morphological analysis, helping to define ranges of the 

different populations within species. 

In the case of the black seabream, beside the measures referred to above, the 

collection of Italian and Greek samples would help to clarify the differences already 

seen between the Portuguese and the Spanish samples. 
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ANNEXI 



Figure 1 - Gilthead seabream, Sparus aurata Linnaeus, 1758. 

/ r i 

H 'i y 
/ó 

m rf* 

J WLHA 

,, ^.'V,. aaSii " ji 
.W 2 cm 

Figure 2 - Red porgy, Pagrus pagrus (Linnaeus, 1758). 
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Figure 3 - White seabream, Diplodus sargus (Linnaeus, 1758). 
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Figure 4 - Sharpsnout seabream, Diplodus puntazzo (Cetti, 1777). 
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I'igure 5 - Striped seabream, Liíhognathus mormyrus (Linnaeus, 1758). 
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Figure 6 - Red seabream, Pagellus bogaraveo (Brunnich, 1768). 
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Figure 7 - Common dentex, Dentex dentex (Linnaeus, 1758). 
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Figure 8 - Black seabream, Spondyliosoma cantharus (Linnaeus, 1758). 



Table l - IX-scriptivc statislics of thc mcrislic traiLs recorded for cadi onc of thc reared samplcs oi Sparus auraía (DF- dorsal fin, 
CF- caudal lln. AF- anal fin, RPF- right pcctoral fin, LPF- Icft pccloral fin. URGR- uppcr right gill rakcr. DI .GR- uppcr righl gill rakcr, 
LRGR- lower right gill rakcr, LLGR- lower right gill rakcr) 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 II 16 16 7 7 7 8 

Standard Hrror 0 0.16 0 0.10 0.08 0.10 0.12 0.12 0.10 

Mcdian 13 21 II 16 16 7 7 7 8 

13 21 11 16 16 7 7 7 

Standard IXviation 0 0.78 0 0.49 0.37 0.49 0.58 0.59 0.50 

Range 0 3 0 2 2 I 2 2 

Minimum 13 20 II 15 15 6 5 

Maximum 13 23 II 17 17 7 7 9 8 

Confidence i.cvcl (95.0%) 0 0.34 0 0.21 0.16 0.21 0.25 0.26 0.22 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 11 14 14 6 6 8 8 
0.09 Standard Error 0.09 0.12 0.07 0.09 0.09 0.09 0.09 0.10 

Mcdian 13 21 II 14 14 6 6 8 8 

13 21 11 14 14 6 6 8 
0.68 

8 
0.62 

Standard Deviation 0.65 0.83 0.49 0.63 0.64 0.67 0.67 

Range 3 6 2 2 3 3 3 3 2 

Minimum II 17 10 13 13 5 5 6 

Maximum 14 23 12 15 16 8 8 9 9 

Confidence l^vcl (95.0%) 0.18 0.24 0.14 0.18 0.18 0.19 0.19 0.19 0.18 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 11 14 14 6 5 8 8 
0.11 Standard Error 0.09 0.08 0.02 0.08 0.10 0.08 0.09 0.10 

Mcdian 13 21 II 14 15 6 5 7 7 

Mode 13 21 II 14 15 6 5 7 7 

Standard Deviation 0.65 0.58 0.14 0.59 0.71 0.54 0.67 0.70 0.81 

Range 3 2 1 2 3 2 3 2 4 

Minimum 12 20 11 13 13 4 3 7 

Maximum 15 22 12 15 16 6 6 9 10 

Confidence Levei (95.0%) 0.18 0.17 0.04 0.17 0.20 0.15 0.19 0.20 0.23 

Snain Medilcrninran   
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13.8 21.5 11.2 15.4 15.4 5.9 5.8 8.3 8.3 

Standard Error 0.07 0.12 0.06 0.08 0.11 0.07 0.07 0.09 0.11 

Mcdian 14 21 II 15 15 6 6 8 8 

14 21 II 15 15 6 6 8 
0.61 0.75 

Standard Deviation 0.48 0.86 0.45 0.54 0.76 0.50 0.52 

Range 2 3 2 2 5 3 2 2 4 

Minimum 13 20 10 15 12 4 5 

Maximum 15 23 12 17 17 7 7 9 

Confidence Levei (95.0%) 0.14 0.25 0.13 0.15 0.21 0.14 0.15 0.17 0.21 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 11 15 15 6 6 9 9 

Standard Error 0.02 0.07 0.07 0.15 0.16 0.08 0.08 0.09 0.08 

Mcdian 13 21 11 15 15 6 6 9 9 

13 21 II 15 15 6 6 9 9 

Standard Deviation 0.14 0.52 0.51 1.05 1.10 0.55 0.59 0.61 0.55 

Range 1 2 3 4 4 2 2 2 3 

Minimum 12 20 10 12 12 5 5 7 7 

Maximum 13 22 13 16 16 7 7 9 10 

Confidence l^cvcl (95.0%) 0.04 0.15 0.14 0.30 0.31 0.16 0.17 0.17 0.16 

(.«rcecc 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mcan 13 21 11 15 15 - - - - 

Standard Error 0.07 0.09 0.09 0.09 0.11 - - - ' 
Median 13 21 11 15 15 - - - " 

Mode 13 21 11 15 15 - - - ~ 

Standard Deviation 0.49 0.64 0.64 0.68 0.84 - - - " 

Range 2 3 3 3 5 - - - " 

Minimum 12 20 10 14 13 - - - 
Maximum 14 23 13 17 18 - - - ~ 

Confidence Levei (95.0%) 0.13 0.17 0.17 0.19 0.23 - - ■     



Tablc II - Dcscriptive slatistics of thc mcristic IraiLs rccordcd for cach onc ofthe wild samplcs oíSparus aurala (Dl-dorsal fin 
CF- caudal fin, AF- anal fin. RPF- right pcctoral fin. LPF- Icft pectoral fin, URGR- uppcr right gill rakcr, ULGR- upper nght g.ll rakcr, 
LRGR- lowcr right gill rakcr, LLGR- lower right gill rakcr) 

Portugal 

Mean 
Standard Error 
Mcdian 
Mode 
Standard Dcvialion 
Range 
Minimum 
Maxímum 
Confidcncc Lcvcl (95.0%) 

Spain Atlantic  

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 II 16 16 6 6 7 7 

0.04 0.07 0.02 0.08 0.07 0.07 0,07 0.11 0.11 

13 21 II 16 16 6 6 7 7 

13 21 II 16 16 6 6 7 7 

0.31 0.50 0.14 0.55 0.52 0.51 0.53 0,75 0.78 

2 2 1 2 2 2 3 3 2 

12 20 II 15 15 5 4 6 6 

14 22 12 17 17 7 7 9 8 
0.22 0 09 0.14 0.04 0.16 0.15 0.14 0.15 0.21 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mcan 
Standard Error 
Mcdian 
Modc 
Standard Dcvialion 
Range 
Minimum 
Maximum 
Confidcncc Lcvcl (95.0%) 

13 
0.05 

13 
13 

0.32 
2 
12 
14 

0.09 

21 
0.10 

21 
21 

0.68 
3 
20 
23 

0.20 

II 
0.02 

II 
II 

0,14 
I 
II 
12 

0.04 

16 
0.07 

16 
16 

0.52 
2 
14 
16 

0.15 

16 
0,07 

16 
16 

0.48 
I 

15 
16 

0.14 

5 
0.12 

5 
4 

0.86 
2 
4 
6 

0.25 

0.11 
5 
5 

0.78 
3 
3 
6 

0.23 

0.08 
8 
8 

0.53 
2 
7 
9 

0.15 

0.10 

0.68 
3 
7 
10 

0.20 

Spain Mcditcrrancan 

Mcan 
Standard Error 
Mcdian 
Modc 
Standard Dcvialion 
Range 
Minimum 
Maximum 
Confidcncc Lcvcl (95.0%) 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 II 16 16 6 6 8 8 

0.05 0.06 0.02 0.05 0.05 0.07 0.06 0.08 0.08 

13 21 II 16 16 6 6 8 8 

13 21 11 16 16 6 6 8 8 
0.53 0.38 0.44 0.14 0.34 0.35 0.52 0.40 0.53 

2 1 I 2 1 2 2 2 2 

12 21 II 15 15 5 5 7 7 

14 22 12 17 16 7 7 9 9 

0.11 0.13 0.04 0.10 0.10 0.15 0.11 0.15 0.15 

Haly 

Mcan 
Standard Error 
Mcdian 
Modc 
Standard Dcvialion 
Range 
Minimum 
Maximum 
Confidcncc Lcvcl (95.0%) 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 

13 21 II 16 16 7 6 7 7 

0 0.07 0.05 0.06 0.11 0.08 0.08 0.09 0.07 

13 21 II 16 16 7 6 7 7 

13 21 II 16 16 7 6 7 7 

0 0.45 0.30 0.38 0.69 0.50 0.51 0.55 0.46 

0 1 1 2 4 1 I 2 2 

13 21 II 15 13 6 6 6 6 

13 22 12 17 17 7 7 8 8 
0.15 0 0.14 0.10 0.12 0.22 0.16 0.16 0.18 

Grcccc 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mcan 
Standard Error 

13 
0.03 

21 
0.10 

11 
0.10 

16 
0.06 

16 
0.09 

5 
0.04 

5 
0.03 

8 
0.07 

8 
0.08 

Mcdian 13 21 li 16 16 5 5 8 

13 21 II 16 16 5 5 
0.43 0.51 

Standard Dcvialion 0.22 0.63 0.66 0.38 0,55 0.27 0.22 

Range 
Minimum 

I 
13 

2 
21 

3 
10 

2 
15 

3 
15 

1 
5 

1 
5 

2 
7 7 

14 23 13 17 18 6 6 9 

Confidcncc Lcvcl (95.0%) 0.07 0.20 0.21 0.12 0.17 0.09 0.07 0.14 0.16 



Table 111 - Dcscripbvc staUsJics of lhe menslic traits recordcd foreach onc oflhc samplcsof 1'agrus pagrus (DF- dorsal fin. 
CF- caudal íln, AF- anal fin, RPF- right pcctoral fin, LPF- Icft pectoral fin. URGR- upper right gill raker, ULGR- upper nghl gill raker, 
LRÍjR- lower nghl gill raker, LLGR- lower nght gill raker) 

Portugal 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mcan 10 22 8 15 15 7 7 9 9 
Standard lirror 0.03 0.11 0 0.05 0.04 0.06 0.06 005 005 
Mcdian 10 22 8 15 15 7 7 9 9 
Mode 10 21 8 15 15 7 7 9 9 
Standard Deviation 0.29 1 17 0 0.50 0 44 0.59 0.60 0.53 0.53 
Range 2 4 0 2 2 3 3 2 3 
Minimum 9 20 8 14 14 6 5 8 7 
Maximum II 24 8 16 16 9 8 10 10 
Confidence Levei (95.0%) 0.05 0.22 0 0.10 0.08 0.11 0.11 0.10 0.10 

Spain 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 10 22 8 15 15 7 7 10 10 
Standard Error 0 0.15 0 0.10 0,08 0.11 0.14 0.10 0,12 
Mcdian 10 22 8 15 15 7 7 10 10 
Mode 10 22 8 15 15 6 7 10 10 
Standard Deviation 0 0.88 0 0.60 049 0.68 0.85 0.58 0,73 
Range 0 3 0 3 2 2 4 2 3 
Minimum 10 21 8 14 14 6 5 9 8 
Maximum 10 24 8 17 16 8 9 II II 
Confidence Levei (95.0%) 0 0.29 0 0.20 0.16 0.23 0.28 0.19 0.24 

italv 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mcan 10 22 8 15 15 6 6 10 10 
Standard Error 0.03 0,12 0.03 0.07 0 08 0,10 0.10 0.10 0.11 
Mcdian 10 22 8 15 15 6 6 10 10 
Mode 10 22 8 15 15 6 6 10 10 
Standard Deviation 0.18 0.68 0.18 0,37 0.44 0.56 0,54 0.54 0.62 
Range 1 3 I 2 2 2 2 2 2 
Minimum 10 21 8 14 14 6 6 9 9 
Maximum II 24 9 16 16 8 8 II 11 
Confidence Levei (95.0%) 0,07 0.25 0.07 0.13 0.16 0.21 0.20 0.20 0.23 

Grcecc 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 10 22 8 15 15 6 6 9 9 
Standard Error 0 0 11 0 0,05 0.05 0.10 0.08 0.07 0.07 
Mcdian 10 22.5 8 15 15 6 6 9 9 
Mode 10 23 8 15 15 6 6 9 9 
Standard Deviation 0 0.81 0 0.39 0.40 0.75 0.58 0.54 0,54 
Range 0 4 0 2 2 4 2 2 3 
Minimum 10 20 8 14 14 4 5 9 8 
Maximum 10 24 8 16 16 8 7 II 11 
Confidence Levei (95.0%) 0 0.22 0 0.11 0,11 0.21 0.16 0.15 0.15 



