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Resumo

A costa Sul do Algarve nao é excepcao a notoriaga@ul dos recursos pesqueiros que se
vem verificando na costa continental PortuguesdeCao IPIMAR sugerir e testar
novos instrumentos de gestdo pesqueira que permitathorar o estado de
conservacao dos recursos pesqueiros, dado que dislaseradicionais, como a
limitagdo do tamanho das malhas das redes, docestle pesca ou a imposi¢édo de
tamanhos minimos legais de captura, se tém revaisdécientes. Assim, o IPIMAR
tem vindo a testar outras medidas complementaa¢s,como a criagcdo de recifes
artificiais ou o potencial do repovoamento, atragadibertacdo de peixes produzidos
em cativeiro. Tendo o conhecimento para produzéséala experimental juvenis de
varias espécies de Esparideos, nomeadantguaieis aurata, Diplodus sargus, D.
vulgaris e D. cervinus, tornou-se possivel testar essa medida de gestéosta algarvia
uma vez que a existéncia de estudos de repovoareentmutros paises nao invalida a
necessidade de se realizarem experiéncias a déscalaAssim, este estudo teve como
objectivo principal averiguar o potencial de repmwento na costa do Algarve com
peixes produzidos em cativeiro. Por outro lado &avipreocupacao de perceber se a
introducdo de exemplares produzidos em cativeirdepa ter um efeito genético
negativo sobre as populacdes selvagens. Os ressiltatb estudo genético
demonstraram que havendo uma boa gestdo do conjimstareprodutores, ndo se
verifica perda significativa de diversidade gereééfielo que a libertacdo destes peixes
ndo devera afectar negativamente as populacdeagsels. Os resultados obtidos
através da marcacdo (convencional com marcas ndasera telemetria acustica),
indicam que a libertacdo de peixes nesta costafoeieefeitos positivos ao nivel local,
uma vez que as espécies testadas conseguem akapidrmeio natural e que a sua
dispersao se faz essencialmente ao longo da coistid lgarve.

Palavras chave: Repovoamento, Esparideos, marcaQawencional, telemetria
acustica, diversidade genética, peixe produzidie€@ em cativeiro.



Abstract

The clear decrease in fisheries landings alongtreuguese coast and in the same scale
off the south coast of the Algarve prompted IPIMARe Portuguese fisheries institute
to test recovery measures for the stocks. In anfdib restrictive measures such as mesh
size, fishing effort or minimum legal size, it i®gsible to foster stock recovery with
positive measures. Having created an artificiaf edeng the south cost of Algarve,
IPIMAR proposed to investigate the possibility dbak enhancement by releasing
hatchery produced and reared fish. Since IPIMAReaaly had the know-how to
produce several Sparidae species, narSedyus aurata, Diplodus sargus, D. vulgaris
andD. cervinus, it was possible to conduct experimental tag a&tebise trials with these
species. Although similar studies have been cardedin other countries, it is a
requirement that local species are tested at tted &rale. Therefore the main objective
of this study was to assess the potential of r&sigcthe Algarve coast with hatchery
produced fish. In addition, there was a concern tha release of hatchery produced
fish could have a negative genetic impact on thie wopulations. The results of the
study show that if a good management of the brdodksis carried out, there is no
significant loss of genetic diversity and thereftre release of this fish will not have a
negative effect on the wild populations. The reswalbtained through several tagging
methods from conventional numbered tags to acoust@metry, indicate that the
release of fish off this coast could have a posiimpact at the local level since the
selected species are able to quickly adapt to éiteradl environment and the dispersion
occurs mainly along the South coast of the Algarve.

Key words: Restocking, Sparidae, tagging, acoustiemetry, genetic diversity,
hatchery produced and reared fish



CHAPTER 1

Introduction and Objectives



Resour ce exploitation and fisheries management

Marine ecosystems cover the majority of the Eadhidace and are one of the most
productive ecosystems in the world. These ecosysteravide essential goods and
services for human wellbeing (Costanza et al., 19%9ifson et al., 2005; Beaumont et
al., 2007). Some of these goods and services aily eacognized as they are directly
used by humans, such as food, medicines, fuel aregge, but also education,
recreation and leisure (MA, 2003; Beaumont et 2007). Although equally vital for
humans, others are less apparent, like gas anatelinegulation, bioremediation of
wastes, flood and storm protection, and nutrientlicy (Hiscock et al., 2006;

Beaumont et al., 2007).

Fishing is the most widespread human activity ertarine environment (Jennings and
Kaiser, 1998). Fish consumption per capita has beereasing steadily in the past
decades, from an average of 9.9Kg in the 1960antbistorical maximum of 17kg per

capita (FAO, 2010). This can be explained by sdvaors, namely by an increased
concern about healthy eating, triggered by varfoosd crises (e.g. BSE, dioxin), by the
increased availability at supermarkets of prepasedfood based meals and by the
improved economic situation and standard of livimggome countries (Failler, 2007).

As the world population has doubled in the samégethis means that the amount of
fish captured or produced by aquaculture has qpéettu(Swartz et al, 2010). Since
marine capture fisheries have been declining stheelate 80's (Watson and Pauly,
2001) and over 80% of world’s fish stocks are nowsatered to be fully or over-

exploited (FAO, 2010), any growth in production asyfrom aquaculture. In fact, the
reduction of the fisheries resources originatingnir capture fisheries has been
compensated by the development of aquaculture. &geaculture industry is

undergoing a rapid worldwide expansion to fulfiiet shortfall between the ever-



increasing world demand for seafood and decreasmagability of wild stocks due to
the overexploitation and collapse of several fisemworldwide (Gang et al., 2005;
FAO, 2006; Worm et al., 2006). Aquaculture produatsounted for only 4% of the
total food fish supply in the 1970s (FAO, 2004)t bave increased to 46% in 2008
(FAO, 2010). With an average annual growth raté.8f6, aquaculture is, nowadays,
the fastest growing animal food-producing sectothim world (FAO, 2009). However,
like fishing, which is probably the main anthropogedriver of ecosystem alterations
(by inducing changes in fish populations and comitres) changes in the pathways of
energy transfer and by disturbing and destroyimgsia-floor habitats [e.g. Jennings et
al., 2001; Choi et al., 2004; Zhang et al., 2008fuyaculture may also cause adverse
effects on the ecosystems, such as habitat matfiicand loss, organic enrichment,
changes in biodiversity, eutrophication, chemiaaitamination, spread of diseases and
parasites and introduction of exotic species €abello, 2006; Mente et al., 2006; Cao
et al., 2007; Johnson, 2007; Cook et al., 2008s€et al., 2008; Holmer et al., 2002,
2008; Tett, 2008; Diana, 2009; Johnston and Rob2889; Subasinghe et al., 2009).
As a result of fishing and/or aquaculture actigtia wide range of ecosystems such as
mangroves, seagrass beds, kelp forests, and @efd have been severely affected,
leading to ecosystem changes and consequentlytécatidns in the services they
provide. Since the degradation of marine ecosystens® pervasive (Botsford et al.,
1997; Jackson et al., 2001) in recent years, sffodve been made towards both the
mitigation of fishing and aquaculture impacts ahd testoration of natural resources,

habitats and services (Gaspar et al., 2011).

We are currently in a situation where the over-exation of marine living resources
and deterioration of the marine environment haslred an alarming level (Worm et al,

2009). Inversely, the production of new speciewigh fishing potential is growing at



an unprecedented pace (Bartley and Bell, 2008)refbee, mitigation measures and
restoration initiatives are needed aiming for betieanagement of the marine

environment and its living resources.

As mentioned by Santos et al. (2011) it is impdrtarrealize that traditional fisheries

management measures (e.g. minimum sizes, closedrsgaatches limits, closed areas,
and effort or gears restrictions) are insufficitat guaranteeing fisheries sustainability.
These conditions generated a need to promote alieenand/or complementary

management options directed to facilitating theanability of local artisanal fisheries.

Among the different alternative measures for figleermanagement, one that has
reached general acceptance from both the fishiotpisand managers is restocking.
The establishment of restocking programs with spens of target species, produced
deliberately for this purpose and released in ogitiareas for their development and
survival, can benefit the fishing sector by mitiggtresource depletion and contributing

to the recovery of coastal fisheries.

Restocking

Restocking can be defined as the “deliberate releddish or shellfish (mollusks and
crustaceans) cultivated or wild with the intentadrusing the natural productivity of the
release habitat” (ICES, 1994). This initial defioit has been updated to mention that
the goal of restocking is “to restore severely deggd spawning biomass to a level
where it can once again provide regular, substiayigils”. If the goal is to “to increase
productivity of an operational fishery by augmegtthe natural supply of juveniles and
optimizing harvests by overcoming recruitment latitn” then it should be named

stock enhancement.



Capturing wild specimens and re-introducing thenarieas of reduced abundance is a
well tested practice but it has been abandonedaltiee reduced results at recruitment
time (Hoffmann, 1991). Restocking with hatcherydauroed and reared fish has several
advantages: a high number of fish can be obtainath 2 small batch of adult fish
(brood stock); juvenile mortality of cultivated fiss much lower than in the wild,;
timing and size of release into the wild can beedeld to better match season or

mismatch predators; stock recruitment is strengtiéBrown and Day, 2002).

The deliberate release of hatchery produced figh thie objective of using the natural
production is carried out in many countries as d@hotk to enhance fishing resources
(Bartley, 1995; Munro and Bell, 1997). Restockitag become increasingly relevant in
the last 30 years, being considered in severahieras one of the strategies to promote
the sustainability of the fishing sector (e.g. intgional Conference on the Sustainable
Contribution of Fisheries to Food Security helKiyoto (FAO, 1995); in the Bangkok
Declaration at the FAO Conference for AquacultuMACA/FAO, 2000); at the
International Council for the Exploration of the aSe as well as in numerous
International fisheries and aquaculture SymposiurbMany countries have already
established marine fish restocking programs. Themdgian Sea Ranching Program
has been responsible for the restocking of coan@al alpine trout and lobsters since
the early 80s (Svasand et al., 2000). The USA, dainand China also have been
carrying out restocking, in the case of Taiwan sid®78. But Japan is the country
where restocking is more advanced. Since 1973apanIMarine Ranching Association
(JASFA) has been the organization responsible fompting restocking actions, with
75 centers, both public and private carrying outhsactivities (Katsuyama, 2000).
When correctly applied restocking has the potemtiahcrease stocks in the long term

(Russell and Rimmer, 1997; Fushimi, 2001). In faatias demonstrated in the past that



stock enhancement effectively did lead to an irswea catches of several marine fish
stocks such aMugil cephalus in the USA (Leber and Arce, 19963adus morhua in
Norway (Svasand et al., 2000) aRagrus major (Kitada, 1999) in Japan. According to
Leber et al. (2004), in recent years 33 develogimgntries have reported the stocking
of 59 marine or coastal species. Restocking itbez an alternate and complementary
tool for the regeneration of some fisheries resesinith declining or depleted stocks.
But this approach, in addition to the challengelserent to the execution, is also
extremely complex in terms of the analysis of tbgufts obtained given the wide range
of knowledge areas it involves. It is thereforeessary to have a multidisciplinary
team since it aggregates knowledge from aquacutro@uction, genetics, biology and

ecology, stock assessment and even socio-econ@omacset al. 1999).

Like any other management action carried out by dnsnover a natural resource,

restocking has several aspects that need to b&leoed:

1) Sanitary controlin order to prevent the transfer and establishinoémliseases and

parasites to the wild populations, a strict sagit@ntrol is required which certifies
the health of the organisms produced in aquaculang later released into the
natural environment. An accidental introductionaopathogenic agent in the wild
populations could compromise their viability, thbaving the opposite effect of
causing a reduction of catches due to the reduatibrthe natural population

exploited (Caddy and Defeo, 2003).

2) Genetic control the loss of genetic diversity has been observeth bn wild

populations of endangered species in risk of ettinand in organisms produced in
captivity. Indeed, the nature and dimension offthbitat, and also fishing pressure

(which reduces the number of specimens) may causedification in the genetic



structure of the populations of wild aquatic orgamé (Taniguchi, 2003). In order to
preserve the same level of genetic diversity preserthe wild population, the
selection and management of the broodstock are riamoaspects to take into
account when doing a restocking action. Thus theodiction into the wild
population of specimens produced in captivity fr@producers (generally in limited
numbers thanks to the high fecundity of marine nigas) may lead to a reduction
of the natural genetic variability due to the rafurctive interaction between them
(Smith and Francis, 1991). In addition organism®&dpced from genetically
degraded progenitors have reduced capacity to melsp@ changes of the
environmental conditions, which limits their capggicio survive in the natural
environment. Although there is a need for rigidtpcols to prevent undesirable
genetic effects such as the translocation of exmgergenes e changes in allelic
frequencies of the wild populations, such practiaes not always respected (Ward,

2006).

3) Carrying capacity another factor to take into consideration is tieémber of

specimens to release into the environment. The atrtouestock will depend on the
target species' annual recruitment and on the dta&bitarrying capacity, i.e. the
number of specimens of a given species that th&dtab able to support at an
optimal density which does not affect growth orveal (Bell et al, 2005). Although
the carrying capacity is difficult to estimate,i#t a critical factor for restocking
programs and can vary according to the prevailimyirenmental conditions
occurring in the season of the year the restocksngarried out: climatology,
productivity of the ecosystem, currents, abundarigeedators and competitors. The
carrying capacity varies with location. Food auaiiity is the main determining

component and for species with highly selectivasdiemay be the limiting factor.



When the specimens released do not displace tldepapulation, it is a sign that the
released number is within the carrying capacitytteg habitat (Mustafa, 2003).
Therefore it is important to have a preliminarydstof the ecosystem, as exhaustive

as possible, before carrying out any restockinmpast(Bell et al, 2006).

4) Socio-economicas mentioned previously restocking programs edrout around the

world aim to mitigate the reduction in catches ajieen resource as a response to
overfishing, which makes a significant increaselandings the best indicator of
success of a restocking action. However the siraptaparison of catches (CPUE)
before and after the restocking action might nokehbeugh to evaluate the success
since any positive effect might be masked by theirahinter-annual variability of
the stock’'s abundance. Since the 50s researchezdbhan developing mathematical
models to evaluate the results of restocking asti(@g. the Jolly-Seber model),
considering several parameters with mark and racajteing one of the key aspects.
However there are not many studies that have prdkedeconomic success of
restocking actions and with a few exceptions (Fugh2001) most did not return the
expected results (D’Anna et al, 2004). On the otteerd, for a restocking action to
be considered economically attractive the costieénile production must be as low
as possible without compromising the quality critebut the CPUE must also
increase significantly (Lee, 1994; Moksness et 14198; Borthen et al, 1999).
Considering these factors and optimizing the résbhgc management techniques
regarding the biological knowledge of the spedmehavior, carrying capacity of the
habitat, age of the specimens, release seasonpr@iddaptation to the habitat,
several restocking programs carried out in Asia Batbpe have produced positive
results, reflected in increases in catches in postgears (Rothlisberg et al. 1999; Su

and Liao, 1999; Davenport et al. 1999; Jensen. d984). In other cases the lack of



biological knowledge of the species or the abseariqeevious ecological studies in
the restocking area caused the results to beHassexpected (D’Anna et al, 2004).
Most of the restocking programs in the past wereiedhout with public investment
through government agencies (such as researckuisstiand universities) and non-
profit organizations, without any justification tbhe general public. Additionally,
although the profitability of a restocking actioasha long-term return, the need to
justify the investment of public funds with shoerm results led, on certain
occasions to programs being abandoned precociouslys precluding the

opportunity to assess the benefits obtained (Tretvad, 1998).

In any case the fact that many restocking actiahke fplace in areas where fishing
activity is restricted makes professional fishermensider these actions of little benefit
and therefore they do not comply with the regulsiomecessary to make this tool
successful. Therefore it is necessary to establisbrcement measures or better yet to
involve the fishing community in order to make stine rules are followed (Purcell,
2004). Nevertheless it is desirable that, in theiqdar case of over-exploited artisanal
fisheries occurring in small littoral areas, thedbfishermen associations (e.g. co-ops,
producers guilds, and fishing clubs) in associatisith the technical assistance
provided by the Administration and using a joint@stment that includes aquaculture
production companies, food processing companies,taaters, take the initiative to
develop and enforce the restocking programs. Todaperation formula which ensures
benefits for all participating parties is alreadgifg successfully used in Japan,

Australia, New Zealand and USA (Masuda and Tsukamk898).

In the Iberian Peninsula a few experimental restarlactions have been carried out
with several marine fish species. Since 1993 erpmnts were carried out using

gilthead sea breanSfarus aurata), senegalese solé&dea senegalensis), white sea



bream Diplodus sargus), among other species, in the Gulf of Cadiz (SeuthSpain)
with good recapture results (Sanchez-Lamadrid, pOR&sently, the enhancement of
local Portuguese fisheries has been based mostlya gmogram of artificial reef
deployment, which began in 1990 in the southerigd&Ale) coast (Santos and Monteiro,
1997, 1998). Currently, the Algarve artificial reedbmplex consists of seven large
systems, which cover a total area of 43.5°kand use more than 20,500 concrete
blocks with a total volume of 100,000°nBantos et al. (2011) summarized the most
significant results of this program at the envir@mtal and fisheries level. Thus, the
National Fisheries and Marine Research InstittR&AR), decided to conduct a series
of experimental restocking studies, taking advamtaf recent local developments
towards the production of new and commercially inigoat seabream species from the

Sparidae family.

