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I[IEPIEXOMENA

"Evap&n tov Zvvedpiov

Xapetopdg tov Koountopa mg XxoAng 'ewmovikdv Emommuov kot [Ipoédpov tov
Tuquatog I'ewmoviag IyBvoroyiag kot Yodtivov mepipdirovioc Kabnynm XPHETOY
NEOOYTOY.

XopeTopdg tov Tpoédpov e OpyoavmTikng emtponnc tov Xvvedpiov Kabnynt tov
Tuquoatog Teomoviog IyBvoroyiog kot Yodtvov mepifdiiovrog ZITYPIAQNOX
KAAOYAATOY.

Session 1. Sustainable and Organic Aquaculture
1" Oepatikny Evomta. Agsipopikn kot Bioloyikn YdatokaAliépyeia

Invited Speaker: Professor SPYRIDON KLAOUDATOS. Sustainable Adquaculture
priority, means constant environmental protection. The Greek perspective

ANATI'NOITOYAOZ NIKOAAOZ. H BioAoywkn YO0aTtoKaAMEPYELQL UTPOGTA GTO EVIAIO
Kowvotiké kabeotig

ANAGNOPOULOS NIKOAAOZ. Organic Aquaculture in front of a European
regulation

APTYPOY IQANNA. Ilepoyés Opyovopévng Avantuéng YOooToKaAMEPYEIDV
(TI.O.A.Y) — Acpopog Avantuén.

ARGYROU IOANNA. Areas of Organized Development of Aquaculture Activities
(P.O.A.Y.). Sustainable Development.

MENTE E., 1.0. KAPAITANATIQTIAHE, A. XTPATAKOZX, X. MITANTIAHZ, N.
NEOOYTOY & X. [TAAAIOKQXETAX. Biohoykr| IyBvokaiiiépyeto.

MENTE E., I. TH. KARAPANAGIOTIDIS, A. STRATAKOS, S. MPANTIDIS, N.
NEOFITOU & CH. PALAIOKOSTAS. Organic Aquaculture.

Session 2 Marketing-Efficiency
2" @gpatikn Evotnro. Marketing - Arodotikornra

Invited Speaker: Dr. LARA BARAZI-YEROULANOS. Sustainable Aquaculture and the
Reality of the Market.

[MAITATEQPTTIOY A. ®IAIIIOX OwoAoywkn kot Biodoywkn Zipaveon BioAoywkdv
[Ipoidvrov Alelog kot Ydatokariiepysimv E&eriters, [Tpokinoeig kot [poomtikéc
PAPAGEORGIOU A. PHILIPPOS. Eco-Labelling and Organic Labelling of Fishery and
Aquaculture Products: Developments, Prospects and Challenges.



ANDREOPOULOU S.Z. & K.A. KOKKINAKIS. E- Commerce Distribution Model for
the Aquaculture Enterprizes in Greece

ANAPEOIIOYAOY X.Z.& K.A. KOKKINAKHYE E-Movtého Eumopikng Kotavoung
TV YoatokaAlepyntikav Emysipricemv oty EAAGO.

MATZIQPH X. N. NEOO®YTOY & X. NEOOYTOY. Efomiopog Movadwv
OotpakokaAlepyeldv o oxéon e 1 Biooipudttd toug

MATSIORI S., N. NEOFITOU & Ch. NEOFITOU. Egipment of Shellfish Farms in
Relation to Their Viability.

VOLIDIS D. P. & K. POLYMEROS. Investication of Structural Characteristics of
Fisheries Market in Urban Area of VVolos

MANDALOS I., K. POLYMEROS & M. HATZIOANNOU. An Investication of Snails
Market-Shares in the E.U. Market.

Session 3. Sitting and carrying capacity-Environment
3" Oepotikny Evotnro. Emloyn 0éong eyxatdotaong povadag vdatokoAMépyslog Kot
QEPOVGO IKAVOTNTA OIKOGLGTHUATOG. - [Teptdiiov

Invited Speaker: Dr NIKOLAOS NEOFITOU. Sitting and Carrying Capacity-
Environment

KATSIKI FOTEINH, S.D. KLAOUDATOS, D.S. KLAOUDATOS, C. NEOFITOU and
P. PANAGIOTAKI. The Estuarine Region of Axios and Aliakmon Rivers (Northrn
Greece) as Nursery Ground for the Indigenous Shrimp Melicertus (Penaeus) kerathurus
(Forskal, 1775)

KATZIKH ®QTEINH, X KAAOYAATOZ, A. . KAAOYAATOZ, X. NEODYTOY
wo I1. TIANATTQTAKH. Ot ExBolxég TTeproyég tov Totapmv A&ov kot AMAKHOVOg
(Bopeta. EALGSa) g Nmmakég [eproyég g Avtdybovng Fapidag Melicertus (Penaeus)
kerathurus (Forskal, 1775)

OEOAQPOY I., ®. KAKAAH, 1. TZOBANHZX, A PIZOX, K. NAGANAHAIAHE, ®.
MAKAPITHE, K. T'EQPTIOY, I|. NEI'KAX, M. AAEEH «xat | KATKAAOY.
AAnAoeridpaon Mudokariiepyeimv ko Oaracciov TepiBdriovrog. H Tlepintwon tov
Motwokov KoAmov.

KIRKAGAS M.U., S. PULATSU and A. TOPCU. The Influences of a Land Base

Rainboat trout (Oncorhynchus mykiss) Farm on Water Quality and Benthic
Macroinvertebrates Community

BEZA P.,V MOUSSIS, C. NATHANAILIDES, A. BOUGIOUKLIS, M. MPOTI and G.
IOANNOU. Nutrients and Phytoplankton in Igoumenitsa Bay (NW Greece).



MIIEZA TII., B. MOYZHX, K. NAGANAHAIAHZ, A. BOYI'TOYKAAKHZ, M.
MIIOTHYE «ar I'. IQANNOY. Opentikd wor Qutomiayktév otov  KOATO 1TNg
Hyovpevitoac.

NATHANAILIDES C, and C, KARIPOGLOU. Variability of Aquaculture Wastes of an

Open Flow European Eel (Anguilla anguilla L.) Farm In Greece.
NAGANAHAIAHY K. & K. KAPIIIOI'AOY. Awkvpdvoelg tov omoPANTov Hog
avolKTig povadag exktpoeng Evponaikodv yehov (Anguilla Anguilla) otnv EALGSa.

KAAOYAATOZ Z.A & A.Z. KAAOYAATOZX. Epmdovtiopdg tov ApPpokucod KoéArov
ue Neapd Atopa Fapidag tov Avtdybovoc Eidovg Melicertus (Penaeus) kerathurus og
[IpovmdBeon yio v Avakapym g AAevtikng g [apaywyng.

KLAOYDATOS S.D. & D.S. KLAOYDATOS. Restocking of Ambrakikos Bay with
Juveniles of Melicertus (Penaeus) kerathurus as a requirement to increase species
landing.

OOYPKIQTHE I1.M., A.LK. KOKKINAKHE, & N.K. ITAITATEQPI'TOY. Metaforég
omv AebBovia g Ixbvoravidag tov [Totopov Bevéticov (Xvompa I1. Aldkpova, B.A.
EMLGda) katd to Méyioto kat Eldyioto g [apoyng tov.

FOURKIOTIS P.M., A.K. KOKKINAKIS, N.K. PAPAGEORGIOU. Variations of the
Fish Fauna’s Abundance in Venetikos River (Aliakmon R. System, NW Greece) During
the Periods of Minimum and Maximum Water Supply.

KYPITZH X., A K. KOKKINAKHZ, A.B. BAAOYKAX & X. NEO®YTOY. ZuvOeon
[TAnBvopov, Ewcaymyn Neapov Atopwv oty Algio kot Ovnowpdtmra tov Tolpwvion
Rutilus rutilus (Linnaeus, 1758) ¢ Aiuvng BoAPng (Makedovia, EALAG), pe Xtoyo v
Acgwpopikn Tov AAevTiKY| Alayeipion.

KIRITSI S., A.K. KOKKINAKIS, A.V. VALOUKAS & C. NEOFITOU. Population
Structure, Year Per Recruit and Mortality of Roach Rutilus rutilus (Linnaeus, 1758) in
Volvi Lake (Macedonia, Greece) Aiming to its Rational Fishery Management.

Session 4 New Technologies and New Candidate Species for Aquaculture
Ocpatikn Evomta Néeg Teyvoloyieg kot Néa Ymoyneia €idn yio Extpoon

Invited Speaker: Dr. Amos Tandler. Oral Fish Vaccination is it a Feasible Alternative to
Classical Injection Based Methodology?

TEKELOGLU N., A. OZLUER HYNT, Z. ERCEN, M. HAVUCCU, M. YANAR.
Effects of Supplemental Lysine and Methionine in Broiler Diets on Weight Gain of
Juveniles carp (Cuprinus Carpio).

NIKOLOPOULOU D., A., FOUNTOULAKI, E. A. MOUTOU & M. ALEXI
Effects of Different Processing Methods in Legume Composition and Nutrient
Digestibility in Gilthead Seabream (Sparus aurata).



NIKOAOIIOYAOY A., E. ®OYNTOYAAKH, K. A. MOYTOY & M. N A\Aéén.
Enidopaon Awedépwv Tonwv Emelepyaciag ot Xvotaon tov Oonpiov kot oty
[TerticoTa TV OpenTiK®V ZVoTaTIKOV 6TV Toumovpa

[MTATIA®QTIOY II., N. KAPAKATZOYAH & . TTATIOYTXZOI'AOY. Emidopaon g
Yvvektpoenc oty Avantuén Neopov Ixbvdiov Towmovpoag (Sparus aurata) wou
Motaxkiov (Diplodus puntazzo.)

PAPAFOTIOU P, N. KARAKATSOULI & S. PAPOUTSOGLOU. Growth of Juneniles
Sharpnout Seabream (Diplodus puntazzo) and Gilthead Seabream (Sparus aurata) under
Mono and Duoculture Conditions.

KATSELIS G., A. RAMFOS & K. KOUKOU. Evaluation of Long-Day Photoperiod
Application in a Gilthead Seabream (Sparus aurata) Open-sea Farm Through a Bio-
economical Model

KATZEAHX T'., A. PAMOOYX & K. KOYKOY. Bio-oiwkovouiké Movtelo yu tnv
Amortiunon g Xpnong IpoctiBéuevov Poticpod oe KhwPovg Extpoeng Tomovpog
(Sparus aurata) Avoiktig @arldcong.

YOXIOY E., Z. MAMOYPHZ, II. ITANATIQTAKH & K. MOYTOY. M véa
[Ipocéyyion oty Extipnon tov [poteacaov g Zepivng ota Yapia — E@appoyéc ot
Xvyypovn Y dotokaAALEpYELD.

PSOCHIOU E., Z. MAMOYRIS, P. TIANAGIOTAKI &, K. MOYTOU. New insights
into the estimation of serine protease activity in fish — application in fish farming.

KAAAMAKH M.X., K.X. TEAIOYZHX, M. TTAXNIXH, I. N. BATZOX, K.
MIIITXABA, N. XOAOMAKOZ, B. OQTIAAOY, II. AITEAIAHZE, ®©.
ABGANAXOIIOYAOQY. Mopwokr Tavtoroinon Ilaboyovov Baktmpiov amd Movadeg
EAAvikov YoatokaAMepyeldv.

KALAMAKI M.S. , K.C. TELIOUSIS, M. YIAGNISIS, N.I. VATSOS, K. MPITHAVA,
N. SOLOMAKOS, V. FOTIADOU, P. ANGELIS, F. ATHANASSOPOYLOU.
Molecular Identification of Pathogenic Bacteria Isolated from Greek Aquaculture Farms.

PANTAZIS P.A. Culture Perpectives of the Sea Urchin (Paracentrotus lividus)
(LAMARCK 1816) in Greece in a Polyculture Environment.

ITANTAZHX TII. A. IIpomtikéc Extpoenc tov Ayxwod (Paracentrotus lividus)
(LAMARCK 1816) otov EAAnvikd Xmpo og Tuvnkeg [ToAvkaAMEpyelog

PETRAKIS A. LEONIDAS. Biological and Economic Overfishing for Population
Models

IIETPAKHY A. AEQNIAAX. H Bioioywn ot Owovopkn Ymepoaiievon e
[TAnBvopokd Movtéra.