Table IV - Descnpdve statistics of (hc mcnslic traits rccordcd for cach onc of thc samplcs of Diplodus sargus (DF- donal fio. 
CF- caudal fín. AF- anal fin. RPF- righl pectoral fin. LPF- left pectoral fm, URGR- upper nghl gill rakcr. ULGR- uppcr nght gill raker, 
LRGR- lower nght gill rakcr, LLG.R- lovvcr nght gill rakcr) 
Portugal 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 
Mean 14 23 13 16 16 7 8 9 9 
Standard Error 0.09 0.11 0.06 0,05 0.05 0.06 0.07 0.07 0.07 
Mcdian 14 23 13 16 16 7 7 9 9 
Modo 13 22 13 16 16 7 7 9 9 
Standard Devialion 0 81 1.07 0.53 0.43 0 47 0,61 0.69 0.63 0.61 
Range 3 4 3 2 3 3 4 3 2 
Minimum 13 21 12 15 14 6 6 
Maximum 16 25 15 17 17 9 10 11 10 
Confidencc Levei (95.0%) 0.26 0.23 0,11 0.09 0.10 0.13 0.15 0,13 0.13 

Snain 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 13 23 13 16 16 8 8 10 10 
Standard Error 0.06 0.19 0.10 0.10 0,10 0,10 0.12 0.10 0.13 
Median 13 23 13 16 16 8 7 10 10 
Modc 13 23 13 16 16 8 7 10 10 
Standard Deviation 0.28 0.93 0.51 0.51 0.48 0.51 0,59 0.50 0.66 
Range 1 4 2 2 2 1 2 2 2 
Minimum 13 21 12 15 15 7 7 9 9 
Maximum 14 25 14 17 17 8 9 II 11 
Confidencc Levei (95.0%) 0,12 0.39 0.21 0.21 0.20 0.21 0.25 0.21 0.28 

1(411 V 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 14 23 13 16 16 9 9 9 9 
Standard Error 0.09 0,12 0.08 0 17 0.07 0.13 0.10 0.08 0.09 
Median 14 23 13 16 16 9 9 9 9 
Modc 14 23 13 16 16 8 9 9 9 
Standard Deviation 0.5 0.70 0.44 0.97 0.42 0.75 0.56 0.44 0.51 
Range 2 3 2 6 1 3 2 2 2 
Minimum 13 21 12 11 15 7 8 8 8 
Maximum 15 24 14 17 16 10 10 10 10 
Confidencc l-cvcl (95.0%) 0.18 0.25 0.16 0.34 0.15 0.27 0.20 0.16 0.18 

Grecce 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 14 25 13 16 16 8 7 10 10 
Standard Error 0.12 0.2 0.07 0.07 0.11 0.11 0,13 0.1 0.11 
Median 14 25 13 16 16 8 8 10 10 
Modc 14 25 13 16 16 8 8 10 10 
Standard Deviation 0.58 1 0.35 0.35 0,54 0.57 0.65 0.5 0.55 
Range 2 3 2 2 2 2 2 2 2 
Minimum 13 23 12 15 15 7 6 9 9 
Maximum 15 26 14 17 17 9 8 II II 
Confidencc Levei (95.0%) 0.24 0.41 0.14 0.14 0.22 0.23 0.27 0.21 0.23 



Tablc V - DescripUvc dalislics of lhe menslic traits recorded for cach onc of lhe samplcs of Díploduspunia=o (Dl - dorsal fin, 
CF- caudal fin, AF- anal fin. RPF- nghl pcctoral fin. LPF- Icft pectoral fin, URGR- upper right gill raker, ULGR- upper nght gill raker, 
LRGR- lower right gill raker, LLGR- lowcr nghl gill raker) 
Portugal 

DF CF AF RPF LPF URGR UI.GR LRGR LLGR 
Mcan 13 23 12 16 16 6 6 9 9 
Standard lirror 0.05 0.17 0.03 0.06 0.07 0.12 0,10 0.09 0.09 
Median 13 23 12 16 16 6 6 9 9 
Mode 13 23 12 16 16 6 6 9 9 
Slandard Deviation 0.32 0.99 0,17 0,38 0,45 0.74 061 0.54 0.57 
Range 1 3 1 1 2 3 3 2 2 
Minimum 13 22 12 15 15 5 5 8 8 
Maximum 14 25 13 16 17 8 8 10 10 
Confidcncc Levei (95.0%) 0 11 0.34 0.06 0 13 0.15 0.25 0.21 0,18 0.19 

Spain 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 13.05 23 II 14.88 14.85 5.60 5.73 998 9.73 
Slandard lirror 0.07 0 0 0,11 0,1 1 0.09 0.11 0.10 0.10 
Median 13 23 11 15 15 6 6 10 10 
Mode 13 23 II 15 15 6 6 10 10 
Standard Deviation 0.45 0 0 0.72 0.70 0,55 0.68 0.66 0.64 
Range 2 0 0 4 4 2 3 2 2 
Minimum 12 23 II 12 12 5 5 9 9 
Maximum 14 23 II 16 16 7 8 11 II 
Confidcncc Levei (95.0%) 0.14 0 0 0.23 0.22 0.17 0.22 0.21 0.20 

Italv 
DF CF AF RPF LPF URGR UI.GR LRGR LLGR 

Mean 13 23 12 15 15 6 6 9 9 
Slandard lirror 0.07 0.11 0.08 0.06 0.03 0.08 0.09 0.08 0.07 
Median 13 23 12 15 15 6 6 9 9 
Mode 13 23 12 15 15 6 6 9 9 
Standard Deviation 0,44 0.69 0.51 0,37 0.22 0.49 0.55 0.50 0.48 
Range 2 3 2 2 1 1 2 2 2 
Minimum 12 21 II 13 14 6 6 8 8 
Maximum 14 24 13 15 15 7 8 10 10 
Confidcncc Levei (95.0%) 0.14 0,22 0.16 0.12 0.07 0.15 0.17 0.16 0.15 

Grcccc 
DF CF AF RPF LPF URGR UI.GR LRGR LLGR 

Mcan 13 25 12 15 15 5 5 10 10 
Standard lirror 0.07 0.12 0.07 0,06 0.06 0.11 0 11 0.07 0,07 
Median 13 25 12 15 15 6 5 10 10 
Mode 13 25 12 15 15 6 5 10 10 
Standard Deviation 0.44 0.82 0.48 0,41 0.43 0.69 0.71 0.45 0,46 
Range 2 3 1 2 2 2 3 1 1 
Minimum 12 23 II 14 14 4 4 9 9 
Maximum 14 26 12 16 16 6 7 10 10 
Confidcncc Levei (95.0%) 0.13 0.25 0.15 0,13 0.13 0.21 0.22 0.14 0.14 



rabie VI - Dcscriplivc slalistics oflbc mcristic Iraits reairded for e;idi onc ofthe samplcs oí l.ilhogruithus mnrmynts (1)1-- dorsal fui. 
CF- caudal fln, AF- anal fin, RPF- right pectoral Fm. LPF- Icft pectoral fin, URGR- upper right gill raker, ULGR- upper riglit gill raker, 
I.RGR- lovvcr righl gill raker, I.I.GR- lowcr right gill raker) 

PnrliiPfll   
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 12 21 10 16 16 11 11 15 15 

Standard l .rror 0.03 0.06 0.02 0.05 0.04 0.07 0.07 0.07 0.06 

Median 12 21 10 16 16 11 11 15 15 

Mode 12 21 10 16 16 11 11 15 15 

Standard 1 )evialion 0.30 0.69 0.18 0.49 0.48 0.77 0.78 0.81 0.68 

Ranne 2 3 1 2 2 3 3 5 3 
Minimum 1 I 19 10 15 15 9 9 12 13 
Maximum 13 22 II 17 17 12 12 17 16 
Confidencc Levei (95.0%) 0.05 0.13 0.03 0.09 0.09 0.14 0.14 0.15 0.12 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 
Mean 12 21 10 15 15 10 10 17 17 

Standard l .rror 0.03 0.10 0 0.08 0.09 0.12 0.12 0.14 0.12 

Median 12 21 10 15 15 10 10 17 17 

Mode 12 21 10 15 15 10 10 17 17 

Standard Dcvialion 0.18 0.54 0 0.46 0.53 0.67 0.65 0.77 0.68 

Range 1 2 0 1 2 3 3 3 2 
Minimum 1 1 20 10 15 14 9 9 16 16 

Maximum 12 22 10 16 16 12 12 19 18 

Conlidencc l evei (95.0%) 0.07 0.20 0 0.17 0.19 0.25 0.24 0.28 0.25 

Itfllv 
DF CF AI- RPF LPF URGR ULGR LRGR LLGR 

MCÍU) 12 21 IO 15 15 10 10 17 17 

Standard F.rror 0.06 0.12 0.04 0.07 0.07 0.10 0.09 0.12 0.12 
Median 12 21 10 15 15 10 10 17 17 

Mode 12 21 10 15 15 10 10 17 17 
Standard Deviation 0.29 0.58 0,2 0.35 0.35 0.49 0.45 0.58 0.6 
Range 2 2 I 2 2 2 2 2 2 

Minimum I 1 20 10 14 14 9 9 16 16 

Maximum 13 22 II 16 16 1 1 11 18 18 

Confidenee l evei (95.0%) 0.12 0.24 0.08 0.14 0.14 0.20 0.19 0.24 0.25 

DF CF Al- RPF LPF URGR Ul.GR LRGR LLGR 
12 22 lO 15 15 9 10 17 17 

Standard l .rror 0 0.04 0.06 0.08 0.08 0.21 0.17 0.13 0.12 
12 22 10 15 15 9.5 10 17 17 

Mode 12 22 10 15 15 10 10 17 17 

Standard Dcvialion 0 0.20 0.28 0.43 0.43 1.08 0.89 0.69 0.63 

Range 0 1 2 1 1 4 3 3 2 

Minimum 12 22 9 15 15 7 8 15 16 

Maximum 12 23 11 16 16 11 11 18 18 

Confidenee Levei (95.0%) 0 0.08 0.11 0.17 0.17 0.44 0.36 0.28 0.26 



Tablc VII - Dcscnptivc aatislics of lhe mcrístic Uails rccordcd for cach onc of lhe samplcs of 1'agellus bogaraveo (DF- dorsal fin. 
CF- caudal fin, AF- anal fin, RPF- nght pcctoral fin, LPF- lefi pcctoral fin, URGR- upper nght gill raker, UI.GR- upper nghl gill raker, 
LRGR- lowcr right gill raker, LLGR- lower nghl gill raker) 
Portugal 

DF CF AF RPF LPF URGR UI.GR LRGR LLGR 
Mean 12 22 12 17 17 12 12 18 18 
Standard Error 0.06 0.12 0.05 0.11 009 0.14 0,14 0.16 0.15 
Median 12 22 12 17 17 12 12 18 18 
Mode 12 22 12 17 17 12 12 18 18 
Standard Deviation 0.31 0.66 0.25 0.61 0 48 0.79 0.76 0.88 0,81 
Range 1 2 I 2 2 3 2 4 3 
Minimum II 21 11 16 16 10 11 16 16 
Maximum 12 23 12 18 18 13 13 20 19 
Confidencc l.cvcl (95.0%) 0.11 0.25 0.09 0.23 0.18 0,30 0.28 0.33 0.30 

Spain 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 12 22 12 17 17 12 12 17 17 
Standard Error 0.07 0.12 0 0.07 0.08 0.11 0.09 0.11 0.11 
Median 12 21 12 17 17 12 12 17 17 
Mode 12 21 12 17 17 12 12 17 17 
Standard Deviation 0.46 0.82 0 0,47 0.53 0,79 0.63 0,77 0.80 
Range 3 4 0 1 2 3 3 3 4 
Minimum 10 20 12 16 15 II 11 16 15 
Maximum 13 24 12 17 17 14 14 19 19 
Confidencc Levei (95.0%) 0.13 0.23 0 0.14 0.15 0,23 0.18 0.22 0,23 

Italv 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 12 22 12 16 16 13 12 18 18 
Standard Error 0.08 0.10 0.08 0.10 0.10 0.15 0.22 0.18 0.17 
Median 12 22 12 16 16 13 13 18 18 
Mode 12 22 12 16 16 13 13 18 18 
Standard Deviation 0.43 0,50 0.4 0,49 0.49 0.74 1 14 0.89 0.86 
Range 2 1 2 1 2 3 7 4 5 
Minimum 10 22 II 16 15 12 8 16 15 
Maximum 12 23 13 17 17 15 15 20 20 
Confidencc Levei (95.0%) 0.17 0.20 0.16 0.20 0.20 0.30 0.46 0.36 0.35 

Grecco 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 12 22 12 16 16 II II 18 18 
Standard Error 0,09 0.10 0 0,14 0.11 0.12 0 14 0.14 0.16 
Median 12 22 12 17 16 11 11 18 18 
Mode 12 22 12 17 16 II 11 18 18 
Standard Deviation 0.46 0.54 0 0.74 0.57 0,65 0.77 0.78 0.87 
Range 3 2 0 3 2 2 4 4 3 
Minimum 10 21 12 15 15 10 9 16 17 
Maximum 13 23 12 18 17 12 13 20 20 
Confidencc Levei (95.0%) 0.18 0.21 0 0.28 0.22 0.25 0.29 0.30 0.33 