Aims and Objectives

The major aim of this study was to evaluate theepidl of restocking in the Southern
coast of Portugal, using three seabream speS§pasus aurata, Diplodus sargus andD.
cervinus) produced and reared locally in aquaculture faedi In order to achieve this,

the following specific objectives were addressed:

1. Evaluation of tagging and release methods, assessofieretention, induced
mortality and acclimation

2. Assessment of the genetic diversity of the fishdpiced

3. Evaluation of fish behavior and feeding after rean natural and artificial
habitats;

4. Evaluation of residence time near release locasinod short and long term

movements.

10



This thesis is organized in 9 chapters as followsgeneral introduction and the
objectives of the study are described in this fdkapter; Chapter 2 covers the technical
aspects related with tagging, tag shedding andaselemethods; Chapters 3 to 7
correspond to 5 scientific papers covering the ssssent of genetic diversity (Chapter
3) and evaluation of fish behavior (Chapters 4,65and 7), feeding after release
(Chapters 4 and 5), residence time near releasgidocand short and long term
movements (Chapters 4, 5, 6 and 7); Chapter 8 és géneral Discussion and
Suggestions for further studies; and Chapter 9asrapilation of all the literature cited

in all the previous chapters.

11






CHAPTER 2

Tags, tagging, release and monitoring techniques of

hatchery produced and reared juvenile fish.

13



Introduction

The optimization of the tagging and releasing tépies is an essential task for the
success of restocking trials since the appropmaéthods should minimize tag loss
(shedding) and animal injury.

In addition the size and the type of tags shoulédeguate to the size of fish released.
Since it is one of the goals to optimize the sizeetease, it is essential to test the
effectiveness of tagging (visibility, shedding) fiifferent fish sizes and also to evaluate
the effects of tagging on the fish (swimming perfiance, growth, rates, mortality).
Another important aspect of tagging that was agskeass the time period a tagged fish
can hold the tag while held in tanks at high déesi{during transportation to release
site it may be necessary to concentrate fish uptékg/n? for a period up to 2 hours).
This is particularly important because after taggiish need to be held in a limited
space before they are released at sea. Sincekiestdiials were carried out off-shore,
the weather conditions can prevent the releasaddgs and sometimes weeks even
during a gentle season. Therefore it is particularportant to know for how long fish
can be held in such conditions and what is the atnoiutag shedding.

The main objective of this part of the work wasget familiarized with the most
appropriate tags and techniques of tagging, reigamnd monitoring hatchery produced
and reared juvenile fish. In order to achieveaesal pilot essays and one experiment
were conducted. What follows is a brief descriptairthese essays and study carried

out and major findings achieved.

14



Conventional tagging

After a careful analysis of available bibliograpagd taking into account the species

selected for tagging the T-bar anchor tags typeiFdhd FD94 from FLOY TAG &

Mfg, INC were chosen as being the most appropfiateghe study's objectives. The

characteristics of the two tag types are describhdéble 1 and Figure 1.

Table 1 - Characteristics of the tags, tagging gunsnd needles used in the

conventional tagging experiments.

Model (FLOY T-BAR ANCHOR TAG)

FF 94

FD 94

Filament material

6lyolefin monofilament

Tubing material and protection Polyolefin

Filament length 10 mm 20 mm
Filament diameter 0.2 mm 0.5 mm
Tubing length 32 mm 37 mm
Tubing diameter 1.7 mm 2.0 mm
Tag weight 01g 0.2¢g
Tagging gun type Pistol grip

Tagging gun model Mark Il fine fabric Mark 111 relgu
Needle type Fine fabric needle Regular need|

D

15



Figure 1 - Tagging sea breams with a Fine Fabric pfol grip tagging gun (left) and

a Regular tagging gun (right) (Image source: © IPIMAR)

Both tags have in common that they had printed ldasic information (Figure 2)
required to uniquely identify the fish (a uniquenther), as well as the name of the

organization and country to be contacted and a@hnomber.

Tubing
honofilament

| IPIMAR 0001

TLF 289-700500 Portugal

Figure 2 - Essential data printed on the tag conds of a unique number,

organization name, country and phone number (Imagsource: © IPIMAR).

Breeders

The gilthead sea bream juveniles were obtained &xdratch of breeders, captured from

the wild from the Algarve's coast, with an indivadwveight between 0.5 and 4 Kg. The

16



white sea bream juveniles were also obtained frdmatah of wild captured adult fish

with weights between 0.4 and 0.8kg.

The feeding regime of the breeders of both spemesisted mainly of squid_6ligo
sp.) and sardine&drdina pilchardus), fed adlibitum during the morning. This diet was
complemented with feed optimized for gilthead seaaim breeders (PROAQUA)

supplied in the afternoon.

Juveniles

The gilthead and white sea bream juveniles wereymed at IPIMAR's Aquaculture

Station in Olhdo, and were reared in 3m3 fibergtasks, in open circuit regime with a
daily water renewal frequency of around 10 timese physical-chemical parameters
were controlled daily, with temperature and sajiniirying according to the natural

environment of the Ria Formosa coastal lagoon aty@jen levels maintained at 5-8

mg/I using forced aeration. The photo-period wasrthtural and densities were variable
(between 5 - 15 kg/m3) according to fish growth.eTtliet supplied to juveniles

consisted exclusively of feed for gilthead “AQUASOANd “OPT-mini” continuously

supplied by automatic feeders.

Tagging process

Before tagging fish were captured from the growathks and placed in small plastic
tanks with forced aeration containing a solutio@@&ml/l phenoxyethanol in sea water

(Figure 3).
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Figure 3 - Anesthetic bath containing phenoxyethario(Image source: © IPIMAR)

Anesthesia is essential in this process since duages stress, handling time and
therefore risk of injuring the fish. When fish wetghtly anesthetized (loss of

equilibrium), they were weighed and measured (forét total length) and then tagged.

The needle was inserted in an oblique axis to ¢hgth of the fish in order to reduce
drag during swimming and therefore minimize the dges to the skin in the insertion
area. According to the instructions from the maaotufier, the tags were inserted on the
dorsal area specifically under the first rays & tlorsal fin, as shown in Figure 4. After
tagging fish were placed in a recovery tank witmaal highly aerated sea water in order
to accelerate anesthetic dilution and recovery.eGhe fish were fully recovered they
were placed back in the 3ngrowth tanks for at least 3 days, and providech wit

prophylactic antibiotic treatment
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Figure 4 - Tagged white sea breamOiplodus sargus) recovering from anesthesia

(Image source: © IPIMAR)

Assessment of tag retention

1) Comparison of two tag types

In this experiment 6 batches of 30 fish were tagdkcee with T-bar anchor model

FD94 and another three with T-bar anchor model FE8% batch of each tag type was
placed in three replicate 600 | fiber glass tarike number of tags lost as well as the
incidence of injuries was registered for two monfhise characteristics of the 6 batches

are described in Table 2.
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Table 2: Characteristics of the white sea bream bahes used to assess comparative

tag shedding using two Floy Tag models. A, B and @re the 3 tanks. Batches 1, 3

and 5 were tagged with the larger FD94 tag while Baehes 2, 4 and 6 were tagged

with the smaller FF94 tag.

Tank A B C
Characteristics /  Batch BatdBatch| Batch| Batch| Batch| Batch
1 2 3 4 6
Tag type FD94 FF94 | FD94 | FF94 | FD94 | FF94
Number of fish 30 30 30 30 30 30
Total number of fish 60 60 60
Total weight of fish (kg) 2.3812.609| 2.759] 2.369| 2.515] 2.494
Density (kg/m3) 8.322 8.457 8.348
Minimum fork length (cm) 12 127 123 120 11924
Average fork length (cm) 15.0 145 148 141 14.54.41
Maximum fork length (cm) 18,7 159 191 156 1776 1
Minimum weight (g) 50 68 49 59 99 58
Average weight (g) 91.2 87.0 92/0 890 86.7 88.1
Maximum weight (g) 160f 110 173 100 153 118

The results obtained showed that there were ndafisigmt fish size differences between

the 3 replicate tanks (One Way Repeated Measure3\A\ Power=0.378, P=0.058).

The fork length class distributions of the 3 taaks displayed in Figure 5. There were

also no significant differences between the siztribution of fish tagged with small
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(FF94) tags and large (FD94) tags (Mann-WhitneykR&om Test, U= 3367.500, P=

0.066), so the only factor affecting tag loss s type of tag.
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Figure 5 - Fork length frequency distributions of the three batches of white

seabreams Diplodus sargus) used to test tag retention.
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As can be observed from Figure 6, tag loss wasmdly limited (less than 10%). It is
also worthy of notice that there was no tag lodsreeday 23 in any of the replicates.
This means that tagged white sea bream can waihiwding tank without any tag loss
for over three weeks period. In addition, afterd&ys, in total only 9 out of 90 (10%)
FF94 tags and only 5 out of 89 (6%) FD94 tags wsbexl. This means that there was no
statistically significant differences in tag losstést, z=0.813, P=0.416). Since larger
tags are easier to handle, this model was prefefieere was no mortality associated
with the manipulation of fish or due to tagging.iStwas also an extremely important

result.
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Figure 6 - Cumulative tag loss of white sea breanb{plodus sargus) over time
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2) Comparison of tag loss at different high densigis

The main goal of this experiment was to assesslbog fish could be stocked at high
densities after tagging. To test this hypothedibemd seabreamS§darus aurata) were
tagged with T-bar anchor tags type FD-94 and keptvo tanks at very high density
(more than 20Kg/).

The characteristics of the fish in the two batclaes described in Table 3. The
experiment lasted for 48 days and the number dftbigs was registered on a daily

basis.

Table 3 - Characteristics of the 2 batches of gildad sea bream $parus aurata)

used to test tag retention at high densities.

Characteristics Batch 1 Batch 2
Tag type FD94

Number of fish 373 430
Total number of fish 803

Total weight of fish (kg) 150.96 162.31
Density (kg/m3) 25.2 27.0
Minimum fork length (cm) 20.8 21.3
Average fork length (cm) 25.8 25.6
Maximum fork length (cm) 36.6 29.9
Minimum weight (g) 202 198
Average weight (g) 407.7 377.5
Maximum weight(g) 866 573
Age (days) 765 709
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The length distributions of the two samples usedséwown in Figure 7. There were no
statistically significant differences in size distition between the two tanks (Mann-
Whitney Rank Sum Test, U= 58.000, P=0.895) so tig difference was the density.

The difference in density could explain the fastge of tag shedding (Figure 8) since at
a higher density there are more interactions betvfish and it can be easily established

from the damaged state of the recovered tags ligatause for tag loss is reciprocal

pulling off the tags (Figure 9).
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Figure 7 - Fork length frequency distributions of he two batches of gilthead sea

bream (Sparus aurata).
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Figure 8 - Evolution of the percentage of tags lostshedded) with time, in two

gilthead tanks with densities of 25.2 and 27.0 kgfin

It is also important to note that there was noltsg before 15 days, so this seems to be
the limit for holding gilthead seabreams at theggh ldensities. Although the results
were not directly comparable (since fDesargus densities in the previous experiment
were much lower), the observation of the tags iloghe D. sargus experiment never
showed similar bite marks. This suggests therelshavior that can be attributedSo

aurata and may also happen at lower densities if tagtpddaire kept for long periods.
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Figure 9 - Detail of the condition of the T-bar anbor tags after being mutually

pulled off by gilthead seabreams. (Image source: @IMAR)

VIE (Visible Implant Elastomer)

This non-conventional method was used during thiglys for an experiment with
tagging and releasing very small sea bream juve(gimaller than 10g).

VIE is a silicone compound that is biocompatibledival grade material. This means
that it is not toxic. It is provided as two separéiquids which are mixed and can be
injected in visible parts of the fish. The mixeduid will become a solid flexible
silicone marking within an hour or less (dependingemperature).

In addition the VIE pigment can be fluorescent vahinas the advantage that even if the
tagged location becomes less transparent as theyftavs, it can still be detected by

eye, using the manufacturer’s supplied VI light ED based “black light” - BL).
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The major advantage of this method is that it alléagging of very small fish, which in
theory would be the ideal target for a massiveorshg, since it would reduce
production costs. In addition, due to the extrensghall amount used in each fish (as
little as 5 microliters) it is an extremely costesftive method. Obviously it has a great
limitation compared to conventional tags: it is ndearly visible (and therefore
fisherman will not return them since it is not wetble). Furthermore, even if the

fisherman notices it, he will not have any inforiroaton the tag to act upon.

VIE is usually injected into transparent adiposenbenes like the ocular membrane of
a trout. Sparidae do not have such membranes anefdhe a suitable location had to be
found. After several tests it was found that thetbecation to use this tag is in the

caudal fin in the membrane that connects the fs (Rigure 10).

Figure 10 - Fluorescent green VIE tag injected intdhe caudal fin membrane.

A short pilot survival experiment was carried outhw3 white seabream®{plodus

sargus) and 3 common two-banded seabreaBiplodus vulgaris). After 3 months in
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an aquarium, no mortality or tag loss occurred twedtag was still clearly visible using

the BL flashlight.

Release techniques

For batch release of conventional tagging two typkeselease methods were tested:
release at depth (using a cage or a PVC tube) eledse at surface (using a dip net,
tipping the tank). The comparison of these methalttsvs the selection of the most
efficient releasing method, to minimizing tag shieddand maximizing fish welfare and

residence time in the release area.
Comparison of release methods
1) Releasing at depth

A batch composed of 1,000 gilthead sea bream (gee280g) was tagged using T-bar
anchor tags model FD-94. Fish were transportesvinfiber glass tanks of 1.5hwith

constant water renewal (open system) and oxygeplexmentation.

The cages used consisted of a metal frame covetbdwlastic mesh (Figure 11), with

a top opening door. The characteristics of the eagealescribed in Table 4.
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Figure 11 - The transport cage in the water tied tahe side of the boat. Fish are

placed inside through the top opening. (Image souec © IPIMAR)

Table 4 - Characteristics of the cages used to relee fish at depth in the stocking

experiments.

Parameters Characteristics
Frame Iron
Height 80 cm
Width 120 cm
Length 120 cm
Volume 1.152 m3
Mesh cover Plastic
Mesh size 30 mm

Before placing the fish in the cages, these weneted to sea level and tied to the boat

structure for the duration of the fish transfeitiatly the fish were collected with a dip
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net from the transport tanks and placed in the .c&gesteriorly this method was
optimized using the PVC tube with a funnel, witbhfibeing collected from the transport
tank with a dip net, placed into the funnel anea#d to gently slide down into the

cage. Using the PVC tube further reduced handimg ind damage to the fish.

In spite of all the optimization this is still ald@te and slow process since handling can
cause damage to the fish and even tag loss (th&erved only for tags FF94).

When the cages were full, they were slowly lowetedhe sea bottom by SCUBA
divers, who check on the fish condition. This pssevas also slow to allow fish to
accommodate to the increased water pressure. 8iecésh used in this study were
hatched and reared in captivity, they have nevenles deep as the artificial reefs
(located at 20m depth) and subject to a pressuBatad.

When the cage was positioned on the sea bottomtheartificial reefs, the door was
opened by the diver and the fish swim freely ougFe 12). All fish seemed to be in

good condition and there was no mortality recorded.
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Figure 12 - Tagged white seabream®{plodus sargus) swimming freely out of the

transport cage at 20m depth.

PVC pipe

The PVC pipe used for this method is composed wérs¢ sections 6 meter long and
16cm in diameter. The sections can be fitted oteetime next until the desired length is
achieved. The free end was tied to the artificesfrstructure by SCUBA divers to
maintain position.

This system is quite easy to handle at low depthektremely difficult at 20m (depth of
the artificial reefs) due to the accumulated weighd the resistance to any current. In
addition steering the boat to maintain an exacitipnscan only be done under very
calm sea

After the free end was tied to the artificial refesh were placed in the tube opening. By

using a water pump a down current forced the waieat depth (Figure 13).
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Figure 13 - Placing fish in the PVC tube for the reease method trials.

This method would have the advantage of reduciediiih manipulation (compared to
the cage method) and placing the fish in the tulse guite fast. Unfortunately it proved
to be inefficient since the rate of exit at depthsvextremely slow (Figure 14) and the
fish started to clog the tube, so the tube hadetdibmantled (the fish were released in
mid water instead of near the artificial reefs).abidition releasing the fish with a time
lapse might prevent the aggregation in a protectii@ool. The system proved to be

efficient only at shallow depth.
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Figure 14 - Fish exiting at the free end of the PVQipe.