KATZIKH ®@., X.A. KAAOYAATOZ, X. NEO®YTOY & II. TANAITQTAKH.
Extiunon tov Iopapétpov Adénong tov Metavopeov kot  Neoapdv ATOU®V NG
Evonuuamg Tapidag Melicertus (Penaeus) kerathurus (Forskal, 1775) oto ®gpuaikod
KoAro.
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KATSIKI F., S.D. KLAOUDATOS, C. NEOFITOU & P. PANAGIOTAKI. Growth
parameters assessment of the indigenous shrimp Melicertus (Penaeus) kerathurus
(Forskal, 1775) post larvae and juveniles in Thermaikos gulf.

VATSOS L. N.”, E. KALOGIROS, M. A. HENRY & M. N. ALEXIS. Long-Term Effects
of Oxygen on Skin Morphology and Particularly on Skin Mucous Cells of Sea Bass
(Dicentrarchus labrax).

BATZOZXZ I. N,, E. KAAOI'YPOZ, M. A. HENPY & M. N. AAEZEH. Moakpoypdvieg
Emntooeig tov O&uyovov oty Mopporoyio Tov Aéppoatog kot Kuping oto Emoeppkd
Bievaom Kotrapa tov Aappokiod (Dicentrarchus labrax).

KAPAITANATIQTIAHZ 1.©., E. MENTE, A. XTPATAKOZ, . MITANTIAOZ, & A.
BA®EIAHE. Awrpogikég Zuvvnbeieg kot Avamtvoén g Kapapidag (Nephrops
norvegicus) oe Epyaotnplokéc XvvOnkec.

KARAPANAGIOTIDIS I.T., E. MENTE, A. STRATAKQOS, S. BADIDOS & D.
VAFIDIS. Nutrition and Growth of Nephrops norvegicus under Laboratory Conditions.

KAZANIDIS G., A. LOLAS, A. DESPOTOPOULOU, N. NEOFITOU, D. VAFIDIS &
C. NEOFITOU. Preliminary Results of Population Density, Biometry and Reproductive
Cycle of Holothuria tubulosa (Gmellin, 1788) in Pagasitikos Gulf.

KAZANIAHE T., A. AOAAX, A. AEZIIIOTOIIOYAOY, N. NEOOYTOY, A.
BA®EIAHY & X. NEO®YTOY. Merétm g IIAnBvopiaxng IMokvomrag, g
Buopetpiag kot g Avorapaymyiknc Aldikaciog Ttov OloBovprov Holothuria tubulosa
(Gmellin, 1788) ctov [Tayaontikd koATo: [Tpokataptikd AmoteAéouata.

AEZTIOTOIIOYAOY A, A. AOAAZ, M. XATZHIQANNOY & X. NEOOYTOY.
Ytad1o Avamtoéng tov evvnrikod Xvotipatoc tov Xepoaiov [Naotepdémodov Helix
aspersa (Petis Gris- Kpnrikog Koyioc) oe ZvvOnkeg Edeyyouevng Extpoonc.
DESPOTOPOYLOU A., APP. LOLAS, M. HATZIIOANNOU & C. NEOFITOU.
Development stages of the reproductive system of the terrestrial gastropod Helix aspersa
in control reared conditions

MALANDRAKIS E.E., M. KAVOURAS, D. KASSIMATIS, O. DADALI, C.
CHATZIPLI, E. GOLOMAZOU, A. EXADACTYLOS & P. PANAGIOTAKI. Fish

Welefare: Stress Evaluation Using Alkaline Comet Assay.

MAAANAPAKHYE E.E., M. KABOYPAX, A. KAXIMATHE, O. NTANTAAH, K.
XATZHIIAH, E. TKOAOMAZQOY, A. EEAAAKTYAOXZ & II. [TANATTIQTAKH
Evloia Ix0vov: Extiunon Katamoréunong pe ™ Xpnon mg MebBodov tov Kountn oe
AlkaAcég ZovOnKeg.

ITANNAKOIIOYAOY A., II. TTANATIQTAKH, X. KAAOYAATOX & X
NEO®YTOY. Enidpaon g Aampnong pe ®oppoin oto Mnkog kot to Bapog atdpmv
Aofpakxiov (Dicentrarchus labrax) kot Towmovpag (Sparus aurata).
GIANNAKOPOYLOU L., P. PANAGIOTAKI, S. KLAOYDATOS & C. NEOFITOU.
The Effects of Formalin on Length and Weight Measurements of Sea Bass
(Dicentrarchus labrax) and Sea Bream (Sparus aurata) Juveniles.
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ITAITAAOIIOYAOY A., E. TKOAOMAZOY, E. E. MAAANAPAKHZ, & IL
ITANATTQTAKH. Xprion Avocoevioyutik®@v Ovoidv oT1g Y S0TOKOAAEPYELEC.
PAPADOPOULOU A., E. GOLOMAZOU, E. E. MALANDRAKIS & P.
PANAGIOTAKI. Use of Immunomodulators in Aquaculture.

OPOANIAHX ., B.I'ITH & M. BAXIAEIAAOY. Avantoén Texvoroyiov Kalliépyetog
I'myevov  Epmopikaddyv  Mokpoputov — yioo  OlokAnpopéveg —  IHolvtpo@ikécg
Y 0o toKOAMEPYELES.

E. PITSOULI, P. PANAGIOTAKI & I.S. BOZIARIS. Effect of Different Slaughter
Methods on Migrobial Spoilage of Gilthead Sea Bream (Sparus aurata) Stored at
Refrigeration Temperatures.

I[MNITZOYAH E., II. ITANATIQTAKH & 1. . MIIOZIAPHZ. Enidpaon tov Tpomov
Oavatoong Ixbvwv Towmovpag (Sparus aurata) otic Metaforéc Aouacbnociog koar pH
kaBdg kot oto MikpoPiaxod [Tpoeik AAAoimong katd t Zvvtpnor tovg vto PHén.
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‘Evap&n Epyaciov Zvvedpiov

Tnv évapén tov epyaciav tov Zuvedpiov knpvée o Ipdedpog g
Nopapyraxkng Avtodioiknong Aptog
Noudpyng x. 'ewpyrog [arapfaciieiov.

XAIPETIEMOZX tov Koopfropa ¢ I'eomovikig Xyoig kar IIpoédpov Tov
Tpuqpoatog I'ewmoviog Ix0voioyiog kar Yodativov mepipairiovrog

Kadnyntov Xpiotov Neopitov

Q¢ Koounropag g XxoAng 'eomovikov Emomuav ko [Ipodedpog tov Tunpartog
I'somoviag IxBvoroyiag kot Yddtwov Ilepifdirovtog tov Tlavemompuiov Osocaliog,
00 KOA®WGopilm Kol GOG ELYOPIOTM, TOL AVTOTOKPIONKATE GTNV TPOGKANGY| HOG VO
napevpedeite otic epyacieg tov 3% Tuvedpiov YdpoPfroroyiag — Aleiog, mov
ocuvdlopyavavetot pe To Yrovpyeio Aypotikng Avantuéng kot Tpooipwv, To Ymovpyeio
EBvikng TModelog kot Opnoxevpdtov, v Ilepipépeio Hmeipov, 1t Nopapyrokn
Avtodioiknon Aptag kot 10 I'ewteyvikd Empeintpio EALGSag, pe Bépa: «Agupopikn
Y datokaAMEpyELon.

Eivor yvootd ayanmntol cvvedpot, 6t 1 a&lomoinon tov vodrtivov mepPAAAovVTOg
TOV TAGVITI] HOG, YL TV EMMTUYECTEPT] AVIYETMOMIGT TOV NON LLAPYOVIMV KOl GLUVEXDGS
doykovpuevemv TPoPANUATOV dlatpoPng Tov avOpdmivov Kot Oyt povo, mAnbucpov,
pmopei va. mpaypoatomomBel pe v avantuén kot GLUPOAT] TV VOATOKOAALEPYELDV GTO.
TAoiclo TG aElpopiag.

[Tpdkertan, Omwg 6hot pog yvopilovpe,yuo éva cofapod Topéa, Tov GNUEPA PAIvVETOL
g elval o véog mpooavatoMopds g Evponaikng ‘Evmong kot anacyoiel Yrovpyeio
Kot mwopoywyods. O khddog g vduToKaAMEpYEnG, Asttovpyel Kot ovtdg oto VEO
wepParirov, Onwg avtd SAPOPEAOVETOL amd TN deBv TOAMTIKY] oKV OAAG Ko amd Tol
GLYYPOVO KOTAVOADTIKO TPOTLTA.

Ta televtaio ypovio 1 Tdon Yoo HEYOADTEPN KOATOVOAMON OAELHATOV OLEAVEL
oApoTmods omv Evpomaikn kot ommv EAAnvikn ayopd. H ovveydg av&ovopevn
KOTOVAA®GOT TOV TPOIOVIOV OLTOV OTOOIdETOL OTN O0pKY OvVATTLEN TOL PloTikov
EMIMENOL TOV TOPOUECOYEIOMV AODV, OAAG KUPIOC Kol OTN GOPN TPOTIUNGN TOL
KOTOVOA®TIKOD KOO GE TPOoidVTIO VYIEWVNG STpopns Omwe amodeiyOnke OtL glvan ot
vOpoProt opyavicpoi (yapla, uoda, otpeidia, eokia, k.Am.). H Bodoyikr Kot dtontntikn
a&la Tov aAlevpdtov gival moAd peydAn, yati etvoar TAovola oe Prrapiveg, yyvoototyeio
KOl  OPlOTOVG GLVOLOCUOVS OUIVOEE®MV, OAAA Kupiog ylati eivor mwhovowo o€
TOALOKOPESTA ATapd 0EEa.

2 xopa pog, 0 KAGO0G aTOC TNG TPMTOYEVODS TAPAYMYNG, APYICE VO AEITOVPYEL
oT1§ apyég g dekaetiog Tov 1950 6tav Asttovpynce o TpdTOg 1yBvoyevvnTiKog 6TafUog
Tapaymyne yovov méotpo@oc oto Noud Iwavvivov (motapdc Aobpoc). Me ) Bondeio
0V otafuol avtov avartuydnke 1 mecTpoPokaAlEpyela. Dvoikd, Kaveic 6 pmopovoe
va TopaPAEYEL TO YEYOVOS OTL 1 YDOPO HOG EXEL GUVOAKO pNKog akT®v mtepimov 15.000
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Km kot emopévaog n tyvokoiiiepyntiky] tapaywyn 0o propovoe va Stodpapaticel £vo
onuavtikd poio oty eBvikn owkovopia. ‘Etct, Bdvovue otn dekaetioa tov 1980 o6mov
petd v €icood pog oty E.E. apyilovv ta emdotodueva mpoypaupata kot apyilovv
dethd Ko pe Paptd Kapdid ot ETEVOVGELS G’ ALTO TOV KAGOO TOV TPMOTOYEVT TOUEC.

Ta pdTa €10n oL dpycav va eKTpéPovion NTav yia T BdAacco 1 Teurodpa Kol To
AoPpaxt Kot yio To YAUKG vepd 1 mESTPoPa, 0 Kumpivog (YpiPadt) kot to xEAl. Avtd
oLVEPN Yot NTav o pova €i6n mov uéypt tote VINPYE TEXVOYVmoia (know how). Ztnv
apyn avtipetonicdnkav apketd mpoPAnuata yuo va gtdcovpe otn dekaetic tov 1990
OOV GPYLCOV VO OTTOYELOVOVTOL OVTEG Ol HOPPES EKTPOPNG Kot Vo GLUPAAAOLY 6T
SLpOpe®oT Tov aKabdpioTov gyydplov mpoidvtog oe mocootd 0,3-0,5% omov pali pe
v oleio pOavel onpepa oto 0,7%.

H xoravéroon yopiodv omv Evpdnn givor mepimov 9 exatoppvpo tovot 10 ypodvo
KoL 1) GLAAEKTIKN aAlelo TG amodidel Hovo 6 eKOTOUUDPLO TOVOVG, amd Ta omoia eEAyet
toug 1,4 ekatoppdpla tovovs. Zuvendg sivol vroypemopévn vo eicayetl 4,6 ekatoppidplo
tovoug, Yo va KaAvyel ™ {nmon. Ilpoc 10 mapodv mapdysl mepimov éva eKatoppvplo
TOVOUG HECH TOV 1YOVOKOAAIEPYEIDV KOl ETOUEVMOG EIGAYEL TO VTOAOWTO. XUVVERMG,
YIVETOL KOTOVON TN 1] LEYOAN ONUOGI0 TV VOATOKAAMEPYELDV, AAUPAVOVTOG VTTOYN OTL |
alela cvvéyela eOivet.