Tablc VIU - Descriptivc slalislics of lhe mcnstic traits rccordcd for cach one ofthe samples of Denicx dentex (DF- dorsal fin, 
CF- caudal fin. AF- anal fin. RPF- right pccloral fm, LPF- left pcctoral fm. URGR- upper nghl gill raker. ULGR- upper nght gill raker. 
LRGR- lowcr right gill raker, LLGR- lowcr nghl gill raker) 
Portugal 

DF CF AF RPF LPF URGR ULGR LRGR LLGR 
Mean II 22 8 15 15 7 7 8 8 
Standard lirror 004 0.13 0.03 0,10 0.09 0.14 0.07 0.15 0.14 
Mcdian II 22 8 15 15 7 7 8 8 
Mode II 23 8 15 15 7 7 8 8 
Standard Dcviation 0.23 0.79 0.16 0.61 0.54 0 85 0.46 092 0.89 
Range 1 2 1 2 2 4 2 4 3 
Minimum 10 21 7 14 14 5 6 7 8 
Maximum II 23 8 16 16 9 8 II 11 
Confidcncc Levei (95.0%) 0.07 0,26 0.05 0.20 0.18 0,28 0.15 0.30 0.29 

Spain 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean II 22 8 15 15 7 7 10 10 
Standard lirror 005 0,14 0 0.08 0.07 0.11 0.13 0.16 0 14 
Median 11 22 8 15 15 7 7 10 10 
Mode II 21 8 15 15 7 7 10 10 
Standard Deviation 0.26 0.74 0 0.44 0.37 0.60 0.72 0.86 0.75 
Range ^ I 2 0 2 2 2 3 3 3 
Minimum 10 21 8 14 14 6 6 9 9 
Maximum II 23 8 16 16 8 9 12 12 
Confidence Levei (95.0%) 0.10 0.28 0 0.17 0.14 0.23 0.28 0.33 0.29 

Italv 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 11 22 8 15 15 8 8 9 9 
Standard lirror 0.06 0.13 0 0.04 0.04 0.10 0.06 0.11 0,13 
Mcdian II 22 8 15 15 8 8 9 9 
Mode II 22 8 15 15 8 8 9 9 
Standard Dcviation 0.30 0.62 0 0.21 0.21 0.46 0.29 0.54 0.60 
Range 2 2 0 1 I 2 1 2 2 
Minimum 10 21 8 15 15 7 7 8 8 
Maximum 12 23 8 16 16 9 8 10 10 
Confidence Levei (95.0%) 0.13 0.27 0 0.09 0.09 0.20 0.12 0.23 0.26 

Greecc 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean II 22 8 15 15 7 6 10 10 
Standard lirror 0.04 0.10 0 0.07 0.05 0.17 0.18 0.04 0.07 
Mcdian II 22 8 15 15 7 7 10 10 
Mode II 22 8 15 15 7 7 10 10 
Standard Dcviation 0.25 0.69 0 0.50 0.37 1.14 1.19 0.30 0.46 
Range I 3 0 2 2 4 6 2 2 
Minimum 10 20 8 14 14 4 2 9 9 
Maximum II 23 8 16 16 8 8 II II 
Confidence Levei (95,0%) 0.08 0.21 0 0.15 0.11 0.34 0.36 0.09 0.14 



I able IX - Dcscriptivc slalistics of thc mcristic Iraits rccordcd for cach onc of lhe samplcs ofSpondvhosoma canlharus (DF- dorsal fin, 
CF- caudal fin, AF- anal fin, RPF- righl pccloral fin. LPF- Icfl pectoral fin, URGR- upper Hght gill raker, ULGR- upper righl gill raker, 
I.RCíR- lower righl gill raker, LLGR- lowcr righl gill raker) 

Porlugal 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 12 22 10 16 16 10 10 14 14 
Standard Error 0.06 0.12 0.04 0.06 0.07 0.13 0.22 0.18 0.17 
Median 12 21 10 16 16 10 10 14 14 
Mode 12 21 10 16 16 9 9 14 14 
Slandard Deviation 0.38 0.75 0.28 0.39 0.43 0.81 1.40 1.13 1.09 
Range 2 3 2 1 I 3 9 6 6 
Minimum 10 21 9 15 15 8 8 10 10 
Maximum 12 24 11 16 16 I 1 17 16 16 
Confidcnce Levei (95.0%) 0.12 0.24 0.09 0.13 0.14 0.26 0.46 0.37 0.35 
Spain 

DF CF AF RPF LPF URGR ULGR LRGR LLGR Mean 12 22 10 15 15 9 9 16 16 
Slandard Frror 0.04 0.12 0.10 0.07 0.07 0.11 0.12 0.12 0.18 
Median 12 22 10 15 15 9 9 16 16 
Mode 12 22 10 15 15 9 9 16 16 
Slandard Deviation 0.21 0.58 0.47 0.34 0.34 0.54 0.56 0.58 0.85 
Range I 2 3 I 1 2 2 2 4 
Minimum 11 21 9 15 15 8 8 15 15 
Maximum 12 23 12 16 16 10 10 17 19 
Confidcnce Levei (95.0%) 0.09 0.25 0.21 0.15 0.15 0.23 0.24 0.25 0.37 



Tabie X - Analysis of variancc of lhe mcrislic Iraits rccordod for ali lhe spccies (DF- dorsal lln, CF- caudal fin, AF- anal fin, RPF- righl 
pccloral fin, I.PF- left pcctoral fin. URCiR- upper righl gill raker. ULGR- upper righl gill raker, LRGR- lowcr righl gill raker, LLGR- lowcr 
righl gill raker) 

DF CF AF RPF I.PF URGR ULGR LRGR LLGR 
France 0 0.61 0 0.24 0.13 0.24 0.34 0.35 0.25 
Portugal 0.42 0.70 0.24 0.39 0.40 0.45 0.45 0.47 0.38 

Sparus aura/a rcared Spain Allanlic 0.42 0.34 0.02 0.34 0.50 0.29 0.44 0.49 0.65 
Spain Mcdítcrrancan 0.23 0.74 0.20 0.29 0.57 0.25 0.27 0.38 0.56 
llaly 0,02 0.27 0.26 1.09 1.22 0.31 0.35 0.38 0.30 
Grecco 0.24 0.41 0.41 0.47 0.70 - _ _ _ 
Portugal 0.10 0.25 0.02 0.31 0.27 0.26 0.28 0.56 0.60 
Spain Allanlic 0.10 0.46 0.02 0.27 0.23 0.74 0.61 0.28 0.47 

Sparu.s aurata wild Spain Mcdítmanean 0.14 0.20 0.02 0.12 0.12 0.27 0.16 0.29 0.28 
llaly 0 0.20 0.09 0.14 0.47 0.25 0.26 0.30 0.21 
Grccce 0.05 0.40 0.44 0.14 0.30 0.07 0.05 0.18 0.26 
Portugal 0.08 1.37 0 0.25 0.20 0.35 0.36 0.28 0.28 

Pagrus pagrus Spain 0 0.78 0 0.36 0.24 0.46 0.71 0.34 0.53 
llaly 0.03 0.46 0.03 0.13 0.20 0.32 0.29 0.29 0.38 
Circccc 0 0.66 0 0.15 0.16 0.56 0.34 0.29 0.29 
Portugal 0.65 1.15 0.28 0.18 0.23 0.37 0.48 0.40 0.38 

Diplodus sargus Spain 0.08 0.86 0.26 0.26 0.23 0.26 0.35 0.25 0.43 
llaly 0.25 0.48 0.20 0.94 0.17 0.57 0.31 0.20 0.26 
Grccce 0.34 1.00 0.12 0.12 0.29 0.32 0.43 0.25 0.31 
Portugal 0.10 0.99 0.03 0.14 0.20 0.54 0.37 0.29 0.32 

Dip/odus punlazzo Spain 0.20 0 0 0.52 0.49 0.30 0.46 0.44 0.41 
llaly 0.20 0.48 0.26 0.14 0.05 0.24 0.30 0.25 0.23 
Grccce 0.19 0.66 0.23 0.17 0.18 0.48 0.50 0.21 0.22 
l^ortugal 0.09 0.48 0.03 0.24 0.23 0.59 0.61 0.66 0.46 

Lithognathus mormyrus Spain 0.03 0.29 0 0.21 0.28 0.45 0.43 0.60 0.47 
llaly 0.08 0.33 0.04 0.12 0.12 0.24 0.21 0.33 0.36 
Grccce 0 0.04 0.08 0.18 0.18 1.16 0.80 0.47 0.40 
Portugal 0.09 0.44 0.06 0.37 0.23 0.63 0.58 0.78 0.65 

PageIIus hogaraveo Spain 0.21 0.67 0 0.22 0,28 0.63 0.39 0.59 0.64 
llaly 0.19 0.25 0.16 0.24 0.24 0.55 1.30 0.80 0.73 
Grcccc 0.21 0.29 0 0.54 0.32 0.42 0.60 0.61 0.75 
Portugal 0.05 0.62 0.03 0.38 0.29 0.73 0.21 0.84 0.80 

Dentex denlex Spain 0.07 0.55 0 0.19 0.14 0.36 0.52 0.73 0.56 
llaly 0.09 0.38 0 0.04 0.04 0.21 0.08 0.29 0.36 
Grcccc 0.06 0.47 0 0.25 0.13 1.30 1.43 0.09 0.21 

Spondyhosoma canlharus Portugal 0.15 0.56 0.08 0.15 0.18 0.65 1.97 1.29 1.18 
Spain 0.04 0.34 0.23 0.12 0.12 0.29 0.31 0.33 0.72 



Table XI-/? valucs, (p<0 01) of lhe Man-Whilncy V lesl pcrlbrmed for cach onc af lhe 
menslic cliaractcnstics belvwen sampics of wild Sparus auraia (Atl. - Atlanlic, Med 
- Mcditerrancan). 
Dorsal fin 

Portugal Spam AU Spain Med. llaly Grecco 
Portugal 0.975 0,757 0.631 0.392 
Spain Ali, 0.975 0.738 0.615 0 383 
Spain Med. 0.757 0.738 0.871 0.592 
Ilalv 0.631 0.615 0.871 0.700 
Grcece 0.392 0,383 0.592 0.700 
Caudal (In 

Portugal Spain Atl. Spain Med, llaly Grcece 
Portugal 0.130 0.447 0.406 0.178 
Spain Atl. 0.130 0.392 0.484 0.910 
Spain Med 0447 0.392 0,903 0.493 
Italy 0.406 0484 0,903 0.587 
Greece 0.178 0.910 0.493 0.587 
Anal fin 

Portugal Spain Atl. Spain Med. Italy Greece 
Portugal 0.992 0,997 0.512 0,379 
Spain Atl. 0.992 0.994 0.524 0 390 
Spain Med. 0.997 0.994 0.516 0,383 
llaly 0.512 0.524 0,516 0,773 
Greece 0.379 0.390 0.383 0.773 
Right pccloral fin 

Portugal Spain Atl. Spain Med. llaly Greece 
Portugal 0.828 0.031 0.062 0.062 
Spain Atl. 0.828 0.052 0.095 0.095 
Spam Med, 0.031 0.052 0.871 0,871 
Italy 0.062 0.095 0,871 1 
Greece 0.062 0.095 0.871 1 
Left pccloral fin 

Portugal Spain Atl. Spain Med. Italy Greece 
Portugal 0.823 0.062 0.113 0.082 
Spain Atl. 0.823 0.099 0.159 0.123 
Spain Med 0,062 0.099 0.994 0.948 
Italy 0.113 0.159 0.994 0.939 
Grcece 0.082 0.123 0948 0.939 
lippcr righl gill raker 

Portugal Spain Atl. Spain Med. Italy Grcece 
Portugal 0.001 0.001 0.025 0,001 
Spain Atl. 0.001 0.001 0.001 0,386 
Spain Med. 0.001 0.001 0.001 0.001 
Italy 0,025 0.001 0,001 0.001 
Greece 0.001 0.386 0.001 0.001 
lippcr left gill raker 

Portugal Spain Atl. Spain Med. llaly Greece 
Portugal 0.001 0.006 0.041 0,001 
Spain Ali 0.001 0.001 0,001 0.535 
Spain Med. 0.006 0,001 0.001 0.001 
Italy 0.041 0.001 0.001 0.001 
Greece 0.001 0.535 0.001 0.001 
Lower right gill raker 

Portugal Spain Atl. Spain Med llaly Greece 
Portugal 0.001 0.001 0.447 0 001 
Spain Atl. 0,001 0.879 0.001 0.232 
Spain Med. 0,001 0.879 0.001 0.295 
llaly 0.447 0.001 0.001 0,001 
Greece 0.001 0.232 0.295 0,001 
Ixiwer left gill raker 

