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GENERAL RESUME 

The anthropogenic pressure over the coastal 

zone has dramatically increased around the 

world in the last 50 years. One of the main 

industries called to “conquer the coastal zone” is 

sea cage fish farming, which, after the 

stagnation and future constraints of agriculture 

production, is predicted to increase the 

production over the future decades to feed a 

global raising population. In light of the 

predicted scenario, where fish farming will be 

one of the main sources of human seafood, 

further increase on coastal pressure will occur 

throughout the Mediterranean Sea. On the wake 

of the development of industrial sea cage fish 

farming in the Mediterranean Sea, which started 

30 years ago, different influences on the 

ecosystem and coastal users (specially coastal 

fisheries) have been noticed (Chapter 1). In the 

early stages of sea cage fish farming 

development, damage on benthic protected 

species as marine phanerogams like Posidonia 

oceanica were noticed, as well as anoxia 

episodes in soft bottoms underneath sea cages 

due to excess of organic matter. However, it is 

in the last 10 years when the influences of fish 

farming on coastal artisanal fisheries in terms of 

wild fish aggregation, excess feed and fish 

escapes, have been brought up. 

The present doctoral thesis aims to shed light on 

the aforementioned aspects, addressing, in first 

term, how the excess feed is assimilated by the 

assemblage of aggregated ichthyofauna from a 

holistic perspective including different trophic 

gilds, from planctivorous to top predator species 

(Chapter 2). Secondly, despite the benthic 

influence of sea cage fish farming has been 

extensively studied in regards with the geoche- 

La presión antropogénica sobre la zona costera 

ha aumentado radicalmente en el mundo durante 

los últimos 50 años. Una de las principales 

industrias llamadas a “conquistar la zona 

costera” es el engorde de peces, la cual, tras el 

estancamiento y las limitaciones previstas para 

la producción agrícola, está previsto que 

aumente su producción en el futuro para 

alimentar a una creciente población mundial. En 

base al escenario previsto, donde el engorde de 

peces será la primera fuente de proteína marina, 

la costa sufrirá una mayor presión a nivel 

Mediterráneo. A raíz del desarrollo industrial 

del engorde de peces en el Mediterráneo, 

iniciado hace 30 años, una serie de influencias 

en el ecosistema y otros usuarios de la zona 

costera (especialmente la pesca) se han hecho 

patentes (Capítulo 1). En los inicios del 

desarrollo del engorde de peces en jaulas 

marinas, se observaron daños en especies 

protegidas como las fanerógamas marinas 

(Posidonia oceanica) y situaciones de anoxia en 

fondos blandos debajo de las jaulas debidos al 

exceso de materia orgánica. Sin embargo,  es en 

los últimos 10 años cuando las influencias del 

engorde de peces en relación a la agregación de 

peces, exceso de pienso y escapes han sido 

puestas sobre la mesa.  

Esta tesis doctoral tiene como objetivo arrojar 

luz en los aspectos arriba mencionados y en 

concreto sobre cómo el exceso de pienso es 

asimilado por la ictiofauna agregada a las jaulas 

marinas desde una perspectiva general 

incluyendo diferentes niveles tróficos, desde 

planctívoros hasta depredadores (Capítulo 2). 

En segundo lugar, a pesar de que la influencia 

geoquímica del engorde de peces en jaulas ha 
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mistry, there is almost no research on its 

influence on benthic macro-fauna, either fish or 

crustaceans. Therefore, the high valued species 

caramote prawn (Melicertus kerathurus) was 

studied, since it is a key species for the 

sustainability of fishing fleets exploiting this 

fishing resource within the Mediterranean Sea 

(Chapter 3). Furthermore, as a third step on the 

understanding of the influence of sea cage fish 

farming on the behaviour and habitat use of 

commercially exploited fish, the predator 

species bluefish (Pomatomus saltatrix) was 

studied (Chapter 4). Eventually, fish farms 

export biomass towards the environment not 

only in shape excess feed but also through fish 

escapes. The abundances of escaped fish in the 

wild are shaped by coastal fisheries but either 

the studies on the incidence of escaped fish on 

fisheries landings or the ability to capture 

escapees by different fishing gears are scarce. 

Therefore, a simple methodology to 

differentiate between escaped and wild 

individuals of Sparus aurata was developed and 

the incidence of escaped gilthead sea beam in 

fisheries landings was assessed (Chapter 5). In 

the chapter 6 of this PhD, the obtained results 

are discussed in terms of management of the 

coastal zone. Additionally, a set of guidelines in 

regards with feeding optimization and recapture 

of escaped fish are outlined to provide decision 

makers with scientific data to be implemented in 

management measures for the sustainable 

activity in the coastal zone. 

 

Throughout Chapter 2, it was demonstrated that 

all the analysed fish species with commercial 

interest (Sardinella aurita, Caranx rhonchus, 

Mullus barbatus), including bluefish 

(P.saltatrix), resulted influenced by terrestrial 

fatty acids contained in fish feed. The excess  

sido muy estudiada, el conocimiento sobre la 

influencia en la macro-fauna bentónica es casi 

inexistente, tanto en peces como en crustáceos. 

Por ello, la especie de interés pesquero 

langostino blanco (Melicertus kerathurus) ha 

sido estudiada, ya que es una especie clave para 

la sostenibilidad de las flotas pesqueras que la 

explotan en el Mediterráneo (Capítulo 3). 

Además en una tercera aproximación en la 

comprensión de la influencia de las jaulas de 

engorde de peces en el comportamiento y uso 

del hábitat de especies pesqueras, la especie 

predadora anjova (Pomatomus saltatrix) fue 

estudiada (Capítulo 4). Por último, hay aporte 

de biomasa al medio en forma de pienso pero 

también en forma de peces escapados. La 

presencia de peces escapados en el medio 

salvaje está influenciada por la pesca pero tanto 

su incidencia en las capturas como la capacidad 

de su recaptura por diferentes artes de pesca es 

desconocida. Es por ello que una metodología 

simple para diferenciar entre doradas (Sparus 

aurata) escapadas y salvajes ha sido desarrollada 

además de la estimación de la incidencia de 

peces escapados entre las capítulo (Capítulo 5). 

En el capítulo 6 los resultados obtenidos en esta 

tesis se discuten en un marco de gestión de la 

zona costera. Además, se aportan una serie de 

recomendaciones respecto a la optimización del 

proceso de alimentación y sobre la recaptura de 

peces para que los gestores de la zona costera 

dispongan de datos científicos para implementar 

en medidas sostenibles de gestión de la costa.  

 

En la Capítulo 2, se demuestra que todas las 

especies de interés comercial que se anizaron 

(Sardinella aurita, Caranx rhonchus, Mullus 

barbatus), incluyendo la anjova (P.saltatrix), 

resultaron influenciadas por ácidos grasos 

terrestres contenidos en el pienso. El exceso de 
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feed in shape of fish biomass is also 

accumulated in higher trophic levels of the food 

chain via predation on fish which do exploit 

excess feed as a trophic resource. The presence 

of terrestrial lipids on aggregated fish, points 

towards these fish acting both as a biofilter at 

pelagic and benthic levels. The incidence of fish 

influenced by excess feed was also noticed in 

fisheries landings at a scale of tens of 

kilometers, with all the implications it may have 

for the management of coastal areas. 

 

Throughout Chapter 3, the influence of excess 

feed on benthic species was assessed through 

stable isotopes analyses. The peanaeid caramote 

prawn (Melicertus kerathurus) was used as a 

study model. In comparison to prawn muscle, 

fish food was significantly depleted in both 13C 

and 15N but had a much higher C:N ratio. 

Prawns collected near fish cages were slightly 

depleted in 13C and 15N compared to baseline 

values, but the depletion was small and only 

significant for 13Ccorr. The laboratory study 

showed that the species can readily feed on fish 

pellets, so it is likely that prawns near fish cages 

ingest some fish food directly. Prawn appear to 

become 15N depleted as they grow, possibly due 

to the allocation of energy reserves (lipids) in 

gonad development before spawning. Opposite 

to nitrogen, the carbon isotopic values of wild 

prawn showed a small but significant depletion 

near fish cages, as it would be expected if prawn 

were feeding on carbon-depleted fish food. 

Prawn near to farms were approximately 8% 

larger and 31% heavier than those sampled 

further away, most likely due to the farm buffer 

area acting as a no-take zone around farms. The 

latter might facilitate growth through excess 

feed ingestion and protect prawns from 

fishermen. 

pienso en forma de peces se acumula también 

en niveles superiores de la cadena trófica a 

través de la predación sobre peces que utilizan 

el exceso de pienso como fuente de alimento. La 

presencia de lípidos terrestres en peces 

agregados, apunta a estos peces como biofiltro a 

nivel pelágico y bentónico. La incidencia de 

peces afectados por el exceso de pienso también 

se constató en las capturas a una escala de 

decenas de km, con todas las implicaciones que 

se derivan para la gestión de las zonas costeras. 

 

A lo largo del Capítulo 3, la influencia del 

exceso de pienso en especies bentónicas se 

valoró mediante isótopos estables. La especie de 

Peneido langostino blanco (Melicertus 

kerathurus) se usó como modelo de estudio. En 

comparación con el músculo de esta especie, el 

pienso presentó menores valores de 13C and 15N 

pero tenía un mayor ratio C:N. Los langostinos 

muestreados cerca de las jaulas flotantes 

presentaban valores ligeramente menores de 13C 

and 15N comparado con el nivel basal, pero solo 

fueron significativos para los valores corregidos 

de 13C. El estudio en laboratorio demostró que 

el langostino puede comer pienso, por lo que los 

langostinos cerca de las jaulas podrían ingerir 

pienso directamente. Los langostinos más 

grandes parecen contener menos 15N, 

posiblemente por la acumulación de reservas en 

el desarrollo gonadal antes de reproducirse. Al 

contrario que el 15N, los valores de 13C fueron 

menores cerca de las jaulas, indicando una 

posible ingesta de pienso. Los langostinos de 

cerca de las jaulas fueron un 8% más largos y 

un 31% más pesados que lejos de éstas, 

probablemente debido a la zona de exclusión de 

la instalación. Podría ser que el pienso y la 

protección de la zona de exclusión estén 

facilitando el crecimiento de los individuos.  
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As observed in previous chapters, fish farms 

may have an attraction effect on marine species 

including predators. Therefore, the habitat use 

of bluefish (P.saltatrix) in a coastal area, where 

fish farming exists, was analysed in Chapter 4. 

In the case of P.saltatrix, the fish farm affinity 

seems to be driven not by the farm structure per 

se, acting as a traditional FAD (fish aggregation 

device), but by the presence of aggregated fish 

acting as preys which, indeed, are attracted by 

excess feed. It was observed that the 

aforementioned attraction effect might influence 

the coastal distribution of bluefish, especially 

before the water temperature peaks in summer. 

It was in spring when bluefish was mostly 

distributed, and moving back and forth, between 

farms in deeper areas. However, it was in 

summer time when the species showed the 

widest distribution over the study area 

compared to spring and autumn, when it was 

circumscribed to farming areas. The landing 

statistics of the species mirrored the results 

obtained by the telemetry data, pointing towards 

a winter migration when sea surface 

temperatures decreases from 20º. The 

aggregation effect on bluefish observed in 

farming areas might render adjacent fishing 

areas vulnerable to increased predation rates on 

other exploited species. Additionally, the 

variability among the fishing gear used by 

artisanal fisheries, together with the presence of 

fish farming, might rise synergistic or 

antagonistic effects on commercially exploited 

species, and it should be further investigated. 

 

The last experimental contribution of this 

doctoral thesis put into numbers the incidence of 

escaped gilthead sea bream in fisheries landings 

for the first time in the Mediterranean Sea 

(Chapter 5). Moreover, a new methodology to   

Como se ha detallado en capítulos anteriores, 

las piscifactorías pueden tener un efecto de 

atracción sobre especies marinas incluyendo 

depredadores. Por ello, se estudió el uso del 

hábitat de la Anjova (P.saltatrix) en una zona 

costera en presencia de piscifactorías (Capítulo 

4). En el caso del P.saltatrix, la atracción sobre 

las piscifactorías no parece ser debida a la 

estructura per se, actuando como un FAD 

(dispositivo de atracción de peces), sino a la 

presencia de presas atraídas por el exceso de 

pienso. Se ha observado que el efecto de 

atracción anteriormente mencionado podría 

influir en la distribución de la anjova, 

especialmente antes del aumento de la 

temperatura del agua en verano. En primavera la 

anjova estuvo más presente en zonas profundas 

alrededor de piscifactorías, desplazándose de 

una a otra. Sin embargo, en verano la anjova 

mostro una distribución más amplia en el área 

de estudio comparado con primavera y otoño, 

cuando estuvo circunscrita a las piscifactorías. 

Los registros de desembarcos de la especie 

reflejaron los resultados de telemetría, 

apuntando a una migración in invierno cuando 

la temperatura del agua desciende de 20ºC. La 

agregación de anjovas a piscifactorías puede 

derivar en incrementos de las tasas de predación 

sobre especies comerciales en zonas de pesca 

adyacentes. Además, la variabilidad de artes de 

pesca utilizadas por la pesca artesanal junto con 

la presencia de piscifactorías, podría dar lugar a 

efectos sinérgicos o antagónicos en especies 

comerciales and debería ser investigado. 

 

La última contribución experimental a esta tesis 

doctoral asigna valores a la incidencia de 

doradas escapadas en los desembarcos 

pesqueros por primera ver en el Mediterráneo 

(Capítulo 5). Además, desarrolla una nueva 
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distinguish between farmed and wild individuals 

was developed. Overall, the ability of artisanal 

fisheries to recapture escaped fish was 

validated. The overall incidence of escaped 

gilthead sea bream resulted 14.9% although 

values up to 20.8% were attained. The escapees 

were captured in areas no further than 20 km off 

the farms, being most of the escapees captured 

in nearby fishing areas, few km away the fish 

farms. Fishing gears as trammel-nets and 

gillnets captured most of the fish compared to 

longlines. The latter could indicate a higher 

fishing effort of these gears compared to long 

lines, however the proportion of captured fish 

did not differed much. Escapees were detected 

within the oldest size classes of the captures, 

pointing towards a potential admixture between 

farmed and wild genotypes. The highest landed 

biomass corresponded to large-sized escapees, 

as well as the derived revenues, which 

accounted for two thirds of the total income 

derived from the recaptured fish.  

 

The last contribution of this doctoral thesis 

(Chapter 6) summarises the potential 

consequences of the obtained results from a 

management point of view. Additionally, a set 

of guidelines to be used by decision makers in 

order to design future regulations for sea cage 

aquaculture management are provided. The 

extent of the effects of excess feed on landed 

fish should be further investigated in terms of 

quality, weight, price, p and consumer’s 

perception among others. Despite there is no 

negative influence of fish farming on the high 

valued species Melicertus kerathurus, other 

commercially valued species, which are present 

throughout the whole year in the coastal zone, 

might be affected and further research should be 

addressed. In light of the future coexistence of  

metodología para diferenciar peces escapados y 

salvajes. En conjunto, la capacidad de la pesca 

artesanal para recapturar peces escapados fue 

confirmada. La incidencia general de dorada 

escapada resultó del 14.9% aunque alcanzó 

valores de hasta el 20.8%. Los peces escapados 

fueron capturados no más allá de 20 km de las 

piscifactorías, siendo la mayoría de las capturas 

a pocos km de las instalaciones. Artes de pesca 

como el trasmallo o la “plastiquera” capturaron 

la mayoría de los peces escapados comparado 

con los palangres. Esto podría indicar un mayor 

esfuerzo de estas artes comparado con  el 

palangre, aunque la proporción de doradas 

capturadas no difirió mucho. Se detectaron 

peces escapados entre las clases de edad más 

avanzadas indicando una potencial mezcla 

genética entre el genotipo salvaje y cultivado. 

Las clases de talla más grandes contribuyeron 

con la mayor biomasa desembarcada y mayores 

ingresos, sumando dos tercios del total obtenido 

por la venta de los peces recapturados. 

 

La última contribución de esta tesis doctoral 

(Capítulo 6) resume las consecuencias de los 

resultados obtenidos desde un marco de gestión. 

Además, se aporta una serie de 

recomendaciones para ser utilizadas por los 

gestores para el diseño de regulaciones futuras 

de la acuicultura en jaulas marinas flotantes. El 

alcance de los efectos del exceso de pienso en 

los peces desembarcados debería ser investigado 

más a fondo en términos de calidad, peso, 

precio, palatabilidad y percepción del 

consumidor entre otros. A pesar de que no se 

detectó una influencia negativa del exceso de 

pienso en la especie comercial Melicertus 

kerathurus, otras especies presentes durante 

todo el año podrían verse afectadas y se 

recomienda su investigación. En base a la futura 
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fish farming and artisanal fisheries in the coastal 

zone, more research should be addressed 

towards unveiling potential synergies between 

fish farming and coastal fisheries (e.g. fish 

farms acting as small MPAs). Long term 

monitoring programs on the influence of fish 

farms in regards with the habitat use of migrant 

predators should be set, since the continuous 

presence of fish preys might render these 

facilities as areas were sub-populations might 

remain all year long. The incidence of escapees 

in fisheries landings should be used as an 

indicator of good practice at farms, therefore, 

monitoring of the catches of cultured species 

should be established in landing ports. 

Additionally, periodic genetic analysis to 

control de farmed genotype introgression in the 

wild gene pool are suggested. The ability of 

artisanal fisheries to recapture escaped fish 

should be used to design contingency plans to 

recapture escaped fish in the future, as it has 

occurred in other countries where a more strict 

fish farming regulations exist. Before the 

establishment of a sea cage facility is carried 

out, the Environmental Impact Assessment 

(EIA) should include a SWOT Analysis 

(Strengths, Weaknesses Opportunities, and 

Threats) of the activity in relation to coastal 

fisheries. All the aforementioned research 

should be conducted to better assess the 

influence of fish farming on coastal fisheries in 

the forthcoming era of marine fish farming. 

Only in this way, the sustainable integration of 

sea cage aquaculture in the coastal zone will be 

achieved. 

 

 

 

 

 

coexistencia de la  acuicultura marina y la pesca 

en la zona costera,  futuras investigaciones 

deberían dirigirse hacia la identificación de 

sinergias entre ambas  actividades (ej. 

Piscifactorías  como  pequeñas Áreas Marinas 

Protegidas).    Seguimientos  a largo plazo de la 

influencia de las piscifactorías en relación al uso 

del hábitat de especies migradoras de 

predadores deberían planificarse, ya que la 

presencia continua de presas  en las 

instalaciones podría hacer que sub-poblaciones 

permanezcan todo el año.  La incidencia de los 

escapes en  los desembarcos debería utilizarse 

como indicador de buena  praxis en las 

piscifactorías, por tanto, el seguimiento de las 

capturas de peces cultivadas debería 

establecerse en lugares de desembarco de 

capturas. Además, análisis genéticos se 

recomiendan para controlar la introgresión de 

genotipo cultivado en la población salvaje. La 

capacidad de la pesca artesanal para recapturar 

peces escapados se debería aprovechar para el 

diseño de planes de contingencia futuros, al 

igual que ha ocurrido en otros países donde 

existen regulaciones más estrictas del cultivo de 

peces. Previa instalación de una piscifactoría,  el 

estudio de impacto ambiental (EIA) debería 

incluir un análisis DAFO (Debilidades, 

Amenazas, Fortalezas y Oportunidades)  en 

relación a la pesca local. Los esfuerzos deben 

dirigirse hacia concretar la influencia del cultivo 

de peces en la pesca costera en la era futura del 

cultivo de peces en mar abierto. Sólo así se 

alcanzará la integración sostenible de las 

piscifactorías en la zona costera.  