KaBadg 0 kAddog Teov voatokaAlepyeldv elxe €16€A0eL 67 éva dpOUO TPOOJOL Kol
duvapkng  avamtuéng, apyloav  vo  @aivovtor  otov  opifovio  ducAgltovpyieg,
TPOYEPOTNTES,  YPOUPEWOKPOTIKEG  OTPEPADGOES KoL YeEVIKA, mpoPAuate  mov
avTeTonicOnkay £ykoaipo mpotod omofovdv potpaios yioo TV TOPATEPO TOPEIR TOL
KAQOOV, pE amOTEAECUO ONUEPO 4 TOPAYOYIKEG HOVAOES Kol VO UETOMOWTIKES Vol
Bpiokovior 6to Xpnuatiotipo Adiwv ABnvov. Zmv EAAGSa orjuepa Agttovpyodv 320
Hovadec ekTpoPng Bohacciov e1ddv, 330 LovAdES 0GTPOKOKAAMEPYEL®MV Kot 37 LOVAOEG
oto. yAvkd vepd. Ot vdatokadlépysieg Oo pmopovoav vo  ovomtuyBovv  TOAD
TEPLGGOTEPO GO TNV VILAPYOVCH CMUEPIVI] KATAGTACT] OV OEV LINPYAV TO TPOPANLLOTAL
oXETIKA pe 10 mePPUrAov, dnwc Tapovstdloviat amd toug "otkoloyovvtec”. H eumepia
amd AN EVPOTATKA KPATN ATOSEIKVOEL OTL 1] CLVOTTAPET VOATOKAAMEPYELDV KOl AAA®V
TAPAKTIOV OPAGTNPOTHTOV UTopel va yivel, vd v wpobmdeon 6t1 Ba tnpodvtan ot
wpovmobéaelg mov tibevton amd to vOpo Kot Ot o1 EAeyyol elval GuVEXELS KAl GMOTOL, Yo
OAEG TIC OPOCTNPLOTNTEG.

Méypt 10 mpoécpato TapeABOV  OAa Ta  OYESL  OWKOVOMIKNG  OVOTTTLENG
OTOGKOTOVGAY OVGLACTIKE GTNV OIKOVOIKY HEYEOLVON ayvodVTIOg TNV TPOGTAGIO TOV
euowkol mepParrovioc. Ot kuPepvnoelg otodxevaY Kupimg otV TTapay®Yn OAO Kot
TEPLGGOTEPOL TPOTOVTOG Yiati miotevav OTL pe avtdév Tov Tpdémo Oo emtvyOoLY TNV
OLKOVOUIKT] €VUAPEI TOV TOMTOV Kot Oa eEac@dAllov Tic VAKEG amOAADGELS OV
GUVETAYOVTOV 1] OIKOVOUIKT] aVATTLUEN. Xe OAa Ta Y€ avATTTVENC, 1| LITOPAdion ™G
TOLOTNTOG TOV PLUGIK®OV TOP®V Bempovvtay ¢ 1 amapaitnt Bvcia Yo v enitevén Tov
TOPOTOVE oTOY®V. ATOTEAEGUHN, MTOV 1 ocvveyng vroPdduon g modtnTog TOV
vodTvov mepPdAlovioc, N eEAvTANON TOV OMELTIKOV TEdimV, N eEapdvion HeYOAOL
aplpod eV, M €EAVIANGCT TOV OPLKIOV TPW 1 TEYVOAOYio €EACPOAICEL TNV
VOTAP®GCT TOVG K.ATT.

Me dedopévn Aowmdv TNV oVTAYOVIGTIKOTNTO TOV KAGO®V TG alEiog, Tov
VOOTOKOAMEPYEIDV KOl TNG TOVPLIGTIKNG Propmyoviog, HEGo amd TNV TOYKOGUOTOINo
TOV GUVOAAAYDOV OAAG KOl TOV ovOPOTIVOV HETOKIVICE®V, Yo AOYOUS OVONUYNG,
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amouteiton avodapOpmon kot pétpa mov Ba 0dNyohv 6TV TPOGPOPH TOIOTIKMOV Kol
VYEIOVOUIKG OTOdEKTMV TPOIOVI®MV (VYlEwvd alevpoto, Kobopés aktég Kot Odlaooe,
avoALOI®TOL VYPOPLOTOTTOL e TAOVGLO EVONUIKT YAMPId KO Tovida).

Méoa 6° auTd TO YEOTOMTIKO KOl KOWVMVIKO-0IKOVOUKO TEPBAALOV, 1 YDPO LG
TILOVTAG TNV Topddoon Kot TN yeoypoagia ™, Oo mpénel va maiel 10 pOAO moL NG
avaAoyel Kot vo EQopUOcEL £va €BVIKO TPOYPOLLLL OELPOPOVL AVATTUENG KOt dlaxeiplong
TOV VOATIVOV BLOAOYIKOV TOP®V TPOS GPEAOG TNG OIKOVOLLAG, 0EIOTOUDVTOG GTO ETOKPO
TO. TAEOVEKTILOTO KOl EAOYLOTOMOLOVTIOS TO UEWOVEKTNUOTO TNG KOWNG EVPOTUIKNG
TOALTIKTG.

Yrmbpyovv onuepa  peydio  mepilBopro va ovomtuyxBel ovVTOY®VIGTIKY|
VOUTOKOAMEPYELD, OAAG KOl VO TTPOKOWYOLV MEQEAEIEG OO TN GTPOPY] TNG OAIELTIKNG
TOALTIKTG TTPOG TO, TOLOTIKA, TO TLGTOTOMUEVE, TTPOIOVTO Kot TNV ovATTuén g vaifpov.

Koavéva miaicto, ko avabempnon g KAIT 660 kot av eVeOUOTOVEL TOATIKEG
Yo T oTPEN TG EAANVIKNG OAMEVTIKNG TOMTIKNG 0 Bal UTOPEGEL VO TN UETATPEYEL GE
dvvapkd Topéa, av 0 otnpydel oe BecOVG Kot SOpUEG 6E EAMNVIKO emimedo pe ™ ANyn
HETPOV.

Avalntovtag £0T® Kol TOPO TPOTLTTA KO UNYOVICUOVS oTNPIENG TG OMEVTIKNG
TOMTIKNG HE POAO KOl OPUOSOTNTEG, Ol MPOKTIKEG TOL mapeABOVTOg opeihovy va
Tapayopoovy T B€omn tovg o€ KaOIEP®ON PEOMGTIKNG EBVIKNG GTPATNYIKNG LE GUPELS
EMAOYEG KOt 1lEpaPYNOELS Y10 BEGLOVG, OOUES KOl POPELG AAEVTIKNG OVATTTUENG,.

Agv vrdpyovv pikpoi Kot peydAotl Yewpyot, pKkpot Kot HeyaAol KTvoTpOPot, HKpoi
Kol peyGAor aAlelg. Agv vmdpyovv peydio mpoPAnuata, oAAG pHiKpEG KLPEPVNTIKEG
momtikés. H EALGOa, yperaleton emtédovg, po OloxkAnpouévn Embetikny AMevtikn
[ToMtwkn, omv omoia 1 adlomoinon TV yemteyvik®v oe kdbe Pabuidoa moapaymykng
dladKaciog va etvot AUESTC TPOTEPULOTNTOG.

AopBdavoviag vroyn 6Ac 66 avaEEPONKAY TOPATAVE®, TPOKLATEL TO CLUUTEPOUCLLOL
o0tt N aglomoinom tov PLVOIKOV AVTOV TEPPAALOVTOS TOL TANVATN WOG, TOL AEYETOL
VOATIVO, YO TNV EMTVYECTEPT] OVIYETMOMICN TOV MNON LIAPYOVI®V KOl GLVEX®DS
dloyKovpeveV TPoPANUdTomV d1aTpoPns Tov TANBLGHOV, pumopel va Tpaypatomondel pe
NV ovATTLEN Kot GUUPOAN TOV VOUTOKAAAEPYELDV.

Telewwvovtag, KoAwsopilm Kol TEAL TOVG TPOCKEKANUEVOVS HOG, EVXOPLOTM TN
Nopapyrakr Avtodoiknon Aptog kot wiaitepa 1o ¢ido Nopdapyn I'. [Marapaciieiov yio
™ PLo&evia TOV, CLYYXOP® TNV OPYAVAOTIKY] EXLTPOMN YO TNV GPLGTH TPOETOLAGIO TOV
ocuvedpiov, ahdd kol kGBe GALO @opéa 1 ATOLO OV GULVEBOAE LE OTOLOONTOTE TPOTO
GTNV 0pYAV®GN TOV Ko EVYOHOL KA EMLTUYIO OTIS EPYACIES TOV.
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XAIPETIEMOZX tov I1poédpov ¢ Opyavatikng Emtponng tov Zuvedpiov
Kabnynm tov Tunuoatog 'ewmoviag IyBvoroyiag & Yddtivov mepifailoviog
Yrvpidwvog Khaovddtov.

Avyamntol @ilol cuykevipwONKaLe TNV EIAOEEVT TOAN TNG APTOG ETMPELOVUEVOL
g mpoétacng Tov Noupdpyn va avomtoéovpe, cu{NTMOOLUE Kol Vo avToAAdEovpe
amOYELS Y10 TO TOPOV Kol TO HEALOV TV VOATOKOAMEPYEIDV 1] VOATOEKTPOPDV TOV Y10,
™mv xopo pog wilaitepa, 0 KAGSOG TOV 1YOLOKOAMEPYEIDV omoTeAel ONUAVTIKO
OIKOVOUIKO TOPO 0oV Tapdyel mhve amd 120 yilddeg tGvoug €upvoil®mV YopidV TO
xpOVOo, 660V¢ TEPITOL Kol | GVAAEKTIKY] alela, To 70% twv omoiwv e€dysTat.

210y0¢ pog tvat vo dovpe pe kabopn HOTIE TMG VT TOV EMLTUYOUE UEYPL TOPO
UTOPOLV VO KATOYLP®OOLV Kol Vo avamtuyBobv 6To GUECO KOl LEGOTPODECUO HEAAOV.
Ené€ape ¢ Oepotikn  evommta v «AgQOpIKY]  LOATOKOAMEPYEIO» Ol
emovolopupdavoviag tov 6po avtd omd piunor, Hog Kot HETA T GLVAVTNGCT Yo TO
naykooo Ilepipdriov oto Kioto Bpioketal ota yeiln OAwv, aArd yoti oty eivon M
puovn mopeia. TOV KATA TNV YVOUN HOG OV THV 0KOAOVONGOVUE £YYVATOL TN GUVENIOT TNG
avartuElakng mopeiog Tov KAAdov. EmAéape g Oespatikn evotnto TV 0oEupopikn
popon dwyeiptong 1 KaAHTEPA aVATTLENG TOV VOUTOKAAAMEPYELDV, OQOL 1 OVATTLEN
elval dvvaukn €évvolo oe avtiBeon pe ™ dwyeipion mov eivor oTaTiKY, YTl 11 HOpEN
oty givor n povn Tov EMTPEMEL GTOVG PLOAOYIKOVG TTOPOLG VAL TAPEYOLY GE cLveXN PdAon
MV UEYLOTN TOPAYOYIKOTNTA TOovg Ympig tov kivovvo va eEaviAnboov 1 va
KOTOPPEVGOLV.