Portugal Spain Ali Spain Med. llaly Greece 
Portugal 0,001 0.001 0.777 0.001 
Spain Atl 0 001 0.691 0 001 0 062 
Spain Med. 0.001 0 691 0.001 0.099 
Italy 0.777 0.001 0,001 0.001 
(írcccc 0.001 0.062 0.099 0.001 



Tabic Xil -/; valucs. (/»<0.0I )ofthc Man-Whilncy II (cst pcriomicd for cadi onc of llic mcristic 
charadcnslics Ixawccn samplcs of rcarcd Sparus aurala ( Ali - .Atlantic, Mcd - Mcditcrrancan). 
Dorsal fin 

Francc Portugal Spain Ali Spain Mcd Italy Grccce 
Francc 0.006 0.056 0.001 0.891 0,522 
Portugal 0 006 0.001 0 001 0.001 0.011 
Spatn Ali 0 056 0.001 0.001 0.012 0.005 
Spain Mcd 0 001 0 001 0.001 0.001 0 001 
llaly 0.801 0.001 0012 0.001 0.515 
Grcccc 0.522 0.011 0.005 0.001 0.515 
Caudal fin 

Francc Portugal Spain Atl Spain Mcd Italv Grcccc 
Francc 0.004 0.009 0.803 0.330 0676 
Portugal 0.004 0.535 0.000 0.003 0,000 
Spaln Ali, 0 000 0.535 0.001 0 015 0.002 
Spain Mcd 0.803 0.000 0.001 0 137 0414 
llaly 0330 0.003 0.015 0.137 0 462 
Grccce 0.676 0.001 0.002 0414 0 462 
Anal fin 

Francc Portugal Spain Atl Spain Mcd Italy Grcccc 
Francc 0,785 0891 0.172 0.172 0.0% 
Portugal 0 785 0.622 0.069 0.066 0,026 
Spain Ali 0.891 0.622 0.120 0.119 0.051 
Spain Mcd 0.172 0.069 0.120 0 970 0.623 
Italy 0.172 0.066 0.119 0970 0.656 
Grcccc 0.096 0.026 0.051 0.623 0.656 
Righl pcctoral fin 

Francc Portugal Spain Ali Spain Mcd Italy Grcccc 
Francc 0.001 0.001 0 009 0.001 0.001 
Portugal 0,001 0.828 0.001 0.026 0.001 
Spain Ali 0.001 0.828 0.001 0,018 0.001 
Spain Mcd. 0.009 0.001 0,001 0,002 0.066 
Italy 0.001 0.026 0.018 0,002 0.075 
Grcccc 0 001 0.001 0.001 0,066 0.075 
I ^fl pcctoral (In 

Francc Portugal Spain Ali, Spain Mcd Italv Grccce 
Francc 0.001 0 (Kl 1 0.001 0.001 0.001 
Portugal 0.001 0.444 0.001 0.067 0.001 
Spain Ali. 0 001 0.444 0.001 0.210 0.002 
Spain Mcd. 0.001 0.001 0.001 0,001 0.005 
Italy 0.001 0.067 0.210 0.001 0.225 
Grcccc 0.001 0.001 0.002 0.005 0.225 
Uppcr righl gill rakcr 

Francc Portugal Spain Atl Spain Mcd Italy Grccce 
Francc 0.001 0,001 0.001 0 001 . 
Portugal 0.001 0.333 0.145 0.021 . 
Spain Ali. 0.001 0.333 0.011 0.001 . 
Spain Mcd. 0.001 0,145 0.011 0.290 - 
llaly 0,001 0.021 0.001 0.290 - 
Grcccc - - - - El 
Upper lefl gill raker 

Francc Portugal Spain Ali Spain Mcd llaly Grcccc 
Francc 0.001 0 001 0.001 0.001 - 
Portugal 0.001 0058 0.321 0 193 - 
Spain Ali. 0 001 0.058 0,003 0,001 - 
Spain Mcd 0 001 0321 0.003 0 694 - 
llaly 0 001 0,193 0 001 0.694 - 
Grccce 
Ixiwcr righl gill rakcr 

Francc Portugal Spain Ali Spain Mcd Italy Grcccc 
Francc 0.002 0.601 0.001 0.001 
Portugal 0,002 0,002 0.076 0.001 
Spain Ali. 0 601 0.002 0,001 0.001 
Spain Mcd. 0 001 0.076 0.001 0 091 
Italy 0.001 0.001 0.001 0.091 IIÉipiMIMIlli: 
Grccce - - mTMB—TT 
I-owcr lefl gill rakcr 

Francc Portugal Spain Ali Spain Mcd Italv Grcccc 
Francc 0.013 0 726 0.001 0.001 
Portugal 0013 0,003 0 059 0.001 
Spain Ali 0 726 0.003 0.001 0.001 
Spain Mcd 0,001 0.059 0.001 0.018 
llaly 0 001 0,001 0.001 0.018 . 
Grcccc - - . ;:Ã 



Tablc XIII -p values, (p<0.01) ofthc Man-Whitncy U tcst 
pcrformcd for cach onc of thc mcrislic charactcristics bclwccn 
samples of 1'agrus pagrus 

Dorsal fin 

Portugal Spain Haly Grcccc 
Portugal 0.675 0.901 0.805 
Spain 0.675 0.820 1.000 
Italy 0.901 0.820 0.805 
(írcccc 0.805 1.000 0.805 

Caudal fin 

Portugal Spain Italy Grcccc 
Portugal 0.305 0.111 0.071 
Espanha 0.305 0.442 0.431 
Itália 0.111 0.442 0.996 
Grécia 0.071 0.431 0.996 

Anal fin 

Portugal Spain Italy Grcccc 
Portugal 1.000 0.062 1.000 
Espanha 1.000 0.275 1.000 
Itália 0.062 0.275 0.805 
Grécia 1.000 1.000 0.805 

Right pccloral fin 

Portugal Spain llaly Grcccc 
Portugal 0.579 0.033 0.154 
Espanha 0.579 0.203 0.585 
Itália 0.033 0.203 0.354 
Grécia 0.154 0.585 0.354 

I cft pccloral fin 

Portugal Spain Italy Grcccc 
Portugal 0.501 0.430 0.465 
Espanha 0.501 0.245 0.245 
Itália 0.430 0.245 y:, 0.852 
Grécia 0.465 0.245 0.852 

Uppcr right gill rakcr 

Portugal Spain llaly Grcccc 
Portugal 0.000 0.000 0.000 
Espanha 0.000 0.157 0.000 
Itália 0.000 0.157 0.013 
Grécia 0.000 0.000 0.013 

Uppcr left gill rakcr 

Portugal Spain llaly Grcccc 
Portugal 0.009 0.000 0.000 
Espanha 0.009 0.043 0.002 
Itália 0.000 0.043 0.298 
Grécia 0.000 0.002 0.298 

Lower right gill rakcr 

Portugal Spain Italy Grcccc 
Portugal HiiÉ® 0.000 0.000 0.000 
Espanha 0.000 0.951 0.126 
Itália 0.000 0.951 0.121 
Grécia 0.000 0.126 0.121 

lx)wcr Icft gill rakcr 

Portugal Spain llaly Grcccc 
Portugal 0.000 0.000 0.003 
Espanha 0.000 0.190 0.001 
Itália 0.000 0.190 0.040 
Grécia 0.003 0.001 0.040 



Tablc XIV - p valucs, (p<O.OI) ofthc Man-Whitncy U tcst 
pcrformcd for each onc ofthc mcristic charactcristics bctwecn 
samplos of Diplodus sargus 

Dorsal fin 

 Portugal Spain Italy Grecco 
Portugal 0.001 0.097 0.301 
Spain 0.001 0.001 0.008 
Italy 0.097 0.001 0.012 
Grecco 0.301 0.008 0-012  

Caudal fin 

Portugal Spain Italy Grecco 
Portugal 0.003 0.342 0.001 
Spain 0.003 0.004 0.001 
Italy 0.342 0.004 0.001 
Grecco 0.001 0.001 0.001 

Anal fin 

Portugal Spain llaly Grecco 
Portugal 0.031 0.040 0.531 
Spain 0.031 0.716 0.168 
Italy 0.040 0.716 0.248 
Grecco 0.531 0.168 0.248 

Kight pcctoral fin 

Portugal Spain Italy Grecco 
Portugal 0.201 0.015 0.907 
Spain 0.201 0.424 0.332 
Italy 0.015 0.424 0.066 
Grecco 0.907 0.332 0.066 

Lefl pectoral fin 

Portugal Spain Italy Grecco 
Portugal 0.373 0.177 0.967 
Spain 0.373 0.815 0.516 
Italy 0.177 0.815 0.342 
Grecco 0.967 0.516 0.342 

Hppcr right gill raker 

Portugal Spain Italy Greece 
Portugal 0.584 0.001 0.266 
Spain 0.584 0.001 0.631 
Italy 0.001 0.001 0.001 
Grecco 0.266 0.631 0.001 

Uppcr Icft gill raker 

Portugal Spain Italy Greccc 
Portugal 0.855 0.001 0.959 
Spain 0.855 0.001 0.834 
Italy 0.001 0.001 0.001 
Grecco 0.959 0.834 0.001 

Lower right gill raker 

Portugal Spain llaly Greece 
Portugal 0.001 0.001 0.002 
Spain 0.001 0.001 0.139 
Italy 0.001 0.001 0.001 
Grecco 0.002 0.139 0.001 

Cowcr lefl gill raker 

Portugal Spain llaly Greece 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.001 0.447 
Italy 0.001 0.001 0.001 
Grecco 0.001 0.447 0.001 



Tablc XV valucs, (p<í).01) ofthc Man-Whilncy U tcst 
pcrformcd for cach onc of lhe mcristic charactcristics bctwecn 
sainples of Diplodus puntazzo 

Dorsal fln 

Portugal Spain Italy Grcccc 
Portugal 0.693 0.683 0.443 
Spain 0.693 0.992 0.722 
Italy 0.683 0.992 0.727 
(jrcccc 0.443 0.722 0.727 

Caudal fin 

Portugal Spain llaly Grcccc 
Portugal 0.096 0.003 0.001 
Spain 0.096 0.038 0.001 
llaly 0.003 0.038 0.001 
Grcccc 0.001 0.001 0.001 

Anal fin 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.019 0.005 
Spain 0.001 0.001 0.001 
Italy 0.019 0.001 0.707 
Grcccc 0.005 0.001 0.707 

Right pcctoral fin 

Portugal Spain Italy Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.906 0.813 
Italy 0.001 0.906 0.710 
Grcccc 0.001 0.813 0.710 

l^ft pcctoral fin 

Portugal Spain Italy Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.802 0.953 
Italv 0.001 0.802 -V v-.V 0.714 
Grcccc 0.001 0.953 0.714 

Hppcr right gill raker 

Portugal Spain Italy Grcccc 
Portugal 0.044 0.016 0.005 
Spain 0.044 lliillsl 0.001 0.325 
Italy 0.016 0.001 0.001 
Grcccc 0.005 0.325 0.001 

Hpper left gill raker 

Portugal Spain llaly Grcccc 
Portugal tmm' 0.054 0.005 0.001 
Spain 0.054 0.001 0.024 
Italy 0.005 0.001 0.001 
Grcccc 0.001 0.024 0.001 

Lower right gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.706 0.001 
Spain 0.001 0.001 0.120 
Italy 0.706 0.001 i?: rn M 0.001 
Grcccc 0.001 0.120 0.001 

Lower lefl gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.342 0.001 
Spain 0.001 0.001 0982 
Italy 0.342 0.001 ?! - ' 0.001 
Grcccc 0.001 0.982 0.001 



Tablc XVI-p values, (p<O.OI) ofthc Man-Whilncy U Icsl 
pcrformcd Ibr cach onc ofthc mcristic charactcristics bclwccn 
samplcs of Lilhugnalhus murmyrus 

Dorsal Hn 

Portugal Spain llaly Grcccc 
Portugal 0.928 0.752 0.738 
Spain 0.928 0.843 0.835 

Italy 0.752 0.843 1 
(ircccc 0.738 0.835 1 

Caudal fin 

Portugal Spain llaly (ircccc 
Portugal 0.077 0.005 0.001 
Spain 0.077 0.229 0,001 
llaly 0.005 0.229 0.001 
(ircccc 0.001 0.001 0.001 

Anal Hn 

Portugal Spain Italy Grcccc 
Portugal 0.774 0.960 0.797 
Spain 0.774 0.798 1.000 

Italy 0.960 0.798 0.814 

(ircccc 0.797 1.000 0.814 

Right pcctoral fin 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.050 0.701 

Italy 0.001 0.050 0.122 
(ircccc 0.001 0.701 0.122 

Lcfl pcctoral fin 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.125 0.665 