6 



 

1 
 

 

 

 

  

 

                                                                                           

                                                                    CHAPTER 1. COASTAL ZONE DEVELOPMENT: AQUACULTURE AND FISHERIES 

 

7 



 

1.1 Aquaculture and global population 

increase: influences on the uses of coastal 

areas 

 

Around the world, public pressure on coastal 

zones has increased dramatically in the last 50 

years. This phenomenon is particularly marked 

in the Mediterranean Sea, where uncontrolled 

development and population growth in coastal 

areas has often occurred. Urbanization, 

particularly the construction of domestic 

housing, apartment blocks, hotels and the 

surrounding infrastructure, proceeded apace 

mostly after the 60s (Zdruli, 2014). A total of 

45000 km of the Mediterranean shoreline (ca. 

65%) are now developed with a total of 540 

coastal settlements with more than 10000 

inhabitants, out of which 70 have more than 

100000 inhabitants and ten more than 800000 

inhabitants (Curr et al. 2000). The total 

population of the Mediterranean countries grew 

from 276 million in 1970 to 412 million in 2000 

(an increase of 1.35 % per year), to 466 million 

in 2010 and it is predicted to reach 529 million 

by 2025. Overall, more than half of the 

Mediterranean population lives in countries on 

the southern shores, and this proportion is 

expected to increase three quarters by 2025 

(UNEP/MAP, 2012). Similar scenarios occur as 

well in other areas around the globe, being 9 

billion people predicted to populate the planet 

by 2050 (UN, 2010). Consequently, the pressure 

on the food sectors to maximise production and 

reduce waste will increase (Béné et al. 2015). 

Among these sectors, capture fisheries provide 

80Mt of protein and micronutrient-rich food for 

human consumption per year and contributes 

US$230 billion to the global economy, offering 

livelihood support to 8% of the world’s 

population (Sumaila et al. 2011). Two thirds of 

the fisheries production is set aside for human 

consumption whereas a third is processed to 

produce fishmeal and fish oils e.g. feed for 

aquaculture and livestock industries (Naylor et 

al. 2000, 2009; Smith et al. 2011). On average, 

fish consumption per capita is about 15–20 kg, 

thus, 125 and 210 Mt of fish are forecasted to 

meet human population requirements of fish 

consumption by 2050 (Merino et al. 2012). 

However, the population effects on marine food 

requirements could be more dramatic within 

European countries, since the consumption of 

seafood per capita (23.1 kg/year) is higher than 

in the rest of the world (19.2 kg/year; Merino et 

al. 2012). Nowadays, capture fisheries and 

aquaculture produce similar biomasses but, for 

the first time in 2013, aquaculture produced 

higher biomass of aquatic food (97.20 million 

tons) than capture fisheries (93.8 million tons; 

APROMAR 2015). As capture fisheries 

production seems to have reached the limit (80-

90 million tons/year), aquaculture is meant to 

 

 
Photo 1.1 The city of Benidorm, situated in the Levantine coast of Spain, is a good example of how coastal areas may 
develop into an overpopulated form. 

8 



 

play a major role in meeting the rising demand 

for fish products and supplying healthy and 

nutritious protein to provide with food the 

aforementioned global population (Larsen & 

Roney 2013). Particularly, marine aquaculture is 

called to play a main role in providing sea food, 

since the use of scarce natural resources such as 

freshwater (Duarte et al. 2009) or only wild fish 

is not required (De Silva, 2012). The latter will 

lead to a scenario where the number of sea cage 

fish farms will increase, with all the 

implications it may have for other traditional 

coastal users, with special mention to small-

scale fisheries. 

 

 

1.2 Small-scale fisheries and marine fish 

farming in the Mediterranean 

 

Nowadays, a total of 81 999 fishing boats were 

censused within the Mediterranean Sea, 

corresponding a total of 68 131 units (83% of 

the total fleet) to the category of artisanal boats 

(Sacchi, 2011). The Mediterranean fishing fleet 

accounts for the 22% of the European Union 

fleet in terms of tonnage and 34% in terms of 

engine power, although in terms of boats it 

accounts 46% of them. Around 33 000 vessels, 

(i.e. 80%) of the Mediterranean boats, show 

smaller than 12 m in length, thus rendering the 

Mediterranean fleet as a small-scale fishery 

type. Such fleets supply the local market for 

fresh and varied product, directly sold to 

consumers. However, some of them may make a 

significant contribution to the export market (eel 

and octopus fisheries etc.). Artisanal fleets 

generally operate on lagoons and the coastal 

fringe of the continental shelf, less than 2 hours 

away from their landing points. The bulk of the 

fleets correspond to low-tonnage boats with 

small or no engines, generally no more than 12 

m long which require low levels of investment. 

To meet the highly-varied consumer demand, 

artisanal fleets use a wide variety of fishing 

techniques (45 types of fishing gear have been 

identified in the Mediterranean), generally 

orientated towards catching around a hundred 

different demersal species and a smaller 

proportion of medium-sized pelagic ones. These 

fleets employ a variable number of fishermen, 

depending on the practice at each geographical 

area, generally with 1 or 2 fishermen registered 

per vessel and 1 or 2 “seasonal hands” (Farrugio 

et al. 1996; Lleonart et al. 1998; Farrugio and 

Papaconstantinou, 1998). 

  

Marine fish farming have evolved dramatically 

to an industrial scale throughout the last 

decades.  The production increased from Mt 0.8 

in 1951 to Mt 97 in 2013, giving way to an 

scenario where coastal sea cages rearing 

gilthead sea bream, European sea bass and/or 

meagre can be found at a pan-Mediterranean 

scale (Trujillo et al. 2012). European sea bass 

 
Photo 1.2 Panorama view of the Murcian coast of Águilas with one of the oldest Spanish fish farms in the background. 
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and gilthead sea bream are the main marine 

species reared within Mediterranean producers, 

with 173 024 and 157 516 kg produced in 2014 

(APROMAR, 2015). Overall, Greece (71 

000/42000), Turkey (37 000/67 912) and Spain 

(16 230/17 376) are the main gilthead sea bream 

and European sea bass producers within the 

Mediterranean (gilthead sea bream kg/European 

sea bass kg), accounting for 34%, 32% and 10% 

of the total production of both species (330 540 

kg), respectively (APROMAR, 2015). So far, 

farmed fish contributes with 42.2% to the total 

Mt 158  of fish produced by aquaculture and 

capture (including for non-food uses), with 

aquaculture being projected to supply more than 

60% of fish for direct human consumption by 

2030 (SOFIA 2014).  

Distribution of the small-scale fishing fleet in 

the Mediterranean coast of Spain 

 

According to the European fleet register 

(http://ec.europa.eu/fisheries/fleet/), the Spanish 

small-scale fishing fleet based on Mediterranean 

ports accounts for a total of 1099 boats (overall 

length <12m; main power < 100 KW; Gear sec 

code: GNS, GTR, NO and FPO; Gear main 

code: GNS, LLS; see métier acronyms in: 

http://datacollection.jrc.ec.europa.eu/wordef/fis

hing-activity-metier). Along the Spanish coast, 

four different administrative areas are found; 

Thus, the Spanish coast is divided in Andalucia 

(Fig. 1.2; A) and Murcia (Fig. 1.2; B) in the 

south, together with the Valencian (Fig. 1.2; C) 

and Catalonian (Fig. 1.2; D) communities in the 

 
Figure 1.1. Sea cage distribution throughout the Mediterranean Sea (Source: Trujillo et al., 2010) 

 

 

 

 

Photo 1.3 Artisanal fishing boats moored in the marina of Almeria after a fishing day. 
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east and in the north, respectively. The artisanal 

fishing fleet is well represented in all these 

regions (proportion of the total small-scale boats 

in the Mediterranean coast of Spain; number of 

boats), being two thirds of the vessels registered 

within Catalonian (31.03%; 341) and 

Andalusian (30.9%; 340) ports, followed by 

boats registered in ports of the Valencian 

Community (25.7%; 282) and Murcia (12.4%; 

136). In general, the most important fishing 

 

Figure 1.2 Map depicting, in terms of circle size, the number of small-scale artisanal vessels based in the ports of A) 
Andalusia, B) Murcia, C) Valencian Community and D) Catalonia. (EU data: 
http://ec.europa.eu/eurostat/web/fisheries/data/database). 
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ports (region; number of vessels) in the 

Mediterranean coast of Spain are Estepona 

(Andalucia; 63), San Pedro del Pinatar (Murcia; 

61), Santa Pola (Valencian Community, 49) and 

Vélez (Andalucia, 49). In the southern regions 

of Spain, Estepona (18.5%; 63), Vélez (14.4%; 

49), Almería (12.1%; 41). Fuengirola (11.8%; 

40) are the most important fishing ports in 

Andalucia (Fig. 1.2A) while San Pedro del 

Pinatar (44.9%; 61), Cartagena (19.1%; 26), 

Águilas (18.4%; 25) and Mazarrón (13.2%; 18) 

are so in Murcia (% of regional fishing fleet; 

number of boats; Fig. 1.2B). In the East of 

Spain, the ports of Santa Pola (17.6%; 50), 

Cullera (19.1%; 37) and Gandía (11.3%; 32) 

show important in the Valencian Community 

(Fig. 1.2C), whereas in the north, the ports of 

Roses (10.32%; 35), Arenys de Mar (10.32%; 

35), Vilanova i la Geltrú (7.7%; 26), Blanes 

(7.7%; 26), Sant Carles de la Rapita (6.8%; 23), 

Palamos (6.8%; 23) and Badalona (5.9%; 20) 

shelter the highest number of small boats within 

the region of Catalonia (Fig. 1.2D). 

Marine fish farming in the Spanish 

Mediterranean coast  

 

Spain is among the major producers of aquatic 

products in the Mediterranean since 1960’s, 

being nowadays the main producer in terms of 

biomass with 223709 tons (17.5% of the EU 

production in 2013). The latter is due to the fact 

that Spain is by far the largest producer of blue 

mussels (162 012 tons) which represents 37% of 

the produced biomass in the UE in 2013. 

However, in terms of overall fish production, 

Spain is the third producer in the UE only after 

Greece and Turkey in relation to sea bass and 

sea bream respectively (APROMAR 2015). 

Additionally, Spain supplied with 1090 tons of 

meagre (Argirosomus regius), representing 53% 

of the EU production (APROMAR 2015). 

Meagre is meant to help diversifying a saturated 

Mediterranean market which has been 

traditionally driven by gilthead sea bream and 

European sea bass. The bulk of the fin fish 

production (gilthead sea bream, european sea 

 

 

Figure 1.3 Location of most of the marine sea-cage fish farms (blue dots) along the Mediterranean coast of Spain 

12 



 

bass and meagre) takes place in the 

Mediterranean Sea, as temperate weather 

conditions and the absence of tides render this 

area more suitable for sea cage aquaculture (Fig. 

1.3).   

 

Coexistence of fish farming and the small-scale fleet 

in the Spanish Mediterranean coast 

 

Access to coastal areas is a challenge for the 

European aquaculture (Grottum & Beveridge, 

2007). Fish farmers usually cover distances 

between one and five nautical miles to reach the 

fish farms at a daily basis, since fish must be fed 

every day. Basic services as ice, fuel, water 

supply together with mooring are needed. These 

requirements are similar to those of small-scale 

fishermen, being generally provided at ports. 

Consequently, it is common to observe both 

fishing and fish farming boats coexisting in a 

number of ports. In Spain, the latter occurs in 

Málaga, Almería, Águilas, Cartagena, San 

Pedro del Pinatar, Guardamar, Campello, 

Villajoyosa, Altea, Sagunto, Burriana, Cases 

d’Alcanar, L’Ametlla de mar and Roses, in this 

order from the south to the north, as farming 

facilities exist along the whole Mediterranean 

coast of Spain (Fig. 1.3).  

 

A total of 42.3% (1099 boats) of the small-scale 

fishing fleet is located closer than 20 km from a 

fish farm and potential interactions might arise. 

The latter distance threshold (20km) is set based 

on the potential incidence of escapees on 

fisheries catches, which can be observed up to 

20 km off the fish farms (Arechavala-Lopez et 

al. 2012a), although distances up to 50 km from 

the escape point have been described (Toledo-

Guedes et al. 2014a). Thus, at a regional level, 

the area of Murcia is, potentially, the area with 

the highest influence of fish farming over the 

small-scale fishing fleet, followed by the 

Valencian Community; Overall, 86.8% and 

59.9% of their fishing boats are potentially 

influenced, respectively (Fig.1.4). The lowest 

potential influence of marine net-pen 

aquaculture over the fishing fleet is observed in 

Andalucia with 21.2%, whereas in Catalonia 

intermediate values are shown. Overall, a total 

of 31.1% of the small-scale fishing boats along 

the Mediterranean coast of Spain are under the 

potential influence of sea cage fish farming 

(Fig. 1.4). 

 

 

1.3 The sustainable integration of marine 

aquaculture in coastal zones. 

 

The seventh session of the Sub-Committee on 

Aquaculture (SCA) of the FAO Committee on 

Fisheries expressed a strong interest in spatial 

planning to ensure the allocation of space for an 

appropriate marine aquaculture growth 

encompassing measures to prevent/minimise 

negative interactions with the ecosystem and 

other coastal users (FAO 2013). The SCA 

acknowledged that spatial planning needs to 

follow an ecosystem approach. The definition of 

socioeconomic, environmental and governance 

objectives that result in the integrated 

management of land, water and living resources 

for the development and expansion of the sector 

in a sustainable and equitable way were also 

highlighted (FAO 2013). In Spain, the 

Andalusian region have traditionally 

implemented a based-on-geographic 

information system (GIS) management strategy 

to ensure a sustainable allocation of sea cage 

fish farms in the coastal zone (Junta de 

Andalucia 2003). Lately, the Murcia region has 
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developed a strategy for sea farming allocation, 

together with the Canary islands, where due to 

the high environmental damage and social 

concern arisen from a massive escape of 

European sea bass (Toledo-Guedes et al. 

2014a), a contingency plan to prevent/mitigate 

the negative effects of fish escape events on 

either marine fish farms, ecosystem, local 

fisheries or tourism is being developed. 

 

Available space for new mariculture 

development in coastal areas is now becoming 

increasingly limited. This trend can be expected 

to continue because, along with aquaculture, 

other human activities in coastal and oceanic 

waters will increase significantly over the next 

20 years, including tourism (Hall, 2001) and 

offshore renewable energy generation (Douvere 

& Ehler 2009). Such fierce competition for 

space has resulted in negative interactions with 

traditional and new coastal users (Dempster & 

Sanchez-Jerez 2008). Throughout mariculture 

expansion, access to adequate areas for 

production will be a key determinant for a 

sustainable development in a future to come, 

since despite calls to ‘conquer the ocean’ with 

offshore mariculture (Marra 2005), coastal 

waters still remain the most desirable location 

for marine aquaculture. Thus, frictions are 

expected in a future scenario where either sea 

cages or local fisheries will coexist. Recently, 

Allocated Zones for Aquaculture (AZAs), in 

which aquaculture will have priority over other 

activities, have been suggested for a sustainable 

and friction-less development of aquaculture in 

coastal areas (Sanchez-Jerez et al. 2016). In 

these zones (AZAs), adverse environmental and 

social impacts, as well as negative interactions 

with other users, will be minimised or avoided. 

However, although the AZAs seem promising, 

it is still much to investigate in order to provide 

managers and decision makers with the 

appropriate knowledge to design optimal AZAs 

guaranteeing the sustainable coexistence of 

fisheries and sea cage aquaculture, more than 

the conservation of the ecosystem. 

 

 

1.4 Interactions between fish farming and 

marine resources exploited by small-scale 

fisheries 

 

 

FAD (Fish Aggregating Device) effect of open 

sea cages on wild fish 

 

Since the early 2000s and after the intensive 

marine sea cage aquaculture in the 

Mediterranean coastline throughout the last 

decade, a dramatic abundance of wild fish was 

 

Figure 1.4 Bars plot 
showing the number of 
small-scale boats per region. 
In blue, the proportion (%) 
vessels per region which are 
potentially affected by 
marine fish farming.  
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noticed next to fish farms, due to the increased 

presence of organic matter derived from the 

farming activity (Dempster et al. 2002; 2005). 

Around 40 different species can be observed 

around sea cages, especially in summer time, 

being particularly abundant either Carangids or 

Sparids (Dempster et al. 2004; Boyra et al. 

2004; Valle et al. 2007; Fernandez-Jover et al. 

2008; Halide et al. 2009; Arechavala-Lopez et 

al. 2011; Fernandez-Jover et al. 2011a; Šegvić 

Bubić et al. 2011a; Bacher et al. 2013; Ozgul & 

Angel, 2013). Additionally, increased 

abundances of other benthic taxa as high valued 

crustaceans have also been described around sea 

farms (Drouin et al. 2015). The non-take zone 

condition of the lease-hold area around the fish 

farms prevents fisheries from exploiting the 

above described fish resources, which are found 

within its boundaries. Therefore, fish farms has 

been compared to small marine protected areas 

(MPAs; Dempster et al. 2006). It has been 

agreed that the influence of fish farms on 

coastal fisheries should be taken into account 

since their structures may have the same effect 

as artificial reefs set for fisheries purposes 

(Sanchez-Jerez et al. 2011). Although the 

increased abundances of fish around fish farms 

are circumscribed to the first hundreds of meters 

(Dempster et al. 2002), fisheries might increase 

their catches when deploying their gear around 

the lease-hold zones, although it might not be 

generalised (pers.obs). From an economic 

perspective, fish traps have been used to inspect 

the possibility to exploit fish aggregating to fish 

farms in the Aegean Sea. A total of 38 species 

were caught with higher biomasses being 

registered throughout summer time (Akyol & 

Ertosluk, 2010). Dempster et al. (2004) 

suggested the protection of wild fish aggregated 

to farms through the lease-hold areas as a 

constraint to fishing activities, since the 

facilities might act as ecological traps. 

Although, the exploitation of wild fish 

aggregated to sea cages has not been envisaged 

due its active role on fish farm-derived organic 

matter bio-filtration (Vita et al. 2004; Felsing et 

al. 2005), there are countries which have started 

investigating on potential synergies between 

fish farming and capture fisheries to exploit this 

wild fish assemblages around fish farms.  

 

Wild fish condition and trophic behaviour   

 

The above explained FAD effect exerted by fish 

farms over wild fish is driven by the excess of 

organic matter derived from the farming 

 
 

Photo 1.4 Aggregated wild fish around net pens 
when feeding cultured fish. White dots correspond 
to excess feed drifting away through the nets. 
(photo: Pablo Arechavala Lopez). 
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activity, as fish feaces and lost pellets (Tuya et 

al. 2006). However the influence of such 

organic matter does not only apply to the wild 

fish distribution, but also to a physiological 

extent. Fish aggregated to fish farms increase 

their condition from eating lost pellets, which is  

mirrored in higher levels of total lipids and 

terrestrial fatty acids (FAs; i.e. linoleic acid: 

18:2n-6, linolenic acid: 18:3n-6; oleic acid: 

18:1n-9) contained in pellets, since FAs are 

entirely assimilated (Skog et al. 2003; 

Fernandez-Jover et al. 2007; 2011a; 

Arechavala-Lopez et al. 2011; 2015a). Several 

species as Boops boops, Mugilidae spp, 

Trachinotus ovatus, Trachurus mediterraneus, 

and Sardinella aurita feeding on lost pellets 

have been described (Fernandez-Jover et al. 