Ot eKTOTIKEG KOl 01 UIEVTATIKEG LOPPEG TV VOATOKAAMEPYEIDV EQapUOLovTaL Yo
TOALOVG oudveg Kot delyvouv o otafepotnta mov mnydalel péca amd Tnv GUECT
apeidopoun oyxéomn mov &xel avamtuybel avapeso otov ekTpoEn Kot To mepPailov. H
OpHOVIKT) avTh oxéomn Oev goiveror va kwovvedel va oatapaydel oto péidov. Ot
EVTOTIKEG HOPPEG VOATOKOAMEPYELDSG, OU®G, Ypeldlovion ToAAEG mpobmoBéoelg yio va
epaprocBodv Kot TOAAEG TEPIGGOTEPEG YO VO TOPOUEIVOLV GE TPOYLEL OELPOPIKNG
avartoéng. Ot dvo Pacwkotepeg mpovimobécelg yuoo va elvar Kor vor wapapeivouv ot
EVTOTIKEG LOPOES EKTPOPNG OELPOPIKT dpacTnPoTTa £lvan 1 eEasdAioTn Tov GLVOLOL
NG ATOUTOVUEVIC TPOPNG OTOVG EKTPEPOUEVOVS OPYOVIGUOVS, KaBmG Kot 1 daTrpnon
evog kaBapoh vddatvov mepiBdAlovtog. Evog vodtivov mepiBdArloviog amoiioyévou
0l0.GONTOTE HOPPNG PUTOVONG, DOCTE Ol OPYAVICUOL TOL EKTPEPOVTIOL G avTd Vo glval
EPALIALOL OVTOV TNG GLAAEKTIKNG aAlelag, va eEacpaiilovv tn dnuoocta vysion Kot Tig
TPOPIKES OMOTNGELS TV KOTAVOA®MTOV. o TI¢ mEPIocOTEPES EVTATIKEG EKTPOPEG TTOV
neplapPavoov capkoedya yaplo (CoOAOUOVG, TEGTPOPES, YEALM, TOVOLG, TOUTOVPESG
AaPpdkia, Qoykpld K.G. 1 TPOPN| TOL TPOGPEPETAL , GE TOGOOTO Thvew omd to 50%
eCacpariletor amd v enelepyacio YopldV KATOTEPNG TOLOTNTOG TNG GLAAEKTIKNG
aMetog, mov aMevovior ot aAlevTikd media g Bopelog Bdiaccac kot Tov NoOTov
ATAOVTIKOD. TNV TEPIMTOOT TOL N CALEIN QVTOV TOV YOPLDV, TOV LOG TOPEXOLY TO, VO
Bacwd cuoTatiKd TG TPOPNS TV EVPVAAOY GAPKOPAY®V YapldV, To tydudAievpo Kot To
yBvéhao katappedoel amd v vVrePaAievon T0TE dueces Ba elval Ol EMMTOGES OTN
peALOVTIKY mopeia TV 1yBvokaAlepyeldOV.

Tavtdypova, pio and T1c PacikodTEPES TPOVTOOECEIS GLVEXELNS KOl TEPUUTEP®
avamtuEng Tov Topéa efvar M €KOVO TOV KAAOOVL GTO €VPV KOO Kol 1 SLVATOTNTO
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amoppdPNoNg TOV TOPAYOUEVOV TPOoidVTeV omd Tovg Katovolwtés. Emopévoc ot
ovveyels mpoomdbeleg Pektioong g MO VYNANG TOWOTNTOS TOV TOPAYOUEVOV
TPOIOVIWV GUVETIKOVPOVUEVT] OO TN OLVEXN UEAETN TNG Oyopag, 7oL EeMPAALEL
avtiotoryeg d1oplOTIKEG KIVNGELS, AmOTEAOLV BEpaTa TG EVPOPLag TOV KAGOOL.

Avtd ko dAha cvvaen Bépata Bo avaidcovpe onuepa Kot oTig 000 ETOUEVES
LEPEG TOL ZVVEDNPIOV, OPMC, OAL VT, OTWS 0 KOOEVOS OVTIAAUPAVETAL, TEPLEYOVTOL GTNV
Haylikn €vvolo TG «osupopioc», OmmG TNV &lyov mpdTOol GLAAAPEL KOl OVOTTOEEL Ol
npoyovol pag. Movo 1 aglpoptkn popen| avamtuéng Ba emitpéyetl v anpdokontn mopeia
TOV KAGOOL Kol yloti oyt OA®V TV avOpOTIVEOV dpacTNPOTNTOV. AV 0lyVONGOVUE TIG
OAANAOETOPAGELG OV pio dpacTNPOTNTA EMPEPEL OTIC AALES, 1| LEAAOVTIKN TOpEiat Lag
Oa extebel o€ AVLTOLOYIGTOVS KIVOUVOLG, €101KA O Y10 TIC VOOTOEKTPOPES 1 OVOSIKN
ToVG Topeia Bo avakomet.

Agv Ba 0ela va o TpoPfANUATIcn CHUEPA LE OVTA TTOV GTO GLVEDIPLO OO QP10
Ba mapovcslasBovy Kot Ba avartvyBolv, Yo vo e€ayxBolv Ta amapaitnTo GLUTEPAGHLOTA.
Oo eTKEVTPOOD GTO VO EKPPACH TIG EVYOPIOTIEG LOV Kol O)L LOVO GE OAOVG GOG Y10 TNV
TOPOVGIa. oG, TIG YOPNYIES OOG, TN CLUUETOYN GOG, TN GLUTOPAGTACT] GUG Yo Vol
vAomomBel avtd 10 Zvvédplo. To peydho pepidio avhker otov Noupdpyn Aptog K.
I'eopyo IMoamaPaciieiov, kot ota péAn e Opyavotikng Emtponng omyv k. ['ewpyn,
otov K. Bageidn, oty k. [avayiwtdkn, otov k. Mrolidpn, otov k. EEaddktvro, oTov K.
[ToAopepo, otov k. PihoPiko, oy k. Matciopn, oy k. Kovpootddn aild kot o’
olovg 6covg PorOncav moArakic vrepPdriovteg gavtovs. Tovg gvyopiotd Pabvtata.
Evyapiotieg opeirovrar otov [eprpeperapyn Hreipov, tov IIpodedpo tov TEQTEE, otovg
xopNnyovs, aAld kal otov Koopnqropa Xyoing 'ewmovikadv Emomuov kot [Ipdedpo tov
Tuiuatog 'ewmoviag IxBvoroylag kot Yodtwvov Ilepifaiiovtog tov Ilavemotuiov
Ocoocorag k. X. Neogvtov, mov pe ) durAn 1010t ta tov [Ipoédpov kot Koountopa g
2yxohg, pog cvpmapactddnke apépiota. [Hapdinym Ba Ntav av dev euyoploTodoa TOVS
Bacwovg opAntéc TV evot)tov mov Ba avamtvovpe oto GLVESPLO TOV K. AMO
Tandler, epevvnt tov EOvikod Kévipov Bolaccokariiepyeidv tov Iopand, mv Ka.
Lara Barazi TI'epovriavov Alvovco ZvuPovrio tov IxBvotpoesiov Kepolovide kot
Avtupoedpo ¢ Evoong EAAnvikov Oaiaccokariepysidv kot tov K. Nik. Neopvtov
Aéktopa tov Tunuotog I'ewmoviag IxyBvoroyiag wor Yodtvov IlepiBdAroviog g
Yyohg 'eomovikov Emomuov tov [1.O. Tavtdypova uxapiotd OAlovg 6Govg Oa
avOTTOEOVY TOL EPELVNTIKA TOVG OMOTEAECUATO OTIC E€PYOCieg TOL Xuvvedpiov Kot
ACQOAMG GTOVG QOUNTEG TOL emdélo KOTOPTILOUEVOL OVUTTOHOVOUV VO TOPOLV TN
OKLTOAN Ao TO XEPLO OGS Y10 VO GUVEYXIGOVV, EVYOMOL, KOl TIGTEL® TOAD KOAVTEPO OO
EUAG, TNV TPOGPOPA TOVG GTOV KAAOO KOl GTO KOWVMOVIKO GUVOLO, YEVIKOTEPA.

206 eVYOPIOTHO OAOVG,.
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SUSTAINABLE AQUACULTURE PRIORITY

MEANS CONSTANT ENVIRONMENTAL PROTECTION.
THE GREEK PERSECTIVE

Spyridon Klaoudatos

University of Thessaly School of Agriculture Department of Agriculture Ichthyology and
Aguatic Environment. E-mail: sklaoudat@uth.gr

SUSTAINABILITY is a systemic concept, relating to the continuity of economic, social,
institutional and environmental aspects of human society, as well as the non-human
environment. It is intended to be a means of configuring civilization and human activity
so that society, its members and its economies are able to meet their needs and express
their greatest potential in the present, while preserving biodiversity natural ecosystems,
and planning and acting for the ability to maintain these ideals in the very long term.
Sustainability affects every level of organization, from the local neighborhood to the
entire planet (WWW Wikipedia)

Sustainability can be defined both qualitatively in words, and quantitatively as a
ratio. Put in qualitative terms, sustainability seeks to provide the best outcomes for the
human and natural environments both now and into the indefinite future. The word
sustainability was used for the first time by the German forester and scientist Hans Carl
von Carlowitz (1712). in his book “Sylvicultura Oeconomica”. Brundtland (1987)
defined sustainable development as development that "meets the needs of the present
generation without compromising the ability of future generations to meet their needs".

The term "sustainable development"” was adopted by the Agenda 21 program of the
United Nations. The European council at Lisbon on March 2000 proposed that the
European aquaculture sector can contribute sustainability to achieve the E.U.’s goal of
becoming: “The most competitive and dynamic knowledge based economy in the world,
capable of sustainable economic growth with more and better jobs and greater social
cohesion”,

The World demand for fishing products has tripled between 1961 and 2005,
because of the global population increase and the rise of consumption per person from 11
Kg/person/year in 1970 to 16.8 Kg/person/year in 2005. In Europe the increasing
consumer demand for wild fish means that imports are steadily raising; from 6.8 in 1990
to 9.4 million tonnes in 2003.

According to FAO, harvesting of wild fish has met its natural constrains, as 70% of
the world oceans are over exploited. The fishery production reached its maximum levels
at the end of the 80s and it is fluctuating around the same level since (90-95 million
tonnes), indicating that the oceans are being exploited near its maximum production.
According to a study of an international team of ecologists and economists “All species
of wild seafood will collapse within 50 years” (Issue of the Journal Science Nov.3, 2003).
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The researchers concluded that the loss of marine biodiversity worldwide is
profoundly reducing the ocean’s ability to produce sea food, resist diseases, filter
pollutants and rebound from stresses, such as climate change and over fishing”.

Under these circumstances aquaculture can bridge the gap between demand and
supply. Aquaculture grows faster than other animal origin food production sectors, but
struggling with its image, and do not forget that Aquaculture and fishing are
complementary activities that must face the challenge of this increasing demand of
marine products.

THE ROLE OF AQUACULTURE

Aquaculture has a history of 4000 years, but it is only in the last 50 years that it has
become a socioeconomic activity of importance, giving employment to 10 million people
around the world. Its contribution to the world fish, crab and mollusc supply is growing
year after year. According to FAQ, it has gone from 3.9% of the total fishing production
(in weight) in 1970, to 30.2% in 2004, with a forecast of a 50% in 2025. On the other
hand, in 2006 aquaculture already provided almost half of the fishing products for direct
human consumption.

At world scale, the sector has increased an average 8.9% per year since 1970, in contrast
with the 2.8% in meat terrestrial production systems.

In the Mediterranean region, during the last two decades, aquaculture sector has
increased from 4% in 1980 to 13% in 2000, with a trend towards the diversification of
cultured species which facilitates the growth of the sector.

The fact that the value of the whole production chain from fishing, aquaculture,
processing to marketing is estimated to be approximately 0.28% of the EU gross
domestic product, and certainly less than 1% in terms of contribution to the gross
national product of Member States, does not reflect its highly significant role as a source
of employment in areas where there are few alternatives.

The number of fishermen in Europe has been declining in recent years, with the
loss of 66.000 jobs in the harvesting sector, a decrease of 22%. There has also been a
14% decline in employment in the processing sector. The development of aquaculture in
isolated coastal communities has had a positive impact on employment. Particularly in
Greek islands, workers in many fish farms answer in a relevant question: | am here
because “No other job opportunities available”.

WAYS TO ACHIEVE A SUSTAINABLE AQUACULTURE DEVELOPMENT
Sustainability of Aquaculture means

= Continued Fish feed supply.

e Careful Brood Stock Creation

e New herbivorous or omnivorous species domestication

e Moderate Chemical use in fish breeding process.

e Animal Welfare.

e Ecosystem Protection and Conservation.

* Minimizing water pollution.

e Health Markets
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CONTINUED FISH FEED SUPPLY

The majority of cultivated species are carnivorous and they need other species of
lower quality to transform them in fish oil and fish meat in order to cover their needs.
The production of aquafeeds should be in a sustainable way as the sourcing of these raw
materials should be environmentally acceptable, and should not have negative impacts on
the ecosystems from which these ingredients are harvested.

The main ingredients in the feeds for carnivorous cultured fish and crustaceans,
such as those cultivated in Mediterranean, have been fish meal and fish oil, produced
from wild fish caught all over the world. The aquafeed industry consumes nearly 50% of
the total worldwide production of fish meal, and more than 80% of total fish oil
production. Many studies have been conducted to identify alternative protein and lipid
sources. Research is ongoing, with the main objective being to find possible sustainable
substitutions for fish meal and fish oil sources, without compromising the growth, quality
and welfare of the cultured organisms.