2) Fish Release at the surface

Release at surface with a dip net

For releases of fish in shallow water a simpler ndtwas used. Fish were placed
directly in the water using a dip net with a loranle. This method worked extremely
well, fish were in excellent conditions and no bty neither shedding was noticed. A
clear disadvantage of this method is that fishraleased in small batches instead of a

school.
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Figure 15 - Releasing fish at the surface with a dinet wit a long handle.

Release at surface with holding tank

Another method of releasing fish at low depth @stas by simply dipping/tipping the
holding tank. This method proved to be extremelicieint, with no fish manipulation at
all and therefore no stress for the fish: Moreowtenas extremely fast to carry out. An
additional advantage was that fish were releasedlage school, which seemed to be a
good way of promoting aggregation. This method thaslimitation that it can only be

carried out in shallow waters and with extremelyrcaea state.
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Figure 16 - Releasing tagged fish at the surface spbmerging/tipping the holding

tank.

In conclusion, the most appropriate methods foestocking action at depth was the
submerged cage, in spite of the increased opesgdtmosts and when releasing at the

surface, tipping the transport cage was the mdisieit.
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Acoustic telemetry

Underwater acoustic telemetry in the sense of #figly was used to monitor the
presence and movements of fish remotely. The eqnpmsed for this component of
the study is the most widely adopted, producedneyMemco company. It is relatively
inexpensive but it is also limited. It transmitsdareceives in a single frequency (69
KHz) and the receiver only detects the presen@etafjged fish, recording the time and
the time of detection. The sounds transmitted aked so that each tag transmits a
unique ID and in theory up to 256 fish can be adtyadentified in the same area.

The transmitter is a small capsule that can beeplawtside or inside the fish. It can
transmit continually or at user select intervalacli time the transmitter sends a sign
(called a ping) it drains the battery. So for aegivbattery you can choose a frequent
ping which will provide a lot of detections in acshperiod or a spaced ping which will
allow a longer study period.

In order to avoid modifications in equilibrium, swining performance and behavior of
the fish, it is generally accepted a “rule of thumbthat the weight of the tag should
not exceed 2% of the fish weight.

This has two implications: in spite of the miniaration of the components it is not
possible to tag very small fish; and the duratibthe study is conditioned by the size

of the fish selected (and vice-versa).

Surgical implant of the tag

Based on the experience of previous studies withustc telemetry using white

seabreams in Italy, in the current study the tagevalso implanted internally. In order
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to implant the tag in the fish organ cavity a snsaltgery was performed. The fish was
anesthetized in a 60 | tank container with a sotutf 0,4 ml -1 2-Phenoxyethanol.

When the fish presented loss of equilibrium antbaer breathing rhythm (meaning it
had reached stage 3 of anesthesia), it was plapsideudown in a V-shaped berth

(Figure 17).

Figure 17 - Surgery bench with V-shaped berth and ater pumping directly into

the anesthetized fish’s mouth.

This berth allowed the fish to remain moist whilerated water was continuously
pumped into the mouth of the fish through a tuldgs Tvater contains a diluted solution
of 2-Phenoxyethanol at 0,2 ml I-1 so that the dre=s& is not removed but it does not
progress into deeper anesthesia.

The fish scales between the pelvic girdle and thesaare removed and the area is
cleaned with an antiseptic iodine based paste @@@eta A longitudinal clean incision
of around 1cm length is cut at mid distance froen plelvic girdle and the anus (Figure

18).
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Figure 18 - Ventral incision in an anesthetized whe sea bream, with acoustic tag

already inserted, just before suture.

The acoustic tag, previously cleaned with the aptis paste is inserted into the body
cavity (Figure 19). The incision is then closed hwa single suture using a non-
absorbable nylon monofilament (Braun Dafilon 3/01945 cm). This suture was
recommended since it prevents seepage of sea wktehe body cavity and it is easier

to handle.

Before placing the fish into the recovery tankefillwith clean sea water, the fish was
measured, weighted and tagged externally with abewed T-bar anchor tag.

Surgically implanted fish were kept under obsenvafior a week before release at sea.
This allowed making sure the incision would heaktliean conditions and prevent the

tag from being rejected.
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Figure 19 - X-Ray of a white sea breamOiplodus sargus) showing the position of

the surgically implanted acoustic tag.

Active telemetry

Active telemetry refers to actively pursuing thgged fish in order to detect it's
presence and movements. This is carried out witjdaophone connected to a receiver.
In this case the receiver was a VR100 model fronMZI® which includes a GPS unit
(Figure 20). Each time a fish is positively ideieiif, the GPS position is registered
along with the ID of the fish. In addition a measwf the intensity of the sound
received is registered.

To quickly locate a fish in a general area an oineadtional hydrophone is used since it
detects at 360 degrees. For fine positioning aithgean accurate position of the fish a
directional hydrophone is used since it has a maryow angle of reception (around 20

degrees at 69KHz). The increase in sound intemgiigates the proximity of the fish.
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Figure 20 - VR100 acoustic receiver. The display skvs that fish with ID 112 was
identified. The GPS unit allows association of a ggraphic position to the fish

detection.

In the studies carried out, both the omnidirecticawad the directional hydrophones
were linked to a frame which was securely fastetoethe boat's infrastructure. This

arrangement allowed to quickly switch from one loghrone to the other.

Figure 21 - Hydrophone frame fixed to the boat's ifrastructure allowed for quick

switching during active telemetry.
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Passive telemetry

Passive telemetry consists of using fixed stationsing an array of receivers where
data about fish positively identified is registeliedthe receiver’s solid state memory.
The major advantage of passive telemetry is thatatvs data to be recorded 24hours/7
days a week in the area covered by the receivées.obvious disadvantage is that data
Is stored so it is not available in real time afidlata could be lost if the device is lost
or damaged. Since this equipment is commonly uséidnnareas actively fished it is
quite common to register interactions with livehirey gear (Figure 24).

To define the correct configuration of receiveramarray, the study must start with an
assessment of the acoustic range at the locatitimediuture study. Several factors can
affect acoustic range (e.g. environmental noisat b@ffic) so this must be done for
each location even if the equipment is the same.

After determining the acoustic range the experimledésign can be planned based on

the determined range.

41



1200 600 0 1200 Meters

Figure 22 - Example of an array design with receive deployed in three lines on
the inshore sandy bottom, along a natural reef (midle line) and on artificial reefs
located in front of the Ria Formosa. The distance é&tween stations is defined by the

acoustic range.

Unlike the active telemetry receiver which provide&PS position, it is the user who
defines the GPS position of the passive teleme#atyos. In the studies carried out two
methods were used for positioning the passive vecgi 1) placed on the bottom, with
hydrophone turned up, and tucked inside a “dockiatjon” (Figure 23); or 2) floating
in mid-water, anchored to the bottom or tied toaaificial reef, with a mid-water float

placed above, keeping it upright and with the hptiame facing down (Figure 24).
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Figure 23 - Acoustic receiver type VR2 in "dockingstation” before being deployed

(left) and underwater for a month (right)

Figure 24 - Acoustic receiver placed in mid-water wh part of a snagged

monofilament net.
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Abstract
Restocking and stock enhancement programs are ecogmized as an important tool

for the management of fishery resources. It is gy, however, to have an adequate
knowledge on the genetic population structure dhlibe released stock and the wild
population before carrying out such programs. lis tetudy, random amplified
polymorphic DNA (RAPD) markers were applied to asseenetic diversity and
population structure of wild and hatchery populagiof the white seabreaBiplodus
sargusand the common two-banded seabrdamvulgaris (Sparidae). The estimated
values for intra-population genetic variation, mead using the percentage of
polymorphic loci (%), Shannon indexH’), and Nei’'s gene diversityh], showed high
values for all populations. The percentage of genetriation withinD. sargusandD.
vulgaris populations, based on coefficient of gene diffaegiun, reached 82.5% and
90% of the total genetic variation, respectivelyn Andeniable decrease in genetic
variation was found in both hatchery populatiorestipularly inD. sargus compared to
the wild ones. However, the high values of variatathin all populations and the low
levels of genetic variation among populations dud indicate inbreeding or depression
effects, thus indicating a fairly proper hatchergmagement. Nevertheless, the results of
this study highlight the importance of monitoringetgenetic variation of hatchery
populations, particularly those to be used in sty programs. The creation of a
genetic baseline database will contribute to a nedfieient conservation management

and to the design of genetically sustainable r&stggrograms.

Introduction
Restocking and stock enhancement have been usedolssto recover stocks of
commercially overexploited marine fish in severaumwtries (Stattrup and Sparrevohn

2007). However, the massive releases of hatcheguoed fish have raised concerns
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on their genetic effects on wild populations atefells: (1) hatchery fish may have a
reduced genetic variability (Taniguchi 2004), ahi$ imay eventually lower the genetic
diversity in the population into which it is relegs and (2) genetic viability of wild
populations may be eroded by transplantation of -mative fish or their
hatchery-derived offspring (Tringali and Bert 1998B)is therefore necessary to have
adequate knowledge on the genetic population streicbefore carrying out any
restocking or stock enhancement project (Cross R0@8Bich can be achieved by
molecular genetic analysis (Ward 2006). The whiabseam Diplodus sargus
(Linnaeus 1758) and the common two-banded seabrBanvulgaris (Geoffroy
Saint-Hilaire 1817) are highly commercially valualdpecies, naturally occurring in
southern Portugal (Algarve coastal waters). Thesedamersal fish belonging to the
family Sparidae, whose geographic distribution eatefrom the Bay of Biscay to Cape
Verde Islands. Their bathymetric range extends ftioenshallow subtidal zone down to
the depth of about 90 m (Whitehead et al. 1988jplodus sargusinhabits littoral
waters on rocky bottoms and sand close to rockselh vulgarisalso occurs on sandy
bottoms (Whitehead et al. 1986). Both species amphwologically very similar, but are
easily distinguished based on external featuregyTiave the same trophic level
(Guidetti and Sala 2007), their reproduction seaseerlaps (Goncalves et al. 2003;
Erzini et al. 2001), but they do not tend to fornxea schools during mating (M.N.
Santos and P.G. Lino, oral comm.).

The Portuguese Fisheries and Marine Research LabprdPIMAR) produces and
rears these 2 species in its own Aquaculture Relsestation (EPPO). The capacity to
mass produce fish species is one of the conditort®nsider a species for restocking
(Bell et al. 2006; Stagttrup and Sparrevohn 200Tthdugh presently both stocks do not

require such intervention, IPIMAR has been testimg potential of these species for
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restocking, since according to Bell et al. (20Q6gre are no “shortcuts” to identify
whether hatchery releases will be a viable manageopion for each situation.

The establishment of a founder stock for sparidchety production should be
considered the fundamental step in broodstock meamnagt, since it will determine the
population’s genetic variability and inbreedingttiall take place by future crosses. In
general, the effective size of founder populatisnsonditioned by hatchery techniques
constraints, which may result in the use of onlgw individuals as broodstock. This
practice may lead to erosion of the genetic diversi the progeny stocks (Alarcon et
al. 2004). Therefore, proper hatchery managemedthbaeeding programs should be
implemented, both for genetic enhancement prog@misfor the design of restocking
or stock enhancement strategies. In order to @arrguch programs, information on the
genetic background of hatchery populations andhengenetic relationships between
hatchery and the wild populations of these spemiesundamental.

The use of molecular markers applied to stock assest has often cast light on
population sub-structure, and given useful infororafor the management of fishery
resources (Allendorf and Phelps 1980). RAPD (randamplified polymorphic DNA) is

a polymorphic assay based on the amplification asidom DNA sequences, using
primers with arbitrary nucleotide sequences.

RAPD is a low-cost, simple technique, which regsliirao previous sequence
information and in which a large number or putal& may be screened (Weising et
al. 1995). However, this technique has some disadgas, associated mainly with
dominance, reproducibility, homology inferencesd amtifact fragments (Jones et al.
1997; Harris 1999; Ali et al. 2004).

The RAPD method (Williams et al. 1990) has beenelyidised in molecular biology

laboratories and frequently applied to reveal papoih-genetic variation, divergence,
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and biogeography (Schaal and Leverich 2001). Inaagjture fish species, it has
already been successfully applied to catfish (ltiale1998), discus (Khol et al. 1999),
red seabream (Jiang et al. 2004), carp (Wang a20@4), gilthead seabream (Bilgen et
al. 2007), and flounder (Liu et al. 2007).

The main objective of this study was therefore é¢firek the genetic structure of both
hatchery-produced and wild populationsf sargusandD. vulgaris from Southern
Portugal, in order to estimate the degree of p@kmfenetic erosion of hatchery
populations, by comparing their genetic variabiltjth that of geographically close

wild stocks.
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M aterials and methods

Sample collection and DNA extraction

For each specief). sargusandD. vulgaris 20 hatchery-produced fish were obtained
from the IPIMAR’s EPPO, while 20 wild fish were alnted from natural southern
Portuguese populations. All wild fish were captul®dthe local fishing fleet, at the
same area on the south Algarve coastal watersh@ouPortugal). Fin clips were cut
immediately after collection of the individualsapéd in 95% ethanol, and stored until
further processing. The protocol used for genonWADextraction is based on the use
of the automatic system equipment QuickGene-810aanadaptation of the QuickGene
DNA Tissue kit developed by FUJIFILM LIFE SCIENCEhe fin clips (5—-25 mg)
were cut in small peaces and placed in a 2-mL Eggrénube. 180 pL of MDT (Tissue
Lysis Buffer) and 20 pL of EDT (Proteinase K) wemdded to the mixture and
incubated overnight at 55°C. The subsequent addiid 80 pL of LDT (Lysis Buffer)
was followed by vortexing for 15 s, and a flashnsgown. After incubation at 70°C for
10 min, 240 pL of absolute ethanol was added, hadubes were vortexed and spun
down. Finally, the lysate was transferred to arihgé of the automatic nucleic-acid

isolation system QuickGene-800, and the “DNA tisswgle” was selected.

RAPD amplification

A series of optimization experiments were conducfetiowing the protocol of
Williams et al. (1990), with various concentratiargl purity of template DNA, dNTPs,

MgCl 2 concentration, and Taq polymerase, to ddategrmwhich conditions produced
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the strongest and most reproducible patterns. Al toumber of 20 RAPD primers
(Operon Technologies) were screened. Among thenRA®D primers (Table 1)
produced clear and reproducible bands, so they sedeeted for amplification of all the
D. sargusandD. vulgaris DNA samples. To test the reproducibility of thenbs, 3
replicates were analyzed for all selected primer&hich contamination controls were
added. The amplification reactions were perfornmedalumes of 25 pL, containing 50
ng of genomic template DNA, 2 mM MgCl 2 , 100 uM @ATP, dCTP, dGTP and
dTTP each, 0.2 uM of the primer, and 0.5 units aff DNA polymerase (Fermentas,
Life Sciences). Amplification was performed in a efimal Cycler (T-personal,
Biometra) in a total of 45 cycles: 1 min at 94°Qnih at 30—36°C, and 2 min at 72°C,
using the fastest possible transitions between tamperature. The total volume of the
PCR products were evaluated in 2% agarose gelwviandlized by ethidium bromide
staining. After electrophoresis, DNA bands profilwere observed under UV light, and

the images were saved in a gel analyzer (UVIDOC).

Data analysis

Amplified fragments were scored as binary datapresence as 1 and absence as 0, for
homologous bands. Only data generated from repiol@udands were used for
statistical analysis. The number of polymorphici,lgercentage of polymorphic loci
(%P), observed number of alleles;)(neffective number of alleles {n Nei's gene
diversity ), and Shannon indeX{) were estimated using the program GenAlEx 6.1
(Peakall and Smouse 2007). Nei's (1987) coefficiehtgene differentiation (& ,
analogous to the fixation indexs# and gene flow (N) were estimated using

POPGENE program version 1.32 (Yeh et al. 1997).calzulate the percentage of
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polymorphic loci with the most common allele notcegding 95% (%42) and Nei’s
(1972) genetic distance, we used TFPGA 1.3 softyisliber 1997). To estimate the
genetic structure oD. sargusand D. vulgaris populations, a measure of genetic
differentiation (Pp7) was estimated using the non-parametric analysismalecular
variance (AMOVA) with the program GenAlEx 6.1 (Padkand Smouse 2007) for
variation among individuals within populations aramong populations. Allele

frequency was calculated according to Lynch andingjl(1994).

Results

Genetic diversity within populations

The 6 selected primers amplified 161 and 168 céeat reproducible bands, f@.
sargus and D. vulgaris populations, respectively (Table 1). The size lué major
amplified bands ranged between 200 and 1500 bp.