2008). In the same way that the use of FAs has 

shown suitable to track links among species in 

marine food webs as FAs are transferred from 

prey to consumer (Iverson, 2009), terrestrial 

FAs may be applied to identify fish individuals 

feeding on lost pellets around fish farms (for a 

review see Fernandez-Jover et al. 2011b). Not 

only wild fish, but also escaped fish, can remain 

around fish farms feeding on lost pellets (Olsen 

& Skilbrei 2010). The above explained process 

of pellet assimilation in shape of fish biomass 

changes the organoleptic properties of the fish, 

which can derive into complaints of both 

fishermen and consumers (Skog et al. 2003). 

Despite the aforementioned process of excess 

feed assimilation occurs widely in all areas 

where marine sea cage aquaculture is present, a 

general negative perception of wild fish 

aggregating to fish farms has not been expressed 

by fishermen or consumers in the 

Mediterranean. 

 

 

Fish farm connectivity and diseases 

transmission  

 

Wild fish may stay in the vicinity of farms for 

several months and they may move relatively 

frequently and rapidly among farms and/or 

towards other locations (Uglem et al. 2008, 

2009, Dempster et al. 2010, Arechavala-Lopez 

et al. 2010, Otterå & Skilbrei 2014). Such 

connectivity of fish farms through wild fish 

movements might lead to pathogens and disease 

transference both from wild fish to reared fish 

and viceversa; fish escapes may act as well as 

vectors for these diseases (for a review see 

Arechavala-Lopez et al. 2013a). Fish farming 

has been intensified in coastal regions 

throughout the world. Therefore, the 

connectivity among fish farms through wild fish 

movements might result critical to predict 

potential transferences of diseases outbreaks 

among fish farms or areas of special interest as 

MPAs. 

 
 

Photo 1.5 Three fish farms coexisting within few kilometres of the coastal zone near mainland and next to a small island in 
Selonda Bay (Greece). Photo: Google 2016, Terrametrics. 

16 



 

Predators  

 

Different trophic gilds are well represented 

around Mediterranean fish farms. Primary 

consumers (Sardinella aurita), low trophic level 

(TrL) species as Boops boops, Mugil cephalus 

or Liza aurata (2.5 > TrL > 2.8; Froese & Pauly, 

2015) and top predators as Pomatomus saltatrix 

(Sanchez-Jerez et al. 2008) (TrL = 4.5 (Froese 

& Pauly, 2015)) can be observed. Other 

predators part of the apex of the food chain as 

sword fish (Xiphias gladius) and red fin tuna 

(Thunnus thynnus), have been described around 

fish farms (Arechavala-Lopez et al. 2013b; 

2015b). While some piscivorous species 

aggregated to fish farms (e.g. T. trachurus, T. 

ovatus and Pollachius virens) have changed 

their diets towards food pellets consumption 

(Skog et al. 2003; Fernandez-Jover et al. 2008; 

Arechavala-Lopez et al. 2015a), other predators 

as P. saltatrix, X.gladius and T.thynnus 

(pers.obs) still prey on wild fish (Sanchez-Jerez, 

et al. 2008). Potential influences on the 

migration behaviour of the aforementioned 

predators are unpredictable and further research 

should be addressed in the long term. 

 

Fish escape events  

 

In Mediterranean Sea, the escape of fish meant 

to fish farmers a total of €42.7 million from 

2007 to 2013, arising as one of the main 

handicaps for the industry. Despite studies are 

scant in the Mediterranean Sea, , a lower genetic 

diversity of wild conspecifics have been 

described in areas where fish farming is present 

compared to areas where fish farms do not exist. 

(Šegvić-Bubić et al. 2011b; 2014). Additionally, 

escapees may compete for food and habitat, not 

only with wild conspecifics, but with other fish 

species (Toledo-Guedes et al. 2009; 

Arechavala-Lopez et al. 2012a; Valero-

Rodriguez et al. 2015). Moreover, spawning of 

fish while in sea cages and the fertilised eggs 

released to the water column (Somarakis et al. 

2013) might enhance the stock fecundity of the 

wild populations. The latter is mirrored in an 

increase of fisheries landings and a subsequent 

product depreciation in the market (Dimitriou et 

al. 2007). In relation with coastal zone 

management, escaped fish might be behind the 

high predation rates registered in next mussel 

farms (Šegvić-Bubić et al. 2011c; Glamuzina et 

al. 2014). Fisheries may recapture escaped fish 

(Arechavala et al. 2012a; 2015a), and dramatic 

landings are registered after massive escape 

events (Toledo-Guedes et al. 2014a). However, 

only few countries producing fin fish (i.e. 

Norway, EEUU, Canada, UK, Australia and 

Chile) have developed a legal framework to 

prevent/mitigate its potential socioeconomic and 

ecological influences. 

 

Photo 1.6 Xiphias gladius foraging on wild fish 
around a fish farm. Source: Arechavala-Lopez et al., 
2013b 

 
Photo 1.7 Mediterranean beach clogged with anglers 
after a fish escape in Gorguel (Murcia, Spain) in April 
2016, where commercial sized escaped sea basses 
(Dicentrarchus labrax) were captured for several days. 
Photos: Benjamin Gómez. 
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1.5 Objectives 

 

General objective 

 

Capture fisheries are deeply embedded in many 

coastal communities, playing a crucial role for 

local economies and food supply. In light of the 

future development of marine aquaculture 

throughout coastal areas and the aforementioned 

interactions of the industry with fisheries 

resources and the ecosystem, this doctoral thesis 

aimed to shed light on the influence of sea cage 

aquaculture on fisheries landings. Overall, the 

obtained results will help to design appropriate 

management measures in seek of a sustainable 

integration of sea cage fish farming in coastal 

areas. Only through knowledge based measures, 

either the normal functioning of marine 

ecosystems or the reliable activity of the fish 

farming industry, tourism and fisheries, will be 

achieved. 
A 

 

 

Specific objectives  
 

 
CHAPTER 2 

 

1. To determine the influence of fish 

farming on four different trophic gilds of wild 

fish around fish farms by using fatty acid 

analyses.  

 
2. To demonstrate the existence of an 

exportation process of fish feed to artisanal 

fisheries via wild fish. 

 
3. To unveil if the excess feed extends to 

higher levels in the trophic chain through 

predation.  

CHAPTER 3 

 

1. To examine a potential trophic 

influence of fish farming on the penaeid prawn 

Melicertus kerathurus, through stable isotopes 

analysis of carbon and nitrogen (13C and 15N). 

 

2. To shed light on the potential influence 

of excess feed on the condition of wild 

Melicertus keraturus and its spatial extent. 

 
CHAPTER 4 

 

1. To determine the spatiotemporal 

distribution of bluefish in Mediterranean coastal 

waters including areas of interest as: shallow 

coastal zone, fish/shellfish farms and traditional 

fishing areas. 
 

2. To assess the movements and 

connectivity among fish farms and areas of 

interest. 
 

3. To identify potential effects of fisheries 

and aquaculture activities on bluefish population 

through the inspection of fisheries dynamics.  

 
CHAPTER 5 

 

1. To develop a simple and cost-effective 

method to distinguish escaped versus wild 

gilthead sea bream. 

 

2. To assess the incidence of escaped 

gilthead sea bream in the catch of local 

fishermen in terms of distribution, abundance, 

biomass and derived revenues. 

 

 

3. To suggest management measures to 

minimise the socioeconomic and ecological 

influence of fish farming on local fisheries.
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CHAPTER 2. EXPORTATION OF EXCESS FEED FROM MEDITERRANEAN FISH FARMS 
TO LOCAL FISHERIES THROUGH DIFFERENT TARGETED FISH SPECIES 
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The content of this chapter have been published on ICES Journal of Marine Science and 

it can be found in the next link:  

 

https://icesjms.oxfordjournals.org/content/early/2014/10/18/icesjms.fsu179.full 
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CHAPTER 3. EFFECTS OF COASTAL FISH FARMS ON BODY SIZE AND ISOTOPE 

COMPOSITION OF WILD PENAEID PRAWN (Melicertus kerathurus) 
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The content of this chapter have been published on Fisheries Research Journal and it 

can be found in the next link:  

 

 

http://www.sciencedirect.com/science/article/pii/S0165783615300059 
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CHAPTER 4. INTERACTIONS BETWEEN OPEN SEA CAGE AQUACULTURE AND ARTISANAL 

FISHERIES THROUGH PREDATOR SPECIES: IMPLICATIONS FOR THE MANAGEMENT OF THE 

COASTAL ZONE 
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SUMMARY: 

 

Bluefish (Pomatomus saltatrix, Linnaeus 1766), is a top predator species distributed at a global scale 

including both basins of the Mediterranean Sea where it is exploited by coastal fisheries. In north-western 

Mediterranean, little is known about both the biology of the species and its habitat use when distributed in 

coastal areas from spring till autumn. The knowledge about influence of sea cage fish farming on both the 

behaviour of the species and its derived implications for other users of the coastal zone is scant. This 

study aimed to reveal the spatiotemporal distribution of acoustically tagged bluefish at a regional scale in 

an area where fish farming, coastal fisheries and other forms of aquaculture coexist. Fish farms showed a 

dramatic influence on the distribution of tagged individuals. The individuals that remained in the study 

area were closely associated to sea cages, connecting them with fishing areas and other aquaculture 

facilities through their movements. Implications for bluefish deriving from the presence of fish farming 

are further highlighted. In light of the diversity of artisanal fisheries, combined effects on bluefish arising 

from the coexistence of fish farming and artisanal fisheries are hypothesised together with the 

implications for both industries. 

 

 

 

 

 

 

 

 

 

 

 

RESUMEN: La anjova o golfar (Pomatomus saltatrix, Linnaeus 1766) es una especie predadora 

distribuida a escala circumglobal incluyendo ambas cuencas Mediterráneas donde es explotada 

comercialmente. En el Mediterráneo noroccidental, el conocimiento sobre la biología de la anjova es muy 

escaso, incluyendo su uso del hábitat cuando se encuentra en zonas costeras entre primavera y otoño. 

Poco se conoce sobre la influencia de las piscifactorías en el comportamiento de la anjova y sus efectos 

en otros usos de la zona costera. Este estudio se centra en conocer la distribución espaciotemporal de 

anjovas marcadas acústicamente en una zona donde piscifactorías, pesca artesanal y otras formas de 

acuicultura coexisten. Las jaulas de engorde de peces mostraron una gran influencia sobre la distribución 

de las anjovas marcadas. Los peces marcados que permanecieron en el área de estudio, estuvieron 

estrechamente relacionados con las jaulas flotantes, conectándolas, a través de sus movimientos, con las 

demás zonas de interés estudiadas. Implicaciones para la especie derivadas de la presencia de 

piscifactorías se contextualizan. En base a la diversidad de la pesca artesanal, se hipotetiza sobre los 

posibles efectos conjuntos en las poblaciones de anjova derivados de la coexistencia de piscifactorías y 

pesca artesanal. Finalmente, las implicaciones para ambas industrias son puestas sobre la mesa. 
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4.1 Introduction 

 

Bluefish, Pomatomus saltatrix (Linnaeus 1766), 

is a pelagic, migratory and cosmopolitan 

species. It is distributed throughout the warm 

and temperate waters of the Atlantic, Indian and 

Pacific Oceans together with adjacent seas as 

the Mediterranean and the Black Seas 

(Tortonese 1984). The species is also widely 

exploited by commercial and recreational 

fisheries (see Juanes et al. 1996 and references 

therein). Bluefish distribution is associated with 

water temperature and the species prefers 

warmer waters during the colder months before 

migrating to warmer latitudes when water 

temperature decreases (Lund & Maltezos, 1970; 

Olla & Studholme, 1971, 1985; Turan et al. 

2006). Bluefish migrations are related to 

spawning taking place in summer time (Fisher 

et al. 1987). In Mediterranean Sea, spawning 

occurs from May to September in northern 

coastal areas of both Eastern (Gordina & 

Climova 1996) and Western (Sabatés et al. 

1993, 2012) basins.  

 

Bluefish is targeted by artisanal fisheries, purse 

seiners and/or bottom trawlers 

(http://www.fao.org/fishery/species/3102/en), 

particularly in the Eastern basin and Marmara 

Sea where the commercial value of the species 

is high. Small-scale fisheries in the 

Mediterranean Sea are characterised by the use 

of a high variety of metiérs associated to the 

coastal habitat heterogeneity and the seasonal 

distribution of different targeted species 

(Alarcón et al. 2001; Tzanatos et al. 2005; 

García-Rodríguez et al. 2006; Maynou et al. 

2011). Further changes in the abundances of 

target species may affect the usage of some 

métiers.  

When in coastal areas, bluefish is usually 

observed around fish farms (Dempster et al. 

2002; Valle et al. 2007; Fernandez-Jover et al. 

2008; Sanchez-Jerez et al. 2008; Bacher et al. 

2015), sneaking into sea cages to prey on 

cultured fish, causing economic losses to 

farmers (Sanchez-Jerez et al. 2008). The 

presence of wild fish due to the presence of 

excess feed around farms (Tuya et al. 2006) 

including bluefish in seek of preys (Arechavala-

Lopez et al. 2013b; 2014; 2015b), might occur 

as a response to a subsidised food web created 

around sea cages (Polis et al. 1997). However, 

little is known about the potential influence of 

fish farming on predators as bluefish and its 

local behaviour in coastal areas, where fish 

farming is present. For instance, connectivity 

among different fish farms via wild fish, 

including movements of bluefish, can involve 

transfer of diseases and parasites (Arechavala-

Lopez et al. 2013a). There is a trophic influence 

of fish farming over wild fish due to excess feed 

and affecting piscivorous fish, as bluefish, when 

preying upon aggregated fish. However, little is 

known when aggregated fish swims off the sea 

cage areas. In light of the high abundances of 

P.saltatrix present around fish farms, 

connectivity with other important coastal areas 

should be further investigated, specially fishing 

areas, where a density-dependent predation on 

target species might affect local fisheries. 

 

The industry of sea cage aquaculture is already 

spread along both basins of the Mediterranean 

Sea (Trujillo et al. 2012), however, sea cage 

fish farming is predicted to further develop and  

new facilities might act as potential new 

foraging areas for bluefish, as it occurs already 

at a Mediterranean scale (Sanchez-Jerez et al. 

2008). In this regard, Villegas-Hernández et al. 

25 

http://www.sciencedirect.com/science/article/pii/S0165783606000713%23bib43
http://www.fao.org/fishery/species/3102/en


 

(2015) highlights the need to study the influence 

of bluefish on other prey species when the 

species is newly established, since, it may affect 

its condition compared to other subpopulations 

of the species traditionally distributed in other 

areas. Therefore, further knowledge of the 

spatial distribution of bluefish would contribute 

to promote a sustainable coexistence between 

fish farming and small-scale fisheries at a 

Mediterranean scale. Thus, the goals of this 

study were i) to determine spatiotemporal 

distribution of bluefish in Mediterranean coastal 

waters, specifically, at different areas of interest 

as shallow coastal zone, fish/shellfish farms and 

traditional fishing areas, ii) to assess the 

movements and connectivity among different 

areas of interest, iii) to shed light on the 

migration patterns by comparing the obtained 

results with fisheries landings records. 

Eventually, a local interaction between bluefish 

and artisanal fisheries, arising from the presence 

of sea cages, was pointed out. 

 

4.2 Materials and Methods 
 

Study area  

 

This study was conducted between 22nd May of 

2011 and 9th January 2012 in the bay of 

Guardamar (38° 5'29.75"N, 0°39'25.30"W), 

located on the South East coast of Spain (SW 

 

Figure 4.1 Map depicting the position of the receivers and the studied locations. 

 

Figure 4.2 Monthly Sea Surface Temperature (SST, 
Cº) during the study period (2011; dashed line) and the 
monthly mean (±SE) SST (ºC) from 2005-2011 (solid 
line). 
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Mediterranean Sea; Fig. 4.1). The study area 

shows very complex in terms of management, 

since a number of different uses of the coastal 

zone are present in a small area (tens of km2). 

For instance, there is a Marine Protected Area 

(MPA of Tabarca island), three fish farms (Fig. 

4.1) with an overall annual production of 2000 

Mt·year-1 each, an oyster farm and three 

different landing ports (Santa Pola, Guardamar 

and Torrevieja (Fig. 4.1). Additionally, tourism 

is the main industry in the study area. 

Throughout summer time, one of the fish farms 

(FN) stopped fattening fish as it was dismantled. 

In Santa Pola, both the trawling (50 boats) and 

artisanal (40 boats) fleets are well represented 

whereas in Guardamar only artisanal fishermen 

are present (8 boats). In the area, the river 

Segura forms a small estuarine zone of brackish 

waters flushing out sediments and detritus 

especially during the rainy season in autumn 

(Fig. 4.1). The mean sea surface temperature 

(SST ºC) during the study period was 23.1 ± 3.9 

ºC, ranging between 28ºC and 15.5ºC in August 

2011 and January 2012, respectively (Fig. 4.2). 

Additionally, the mean SST from 2005 to 2011 

was obtained at a monthly basis from the 

Spanish Governmental database 

(http://www.puertos.es; Fig. 4.2). 

 

Tagging and tracking procedure 
 

In total, 23 bluefish, captured within the 

boundaries of a fish farm (FR, Fig.4.1) by 

means of fishing rods, were tagged with 

acoustic transmitters between 22nd May and 6th 

June of 2011. The mean total length (±SE) of 

tagged individuals was 50.1 ± 1.9 cm. Acoustic 

transmitters (Vemco, model V13P-1H-69KHz-

S64k, 13 × 45 mm, weight in air/water = 12/6 g, 

depth range = 50 m) were surgically implanted 

into the gut cavity according to Arechavala-

Lopez et al. (2014). External T-bar tags 

(Hallprint Ltd, Victor Harbor, South Australia) 

were also used for visual recognition in case of 

recapture. Tagged bluefish were fished and 

released at FC (Fig. 4.1). All handling and 

tagging procedures were conducted according to 

the Spanish regulations for the treatment and 

welfare of animals (Real Decreto 53/2013, 

published in BOE num. 34, 8th February 2013). 

After release, two individuals were continuously 

recorded at the same depth by the same receiver 

so they were not included in the analyses as 

they were considered dead. The tagged fish 

were tracked by means of an array of 20 

automatic receivers (Vemco Ltd., model 

VR2W) deployed at six different areas of 

interests: two fish farms FN and FC, a shallow 

coastal area (SH) near the mouth of the river 

Segura were arrow head fish traps are 

traditionally deployed, a traditional fishing area 

(FA) and an oyster farm (OF; Fig. 4.1). 