The origin of species produced fish meal and fish oil used in fish feeds for
aquaculture in the Mediterranean comes mainly from the Pacific coast of South America,
but also from the North East Atlantic and the North Sea. The main species of fish that are
processed into fish meal and fish oil are Anchovy, Jack mackerel, Horse mackerel, Sand
eel, Sprat, Blue whiting, Capelin and Herring. At present, around 28 million tonnes of
fish (30% of the world catch) and 5 million tonnes of trimmings from food fish, are
processed annually into fish meal and fish oil (IFFO, 2002).

The average annual worldwide production of fish meal is 6.3 million tonnes, and
fish oil is 1.1 million tonnes. These production figures have been relatively stable in
recent decades, although it hasn’t been until the last few years that efforts have been
made to certify the sustainability of these stocks. It must be kept in mind that these fish
have short life cycles that enable quick annual stock recoveries. However, although it
seems possible to guarantee the maintenance of current worldwide production volumes of
fish meal and fish oil, there is an increasing demand for their use by both terrestrial and
aquatic animals (Fig.1).

%
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Figure 1. Percentage of fish meal inclusion in feeds produced for aquaculture and other animals (Barlow,
2002).
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The aquafeed industry consumed in 2002 nearly 35% of the total worldwide production
of fish meal, and more than 80% of total fish oil production. These percentages are
projected to continue growing into the future. The aquaculture has to take into account
that fish meal and fish oil are worldwide limited resources. The future development of
aquaculture, if do not change the present orientation cultivating carnivorous species, is
strongly linked to the possibility of providing sustainable aquafeed ingredients. In other
words if the aquaculture of carnivorous species wishes to continue further growth,
improvements must be achieved in the feeding of these animals, and alternative raw
ingredients for aquafeeds must to be found. The complete substitution or replacement of
fish meal by more sustainable and renewable protein sources, like oilseeds or vegetable
meals, has in the past brought up several issues, partially because of an inappropriate
amino-acid balance and poor protein digestibility (Sargent & Tacon, 1999; Webster et
al.,1999; Refstie et al., 2001; Bell et al., 2002; Martinez, 2005). A possible sustainable
solution has recently been suggested “Turn carnivorous fish species into vegetarians”
(Powell, 2003).

In the face of the increasing costs of carnivorous fish production and the ecological
implications of wild stocks decline, seems to be the way to go (New and Wijkstrom,
2002).

CERTIFICATION OF SUSTAINABILITY

Certification of sustainability of the sourcing of raw materials for the production of
aquaculture feeds is one the most important measures to ensure sustainability of
aquaculture at a global level. This type of certification is probably not achievable today,
but should be targeted for the future. This certification should not be restricted only to the
fish stocks captured for fish meal and oil; other ingredients, including agricultural
products, should also be subject to this certification.

Ways to achieved sustainability for Fish Feed supply are:
e The origin of the raw materials should be certified as sustainable.
e The use of formulated feeds should be recommended
e Feed management should be improved
e Feed production technologies and feed quality should be improved
e The use of alternative ingredients should be encouraged
e The use of other existing sources of marine proteins and oils should be
encouraged.
e The farming of low-trophic level species should be promoted
e The integration of aguaculture with other agricultural farming activities should be

promoted

BROOD STOCK CREATION

The creation and renewal of brood stocks in aquaculture hatcheries for culture
species is very important but the capture specimens from the wild to be used as
broodstock in hatcheries should not distort wild populations and have negative effects
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with their wild counterparts. The stocking of aquaculture farms should not affect the
natural status or viability of wild populations, their ecosystems or biodiversity in general.
A solution is the organisms to be raised in aquaculture farms should be produced in
hatcheries, and research on the reproductive cycle of aquaculture species should be
encouraged in order to be successfully reared in captivity.

When sourcing of individuals for stocking aquaculture farms is done through wild
caught, this should be exercised in a sustainable manner, such as the wild spat collection
of some molluscs (mussels, oysters, scallops) (Davenport et al., 2003). On the other hand
wild stocks from endangered species should not be used, except for rehabilitation or
recovery plans, in order to maintain biodiversity.

A lot of captured species whose life cycles are not yet completely known and not
successfully artificially reproduced such as eels (Fig. 2.) (Anguilla spp.), tuna (Thunnus
spp.), yellowtails (Seriola spp.), groupers (Epinephelus spp.), octopus (Octopus spp.) and
rabbit fish (Siganus rivulatus), are collected from wild stocks thus presenting technical or
economic complications (Hair et al., 2002; Ottolenghi et al., 2004). In Egypt for example
the mullet culture, which produced 133,000 tonnes in 2004, representing around 38% of
the total Egyptian aquaculture production depended totally from the capture fingerlings,
meanwhile, Egypt is annually collecting 100 to 135 million fingerlings of deferent mullet
species fry (Fig 3) from the wild for the mullet culture (GAFRD, 2005).

The main problem of capture-based aquaculture, as described by Nash et al.,
(2005), is the increase of fisheries pressure on such species that may lead to stock
depletion, stock collapse or other related problems. The over fishing of adult groupers
would result in a decline in the capture-based juveniles available for farming, while the
over-fishing of juveniles could have a much more lasting impact, not only on the adult
fishery, but to the supply of juveniles for farming (Ottolenghi et al., 2004). In the case of
blue fin tuna fisheries will collapse if current pressure on wild stocks is maintained
(Leonart & Majkowski, 2005;Lovatelli, 2005)

Agquaculture should protect the ecosystems and conservation and encourage
research on breeding technologies to artificially rear capture-base species to avoid the
dependence of their culture on wild stock populations. Many such technologies have
been achieved in experimental conditions, but have not yet been implemented
commercially due to cost efficiency (Marino et al., 2003; Iglesias et al., 2004; Mylonas
et al., 2004; Garcia et al., 2005; Van Ginneken and Maes, 2005; Jerez et al., 2006).

WAYS TO AVOID AND CONTROL POSSIBLE POLLUTION FROM THE
INSTALATION AND OPERATION OF AQUACULTURE FARMS.

In order to avoid and control the pollution created from the installation and
operation of aquaculture farms, Environmental Impact Assessment studies should be
carried out to detect any possible effect on the wild ecosystem, prior to the installation
and commencing of each farm operation.

Most of the environmental impacts of aquaculture can be managed and minimized
through the understanding of the biological processes, responsible management and the
effective site establishment of farms. In general two types of biological waste are
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produced by aquaculture farms: solids, which include mainly faeces and uneaten feed;
and soluble, including dissolved nitrogen and phosphorous from metabolism.

The organic matter in the effluents from aquaculture farms should, in quantity and
quality, be capable of assimilated by the ecosystem, thereby not producing negative
effects on the local environment. If the entry of these substances into the environment
surpasses the natural assimilation capacity of the ecosystem, severe impacts, such as
eutrophication, oxygen depletion and the alteration of local biodiversity, can occur both
in the water column and in the benthic substrate.

It has been argued that the quantities of nutrients (phosphorus and nitrogen)
released from aquaculture are small relative to the total discharges from human activity.
As an example P and N loads into the Mediterranean from agriculture were estimated at
976 000 t/y and 1 570 000 t/y respectively, as contrasted to 394 t/y and 8 678 tly
attributed to aquaculture (Izzo, 2001).

The most serious problems created by the operation of fish farms in floating cages
is the high organic matter supply under and close to fish cages which is resulting in a
decrease of benthic meiofauna biomass and the impoverishment of species diversity. The
abundance and diversity of the main meiofaunal groups (Nematoda, Harpacticoidea,
Polychaeta, Turbellaria, Bivalvia) gradually increases from the fish farm to the direction
of the unaffected area. This distance, in many sites of Greek farms in floating cages does
not exceed the 100 m.

In many places the normal practice to reduce the environmental impacts of a fish
farm to benthic communities is to remove periodically the floating cages from one site to
another and the sediments allowed to fallow. The estimated recovery time of the
environment prior to its earlier state after fish farming ceases varies between a few
months and five years, depending on the scale and duration of the fish farming activity,
and the geography of the area

Sometimes the over feeding of the farmed fish results in amounts of uneaten feed
supporting populations of visiting fish around the site, which in turn limit environmental
impact of uneaten food.

In order to reduce the amount of dissolved water nutrients due to aquaculture
practices, seaweed and filter-feeder biofilters can be used to remove ammonia and
phosphorus, and oxygenate surrounding water (Krom et al., 1995; Troell et al., 1997,
Chopin et al., 1999; Soto & Mena, 1999; Jones et al., 2001; Marinho-Soriano et al.,
2002; Neori et al., 2004). The seaweed Porphyra sp. or Laminaria sp. can be used as
excellent nutrient pumps, as well as a high-value cash crop that can be integrated into
salmon farming operations (Chopin et al., 1999).

Decisions to develop or stop further deployment of aquaculture facilities should be
managed case by case. Hydrodynamic and ecological studies should be conducted. Areas
which contain significant communities of sea grass meadows should be considered as
incompatible with the establishment of aquaculture facilities. The settlement of cages in
exposed areas, located away from the coastal shore, in open sea should be encouraged.
The attraction of local fauna by the aquaculture structures should be considered in the
management of farms. The attraction of predators and scavengers should be managed.
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PROBLEMS CREATED BY THE ESCAPING CULTIVATED SPECIES

Some negative effects associated with domestication are related to the emergence
of genetic drift and inbreeding problems (Falconer, 1989; Agnese et al., 1995), due to the
fact that normally in captivity, only a small population of parents is maintained.
Moreover, in the case of the escape of farmed organisms obtained from domesticated
parents, the local ecology might be imbalanced and dislodged through interactions
between domesticated and wild organisms, eventually resulting in reductions in the size
of wild populations, and negative consequences on their genetic variability.

New methods and techniques need to produce non-viable varieties of species, in
order to make them sterile, unable to survive in wild conditions, and incapable of
reproduction and cross-breeding with wild stocks (Brake et al., 2004; Omoto et al., 2005;
Cal et al., 2006; Gagnaire et al., 2006). Modern genomic technologies can help
traditional selective breeding techniques by accelerating the procedures.

PATHOGEN TRANSFER

Agquaculture farms are generally open systems in which pathogens can flow in and
out, and interact with wild populations. Although cases of pathogen transfer between
wild and aquacultured organisms, and vice-versa, are rare in the Mediterranean, the
growing importance of aquaculture increases the risk of this happening. This risk is
certainly high in the case of the introduction of alien species that might transfer diseases
especially virulent for the local populations.

EFFECTS ON LOCAL FAUNA AND FLORA

The interaction of aquaculture with nearby wild fauna and flora is of concern in
relation to its development.

In some cases, aquaculture facilities, especially floating cages, have adverse
impacts on local fragile or sensitive species, such as seagrass meadows (Posidonia
oceanica, Zostera marina). On the other hand, farm operations might attract local fauna
and even have positive effects on fish populations and productivity.

WAYS TO AVOID NEGATIVE INFLUENCES OF THE AQUACULTURE ACTIVITIES
TO THE ENVIRONMENT

Environmental Impact Assessments should be carried out to detect any possible
effect on the wild ecosystem while decisions to develop or stop further deployment of
aquaculture facilities should be managed case by case. Hydrodynamic and ecological
studies should be conducted. Areas which contain significant communities of sea grass
meadows should be considered as incompatible with the establishment of aquaculture
facilities. The settlement of cages in exposed areas, located away from the coastal shore,
should be encouraged. The attraction of local fauna by the aquaculture structures should
be considered in the management of farms. The attraction of predators and scavengers
should be managed.

Mitigation of Organic Effluents

Aguaculture farm site selection should take into account the effects of organic
effluents. Polyculture as a practice that recaptures and gives value to organic matter
should be encouraged. The creation of biological systems that absorb organic matter
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should be promoted. Research to optimise the recovery, disposal and re-use of solid
waste should be encouraged. The development of recirculation systems should be
promoted.

Moderate Chemical Usage

Agquaculture sanitary policies should be based on preventative and prophylactic
measures. The use of therapeutants should be managed correctly to minimize possible
detrimental effects on the natural environment. The use of antibiotics as a prophylactic
method should be avoided. More effective and safer veterinary medicines should be
made available to the aquaculture industry. A precise laboratory diagnosis of the diseases
should be established prior to treatment with antibiotics. Only legally licensed antibiotics
should be used. The use of persistent chemicals should be reduced. Plans should be
established to prevent the development of microbial resistance to antibiotics.