Italy 0.001 0.125 0.266 

(ircccc 0.001 0.665 0.266 

llppcr right gill rakcr 

Portugal Spain llaly Grcccc 

Portugal 0.001 0.001 0.001 
Spain 0.001 ■■■■ 0.327 0.004 

Italy 0.001 0.327 0.031 
Grcccc 0.001 0.004 0.031 

llppcr lcf( gill rakcr 

Portugal Spain llaly Grcccc 

Portugal 0.002 0.001 0.001 
Spain 0.002 0.249 0.037 

Italy 0.001 0.249 0.239 

Grcccc 0.001 0.037 0.239 

Lowcr right gill rakcr 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 ■mii 0.415 0.911 
Italy 0.001 0.415 0.451 
Grcccc 0.001 0.911 0.451 

Lowcr lcfl gill rakcr 

Portugal Spain Italy Grcccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.553 1 
llaly 0.001 0.553 0.553 
Grcccc 0.001 1 0.553 



Table XVII -p values, (p<0.()l) of lhe Man-Whilney U test 
for cach onc of lhe mcrislic charactcristics bctwccn samplcs 
performed of Page 11 us bogaraveo 

Dorsal fin 

Portugal Spain llaly Grcccc 
Portugal 0 844 0.902 0.413 
Spain 0.844 0.759 0.292 
llalv 0.902 0.759 0.505 
Circcce 0.413 0.292 0.505 

Caudal fui 

Portugal Spain llaly Grcccc 
Portugal 0.492 0.001 0.306 
Spain 0.492 0.001 0.080 
Italy 0.001 0.001 0.002 
Grcccc 0.306 0.080 0.002 

Anal fin 

Portugal Spain llaly Grcccc 
Portugal 0.621 0.693 0.660 
Spain 0.621 1 I 
Ilaly 0.693 1 1 
Circccc 0.660 1 1 

Right pecloral fin 

Portugal Spain llaly Grcccc 
Portugal 0.174 0.003 0.037 
Spain 0.174 0.020 0.221 
Italy 0.003 0.020 0.463 
Grcccc 0.037 0.221 0.463 

Left pecloral fin 

Portugal Spain Italy Grcccc 
Portugal 0.235 0.001 0.024 
Spain 0.235 0.005 0.172 
Italy 0.001 0.005 0.177 
Grcccc 0.024 0.172 0.177 

llppcr right gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.160 0.001 0.013 
Spain 0.160 0.001 0.001 
llaly 0.000 0.001 0.001 
Circccc 0.013 0.001 0.001 

[ipper left gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.724 0.062 0.001 
Spain 0.724 0.007 0.001 
llalv 0.062 0.007 0.001 
Grcccc 0.001 0.001 0.001 

Ixrwcr right gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.002 0.657 0.722 
Spain 0.002 0.013 0.003 
Italy 0.657 0.013 0.879 
Grcccc 0.722 0.003 0.879 

Lower left gill raker 

Portugal Spain llaly Grcccc 
Portugal 0.001 0.005 0.222 
Spain 0.001 0.070 0.002 
Italy 0.005 0.070 0.169 
Grcccc 0.222 0.002 0.169 



Tablc XVIII -p valucs, (p<O.OI) ol lhe Man-Whilncy U tcsl 
pcrlbrmcd Ibr cach onc ofthc mcristic characicristics bclwccn 
samples of Denlc.x Jcnlcx 

Dorsal fin 

Portugal Spain Ualy Circccc 
Portugal 0.909 0.74.3 0.913 
Spain 0.909 0.685 0.987 
Italv 0.743 0.685 0,669 
Circccc 0.913 0.987 0.669 

Caudal fin 

Portugal Spain Italy Greccc 
Portugal 0.054 0.050 0.004 
Spain 0.054 0.978 0.674 
Italv 0.050 0.978 0.688 
Greccc 0.004 0.674 0.688 

Anal fui 

Portugal Spain Italy Greccc 
Portugal 0.854 0.864 0.837 
Spain 0.854 1 1 
Ualy 0.864 1 1 
Circccc 0.837 1 I 

Right pccíoral fin 

Portugal Spain Italy Greccc 
Portugal 0.265 0.917 0.949 
Spain 0.265 0.285 0.191 
Italy 0.917 0.285 0.856 
Greece 0.949 0.191 0.856 

Left pccíoral fin 

Portugal Spain Italy Greccc 
Portugal 0.356 0.795 0.780 
Spain 0.356 0.507 0.445 
Italy 0.795 0.507 0.984 
Greece 0.780 0.445 0.984 

llppcr right gill rakcr 

Portugal Spain Italy Greccc 
Portugal 0.257 0.001 0.191 
Spain 0.257 0.001 0.021 
Ualy 0.001 0.001 0.001 
Greccc 0.191 0.021 0.001 

llppcr Icfl gill rakcr 

Portugal Spain Italy Greccc 
Portugal 0.459 0.001 0.060 
Spain 0.459 0.001 0.022 
Italy 0.001 0.001 0.001 
Greece 0.060 0.022 0.001 

Lowcr right gill rakcr 

Portugal Spain Ualy Greccc 
Portugal 0.001 0.001 0.001 
Spain 0.001 'wfe- 0.001 0.089 
Italy 0.001 0.001 0.001 
Circccc 0.001 0.089 0.001 

Lowcr left gill rakcr 

Portugal Spain Ualy Greece 
Portugal 0.001 0.001 0.001 
Spain 0.001 0.001 0.034 
Italy 0.001 0.001 0.001 
Greccc 0.001 0.034 0.001 



Tablc XIX values, (p<0.01) of the Man-Whitney U test 
performed for each one of the meristic characteristics between 
samplcs of Spondyliosoma cantharus f DF- dorsal fin, 
CF- caudal fin, AF- anal fin, RPF- right pectoral fin, LPF- left 
pectoral fin, URGR- upper right gill raker, ULGR- upper right gill 
raker, LRGR- lowcr right gill raker, LLGR- lower right gill raker) 

Portugal/Spain 
DF 0.821 
CF 0.793 
AF 0.884 
RPF 0.001 
LPF 0.001 

URGR 0.001 
ULGR 0.001 
LRGR 0.001 
LLGR 0.001 



ANNEX II 



Table I - Descriptive statistics ovcr the sizc (standard length) of the six reared samples of S. aurala. 

France Portugal Sp. Atl. Sp. Med. Italy Greece 
Mean 318.33 152.40 164.32 180.42 141.70 193.31 
Standard Error 2.16 2.16 4.84 1.10 1.07 1.52 
Median 315 153 151 180 142.5 194.5 

Mode 312 145 143 175 149 201 

Standard Deviation 13.65 15.25 34.24 7.75 7.56 10.93 

Sample Variance 186.33 232.53 1172.30 60.00 57.19 1 19.55 
Range 61 60 124 35 28 52 
Minimum 289 119 109 160 127 162 
Maximum 350 179 233 195 155 214 

Table II - Descriptive statistics ovcr the size (standard length) of the fivc wild samples of 
S. aurala. 

Portugal Sp. Atl. Sp. Med. Italy Greece 
Mean 187.23 247.65 202.86 132.13 144.20 
Standard Error 3.27 1.37 2.43 1.03 1.95 
Median 186 247 206 132.5 142 

Mode 189 245 220 128 151 
Standard Deviation 28.66 9.51 17.36 6.50 12.32 

Sample Variance 821.23 90.36 301.20 42.27 151.75 
Range 180 42 76 26 48 
Minimum 147 230 170 118 121 
Maximum 327 272 246 144 169 



Table III - Descriptive statistics ovcr the size (standard length) of the four 
samples o( P. pagrus. 

Portugal Spain Italy Grcece 
Mean 185.36 208.95 169.35 121.85 

Standard Error 3.12 3.90 1.73 4.30 

Mcdian 175 206 170 114 

Mode 170 210 170 98 

Standard Dcvialion 32.59 23.73 9.64 31.57 

Sample Variance 1062.32 563.22 92.90 996.39 

Range 147 110 40 103 

Minimum 148 175 140 79 

Maxim um 295 285 180 182 

Table IV - Descriptive statistics over the size (standard length) of the four 
samples of D. sargus. 

Portugal Spain Italy Greece 

Mean 209.66 200.75 160.00 181.68 

Standard Error 4.66 3.40 1.69 4.38 

Median 232 201.332 160 182.85 

Mode 151 224 160 185 

Standard Dcviation 49.74 18.61 9.68 24.00 

Sample Variance 2474.28 346.44 93.75 576.06 

Range 147 75 40 100 

Minimum 143 155 140 130 

Maximum 290 230 180 230 

Table V - Descriptive statistics ovcr the size (standard length) of the four 
samples of D. puntazzo. 

Portugal Spain Italy Greece 

Mean 330.65 232.68 172.93 170.51 

Standard Error 8.64 6.98 1.36 1.10 

Median 352 234 170 171 

Mode 364 210 170 175 

Standard Deviation 51.12 44.67 8.73 7.23 

Sample Variance 2613.11 1995.34 76.22 52.30 

Range 191 182 40 35 

Minimum 206 150 150 147 

Maximum 397 332 190 182 

Table VI - Descriptive statistics over the size (standard length) of the four 
samples of L. mormyrus. 

Portugal Spain Italy Greece 

Mean 223.96 218.36 180.96 184.60 

Standard Error 4.24 4.38 1.68 2.81 

Median 242 217.5 181.08 183.33 

Mode 265 206 174 212 

Standard Dcviation 47.00 24.80 9.35 15.64 

Sample Variance 2208.99 615.17 87.41 244.68 

Range 135 135.4 37 62 

Minimum 153 I 19.6 167 150 

Maximum 288 255 204 212 



Tablc VII - Dcscriptivc statistics over thc size (standard length) of the four 
samples of P. hogaraveo. 

Portugal Spain Italy Greece 

Mean 250.04 138.19 230.77 137.34 

Standard Error 5.29 1.02 2.24 2.43 

Median 255 139.19 231.39 134 

Mode 290 140 240 126 

Standard Deviation 45.22 7.12 12.70 13.73 

Sample Variance 2044.87 50.76 161.16 188.41 

Range 286 37 60 62 

Minimum 24 123 190 119 

Maxim um 310 160 250 181 

Table VIU - Descriptive statistics over the size (standard length) of the tour 
samples of D. deníex. 

Portugal Spain Italy Greece 

Mean 220.18 234.51 151.94 142.98 

Standard Error 10.22 4.82 4.33 2.84 

Median 181.5 230 150.40 142 

Mode 180 212 150 160 

Standard Deviation 62.98 26.85 23.72 19.02 

Sample Variance 3966.53 720.99 562.82 361.79 

Range 177 138 137 107 

Minimum 162 162 129 93 

Maximum 339 300 266 200 

Table IX - Descriptive statistics over the size (standard 
length) of the two samples of S.cantharus. 

Portugal Spain 
Mean 199.97 244.20 
Standard Error 3.98 9.64 
Median 195 251 
Mode 187 245 
Standard Deviation 24.84 50.10 
Sample Variance 616.97 2509.72 
Range 144 211 
Minimum 157 153 
Maximum 301 364 



Table X - Generalised Mahalanobis distances (D2), for the linear discriminant functions based on the 
traditional measurements for the eight species in study. (Atl. - Atlantic; Med. - Mediterranean). 

Portugal Spain Atl. Spain Med. Italy Greece 

Portugal - 
S. a ura ta wild Spain Atl. 46.94 - 

Spain Med. 8.34 40.73 - 

Italy 53.52 88.66 65.21 - 

Greece 6.91 47.08 12.57 58.17 

France Portugal Spain Ali. Spain Med. Italy 

France 
Portugal 1076.70 - 

S. aurata reared Spain Atl. 1067.13 58.80 - 
Spain Med. 925.70 63.82 19.97 - 

Italy 1028.39 23.00 40.53 33.02 

Greece 1116.39 38.20 72.40 49.63 40.56 

Portugal Spain Italy Greece 

Portugal - 
P. pagrus Spain 16.78 - 

Italy 30.28 19.32 - 
Greece 11.31 15.29 23.58 - 

Portugal Spain Italy Greece 

Portugal - 
D. sargus Spain 5.46 - 

Italy 18.35 13.90 - 
Greece 15.94 11.68 13.97 - 

Portugal Spain Italy Greece 

Portugal - 

D. pimíazzo Spain 21.79 - 
Italy 25.43 15.47 - 

Greece 30.35 12.49 6.41 - 

Portugal Spain Italy Greece 

Portugal - 
L. mormyrus Spain 16.96 - 

Italy 21.10 25.68 - 

Greece 33.17 27.88 57.13 " 

Portugal Spain Italy Greece 

Portugal - 

P. hogaraveo Spain 46.01 - 
Italy 78.33 66.44 - 
Greece 49.09 46.04 25.68 - 

Portugal Spain Italy Greece 

Portugal - 
D. dentex Spain 39.68 - 

Italy 28.15 18.89 - 
Greece 31.46 11.19 5.47 - 

Greece 



Table XI - F-statistics for the linear discriminant functions based on the traditional measurements for the 
eight species in study. Atl. - Atlantic; Med. - Mcditerranean; Asterisks denote **- PO.OOI; ***- PO.OOOI). 