Originally, location FC is composed by two 

different fish farms but both were considered as 

one due to proximity of farms. Thirteen 

receivers were attached to the mooring system 

at different farming areas, while two were 

deployed at FA and four at SH (Fig. 4.1). All 

but six receivers were recovered at the end of 

the study (Fig. 4.1). Strong winter storms might 

have detached the receivers from their original 

places making impossible to find them. 

 

Data analyses 

 

The number of individuals detected by all 

receivers at a given day responded to the daily 

absolute abundance (DAA; Fig. 4.3a). 

Moreover, the daily relative abundance (DRA) 

was calculated for each area (Fig 4.3; FC, FN,  
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Figure 4.3 Daily absolute abundance (DAA) of detected individuals during the study period (A) and the relative 
proportion of detected individuals per area (DRA): Farm Complex (FC), Farm North (FN), Shore (SH), Fishing Area 
(FA) and Oyster Farm (OF). From the left to the right vertical dotted lines indicate the end of spring, summer and 
autumn respectively. 
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SH, FA, OF) as a function of the number of 

individuals detected per day, at such area, 

divided by the total number of fish detected that 

day (DAA). The mean daily abundance (MDA) 

represented the average of the DAA throughout 

different seasons for all the study area, while the 

mean daily relative abundance (MDRA) 

represented the average of DRA for each 

location and season. Both MDA and MDRA 

were used as descriptors for a general inspection 

of the data. Four different seasons were defined: 

spring (May-June), summer (July-September), 

autumn (October-November) and winter 

(December-January). A Kruskal-Wallis test was 

performed to detect habitat preferences at a 

seasonal basis by using the DRA as an 

independent variable together with area as a 

grouping variable. In terms of connectivity, a 

movement was defined as a fish displacement 

between two different areas within a maximum 

of 24h time period. The affinity of the tagged 

individuals for the studied locations was 

assessed by a non-parametric Kruskal-Wallis 

test and graphically represented by the number 

of days elapsed until 50 % of tagged individuals 

reached a given area of interest. A Mann-

Whitney-U test was performed to analyse the 

presence of tagged fish in farming areas by 

comparing the number of continuous days that 

each individual was detected around sea cages 

and off them. All statistical analyses were 

performed using the statistical software IBM 

SPSS Statistics 20. 

 

 

4.3 Results 

 

Presence and distribution of bluefish 
 

Detections of tagged fish were registered 

continuously throughout 185 days from the first 

day until day 232 when the study was finished 

 

 

Table 4.1 U-Mann Whitney values of the daily relative abundance (DRA) between different locations at a seasonal basis. 
Bold values indicate lack of significant differences.  

                  
 

                  
      FA    OF   FN   FC 

      W   p   W    p   W   p   W   p 

Sp
ri

ng
 

SH   894.5   0.7   732    <0.001   465   <0.001   465   <0.001 

FA           746    0   469   <0.001   465   <0.001 

OF                    465   <0.001   465   <0.001 

FN                            465   <0.001 

                                     

Su
m

m
er

 SH   6230   <0.001   5366    <0.001   6218.5   <0.001   5088.5   <0.001 

FA           7333    <0.001   8346   0.6   4475   <0.001 

OF                    7105   <0.001   4379.5   <0.001 

FN                            4425.5   <0.001 

                                     

Au
tu

m
n 

SH   3715   0.7   3629.5    0   3629.5   0   2087.5   <0.001 

FA           3599    0   3599   0   2121.5   <0.001 

OF                    3571.5   1   2074   <0.001 

FN                            2074   <0.001 
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(Fig. 4.3a). Throughout the study, the DAA 

decreased, with a gap of registered detections in 

winter time (Fig. 4.3a). For all the study area, 

the highest MDA (± SE) of tagged bluefish 

(N=21) was registered in spring,  with 16.4 ± 

1.6 individuals detected per day (IPD), followed 

by a drop in abundance in summer time (July, 

August and September) when 14 individuals 

were detected at an average of 6 ± 2.9 IPD (Fig. 

4.3a). In autumn (October and November), the 

MDA was 2.7 ± 1.5 individuals per day with a 

total of six individuals detected in this period. 

None of the individuals were detected from the 

last week of November until the first week of 

January, when detections of two individuals 

were registered (Fig. 4.3; SH). A total number 

of 18, 13, 12 and 6 individuals were recorded 

throughout the study by the receivers at FN, SH, 

FA and OF, respectively. Seasonal differences 

in DRA were found among the studied locations 

in spring (K-test: H=117.6; p=<0.001), summer 

(K-test: H=286.1; p=<0.001) and autumn (K-

test: H=233.7; p=<0.001). Analyses of data 

corresponding to winter time were not 

performed due to a poor number of detections. 

Within seasons, differences in DRA values were 

found between all areas but SH-FA (spring and 

autumn), together with FN-FA in summer and 

OF-FN in autumn (Table 4.1; Fig. 4.3). In 

spring, higher DRA values (±SD) were 

registered at farms (FC: 76.7 ± 11.9 %, FN: 

26.3 ± 13.1 %) compared to other areas (3.8 % 

at the most). In summer time, the MDRA of 

detected individuals rose in non-farming areas 

especially at SH (30.4% ± 26.4) and FA (7.07% 

± 8.69). Despite the highest MDRA was still 

registered at FC in summer (79.8% ± 22.7), the 

values decreased noticeably at FN (8.27% ± 

11.7). In contrast, the highest MDRA at OF 

(1.4% ± 5.1) was registered in summer and no 

other detection was registered in this area 

 

 

Figure 4.5 Accumulated frequency of the continuous number of days (stays) that bluefish individuals spent within 
the boundaries of fish farms (grey line) and off them (black line). Grey dotted line indicates 85% of total 
movements. 

 

 

Figure 4.4 Accumulated presence of 
tagged individuals in the studied 
locations: farm north (FN), Shore (SH), 
fishing area (FA) and oyster farm (OF). 
Dotted line indicates the detection of 
50% of the tagged individuals. 
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beyond the study period. Interestingly, tagged 

fish showed different behaviours regarding both 

farming areas throughout autumn; tagged fish 

were not detected at FN whatsoever, whereas 

MDRA showed an increase in FC (87.3% ± 

31.2). Contrarily, MDRA decreased in non-

farming areas throughout autumn, especially at 

SH (1.9% ± 8.1) and FA (4.2% ± 16.1). In 

winter time, individuals were not detected at 

any of the areas but in SH, where detections of 

two individuals were registered (Fig. 4.3). 

 

Farm affinity, dispersal behaviour and 

connectivity among fish farms. 
 

There were significant differences in the mean 

number of days that fish were continuously 

detected around farms compared to periods of 

no detections (Z= -3.326; p=0.001). The mean 

number of days (±SE) that single fish remained 

aggregated to farms (in) resulted higher than the 

periods were fish were off the facilities (out), 

showing 8.01 ± 0.03 days and 5.3 ± 0.03 

respectively. Periods up to seven days 

accounted for 85% of the stays off the farms, 

whereas the periods around sea cages showed 

up to 15 days at the same proportion level (Fig. 

4.4). Although differences in dispersal 

preferences were not found, there was a general 

preference towards FN, since 50% of bluefish 

individuals were registered within a few weeks 

after they were released (Fig. 4.5). Half of the 

tagged individuals were not detected at FA and 

SH after a month later, between middle and late 

July respectively (Fig. 4.5). A total of 381 

movements among different areas were 

registered during the study period, a total of 

95% of them were registered between FC – SH 

(39.89%), FC – FA (25.19%), FN – FC 

(23.62%) and FN – SH (6.29%; Fig. 4.6). Most 

of the movements (Nx) took place in spring 

(Nspring=114; 21 individuals) and summer 

(Nsummer=259; 14 individuals). Between 60% 

and 80% of the detected individuals moved 

between FC and FN both in spring and summer, 

although, the resulting proportion of movements 

between FC and FN was twice as high during 

spring compared to summer time (Fig. 4.7). 

Both the proportion of individuals moving 

between FC and FA remained relatively 

constant throughout spring and summer. One 

tagged individual was detected in Cabo de 

Palos, a marine protected area (MPA) located 

about 50km, straight distance, southwards from 

the study area, by an array of receivers set by 

University of Murcia for other studies. (García-

Charton, pers. com.). This individual swam 

back and forth from the study area to the MPA 

of Cabo de Palos within two weeks between 

October and November, right before the winter 

migration. 

 
Figure 4.6 Registered movements of bluefish 
between the studied locations (grey squares). 
Farm Complex (FC), Farm North (FN), Shore 
(SH), Fishing Area (FA) and Oyster Farm (OF). 

31 



 

 

 
 

Figure 4.8 Bars diagram showing, on average (±SD), the monthly landings of bluefish (Pomatomus saltatrix) in 
Santa Pola from 2009 to 2011. Black bars: trawlers; grey bars: artisanal boats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Landing’s dynamics of bluefish 

 

Throughout the study period, a total of 2978 kg 

of bluefish were landed in Santa Pola, peaking 

in early spring (May; 263 kg) and autumn 

(November; 1060 kg). Between 2009 and 2011, 

on average (± SE), the artisanal fleet (40 boats) 

of Santa Pola  landed 2619.7 ± 422.3 kg of 

bluefish, whereas 1108.5 ± 463.9 kg (±SE) were 

captured by trawlers (50 boats; Fig.4.8). 

Artisanal fisheries of Santa Pola captured 

bluefish all year long, but the bulk of catches 

occurred from spring until summer time. 

Meanwhile, trawler’s catches of bluefish 

showed maximum landings from September to 

December (Fig. 4.8). The fishing fleet of 

Guardamar (8 boats) landed a mean of 112.2 ± 

20.7 kg (±SE) of bluefish per year between 

2005 and 2011. Landings were higher in winter, 

when gillnets are typically used (Fig. 4.9). 

Opposite to Santa Pola, lower captures are 

recorded in spring and early summer when the 

métier changes to target the high valued species 

caramote prawn (Melicertus kerathurus Forskål, 

1775).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 Bars chart showing both the 
seasonal proportion of movements between 
areas (upper part) and the individuals 
contributing to them (lower part). Spring 
time (Black bars), Summer time (light grey 
bars), Farm Complex: FC, Farm North: FN, 
Fishing Area: FA and Shore: SH. 
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On average, between 2005 and 2011, the 

captures of this species resulted 1928.6 ± 141 

kg·year-1 (±SE) with the highest peak in June 

(Fig. 4.9). 

 

 

4.4 Discussion 

 

Fish farms exert a high attraction effect on 

bluefish which seems to be driven by the 

presence of aggregated fish acting as preys 

instead of the structure of the farm per se. Fish 

farm attraction may influence the coastal 

distribution of bluefish, preventing the species 

to explore shallower areas since all the fish 

requirements in terms of food and shelter seem 

to be found around sea cages. The latter can be 

noticeable especially in spring and autumn time, 

when fish showed highly aggregated to fish 

farms. Changes in fisheries dynamics or the 

distribution of other target species might take 

place due to the high concentration of bluefish 

in farmed areas. 

 

Presence and distribution of bluefish 

 

In this study, the observed distribution of 

bluefish when present in coastal areas coincides 

with that suggested by other studies conducted 

in the western Mediterranean basin (Sabatés et 

al. 2012). The species migrates towards coastal 

waters in early spring and it is not until late 

autumn when the species migrates offshore once 

the sea temperature decreases. The coastal 

presence of the species is related to spawning 

which has been suggested to take place between 

July and September in a temperature range of 20 

and 26 ºC (Norcross et al. 1974; Kendall and 

Walford, 1979; Ditty and Shaw, 1995; Juanes et 

al. 1996; Ceyhan et al. 2007; Sabatés et al. 

2012). Once in coastal areas, bluefish may 

display latitudinal migrations related to 

temperature (Van der Elst 1976; Zeller et al. 

1996; Muelbert & Sinque, 1996; Robillard et al. 

2008). In the Eastern Mediterranean, bluefish 

migrates in spring from Marmara Sea to the 

Black Sea where most of the spawning activity 

takes place in summer (Gordina & Klimova, 

1996; Ceyhan et al. 2007). However, the 

spawning seems to occur in different events 

along such migratory routes (Chiarella & 

Connover, 1990; Gordina & Klimova, 1996). 

Lund & Matelzos, (1970) described an onshore-

offshore migration of the species suggested as 

well by Grothues et al. (2007) after analyses on 

landings data (Klein-MacPhee, 2002; Shepherd 

& 2006). The aforementioned trends are 

consistent with the landings of both artisanal 

 
Figure 4.9 Bars diagram showing, on average (±SD), the monthly landings of bluefish (Pomatomus saltatrix) 
in Guardamar from 2009 to 2011. Dark grey bars: trawlers; light grey bars: artisanal fishing boats. 
Specifically, the temporal fishing effort distribution for Caramote prawn is marked. 
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and trawling local fleets inspected in this study. 

Bluefish was captured both in coastal shallow 

waters and off shore in 100m deep waters, 

respectively. According the patterns of fisheries 

landings in our area, the seasonal migration 

seems to be displayed, as well, in an onshore-

offshore basis. However, some individuals 

might migrate towards local spawning areas 

while other individuals may remain after the 

offshore-onshore migration. Shaw & Couzin 

(2013) emphasised on the need to understand 

cross-taxonomic animal migration and 

determine if it is displayed in seek on fitness 

maximization. Thus, further studies on the 

ultimate factors driving bluefish onshore-

offshore migration would elucidate if the 

presence of fish farms, maximizing bluefish 

fitness all year long through increased prey 

abundances in shape of aggregated fish 

(Dempster et al. 2002; Valle et al. 2007, 

Fernandez-Jover et al. 2008; Arechavala-Lopez 

et al. 2011; Bacher et al. 2015), could derive on 

the establishment of resident subpopulations in 

farming areas. Spawning migration and 

individuals remaining in coastal shallow areas 

all year long were hypothesised by Hedger et al. 

(2010), being consistent with the results of this 

study: a decrease in the abundance of the 

species registered before the spawning (July) 

and in winter (November). Then, only two fish 

remained in the area after winter migration 

which together with the low catches of local 

fishermen, points towards a poor resident 

population as it was described by Grothues et 

al. (2007). Our study area is an open bay rather 

than a closer estuarine system as described in 

Hedger et al. (2010), thus, water temperatures 

may not raise enough along winter time to 

shelter a large resident population of bluefish. 

However, further research is needed. 

Fish farming affinity and connectivity 

 

In light of the high abundances of wild fish 

being attracted to fish farms (for a review see 

Sanchez-Jerez et al. 2011) the increased number 

of potential prey-predator encounters renders 

fish farms as an optimal habitat for bluefish, 

since individuals spend less energy to feed 

(Sanchez-Jerez et al. 2008). Fish predators 

choose their optimal habitat based on its 

potential profitability according to prey 

availability (Werner et al. 1983). Thus, a 

hypothesis for the high affinity for farming 

areas showed by bluefish could be that the fish 

can better restore their condition after the 

onshore migration. Additionally, the incoming 

energy might be more cost-effectively allocated 

towards gonad development before the 

spawning period begins in July (Sabates et al. 

2012). Consistently, Villegas-Hernández et al. 

(2015) described the better condition of a newly 

established bluefish population in north-western 

Mediterranean compared to the bluefish 

subpopulation which is traditionally distributed 

at Ebro Delta River. Moreover, the lack of 

bluefish detections around FN through late 

autumn (fish farm ceased activity), unveiled that 

bluefish is not attracted to inactive fish farms, 

most likely due to the lack of prey fish (Tuya et 

al. 2006). In addition, the continuous presence 

of bluefish at FC throughout the whole 

experiment reinforces the idea of fish farms 

acting as a subsidised food source for bluefish, 

deriving in a better condition of the species. 

Moreover, the limited presence of bluefish 

around shelf farms (OF; similar mooring 

structure to fish farms but neither excess feed 

nor fish around, pers.obs) reinforces the idea of 

prey fish driving the bluefish attraction towards 

the fish farms instead of the structure per se.  
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Furthermore, this study demonstrated the 

connectivity among different fish farms through 

bluefish movements. Additionally, one fish 

showed homing behaviour after being detected 

50 km off the farms two weeks before. This fish 

was detected in an area where there is also a 

high density of fish farms (ca. 60km southwards 

the study area) and a MPA (Cabo de Palos), so 

the extent of the connectivity among coastal 

areas through bluefish movements might exist at 

a scale of several tens to hundreds of 

kilometres. Other fish species connecting 

different fish farms through movements have 

already been described (Uglem et al. 2009; 

Arechavala-Lopez et al. 2010, 2012a). 

Connectivity among coastal areas is important 

as fish may act as a potential biological vector 

of diseases and parasites both for wild or 

cultured fish. However, the extent to which 

different wild fish might act as parasites or 

disease carriers should be further studied (see 

for a review Arechavala-Lopez et al. 2013b).  

 

Potential interactions between bluefish, local 

fisheries and fish farming 

 

Natural predators may show negative 

interactions on small-scale fishing activities 

(Szteren, D., & Páez, E. 2003; Buscaino et al. 

2009). Increased densities of predators around 

fish farms may render adjacent fishing areas 

more susceptible to be over-foraged and so 

affect the landing dynamics of nearby fisheries. 

The latter has been described when large 

amounts of cultured predators (i.e. 

Dicentrarchus labrax, Argyrosomus regius) 

escape into the wild preying on commercial 

species (Toledo-Guedes et al., 2014c; Valero-

Rodríguez et al. 2015).  In the present case, 

bluefish displayed movements back and forth 

from fish farms to important fishing areas (FA 

and SH) for the local fishery. Telemetry data 

demonstrated that both the distribution of 

bluefish and fishing fleets (Guardamar and 

Santa Pola) were overlapped (fishing effort 

distribution not shown). Interestingly, landing 

trend of bluefish in Santa Pola and Guardamar 

showed opposite, peaking in Santa Pola 

between spring and autumn (as well as 

described by Sabates et al. (2012)), whereas in 

Guardamar the captures are scant within the 

same period. The latter is due to the usage of the 

prawn trammel-net (description at Metin et al. 

(2009)), which targets Melicertus kerathurus 

(caramote prawn). This gear is barely used by 

the Santa Pola fleet, whereas it is common for 

all boats in Guardamar. Despite the use of 

prawn trammel-net coincides with the coastal 

distribution of bluefish (spring-late summer), no 

bluefish was captured by this metier (56 fishing 

sets analysed, data not shown). Consistently, 

Gökçe & Metin (2007) did not describe bluefish 

within the captures of the same trammel-net in 

Turkish waters, where bluefish is an abundant 

commercial species.  

 

At a spatial level, the fishing effort of the 

fishing fleet of Santa Pola is mostly distributed 

around the MPA of Isla Nueva Tabarca 

(Forcada et al. 2010). On the other hand, 

fishermen of Guardamar rarely fish in deeper 

waters than FN and FC areas. Thus, since the 

fishing mortality of bluefish is reduced due to 

the use of prawn-trammel net, all the area 

encompassed between both fish farms and the 

coast line towards Guardamar might respond to 

a pseudo-MPA for bluefish. Therefore, such 

scenario might render fish farms more 

vulnerable to loses derived from the already 

reported bluefish attacks (Sanchez-Jerez et al. 
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2008) and also the higher densities of bluefish 

might affect natural mortality and fisheries 

catches of other species. 