Intrapopulation genetic diversity values, estimabgdthe Shannon indexH(), Nei’s
gene diversity (1973)h], number of observed and effective alleleg dnd n), and
percentage of polymorphic loci (%P and P are presented in Table 2. A high
percentage of polymorphic loci (%P) was observeadbfith species. However, values
for hatchery populations were lower than thosevidd populations. Thed and h
values were higher in the wild than in the hatchpopulations for both species.
Nevertheless, the results demonstrate that thapiopfrulation genetic variation was high

within populations in all 4 cases.
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Genetic variation between populations

Analysis of molecular variance (AMOVA) and coef@éat of gene differentiation &)
(Nei 1987; Excoffier et al. 2005), calculated withe programs mentioned earlier,
allowed us to examine the hierarchical partitionin§ genetic variation in the
populations ofD. sargusandD. vulgaris According to the values obtained with the
application of multi-population analysis (Nei 198§Table 2), the total genetic diversity
(Ht) was 0.2787 foD. sargusand 0.2305 foD. vulgaris whilst the values of the
coefficient of gene differentiation g were 0.1755 ). sargu3 and 0.1008 [@.
vulgaris). This means that 82.5% and 90% of the total genetriation is withinD.
sargus and D. vulgaris populations, respectively. ThB. sargus and D. vulgaris
populations presented high values of gene flow=19.3489 and 4.4612, respectively),
which is consistent with previous findings.

The AMOVA results indicated that within-populatieariation accounted for 77% and
88% of the total genetic variation, whilst betwgspulation variation accounted for
the remaining 23% and 12%, fbr. sargusandD. vulgaris respectively. The analogue
of fixation index (bpy), calculated with AMOVA, reached 0.225 and 0.122 D.
sargusandD. vulgaris respectively, suggesting moderate to low gerdktierentiation
between the wild and hatchery populations of ddghlodus species. The analyses of
these values lead us to a conclusion that thera@major genetic differences between

the wild and hatchery populations in both studieecges.
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Discussion
Avoiding extinction of heavily exploited populatieris the first goal of any nature

conservation plan (Man et al. 1995), but sincesaillironments ultimately change and
will probably change at an ever-increasing rate daehuman influence, then
conservation programs must also maintain the cgpadcifish to adapt genetically,
preserving genetic variability. Therefore one oé tmajor concerns should be the
maintenance of the existing genetic variation, bethhin and among different
populations, maintaining high levels of heterozygasnd preserving allele richness
(Meffe 1986).

Several methods based on PCR have been develapgeretic analysis of several fish
species. RAPD fingerprinting revealed to be lesseticonsuming and less expensive
(Liu and Cordes 2004; Liu et al. 2004). The disadage of its low reproducibility can
be overcome by replicating exactly the same laboyatonditions and assaying 2 or
more times to ensure reproducibility. Conseque®KPD is one of the best methods
for the assessment of genetic variation among pipns in species where little
molecular genetic information is available. Thischeique has been previously
successfully applied to population analysis of sgvish species (Liu et al. 1998; Jiang
et al. 2004; Wang and Li 2004), including specii@mparisons between wild and
hatchery populations of the same species (Khdl. 4989; Bilgen et al. 2007; Liu et al.
2007).

Genetic diversity within populations is highly inmpant for the adaptation to changing
environments and, as a consequence, for long-taraival of a species. In this work,

all studied populations dD. sargusandD. vulgaris revealed high within-population
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variation, estimated by several genetic parameteenfant and Planes (1996),
Gonzalez-Wanguemert et al. (2004) and Domingues. €2007), had also previously
found high values of within-population genetic dbsity in several D. sargus
populations. However, as far Bs vulgarisis concerned, to our best knowledge, this is
the first genetic population study performed.

The analysis of the genetic structure in both g®ealso revealed that the level of
between-population variation was higherDn sargusthan inD. vulgaris AMOVA
results showed that genetic variation was highdhiwipopulations than between
populations, for bothDiplodus species. The obtained low to moderate genetic
differentiation between populations, associatedhwvitie reduced values of genetic
distance and high values of gene flow, allows usstaie that these populations
correspond to a genetic structure of a single @i by species. Similarly low level
of between-population variation was found by D’Ararad Badalamenti (2000) between
hatchery and wildD. sarguspopulations from Golfo di Castellammare (Sicily).

In conclusion, results of this study give a prehiary view of genetic variation both
within and between these populations. Both hatchgopulations analyzed, but
particularly that ofD. sargusshow an unquestionable decrease in genetic \@riati
comparison to the wild ones. However, the high eslaf variation within populations
and the low levels of variation among populationd not reveal any inbreeding or
depression effects, thus indicating a fairly propatchery management. The IPIMAR
hatchery, being a research facility, is particylardreful with this issue, having a 20%
annual replacement of the broodstock with new vdftecimens. Nevertheless, an
assessment of the genetic structure of hatcherylaiopns should be conducted
periodically along the selective breeding progranms,order to avoid any major

reduction in genetic diversity of hatchery popuas, particularly those to be used in
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future restocking programs. The intrapopulationggienvariation is, in fact, an essential
parameter of species adaptation to environment@hgds. When a gene pool from a
population narrows and loses genetic plasticitpetomes more prone to changes in
environmental conditions and therefore is more epigisle to extinction (Guttman and
Berg, 1998). The creation of genetic baseline deith the use of several other
molecular markers will certainly contribute to a nmo efficient conservation
management and should be used for each speciesqeany massive release that might

affect the wild population.
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Table 1. Summary of used RAPD primers and band data of the studied Diplodus
species. T,= annealing temperature; N = total number of bands, %P = percentage of

polymorphic bands
Name Primers D.sargus D. vulgaris
sequence (5> 3°) 71, (°C) N %P N %P
hatchery wild hatchery  wild
OPE03  CCAGATGCAC 36 35 71.5 100 33 69.6 81.8
OPE05 TCAGGGAGGT 33 22 59.0 90.9 21 61.9 76.1
OPE10 CACCAGGTGA 36 15 86.6 86.6 27 70.5 88.9
OPE12 TTATCGCCCC 33 30 53.0 80.0 31 45.1 96.7
OPE14 TGCGGCTGAG 33 37 48.0 933 32 65.6 71.8
OPEl5 ACGCACAACC 33 22 31.8 63.6 24 75.0 79.2
Table 2. Summary of genetic variation statistics for the studied Diplodus species
D. sargus D. vulgaris
hatchery wild hatchery wild
Percentage of polymorphic loci (%P) 56.5 87.6 64.2 83.0
Percentage of polymorphic loci* (%Pgs) 49 68 52% 68%
Observed number of alleles (na) 1.5652 1.8758 1.6429 1.8274
Effective number of alleles (ne) 1.3318 1.4300 1.3140 1.3661
Nei's (1973) gene diversity (/) 0.1931 0.2664 0.1919 0.2317
Shannon index (H) 0.2900 0.4120 0.2967 0.3645
Gene flow (N,,) 2.3489 44612
Total gene diversity (Hy) 0.2787 0.2355
Coefficient of gene differentiation (Gsr) 0.1755 0.1008
Nei's (1972) genetic distance 0.1187 0.0600

*with the most common allele not exceeding 95%
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Abstract

In 2001 a pilot project of fish restocking beganngsreared juveniles of two native
species: the white seabrearDiflodus sargusLinnaeus, 1758) and the gilthead
seabreamQparus aurata.innaeus, 1758). Between 2001 and 2004 more tBa60Q
juveniles of different sizes (over 7,500 white geaims and 6,100 gilthead seabreams)
were tagged (FLOY T-Bar anchor FD94) and releasedhe artificial reefs (ARS)
areas, aiming to evaluate the efficiency of restugkThe preliminary results of this
ongoing study based on caught fish show that tinetyen of days at liberty ranged from
1 to 340, while the distance traveled ranged frorto 7 nm. However, the mean
dispersal distance was less than 11 nm from tleasellocation. A behavioral deficit of
the reared seabreams in the use of refuges andhdeeaes observed during the first
week after release. However, thereafter the gutecwnanalysis suggested that the
reared specimen were able to search for food aed d@ the available preys. These
results suggest that restocking associated with mBg be used as an additional tool
within an integrated coastal management plan, gnainthe enhancement of locally
important artisanal fisheries.

I ntroduction

Numerous attempts are underway worldwide to augrnmennatural supply of fish
by various means, ranging from aquaculture to varitisheries-enhancement systems
(Munro and Bell, 1997). According to Leber et &00Q4) in recent years, 33 developing
countries have reported the stocking of 59 marineoastal species. Nonetheless, most
of the hatchery-based programs for fisheries erdrapat have failed (Bohnsack,
1996), the exception being the Japanese experimeétiised seabreanP@grus major
Temminck and Schlegel, 1843) and Japanese flouriBaralichthys olivaceus
Temminck and Schlegel, 1846) (Fushimi, 2001). Haavethese releases occurred in

limited habitats such as coastal lagoons, fjordgjagies, etc (McEachron et al., 1995).
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The causes of such failures have been reviewed Agria et al. (2004) and attributed
to a wide range of issues.

The gilthead $parus auratd.innaeus, 1758) and whit®iplodus sargud.innaeus,
1758) seabreams are two commercially important ispetn southern European
countries, where catches have declined in thetlastdecades (FAO, 2004). In the
Algarve coast (Southern Portugal) the landingshefwhite seabream decreased from
200.3 tons to 75.2 between 1987 and 2004, whilegtlilbead seabream has shown
some stability, with mean annual landings of 72stéaata source: National Fisheries
Database). These species are mainly targeted bi-srake and recreational fisheries.
Aspects of their biology and ecology are well knogarias, 1980; Rosecchi, 1985;
Gordoa and Moli, 1997; Vigliola and Harmelin-VivieR001). These species are also
successfully bred and reared up to the age of abowgar. However, in the case of
D. sargus growth rates are slower, making the rearing prodesgpropriate for
intensive aquaculture (Abellan et al., 1994) ang tbconomically unprofitable.

The present study, carried out in the Algarvehesfirst aiming at the enhancement
of local marine fisheries by means of restockingesEntly, the enhancement of local
fisheries has been mostly based on a program oiciatt reef deployment, which
started in 1990 (Santos and Monteiro, 1997; 1908jrently, the Algarve artificial reef
complex consist of seven large sized systems, whisker a total area of 43.5 km
making use of more than 20,500 concrete blocks avitital volume of over 100,000°m
(Santos and Monteiro, 2001). The white seabreamngemmon species in these ARs
(Santos and Gaspar, 2002), while the gilthead seafbris rare, although being a
common species in the neighboring sandy areas.

This article reports preliminary results of rele@xperiments using two species of
hatchery-reared seabreams, aiming at evaluating plo¢ential usefulness within an

integrated coastal management plan for enhancigglyoimportant artisanal fisheries.
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In particular, the objectives are: (i) to evaludihe ability of hatchery-reared young
seabreams to adapt to the wild and (ii) to evaltiate dispersion after release at the

artificial reefs.

Material and methods

STUDY SITE

The artificial reef systems of Olhdo and Faro/Ancire located off the Ria
Formosa (Algarve, south Portugal), a highly proohgctecosystem that acts as a
nursery, supplying the most important fish stockthe coastal waters (Monteiro et al.,
1987, 1990), while the Vilamoura artificial reefsggm is located slightly to the west
(see Figure 1). The artificial reef systems wenel@ged between 1990 and 2004, 2.5 to
4.8 km off-shore, on flat sandy or sandy/muddy dro. A few scattered patches of
bedrock were recorded on the bottom of the Vilarmaoamd Faro/Ancédo areas. Each
artificial reef system consists of between 7 andaS2emblages of 35 concrete cubic
units (2.7 m each) and between 5 and 18 groups of 4 large etnstructures (174

each) (for details see Santos and Monteiro, 2001).

TAG AND RELEASE

The released specimens were hatched and rearBPdMAR’s aquaculture facility
in Olhao, starting from a wild parent stock caughtthe area. The seabreams were
tagged using dart style tags (T-anchor Bar FD-9d BR-94, from “Floy Tag”),
following the procedure suggested by Parker etl8B0. Between November 2001 and
July 2004, 14 batches of fish of different sizesemagged and released (7,520 white
seabreams and 6,102 gilthead seabreams). The fageest mortality due to tagging
and/or handling was negligible (< 0.5%). Data atatigtics on the fish released are

summarized in Table 1.
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The release was done using procedures to ministizgs on the fish. Fish release
occurred at the Olh&o, Faro or Vilamoura artificief systems at one of the reef sets

(assemblages of 35 concrete cubic units, see Figure

DATA COLLECTION

Fish returns data analyzed in this article wemed for almost 3 years (from
November 2001 until September 2004). Visual cerssushich allowed the estimation
of fish density (no. fish/f water), were carried out by a SCUBA diver at the
Faro/Ancéao artificial reef system, for batchedDofsargusreleased in September 2002
and May 2003. The visual censuses extended fomer®&h period, at different time
intervals (1, 3, 5, 8, 15 and approximately 30, @®.and 90 days after release). Three
artificial reef sets were sampled each time. OVjesalotal of 81 fish counts were made
using the stationary point count method developeBdihnsack and Bannerot (1986).

Underwater photography and video recording, tagrethith observations made
during visual census, allowed qualitative inforroaton the spatial distribution and on
the behavior of released seabreams on the artifex$s to be gathered.

Returns from recreational and professional fislernvere used to estimate fish
dispersion. Information requested from the fishermacluded: date of capture,
location, fishing gear used, fish size and weidtish returned by fishermen were
measured by scientific staff and when the fisheraidmot want the fish for their own
consumption, an analysis of the digestive systerm eearied out. Items present in the
digestive system (including stomach and intestioeD. sarguswere analyzed and

identified to the lowest possible level.

DATA ANALYSIS

Exponential models were fitted to the mean abunelaver time using:
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AbundancéN,) = a.e™

where, Abundance(Nt) is the density of fish in nembver timea, is the intercepth,

is the parameters defining the rate of decreas®t @time after release (number of
days). In order to compare the results from themsamand spring experiments in terms
of fish abundance, data were log transformed [logJ[Land the Student’s t test was

used for comparing the slopes (Zar, 1996).

Results

Visual censuson artificial reefs

A total of 1456 white seabreams were counted enRaro/Ancéo artificial reef
system over the two periods. The highest abundamees registered immediately after
release, decreasing rapidly within the first weEke lastD. sarguswere observed 30
days after the release in both experiments. Theat&d slops of the models for the two
experiments were not significantly different (t=0086, p<0.01), and thus a curve was
fitted to the pooled data (Figure 2). There wasapid decrease in abundance [f
sargusover time.

During the visual census, namely within the filstee days after release, divers
observed a behavioral deficit of the white seabreanthe use of the artificial reef
refuges. The fish formed shoals, swimming arourdntiodules as they usually do while
in the rearing tanks and showed no attempt to Wwidlen the modules in the presence
of divers or natural predators, such as large ssa Dicentrarchus labrax.innaeus,
1758) or European conger e€lohger congelLinnaeus, 1758). Also, during the first
week the fish did not forage on the modules as Wil usually do. However, after
about 10 days, small groups of two or three tagggdwere observed, together with

other species of the same GenWdplodus annularisLinnaeus, 1758D. bellottii
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Steindachner, 1882; ard. vulgaris Geoffroy Saint-Hilaire, 1817) moving, foraging

and hiding among the artificial reefs modules.

Digestive system contents

A total of 17D. sargusspecimens were returned by fishermen, which alkbthe
analysis of their digestive system contents. Fighgbt within the first 8 days after
release (8 specimens, with a mean size of 19.6 strojved no contents in their
digestive system. After 11 days after releaseha&ldpecimens (n=9, mean size of 19.9
cm) had items in their digestive system.

The prey items included algae, bryozoans, gastmpadustaceans and fish
remains. Among these the most frequent items weeectustaceans, namely crabs

belonging to Brachyura Order.

Fish returns

Of the 13622 released fish, 3B7 sargusand 369S. auratawere returned, for an
overall catch rate of 5.2%. The percentage of nstyrer batch ranged from 0.2% to
8.6% and 2.8% to 11.2%, for the white and giltheadbreams, respectively. The
overall return rate for the white seabream was 4\Wwhtle for the gilthead seabream it
was 6% (Table 1). The maximum days at liberty olesdr were 287 and 340 for the
gilthead and white seabream, respectively. In tesmmaximum dispersal range, both
species showed similar values, althoughsargusreached the maximum distance in
much less time. On the other hand, this speciewethdower catch rates closer to the
ARs and a higher mean dispersal distance thanilifvead seabream (see Table 1 for

details).
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Discussion

Our observations highlight the fact that during tinst days after release the fish
show a group behavior. This behavior of rearedispdtas been previously reported by
Kudoh et al. (1999) for the red seabredmadrus majoy in Japan and by D’Anna et al.
(2004) forD. sargusin Sicily. The latter authors also reported theg white seabream
do not flee into reef holes or crevices, foragegd ame not are afraid of potential
predators. The same reaction was also reported tiy spear fishermen who observed
our tagged specimens (L. Sousa and F. Reis. comm.). As suggested by D’Anna et
al. (2004), this behavioral deficit is probablylked to the long time in captivity, with
no chance to experience different habitats. Moreabe fact that during the first days
we observed them swimming in large groups couldlbe a consequence of their lack
of natural behavior or, as mentioned by Macphefd888), the gregarious habit of the
juveniles. These results support the opinion of ynamthors, who believe that reared
specimens once released in the open sea, are ledbgherceive environmentatimuli
useful for their settlement and they are not ablexploit available food resources (Olla
et al., 1994). Thus, as mentioned by D’Anna e{2004) it is clear that such behaviors
might have negative effects on the survival ofasésl individuals. However, this might
not necessarily compromise the success of thecdlastp experiments. In fact, oum
situ observations and findings regarding the digestixgem items, confirmed that only
11 days after release all fish (which were largp@nt19.5 cm) had ingested some food
items. Thus, farmed individuals do search for faod hunt for live prey, at least during
the initial stages after their release. The low hanof fish analyzed does not allow for
robust conclusions, but it was interesting to retibat the primary prey found is
Brachyura, i.e. crabs which are not used as bait,véere found in the digestive system

since day 11. This means tlatsargusreared in captivity has the instinct and abilay t
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feed on hard shelled active organisms which arenconty found in the diet of wild
white seabream@-. Leitdo, IPIMAR, unpublished data).