dF= 12,24 Portugal Spain Atl. Spain Med. Italy Greece 

S. aurata wild 

Portugal 
Spain Atl. 
Spain Med. 
Italy 
Greece 

108.62** 
20.04*** 
109.91** 
14.18*** 

78.62** 
150.58** 
79.97** 

113.85** 
21.94** 90.38** 

df= 12,28 France Portugal Spain Atl. Spain Med. Italy Greece 

S. aura la reared 

France 
Portugal 
Spain Atl. 
Spain Med. 
Italy 
Greece 

1874.05* 
1857.38* 
1611.22* 
1789.96* 
2010.36* 

115.46* 
125.33* 
45.17* 
77.95* 

39.22* 
79.59* 
147.75* 

64.83* 
101.29* 82.78* 

 df=9.22 Portugal Spain Italy Greece 
Portugal 

P. pagrus Spain 48.57** 
Italy 76.22** 33.89** 
Greece 43.1** 35.15** 48.42** - 

 dfHX^S Portugal Spain Italy Greece 
Portugal 

D. sargus Spain 13.44** 
Italy 48.84** 22.57*** 
Greece 39.26*** 18.074*** 22.7*** 

dfHO.147 Portugal Spain Italy Greece 
Portugal 

D. puntazzo Spain 37.74** 
Italy 44.04** 24.11*** 
Greece 53.74** 12.37*** 29.15*** 

df= 11,203 Portugal Spain Italy Greece 
Portugal 

L mormyrus Spain 36.33** 
Italy 44.03** 33.91** 
Greece 69.21** 36.83** 74.25** - 

 df^9.174 Portugal Spain Italy Greece 
Portugal 

P. bogaraveo Spain 140.75** 
Italy 180.31** 132.94** 
Greece 113** 92.13** 42.29** - 

 df=8.133 Portugal Spain Italy Greece 
Portugal 

D. dentex Spain 78.06 
Italy 54.35 33.08 
Greece 75.10 23.71 11.35 



Table XII - Percent classification success (PCS) for ali traditional measurements for the eight species in study. 
Atl.- Atlantic, Med.- Mediterranean. 

PCS Portugal Sp. Atl. Sp. Med. Italy Greece N 
Portugal 90.91 70 0 3 0 4 77 
Sp. Atl. 100 0 48 0 0 0 48 

S. aurata wild Sp. Med. 80.39 6 3 41 0 I 51 
Italy 100 0 0 0 40 0 40 
Greece 80 5 0 3 0 32 40 
Total 90.23 256 

PCS France Portugal Sp. Atl. Sp. Med. Italy Greece N 
France 98 49 0 0 1 0 0 50 
Portugal 94 0 47 3 0 0 0 50 
Sp. Atl. 98 0 1 49 0 0 0 50 
Sp. Med. 98 1 0 0 49 0 0 50 
Italy 100 0 0 0 0 54 0 54 
Greece 100 0 0 o

 

o
 

0 40 40 
Total 97.96 294 

 PCS Portugal Spain Italy Grcecc N 
Portugal 94.50 103 3 0 3 109 
Spain 94.59 2 35 0 0 37 

P.pagrus Italy 100 0 0 31 0 31 
Greece 90.74 3 1 1 49 54_ 

 Total 94.37 231 

 PCS Portugal Spain Italy Greece N 
Portugal 93.86 107 5 I I 114 
Spain 86.67 2 0 2 26 30 

D.sargus Italy 93.94 2 0 31 0 33 
Greece 70 6 2J I 2 30_ 

  Total 89.37 207 

 PCS Portugal Spain Italy Greece N 
Portugal 91.43 32 0 3 0 35 
Spain 95.35 0 0 2 41 43 

D. puntazzo Italy 82.93 0 0 34 7 41 
Greece 92.68 0 38 0 3 4I_ 

  Total 90.63 160 

 PCS Portugal Spain Italy Greece N 
Portugal 97.56 120 2 1 0 123 
Spain 100 0 0 0 31 31 

L mormyrus Italy 96.77 1 0 30 0 31 
Greece 87.5 4 28 0 0 32_ 

  Total 96.31 217 

 PCS Portugal Spain Italy Greece N_ 
Portugal 100 73 0 0 0 73 
Spain 100 0 49 0 0 49 

P. bogaraveo Italy 96.88 0 0 31 I 32 
Greece 96.88 0 I 0 31 32_ 

 Total 98.92  186 

PCS Portugal Spain Italy Greece N 
Portugal 92.11 35 0 1 2 38 
Spain 82.22 0 4 4 37 45 

D. dentex Italy 93.33 0 0 28 2 30 
Greece 93.55 0 29 2 0 31 
Total 89.58 144 



Table XIII - Generalised Mahalanobis distances (D2) for the linear discriminant flinctions 
for ali truss characters for ali the eight species. (Atl.- Atlantic, Mcd.- Mediterranean) 

Portugal Spain Atl. Spain Med. Italy Greece 
Portugal - 

S. aurata wild Spain Ali. 43.5 - 
Spain Med. 23 26 - 
Italy 50.5 65.7 53.4 - 
Greece 25.5 33.4 8.1 59.1 

France Portugal Spain Atl. Spain Med. Italy Greece 

France - 
Portugal 535.4 - 

S. aurata reared Spain Atl. 545.8 40.5 - 
Spain Mcd. 580.2 50.6 15.2 - 

Italy 708.9 129.5 73.4 62 

Greece 520.8 65.7 27.1 15.6 86.8 - 

Portugal Spain Italy Greece 
Portugal - 

P. pagrus Spain 265.21 - 
Italy 232.78 20.66 - 
Greece 542.52 398.89 378.26 - 

Portugal Spain Italy Greece 

Portugal - 
D. sargus Spain 15.08 - 

Italy 15.88 8.72 - 
Greece 31.4 7.53 12.17 - 

Portugal Spain Italy Greece 

Portugal - 
D. puntazzo Spain 28.8 - 

Italy 34.01 15.92 - 
Greece 41.27 23.02 7.18 - 

Portugal Spain Italy Greece 

Portugal - 
L mormyrus Spain 17.78 - 

Italy 12.5 9.16 - 
Greece 44.05 23.21 39.01 - 

Portugal Spain Italy Greece 

Portugal - 
P. bogaraveo Spain 86.42 - 

Italy 515.71 470.82 - 
Greece 55.78 63.49 535.12 - 

Portugal Spain Italy Greece 

Portugal - 
D. dentex Spain 35.58 - 

Italy 42.59 25.37 - 
Greece 53.88 31.81 19.24 - 



Table XIV - F-statistics for the linear discriminant functions for ali eight spccies in study 
(Atl.- Atlantic, Med.- Mediterranean). Asterisks denote **- p<0.001; ***- p<0.0001. 

df= 22.23 Portugal Spain Atl. Spain Med. Italy Greece 
Portugal - 
Spain Atl. 52.6** - 

S. aurata wild Spain Med. 28.9** 26.2** - 
Italy 54.2** 58.4** 48.7** - 
Greece 27.3** 29.6** 7.4** 48** - 

df- 26.263 France Portugal Spain Atl. Spain Med. Italy Greece 

France - 
Portugal 408** - 

S. aurata reared Spain Atl. 416.3** 34.8** - 
Spain Med. 442.6** 43.6** 13.1** - 
Italy 540.7** 111.4** 63.1** 53.3** - 

Greece 41 I** 58.7** 24.3** 14** 77.6** 

dí^ 18.21 Portugal Spain Italy Greece 
Portugal 

P. pagrus Spain 368.02** 
Italy 280.89** 17.37** 
Greece 991.32** 439.51** 372.42** 

df=9.195 Portugal Spain Italy Greece 
Portugal 

D. sargus Spain 48.25*** 
Italy 54.89*** 18.39*** 
Greece 68.46*** 15.15*** 25.66*** 

díH2.I45 Portugal Spain Italy Greece 

D. puntazzo 
Portugal 
Spain 
Italy 
Greece 

55.8** 
66.03** 
81.75** 

33.57*** 
49.72** 15.5*** 

df= 10.204 Portugal Spain Italy Greece 

L mormyrus 
Portugal 
Spain 
Italy 
Greece 

42.09** 
28.84** 
101.6** 

13.37*** 
33.88** 56.25** 

df=14.169 Portugal Spain Italy Greece 
Portugal - 

P. bogaraveo Spain 165.08** - 
Italy 741.22** 588.19** - 
Greece 80.17** 79.32** 550.14** 

df=14.127 Portugal Spain Italy Greece 
Portugal - 

D. deníex Spain 38.19** - 
Italy 44.86** 36.77*** - 
Greece 70.17** 21.79** 24.24*** 



Table XV - Percent classification success (PCS) for ali eight species in study five sampling places. 
(Atl.- Atlantic. Med.- Mediterranean) 

 PCS Portugal Sp. Atl. Sp. Med. Italy Greccc N 
Portugal 97.40 75 0 0 1 1 77 
Spain Atl. 100 0 48 0 0 0 48 

S. aurata wild Spain Med. 88.24 3 0 45 0 3 51 
Italy 100 0 0 0 40 0 40 

 Greece 100 0 0 0 0 40 40 
Mean 96.88 256 

 PCS France Portugal Sp. Atl. Sp. Med. Italy Greece N 
France 100 40 0 0 0 0 0 40 
Portugal 98 0 49 0 1 0 0 50 

S. aurata reared Spain Ali. 92 0 0 46 4 0 0 50 
Spain Med. 90 0 0 1 45 0 4 50 
Italy 98 0 0 0 1 49 0 50 
Greece 96.30 0 0 0 2 0 52 54_ 
Mean 95.58 294 

 PCS Portugal Spain Italy Greece N 
Portugal 100 109 0 0 0 109 
Spain 100 0 37 0 0 37 

P. pagrus Italy 96.77 0 1 30 0 31 
Greece 100 0 0 0 54 54_ 
Mean 99.57 231 

 PCS Portugal Spain Italy Greece N 
Portugal 94.74 108 I 4 I 114 
Spain 90 0 27 1 2 30 

D. sargus Italy 90.91 1 2 30 0 33 
Greece 96.67 0 1 0 29 30_ 
Mean 93.72 207 

 PCS Portugal Spain Italy Greece N 
Portugal 94.29 33 1 1 0 35 
Spain 85.37 0 35 6 0 41 

D. puntazzo Italy 85.37 0 3 35 3 41 
Greece 97.67 0 1 0 42 43 
Mean 90.63 160 

 PCS Portugal Spain Italy Greece N 
Portugal 97.56 120 0 3 0 123 
Spain 93.75 I 30 I 0 32 

L. mormyrus Italy 96.77 1 0 30 0 31 
Greece 96.77 0 I 0 30 31 
Mean 96.77 217 

 PCS Portugal Spain Italy Greece N 
Portugal 100 73 0 0 0 73 
Spain 100 0 49 0 0 49 

P. bogaraveo Italy 100 0 0 32 0 32 
Greece 100 0 0 0 32 32 
Mean 100 186 

 PCS Portugal Spain Italy Greece N 
Portugal 100 38 0 0 0 38 
Spain 96.77 0 30 I 0 31 

D. dentex Italy 96.67 I 0 29 0 30 
Greece 97.78 0 0 1 44 45_ 

  Mean 97.92 144 



Table XVI - Stepwise Discriminant Analysis for the arca 
comparison between S. aurata reared samples. 
(Wilks* X= 0.0065; F (30,1134)-95.284; p <0.0001) 

Descri ptor Wilks X Partial X F-remove p-levei 

A3 0,016 0,412 80,931 0,001 

A2 0,014 0,455 67,729 0,001 

Al 0,011 0,582 40,591 0,001 

A5 0,011 0,604 37,066 0,001 

A4 0,009 0,712 22,893 0,001 

A6 0,008 0,853 9,733 0,001 

Table XVII - Stepwise Discriminant Analysis for the area 
comparison between S. aurala wild samples. 
(Wilks' \= 0.1076; F (24,859)=32.029;/? <0.0001) 

Descri ptor Wilks X Partial X F-remove p-level 

A2 0,168 0,642 34,365 0,001 

A6 0,183 0,589 42,969 0,001 

A4 0,174 0,617 38,186 0,001 

A3 0,163 0,659 31,796 0,001 

Al 0,128 0,842 11,522 0,001 

A5 0,125 0,864 9,698 0,001 

Table XVIII - Stepwise Discriminant Analysis for the area 
comparison between P. pagrus samples. 
(Wilks1 X= 0.246; F( 15,616)=27.194 p <0.0001) 

Descri ptor Wilks X Partial X F-remove p- ■levei 

A5 0,437 0,563 57,651 0,0001 

A2 0,356 0,692 33,141 0,0001 

A4 0,343 0,718 29,199 0,0001 

A6 0,270 0,912 7,205 0,0001 

Al 0,265 0,928 5,733 0,0001 

Table XIX - Stepwise Discriminant Analysis for the area 
comparison between D. sagrus samples. 
(Wilks' X= 0.19; F( 18,560)=24.927; p <0.0001) 