 

Conclusions and management guidelines 
 

In light of the future development of coastal 

aquaculture, the presence of new fish farms 

may influence the behaviour and distribution of 

bluefish by concentrating the species around 

sea cages. Therefore, fish farms may render 

bluefish less prone to explore shallow areas in 

spring and summer time. Additionally, the high 

abundance of prey fish might affect and/or 

delay the winter offshore migration of some 

individuals leading to all year round presence 

of bluefish in shallow coastal areas.  Fish 

farming may have a positive effect on bluefish 

population by providing food and shelter, 

which combined with low fishing mortality 

might lead to enhanced local abundances of the 

species and negative scenarios for both 

industries (i.e. fish farming and artisanal 

fisheries). For instance, enhanced densities of 

P.saltatrix in farming areas might lead either to 

production issues for farmers or to a decline in 

fisheries catches of other commercial species 

in adjacent fishing areas. An optimization of 

feeding practice at farms, in seek of lower 

excess feed, will help to reduce bluefish 

abundances by diminishing the presence of 

wild prey around sea cages (smart feeding). 

The latter will help to mitigate derived issues 

for fish production arising from bluefish 

incursions into cages. Potential effects of fish 

farms on a traditional user of the coastal zone 

as the artisanal fishery should be locally 

studied. Prior to a fish farm set up, a risk 

assessment with special focus on local fisheries 

should be conducted to prevent negative effects 

between both industries. Monitoring studies, 

including control sites (e.g. MPAs, fishing 

grounds), to unveil the effects of fish farming 

on migrating predators as Pomatomus saltatrix 

are suggested. 
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CHAPTER 5. UNVEILING THE INFLUENCE OF GILTHEAD SEA BREAM ESCAPEES IN 

FISHERIES LANDINGS THROUGH A SCALES-BASED METHODOLOGY: A NEW 

MANAGEMENT TOOL FOR MEDITERRANEAN SEA CAGE AQUACULTURE 
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SUMMARY: The sea cage production of gilthead seabream (Sparus aurata) has rapidly spread along the 

Mediterranean Sea. The escape events of farmed fish are one of the major problems for the industry, 

representing a threat for the marine environment. Fisheries catches are also influenced by escape events, 

being mirrored in increased landings of cultured species. However, within the Mediterranean Sea, studies 

shedding light on the incidence of escaped individuals in fisheries landings are scarce. The present study 

first describes a simple based-on-scales methodology to distinguish escaped versus wild gilthead sea 

bream landed by coastal fisheries. In second term, the incidence of escapees in the total landings of 

gilthead sea bream is assessed. The scales reads revealed a monthly incidence of escaped gilthead sea 

bream between 11.2% and 20.8%, representing 6.8% of the total income derived from the landings of the 

species. Moreover, morphological differences between wild fish captured near and far off the fish farms 

point towards escape events as a source of a potential genetic admixture between cultured and wild fish 

genotypes. Either the socio-economic or ecological implications of escapees are further discussed. 

Eventually, a set of management guidelines to mitigate/prevent the negative influences of escaped fish on 

the ecosystem and coastal fisheries are suggested. 

 

 

 

 

 

 

 

 

RESUMEN: La producción en jaulas de engorde en mar abierto de dorada (Sparus aurata) se ha 

expandido rápidamente en todo el Mediterráneo. Los escapes de peces son uno de los principales 

problemas para la industria y también representan una amenaza para el medio ambiente. Las capturas de 

las pesquerías locales también se ven influenciadas por los eventos de escapes y se reflejan en mayores 

desembarcos de especies cultivadas. Sin embargo, en el Mediterráneo, hay pocos estudios sobre la 

incidencia de los peces escapados entre las capturas de los pescadores locales. Este estudio, en primer 

lugar, describe una metodología simple basada en la observación de escamas para diferenciar peces 

escapados de peces salvajes desembarcados por los pescadores locales. En segundo lugar, se establece la 

incidencia de peces escapados entre la captura total de dorada (S.aurata). La inspección de las escamas 

reveló una incidencia mensual de doradas escapadas de entre el 11.2% y el 20.8%, que además, 

representaron el 6.8% de los ingresos derivados de la captura total de la especie.  Además, diferencias 

morfológicas entre peces salvajes capturados cerca y lejos de jaulas apuntan a los escapes de peces como 

fuente de hibridación entre los genotipos cultivado y salvaje de la especie. Tanto las implicaciones socio-

económicas como las ecológicas de los escapes de peces se discuten más adelante, al igual que un 

conjunto de recomendaciones para mitigar y prevenir influencias negativas de los escapes de peces en el 

ecosistema y la pesca. 
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5.1 Introduction 

 

Gilthead sea bream (Sparus aurata L. 1758) is a 

fish species exploited by artisanal fisheries 

throughout the whole Mediterranean Sea, 

accounting for 3.5% of the entire landed 

biomass of marine coastal fish (FAO - Fishstat 

Database 2015). The species is captured by 

means of trawl nets, bottom-set longlines and 

hand lines in coastal areas (Sola et al. 2006) 

including the Levantine areas of the western 

basin (García-Rodríguez et al. 2006; Forcada et 

al. 2010). However, fisheries as a whole, is not 

the largest supplier of this sparid but the 

industrial sea cage aquaculture, since it is well 

developed in both basins of the Mediterranean 

Sea (Trujillo et al. 2012). Spain is one of the 

main gilthead sea bream producers, only after 

Turkey and Greece (SOFIA 2014). Furthermore, 

the overall production of gilthead sea bream has 

increased 58.9% in the last decade (152 376 

tonnes in 2013) and it is predicted to grow at a 

staggering rate of 8.5% per annum (2010–2013; 

FAO - Fishstat Database, 2015). 

 

The annual losses for Mediterranean fish 

farmers due to escape events of European sea 

bass Dicentrarchus labrax and gilthead sea 

bream (S.aurata) have been estimated to be 

€42.7 million (Jackson et al. 2015). Escape 

events are critical for the industry, especially for 

small facilities, which cannot cope with large 

losses of fish. There are also ecological 

implications arising from the presence of 

escapees in the wild, e.g. the reduction of the 

genetic diversity of wild conspecific’s 

populations through hybridization (Šegvić-

Bubić et al. 2011a; 2014) and the increment of 

the competition for food and habitat with other 

organisms (Toledo-Guedes et al. 2009; 

Arechavala-Lopez et al. 2012a; Valero-

Rodríguez et al. 2015). Moreover, reared 

gilthead sea bream may spawn while in sea 

cages releasing fertilised eggs to the water 

column, which together with escaped 

individuals may enhance the stock fecundity of 

the wild populations, mislead the results of 

stock assessments (Somarakis et al. 2013) 

and/or depreciate the value of the species in the 

market (Dimitriou et al. 2007). Additionally, 

escapees might interact negatively with other 

forms of mariculture as blue mussel farms 

through predation (Šegvić-Bubić et al. 2011b; 

Glamuzina et al. 2014).  

 

Escapees have already been observed in 

fisheries landings (Arechavala-Lopez et al. 

2012a; 2015c), especially after a massive escape 

event (Toledo-Guedes et al. 2014a). Despite the 

existence of a set of tools as a base to discern 

between farmed and wild fish (Arechavala-

Lopez et al. 2013c), simple methodologies to 

detect escapees are inexistent, since most of 

these techniques result too expensive and/or 

time-consuming to be applied at a regular basis. 

Consequently, despite in northern latitudes 

(Ireland, Canada, Norway and Scotland), the 

incidence of escaped Atlantic salmon (Salmo 

salar) has been studied since decades ago (Lund 

& Hansel, 1991; Webb & Youngston, 1992; 

Thorstad et al. 2008; Jensen et al. 2010), the 

incidence of escapees in Mediterranean fisheries 

landings remains still unknown. Lund & Hansel 

(1991) designed a methodology to identify 

escaped Atlantic salmon, based, among other 

characters, on the high occurrence of 

regenerated scales on farmed fish due to 

handling. Similarly, cultured sea bream loses 

scales when surfacing to feed on pelleted food. 

Once an original scale is lost, the skin is 
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damaged and up-regulation of genes of immune 

surveillance, along with others involved in 

tissue regeneration, are rapidly activated to re-

establish barrier function (Vieira et al. 2011). 

Thereafter, a regenerated scale will always show 

a central field having a grooved network instead 

of concentric ridges and numerous radial 

grooves (circuli pattern) starting from such 

central network (Yamada, 1964; Lund & 

Hansel, 1991). The latter responds to the 

physiological basis behind the potential use of 

scales to identify escaped fish, which have been 

already suggested to identify escapees of 

S.aurata (Katselis et al. 2003; Arechavala-

Lopez et al. 2012b) and Argyrosomus regius 

(Arechavala-Lopez et al. 2015c). 

 

In these days, a raising concern to ensure the 

sustainable integration of Mediterranean marine 

aquaculture in coastal areas exists (Sanchez-

Jerez et al. 2016). Consequently, specific legal 

regulations to prevent/minimise the 

aforementioned negative influences of fish 

escaping from sea cages will be developed, as it 

occurred in other countries e.g. Norway, 

Canada, Australia (references in Izquierdo-

Gómez et al. 2014). Thus, a reliable 

methodology to discriminate escapees will be 

needed for a number of purposes (i.e. reliable 

stock assessments, confiscation of medicated 

escapees, to guarantee consumers paying fair 

prices for fish products, to prove fish as 

escapees in case no scape event is declared). A 

based-on-scales methodology seems promising 

as a tool for an in situ identification of escapees, 

given that: cost-effectiveness, only basic skills 

are needed, it is a non-invasive technique (no 

depreciation of the fish) and it is only dependent 

on a stereomicroscope. Therefore, the first goal 

of this study was to develop a simple based-on-

scales methodology to detect gilthead sea bream 

escapees. In second term, several aspects as the 

dispersion ability of escapees and/or the optimal 

fishing gear for its recapture were assessed, 

more than the extent of its influence in terms of 

abundance, biomass and revenues in regards 

with the overall landings of the species. 

Eventually, a set of guidelines, in seek of a more 

sustainable management of sea cage 

aquaculture, are suggested. 

 

 

5.2 Materials & methods 

 

Fish sampling and data collection 

 

The study was carried out in the area of Santa 

Pola Bay from December 2011 to February 

2012 (SE of Spain; Fig. 5.1). Two sampling 

days per week were randomly conducted to 

obtain scales of all landed gilthead sea breams. 

A total of 821 sea bream specimens were 

sampled from the landed captures of artisanal 

boats (590 fish) and trawlers (181 fish) in the 

marina of Santa Pola. Additionally, scales from 

a total of 50 harvested fish in a nearby fish farm 

were also taken. Fish scales were always 

removed from the antero-dorsal left part of the 

body, between the head and the first ray of the 

dorsal fin and above the lateral line. Thus 

derived errors from a potential variable 

distribution of regenerated scales throughout the 

body of the fish were avoided, as the exposed 

areas of the body may be more susceptible to 

lose scales than others (e.g. lower regenerated 

scales are found under the pectoral fin (Mahe et 

al. 2012)). The scales were stored in paper 

envelopes for further analyses in the laboratory. 

Moreover, a still picture of each fish next to a 

measuring tape (for further software calibration) 
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was taken by means of a tripod and a 

photograph camera (Olympus® Tough-6020) 

fix-focused at 50 mm and 60 cm above the fish. 

Once the pictures were taken, each fisherman 

was interviewed to obtain information about the 

capture site and utilised fishing gear. A total of 

14 fishing areas were identified, 

based on a previous study conducted 

in the area (Fig. 5.1; Forcada et al. 

2010). Two control groups for fish 

were set. As a control for farm-type 

fish (hereafter F fish), fifty cultured 

fish were randomly sampled in two 

different harvesting days (25 fish per 

day). Trawlers fish further than 30 

miles away from the studied fish 

farms, over the continental shelf 

(>50m), where the presence of 

escapees is unlikely; therefore, 181 

fish landed by trawlers (hereafter T 

fish) were used as a control for wild-

type individuals. Once in the laboratory, 30 

scales were randomly taken from each envelope 

and set in a slide to assess the number of 

original scales by means of a stereomicroscope 

(Leica® zoom2000; Fig. 5.2). Furthermore, the 

standard length (SL) and maximum height (H) 

distances (landmarks described in Arechavala-

Lopez et al. 2012c) were obtained from all 

pictures by means of ImageJ software (Rasband, 

1997) and the ratio H/SL was calculated, 

eventually, for each fish. The weight of each 

specimen was estimated based on the length-

weight relationship previously described for the 

species by Verdiell-Cubedo et al. (2006) for the 

studied region. 

 

 

 

 

  

 

 
Figure 5.2 Detail of an original scale (left) and a 

replacement scale (right). Black bar represents the 1 mm 

scale. Source: Arechavala-Lopez et al. 2012b.  

Figure 5.1 Map of the study site, 
showing the different fishing areas, 
based on Forcada et al. (2010), and 
the main fishing ports. The dark grey 
polygons correspond to the fourteen 
fishing grounds inspected in this 
study. The black-lined rectangle 
corresponds to the Marine Protected 
Area named Isla Nueva Tabarca 
(MPA) and the fish farms are 
depicted with a black-dotted line.  
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Number of original scales to identify escapees 

 

The detection threshold to classify a fish as an 

escapee was set as the maximum number of 

original scales found in F fish (V). Gilthead sea 

breams showing a higher number of original 

scales than V were classified as wild fish. 

According to the V value obtained for farmed 

fish, all fish were assigned in two groups, 

namely wild and escaped (hereafter W and E, 

respectively).  

 

Validation of the number of original scales as a 

grouping variable 

 

Arechavala-Lopez et al. (2012c) suggested the 

H/SL ratio (maximum height vs standard 

length) to discern between F and W individuals. 

Therefore, H/SL was calculated for W, E, F and 

T fish to validate the hypothesised usefulness of 

the number of original scales to discern, not 

only between W and F fish but also to 

discriminate E fish captured in the wild. 

Furthermore, one-way ANOVA analysis was 

used in seek of differences in H/SL ratio 

(independent variable); as a categorical variable, 

the origin of the fish was used (F, E, W and T). 

In order to minimise potential variability related 

to allometric growth, only fish showing similar 

sizes to F fish (range: 22–30 cm) were included 

in the analyses. The sample sizes for F, W, E 

and T groups resulted always higher than 30, 

namely 50, 31, 40 and 31 individuals, 

respectively. Potential differences between SLs 

of wild individuals captured by different fishing 

gears were explored through Kruskal Wallis 

test, as normality and heteroscedasticity 

requirements were not met, whereas, given the 

low number of escaped fish captured by long 

lines, only the SLs of escapees captured by 

trammel nets and gillnets were compared by 

means of a T-test. Normal distribution of the 

data and homoscedasticity were inspected by 

using Kolmogorov-Smirnov and Levene’s tests 

respectively. Tukey-test was used for post hoc 

analysis after performing parametric tests 

(ANOVA, T-test), whereas Mann Whitney test 

were so after non-parametric tests (Kruskal 

Wallis). 

 

Dispersion of escapees and temporal 

distribution of gilthead sea bream landings 

 

In order to determine the spatio-temporal 

differences in landing trends of wild and 

escaped individuals, the overall landed biomass 

of gilthead sea bream (mean daily kg month-1) 

was compared with those of wild and escaped 

individuals (mean number of landed individuals 

(ind·month–1). Secondarily, the potential 

relationship between the proportion of escaped 

and wild individuals captured per fishing area 

was also inspected with regards to the distance 

to the fish farm. The aforementioned potential 

relationships were tested by bivariate 

correlations (Pearson). Moreover, a non–linear 

regression model was run to shed light on the 

dispersion ability of the escapees. The centroid 

of each fishing area (Fig. 5.1) was used as a 

proxy to estimate the distance between the 

farms and the fishing area where the specimens 

were captured. Either correlations or linear 

regressions were performed using SPSS 

statistical software package v15.0 (SPSS Inc, 

Chicago, IL, USA; 

www.ibm.com/SPPS_statistics). 
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5.3 Results 

 

Scale reads distribution 

 

The maximum number of original scales per F 

fish resulted two (V = 2). None of the analysed 

T fish showed a lower number of original scales 

than V, being 17 the lower number observed for 

this type of scales. Therefore, all fish showing 

more than V original scales were classified as 

W and the rest as E fish. Within the capture of 

artisanal boats, a total of 88 specimens were 

assigned to the E group. The general trend 

pointed towards a higher number of fish 

showing higher ranges of original scales (Fig. 

5.3a, b).  

 

 

 

 

 

Once all the scales reads were conducted, the 

results revealed a highest proportion of fish 

(28.9%; 171 fish) showing the highest range of 

original scales (26–30) and the general trend 

was: lower proportions of fish being 

progressively assigned to lower ranges of 

original scales (Fig. 5.3b). Only the proportion 

of fish showing the lowest range of original 

scales (range: 0–5) did not follow the 

aforementioned trend (15.1%; 89 escaped fish 

but one which was classified as wild; Fig. 5.3b).  

 

 
 

 

Figure 5.3 a) Dispersion diagram showing the number of original scales (Y axis) versus the standard length (SL) of the analysed 

gilthead sea breams (X axis). Dark grey dots: escapees; white dots: wild fish; light grey dots: farmed fish. To avoid overlapping 

between escaped and farmed samples, the rectangle contains farmed fish values (all of them showing cero original scales). b) 

Frequency of analysed fish per number of original scales. 
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Maximum height (H) versus standard length 

(SL) ratios (H/SL) 

 

Differences between fish groups (F, E, W and 

T) were found when comparing the H/SL ratios 

(F = 27.369; P < 0.001; Fig. 5.4). Only F and E 

fish showed similar mean H/SL values (both P = 

0.993), whereas differences were found between 

W and T groups (both P < 0.001; Fig. 5.4). The 

higher mean SL values (± SE) were shown by F 

and T fish (26.3 ± 0.1 and 26.2 ± 0.4 cm 

respectively), while those of W and E fish 

showed slightly smaller (24.7 ± 0.4 and 23.6 ± 

0.2 cm respectively). 

 

Spatial distribution of the gilthead sea bream 

captures 

 

The wild catches of S.aurata showed a wider 

distribution over the fishing areas than those of 

escapees (Fig. 5.5a, b), being the bulk of these 

(n = 79, 94%) captured by netters in the 

southern fishing areas (i.e. areas 1, 2 and 3; 

Fig.5.5b). As showed by Forcada et al. (2010), 

either the interviews to fishermen or captures of 

wild gilthead sea bream revealed a wide 

distribution of the main fishing gears (i.e. long-

lines, trammel-nets and gillnets) over the whole 

study area (Fig. 5.5a). While the proportion of 

escapees and the distance to the farm were 

 
 

Figure 5.4 Whiskers box plot representing the 

maximum height (H) versus standard length (SL) 

ratio (H/SL) showed by the different fish groups: 

farm (F), escaped (EB), wild (W) and wild-type 

fish captured by Trawlers (T). Different colours 

indicate significant differences among groups.  

 

 

 
 
 

 

Figure 5.5 Proportions of 

wild (A) and escaped (B) 

gilthead sea bream (grey 

scale) captured throughout 

the different fishing areas 

(i.e .1-14). The proportions 

of captures obtained from 

the different fishing gears 

(long-line, trammel-net and 

gillnet) are also shown.  
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significantly correlated (Pearson r = –0.804; P = 

0.001), no correlation was found for wild fish 

(Pearson r = –0.104). The dispersion of 

escapees resulted best explained by a model 

fitted on a logarithmic regression curve (r2 = 

0.84; F = 65.01; P < 0.001; Fig. 5.6). 