Wild specimens oD. sargushave constantly been observed on the Algarve ARs,
while the occurrence &. aurataon these structures is occasional. However, thgeth
seabreams left the reef rather early to move tosvandllower coastal waters. The same
behavior was previously reported by D’Anna et a0Q4) forD. sargustagged and
release on ARs in the Gulf of Castellammare andclegmLamadrid (2002) fos.
auratatagged and released in the Gulf of Cadiz (SE $pdahis behavior is most likely
to be due to some ecological factors, rather thaam td the type of substratum or to
other features of the artificial habitats. Ongoistyidies on the contribution of the
Algarve ARs to the diet ob. sargus(F. Leitdo, IPIMAR, unpublished data); suggest
that at least food and shelter are not limitingdes for this species. As suggested by
D’Anna et al. (2004) such preference Dysargusfor shallower waters could be due to
a search for adjacent shallower artificial habitatseh as breakwaters and harbors,
which are particularly suitable for the settlemantl growth of juveniles and pre-adults
fishes. In fact, a considerable portion of the oegd white seabreams occurred in such
areas, where the availability of numerous holesandices of different dimensions, in
shallow and sheltered waters, seem to be an imypofdator for the fish settlement.
These findings are also supported by some studigsed out on wild white seabream
(Biagi et al., 1998; Macpherson, 1998). These astheported specific habitats
associated to the early stages of the life cycle.@argus

Regarding the gilthead seabream the situationigbtsl different since most fish
(more than three quarters of fish released) weptuoad within 10 nautical miles of the
release site. This shows that although giltheatlre@an also move to shallower waters,
they tend to disperse less than the white seabréhis.could be related to the location

of feeding grounds, namely of juvenile bivalves fiedhich occur near the coast at less
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than 10m deep (M.B. Gaspar, IPIMAR, pers. commhjis hypothesis is based on the
information that the primary preys in the diet afd\Sparus auratare mollusks and in
particular bivalves (Arias, 1980; Rosecchi, 198bhis behavior suggests that this
species has a low reef dependence, which is remdoby the fact that during our
regular underwater observations (M.N. Santos, IPRMANnpublished data) we do not
observe regularly wild gilthead seabreams in thiéc@al reefs.

The preliminary results of this study seem to iathcthat hatchery-reared young
white seabreams, although showing an initial bedradeficit regarding predators, have
the instinct to feed on live preys after a shorique This appears to be a good indicator
that they can adapt to the wild successfully. Oa ¢ther hand, specimens of both
species released at the artificial reefs do ngtis&ide the artificial structures for a long
period, but their dispersal is mostly limited toighoring areas (less than 11 nm).
These results suggest that these species miglidagiate for restocking at the regional
level and that fish restocking may be used as alitiadal tool within an integrated
management plan for local fisheries enhancementveder, these results should be
regarded as preliminary, since several importapées such as growth, mortality and

habitat selection must be further investigated.
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Table 1 - Summarized characteristics of the 14hemof fish released and respective

return data. SD = standard deviation, nmi = nalutigkes, and FL = fork length.

Sparus aurata Diplodus sargus
Total number of fish released 6102 7520
Number of batches 7 7
Minimum fish size (Fork length, cm) 10.5 11.6
Mean fish size + SD (Fork length, cm) 19.0+2.8 5162.6
Maximum fish size (Fork length, cm) 34.5 23.3
Minimum fish weight (g) 24 34
Mean fish weight = SD (g) 170.9+92.4 151.2 £ 64.5
Maximum weight (g) 1006 416
Total weight of released fish (kg) 1014.9 1136.5
Total number of fish returned 378 337
Total percentage of returns 6.2% 4.5%
Maximum days at sea 287 340
Minimum dispersal distance nmi (days) 0 (163) a9)(
Mean dispersal distance = SD nmi 6.3+£8.4 10.41£ 9
Maximum dispersal distance nmi (days) 65 (199) 27 (
Percentage fish captured at < 5 nmi 65.1% 27.1%
Percentage fish captured at < 10 nmi 77.2% 46.8%
Percentage fish captured at < 20 nmi 90.6% 80.6%
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Figure 1 - Geographical location of the Algarve coast (&eut Portugal), with
particular emphasis on the study sites (dark gregsain box) and the artificial reefs

(ARS).
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CHAPTER 5

Diplodus cervinus a new species in agquaculture: is it
suitable for restocking? Results of a pilot study in

Southern Portugal.

Authors: Lino, P.G.; Santos, M.N and Pousao-Ferreira, P.
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Abstract

Tag and release experiments using conventionalcheantags were carried out to
assess the viability of using the zebra sea brd2iplodus cervinus in stock
enhancement programs. As a cultured species, tira gea bream is a fast grower and
has reduced anomalies. The results from the spdispkersion and weight evolution
after release show that the hatchery-reared jue®ndf this species have a fast
adaptation to the wild once released. Given thengernial value and interest from the
sports fisherman, this species appears to be a gaodidate for stock enhancement

programs off the South coast of the Algarve.

I ntroduction

As demand rises for seafood associated both witleasing world population and by an
increased concern about healthy food among otluwtorta there is a need to increase
supply which fishing from wild resources can noden sustain (FAO, 2010). One
solution found by fisheries managers to increasallstocks from many countries has
been the mass release of aquaculture producedviiehthe aim either to supplement
the current fishable biomass (stock enhancemernt) orcrease the spawning biomass
in the future (restocking) (Bell et al, 2008). St@nhancement has been successfully
used to restore depleted stocks in many areaseoivtinld, especially in Japan (Kitada
and Kishino, 2006). According to Stagttrup and Spashn (2007) the potential for
stocking of a given species is derived from sev&elors, including the capacity to

produce fish in sufficient quantities. The succelsgiroduction of gilthead seabream
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(Sparus aurata Linnaeus, 1758) in aquaculture has created thbadetogy to produce
other Sparids in southern Europe, offering a widariety of species for human
consumption (Alarcon and Carmen-Alvarez, 1999),dlsb opportunities for releasing
cultured juveniles into the wild with the aim ottheasing fishery recruited populations
and catches (Bell et al.,, 2006). Since 2001, thduBoese Fisheries and Marine
Research Laboratory (IPIMAR) has been carrying magtocking trials with fish
produced and reared at the IPIMAR Aquaculture Rete@enter (EPPO) in Olhao, as
it has managed to achieve mass production andngeafi several Sparidae species,
namelyDiplodus sargus, D. cervinus, D. vulgaris andD. puntazzo.

The zebra sea breanDiplodus cervinus Lowe, 1838) is a commercially valuable
species in southern European countries, where emthhve declined in the last two
decades (FAO, 2010). In the Algarve coast (south®rtugal) the landings of the
zebra seabream have shown some stability, with raganal landings of less than 2 t
(data source: National Fisheries database). Howdlvercommercial value has nearly
doubled in less than 10 years, showing that thisansinteresting candidate for
aquaculture diversification (Figure 1). This isarenon species in the Eastern Atlantic
Ocean and Mediterranean Sea (Whitehead et al. 184y in small pods and having
a selective preference for amphipods and polyckgéechanteur and Griffiths, 2003).
This species is mainly targeted by small-scaleragteational fisheries. Although there
are a few studies on the biology @f cervinus from the Canary Islands (Pajuelo et al,
2003a and 2003b; Dominguez-Seoane, 2005) and froathSAfrica (Christensen,
1978; Lechanteur and Griffiths, 2003; Mann and Buoxt1992), to the authors
knowledge there are no biological studies on thgecgs in continental European

waters.

81



From a restocking point of view it is important ttlzlaptation to the wild is done on a
per species basis (Bell et al, 2006) It is theeforportant to increase the knowledge on
the species behavior which can contribute to irszetheir survival, growth and
reproduction (Huntingford, 2004). To the authomsbwledge there are currently no
scientific published papers @ cervinus comparative growth efficiency in aquaculture
or on stock enhancement trials using this species.

The main objectives of this study were: 1) to coregheD. cervinus growth efficiency
under aquaculture regime with that of gilthead seminS. aurata; 2) to investigate the
species ability to adapt to the wild and the patérior stock enhancement based on

hatchery produced and reared fish.

Material and methods

Aquaculture production

The zebra seabreams used were hatched and reatbe &PPO. The broodstock
originated from the coastal area of the AlgarveutBmf Portugal, and was kept at a
density of 0.6 kg/rh(1004.7+768 g/fish, n=6). The larval zebra seaieaere reared
in intensive systems and fed on rotifers (3-25 DAijter Hatching = DAH), Artemia
nauplii (10-40DAH) and inert food (after 25 DAH). They weseaned onto dry feed
(seabream commercial pellets) after metamorphosis.

Three replicate tanks of 1500 liters were sampbed6thS. aurata andD. cervinus at

0, 2, 10, 20 and 30 DAH. Twenty larvae were measurem each tank under a

dissection microscope.

Tagging and releasing
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For the restocking experiments juvenile fish wergged using conventional Floy-Tag
brand numbered T-bar anchor tags model FD-94. kghe anesthetized using
Phenoxyethanol in a concentration of 0.2 ppt. Whsequilibrium was attained, fish
were measured (Fork and Total length to the nedresin) and weighed (Total Weight
to the nearest 0.1 gram).

The fish were collected from the rearing facilitié@sd transported in a fish-transport
truck. Transportation time varied from 1 to 3 h dhne fish were provided pure oxygen.
The oxygen levels were kept at around 80—-100% tirout the transport. Water was
constantly renewed through the boat's pumping syst&his improves water
oxygenation and ensures that at release time ther veanperature in the holding tanks
is the same as the release location.

In 2004 a total of 2201 fish (Table 1) were relebbg scuba divers near an artificial
reef located at 20m depth, during the summer amdhag the autumn (Figure 2). In
2005 another batch of smaller fish was releasethgiuhe summer at a lower depth
near a breakwater (2981 fish) and two batchestéd &b 2825 fish) were released in
consecutive days in the autumn, half at low dephrrihe same breakwater and half
near a natural reef at 20m depth. Because of ttahee conditions both of the latter
batches were released at the surface using a dippate, numbers, average fish size
and weight are given in Table 1.

Posters were disseminated in markets, ports amdspoi interest to enhance tagged fish
catch reporting. The local fishermen were encoutdgeeturn tags and provide data on
the catch and the size and condition of the fistsy&bolic reward consisting of a t-
shirt or a cap was delivered or sent by mail fochetag returned. To improve the
guantity and quality of the information receivediwthe returned tags, a talk was given

at an annual meeting of the local fishermen, aforamation on the work was provided
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through local newspapers and fishermen’s journats latters to individuals who had

returned tags.

Fish reported by fishermen were used for estimadiisgersion while fish returned to

the lab were used for estimating growth. From thi®rmation, we could deduce

movements, number of days since release and gr&@gpcific growth rate (SGR % g

d-1) was calculated using the initial/final weighdowing standard formulae (Steffens
1989). All catches using fishing rod and spearifiglwere classified as recreational and

all other gears were considered as commercial.

Results

Growth of hatchery produced and reared fish

D. cervinus larvae start feeding dBrachionus at day 3 after hatching (Figure 3) like
aurata’s larvae but switch téd\rtemia at around 20DAH whilé&. aurata only switches
nearly 5 days later. Weaning from live food to tnfelod occurs around day 21 fbr.
cervinus and only 4 to 5 days later f&r aurata.

The growth rates in the larval phase (up to 30 DAFK® higher than those of gilthead
seabreamSparus aurata) (Figure 4).D. cervinus andS. aurata final total length were
13.78+£1.40mm and 7.04+£0.04mm at 30DAH, respectivEhe proportion of anomalies
in the larva to juvenile stage is extremely low (it of 3200 observed fish, i.e. 0.3%).
The anomaly typologies observed (after Boglionelet2003) were lordosis, saddle-

back + kyphosis and lordosis + kyphosis.

Tagged fish results

For 200 out of the 8007 released fish, there wasrted data on capture date and

location, fishing gear used, size and/or weightresponding to an overall catch rate of
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2.5%. The percentage of returns per batch ranged €.5% to 5.2% (Table 1). Local
commercial and recreational fishermen contribut&tl all the captured fish. Fish were
returned mostly by recreational fishermen (93%) autvhich 11% were from spear
fishers and 89% from rod-and-line anglers. The gssibnal fisherman returned the
remaining 7%, with the majority caught in fishingt® (62% from gill nets and 31%
from trammel nets) and a single fish (correspondng% of commercial catches) was
captured in a fish trap.

The maximum observed days at liberty were 880 Aedntaximum travelled distance
was 356 nmi. The average distance travelled pehbanged from 8.1 to 43.4 nmi (see
Table 1 for details). The analysis of the weightapture (Figure 5) showed that there
was an initial weight loss until 50 days after asle (except for a single fish that was
still under the initial weight after 69 days) aneteafter there was a continuous
increase in fish weight. Nevertheless, 77% of thle &nalyzed for the condition factor
were in lower condition when captured than wheaaséd.

From the comparative results of the chronogram uieigé) and the captured fish
characteristics (Table 2), it was noted that fer tio released batches of medium sized
fish (average greater than 100g) on consecutive daty fish of the same size at two
different depth locations, returns were signifitgmigher for the batch released at the
natural reef than those released near the breakwRe&deasing small fish (average
weight less than 100g) near the artificial reefdegith resulted in very few fish returns,
while releasing a batch of larger fish on the saeaé later in the year resulted in higher
report rates. Finally, the highest return rate egponded to a large batch of fish (nearly
3000), but the majority occurred during the 3 alitilays after release (94 out of the
total 156). The distance between capture locati@hralease site did not show a direct

increase over time with the average distance fon éatch below 50 miles (Figure 7).
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Discussion

Results of feeding schedules (Figure 3) Borcervinus indicate an earlier ingestion of
larger preys. This is particularly important frompeoduction perspective as the costs
for producing algae anBrachionus are particularly high since the producer is forted
maintain a stock of live food all year round, agppaged toArtemia which can be
prepared from stocked dehydrated cysts. Weaningdd food also occurs fobD.
cervinus at an earlier stage (3 to 4 days) which is algooirrant from a cost/manpower
perspective.

This species showed a better growth performantieedtarval phase when compared to
S aurata. This is particularly interesting because the fead optimized foS. aurata,
which means that even better results could possiblgchieved with a custom dié.
cervinus larval survival was in the expected range for f#laer species (5-20 % from
hatching to 30 DAH). AlthouglD. cervinus showed slower growth during the on-
growing phase (0.48% increase of body weight/dayhmared withS. aurata (0.93%
increase of body weight/day) (Pouséo et al, unghbll), it has a higher commercial
value and a small incidence or total absence degke anomalies. This is particularly
important from a production perspective when coregao Diplodus sargus, another
Sparid species of even higher commercial importamé&ortugal (see Lino et al, 2009).
Even though the growth rate registered in pair-weiggeriments betwedD. sargus and
D. cervinus shows similar values, the percentage of malformdi/iduals ofD. sargus

at 180 DAH is between 14 and 36% (Dores et al, bighed).

The results of the catches by recreational vs. ceroia fisherman confirm the
importance of this species for the recreationausty. This is related to the non-
schooling behavior of this species, which makemitbccasional catch for commercial

fishermen. Inversely, there is a targeted recreatitishery from chartered boats which
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generates high catches for this species, since lagtively fish on rocky bottoms where
this species occurs (Pajuelo, 2003a). Accordin@ tcharter owneD. cervinus can
account for up to 90% of the catch on such fishimgs (Soares, pers. com.)

The evolution of weight after release from the gsial of the reported captured fish
indicates that as observed f@r. sargus (Santos et al., 2006) there is an initial
adaptation period during which the fish do not féede to behavioral deficit) which
causes an initial weight loss. The fact that thedtoon factor of fish is lower when
captured is most probably related to the fact fibatling frequency is much lower in the
natural habitat than at the aquaculture stationrevtieed is suppliecd libitum. In
addition, even though the feed supplied is notrojzéd for the amino acid profile @f.
cervinus, it is probably of much higher nutritional valubah natural food items.
Unfortunately it is not possible to compare therent data with wild specimens at a
similar age due to the lack of published studiastliiss species. These results would
probably show that the lower condition factor of ttaptured fish was not due to under
feeding but to a convergence to the natural caiif wild fish.