Health Management and Welfare

It is necessary to improve the health status of farms all the fish farms are to be on an
agreed acceptable level of fish welfare the killing (for any reason, e.g. harvesting,
diseases) is done according to approved methods. To use approved method for the
slaughter of fish. To use method of slaughter minimizes stress to fish and meets welfare
ideals. Harvesting includes all operations — capture, stunning and bleeding. The health
management of a fish farm in floating cages include fallowing.

CONCLUSION

Since sustainability is a continuous and not static process, we cannot certify
sustainable aquaculture development, but only sustainable activities. Many specific
projects are funded by the E.U, FEAP, FAO/ GFCM - CAQ and many European
countries focused on the ways to achieve a sustainable development of the European
aquaculture. The main goal is to established clear and measurable indicators for the
sustainability in order to support the decision makers, the aquaculture producers and the
stakeholders with the adequate tools to apply a sustainable aquaculture development.

The main thematic areas are for:

e Economic Viability

e Improvement of Public Image

» Adequate Use of Natural Resource

e Health Management and Welfare of cultivated fish

e Environmental Standards

e Adequate use of Human Resources

e Biodiversity

The numbers of indicators identified for the above thematic areas are
12 for Economic Viability,
14 for Improvement of Public Image
8 for Adequate Use of Natural Resource
9 for Health Management and Welfare of cultivated fish,
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7 for Environmental Standards,

7 for adequate use of Human Resources,

5 for Biodiversity
What is important is to continue the effort for identification and adaptation of new
indicators, because of the complexity of the whole subject of sustainability. This
situation, according to my opinion, incorporates the danger to lead to a total confusion as
the sustainability is a highly promising concept but a very difficult one to apply to the
natural resources and activities.

Thank you for your attention.
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H BIOAOI'IKH YAATOKAAAIEPT'EIA MITPOXTA
2XTO ENIAIAO KOINOTIKO KAOEXTQX

Nikog. AvayvomovAog
IxBvoroyog I'ev. Alviig Lamans S.A.

Me tov kavoviopud 834/2007 g E.E. viobemnOnke y mpdtn @opd m €vvola Tng
BloAoyiknc voatokaAMEpyelag Kot TpoPAEEONKay o1 Bacikég apyéc avtne. Bpiokovot
oe e&EMén ovinmoelg ywoo v ynoton kot gpapupoyn amd 1.1.2009 epoppootikcod
Kavoviopob. Mg 1tov Tpdémo avtd emyepeitor vo epoppoctel €va eviaio KabeoTdg
idpvong Kot Aettovpyiog Hovadwv Ploloyikng vOATOKAAMEPYELNS GE KOWOTIKO EMimedo
VTl TOV PEYPL CNUEPO LEUOVOUEVOV EBVIK®V 1 1010TIKOV TpoTOimmV. [TAn06dpa Oepdtomv
mov Ba Kabopicovv Tovg KOvVOVES Acttovpyiag, €WKOTEPO TOV HOVAS®Y Baldcoiwv
yBvokaAMepyeldV, elval vd cvlNTNoN OTMC:

I'evikd: EAdyiotn andotaon povadag Proroyikng amd cvuPatikn. EAdylotn andotaon
mobuéva BdAacococ kor mobpéva orytvov. EAdyioto Pabog Odiaccoc. Méyiot
duvapkotto ava povada. Taydmmrta Boldociwv pevpdtov. Exmovnon Meiétng
[epBarroviikdv Emmtooewv (MIIE). Kabopiopog 6éong eykatdotaong a priori.
Metagopd Tpoidvimv.

IxBvoyevvmtikov  Ztabupov: Ilpoéievon yevwntopwv. Xphon oppovav.  Xpnom
eotomepLdodov. KAewotd 1 avolktd kukAdpate Kuklogopiog vepov, Xpnon vppdiov —
triploids — polyploids. Tpoo1|. Oepancicc acHeveidv.

Extpoong: TTukvotmra ektpepopevov yopldv. Tpoer. Xpnon @utikng mpoérevong
npoteivov (%). Xpnon ouvvletikdv oapvoéémv. Xpnon ovioeldmtik®dy. Xpron
npoPfrotikmv. Xpnon ybvdievpov ond vrevBuovn alelo. Xpnon vmoAslppdtov
TOPAAEVUATOY. XPNoT YPOOTIKOV (QUOIKES — cLUVOETIKEG). MEYIoTn TEPIEKTIKOTNTA GE
eOoeopo. MéBodor  Oepameiag  acBeveuwv. Xpron avaicOntikav.  Xopnynon
QVTITOPACITIK®OV. Xopnynon aviiPlotik®v. Xopnynorn OpoTadNTIKOV QopuiK®y.
MéBodog Bavdtwong — mlyog. Zuvveyng Kotaypapn TEPPOAAOVIIKOV TOPAUETPOV
(monitoring). Opto katavarlmong evépyelag. Xpnon toéviivoy defapevav. Kieiotd 1
aVOIKTA KUKA®pOTO KuKAoQopiag vepov,. Xpron Oz /agpiopov. Xpnon ynmutkdv ovciov
npootaciog Tov dytvdv (antifouling). Awyeipion apraxtikdv (predators).

Kowovikr, Ymebovomra: Awodpota gpyalopévev. Zvvepyacio  @QopEé®v  mov
SwayepiCovrar v id1a meproyn eykatdotaong e LOoKaAAEPYNTIKNG LOVADOG.

Ye k0be mepintwon ot Opotr kot mpoimoBécelg 1dpvong kol Asrtovpyiog HOVAS®V
Boroywne Boldcolog  yyBvokoAMépyslag  TPEMEL VO KOVOLV  €VOLOKPLTO.  TOL
YOPOKTINPIOTIKE KOl TAEOVEKTNUOTA TOVG OTOLG  KOTOVOA®MTEG, &ved  dgv O
dNuovpyovvtol TPOcOeTEG AUPIGPNTACELS Y10 To GLUPATIKE YapLa (Y OLOKAAMEPYELNG.
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ORGANIG AQUACULTURE:
IN FRONT OF A EUROPEAN REGULATION

Nikos. Anagnopoulos
Ichthyologist Gen. Director Lamans S.A.

In Council Regulation (EC) No. 834/2007, the meaning of organic aquaculture was
introduced for the first time and the basic principles of that activity were provided. There
are some conversations in progress for the adoption and application of an implementing
Regulation from 1.1.2009. This way, it is attempted to apply a common regime for the
establishment and operation of organic aquaculture farms in EU level, instead of the
detached national or private standards, which already exist. Many topics which will
determine the operation rules, especially those of marine aquaculture, are subject of
discussion, such as: Minimum distance between organic and conventional farms,
Minimum distance between sea bottom and bottom of the net, Minimum sea depth,
Maximum production per site, Sea current speed, Elaboration of Environmental Impact
Assessment a priori, Transportation of products, Origin of broodstock, Use of hormones,
Use of photoperiod, Close or open water flow circulation systems, Use of hybrids —
triploids — polyploids, Feed, Disease treatment, Fattening density, Feed, Use of proteins
of plant origin (%), Use of synthetic amino acids, Use of antioxidants, Use of prebiotics,
Use of fish meals from responsible fisheries, Use of trimmings/ by catches/ whole fish,
Use of pigments (natural — synthetic), Maximum content in phosphorus, Disease
treatment, Use of anesthetics, Use of antiparasitic drugs, Use of antibiotics, Use of
homeopathic drugs, Slaughter method - ice, Continuous monitoring of environmental
parameters, Limit for the consumption of energy, Use of cement tanks, Close or open
water flow circulation systems, Use of O/air ventilation, Use of antifouling,
Management of predators, Employees rights, Holding entities. In any case, the terms and
conditions for the establishment and operation of organic sea aquaculture farms must
make distinct the characteristics and advantages of them to the consumers, while no more
disputes will arise for the fishes of conventional aquaculture.
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HHEPIOXEX OPTANQMENHX ANAIITYZHX
YAATOKAAAIEPTEIQN (I1.O.A.Y.) - AEI®OOPOX ANAIITYEH

lodavva .N. Apyvpod
«NAYZX E.ILE. — ZOppovior Emyeipnoiaxnig Avantoéne»
A. Oncéng 73, TK 17671, KoAlbéa, E-mail: J.Argyrou@nays.gr

NEPIAHYH

Ia v agpopikn avamtuén Tov KAASOL TG VOUTOKOAALEPYELNG VTAPYEL EMLTOKTIKY OVAYKN 0’ EVOG LEV
YOPOTAEIKNG Kot TEPPUALOVTIKNG EvTOENG TG dPOCTNPLOTNTAG LTINS KoL 0’ ETEPOL SIOUOPPOOTG EVOG
duaxeplotikod mhousiov, ota mAaicwo ¢ Xtpoatnykng ™me Olokinpopévng Atayeipong g Hopdktiog
Zodvne. H avayxaiotnta idpvong “Tlepoydv Opyavouévng Avantuéng Ydotokailiepyeimv’’ (I1.0.A.Y.)
pokOTTEL 0t TG datderg Tov Nopov 2742/1999 «Xwpota&ikdg oxedacpds Kot agipopog avamtuén Kot
aAdeg dwtdteg». Qg IT.O.A.Y. yopoktnpifovtar BaAdocieg Kot xepoaieg TePLOES, mOV gival TPOGPOPES
vy véotokoAMEpyelo e Pdon o TEPIPAAAOVIIKE - OKOAOYIKG YOPOKTNPIOTIKA TOLG KAOMDG KOl TIG
KatevBuvoelg tov yopotatikol oyedaoov. O evIomIGHOG KATAAAA®V TEPOY®V Yio. TNV Onpovpyio
I1.0.AY., yivetar péom G ocvvektipnong mowilwv mapopétpov (m.y. £peuva oToLEIOY PUOTKOD
nepBdAlovtog, ocvpfatdtnto ¥pNoEmV YNG, KATAotact KAAO0L K.0.). Q¢ amoTéAECHA SOUOPPDOVETOL 1
telkny npdtoon Covav I1.O.AY. (Bordooiwv-yepoaiov). H mpocéyyion avti odnysl oty dopdpemon
SLXEIPLOTIKAOV TPOTACEMY UE OKOTO TOV 0pOOAOYIKO GYESIOGUO TNG VOUTOKOAAEPYEWNG KOl OTOTENEL
TOMOTIHO EPYOAEID Y10 TOVG EMEVOVTEC, TIG VINPECIES OXESOCHOD KOl TOVG AOTOVG EUTAEKOLEVOLS QOPELG
(tomkn kowwvia K.a.).

AREAS OF ORGANISED DEVELOPMENT OF AQUACULTURE
ACTIVITIES (P.O.A.Y.) - SUSTAINABLE DEVELOPMENT.

loanna N. Argyrou.
Nays LTD. Project Planning and Development Consultants

ABSTRACT

For the sustainable development of aquaculture, there exists a strong need for the spatial and environmental
integration of the sector, as well as for the formulation of a planning framework in the context of Integrated
Coastal Zone Management (ICZM). The necessity in establishing “Areas of Organised Development of
Aquaculture Activities” arises from the provisions of the Law 2742/1999 “Spatial Planning and Sustainable
Development and other provisions”. POAY is a term describing coastal and terrestrial areas, suitable for
aquaculture activities considering the environmental - ecological characteristics and the spatial scheme
directions. The detection of appropriate areas for the establishment of POAY, is the outcome of multiple
factor evaluations (e.g. survey of environmental parameters, compatibility of uses, state of sector etc). This
results in the formulation of the final proposal for the POAY zones (marine - land). That approach leads to
the formulation of planning proposals that aim at the rational development of aquaculture which constitutes
a valuable tool for aquaculture planning, governing authorities and other stakeholders (local community
etc).
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EIZATQI'H

H voatokaAMépyela eVTAOoETOL GTIG OVVOAIKES TOPOYWOYIKES OPASTNPLOTNTES, Ol
omoieg GLUPAAAOVY GTNV OIKOVOUIKT OVATTTUEN TOV TOPAKTIOV KUPIOG TEPLOYDV UECH
NG TOPAYOYNG TPOIGVTO®V VYNANG O TPOPIKNG a&iog OAAG Kol GTOV KOWVOVIKO TOUEN LE
v dnuovpyia Bécewv epyaciog.