Incidence of escapees on artisanal fisheries 

landings and captures per fishing gear 

 
After the inspection of 102 fishing sets, landed 

by 37 different artisanal fishing boats, the 

incidence of escapees resulted 14.9% (88 fish; n 

= 590). The largest proportion of escapees 

resulted 20.8% (January) followed by 13.4% 

(February) whereas the lowest proportion was 

11.2% (December; Fig. 5.7). The daily landed 

biomass of gilthead sea bream was 74.5 ± 17.0 

kg day-1 in December, 55.7 ± 23.9 kg per day in 

January and 26.1 ± 10.9 kg day-1 in February 

(Fig. 5.8). The total landed biomass was 

correlated with the number of wild fish landed 

per day (Pearson r = 0.608; P = 0.01), but not 

with the number of escapees landed per day (r = 

0.142; Fig. 5.8). Overall, the landed fish were 

captured by means of long-lines (n = 265; 

44.9%), gill-nets (n = 177; 30%), trammel-nets 

(n = 119; 20.2%), fish traps (n = 20; 3.4%) and 

Sarda nets (n = 9; 1.5%; Fig. 5.9). The highest 

incidence of escaped individuals occurred on 

trammel-nets (37%; min.–max. = 20–50%), 

followed by gillnets (20.3%; min–max = 15.4–

25.4%), fish traps (10%) and long lines (2.3%; 

min–max = 0–2.5%). Among gears, long-lines 

captured the largest fish (P < 0.001; Kruskal 

Wallis) compared to trammel nets (U Mann-

Whitney long line vs trammel net= 3474; P < 0.001) and 

gillnets (U Mann-Whitney longline vs gillnet= 2423.5; 

P < 0.001; Fig. 5.10a), whereas trammel nets 

and gillnets captured fish of the same SLs (U 

Mann-Whitney = 4290; P < 0.717). Higher SLs 

were shown by escapees captured by long lines 

(not included in the analysis; n = 6) compared 

fish landed by nets, which showed similar SLs 

(F = 1.356; P = 0.249; Fig. 5.10b). 

 
 

Figure 5.7 Bar diagram showing the 

percentage of escapes regarding the total 

abundance of gilthead sea bream landed along 

the study period. In brackets, the total number 

of captured fish per month is shown. 

 

 
Figure 5.6 Logarithmic regression model 

(dashed line) showing the dispersion ability of 

escaped individuals based on the proportions 

of escaped fish (Y axis) captured per fishing 

area as a function of distance to farms (X 

axis). 
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Abundance, biomass and revenues derived from 

catches of S.aurata 

 

The economic value of the fish resulted related 

to the size (SL). A total of three different 

categories were described: small (SL < 30 cm; 

weight < 0.7 Kg), intermediate (30 cm < SL <  

 

 

 

35 cm; 0.7 Kg < weight < 1 Kg) and large (SL > 

35 cm; weight > 1 Kg). The price of the fish 

was obtained from the landings’ statistics of the 

fish market of Santa Pola (it also acts as landing 

port) resulting €6.90, €13.40 and €15.30 kg-1 for 

small, intermediate and large fish, respectively.  

 

 
 

Figure 5.8 Bar diagram showing landings of gilthead sea bream. The mean values (±SE) of biomass landed per day 

(black dots) is shown on the right Y axis, while, the mean number of escaped (light grey bars) and wild (dark grey bars) 

individuals landed per day and mean number of wild individuals landed per day. 

 

 

Figure 5.9 Bar plot 

showing the different 

proportions of gilthead sea 

bream landed per fishing 

gear (Y axis) and period 

(X axis). Pie charts show 

the proportion of escapees 

(black) and wild fish 

(white) captured per 

fishing gear and period. 
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The most abundant fish size category landed by 

artisanal boats (58.8%, 347 fish) corresponded 

to small (<0.7 kg; <30 cm), followed by large 

(>1 Kg; >35 cm) and intermediate (min-max = 

0.7–1 kg; 30–35 cm) representing 31.7% (187 

fish) and 9.5% (56 fish) of the individuals, 

respectively (Fig. 5.11). Within escaped fish, 

88% (77 fish) resulted small fish. A total 

biomass of 7987 kg of gilthead sea bream, 

worth in €65 468, was landed throughout the 

study period. The highest biomass corresponded 

to large fish (68.7%), followed by small 

(21.8%) and intermediate fish (9.5%). Escaped 

fish accounted for 8.5% (676Kg) of the total 

biomass. The highest relative proportion of 

escaped fish biomass (4.5%; 362Kg) 

corresponded to small fish, whereas large and 

intermediate fish accounted for 3.57% (286Kg) 

 
 

Figure 5.11 Bar diagram depicting the 

contribution of different size classes of landed 

fish in terms of abundance (number of 

individuals), biomass (kg) and price (euros): 

small fish (SL < 30cm; W < 0.7Kg), 

intermediate fish (30cm < SL < 35cm; 0.7Kg < 

W < 1 Kg) and large fish (SL > 35cm; W > 

1Kg). Notice proportions are referred to the 

outcome of X axis categories for all landed 

gilthead sea bream (both escaped and wild fish).  

 

 
 

Figure 5.10 Whiskers box plot representing standard 

lengths (SL; Y axis) of a) all fish captured by different 

fishing gears. b) Escaped fish captured by different 

fishing gears. Different colours indicate significant 

differences among groups: Lon: long lines; Tr: 

trammel nets; Gill: gillnets. White dots represent 

outliers. * indicates the box plot is composed by 6 

samples (not included in the analysis). 
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and 3.6% (29kg), respectively (Fig. 5.11). The 

vast majority of the revenues corresponded to 

large fish, resulting 79% (51 744€) of the total 

value. Escapees represented 6.8% (4471.8€) of 

the total revenues arising from the landing of 

the species. The highest revenues deriving from 

escaped fish, 2694.5€ (4.1% of the absolute 

income for the species) were due to landings of 

large fish. Within size class levels of the whole 

landings of S.aurata, small escaped specimens 

accounted for 20.8% and 20.5% of the revenues 

and biomass respectively, followed by large fish 

with 5.2% and 4.89% and intermediate fish with 

3.8% and 3.6%, respectively (Fig. 5.11). 

 

 

5.4 Discussion 

 

The present study provides managers with a 

simple methodology to differentiate escaped 

from wild gilthead sea bream specimens. The 

main advantages of a scales analysis compared 

to other tools to discern between farm-origin 

fish and wild fish (e.g. H/SL ratio, fatty acids, 

stable isotopes, microsatellites; all reviewed in 

Arechavala-Lopez et al. (2013c) lay on the 

applicability to single individuals and its cost-

effectiveness. The overall incidence of escaped 

gilthead sea bream resulted 14.9% although 

values up to 20.8% may be attained. Escapees 

showed a dispersal ability of around 20 km, 

being mostly recaptured in fishing areas near 

fish farms by means of trammel-nets and 

gillnets. The continuous incidence of escapees 

detected in fisheries landings throughout the 

main fishing season of the species indicates that 

bad practice at farms may exist and prevention 

measures should be developed to avoid it. The 

capture of large-sized escapees revealed 

escapees attaining the oldest age classes within 

the captured fish, thus indicating the potential 

admixture of wild and escaped genotypes of 

S.aurata. A staggering 20.8% of the small-sized 

individuals corresponded to escaped fish, 

however, the biomass of large-sized escapees 

resulted higher, as well as the derived revenues, 

which accounted for two thirds of the total 

income derived from recaptured fish. The ability 

of the artisanal fishing fleet to recapture 

escapees was revealed, indicating that this 

activity may be further used with management 

purposes to mitigate the negative effects of 

escapees. 

 

Overview of the methodology: strengths and 

limitations 

 

The number of original scales and 

morphological features have been previously 

inspected in order to discern between farmed 

and wild individuals (Rogdakis et al. 2011; 

Arechavala-Lopez et al. 2012c). However, this 

is the first time that such characters have been 

used in a real scenario with the aim to discern 

gilthead sea bream escapees landed together 

with wild counterparts by a coastal fishery. 

Firstly, the oval shape of farmed fish, leading to 

a higher H/SL ratio compared to wild fish, 

arises as a consequence of the larger perivisceral 

fat deposits present in cultured fish, since these 

are fed every day ad libitum (Grigorakis et al. 

2002). Consequently, dramatic changes on 

dietary conditions of escapees, as post-escape 

starvation (Arabaci et al. 2010), might cause a 

decrease in H/SL values through the 

reabsorption of such fat deposits. Since the time 

the escapees remained in the wild is unknown, it 

cannot be ruled out that the observed H values 

of escaped gilthead sea bream were only driven 

by the higher fat content due to a recent escape. 
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For instance, escaped sea bass undergo 

phenotypic changes prior to attain a feral form, 

but specific traits of the farmed phenotype 

might be still detectable (Toledo-Guedes et al. 

2014b). On the wake of the higher H/SL values 

observed in escapees captured near the sea 

cages compared to wild fish, escaped gilthead 

sea bream might undergo a similar process of 

feralization, but long term studies on the effects 

of time and habitat on gilthead sea bream 

escapees are still needed. Noticeably, the latter 

is also mirrored in the H/SL differences found 

between wild fish captured by trawlers far off 

the farmed area and wild fish captured near sea 

cages by artisanal fishermen. In second term, 

another source of variability in regards with 

morphology is the genotype and it should be 

further investigated, since it might be that wild 

fish captured near cages might show phenotypes 

influenced by genetic introgression of farmed 

and/or escaped fish. Another possibility is that 

most of the wild fish captured near fish farms 

escaped in early stages of the production cycle 

but it seems unlikely due to the high mortality 

of smaller age classes of fish. Age and growth 

models from different Mediterranean 

populations of S.aurata suggest that fish 

between 40 and 50 cm (SL) may be five to ten 

years old, being the age at first maturity attained 

in the second or third year of life (Kraljević & 

Dulcic, 1997; Chaoui et al. 2006; Mercier et al. 

2011; Hadj-Taieb et al. 2013). A proportion of 

8% of the escapees showed standard lengths 

≥40 cm, meaning that they might have 

contributed to the genetic admixture of the 

farmed genotype for a three- to eight-year 

period. Despite the only pan-Mediterranean 

study on interbreeding between wild and 

cultured gilthead sea bream did not find genetic 

introgression (Alarcón et al. 2004), a genetic 

admixture between wild and farm-origin fish 

arises as a strong hypothesis explaining our 

results. Additionally, at a regional level, a 

highly admixed wild population structure has 

already been detected (Šegvić-Bubić et al. 

2011a; 2014), as well as, cultured fish spawning 

while in sea cages (Somarakis et al. 2013). 

Therefore breeding programs maximizing fish 

adaptation to high density conditions and 

handling practice in sea cages could be playing 

important role on the loss of the wild genetic 

diversity of the species. Escaped fish seem to 

transfer to the wild offspring part of the farmed-

type characters (i.e. increased H/SL values) as it 

was already demonstrated for other species as 

Atlantic salmon (Salmo salar) with all the 

potential negative threats it may have to natural 

populations (McGinnity et al. 1997; 2003; 

Gausen et al. 1991). In last term, the 

environment, per se, stands as another source of 

morphological variability between fish captured 

in different environments (Langerhans et al. 

2003) and it should be taken into account when 

seeking for factors driving phenotypic 

differences among fish. In light of the 

aforementioned factors driving morphometric 

features of fish, (feeding regime, genetic and 

environmental), the based-on scales 

methodology results still suitable to detect 

escaped fish, since once the scales are lost at 

farms, regenerated forms cannot return to the 

original state. As a disadvantage, the potential 

offspring of farmed fish (e.g. direct 

hybridization or released gametes) would be 

undetectable by the scrutiny of the scales, as 

new cohorts of fish will not undergo the rearing 

process responsible of the high incidence of 

regenerated scales per fish. Moreover, the 

based-on-scales methodology might 

underestimate the real incidence of escapees in 
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fisheries landings, since the loss of scales at 

farms might be gradual and fish escaping earlier 

in the production cycle might show lower 

number of regenerated scales. However, the 

more and more efforts are set to avoid fish 

escape events and it would be striking to 

observe farmed fish showing higher number of 

original scales than wild fish from areas without 

fish farms (n = 17). Older fish of all species 

show higher number of regenerated scales 

(Bereiter-Hahn & Zylberberg 1993 and 

references therein; Khemiri et al. 2005; Jawad 

& Al‐Jufaili, 2007). Contrarily, the results of 

this study detected the highest frequencies of 

regenerated scales within the smallest size-

classes of fish, which, according to the 

methodology, were classified as escapees. 

Additionally, these fish showed sizes within 

those of harvested fish, reinforcing the outcome 

after the scales scrutiny. Despite further 

research either on the feralization process of 

gilthead sea bream escapees or how fish density 

and time spent in cages affect the condition of 

fish scales is required, it would not change the 

conclusions of this study, which are already 

insightful, but exacerbate them. 

 

Dispersion of the escapees 

 

The catch distribution of escapees resulted 

clearly influenced by the location of the fish 

farms and it is clear that captures are enhanced 

in areas near the farms. Escapees were not 

predicted to disperse further than 24.7 km from 

the scape point, being consistent with the 

observations in the same area in a previous 

study (Arechavala-Lopez et al. 2012a; 10–15 

km from the escape point). A total of 15.64% of 

the sampled fishing effort, including all the 

main studied fishing gears (i.e. gillnets, trammel 

nets and long-lines), was distributed in fishing 

areas further than 24.7 km from the studied fish 

farm. Therefore, the ability of the model to 

predict the dispersal distance of escaped fish is 

not handicapped by sampling deficiencies or 

restricted by the maximum distance where 

fishermen carry out their activities in the study 

area. However, the dispersion ability of 

escapees might be related to the multiple factors 

as habitat, fishing effort distribution and coastal 

characteristics. It is unclear if the escapees 

remain near the farms or their incidence in 

catches in regards with the distance to the fish 

farms is shaped by the fishing effort distribution 

in areas where artisanal fisheries are present. 

Telemetry studies have demonstrated that 

escapees can either remain around sea cages or 

disperse off them (Arechavala-Lopez et al. 

2012a), however, the survival and behaviour of 

escapees my differ according the magnitude of 

the escape and so far, these data is not available. 

It is important to compare the catch distribution 

of escapees in different areas where fish farming 

and coastal fisheries occur in different 

magnitudes (e.g. biomass of cultured fish; 

number of boats) as it may have further 

implications either on the survival of escapees, 

the loss of genetic diversity or the establishment 

of a self-sustaining population in areas where 

the cultured species is not present (Arechavala-

Lopez et al. 2015c) and eventually on the 

management of these areas. 

 

Heterogeneous implications of escapees on 

local fisheries 

 

The constant proportion of escaped gilthead sea 

bream detected in fisheries landings points 

towards a scenario of frequent “leaks” of fish 

escaping from sea cages, most likely driven 

50 



 

either by bad practice at farms or structural 

failures caused by waves, wind or currents 

(Jackson et al. 2015). The latter does not seem 

to affect the temporal dynamics of the fishery, 

since the decreasing trend in landings of wild 

individuals is consistent with the biology and 

the exploitation dynamics of the species, i.e. 

gilthead sea bream is targeted when displaying 

schooling behaviour throughout the spawning 

period, from October to February (Lasserre, G. 

1974; Kraljević & Dulcic, 1997; Chaoui et al. 

2006; Mehanna, S.F., 2007; Emre et al. 2009; 

Hadj-Taieb, A. et al. 2013) before dispersal to 

deeper waters throughout winter time. However, 

a higher incidence of small-sized escapees 

within the captures of netters occur compared to 

the catches of long-liners, most likely due to a 

combination of factors not analysed in this study 

(e.g. the mesh/hook size of the fishing gear and 

the feeding behaviour of escaped fish). For 

instance, escapees of gilthead sea bream seem to 

first learn how to feed on natural preys 

(Arechavala-Lopez et al. 2012a). Therefore, it 

would be more difficult for an escaped fish to be 

captured by long liners, since live bait and big 

hooks, targeting larger size classes, are normally 

used. Additionally, the strategy of long liners is 

to capture lower biomasses of large and highly 

priced fish, which are sold to small retailers and 

high-standing restaurants, whereas netters prefer 

to capture larger biomasses of a both lower-

priced and smaller fish miscellanea (20–30 cm), 

including commercial sizes of escapees. The 

latter explains why long-liners obtain slightly 

higher revenues from lower catches, while 

netters recaptured the bulk of low-priced 

escapees. Based on one of the main 

characteristics of artisanal fisheries, i.e. 

decreasing abundances of a given target species 

trigger a change of fishing gear to catch other 

commercially important species (Freire & 

García-Allut, 2000; Tzanatos et al. 2005, 2006), 

long liners, target other species after landing the 

bulk of the less abundant larger sizes of gilthead 

sea bream in late Autumn. Meanwhile, gill-

netters still target the more abundant small sized 

fish. It is remarkable (especially for netters), 

that escaped fish accounted for ca. 20% of the 

total revenues obtained from the catch of small 

fish. It might be possible that, as described by 

Dimitriou et al. (2007), an enhanced availability 

of small-sized fish, due to fish escapes, 

reinforces the observed price differences due to 

fish size. 

 

Management guidelines of fish escape events 

 

The existence of protocols to avoid bad 

handling procedures and/or structural failures 

leading to fish escapes must be implemented in 

all fish farms. The development of specific 

educational materials, more than staff training 

are suggested to prevent fish escapees. In the 

wild, escaped and wild sub-populations of 

gilthead sea bream must be considered as 

different to avoid misleading results of stocks 

assessments, with special attention to small size 

classes. For this purpose, the use of the based-

on-scales methodology suggested in this study 

is strongly advised. Thus, a monitoring program 

in landing ports and points of first sale should 

be implemented to start developing time series 

of data and to estimate the population dynamics 

separately. Additionally, the addressed 

management of artisanal fisheries to avoid 

negative interactions of escapees with wild 

counterparts and/or other species (Toledo-

Guedes et al. 2009; 2014a; Arechavala-Lopez et 

al. 2012a; Valero-Rodrígez et al. 2015), more 

than to guarantee the sustainability of other uses 
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of the coastal zone, is suggested. Predators 

around fish farms (Sanchez-Jerez et al. 2008; 

Arechavala-Lopez et al. 2013b; 2015b) might 

handicap the survival of escapees (Olla et al. 

1994) and illegal overfishing around facilities 

must be prevented. For the recapture of 

escapees, the use of trammel nets and gillnets is 

suggested. However, further research on the 

recapture ability of different fishing techniques 

together with the preferred dispersal areas of 

escapees, to address further mitigation actions 

of recapture, is strongly advised. For instance, 

studies focused on how smaller sizes of hooks 

and bait affect the recapture success of escapees 

should be conducted in order to determine the 

validity of long lines for recapture purposes. 