The fish captures over time show that releadhgcervinus at depth near a reef
produces very little results in terms of capturieti,fregardless of the size of fish (Batch
1 and Batch 2). However releasing large fish atdhdace near a deep natural reef
produced slightly better results and longer sulvatesea (Batch 5). Releasing a larger
batch (2 to 3 times larger) produces a non-propoali larger number of returns.
However since most of the captures occurred indtays following release, it shows
that fisherman took advantage of the naiveté ofytheng reared fish, which contrasts
with the much lower catches of larger fish releasethe same location (Batch 4). The
large number of fish caught could also reflecthiigher boat-based recreational fishing

effort that occurs during the summer months whempared to the effort occurring
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during autumn. Nevertheless releasing batches milasi sized large fish near a
breakwater was less effective than releasing thear a natural reef in terms of site
fidelity in the long-run.

From a stock enhancement perspective the factntbat fish were captured within 50
nautical miles of the release location (i.e. altig South coast) and that this pattern
was maintained up to nearly 500 days after relesisewed that stock enhancement
with hatchery reared fish can be effective at theal scale. These results show thBat
cervinus has a higher dispersion thBn sargus or S. aurata (Santos et al, 2006) which
were never reported beyond the South coast of thare.

The single fish that was caught 880 days afteraselen Galicia (approximately 360
nautical miles distant in a straight line over thater) shows the resistance of the fish
but could also indicate a deliberate migration. geatpiplodus cervinus were observed
in pods mixed with wild (untagged) zebra seabreages Portimdo by scientific scuba
divers (Bentes, pers comm.) which could provide esagwidence that the hatchery
released fish adapt to wild conspecific behavidrug, this movement to colder waters
can be a species specific behavior which wouldriveresting to investigate from a
management perspective.

The results from this study seem to indicate that best option for effective stock
enhancement action wifDiplodus cervinus is to release small fish (around 15cm total
length which corresponds to an age of one yedheasurface near a natural reef, during
autumn in order to avoid the higher recreationahtdsased fishing effort during
summer. Sanchez-Lamadrid (2002) carried out a airstlidy withS. aurata in the Bay

of Cadiz and reached the same conclusion, but reeorded that fish should be

released at the end of the summer in order to athadfishing pressure that occurs
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during the summer but as early as possible to takeantage of the higher water
temperature which stimulates feeding and growth.

From a cost/benefit perspective it would be imparta release fish at a smaller size
(i.e. less days in production and therefore lowestf production). However, this
hypothesis could not be tested for survival effeiess since previous studies with
tagged wild fish under the minimum legal size @atriout on several species of
Sparidae by Erzini et al.(2002) and with hatcheeared Diplodus vulgaris and
D.sargus by IPIMAR (unpublished data) produced nearly nshfreturns. Sanchez-
Lamadrid (2002) reported success in fish returrth &i aurata of 100g but not with
smaller fish of around 15g. The author related |t of success with predation by
birds, as reported by Olla et al (1998) and with dhfficulty of fishermen in detecting
the small tags used (Sanchez-Lamadrid, 2004)

This study provides some evidence that as a maregeimol, stock enhancement of
this species can provide positive results. Obvipubkis can only work within an
integrated management plan for local fisheries pod@ment. If fishing activity moves
from a sea harvesting perspective to a sea farempective, fishermen organizations

could have a role in the organized, scientificalbgisted restocking of native species.
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Figure 3 — Comparative feeding schedul&udrus aurata andDiplodus cervinus. The
bottom axis represents time since hatching (DAHayDAfter Hatching). The full line
represents the period when rotifeBsgchionus sp.) are supplied, the dashed line when
Artemia sp. is supplied and the dotted line indicatesbiginning of the inert food diet.
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Figure 4- Growth in length of larvae Diplodus cervinus (full line) and ofSparus
aurata (dashed line).
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Table 1 — Characteristics of the batches of haycherduced and reardiplodus
cervinus released at sea

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

Release date 09-07-2004 16-11-2004 08-08-2005 16-11-2005 17-11-2005
# of fish released 1091 1110 2981 1409 1416
Total # of fish released 8007

Total weight of batch (kg) 73.6 143.8 263.1 227.6 230.3
Total weight of released fish (kg) 938.3

Release location Olhédo AR Olhdo AR Near breakwater  Near breakwater  Natural reef
Depth 20m 20m 3m 3m 20m
Min of Furcal Length (cm) 11.2 13.1 12.0 12.1 13.0
Average of FL (cm) 13.3 16.5 14.8 17.8 17.9
Max of FL (cm) 15.6 19.8 17.6 20.7 21.3
Min of Total Weight (g) 38.0 68.0 44.0 53.0 54.0
Average of TW (g) 67.4 129.5 88.9 161.9 162.7
Max of TW (g) 115.0 233.0 144.0 260.0 265.0

Table 2 — Characteristics of the captuBeglodus cervinus released at sea

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
# of fish released 1091 1110 2981 1409 1416
Total # of fish released 8007
# of fish captured 5 11 156 7 21
Total # of fish returned 200
% returns 0.5% 1.0% 5.2% 0.5% 1.5%
Total % returns 2.5%
# of fish with biological data 4 1 24 1 7
Max Days at sea 307 120 492 416 880
Max Distance travelled (nmi) 9.3 40 60 50 356
Average Distance travelled (nmi) 8.1 315 3.6 43.2 43.4
% Fish captured at < 10 nmi 80% 0% 88% 0% 14%
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Abstract

Three hatchery produced and reared (HPR) and filek white sea breamD(plodus
sargus) were double tagged with Vemco V8SC-2L acoustaasmitters and Floy T-bar
tags, and released on artificial reefs located aa@atural reef off the southern coast of
Portugal. Passive telemetry was used to monitorements of the white sea bream
over a nine week period from April to June 2007fféences in behavior at release,
habitat association (artificial vs. natural reef)d in daily movements were registered.
Wild fish moved from one habitat to the other witicreased preference for the
artificial habitat during the day, whereas HPR fitowed no site fidelity or consistent
daily movement pattern and left the release sitensafter release. Comparison of
Minimum Convex Polygon (MCP) showed a higher arsage by wild fish. This
experiment shows that these artificial reefs aedumn a daily basis by wild white sea

bream but apparently are not optimal release locatfor hatchery produced white sea

bream.
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I ntroduction

The white sea breanD{plodus sargus Linnaeus, 1758), is a common species in the
Eastern Atlantic Ocean and Mediterranean Sea (\Wdste et al. 1984)t is a highly
valued species in Portugal, where catches have deelning since the late 1980s.
Since 2001, IPIMAR has been carrying out restockmmgls with fish produced and
reared at the IPIMAR Aquaculture facilities (EPP@®)Olh&o. Previous studies based
on conventional tagging (T-bar anchor tags) ancenmdter surveys showed that reared
specimens do not remain near the artificial reefsddng periods (Santos et &006).
However, these findings are limited by the redusedtial coverage of underwater
surveys and the data from conventional taggingckviprovides no information on the
behavior of the released fish between releaseesapture events. Although underwater
observations (Santos et al. 2006) showed thatalestiowhite sea bream tend to school
with similar sized wild specimens, it is not knowrthey have the same patterns of
habitat use.

Acoustic telemetry is an ideal tool to address tjoes of movement and activity
patterns of fishes (Zeller, 1999), with the lateahsmitters being small enough to be
implanted in fish weighing as little as 70g (Vem2608) while respecting the 2% Tag :
Body Weight Ratio (TBWR) rule of thumb. Although carstic telemetry has been
widely used in the marine environment to track fisbvements and resolve habitat use,
it has rarely been applied to compare habitat ds#ozked hatchery-reared and wild
fish (Taylor et al. 2006).

Age and growth, feeding ecology and reproductiontto§ commercially valuable
species have been extensively studied (Man-WaiCuignard 1982, Rosecchi 1987,

Pajuelo and Lorenzo 2002, Lloret and Planes 2008her studies on this species
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indicate that wildDiplodus sargus are resident species (Santos et al. 2005) oncatif
reefs (AR), displaying site fidelity and using AR a refuge (Pepe et al. 1998) and as
feeding locations (Leitdo et al. 2007). Howevetl|diis known about white sea bream
daily movements and how this species uses itsdtabit

Behavior of cultured fishes following release hasportant implications for their
survival, growth, and reproduction and therefore fbe outcome of restocking
programs (Huntingford, 2004). The use of acoustiemetry allows for data collection
that can lead to a better understanding of theisp@&cology, namely the home range,
habitat association and daily movements, which ¢en useful for improving
conservation and management (Parsons et al. 2003heo wild stocks and for
optimization of restocking actions.

There are few published examples of the use of sdimotelemetry to investigate the
movement patterns of Sparidae (e.g. Jadot et &2,2Barsons et al. 2003, Egli and
Babcock 2004, Jadot et al. 2006). To the best ofkoowledge there are no studies
from Portugal, where several species of this fanaitg particularly commercially
important and where a restocking pilot project afive Sparidae species has been under
way since 2001.

The main objective of this study was to compare fevement patterns of hatchery
rearedDiplodus sargus with those of wild caught specimens when release@0m
depth on an artificial reef. In addition to someexds related with surgery methodology
and handling optimization, the main foci were gnbeéhavior of fish during and after

release; ii) habitat association; iii) daily moverte and iv) area usage.

Material and methods
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Fish used in this study were from two sources: Heaic produced and reared juveniles
of Diplodus sargus from IPIMAR's Fish Production Unit and wild fishf the same
species captured by longline within the study afda study area is located in the
southern coast of Portugal, at depths between d3@meters (Figure 1). This area is
composed of two different sets of hard structuaesatural reef, extending for 3 km and
the Faro artificial reef, consisting of several e of concrete blocks placed at greater
depths, seaward from the natural reef, and extgrfdn8 km.

Wild Diplodus sargus were caught with a baited longline with 100 hoodKse longline
was constructed and operated in accordance witl gmar specifications (Erzini et al.
1996) by a local fisherman contracted for the stitlyoks were baited with razor shell
clam Ensis siliqua) and the gear set near the seaward edge of theahatef at day
break and hauled regularly every hour until theezenfew baited hooks left. Fish were
slowly hauled to the surface, unhooked and immebjiaanesthetized. Fish with an
inflated bladder were punctured with a hollow neeathd carefully massaged until they
could swim upright.

HPR fish were the offspring (F1) of a wild caughbddstock. The fish were selected to
comply with the 2% TBWR rule recommended by sevardhors (Jadot et al. 2005),
since no previous studies were made for this specie

All fish were double tagged with a Vemco V8SC-2loastic transmitter, surgically
implanted in the abdominal cavity, and a FloytagaF-anchor tag below the dorsal fin.
Both wild and HPR fish were anesthetized in a 0l4 Baphenoxy-ethanol solution.
When the fish were fully anesthetized, showing rectien to external stimuli (1-2
min), they were measured (Fork Length and Totalgtlenn cm). HPR fish were also
weighed to the nearest gram. The TBWR for the HBRrainged from 1.4 to 1.7%. The

weight for the wild fish was estimated using thaghelength relationship published by

103



Goncalves et al. (1997) and the TBWR ranged betWeéand 1.5%.

Fish were placed in a V-shaped berth, with a 0.2 gyghenoxy-ethanol solution being
pumped into the fish's mouth. An incision (~1.5@nd) was made on the mid ventral-
line, posterior to the pelvic girdle, and the tmaitser (disinfected in povidone iodine)
was inserted in the peritoneal cavity. On a contfBR batch the wound was closed
with one or two individual sutures using nylon mblaonent (Braun Dafilon 3/0 DS19
45 cm) and cutting needles. Cyanoacrilate adheéieiseal, B. Braun Medical,
Sempach) was used to close the incision and tootidate the knots. On all other
batches the incision was closed with cyanoacriatieesive only. The duration of the
surgery was under 2 minutes for each fish.

Hatchery reared fish were placed in a clean holdamk at the IPIMAR aquaculture
facilities and monitored for infection and/or tag$. Wild fish were placed in a holding
tank alongside the boat with clean sea water flgwinrough, until they regained
equilibrium (less than 2 minutes).

Fish were released at 20m depths on the Farocatifieef by lowering them in two
transport cages (one for wild fish and anotherH8R fish), held by scuba divers who
constantly monitored their condition during desceiihe cages were opened
simultaneously at different points on the reef.

The experimental design aimed to maximize the dmaoasverage of the sampling area.
An array of 13 VR2 (Vemco) hydrophones was usetraok the movements of the
tagged fish over an extensive area (10.Z)kof both natural and artificial reefs. Two
rows of receivers were set, with the first locateetween the natural reef and the
artificial reef, and the second among the artificggef groups. Concrete filled tires and
concrete blocks were used to anchor the VR2 recebed the locations were recorded

by GPS. Passive acoustic sampling extended operiad of 9 weeks, from April to
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June 2007.
The Minimum Convex Polygon (MCP) area was estimatethg the MCP function

included in ArcGis extension Hawth's Analysis ToaBs27.

Results

Fishing with the longline gear took place on thaiAp9, with five white bream tagged
and released on the same day. Three HPR previotziged were released
simultaneously as the wild fish (Table 1). Wild wehsea bream were larger than the
HPR fish, ranging from 28.9 to 34.2 cm in totaldén(TL), while HPR fish were 25.7

to 27.0 cm TL (Table 1).

Surgery and fish behavior during transportation and immediately after

release

The experiment was quite successful in optimiziagdiing and surgery time. One
batch of 3 HPR fish had their incisions closed wihe individual suture and
cyanoacrilate, as suggested by the literature (Jadal. 2005), while cyanoacrilate
alone was used on the second batch. This firstpgoddish was held under observation
for 50 days and was never released. The secong gras held for 3 days during which
there were no signs of infection and no tag los® dse of cyanoacrilate alone was also
used with the wild fish to simplify procedures ooalbd the fishing boat.

The fish showed contrasting behavior during transpo the release depth, with
hatchery reared fish always swimming towards théase, while wild fish swam down
towards the bottom. When the transport cages weeeed, the wild fish immediately

swam out, seeking refuge in the artificial reefsilevihatchery reared fish refused to
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leave the cage. When they were forced to exit Hgeecsome of the HPR fish tried to

return inside.

Habitat association

The chronogram shows that the wild fish have arclgattern of use of the
natural reef with almost every fish being presenthe area during the study period
(Figure 2). For the artificial reef, the habitaewsas intermittent, particularly in the last
quarter of the study period, showing that for eaxhvidual there was an association
with the natural reef, with the exception of indivals #126 and #128 which visited
both habitats dalily.

The HPR fish showed no consistent pattern of halgsociation. One specimen
(#163) remained in the artificial habitat and tHeft the study area, while another
specimen (#162) did the opposite and a third (#16é#)the study area immediately
after release, heading towards the coastline iorénerly direction, instead of taking the

closest path in a North-East direction.

Daily movements and area usage

There was a clear daily movement pattern for thiel Wsh within the studied area,

particularly noticeable on the artificial reefs.eldaily movement cycle started about
one hour before sunrise and ended by or a few esnbefore sunset (Figure 3a).
Despite a regular circadian rhythm for wild fishPR fish did not show any consistent
daily patterns (Figure 3b). The reduction of noctlirdetections for both groups of fish
could be explained by a migration to areas outefrange of the acoustic receivers or

by the fish sheltering in caves at night, therainjting detection.
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The MCP area (mean+SD) was 0.63+0.0 Kan the HPR fish and 1.61+0.89 kfor
the wild fish (Table 1). The mean MCP areas fortthe groups were not significantly

different (Mann-Whitney Rank Sum Test, U=8.500, 4:90).

Discussion

In terms of surgery methodology, this experimens waite successful in optimizing
handling and surgery time. The use of cianoacrydd@e reduces handling time and
appears to have no negative effects. The long tnaek of the wild fish movement
proves that the surgery was successful and natllathe fish (at least for the duration
of the study).

Hatchery fish released under the current conditghmsved no clear movement pattern.
Two different results were observed: a) leaving adimimmediately towards the
coastline, b) remaining in the area 2-4 weeks a@avihg thereafter. The observed
behavior of the hatchery reared fish is consisteilh the underwater observations
reported by Santos et al. (2006).

The behavior of the hatchery reared fish is notxpeeted since they were reared in
shallow tanks, exposed to intense daylight and &egetheir food to come from the
surface. Uglem et al. (2008) also found the sarfferdnces between wild caught and
hatchery reared codédus morhua) deliberately released to simulate a cage eségpe.
in this study, hatchery reared fish dispersed tgpid no particular direction. Wild cod
remained in the same general area where they vaeight much like the sea bream in
our study.