H vdatokariiépyela eEomimbnke paydaio to tehevtaio 20 ypdvia oV YOPO LG
AOY® GUYKPITIKGOV TAEOVEKTNUATOV Yoo TNV avantuén e ‘Ewg onuepa 1 emtioyn tov
YOPOL EYKATAGTACNG MG HOVAdaS vOUTOKOAALEPYELOG YiveTal KOpta pe Baomn: (a) v
KOTOAANAOTITA TOV LOKOD TTepIdriovtog, (B) ™ cvopPatdtra pe TIg VEIGTANEVES Kot
TPOYPOUUUOTICUEVES YPNOELS KOt (Y) TNV VOIGTAUEVT VTOSOUT GTOV YEPCAIO0 XDPO.

O mepartépw  duvopkdg  avomtulokdg  oXedlIGHOG  TOL  TOMER NG
voatokaAMEPYELOG TPOUTOOETEL TNV OPUOVIKTY) cLVOTTAPEN TOV SPOP®Y YPNCE®V TNG
TapaKTIoG OVNG Kot TNV SlcOAAMON TG TPOGTAGING TOL TEPPAAAOVTOG KOl TV ap DV
¢ Prodoung avdmroéng.

Ta Poaowd epyodele Yoo ™V 0€POPIKN avATTLEN TOL  KAGOOL NG
VOUTOKOAMEPYELNG €lval O YOPOTOEIKOSG Kot TEPPAALOVTIKOS OYedOGUOS Kot M
SWUOPE®OT  €VOG  OLOYEPIOTIKOV TANIGIOV ©T0 TAOIGIO. NG LTPUTNYIKNG TNG
OroxkAnpopévng Awayeipiong g Iapdxtiog Zovng. Qotdco, 1 meTuynuévn dwoyeipion
™G mopdxtiog Covng Poacileton ag’ €vOg HEV OTN OWMOTH KATOYPAPN TOL QUGIKOV
OLKOGULGTILLOTOC, OTNV KOTOVON O TOV PUOIK®OV JEPYACIAOV TOV KOl TNG OLVOUIKNG TOV
KOl 0’ ETEPOV GTNV OAOKANPOUEVT] TPOCEYYIOT] TOV KOWVOVIKOOIKOVOUIKOD GUGTNLOTOG
™G TEPLOYNG.

Opyavouévee meployég avamTuéng LOATOKOAMEPYEIDV GE GULVOLOGUO KOU UE
GALeg ypNoElg VITApYoLV og ydpeg TS Evpdmng onmg 1 IpAavdia (Zvviovicpéva Xyédia
Awyeipiong Tomikne YodatokaAlépyewng - C.L.A.M.S)), n Zkotio (Zyédia Tomkng
Awyeipiong - A.M.A’S) k.a. Xta TAQIGL0, AELTOVPYING TETOLMV SLOYEPIOTIKOV GYESI®MV
mpomBovvtol PETpa yio TV TEPIPAALOVTIKN TTpooTacia, Tn Pertioon TG TodTNTAS TOV
TPOTOVTOG, TN GLAAOYN KOl OVAAVGON OEOOUEVAOV GYETIKMV UE TNV VOUTOKOAMEPYELD TO
omoio. eivor dwbéoipua oty Ttomikn kowvwvia. OAo To TOpOmdve GCLVIEAOVLV OTN
dtevkoAvvon g Odwkociog Oafodievong pe Tov TOmMIKO TANOvopd, Yoo TIg
VOIOTAUEVEG OALA Kol LEALOVTIKEG emevdVoELs, eEacpaiilovtag TV meTuYNUEVN Evaén
NG VOUTOKAAMEPYELONG GTNV TAPAKTIO {OVY], OTO TAAICLO [0S OEPOPIKNG AVATTLENC.

To vopoBetikd mhaiclo mov vayopevel v avaykootnta idpvong “Tleploymv
Opyavouévng Avantuéng Yoatokailiepyeimv’’ (I1.O.A.Y.) otnv EALdda eivar o Nopog
274211999 «Xmpotaikdg oyedlaoog Kol aeipOpog avamtuin kat dAleg dratdEeic». Qg
IL.O.AY. yopaktnpifovtor Bohdooie kat yepoaieg meployss, mov eivatl TPOGPOPES Yo
NV oVATTVEN KOPLOL TG LOATOKOAMEPYELDG, OOV UTOPOLV Kol TPEMEL VO EVIAGGOVTOL
Kol GAAEG ¥pNOoElS, Omwg M eleyyduevn oAlein, 0 KATOOVTIKOG KOl EVOAAOKTIKOG
TOVPIoUOG KA.  Olacpoaiilovtag moapdAAnio T Katevbvuvoel, Tov  YOPOTAEIKOD
oYEOLAGLOV KOl TNV OVAOEEN TOV TEPIPAAALOVTIKDOV — OIKOAOYIKMV YOPUKTNPICTIKMOV TG
TEPLOYNG.

Aoppdavoviag v’ Oyv TG S0TAEES TOV VOUOL ALTOV €KTOVHONKE amd TO
YIIEXQAE 10 £toc 2000, to «Ztpatnyikd [Thaicto yio tnv YoatoKaAMEPYELO» TO 0010
TPOTEVE EVPVTEPES TEPLOYES YO TNV AVATTLEN TNG VOATOKOAALEPYELNG OE €BVIKS emimedo.
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Qo1600, 01 Bacikéc yopotalikéc katevbivoels yua tig [1.O.A.Y. 610 GUVOAO NG
xoOpoag £60ncav ota Beopobetnuéva Ileprpeperokd IMiaicio Xmpota&ikov Xyediocpon
Kol Agipopov AvAmTuEng.

ZOUQOVA LE TI TPOJAYPOPES KOt TIG OmALTNGELS TG VL’ aptd. 17239 Amdpaong
tov Yrovpyov Ilepipdirovrog Xwpota&iag kot Anpociov Epyov (PEK 1175B/11-9-
2002) Paoer g omoiag kabopicOnkav To Swkooloyntikd, ot SladKacies, ot
TpoVmofEcES KOl TO TEPLEYOUEVA HEAETMOV KOl ©TO TAOiclo tov Emyeipnoiokon
[poypdppatog AAIEIA 2000-2006 ekmoviOnkav peiéteg yi tov Kabopiopud tov
IT1.0.A.Y. o¢ 6 (£€1) meproyég kar onuepa ivat otn edon e StafodAsvoNC.

Ov meployég Omov ot avetépm peAéteg ekmoviOnkav eivar B. Evfoikog —
MoaAakog KoAmog, Notiog EvPoikog, Axtéc Nopov Osonpotiog, Exivadeg Nnoot (I6via
Nnotd — Avtikny EALada), Oepuaikdc KoAmog, [epipépeto ATTikng.

Ot peléteg autég pmopovv vo. ypnoiporoindovv amd kébe evdlapepouevo (m.y.
Nopoapylokés Kot Anuotikég  AVTOOI0IKNGCEL,  YOOTOKOAMEPYNTEG K.AT.)  UE
gvepyomoinon ¢ avotép®  YToupywkng Amd@acns.  ZUYKEKPUEVO, YL TOV
YopoKINPIoUO Kot v oprobéon tov I1.O.A.Y. anorteitor  vwofoin SikAOAOYNTIKMV
onwg tpotacelg kabopiopov I1.O.A.Y., pelét PLocidtrog Kot EXLEPNUOTIKO GYXE010
opybveoong kot Agttovpyiog tov gopéa idpuong kot ekpetdrrevong g [L.O.ALY.

MEG®GOAOAOI'TA MEAETQN I1.O.ALY.

O evtomiopdg kot 1 avadelln KatdAAnAov teploydv (Boldooiov Kot yepooinv
Covov) yo v yopobBémon kot Asttovpyion I1.O.A.Y. pe okomd tv éviaén
AELITOLPYOLGMV KO TNV {OPLOT VE®V EMXEIPNCE®V VIOTOKAAALEPYELOG, KAOMS KOl TV
VTOJOUMV VIOGTAPIENG TOVG, YIVETOL GUVEKTILMOVTOS: (0) TO OTOTEAEGUOTO TNG EPEVLVOG
TOL PLGIKOV TEPIBAAAOVTOG, (B) TV aE0AdYNON TOV VPIOTANEVOV Kot oYESALOUEVDV
HEAAOVTIKOV YPNCEDV YNG 6TV mepoyn HeEAETNG, (V) ta dNUOYPUPIKA YOPOKTNPLETIKG
(omaoyoAnon, avepyia), (8) 7TIc vEApyovoeg vmodoués (0d1KO  dikTvo/AMpEVIKEG
EYKATACTAGELS KO OAMEVTIKA KoTapvyla), (€) To YEOUOPPOAOYIKE YOPAKTNPLOTIKG TOV
aktov (mpooPaciudmra kAw), (ot) Tig oprobBetnuéveg apyotoroyikés L(oveg, (0) Tig
Oecpobetnuéveg (dveg mpootaciag, (M) Tg 0éoelg TV vEGTAPEVOV  HOVAS®OV
VOATOKOAMEPYELOG KOL TOV YEPCOIOV EYKATACTAGEMY LIOGTNPIENS TOVG,.

Yto mAoiclo auTd yiveTar £pguva TV GTOEI®V TOV PLGIKOD TTEPPAAAOVTOG, LE
OEYHOTOANYiEG Kot TopaTnpNoelg Tedion Kot a&lomoinon g StobEs1uNg EPELVNTIKNG 1
GAANg emonUoVIKNG mAnpogopiag. AAAeg mopduetpol mov AapuPdvovtal v’ dyn Kot
a&lodloyovvtal eival To LETEMPOAOYIKA-KAILOTOAOYIKA oTotyEln KaBMG Kot 0 KOUOTIGHOG,
To EMPAVELNKE Kot vdye vepd, ta BoAdooio peduato Kot 1 ToAippola. ZnHovVTIKN
glval emiong M KATOypaen TGOV TOTOV OKOTOM®V, NG YAMPidag kot Tng mavidog
(xepoaiag-0ardociog), TV TEPLOYDOV €0KOD KOOEGTMOTOC TpooTaciog (m.y. TePLoYEg
dwktvov NATURA 2000, puotkoh KAAAOVG, KAT) KOt T®V KUPLOTEPMY TNYDOV POTOVOTG.

H o&oldynon tov avotépm yivetor pe emrtomieg emMOKEWYELS, KATOypPAPES,
ocuvepyociec Kol cuintnoelg e TIg apuodieg Ynpeoiec Kabmg Kol Toug EpELVNTIKOVG,
TOPOYOYLIKOVS KOl LN QOpelg TNG TEPLOYNG.

Téhog, mpémer va avagepBel o011 Yoo t0 oyedopd g kabe I1.O.AY.,
xpnowonoteitor  Bewpntikd povtédo, 10 omoio mpocdopileTor Omd TNV HEAETNTIKN
opado Aaupavovtag v’ oyv v keipevn vouoBesion (Y apiOup. 258800/10-9-99
EykidKAiog tov Yrovpyeiov N'ewpylag koaw YIIEXQAE, 6mwg tporomominke pe v v’
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apdu. 145320/10-10-02 EykdkAt0), v okovouikn Browciudtra tov povadov (Baost
TEYVIKOOIKOVOUIKNG aVAAVOTG TTov yivetal ota mAaiola Tov &v Ady® peretdv). Etot,
TPOKLITEL 1 OLVOLUKOTNTO LE TNV OTOi0 GLVOPTATAL 1] PLOGIUOTNTO HOVAI®Y EKTPOPTG
Kol Kot emékTaon 1o gUPaddv TV BoAdCCIOV YOPOV OV OTOLTOOVIOL YO TNV
onuovpyio povadwv voatokaAMépyelag. Tehkd, mpoteivetar o aplOuodg tov Thpkmv
ekTpoPNG (LovAdeg) Kot 1 SUVOUIKOTNTA TOVG KOl KOTA GLVETELN VITOAOYILETAL 1) €KTOON
Ko 1 dvvapukotra Kabe I1.O.AY.

[MopdAAnia, amewkoviCovior oe  YOPTEG 1 VLEIOTAPEVN KATACTOGT, Ol
npotewvopeveg (oveg I1.0.ALY. (Baldooies-yepoaies) KabOMG Kol 01 VIOGTNPIKTIKEG TOVG
EYKOTAGTAGELS OTNV aryloditidoa .

Xy ewkéva 1 mtapovsialeron evoeiktikd Tpupa tpotetvopevng I1.O.ALY.

Pz NOAY yBuokehk ey
SN

Medroomn guspoBEmans yepooluy EyROTEoTEIE WY

& )' Mpdtoon puepoBitnong Kéwipuy doifknong MO e: i 4 ]-

Ew. 1. Tppa g npotevopevng I1.O.A.Y IV ctov B. EvBoiKé.K(').k.ﬁ;)
(IInyn: Yrovpyeio Aypotikng Avantuéng kot Tpopipwv, 2005, Avadoyos: NAYZ E.IT.E.)