This fishing gear is highly specific compared to 

nets and, in some cases, fish could remain alive 

with all implications it may have to reduce 

mortality of other species or return the escapees 

to the sea cages. The ability to capture fish over 

40 cm seems to be low for trammel nets and 

gillnets. Thus, escapees surviving until large 

size classes might occur when long lines are not 

used and it should be further investigated, since 

the absence of this fishing gear may derive in a 

faster genetic introgression of farmed genotypes 

through the spawning of large mature 

individuals. In a future to come, the declaration 

of fish escapes in Mediterranean farms should 

be mandatory. Additionally, legal regulations 

including tailored recapture actions to mitigate 

the negative effects of fish escapes should be 

developed at a pan-Mediterranean level. The 

sustainable integration of sea cage marine 

aquaculture would only be achieved through 

management tools based-on knowledge data as 

that provided in this study. 
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                CHAPTER 6. GENERAL DISCUSSION 

 

53 



 

6.1 Commercial species as fate of excess feed 

 

Anthropogenic activities in coastal areas have 

generally a strong impact on marine ecosystems 

and the Mediterranean Sea is a clear example 

(Halpern et al. 2008). Since late 90’s, sea cage 

fish farming has developed at an industrial scale 

which nowadays is widely present in coastal 

areas of the Mediterranean Sea (Trujillo et al. 

2012). In the early stages of fish farming 

development (1990’s – 2000’s), the dramatic 

influence of excess feed and feaces drifting off 

the sea cages towards the benthic environment 

(e.g. seagrass beds) was unveiled  (Kalantzi & 

Karakassis, 2006; Pergent-Martini et al. 2006; 

Apostolaki et al. 2007). Additionally, it was 

noticed that wild fish is strongly attracted to fish 

farms (Dempster et al. 2005) by the presence of 

excess feed (Tuya et al. 2006). So far, the 

trophic influence of excess feed on wild fish 

aggregated to farms has been studied from a 

single species perspective (Skog et al. 2003; 

Fernandez-Jover et al. 2007; 2011a; 

Arechavala-Lopez et al. 2011) while no studies 

provide with an holistic perspective of the 

excess feed dispersion into the ecosystem, both 

at a pelagic and benthic level, via aggregated 

species including its potential exportation to 

local fisheries. This doctoral thesis studied four 

commercially valuable fish species being 

representative of the main compartments of the 

food chain: planktivorous, primary consumers 

and apex predators. Additionally, the poorly 

studied influence of excess feed on benthic 

ichthyofauna was as well encompassed. Despite 

the analyses of their lipid profiles showed that 

either piscivorous or planktivorous fish make 

use of excess feed as a trophic resource, species 

of lower trophic levels seem to be more affected 

than those found in higher links of the food 

chain. The latter might be a result of 

behavioural differences arising from higher 

similarities between sinking pellets and 

suspended zooplankton than to live fish. In any 

case, pellet consumer species as grey mullets 

(Mugil cephalus) or round sardinella (Sardnella 

aurita) are preyed by fish predators around sea 

cages i.e. fin fish (Sanchez-Jerez et al. 2008; 

Arechavala-Lopez et al. 2013b), monk seals 

(Monachus monachus; Güçlüsoy & Savas, 

2003), dolphins (Lopez & Shirai, 2007) and 

seabirds (Melotti et al. 1993), which drive the 

transfer of excess feed towards higher levels in 

the food chain. However, large variability in 

species composition around sea cages has been 

detected in Western Mediterranean, arising most 

likely from the different biology of the species 

and abiotic factors (SST, salinity, currents, 

primary production, etc…) driving the habitat 

range of the species (Dempster et al. 2002). The 

latter might be mirrored in certain species being 

highly affected by excess feed depending on the 

time of the year (i.e. round sardinella in summer 

vs bogue in winter; Fernandez-Jover et al. 

2008). However, the bulk of the biomass may 

be represented by a few species (Riera et al. 

2014), as it is the case in Western 

Mediterranean with S.aurita, Boops boops, 

Trachinotus ovatus, Oblada melanura, 

Trachurus spp. and/or Mugilidae spp. 

(Dempster et al. 2002; Fernandez-Jover et al. 

2008; Arechavala-Lopez et al. 2011). For 

further management measures it may be 

important to know which species are dominant 

over the fish assemblages around farms as they 

can be used as a proxy to identify the main 

vector of fish feed exportation from fish farms 

to other levels of the food chain or to local 

fisheries. In case the communities aggregated to 

farms are not described, rapid visual census 
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(Kingsford & Battershill, 2000) showed as an 

effective technique to determine which species 

contribute the most to the total assembled 

biomass. 

 

 

The latter mirrors the Mediterranean scenario 

but differences may also exist at a higher 

latitudinal scales. In the same way as round 

sardinella (S.aurita) within the Mediterranean 

boundaries (Lleonart & Maynou, 2003), one of 

the most abundant species in the Northern Sea is 

herring (Cuplea harengus; Dragesund et al. 

1997). Both species play an equivalent role in 

the ecosystem: coupling different trophic levels 

by transferring the biomass and energy from 

plankton to higher compartments of the food 

chain, including humans. However, herring 

(C.harengus) do not aggregate to fish farms, 

whereas, higher tropic levels species (i.e. 

Gadhus morhua, Pollachius virens and 

Trachurus trachurus) make extensive use of 

excess feed being present at farms in higher 

densities compared to non-farming areas 

(Dempster et al. 2009). It could be that both the 

persistent presence and high abundances of 

predator species prevent lower trophic level 

species to use sea cages. Additionally, the high 

primary production taking place in the North 

Sea compared to the oligotrophic condition of 

the Mediterranean Sea (fourfold; Longhurst et 

al. 1995), may be one of the reasons behind. In 

any case, sea cage areas seem less interesting 

for planktivorous fish in northern latitudes than 

in the Mediterranean Sea. Further differences 

between fish communities around sea cages 

should be studied for a better understanding of 

the process of excess feed exportation from fish 

farms, more than the derived effects for the 

ecosystem and other coastal users as fisheries. 

6.2 Landing fish influenced by fish farming 

activity: socio-economic implications 

 

The catches of influenced fish may derive in 

higher biomasses being landed by fishermen 

since the condition of fish is higher. The latter 

might also derive in higher revenues for 

fishermen where fish farms are present. 

Although increased revenues may exist, it is 

hard to determine which proportion is due to 

fish farming and what to natural production.  

Therefore, combined field and laboratory 

experiments, more than monitoring of fisheries 

catches are suggested. There are a few 

contributions addressing this topic in the 

Mediterranean Sea, pointing towards to a 

positive effect of nutrients released from fish 

farms on local fisheries with no visible negative 

change in species composition or biodiversity 

(Machias et al. 2005, 2006). Since the 

aforementioned studies were not focused on 

aggregated fish, we assume that the benefits for 

fisheries exploiting such fish would be even 

higher. Based on the dramatic decrease of 

fisheries landings at a global scale, a regulated 

exploitation of aggregated fish might help to 

alleviate the fish stocks exploitation of natural 

areas, contributing to their replenishment. 

However, some questions need to be addressed 

for the development of a knowledge-based 

regulation to carry out such activity in a 

sustainable way. For instance, despite landed 

fish show higher condition, Skog et al. (2003) 

described complaints of fishermen fishing in 

fjords where fish farms were present as 

consumers complained about the low quality of 

the final fish product. Conflicts between sea 

cage aquaculture and local fisheries arise from 

the opposite forecasted scenarios, being 

fisheries no longer the main seafood supplier. 
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As aforementioned, the activity of fish farming 

may depreciate the value of wild fish products 

so frictions between both activities in the 

coastal zone arise from its coexistence (Uglem 

et al. 2014). However different scenarios may 

occur since optimal management of farms and 

the social perception of fish influenced by fish 

farms may vary at a small spatial scale. Fish 

feeding on excess feed and farm affinity showed 

by wild fish, may result in increased biomasses 

of landed fish by local fisheries, specially in 

case of heavy exploitation of commercially 

important species (Uglem et al. 2014). 

Consequently, one of the main producers of fin 

fish, i.e. Norway, is investing resources to 

assess the potential development of capture 

based fisheries around fish farms 

(http://www.fhf.no/prosjektdetaljer/?projectNu

mber=343022; PROCOEX project). The 

potential success of a capture based fishery 

around fish farms has also been inspected in 

eastern Mediterranean (Akyol & Ertosluk, 

2010). However, although results might be 

promising, either fishermen willingness, 

exhaustive description of the spatio-temporal 

presence of fish in farmed areas, optimal fishing 

gear development, final fish product quality, 

food security, market value or social perception 

of the final product are some aspects that need 

to be addressed in first term. Additionally, 

special attention should be paid to the 

overexploitation of the wild fish stocks 

aggregated to farms as they may act as 

ecological traps (Dempster et al. 2009; 2011). 

Fish farming contributes as well to the landed 

biomass by coastal fisheries via escape events, 

which occur at a pan-Mediterranean scale 

(Jackson et al. 2015).  The effects of escape 

events on the ecosystem and local fisheries are 

further discussed in this chapter.  

6.3 Body condition versus reproductive success 

of wild fish 

 

It was described that the abundance of excess 

feed may increase the condition and thus 

fecundity of wild fish aggregating to fish farms 

(Dempster et al. 2011). The better condition of 

these fish is derived from an increase in TL due 

to a subsidised food supply in shape of highly 

energetic excess feed. Such food surplus have 

consequences on the lipid profile of fish, since it 

is highly dependent on diet (Sargent et al. 

2002). Feed pellets contain a high proportion of 

ω3 fatty acids in shape of DHA and EPA. 

However, there is also a incidence of ω6 fatty 

acids (e.g. Linoleic acid 18:2n6) deriving in 

significant differences of ω3/ω6 ratios of fish 

tissues (Fernandez-Jover et al. 2007; 2011a 

Arechavala-Lopez et al. 2011; Arechavala-

Lopez et al. 2015a). Furthermore, throughout 

the life cycle of marine fish, high levels of n-3 

PUFA are considered as crucial for the 

embryonic and larval development of marine 

fish (Tocher & Sargent, 1984). Either 

docosahexaenoic (DHA; 22:6n-3) and 

Eicosapentaenoic acids (EPA; 20:5n-3) show 

special relevance during oogenesis (Sørensen et 

al. 1988), apart from being a major part of the 

vitello (Izquierdo et al. 2001). Furthermore, 

high survival ratios of the larvae, more than an 

optimal neuro-visual development seem to be 

driven by the presence of DHA (22:6n-3; Bell et 

al. 1995; Bruce et al. 1999). All fish feeding on 

pellets analysed in this doctoral thesis showed 

gonads with significantly smaller ω3/ω6 fatty 

acid ratios (inter species range: 1:4 – 1:2) 

compared to fish captured far off the farms 

(González-Silvera, 2016). The latter was driven 

by the presence of the terrestrial linoleic fatty 

acid (LA; 18:2n-6) which in all cases was found 
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in much higher proportions in aggregated fish 

(maximum and minimum interspecific range: 

1:10 – 1:3; González-Silvera, 2016). Therefore 

a transfer of lipid resources found in excess feed 

for reproduction purposes occurs, confirming 

that fatty acid proportions in eggs and gonads 

are determined by the diet, as suggested by 

other authors (Fernández-Palacios et al. 1995; 

Almansa et al. 1999). González-Silvera (2016) 

showed that histological analysis of the eggs of 

M.barbatus captured near farms did not show 

abnormalities in development compared to 

individuals captured far off them, pointing 

towards no negative effects derived from excess 

feed in regards with oogenesis. However, 

further analyses on either other species or 

development stages (i.e. pre-larvae and larvae) 

are needed since, for instance, Fernandez-

Palacios et al. (1995) described shortened 

outcomes of larval development and fecundity 

arising from either deficient or excessive n-3 

HUFA levels in the diets. Rodríguez et al. 

(1998) highlighted a higher larval survival and 

growth when fed with higher ratios DHA/EPA. 

Despite the clear evidences of high n-3 HUFA 

levels required during oogenesis and larval 

development of marine fish, further field studies 

should assess the fecundity and survival of fish 

larvae derived from spawning of aggregated 

fish, since, although lower larval development 

success may occur, a higher fecundity and 

fertility rates may counteract a hypothetical 

deficit of larval development. Additionally, a 

number of other marine taxa are also dependent 

in high levels of w3-PUFA for an optimal 

embryonic and larval development (Tocher et 

al. 1985; Marty et al. 1992; Carboni et al. 

2012). Based on the already unveiled effects of 

excess feed on the fatty acid profiles of a 

number of fouling organisms (González-Silvera 

et al. 2015) further studies on aggregated 

commercially important species of other taxa 

(i.e. crayfish) should be conducted.  

 

 

6.4 Evidences of fish-farms shaping the wild 

fish distribution in coastal areas 

 

Given the dramatic attraction effect exerted by 

fish farms over commercial species of wild fish, 

these anthropogenic structures have been 

compared to artificial reefs used for fisheries 

purposes (Sanchez-Jerez et al. 2011). 

Traditional reefs, are rapidly colonised by a 

number of species and there have been always 

controversy about the origin of biomass, 

especially of pelagic fish, since it is hard to 

point out whether it is due to attraction or to 

new individuals arrived through larval 

recruitment. The latter was reviewed long time 

ago by Bohnsack et al. 1989 and it was pointed 

out that the origin of the fish biomass found 

around artificial reefs was due mostly to an 

attraction effect. However, reef size plays an 

important role on the fish assemblage, being 

found higher densities of fish in smaller reefs 

although biomasses of new colonists are higher 

as increases the reef size (Bohnsack et al. 1994). 

 

The structure of a regular finfish farm (e.g. sea 

bass and/or sea bream) showing a variable 

number of round cages of 25m in diameter 

separated ca. 15m in a rack shape and 

submerged from 15 to 20 m deep, might play 

the role of a large artificial reef where 

biomasses of attracted fish are very high but 

densities are low. The latter is supported by the 

fact that although fish abundances are very high 

around sea cages when feed pellets are supplied, 

much lower densities are found around other sea 
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cages not being supplied with pellets. This 

suggests that the aggregated fish follow the boat 

within the boundaries of the fish farm in seek of 

uneaten pellets drifting out the cages (Bacher et 

al. 2015). The strong attraction effect of excess 

feed on wild fish is not only mirrored at a cage 

level of the same fish farm but also at a fish 

farm level, since fishes disappear due to the lack 

of excess feed after the production activity 

ceases (Tuya et al. 2006). It has been also 

demonstrated the strong influence of feeding on 

wild fish at a daily basis, although interestingly, 

fish can be away for several days before 

returning to the fish farm area (Uglem et al. 

2009; Arechavala et al. 2010, 2014). It is 

hypothesised that the presence-absence of wild 

fish in farming areas can be due to the presence 

of predators, however it is worth noticing that it 

is not an absolute response of certain species 

(presence versus absence) but a variation in 

their abundances, since predator and prey 

species have been observed coexisting around 

fish farms  (Arechavala-Lopez et al. 2013b). 

 

The present doctoral thesis described a farm 

attraction effect on predators spanning on time 

at a scale of months, which is consistent with 

the results of other studies on fish species 

aggregated around farms (Uglem et al. 2009; 

Arechavala-Lopez et al. 2010). Additionally, 

fish farms were connected with traditional 

fishing areas, as well as, with other forms of 

aquaculture (i.e. long-line for bivalves). Thus, 

the aggregation effect of fish farms on wild 

predators might derive in an enhanced 

abundance of predators in nearby fishing areas 

handicapping the catches and the sustainability 

of local fisheries. However although the 

aforementioned attraction effect exerted by fish 

farming on predators, and fish species in 

general, is clear, it is still to be demonstrated if 

i) higher predatory rates on wild stocks occur 

and ii) to which spatial extent (10ths to 100s of 

Km), the increased densities of fish in farming 

areas are noticeable. According the latter, 

further studies encompassing large spatial scales 

(100s km) and several fish farms, together with 

areas where sea cages are not present should be 

conducted in combination with fish diets and 

fisheries landings monitoring. If such influence 

is demonstrated to exist, fisheries landings 

dynamics should be immediately further 

investigated to unveil potential effects on 

fisheries production or on other important 

coastal uses. Moreover, although less 

frequently, larger predators as Thunnus thynnus 

and Xiphias gladius are observed around farms 

(Arechavala-Lopez et al. 2013b; 2015b). Long 

term telemetry studies on these species may 

help to unveil connectivity between farms and 

far off areas, since these species can swim over 

large distances. Additionally, their commercial 

values and the existence of pan-Mediterranean 

fisheries targeting them, make research 

worthwhile. In this regard, this doctoral thesis 

unveiled a maximum habitat use of wild fish of 

about 50km, pointing towards a potential 

connectivity between a fish farming and other 

important areas of the coastal zone as other 

marine farms (bivalves) and two coastal MPAs 

(Isla de Nueva Tabarca and Cabo de Palos). 

The latter may have implications for the 

management of coastal areas in terms of either 

parasite/disease dispersion  towards MPAs 

(Arechavala-Lopez et al. 2013c) or spatial 

planning due to frictions between mariculture 

and fisheries interests (i.e. over predation on 

wild exploited stocks). Therefore, further 

research urges for a better understanding of the 

connectivity between fish farming and coastal 
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areas via wild fish movements. The latter will 

lead to a more sustainable use of the coastal 

areas through a knowledge-based integration of 

the raising mariculture industry. 

 

Given the aforementioned FAD effect exerted 

by fish farms, these anthropogenic structures 

can be understood as “an oasis in the ocean” 

and the continuous food supply may lead to a 

constant presence of migrant species 

(Arechavala-Lopez et al. 2015b) which are 

meant to move following changes in 

temperature or food abundance. Regarding the 

latter, given the high attraction effect of farms 

on bluefish (P.saltatrix), potential effects on 

larger spatio-temporal should be studied as it 

might have implications for the natural 

distribution of the species and genetic admixture 

(Miralles et al. 2016).  

 

 

6.5 Guidelines to prevent/mitigate the 

influence of fish farming on the ecosystem and 

fisheries. 

 

Smart feeding to reduce the organic load to the 

ecosystem 

 

Excess feed drives the aggregation effect of 

wild fish to fish farms (Tuya et al. 2006; 

Ballester-Moltó et al. 2015). Thus, to avoid 

overfeeding might sound as a simplistic 

suggestion to prevent excess loading of organic 

matter from farms in shape of feed pellets and 

feaces which attract fish. However, the term 

overfeeding should not only apply to the simple 

process to convey higher doses of fish feed than 

needed to the farmed fish but also to a 

suboptimal planning of feeding practice in terms 

of delivered feed at a both daily and seasonal 

basis, feeding technique, feeding frequency, 

feeding event or spatio-temporal distribution of 

the conveyed feed (Talbot et al. 1999). For 

instance, circadian differences on fish appetite 

has been observed and on-demand feeding 

practice showed promising to maximise the use 

of fish feed and growth through decreased 

levels of feeding competition (Azzaydi et al. 

2000; Andrew et al. 2002, Rubio et al. 2004; 

Velázquez et al. 2006). However, feeding after 

a certain levels of day light is not 

recommended; although feed waste values may 

diminish during night time, the lack of day light 

handicaps the detection of pellets sinking 

through the net holes (Rubio et al. 2003). 