In a previous telemetry experiment carried out fig team (unpublished data) with 4

tagged HPRDiplodus sargus released on another artificial reef, the longést fedelity
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in the release area was 31.5 hours. The otheh3dmained 45 minutes, 1 hour and 2.5
hours before moving in different paths towardsdbast or shallower waters. However,
unlike the present study, the artificial reefs wie@ated on a sandy bottom area with no
natural reefs in the vicinity. The results of thés® experiments seem to indicate that
the presence of a natural, more complex habitdhenvicinity of the release location
might increase site fidelity in the short term, evet is a suboptimal habitat.
Hatchery-reared fish show deficits in virtually abkpects of behavior due to the
impoverished conditions in which they are raisetb( and Laland 2001). According
to the same authors, hatchery fish that are mangrgéons removed from their wild
counterparts are likely to have more impoverishiégethistory skills and may take
longer to train than those separated by fewer gg¢ioes. However, this was not the
case with the HPR fish used in this study sincg there all F1 (first generation) from a
wild broodstock. On the other hand, the differenicebehavior seem to increase with
the proportion of life spent in captivity (Svasagtdal. 2000). This is an expected effect
but since it is not possible to tag smaller fiste da battery size/duration limitations,
there is currently no technical solution for thiechma.

From an energetic point of view, it would be inttneg to determine if wild white sea
bream reduce their movements during the night diafy perform daily migrations to
other grounds. Diel behaviors and movements ofHale been reported in many fish
species (Yokota et al. 2007), and particularly JomeDiplodus species (Santos et al.
2002). However, these daily variations in movemewdse less obvious for HPR fish.
This would not be surprising if the lack of detea at night is due to reduced activity
and use of caves, since HPR fish would not be adaps they are forced to swim
continuously in the aquaculture tanks and haverawices or caves to rest in. Further

experiments with this species are scheduled to ttestmigration versus inactivity
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hypothesis.

The wild fish used the whole study area with prefee for the natural reef. It is
interesting from a management point of view to ritbtd they perform daily migrations
to the artificial reef. HPR fish did not show a ferential association with any of the
habitats.

The MCP values were not statistically different vietn the two groups of fish.
However, they show a wider use of the study areahieywild fish. This is to be
expected since they were released in familiartteyri compared to the HPR fish, which
were released in a totally unfamiliar environmerte MCP values for the wild fish
were greater than those reported for other sirsileed sparidae such 8garus aurata
(Abecasis and Erzini, 2008). However, the lattardgt was for a lagoon habitat,
characterized by extensive channels. Since thesthfigh eventually left the lagoon and
were not detected further, the mean MCP of 0.17 &nould only be considered valid
for the juvenile part of the life cycle.

The short residence time and reduced area usageRffish released on these artificial
reefs seem to indicate that this is a suboptimdlitaiaand that releasing fish for
restocking purposes on this location may not apjate It is therefore important to
assess whether and to what extent present knowlefdtfee developmental origin of
behavioral deficits in cultured fishes can be caretdi with programs of habitat
improvement to make restocking programs more effe¢Huntingford, 2004). Further
studies on the adaptation of HERplodus sargus are needed to improve their survival
in the wild. These include improved migratory, gmtedator and feeding behavior in
hatchery fish, as suggested by Brown and Lalan@1(p@nd based on our findings, also
by improved daily activity adaptation. Acclimatitmthe release location using holding

cages or pre-adaptation to an artificial habitat is moved to release site as well as
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increasing artificial reef complexity are strategi¢o be considered in further

experiments.
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Table 1. Characteristics of wild and hatchery picmtl and reared (HPR) white sea
bream, surgery and release dates, and minimum xguolggon. ID is the identification
number returned by the pinger, TL is Total Lendgily is Total Weight, and MCP is

the Minimum Convex Polygon. NA means the value dadt be calculated.

ID Source TL(cm) TW(g) Surgery MCP

(knf)

113 Wwild 29.6 464  19-04-20070.697
124 Wild 34.2 733  19-04-20072.557
126 Wild 28.9 430 19-04-20070.609
127 Wild 31.7 577 19-04-20072.104
128 Wild 31.1 543  19-04-20072.074
162 HPR 25.7 313 16-04-20070.697
163 HPR 26.8 294  16-04-20070.571

164 HPR 27.0 303 16-04-2007 NA
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Figure 1. Location of natural reef, artificial regfand VR2 hydrophones off the
southern coast of Portugal. The black square inrtag picture shows the location of

the study area.

Figure 2. Detection patterns of the tagged hatcpeoguced and reared and the wild

fish on the natural and artificial reefs. Shadexharindicate presence.

Figure 3. Daily patterns of habitat use on art#fi@and natural reefs: a) wild white sea

bream, b) hatchery produced and reared white ssarbrThe dotted area corresponds

to sunrise/sunset and the dashed area correspotigsnight period.

Figure 4. Minimum Complex Polygon (MCP) of the wi{d — e) and the hatchery

produced and reared (f - g) white sea bream.
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CHAPTER 7

Effect of cage acclimation on the dispersion of two
gpecies of hatchery produced and reared sea breams
(Diplodus sargus and D. cervinus) off the South coast of
Portugal.

Authors: Pedro G. Lino, Luis Bentes, David Abecasis, Migheves dos Santos and
Karim Erzini
Status. To be submitted
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Abstract

Restocking trials with hatchery produced and ressed breams have been
carried out by IPIMAR since 2001. One of the fastaffecting restocking is adaptation
to the release location. White seabreaBiglpdus sargus, Sparidae, Perciformes) and
zebra seabreamdsDiplodus cervinus) hatched and reared at the IPIMAR's Fish
Production Unit were tagged with VEMCO brand V8Sfded" pingers. An array of
15 VEMCO brand VR2/VR2W acoustic receivers was agfétthe south coast of the
Algarve (southern Portugal). The comparison of ti@vements of 10 hatchery reared
fish, 5 of eactDiplodus species, when released at 20m depth, near aitialtieef, 2
half acclimated for 2 days and 3 released immelgiateowed that cage acclimation had
a negative effect on site fidelity. Non-acclimafesthh showed a daily pattern of activity
with high activity between sunrise and sunset. itated D. sargus preferred the
shallow area while non-acclimated fish of both spepreferred the natural reef area.
AcclimatedD.cervinus left the study area briefly after release. Theekeb proposed to
evaluate use of the area,jland of relative movement (DTI) seem to providérax

information on the activity of the fish within tlsudy area.

I ntroduction

Since 2001, the Portuguese Fisheries and MarineedRds Laboratory
(IPIMAR) has been carrying out restocking trialghwiish produced and reared at the
IPIMAR Aquaculture Research Station (EPPO) in OlhBeevious results based on
conventional tagging (T-bar anchor tags) and undtwsurveys showed that reared

specimens do not remain near the artificial reefddng periods (Santos et al. 2006). A
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previous study (Lino et al. 2009) carried out ie Bame area using a smaller array of
receivers provided some answers but raised thetignag acclimation to release site
would improve site fidelity.

The successful production of gilthead seabre§par(is aurata Linnaeus, 1758)
in aquaculture has created the methodology to m@dther Sparidae, offering a wider
variety of species for human consumption (Alarco &€armen-Alvarez, 1999), but
also opportunities for releasing cultured juveniieso the wild with the aim of
increasing fishery recruited populations and cat¢Bedl et al., 2006). According to
Stettrup and Sparrevohn (2007) the potential foclshg of a given species is derived
from several factors, including the capacity toduee fish in sufficient quantities. In
recent years, the EPPO has managed to achievepnmaisction and rearing of several
Sparidae species, naméhyplodus sargus, D. cervinus, D. vulgaris andD. puntazzo.

The white seabreanD{plodus sargus Linnaeus, 1758) and the zebra seabream
(Diplodus cervinus Lowe, 1838) are two common species in the Eagtdamtic Ocean
and Mediterranean Sea (Whitehead et al. 19B&jh are highly valued species in
Portugal, where catches have been declining shie¢ate 1980s. The white sea bream
is a schooling species with opportunistic feediefdvior (Figueiredo et al, 2005) while
the zebra sea bream lives in small pods and hateatise preference for amphipods
and polychaetes (Lechanteur and Griffiths, 2003)

Although there are a few studies on the biolog¥otervinus from the Canary
Islands (Pajuelo et al, 2003a and 2003b; Domindgieszane, 2005) and from South
Africa (Lechanteur and Griffiths, 2003; Mann and xBwn, 1992), there is no
information on theirn situ behaviour.

From a restocking point of view it is important tredaptation to the wild is

done on a per species basis (Bell et al, 2006 thérefore important to increase the
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knowledge on the species behavior which can cart&ilto increase their survival,
growth and reproduction (Huntingford, 2004). Furthere, developing release
strategies that minimize stress responses andaserpost-release survival and site
fidelity is essential to any stock enhancement gmog and can be done with a
combination of hatchery and field techniques. Qumehgechnique is using acclimation
cagesn situ (Fairchild et al, 2010; Jonssonn et al, 1999)theauthors' knowledge this
is the first study on the behavior Bt cervinus and the first study on acclimation of
Sparidae for restocking purposes.

The main objective of this study was to comparelibkavior of the hatchery
produced and reared specimens of the two speci€spbddus when released at sea.
The species specific responses and acclimatiorléase site influence were analyzed

for: 1) habitat preference; 2) area usage; andsBarnte traveled.

Material and methods

The fish used in this study were hatchery produaed reared juveniles of
Diplodus sargus and Diplodus cervinus from IPIMAR's Fish Production Unit. All fish
used in this experiment were the offspring (F1po#ild caught broodstock. The fish
were selected to roughly comply with the 2% Tad@taly Weight Ratio (TBWR) rule
recommended by several authors (Jadot et al. 2005).

TheD. sargus specimens used (Table 1) were 23.4cm + 0.31 Sbtal Length
(TL) and 234.8g = 16.50 SD in Total Weight (TW), ilghthe D. cervinus specimens
were 23.5cm £ 0.82 SD in TL and 256.0g + 31.52 80OW (Table 1). There were no
statistically significant differences between tbarfgroups of fish, neither in length nor

in weight (one-way ANOVA Length F = 0.402 P = 0.7%%eight F = 1.517 P = 0.283).
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The TBWR ranged between 1.9 and 2.3%Dosargus and between 1.7 to 2.2% fbr.
cervinus.

All fish were double tagged with a Vemco V8SC-2Loastic transmitter,
surgically implanted in the abdominal cavity, anBlaytag T-bar anchor tag below the
dorsal fin on the left side. Fish were anesthetizeda 0.4 ml/l 2-phenoxy-ethanol
solution. When the fish were fully anesthetizedwghg no reaction to external stimuli
(1-2 min), they were measured (Fork Length and [Motagth to the nearest mm) and
weighed to the nearest gram.

Fish were placed in a V-shaped berth, with a 0.2] Bgphenoxy-ethanol
solution being pumped into the fish's mouth. Anision (~1.5cm long) was made on
the mid ventral-line, posterior to the pelvic gedland the transmitter (previously
cleaned in povidone iodine) was inserted in theitgeeal cavity. Cyanoacrilate
adhesive (Vetseal, B. Braun Medical, Sempach) wsesl uo close the incision. The
duration of the surgery was under 2 minutes fohdah. Fish were placed in a clean
holding tank at the IPIMAR aquaculture facilitiesdamonitored for infection and/or tag
loss. All surgeries were carried out in mid July02Qllowing fish to recover for two
weeks before the experiment started. No mortalityag loss was registered during
recovery.

A conditioning test was carried out at IPIMAR’s Asquulture Station where[3.
sargus were placed in a fish pen submerged in an eagtbad with 2m depth. The fish
pen (80x80x50cm) was constructed of an iron frame @lastic netting with a 3cm
squared mesh. On one of the side panels a smalBQ2f) door allowed access to the
fish. The fish used were the from the same sizgaao be used on the sea trials
(around or above 250g to follow the 2% TBWR rule)irs this cage they were at a low

fish density of under 2.5 Kg/m3. The fish were atsed daily for injury and survival.

125



On day 5 one of the fish was observed to have janeih tail fin so the experiment was
terminated. The experiment was repeated withi@odus cervinus. On the third day
one of the fish showed damage on the tail fin oetkperiment was terminated. Based
on these results it was decided that two days wbalthe maximum time for leaving
the fish in this type of cage.

For this experiment two fish pens were placed dher sandy bottom at 1m
distance from the Faro artificial reefs at 20m tepish were placed on the fish pens by
lowering them in two transport cages (one for esgmiries) held by SCUBA divers who
constantly monitored their condition during descé&ch fish pen held 3 specimens of
the same species for 2 days. At the end of thenskeday scuba divers transported down
2 cages containing 3 fish of each species and tamebusly released the four batches
of fish at different points on the reef. The fiskre released by simply opening the door
of the fish pens and cages completely and allowhedish to freely swim out.

The study area is located in the southern coaBbdfigal, at depths between 15
and 20 meters (Figure 1). The bottom type in tlea & mainly sandy and includes two
different types of hard structures: a natural reeftending for 3 km and the Faro
artificial reef (AR), consisting of several groupt concrete blocks placed at greater
depths, seaward from the natural reef, and extgnftin 8 km. An array of 15 VR2
(Vemco) hydrophones was set to track the movemehtthe tagged fish over an
extensive area (14 Kin Three parallel rows of receivers were set (Fégl), with the
first (Shallow) closer to the coastline at shallagpth (10-13m) consisting of 6
receivers, the second (Mid) located between theralteef and the artificial reef, and
the third (Deep) among the artificial reef grou@ncrete filled tires were used to
anchor the VR2 receivers over the sandy and nateefs and the locations were

recorded by GPS. On the AR, the VR2 receivers \atexhed to a 1m long cable tied
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to the upper reef modules and held vertically yid-water float. Therefore, except for
Stations 1 to 4, all were set on soft sandy bottBassive acoustic sampling extended
over a period of 10 months, from Auguét B008 to May 28 2009 with an effective
monitoring period of 277 days.

The Minimum Convex Polygon (MCP) areas were estahatsing the Animal
Movements' Calculate MCP function included in ArsGixtension Hawth's Analysis
Tools v3.27. A total MCP, minimum polygon area whimcludes all receivers was

calculated to estimate the percentage used byfesch

In this study the Residence Index)(broposed by Afonso (2008) was included for
comparison purposes but a weighted residence ifigex was used. Theyk accounts

for the number of days the fish is detected (Dda gsoportion of the total number of
monitoring days (Dt) and is weighted by the intérvadays between first and last

detection (Di) as a proportion of the total numbemonitoring days (Dt).

An estimated Distance Traveled Index (DTI) was walied by adding the
distances between the receivers the fish were séglhg detected by. If a fish was
detected simultaneously by two receivers an intdrate position was calculated and

the distance to that point added.

Results

Five white seabreams and five zebra seabreamsr(iednmately released and 2

acclimated for 2 days) were released on the 6#ugiust 2008. One specimen of each
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species died in the holding pen.

The passive telemetry lasted for 292 days but thane no further detections
after January (Table 2). During this period a tofa237670 detections were received by
the array of receivers . Only ST4 located on theté&a edge of the Deep line of

receivers did not register any detection (Table 3).

Compar ative behavior

Cage acclimated fish remained in the study areatiege than fish immediately
released. In gener8l. cervinus specimens remained in the study area for lessdhan
and a half months although specimen DC-NA1 retuatedtervals.

Two of the non-acclimateD. sargus specimens remained within the study area
for nearly 6 months while the third fish left thieidy area for long periods but returned
for brief periods 4 and 5 months after release.

There was no statistically significant differenceeteen the Weighted
Residence Indexes of the 4 groups (One way ANOVAR.868; P=0.170) and there
were no significant differences between the twocese(t-test P=0.148; Power=0.292

for Alpha=0.05) or the two treatments (Mann-Whitriggnk Test U=4.000; P=0.114).

Habitat association

Non-acclimatedD. sargus showed preference for the natural reefs, while
acclimatedD. sargus preferred the inshore, sandy bottom shallow arba.D.cervinus
specimens did not stay long enough in the stuég,abut one non-acclimated fish

showed preference for the Mid area where the nateedwas located.
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Daily movements and area usage

D. cervinus showed a clear daily pattern of activity with higbtivity between
sunrise and sunset. There seems to be a time tagdre start and end of activity for the
two treatment groups. Non-acclimat®d sargus showed a flat line pattern meaning
they were equally active all day. The acclimaieshrgus showed no pattern.

There was no pattern of area usage but the majofitfish used a small
proportion of the study area (Table 4). Fish Ds-N#hich was detected by 10
receivers, moved one third of the DTI value obserfer fish Dc-NA2 which was
detected by the same number of receivers. Inversly Ds-A2 which was only
detected by 7 receivers had the largest MCP (5r@2)Kvhich corresponded to 79% of
the total MCP. However the distance traveled was than that corresponding to the
fish detected by a larger number of receivers. Going the fish for which no MCP
could be calculated (it is impossible to calculare area with two points), it was
possible to conclude that fish Dc-Al was more &cfiwoved twice the distance) than
fish Dc-A2 and Dc-NA3.