Descri ptor Wilks X Partial X F-remove p-level 

A6 0,320 0,592 45,558 0,001 

A3 0,274 0,691 29,488 0,001 

A2 0,243 0,781 18,455 0,001 

Al 0,242 0,783 18,323 0,001 

A4 0,221 0,859 10,856 0,001 

A5 0,216 0,875 9,388 0,001 



Tablc XX - Stcpwise Discriminant Analysis for arca 
comparison between D. puntazzo samples. 
(Wilks' X= 0.103; F( 12,405)=45.843; p<0.0001) 

Descriptor Wilks X Partial >. F-remove p-level 

A3 0,134 0,772 15,060 0,001 

Al 0,199 0,518 47,361 0,001 

A5 0,152 0,681 23,844 0,001 

A2 0,111 0,932 3,720 0,013 

Table XXI - Stcpwise Discriminant Analysis for arca 
comparison between L. mormyrus samples. 
(Wilks" X=0.262; F( 18,588)= 19.814; p<0.0001) 

Descriptor Wilks X Partial \ F-remove p-level 

A4 0,396 0,661 35,479 0,000 

Al 0,455 0,576 51,052 0,000 

A2 0,336 0,779 19,719 0,000 

A5 0,300 0,873 10,102 0,000 

A3 0,287 0,912 6,717 0,000 

A6 0,282 0,928 5,355 0,001 

Table XXII - Stcpwise Discriminant Analysis for arca 
comparison between P. bogaraveo samples. 
(Wilks" X=0.0005; F(18,501)=373.22;/7 <0.0001) 

Descriptor Wilks >. Partial >, F-remove p-level 

A4 0,001 0,853 10,196 0,000 

A6 0,002 0,265 163,486 0,000 

A3 0,001 0,461 69,111 0,000 

A2 0,001 0,678 28,043 0,000 

Al 0,001 0,733 21,483 0,000 

A5 0,001 0,867 9,076 0,000 

Table XXIII - Stepwise Discriminant Analysis for ■ area 
comparison between D. dentex samples. 
(Wilks" >.=0.1009; F(18,382)=26.554; p <0.0001) 

Descriptor Wilks >. Partial >. F-remove p-level 

A2 0,125 0,810 10,552 0,000 

AI 0,227 0,444 56,330 0,000 

A6 0,151 0,667 22,424 0,000 

A3 0,137 0,738 15,944 0,000 

A5 0,128 0,786 12,268 0,000 

A4 0,113 0,889 5,625 0,001 

Table XXIV - Stepwise Discriminant Analysis for area 
comparison between S. cantharus samples. 
(Wilks" >.=0.6257; F(3,62)= 12.364 /?< 0.0001) 

Descriptor Wilks >. Partial X F-remove p-level 
A3 0,698 0,896 7,160 0,010 
A4 0,669 0,936 4,244 0,044 
A6 0,647 0,967 2,122 0,150 



ANNEX III 



Table 1 - Descriptive statistics of the meristic traits recorded for the hybrid SaxPp and the parental spccies 
(DF- dorsal fin, CF- caudal fín, AF- anal fin, RPF- right pectoral fin, LPF- left pectoral fin, URGR- upper right 
gill raker, ULGR- upper right gill raker, LRGR- lower right gill rakcr, LLGR- lowcr right gill rakcr) 

S.aurata 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 13 21 11 15 15 6 6 8 8 
Standard Error 0,03 0,05 0,03 0,05 0,06 0,04 0,05 0,05 0,05 
Median 13 21 II 15 15 6 6 8 8 
Mode 13 21 11 15 15 6 6 8 8 
Standard Deviation 0,58 0,75 0,48 0,86 0,93 0,64 0,69 0,75 0,78 
Range 2 6 3 5 6 4 5 3 4 
Minimum 12 17 10 12 12 4 3 6 6 
Maxim um 14 23 13 17 18 8 8 9 10 
Confidcnce Levei (95.0%) 0,07 0,09 0,06 0,10 0,11 0,08 0,09 0,10 0,10 

Hybrid Sa\Pp 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 11 22 10 15 15 7 7 9 9 
Standard Error 0,07 0,11 0,08 0,07 0,06 0,04 0,11 0,06 0,05 
Median 11 22 10 15 15 7 7 9 9 
Mode 11 22 10 15 15 7 7 9 9 
Standard Deviation 0,64 0,95 0,73 0,61 0,57 0,40 0,95 0,51 0,49 
Range 2 3 3 4 2 2 5 3 3 
Minimum 10 20 8 12 13 6 3 7 7 
Maximum 12 23 11 16 15 8 8 10 10 
Confidence Levei (95.0%) 0,14 0,21 0,16 0,14 0,13 0,09 0,21 0,11 0,11 

P.pagrus 
DF CF AF RPF LPF URGR ULGR LRGR LLGR 

Mean 10 22 8 15 15 7 7 9 9 
Standard Error 0,01 0,07 0,00 0,03 0,03 0,05 0,05 0,04 0,04 
Median 10 22 8 15 15 7 7 9 9 
Mode 10 22 8 15 15 7 7 9 9 
Standard Deviation 0,21 1,00 0,07 0,49 0,44 0,80 0,75 0,62 0,67 
Range 2 4 1 3 2 5 4 3 4 
Minimum 9 20 8 14 14 4 5 8 7 
Maximum II 24 9 17 16 9 9 11 11 
Confidence Levei (95.0%) 0,03 0,13 0,01 0,06 0,06 0,10 0,10 0,08 0,09 



Table II - Descriptive statistics of the tooth counts recorded on the S. aurata sample. (BCR - big canine right, BCL - big canine left, SCR - small canine right, SCL - 
small canine left. ITR - intermediate tooth right, ITL - intermediate tooth left, RM1R - right molars on first row, RM2R - right molars on second row, RM3R - right molars 
on third row, RM4R - right molars on fourth row, RM5R - right molars on fifth row, LM IR - left molars on first row, LM2R - left molars on second row, LM3R - left molars 
on third row, LM4R - left molars on fourth row, LM5R - left molars on fifth row). 

Upper jaw 
BCR BCL SCR SCL ITR ITL RM1R RM2R RM3R RM4R RM5R LM IR LM2R LM3R LM4R LM5R 

Mean 3 3 2 2 3 3 4 5 5 4 1 4 5 4 4 1 
Standard Error 0,07 0,06 0,08 0,08 0,07 0,09 0,12 0,18 0,14 0,13 0,12 0.13 0,19 0,18 0,17 0,17 
Median 3 3 2 2 3 3 4 5 5 4 0 4 5 5 4 0 
Mode 3 3 2 2 3 3 3 5 4 4 0 4 6 5 5 0 
Standard Deviation 0,63 0,62 0,74 0,79 0,70 0,83 1,16 1,71 1,32 1,29 1,16 1,25 1,82 1,72 1,66 1,66 
Sample Variance 0,40 0,38 0,55 0,62 0,49 0,68 1,34 2,91 1,75 1,66 1,34 1,56 3,32 2,94 2,77 2,74 
Range 3 3 4 4 4 5 6 7 7 7 4 7 8 7 7 8 
Minimum 0 0 0 0 1 1 0 1 1 0 0 0 1 0 0 0 
Maximum 3 3 4 4 5 6 6 8 8 7 4 7 9 7 7 8 
Confidence Levei (95.0%) 0,13 0,13 0,15 0,16 0,14 0,17 0,24 0,35 0,27 0,27 0,24 0,26 0.38 0.36 0,34 0.34 

Lower jaw 
BCR BCL SCR SCL ITR ITL RM1R RM2R RM3R LM1R LM2R LM3R 

Mean 3 3 1 1 2 2 6 5 3 6 5 3 
Standard Error 0,08 0,07 0,12 0,14 0,07 0,07 0,15 0,12 0,17 0,18 0,14 0,18 
Median 3 3 1 1 2 2 6 5 3 6 5 3 
Mode 3 3 1 1 2 2 5 5 3 6 6 3 
Standard Deviation 0,76 0,65 0,64 0,74 0,68 0,69 1,45 1,19 1,62 1,77 1,31 1,72 
Sample Variance 0,57 0,43 0,41 0,55 0,47 0,48 2,11 1,42 2,61 3,13 1,72 2,95 
Range 3 3 2 3 3 3 6 5 6 9 6 7 
Minimum 1 1 0 0 1 1 3 3 0 2 2 0 
Maximum 4 4 2 3 4 4 9 8 6 11 8 7 
Confidence Levei (95.0%) 0,16 0,14 0,25 0,29 0,14 0,14 0,30 0,25 0,33 0,37 0,27 0.36 



Table 111 - Descriptive statistics of the tooth counts recorded on the SaxPp sample. (BCR - big caninee right, BCL - big canine left, SCR - small canine 
right, SCL - small canine left, ITR - intermediate tooth right, ITL - intermediate tooth left, RM1R - right molars on first row, RM2R - right molars on 
second row, RM3R - right molars on third row, RM4R - right molars on fourth row, LM1R - left molars on first row, LM2R - left molars on second row, 

LM3R - left molars on third row, LM4R - left molars on fourth row). 

Unoer iaw 
BCR BCL SCR SCL ITR ITL RM1R RM2R RM3R RM4R LM IR LM2R LM3R LM4R 

Mean 3 3 2 2 4 4 4 6 5 3 4 7 5 3 

Standard Error 0,03 0,03 0,04 0,04 0,05 0,05 0,07 0,08 0,09 0,15 0.08 0.08 0,10 0,14 

Median 3 3 2 2 4 4 4 6,5 5 3 4 7 5 3 

Mode 3 3 2 2 4 4 4 7 5 0 4 7 6 0 

Standard Deviation 0,56 0,51 0,75 0,74 0,95 0,96 1,36 1,45 1,74 2,75 1,48 1,51 1,86 2,61 

Sample Variance 0,31 0,26 0,57 0,55 0,91 0,92 1,86 2,11 3,04 7,55 2,18 2,27 3,46 6,83 

Range 4 3 4 5 6 5 7 8 10 11 7 8 11 10 

Minimum 1 1 0 0 1 1 0 3 0 0 0 3 0 0 

Maximum 5 4 4 5 7 6 7 11 10 11 7 11 11 10 

Confidence Levei (95.0%) 0,06 0,05 0,08 0,08 0,10 0,10 0.14 0,15 0,18 0,29 0,15 0,16 0,19 0,27 

Lower jaw 
RC LC ITR ITL RM1R RM2R RM3R LM IR LM2R LM3R 

Mean 3 3 4 4 4 10 1 4 10 1 

Standard Error 0,02 0,02 0,06 0,06 0,09 0,14 0,09 0,08 0,13 0,07 

Median 3 3 4 4 3 10 0 3 10 0 

Mode 3 3 4 4 3 10 0 3 11 0 

Standard Deviation 0,47 0,46 1,06 1,04 1,63 2,56 1,61 1,53 2,50 1,39 

Sample Variance 0,22 0,21 1,11 1,07 2,67 6,58 2,58 2,34 6,25 1,92 

Range 3 3 6 7 9 11 7 10 11 6 

Minimum 1 1 0 0 0 4 0 0 3 0 

Maximum 4 4 6 7 9 15 7 10 14 6 

Confidence Levei (95.0%) 0,05 0,05 0,11 0,11 0,17 0,27 0,17 0,16 0,26 0,15 



Table IV - Descriptive statistics of the tooth counts rccordcd on the P. pagrus sample. (BCR - big caninee right, BCL - 
big canine left, SCR - small canine right, SCL - small canine left, ITR - intermediate tooth right, ITL - intermediate 
tooth left, RM1R - right molars on ílrst row, RM2R - right molars on second row, LM 1R - left molars on first row, L 
M2R - left molars on second row). 