Higher digestibility derives into lower excreted 

biomass in shape of feaces. The best conversion 

ratios of pelleted diets are shown by diets 

formulated with high proportions of fish meal 

and fish oil. Unfortunately, the lack of wild fish 

commodities for fish feed production, derived 

from overfishing and high costs, gave way to a 

whole industry formulating new replacement 

diets using terrestrial ingredients, which starts 

providing the aquaculture industry with highly 

efficient diets (Liland et al. 2013). However, 

further research is still needed since, so far, 

aquaculture diets formulated with lower 

proportions of 40-50% of marine oils do not 

perform well (Sales & Glencross, 2011). The 

latter is derived from the highly dependence of 

digestibility and feed conversion ratio on the 

proportions and quality of the ingredients. For 

instance, increasing dietary energy density in 

fish feed improves conversion ratios in S.aurata 

(Ekmann et al. 2013). Selective breeding can 

also bring high benefits in terms of growth and 

feed usage, although there is a limit threshold of 

protein assimilation even in fast growing strains 

of fish (Rasmussen & Jokumsen et al. 2009). 
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Extrusion process characteristics as extrusion 

temperature, moisture content and screw speed 

are crucial for the functional properties of the 

pellets (Rodríguez-Miranda et al. 2014). 

Additionally, hardness combined with feeding 

technology may affect the integrity of pellets 

decreasing the efficiency of the practice; 

pneumatic conveying at high air speeds and low 

feeding ratios derived in high fragmentation 

levels of the pellets, although it differed 

between different diets (Aas et al. 2011). The 

specific technical quality of feed pellets showed 

important to minimise pellet degradation while 

pneumatic-feeding (Aarseth et al. 2006). In this 

regard, international standards stablishing the 

optimal rpm, air mass flows and blower 

diameters for a given pellet type might help to 

minimise product loss through fractioning. The 

inclusion of soybean may increase the hardness 

of pellets compared to fish meal extrudes 

(Sørensen et al. 2009), satisfying the 

inconvenience of pellet fragmentation due to 

sub-optimal pneumatic feeding. However, 

higher levels of hardness may compromise the 

intake ratio due to a deficient palatability 

(Pérez-Navarrete et al. 2006) which would 

derive in lower growth rates of cultured fish. 

This quick overview of different factors 

influencing the characteristics of extrudes 

highlights the importance of using tailored 

pellets according to the characteristics of the 

culture to optimise either the growth of the 

reared species or to minimise the load of excess 

feed and feaces into the ecosystem. Reduction 

of organic loads deriving of overfeeding around 

fish farms is not only a question of ecological 

concern but also it appeals to the fish farm 

economies. Over time, around 60% of the 

production outlay of fin fish production arises 

from fish feed expenses (White et al. 2013). 

Therefore, appropriate decisions regarding 

feeding practice may have profound 

consequences for the economic viability of a 

fish farm, more than on the organic waste i.e. 

feed pellets and fish feaces loaded in the 

ecosystem, with all the implications it may have 

to prevent/minimise all the aforementioned 

consequences arising from the presence of 

excess feed around farms. So far, underwater 

camera based monitoring systems for the early 

detection of waste feed are widespread among 

farms showing good results but nowadays, new 

wireless technologies using group-based sensor 

systems are promising (Lloret et al. 2015). 

Overall, given the potential to decrease the 

loads of excess feed and fish feaces around 

farms, ad hoc based-on-knowledge regulations 

should be developed by governments, together 

with specific training programs to help farmers 

taking appropriate decisions concerning fish 

feed usage. Beside this, social measures aiding 

fish farmers to implement potential changes in 

future feeding technology should also be 

provided in order to modernise the industry as 

quickly as possible. 

 

The authorities should include in the control 

plans of fish farms, a periodical monitoring of 

the fatty acid profiles of fish aggregated to 

farms as an indicator of smart feeding practice. 

Additionally, other areas as marine protected 

areas, landing ports or important fishing areas, 

should be taken into account if existing. 

Analyses every three months are advised and 

the use of either TL, Linoleic acid (18:2n-6), 

Docosahexaenoic acid (22:6n-3), 

Eicosapentaenoic acid (20:5n-3) or the ratio 

ω6/ω3 of muscle tissue are suggested as 

indicators. However, further standardised 

procedures should be designed for each specific 
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area depending on the species or the different 

uses of the coastal zone (mariculture, marine 

protected areas, etc...). 

 

The need of aggregated fish as a biofilter 

 

Until the above explained smart feeding practice 

is achieved, fish aggregated to farms play a 

crucial role as the only existing biofilter of the 

excess feed and the organic matter drifting 

away, since they have the ability to remove it by 

between 40% (Felsing et al. 2005) and 80 % 

(Vita et al. 2004). In the bottom of farmed 

areas, benthic species have demonstrated to 

profit from the excess feed and thus 

contribution to the recycling of the organic load 

reaching the bottom. The latter transforms the 

organic matter into dissolved nitrogen and 

phosphorus. Such inorganic material will be 

recycled into organic matter through 

biochemical processes by bacteria and 

phytoplankton which in turn will be transferred 

up to the food chain by phytoplankton grazers 

(Pitta et al. 2009). The non-presence of a 

biofilter around farms would allow the excess 

feed and feaces to reach the bottom of the farms 

causing major damages on seagrass beds and 

eutrophication of sandy bottoms leading, 

eventually, to anoxia episodes (Wu et al. 1995; 

Ruiz et al. 2001; Karakassis et al. 2000). 

Therefore it is very important to prevent the 

uncontrolled exploitation of aggregated fish, 

which could handicap its biofilter ability leading 

to environmental issues due to an excess of 

organic matter. Similarly to buffer zones in 

Marine Protected Areas, the lease areas should 

be sized according to the total sea cage surface. 

Thus, the access of fishermen near the sea cages 

will be prevented, since it is in the first 10s of 

meters where the fish are available (Dempster et 

al. 2009). Lease hold areas knowledge-based 

sized according to the local environmental 

conditions (wind and currents) together with 

surveillance during non-working hours stand as 

the two main strategies to ensure the durability 

of the fish biofilter around farms. However they 

could be inefficient and new surveillance 

technologies should be developed.  

 

Exportation of biomass in shape of wild fish:   

Fish farming & Conservation 

 

The present PhD thesis highlighted the better 

condition of fish aggregated to farms compared 

to fish which are not, more than its ability to 

export biomass to nearby areas, including to 

fisheries. The latter might represent a benefit 

either in terms of fecundity success or for 

fisheries, which might land larger biomasses of 

fish. However, both effects should be assessed 

in future studies, since it has been already 

highlighted that aquaculture and conservation 

might work together (Dempster et al. 2006). 

Additionally, benthic species which were 

represented in the present research by the high 

valued karamote prawn (M.kerathurus), showed 

higher sizes in areas near to farms than far off. 

The lease hold areas together with mooring 

systems seem to act as non-take zones, which 

might be more effective for benthic species 

showing lower mobility ranges than pelagic 

fauna, and further research should be addressed 

to determine the spatial range of species 

aggregated to fish farms. Both the higher 

availability of organic matter and the protection 

effect of fish farms on wild species should be 

studied as a whole to assess its potential to 

enhance fisheries production. Machias et al. 

(2006) showed higher fisheries production after 

a fish farm was set up in a coastal area in 
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Greece. However no research has been 

conducted to unveil the fish farming effects on 

multi-gear artisanal fisheries which represent 

the largest proportion of Mediterranean 

fishermen. Either in our case or in other areas 

within the Mediterranean Sea, the caramote 

prawn is one of the most valued resources 

driving the sustainability of local fisheries in 

areas where this species is present. Therefore, 

special attention should be paid when installing 

fish farms in areas where valuable benthic 

resources are distributed (e.g. bivalves, 

crustaceans). Further studies to unveil potential 

interactions between fish farming and wild 

populations of benthic species should be 

conducted in order to promote fish farming and 

fisheries sustainability. 

 

Guidelines for the design of contingency plans 

for fish escape events  

 

It has been recently concluded that the recapture 

of escaped fish is largely unsuccessful 

(Dempster et al. 2016). The latter could be true, 

but no recapture methodologies have been 

tailored so far. Therefore the scarce recapture 

success might represent the outcome of the 

application of fishing techniques developed to 

catch wild fish but not escapees. So far, the only 

successful fishing actions carried out to 

recapture escapees of a species cultivated in the 

Mediterranean was described by Toledo-Guedes 

(2014a) when more than a million European sea 

bass escaped after a storm. Nowadays, as a 

baseline to further develop recapture actions, 

the following principle must be assumed: the 

recapture success is interdependent of fish 

farmers, administration and fisheries in this 

order. Thus, different roles must be assumed. In 

particular, fish farmers should rely on fishermen 

to recapture the escaped fish, as fishermen hold 

the expertise, practice and field experience to 

guarantee the highest recapture success. 

Therefore, a specific agreement should exist 

between fish farmers and fishermen in order to 

satisfy the interests of both guilds and the 

ecosystem. Such agreement should also be 

validated by the authorities to pre-set the 

recapture actions to be carried out before an 

escape event occurs. The fishing gear, distance 

to the fish farm and the areas to distribute the 

fishing effort, as well as the economic terms, 

should be mandatorily agreed to mitigate the 

effects of potential escape events as cost-

effectively as possible. Additionally, fish 

farmers should be committed to declare the 

escape event to the administration, which would 

trigger the recapture actions as soon as possible. 

Eventually, fishermen will conduct the 

recapture actions while being controlled by the 

administration. So far, the main fish-producing 

countries as Norway, Canada, United States, 

Australia, Scotland or more recently Chile, have 

specifically regulated under a legal framework 

the sea cage aquaculture, including potential 

escape events (all links in Izquierdo-Gomez et 

al. 2014). In regards with fish recapture, all the 

suggested actions (alarm, coordination, control 

and recapture) are included in a contingency 

plan, which is compulsory to obtain a new 

aquaculture license. Overall, the first days after 

the escape event are critical, thus the fishing 

actions must be carried out around the fish farm 

and thereafter along the nearest shallow areas 

from the escape point throughout a month. The 

authority should have the right to extend the 

duration of the recapture activities according its 

success and the persistence of escapees in the 

area.  
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The overpopulated character of the 

Mediterranean coastal areas and its uses, 

together with the biology and behaviour of the 

cultured species, require the design of specific 

contingency plans for Mediterranean conditions 

within an adaptive management framework. 

Eventually, altogether might derive in a diverse 

casuistry. For instance, a rapid response from 

fish farmers informing the authorities about an 

escape event is needed, but events occurring on 

bank holydays or non-working days may derive 

in larger dispersion rates of escapees, before 

fishermen set their fishing gears. The same 

occurs for the administration which has a very 

specific working schedule. Thus, an escape 

detection system should be defined and it must 

be operational in non-working days or bank 

holidays, as well as well-coordinated with 

authorities for a quick response. It is important 

that, in order to trigger the escape alarm, it must 

be defined what an escape event is and it should 

be quantifiable in terms of fish number and/or 

escaped biomass. In case the farmer does not 

inform the authorities, an independent escape 

alarm system triggered when abnormal catches 

of a given cultured species occur is suggested 

(field surveys and/or monitoring further 

described in the text). Eventually, if the 

authorities are not informed by farmers, legal 

actions (to be developed) should be carried out 

against fish farming enterprises.  

 

Once the escaped event is declared (and no 

longer than a week after) the farmer should 

issue a first report to the authority describing the 

causes of the escape together with the species 

and the escaped fish biomass. All damages 

occurring at the fish farm facility must be 

repaired as quickly as possible and a 

photographic dossier of the damaged structures 

must be included in the first report. The medical 

condition of the fish must be also included in 

the report, since these fish may contain active 

substances compromising public health after its 

uncontrolled consumption (Sapkota et al. 2008).  

 

Professional fishing have constraints in regards 

with the distance to the swimming zone (200m).  

In light of the behaviour of escaped fish, which 

searches refuge in shallow waters and closed 

inlets, a special permit should be issued to allow 

the usage of nets in these areas after an escape 

(e.g. beaches, creeks). Despite beach-seines 

were prohibited a few decades ago, its usage for 

recapture purposes should be further evaluated, 

since this gear is adapted to fish in shallow 

areas where escapees use to disperse. Amongst 

the high variety of fishing gears used by 

artisanal fisheries, some of them might be more 

suitable than others and it should be 

investigated. For instance, if fish traps or beach 

seines are used for recapture purposes, the by-

catch (wild fish) could be released since these 

fishing gears might not kill the fish. Another 

advantage is that the escaped fish might be also 

alive and the potential to be delivered again into 

the sea cages exists. Throughout the recapture 

actions, parameters as the captured species, fish 

sizes and the recapture success should be 

always surveyed by the authorities not to 

jeopardise the stocks of other species or the wild 

conspecific population. The usage of 

identification tools resulting from PREVENT 

ESCAPE project (http://preventescape.eu) are 

strongly advised to discern between wild and 

escaped fish, especially the presence of original 

scales (Arechavala-Lopez et al. 2013a, 2015c). 

The authorities should inform the users of the 

coastal zone (e.g. swimmers, tourism or 

recreational fishermen) to prevent social 
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conflicts arising from the unusual presence of 

fishermen carrying out legal recapture activities, 

(although in shallow areas). If the authorities are 

not present, passive fishing gears should be 

visible and clearly labelled, to indicate its legal 

status, purpose and contact information of the 

authorities. The gear must be visible for coastal 

users to prevent accidents derived from 

entanglement. Surveys to monitor the presence 

of escapees should be carried out throughout the 

whole year. Areas of ecological importance, if 

existing, should be included in the survey (i.e. 

Natura2000 zones and marine protected areas). 

In case of locally absent species as meagre (A. 

regius), the visual identification would be 

simple, whereas in the case of gilthead sea 

bream or European sea bass, either fish showing 

similar sizes to those still in sea cages belonging 

to the same batches or abnormal schools of fish 

would trigger the alarm. If high abundances of 

escapees are still detected when the recapture 

actions are finished, the contingency plan must 

be activated again. In case of low abundances or 

escapees invading protected areas, specific 

eradication measures (e.g. spearfishing) should 

be activated. Once the presence of escapees is 

no longer detected, authorities will continue 

with the normal monitoring program of 

escapees. In parallel, the fish farm should be 

inspected by the authorities to validate the good 

practice when repairing the reported damages 

after the escape. Long term monitoring data of 

the escapees or the incidence of escape events, 

could be used to validate further strategies to 

prevent fish escapes as it occurred in 2004 after 

the new standard of materials was implemented 

in Norway (NS9415; LOV-2005-06-17-79-§12). 

It was concluded that the introduction of the 

new standard led to a dramatic reduction in the 

number of major escape incidents in Norway 

(Jensen et al. 2010). Once the fishing actions to 

recapture escaped fish are concluded, the farmer 

must report in detail the causes of the escape to 

the authorities, the structural damages and 

economic losses, together with the description 

of the recapture actions (e.g. fishing gear, 

fishing effort spatio-temporal distribution, main 

affected areas, recapture success, hot-spots of 

recapture, medical condition of the fish). The 

latter will be issued in a standardised report 

sheet (to be created when designing the 

regulation of escape events). Eventually, the 

information provided by farmers (final report) 

and the obtained data from the monitoring 

program in seek of escapees will be used to 

improve the former contingency plan and to 

better address the fishing effort of the recapture 

actions towards the preferred dispersal areas of 

escapees. In last term, the features of the escape 

event (e.g. magnitude, species, fish sizes, 

medical condition, causes and date) should be 

registered in a monitoring data base for long-

term assessment and research. 

 

The extent of the effects of fish farming on 

either the ecosystem or other users of the coastal 

zone as artisanal fisheries are still poorly 

understood. Prior to the installation of a fish 

farm, a SWOT Analysis (Strengths, Weaknesses 

Opportunities, and Threats), taking into account 

local fisheries, should be included in the 

Environmental Impact Assessment (EIA) to 

identify synergistic or antagonist effects 

handicapping a sustainable activity. 

Contingency plans against fish escape events 

should be included as well. Monitoring 

programs in special areas are advised (i.e. 

MPAs or special fishing grounds near fish 

farms. As a methodological basis to survey the 

influence of sea cage aquaculture on fisheries 
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landings and the ecosystem, either i) the 

proportion of terrestrial fatty acids in fisheries 

landings of wild fish, ii) fish telemetry studies 

including different fish farms at a scale of 

hundreds of kilometers or iii) scales scrutiny of 

landed gilthead sea breams are suggested. For a 

more sustainable use of the coastal zone, it is 

important to address more research to assess the 

spatio-temporal extent of the results obtained in 

this PhD thesis. 
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CONCLUSIONS 

 

 

CHAPTER 2 

 

1. The trophic behaviour of aggregated fish of different trophic guilds changes towards the 

exploitation of excess feed as a trophic resource. Consequently, changes on the total lipids and 

fatty acid profiles occur.  

 

2. Blue fish (Pomatomus saltatrix), which do not feed on pellets, is also influenced by 

excess feed around fish farms. Therefore, there is an exportation of excess feed towards upper 

levels of the trophic chain via natural predation. 

 

3. An excess feed biomass exportation in shape of wild fish was detected towards 

fisheries, since fishes influenced by excess feed were detected in fisheries landings at a scale of 

tens of kilometres. The latter might have further implications in terms of fish quality and 

economic value.  

 
4. The better condition of fishes aggregated to fish farms together with the presence of 

terrestrial fatty acids in their tissues highlighted its biofilter function. Therefore, while smart 

feeding procedures are developed, the overexploitation of aggregated fishes should be controlled 

to mitigate the effects of the excess feed on the ecosystem. 

 

 

CHAPTER 3 

 

5. Individuals of Melicertus kerathurus captured near fish farms showed larger and heavier 

than those captured far off. 

 

6. The observed changes on the stable isotope composition of Melicertus kerathurus 

showed minimal for 13C and inexistent in regards with 15N. Therefore, the surplus of organic 

matter point towards to an exportation of excess feed in shape of prawn biomass as it was 

previously described for fish. 
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CHAPTER 4 

 

7. Fish farms may influence the behaviour and distribution of bluefish (Pomatomus 

saltatrix) when present in the coastal zone. The abundance of preys around sea cages might 

diminish the bluefish motivation to explore shallower areas near the coast in seek of prey fish, 

since all its nutritional requirements might be found around sea cages. 

 

8. The increased abundances around farms together with a reduced fishing mortality might 

give way to an increased bluefish predation on other commercial species exploited in adjacent 

fishing areas. 

 

 

CHAPTER 5 

 

9. A simple and cost-effective methodology to differentiate single individuals of gilthead 

sea bream throughout scales reads was developed with a number of practical applications i.e. i) 

to avoid misleading errors on population dynamics studies on gilthead sea bream, ii) to 

confiscate escapees (if needed) at points of first sale and/or landing ports, iii) to distinguish 

escapees throughout a legal procedure or iv) to ensure that consumers pay the fair price for fish 

products. 

 

10. The overall incidence of escaped gilthead sea bream resulted 14.9% although values up 

to 20.8% were registered. The escaped fish showed a dispersal ability of around 20 km although 

most of the individuals were captured between 2-3 km off the farms. 

 

11. The continuous incidence of escapees in fisheries landings indicates that bad practice at 

farms might exist. The ability of artisanal fisheries to recapture escapees showed variable within 

the same fishing fleet according to the fishing gear, resulting nets more effective than long lines. 

 

12. The morphometric differences existing between wild fish captured near and far off the 

fish farms indicate a potential admixture between farmed and wild genotypes, which is 

reinforced by the presence of escaped individuals within the oldest age classes. 

                                                                  ..
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