Finally it should be noted that the last detectib® fish was at the NW limit of
the study area (ST1 and ST9), 3 were last deteéntadcentral area (ST8), 1 fish was
last detected at the SE limit and another onedestcted occurred in the shallow row

(ST11) near to the coast.

Discussion

Preliminary experiments conducted at the IPIMARhfiproduction station
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showed that holding the fish for longer than twoysdawas inappropriate.
Simultaneously, control fish were held in a tankednto test for starvation effects.
Since the caging experiment was terminated wherblgisinjuries appeared, the
starvation experiment was also terminated with rostafity. Therefore two days was
considered the limit for caging duration.

Acclimation in the cages used in the present sfudyed to be inefficient since
although no mortality occurred in the earthen powodg out of three specimens of each
species died during acclimation situ. This could have been caused by the stress of
transportation to release site (Fairchédal, 2010) in accumulation with caging and
starvation since none of these factors acting s#ggr caused mortality in the
preliminary experiments or in previous releases.

The results of the acclimation for both specieswstioat acclimation did not
increase the residence time within the study dtés.unknown if acclimation increased
long term survival since no acclimated specimen detected after 4 months. These
results are in contrast with those obtained by damset al (1999) who had higher
residence for acclimated brown tro84/mo trutta and with the results of Fairchit al
(2010) who registered similar results for winter ufider Pseudopleuronectes
americanus.

Comparing the results for the acclimated fish ortlys interesting to note that
oneD. sargus returned to the study area on several occasioes after being in the
wild for 3 months, entering the study area by NE extremity. The fact that even
hatchery reared fish (with no previous knowledgdahef area) return to this area was
observed in the previous study (Lino et al, 20@)t the same also happened for Ds-
NAl and for a much longer period, so acclimatiod dot seem to have any added

value.
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The Weighted Residence Index showed that althoogte twere no statistically
significant differences between the residence tiofethe two species or between the
two treatments, the residence time of the noniametkd white seabream is
considerably higher than any of the other groupms,can be observed from the
chronogram.

The white seabream has a high fidelity to his hohabitat. This was
demonstrated by the results obtained in the prevstudy (Lino et al, 2009) and also by
a study using only wild caught white seabream ia @ulf of Castellamare, Italy
(D'Anna et al, 2011). In this study the author®gisoved thaD. sargus has a clear
homing behavior which could explain why releasatl fieturn to the release site.

The Weighted residence Index seems to be a moreatnst measure of fish
residence. It does not give excessive importancdisto that stay in the area for
consecutive days and it is more robust to periddwa-detection due to difficulties in
receiver replacement. As an example, fish Dc-NA&tvionly was detected during the
day of release has an (sensu Afonso, 2008) of 1 (meaning always res)damd an gy
of 0.00001 (since it is weighted for the whole stddration).

The DTI value seems to be a good measure of tleaftsivity and can be
calculated with only two points which is an advaetaver the MCP. The DTI values
show that fish that use the same MCP area canditigeent levels of activity, moving
frequently within the area. As an example it alsoves that fish Ds-A2 in spite of only
being detected on 7 days, moved around extensowlgring nearly 80% of the total
MCP area.

The last detected position shows no pattern ejpeerspecies or per treatment.
However it seems to indicate that most of the fishowed the prevailing current

direction and moved towards NW. The fact that th& Hetection for 3 fish was at a
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central position could indicate that they were didlsince this is a location frequently
used by the artisanal fleet (Santos, pers. obsenjat

An interesting observation about the two acclimddedervinus is that although
one of the fish remained within the study area tedother was not detected for days,
the last detection for both was on the same daythensame receiver, so it is a
possibility that they schooled, which would be ameiesting result for restocking
actions.

In conclusion the use of acclimation cages did marease site fidelity.
Although 'life skills training’ for hatchery fishe@rown & Laland, 2003) such as
acclimation is important this was not a successpilon. On the other hand if it was,
then the next step would be scaling up, which astimeed by Huntingford (2004)
would be a challenging task. Further studies aexleé@ to investigate other methods
aiming to increase site fidelity. These could imducreating feeding stations which
would function as a temporary food source and slewly wean off the fish. Another
option would be to increase the complexity of reeith refuges that the fish are

previously adapted to in the Aquaculture Station.
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Table 1 - Characteristics of the tagg@dplodus sargus and Diplodus cervinus
specimens. TL is the Total Length; FL is the Foekdith; TW is the Total Weight; and
Rl is the Residence Index.

D Species Treatment TL FL TW Days Number of IR - Average
(cm) (cm) (g) detected detections law

Ds-NA1 D. sargus Non-acclimated  23.8 213 241 8 2513 0.05634 0.01481 0.198
Ds-NA2 D. sargus Non-acclimated  23.1 213 230 147 77213 0.87500 0.32186

Ds-NA3 D. sargus Non-acclimated 23.5 21.0 264 132 134471 0.88591 0.25633

Ds-Al  D.sargus Acclimated 23.2 20.9 234 6 699 1 0.00047 0.004
Ds-A2  D. sargus Acclimated 23.1 20.6 222 7 197 0.07692 0.00830

Ds-A3  D. sargus Acclimated 23.7 21.2 218

Dc-NA1 D. cervinus  Non-acclimated 241 21.5 280 13 177 0.13131 0.01677 0.013
Dc-NA2 D. cervinus  Non-acclimated  22.9 20.5 230 41 21583 1 0.02191

Dc-NA3 D. cervinus  Non-acclimated  22.8 20.7 223 1 3 1 0.00001

Dc-Al  D. cervinus Acclimated 24.5 22.0 296 14 413 0.82353 0.00310 0.002
Dc-A2  D. cervinus Acclimated 22.7 20.5 231 3 397 0.17647 0.00066

Dc-A3  D. cervinus  Acclimated 24.2 21.8 276

Table 2 - Chronogram of the detections of acousigged fish. The study was carried
out between August™62008 to May 2% 2009 but no detections were made after
January. In the fish ID field Ds Biplodus sargus; Dc = D. cervinus, NA = Non-
acclimated and A = Acclimated. The shaded areasesept days with detections.

ID August  September October November December  January

Ds-NA1
Ds-NA2
Ds-NA3
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Table 3 - Habitat preference for the two speciealyaed Diplodus cervinus andD.
sargus) comparing Acclimated and Non-acclimated grougd ® ST15 are the passive
acoustic stations

Diplodus cervinus Diplodus sargus
Station Acclimated Non-acclimated Acclimated Non-acclimated Total
Shallow  Mid Deep | Shallow Mid Deep |Shallow Mid Deep | Shallow  Mid Deep
ST1 321 5 4p 18498 2280
ST2 489 612B 16 44046 506p4
ST3 13 25 38
ST5 225 24 249
ST6 321 321
ST7 1898 1898
ST8 12939 39 166325 179303
ST9 91 82 209 38p
ST10 39 1198 123y
ST11 1 426 111 538
ST12 20 78 43 141
ST13 2 1 115 11
ST14 71 98 167 336
ST15 55 90 144
[Total 0 0 810 94 15474 6195] 697 145 58 1724 166534 45939 237670

Table 4 — Measure of the fish activity. DD#plodus sargus, Dc =D. cervinus, NA =
Non-acclimated, A = Acclimated. DTI is the Distan€eaveled Index. MCP is the
Minimum Complex Polygon.

D Number of DTI MCP % of Total Last
receivers (km) (km2) MCP Detected

Ds-NAl1 10 13.46 4.66 65% ST8
Ds-NA2 3 2.16 0.28 4% ST8
Ds-NA3 4 8.79 0.78 11% ST1
Dc-NAl1 3 2.88 0.36 5% ST1
Dc-NA2 10 35.60 4.11 58% ST8
Dc-NA3 2 1.13 NA NA ST9
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Figure 2 — Daily activity pattern for the four gpmiof fish. Ds =Diplodus sargus ; Dc
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CHAPTER 8

Conclusions and suggestions
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The current work used several methodologies whitdwad the assessment of the
potential of restocking as a useful tool for cdmiting to the management of small

scale fisheries in a local perspective.

Underwater observations are limited by dive timghtl and sea conditions and they
typically cover only a small part of the animalifetime resulting in an underestimate
of the utilized area (Kerwath 2005). Underwatemgiscensuses are also an extremely
limited tool in terms of spatial coverage. Eacheastsation is limited by the underwater
visibility. In addition the duration of the obsetims is limited in time by the air
supply. The number of observations is also limibydthe number of divers and each
diver is limited by saturation in GOHowever underwater visual censuses are the
richest tool in terms of results obtained becaheg tely on actual direct observation.
This method was therefore extremely useful for desw the behavior of fish at

release time and also to compare behavior betwéddrand hatchery produced fish.

The initial use of conventional tagging was extrgmeaportant. It is a "low tech” tool
which requires a high initial effort with a lot ahanpower hours in catching,
anesthetizing and tagging of fish, but it has a kguipment cost which allows for
massive tagging of large numbers of fish. The that no active effort is required by
this method to recapture fish is both an advantagka disadvantage: the majority of
the costs can be allocated to producing the figh sismaller proportion for advertising
and rewards. The obvious disadvantage is thattdfiorecapture is not managed and
therefore it is not evenly distributed or easy $8ess. The area covered by the network
of potential collaborators is much larger both pace (at least the whole South coast of
the Algarve) and time (depends only on approprizgbing time for the species

released) than any research institute could afforcover. The success of the returned
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results depends essentially on the advertising andhe good relationship with the
fishing community. Since in the particular casetlut study the species tagged are
exploited both by the professional fishermen ad aglthe recreational, it involves a

relatively high effort in advertising but coversigh number of potential collaborators.

The use of smaller than legal size tagdedwulgaris and D. sargus in the VIE
experiment (Linoet al, unpublished) showed that even if the relationshith the
fishing community is good, the level of trust istigh enough to report illegal sized
catches. In addition, the fact that fish were reéebinside a local lagoon where the use
of fishing gears that could be used to catch fiskraall as those released is illegal (e.qg.
fine mesh beach seines and beam trawl) also catedbto the absence of reported
captures. These results were not unexpected sirmgi et al (2002) also faced the
same near absence of returned fish even aftem@ggigousands of under sized wild fish

all year long.

The quality of the returned data from conventidaging varied greatly from a simple
"l captured fish number X at the Faro pier last thbrio fish actually returned intact
with a precise GPS position. However, the curreidysalso confirmed that the amount
of returned fish is only a fraction of those captlirMost fish were not returned because
of the size (under MLS) or because of the captoecation. But many were not returned
simply because fishermen did not bother to callghene number displayed in the tag.
Even fishermen who initially returned fish, as timent by stopped doing so because
they already had collected all type of rewardshaéligh it was not possible to test this
hypothesis it is the author's belief that a mornyetaward would have yielded higher
return rates. However the value of the reward wddde to be weighted in order to

avoid promoting an increased effort to capture e¢algfish. The modification in the
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reward amount (high reward- low reward method) oaiso allow the estimation of
the proportion of unreported captured fish (Poll@atkal 2001). In spite of the low
results of the tagging with VIE experiment, it peovto be an interesting method to
apply to Sparids. It is a non-lethal, inexpensivethod that allowed tagging specimens
below the MLS (e.g. fobiplodus sargus as small as 6cm in Total Lenght) where a T-
bar anchor tag would certainly have some impacthenswimming performance. In
addition it allows to easily separate between leasing different colors. However
because the tag is not easily identifiable by msifmal or recreational fishermen it
requires a lot of effort and expenses from theams$einstitution when used in a wild

habitat.

Conversely conventional marking and releasing Visth T-bar anchor tags provided
long term results over an extensive area. Althahghmajority of the reported fish were
caught off the South coast of the Algarve, one fists reported as far East as the Bay
of Cadiz and another as far North as the BasquetoouCuriously no fish were
reported from the Portuguese west coast furthetiNban Sines. Most of the fish were
captured within a month of release but returnsreded in time up to more than two

years which indicates a longer term effect of relgtwy with the selected species.

Acoustic telemetry is an expensive tool which catum an impressive amount of
information if the researcher has the equipmenintke the adequate experimental
design. In terms of spatial coverage it is not &ewas conventional tagging but it is
several orders of magnitude superior to underwatsual censuses. In terms of
temporal coverage it is currently the best posdidé that can be used for studying the
underwater behavior of fish. It monitors and statata 24 hours / 7 days a week. If the

tagged fish is within the range of one or sevesakivers the presence is registered and
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associated with a known location. Conversely theeabe of detection is also a result.
In addition to the fact that passive acoustic tel@ynis not limited by visibility
(although detection range may vary due to acounstise) it is also not affected by the
amount of available light thus making it the petfémol for night time movement
detection (in contrast to visual censuses whiche#theer not possible during the night

time or require a source of artificial light whiehll influence behavior)

The results obtained with acoustic telemetry on rievements oDiplodus sargus
show that the interpretation of the visual censuss Wargely correct. Diving and
counting fish on the same reef group indicated tdugged fish remained for less than 30
days at release location. However acoustic telgnigmonstrated that although they
may not remain in the same reef group (and thezefmuld not be detected by
subsequent dives) they may remain resident witiénreef (artificial and natural) area

for over six months.

The current work also tested if acclimating fisin éofew days in a cage positioned at
release depth could increase site fidelity as ofeserfor other species (Jonssonn,
Brannas & Lundgvist 1999; Kuwada et al 2000; BrennBarcy & Leber 2006).

Unfortunately for the species used the results showhat acclimatizing does not
increase site fidelity. Although this was an unetpd result, the opposite would also
be of little practical advantage if the experimemés upscaled. Placing cages
underwater to house the millions of fish requiredd real restocking action would be

unfeasible.

The current study also demonstrated different tesmith species even from the same
genus. While results foDiplodus sargus were most satisfying, results f@iplodus

cervinus were less successful. Even for extremely relapediss such ad. sargus and
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D.wulgaris which are commonly associated in the wild, theultesobtained with
experiments carried out (unpublished data) showatihandling oD. vulgaris caused
extreme scale loss and mortality even before taggihis means that even if this
species was an important resource to be restodckeduld be extremely difficult to
evaluate stocking success due to the difficultiagging. Obviously new methods such
as genetic markers based on detected geneticivagdferal, 2002) might be a future
solution for such species but currently the costuohing genetic tests to separate wild

from released fish is currently still not realistic

The analysis of the genetic diversity of two of #gecies produced in the IPIMAR
aquaculture station demonstrated that although shveesity was lost in comparison to
the wild populations, there were no signs of intdneg or depression effects, which
means that proper hatchery management of the lstocls used for restocking is being
carried out. These results were not surprisingesil®iMAR is a research institute
where 20% of the brood stock is replaced annuaitly new wild specimens. Since all
brood stock is composed of wild fish, all fish puodd are first generation in captivity
which means that there is no inbreeding. The sliggd of genetic variation detected is
simply caused by the reduced number of fish inbileed stock, compared to those in

the wild population.

Finally, the results of the fish returned showedttbver time fish were in good
condition and that only 11 days after release, steenach contents of releaséd
sargus included brachyuran crabs (not locally used a$) bhus indicating that they
were already actively capturing live food. The alied increase in body weight B
cervinus after release after the initial loss is in agreehveith the adaptation to natural

food. The fact that the fish condition factor isvir than the before release is probably
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in agreement with the standard condition factomdtl fish and not an indicator of

under feeding.

All the above results indicate that Sparids, nanSpbrus aurata, Diplodus sargus and

D. cervinus are good candidates for restocking actions. Theilt® also show that
releasing hatchery produced fish that lived in Iskaltanks at depth is not a good
option. Even though large adWiiplodus sargus use the artificial reefs as a breeding
location (Leitdo and Santos, 2009) juvenile fishmbt find it suitable as a permanent
habitat. In fact similar sized wilD. sargus captured in the nearby natural reef use the
artificial reefs during daytime (possibly as a fiegdocation or as refuge) but prefer the

natural reef during the night time.

One the major goals of the establishment of a c&stg program is to reduce costs
since these actions are mostly funded by publititit®ns (although as mentioned
previously, they should involve the fishing and aculture industry and common
funds). In that respect the fish used for restagkactions should be as young as
possible in order to reduce production costs. Uafately this study did not return
results in terms of the smallest size that couldubed since no results were returned

when under-sized fish were released in the wild.

Nevertheless as mentioned before, restocking actooty make sense when it can be
established that the cause of stock depletion kas bemoved (e.g. by modifying the
gears responsible for the catches of the juvendk) fand that the cause of stock

depletion was not a reduction in the carrying cédpax the habitat.

Therefore further studies on this subject coultbfelseveral lines of research:

* an ecosystem wide, multi-disciplinary approachet@luate the carrying capacity of
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the Algarve coastal waters for the species selgcted

* using other economically important species ofeotfiamilies (e.g.Dicentrarchus

labrax or more sedentary species such as the dusky gr&ppephelus marginatus);

* investigate other tagging methods such as gemetickers, chemical tags or food
induced modifications which would remove the minmmsize for tagging limit and

provide inter-generational tags;

* establishing protected areas to restock and coenpath simultaneous restocking

actions in exploited areas
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