Upper )aw 
BCR BCL SCR SCL ITR ITL RMIR RM2R LM IR LM2R 

Mean 2 2 2 2 2 2 7 4 7 4 

Standard Error 0,04 0,03 0,08 0,29 0,07 0,08 0,13 0,11 0,13 0,11 

Median 2 2 2 2 2 2 7 4 7 4 

Mode 2 2 2 2 2 2 7 4 7 4 

Standard Deviation 0,40 0,30 0,83 3,01 0,73 0,81 1,32 1,15 1,29 1,16 

Sample Variance 0,16 0,09 0,69 9,05 0,54 0,66 1,73 1,32 1,67 1,36 

Range 3 2 5 32 3 4 7 8 6 6 

Minimum 1 1 0 0 1 1 3 1 3 1 

Maximum 4 3 5 32 4 5 10 9 9 7 

Coníldcnce Levei (95.0%) 0,08 0,06 0,16 0,58 0,14 0,16 0,25 0,22 0,25 0,23 

Lower iaw 
BCR BCL SCR SCL ITR ITL RMIR RM2R LM IR LM2R 

Mean 3 3 2 2 3 3 7 5 7 5 

Standard Error 0,05 0,06 0,07 0,07 0,08 0,07 0,13 0,13 0,13 0,14 

Median 3 3 2 1,5 3 3 7 5 7 5 

Mode 3 3 2 1 3 3 7 5 7 4 

Standard Deviation 0,47 0,58 0,67 0,69 0,78 0,73 1,37 1,33 1,32 1,46 

Sample Variance 0,22 0,33 0,45 0,48 0,61 0,53 1,89 1,77 1,73 2,12 

Range 1 3 5 5 4 3 9 8 8 9 

Minimum 2 1 0 0 I 1 2 2 2 1 

Maximum 3 4 5 5 5 4 11 10 10 10 

Confidence Levei (95.0%) 0,09 0,11 0,13 0,13 0,15 0,14 0,26 0,26 0,25 0,28 



Table V - Sample variance of the different tooth types in the upper jaw of the hybrid Sa\Pp and the parental species (BCR- big canin right, BCL- big canin left, 
SCR- small canin right, SCL- small canin left, ITR- intermediate tooth right, ITL- intermediate tooth left, RM#R- right molars in each one ofthe rows, LM#R- right molars 
in each one of the rows) 

BCR BCL SCR SCL ITR ITL RM1R RM2R RM3R RM4R RM5R LM1R LM2R LM3R LM4R LM5R 
Sparus aurata 0,40 0,38 0,55 0,62 0,49 0,68 1,34 2,91 1,75 1,66 1,34 1,56 3,32 2,94 2,77 2,74 
Hybrid SaxPp 0,31 0,26 0,57 0,55 0,91 0,92 1,86 2,11 3,04 7,55 - 2,18 2,27 3,46 6,83 - 
Pagrus pagrus 0,16 0,09 0,69 0,56 0,54 0,66 1,73 1,32 - - - 1,67 1,36 - - - 

Table VI - Sample variance of the different tooth types in the lower jaw of the hybrid SaxPp and the parental species (BCR- big 
canin right. BCL- big canin left, SCR- small canin right, SCL- small canin left, ITR- intermediate tooth right, ITL- intermediate tooth 
left, RM#R- right molars in each one of the rows, LM#R- right molars in each one of the rows) 

BCR BCL SCR SCL ITR ITL RM1R RM2R RM3R LM1R LM2R LM3R 
Sparus aurata 0,57 0,43 0.41 0,55 0,47 0,48 2,11 1,42 2,61 3,13 1,72 2,95 
Hybrid Sa xPp 0.22* 0.21 * 1,11 1,07 2,67 6,58 2,58 2,34 6,25 1,92 
Pagrus pagrus 0,22 0,33 0,45 0,48 0,61 0,53 1,89 1,77 - 1,73 2,12 - 
* - only one type of canin was identified 



Table VII - Tested rclationships between hybrids and parental species in the upper jaw (Tukey HSD test). 

Big Icft canins 
S. aurala Sa xPp P. pagrus 

S. aurala 0,999 0,001 

Sa xPp 0,999 0,001 

P. pagrus 0,001 0,001 

Sinal 1 left canins 
S. aurata Sa xPp P. pagrus 

S. aurala 0,003 0,061 

Sa xPp 0,003 0,852 

P. pagrus 0,061 0,852 

Intermcdiatc left tooth 
S. aurata SaxPp P. pagrus 

S. aurata 0,001 0,001 

Sa xPp 0,001 0,001 

P. pagrus 0,001 0,001 

Molars. left first row 
S. aurata Sa xPp P. pagrus 

S. aurata 0,763 0,001 

Sa xPp 0,763 0,001 

P. pagrus 0,001 0,001 

Molars, left second row  
S. aurala Sa xPp P. pagrus 

S. aurata 0,001 0,04 
SaxPp 0,001 0,001 
P. pagrus 0,04 0,001  

ngru canina 
S. aurata Sa xPp P. pagrus 

S. aurala 0,998 0,001 

SaxPp 0,998 0,001 

P. pagrus 0,001 0,001 

Small rieht canins 
S. aurata Sa xPp P. pagrus 

S. aurata 0,020 0.007 

Sa xPp 0,020 0,532 

P. pagrus 0,007 0,532 

Intermediatc riíiht tooth 
S. aurata Sa xPp P. pagrus 

S. aurata 0,001 0,01 

SaxPp 0,001 0.01 

P. pagrus 0,001 0,001 

Molars, right ftrst row 
S. aurala Sa xPp P. pagrus 

S. aurata 0,977 0,001 

SaxPp 0,977 0,001 

P. pagrus 0,001 0,001 

Molars, right second row 
S. aurata Sa xPp P. pagrus 

S. aurata 0,001 0,031 

SaxPp 0,001 0,001 

P. pagrus 0,031 0,001 



Table Vlll - Tested relationships bctween hybrids and parental spccies in the lower (Tukey HSD test). 

Bie lef\ canins Bis right canins 

S. aurata Sa xPp P. pagrus S. aurata Sa xPp P. pagrus 

S. aurata 0.058 0,030 S. aurata 0,595 0,029 

SaxPp 0,058 0,001 SaxPp 0,595 
0.015 

0,015 

P. na gr us 0,030 0,001 P. pagrus 0,029 

Intermediate leil tooth Intermediate righl tooth 

.9. aurata Sa xPp P. pagrus S. aurata Sa xPp P. pagrus 

S. aurata 0,001 0,001 S. aurata 0,001 0,001 

SaxPp 0,001 0,001 Sa xPp 0,001 
0,001 

0,001 

P. pagrus 0.001 0.001 P. pagrus 0,001 

Molars, lel\ first row Molars, right first row 

S. aurata Sa xPp P. pagrus S. aurata Sa xPp P. pagrus 

S. aurata 0,001 0,001 S. aurata 0,001 0,001 

SaxPp 0,001 0,001 Sa xPp 0,001 
0,001 

0,001 

P. pagrus 0,001 0,001 P. pagrus 0,001 

Molars, left second row Molars, right second row 

S. aurata Sa xPp P. pagrus S. aurata Sa xPp P. pagrus 

S. aurata 0,001 0,001 S. aurata 0,001 0,001 

SaxPp 0,001 0,442 SaxPp 0,001 
0,961 

0,961 

P. pagrus 0,001 0,442 P. pagrus 0,001 



Table IX - Percent classification success (PCS), F-statistics and D2 for the tooth counts for the hybrids and parental species. 

Upper jaw Lower jaw 

PCS S. aurata SaxPp P. pagrus N PCS S. aurata SaxPp P. pagrus N 

S. aurata 
Sa\Pp 
P. pagrus 

45,65 
91,81 
95,28 

49 
325 

5 

42 
22 
0 

1 
7 

101 

92 
354 
106 

S. aurata 
SaxPp 
P. pagrus 

69,57 
89,27 
71,70 

64 
13 
22 

6 
316 

8 

22 
25 
76 

92 
354 
106 

T otal 84,78 552 Total 82,61 552 

Upper jaw (df = 10,511) Lower jaw (df= 7,534) 

F-values S. aurata SaxPp P. pagrus F-values S. aurata SaxPp P. pagrus 

S. aurata 
SaxPp 
P. pagrus 

21,24 
33,40 86,58 

S. aurata 
SaxPp 
P. pagrus 

99,89 
12,85 97,16 

Upper jaw Lower jaw 

D2 S. aurata SaxPp P. pagrus D2 S. aurata SaxPp P. pagrus 

S. aurata 
SaxPp 
P. pagrus 

3,22 
7,41 11,35 

S. aurata 
SaxPp 
P. pagrus 

9,83 
1,87 8,55 



•rabie X - Descriptive statisties of the recorded oharacteris.ics through the traditional morphometry for the samples of S. aura,a, hybrids Sfl X Pp and 
P. pagrus. 

Sparu.s aurata 

Mean 
Standard Error 
Median 
Mode 
Standard Deviation 
Sample Variance 
Range 
Minimum 
Maximum 
Confidence Levei (95.0% 

SL 
161.51 

2.56 
155.59 
223.47 

40.98 
1679.69 

172.73 
95.2 

267.93 
5.04 

MFH POL 001- PSL HL 1ID UJL 

64.89 
1.04 

64.06 
90.36 
16.68 

278.08 
65.67 
35.96 

101.63 
2.05 

20.61 
0.35 

19.83 
28.49 

5.57 
30.99 
24.18 
11.78 
35.96 

0.69 

12.86 
0.17 

12.23 
11.21 
2.73 
7.46 

10.35 
8.57 

18.92 
0.34 

20.16 
0.33 

18.98 
28.18 

5.22 
27.24 
21.79 
12.12 
33.91 

0.64 

46.66 
0.69 

46.00 
63.13 
11.00 

121.04 
46.16 
28.61 
74.77 

1.35 

38.41 
0.69 

35.20 
55.49 
11.04 

121.85 
52.78 
23.71 
76.49 

1.36 

17.28 
0.27 

16.62 
22.56 

4.32 
18.69 
21.39 
10.92 
32.31 

0.53 

LJL 
17.65 

CPL 
26.21 

DLL 
88.84 

0.29 0.49 1.48 
16.59 24.88 84.21 
23.67 37.10 124.18 

4.57 7.87 23.65 
20.91 61.89 559.49 
19.21 41.94 93.47 
10.71 12.48 52.48 
29.92 54.42 145.95 

0.56 0.97 2.91 

AFL 
46.82 

0.77 
45.72 
64.29 
12.30 

151.29 
47.19 
28.03 
75.22 

1.51 

LPA 
33.71 

0.56 
31.98 
47.13 

9.03 
81.60 

35.3 
20.59 
55.89 

LU 

1 Ivbrid SaxP 

Mean 
Standard Error 
Median 
Mode 
Standard Deviation 
Sample Variance 
Range 
Minimum 
Maximum 
Confidence Levei (95.0%) 

SL 
145.44 

2.41 
149 
136 

21.68 
470.20 

113 
89 

202 
4.79 

MFH 
57.53 

0.92 
59 
60 

8.29 
68.70 

42 
37 
79 

1.83 

POL 
16.30 
0.29 

16.48 
18.59 
2.63 
6.93 

14.71 
9.99 
24.7 
0.58 

GOL 
1.72 
0.13 

11.84 
11.44 

1.20 
1.45 
5.39 
8.73 

14.12 
0.27 

PSL 
18.37 
0.30 

18.78 
16.28 
2.71 
7.37 

13.52 
11.38 
24.9 
0.60 

HL 
42.58 

0.63 
43.14 
43.73 

5.70 
32.45 
27.87 
27.89 
55.76 

1.26 

HD 
35.41 

0.56 
36.14 
37.04 

5.01 
25.10 

26.1 
22.48 
48.58 

LU 

UJL 
15.59 
0.29 

15.96 
17.4 
2.63 
6.89 

13.05 
9.32 

22.37 
0.58 

LJL_ 
I.59 
0.20 
II.9 

12.78 
1.76 
3.11 

9.4 
6.25 

15.65 
0.39 

CPL 
29.83 

0.54 
30.07 
32.54 

4.89 
23.87 

24.6 
17.66 
42.26 

1.08 

PFL 
74.99 

1.26 
75.93 
81.25 
11.38 

129.42 
60.22 
44.95 

105.17 
2.52 

AFL 
44.52 

0.82 
44.6 

44.63 
7.40 

54.74 
39.05 
26.18 
65.23 

1.64 

LPA 
28.89 

0.65 
27.96 
26.43 

3.60 
12.92 
14.99 
24.56 
39.55 

1.32 

Pasrus pagrus 

Mean 
Standard Error 
Median 
Mode 
Standard Deviation 
Sample Variance 
Range 
Minimum 
Maximum 
Confidence Levei (95.0%) 

SL 
145.93 

2.40 
144.82 
81.01 
36.44 

1327.59 
166.71 
69.43 

236.14 
4.72 

MFH 
57.87 

1.06 
57.65 
56.85 
16.11 

259.45 
73.68 
21.65 
95.33 

2.09 

POL 
17.78 
0.33 

17.39 
16.4 
5.03 

25.34 
25.57 

7.52 
33.09 

0.65 

OQL 
14.88 
0.22 
14.5 

12.57 
3.28 

10.74 
15.82 
7.45 

23.27 
0.42 

PSL 
18.13 
0.29 

18.08 
17.74 
4.44 

19.71 
23.09 

7.68 
30.77 

0.58 

HL 
45.48 

0.70 
44.81 
47.17 
10.67 

113.75 
49.74 
22.58 
72.32 

1.38 

HD 
34.16 
0.57 

35.64 
37.69 

8.69 
75.50 
56.18 
15.42 
71.6 
1.13 

UJL 
14.53 
0.25 

14.66 
16.43 
3.83 

14.70 
20.69 

5.96 
26.65 

0.50 

LJL 
14.82 
0.26 

15.26 
13.9 
3.98 

15.80 
19.48 
5.89 

25.367 
0.52 

CPL 
25.03 

0.45 
25.37 
30.89 

6.77 
45.81 
36.07 
10.26 
46.33 

0.88 

PFL AFL LPA 
73.80 41.98 26.27 

1.32 0.82 0.46 
73.65 41.89 26.11 
74.27 41.89 13.26 
20.06 12.41 6.95 

402.46 154.08 48.35 
104.12 58.09 32.82 
21.95 13.12 11.23 

126.07 71.21 44.05 
2.60 1.61 0.90 