AIIOTEAEXMATA - IPOTAXEIX MEAETQN I1.O.AY. - XYZHTHXH

SOVEKTILAOVTOG, AOmdV, OAEC TIG OVOTEP® TOAPUUETPOVS TPOTEIVOVIOL OTNV
neproyn pnerémg, I1.O.A.Y. Avtéc amotelovvtol and pio 1 meplocdtepes BaAACTIES Kol
yepoaieg Coveg. Katd tov oyedwaoud Covov IL.O.AY., eEetdlovior o1bpopeg
EVOAOKTIKEG ADoELG. O HEAETNTNC GTOV TEMKO GYESIOGUO TOPOLGLALEL TEKUNPLOUEVA
mv kopwo mpotewvopevn ITLO.AY. pe tig {oveg ™G, KaODS KOl TG EVOAAUKTIKA
npotevopevec [1.O.ALY. pe 11 {dveg Tovg.

Ot mpotewvopeveg Oardooieg (dveg mepropfavoov: (o) Tnv éktaom kot ™
duvapkotnto g kabe {ovng, (B) tov apBud tov TdpKkmv EKTPOENE, TNV £KTACT Kol TN
SUVOUIKOTNTO TOL KAOE TAPKOV EKTPOPTS, () Ta €idN TTpog exTpoPn Kat (8) Tovg THTOVG
KOAALEPYELOG.

O1 mpotewvopeveg yepoaieg (dveg meptlapPdvouv: (o) TIC VOIGTAUEVES XEPOAIEG
gykataotdoelg vroompiEne (ovokevaotipla, Kévipa Anoctolng Ootpdkmv, ypageia,
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amofnKeg K.AM.) oV £xovv adel060TNOel Ko Asttovpyodv voupo, (B) mv enéktaon tov
VOIOTOUEVOV KOl TNV 10puon VEoV yepoaimv eykataotdoewv vrootypiéng, (y) v
EMEKTOON KoL T ONUovpyio vEmV povadwv tybvoyevvntik®v otabumv, (8) tn dnuovpyia
VITOdopU®V dtoiknomng yio T Aettovpyion Tov eopéa dayeiptong g I[1.O.A.Y., () Ldveg
EML TOL OYAOD Ko TTopoAiog yu Tn Onpovpyic vwodopmv EOAAENG Ko TpdsPacng
mpog 10 BaAdocio ympo, ocvuemva pe to mpoPremdueva otov N. 2971, “Aryroddc,
napario kot e dlatdéelg” (PEK 285/19-12-01). Ot meployég mov mpoTeEivovToL Yo Tig
Yepoaieg eyKataotdoelg Bo mpénel va tNPovV TG TPOVTOBECELS TNG TOAEOSOMKNG
Nopobeaiog.

Téhog, mpoteivovtor €pya kol pubOUicES Yy TN AETOLPYIKN] GUVOESN TNG
IT1.0.A.Y. pe v gupbtepn meproyn (w.y. vrodouéc tpdcsPacng énwg 0doi TpooméAaoNC,
Mpevikd €pya) kabdg Kat 1 EVToEn AomdV SpacTnPlOTHTOV GE GUVIVOCUO LE TNV KOPLOL
TPOTEWVOUEVN YPNOT NS VOUTOKOAAEPYELNS OTTWG: 1 OKOTOLPICTIKY] OPUGTNPLOTNTO,
TOAVKOAMEPYELD, EVPVOAMY EWOMV KOL OCTPAKOEWDV, EPACITEYVIKN OAlEln, LITOPpUyL
aMeia, KataduTikog TOVPIoUOG K.AT.

Me ™ onuovpyia IL.O.AY. avopéveror vo TpokOYouy TOALATAL OQEAN GTOV
TPWOTOYEVY], OEVLTEPOYEVI] KO TPLTOYEVY] TOUEN POV €01KOL OTOYOL TNG YWPOTAEIKNG
TOMTIKNG TPo®BovV TN 6VLeVEN TPWTOYEVOVGS, EVLTEPOYEVOVS Kot TPLTOYEVOLG Topuén. H
0pYAVMOT TOV VOUTOKOAMEPYELDV GE BOAACTIEG TEPLOYES LE TNV PUGIKT] OLOPPLE TOV
xopoktpiler 10 cOvoro NG mopdkTiog COVNG TG YOPog pag, Ba cvvieAéoer oty
avamTun  VEOV  HOpPeOV  TOVPICHOD  OTIC TePoyEs avtés. H  ympobétmon g
dpaoctnpotog o ovykekpluéveg (oveg I1.O.AY., gyyvdtar v appoviky évtaén g
OTNV €LPLTEPN TEPLOYN KOl EANTTAOVEL TIS OLYKPOVUGES ypnoewv yne. Emiong,
EMTLYYAVETAL O TTEPLOPICUOS Kot 1 TPOANYN TOV TEPPOAAOVTIKDV EMITOCEDMV UE TNV
Myn oepdc pétpov kot pvbuicewv, émwg monitoring tov Baldociov mepifdrioviog
(kaBopIGHOG HOVILOV GLGTHHOTOG TOPAKOAOVONGNG TV TEPIPOAAOVTIIKOV TOPAUETPOV
™me mepoyne g kabe I1.O.A.Y.), epapuoyn oOyypovng Texvoroyiag, ypnom
YBLOTPOPDOV VEOL TOTOV, AYPOVATAVGT], K.OL.

To épyo ¢ odoiknong ko owayeipong ¢ IL.O.AY., PBdoer g Keipevng
vopoBeoiag, Ba avalaPer o gopéag g IL.O.AY. O ¢@opéag avtdg pmopet va eival
OTOLOCONTOTE VOUKNG LOPPTG. XTO POPEN. LITOPOVV VO GUUUETEXOVY PLGIKA TPOGHOTA 1)
VOUIKG TPOGOTO TOV 131OTIKOV /KoL TOV EVPVTEPOV OMUOGIOL TOUEN KAOMDG KOl EVACELS,
GUVOECOL, KOWOTPUEIEC TOV AVAOTEP® COUPOVA LE TIG IOYVOVOEG OATAEELS. XTOV POpEnL
g [L.O.A.Y. Ba mopaympnBodv Katd ypron pe pokpdypovn picbwon ot Boddooieg Kot
yepoaieg ektacelc g vo onovpyia I1.O.AY. O emyeiproeig mov Ba evrayBovv otnyv
I1.O.A.Y. B wpeAnBovv amd T1g drevkorvvoelg mov Ba mapéyel n [1.O.AY., wotdéc0o Oa
£YOLV KOl VTTOYPEMDCELS GTO, TAOIGLOL TOV KAVOVIGHOV AEtTovpyiog.

O oopéag I1.O.AY. Bo mpémer vo mapoakoAovBel tv avdmtuén tov Touén TOV
VOOTOKOAMEPYEIDY, OTMG OLTH OOUOPPOVETAL GE £VO. GUVEXMG UETOPOAAOUEVO KoL
AVTOYOVIGTIKO d1e0VEG Tep1BAALOV.

O oyedaopdg g I1.O.A.Y. mov mpoteivetar amd Tig peréteg I1.O.A.Y. B€tel Toug
01OY0VG, 01 0moiot Ba EEIOIKEVTOVY KATA TNV EPUPUOYT KOl VAOTOINGTN TOV GYESIOGLOV
amd 10 eopén dwuyeiptong ota mAaicla tov Kavoviopuov Agrtovpyiag g I1.O.AY. O
Qopéag Ba TPEMEL Vo PPOVTIGEL Yl TNV €KOOOTN OAMV TOV OTOITOVUEVOV UOEIMV KOOMDG
KO Y10 TOV 001060 KOl TNV VAOTOINGN TV £PYMOV TOV OALTOVVTOL Y10, TN AELITOVPYia
™m¢ I1.O.AY. Tétowa £pya apopoldv KOpla VITOGTNPIKTIKEG eykatactdoelg (m.y. Krtiplo
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Awiknong I1.O.AY., mlotéc mpoPinteg k.4). O kavovioudc Aettovpyiog I1.0.ALY.
oprobetel caP®g TIG APHOIOTNTES TOGO TV HEA®V 660 Kat Tov popéa g [1.O.A.Y. kot
Beomilel unyaviopuov cuvepyaciog Kot GUVTIOVIGHOU OVOUESH GTO PEAT OAAG Kot LETOED
TOV UEADV KOl TOL (QOPEN MOTE VO OLUGPOAICTEL 1| CUUUOPPMOOTN HE TOVG KOVOVEG
Aertovpyiog g IL.O.AYY. O @opéag umopel va moapé€yxel emi mAnpoun ocvuPotikég
vnpecieg ota péAN tov. Tétowov gidovg vanpeoieg kot eEuanpetnoelg unopet va eivat:
vanpeciec yBvoAddyov, vanpeciec texvikov aceaAeiag, vnpecieg EOAAENG, VINPETiEg
THPNOMG OTOYXEIMV EAEYYOL KaTdoTOoNG TEPPAAAOVTOG.
IMa v ebpvBun Aertovpyia g [1.O.A.Y. o popéac Ba cuvtovilel v embBemdpnon Kot
Tov éleyyo Y. (o) TNV avotnpn gpoppoyn kol tpnon g Andeacng Eykpiong tov
[epBarrovtikdv Opwv g I1.O.A.Y., (B) ™V gpopuoyn kot tpnon e Andeoaong
‘Eyxpiong [epiparroviikedv Opwv g ke povadag, (y) v opBoroyikn yprion tov
vrodopmv, (8) v kabaplotnta TOV Yepoaimv eyKataotdoewv vrootnpiEng, (€) v
THPNOT TOV KAvOVeV YYIEWVHG TOV TPOIOVI®MV Kol ACOAAELNG TG EPYACIOG GOUPOVA LE
mv eBvikn kot Kowotik) Nopobeoia, (ot) T1g etioleg ekBEGEIC Yo TV KATAGTAGT TOV
nepPdAloviog tov Baracoiov (ovov g I1.O.AY., pue Bdon to amoteAéopoto TV
LETPNOEMY TOLV GUOTHLOTOG TOPAKOAOVONONG TV TEPPOALOVIIK®OV TOPAUETPOV KoL
TOV OVOADCE®Y TTOV Ba YivovTol 6g JamGTEVUEVO EPYOSTNHPLO UE GTOYO TNV TPOANYN
TOV TEPPAALOVTIKOV EMTTOCE®V Kat T Peltioon g Tapaymykng dwadikaciag, (§) tig
ETNO1EG EKOECELS Y10 TNV KATAGTAOT TG Topay®yng TV Bolacsiov kat yepoainv (ovav
™G [L.O.AY. pe Baon 11g dnAwcels tov mopaywyov — pedov e I1.O.A.Y.

Ta avotépo xowomorobvtar oTig appodieg Ymnpeoieg kot gival dwbéoiua e
Kk6Oe evorapepduEVO.

YYMIIEPAXMATA

H onuiovpyia T1.O.ALY. €xel onUovTIKG 0QEAN, TOCO GE KOWMVIKO-OIKOVOULKO
000 Kol TEPPAALOVTIKO-O1OYEIPIOTIKO EMIMEDD. AdY® TOL GLYKEVIPOTIKOD YOPOUKTNPO
™G JpacTNPLOTNTOG, EMTVYYXAVOVTOL Oolkovopieg KAlpakog pe v kaberomoinon g
Topayoyikng owdikaciag. Emituyydveron emiong mn  evioyvon ko ompiEn g
EMYEPNUOTIKOTNTOS, 1 avénon Tov €160dNUHaTOS, M Helwon g avepylag pe v
EVEPYOTOINGT TOL TOTIKOV dLVOULIKOD, 1 avafaduion, o ekovyypoviouds kol 1 Pedtioon
MG TOWOTNTAG TOV TOPAYOUEVOV TPOIOVI®MV Kol 1 TPo®ONOoT NG TOMKNG TAPUyWYNS,
oL aw&dvel TNV TPooTBEUEVT a&io TNG Kot EYXEL GOV OTOTEAEGLOL TV AVTOYOVIGTIKOTNTO
¢ owovopiag. 'Etot, m kowotduog emyysipnpotiky dpdon, oe cvvovacud pe v
mpootacio. Tov MEPPAALOVTOG, TNV TowdTNTO, TNV OIKTLMOGCN KOU TN Old(LoN TOV
KOWVOTOU®V KOl TETUYNUEVOV  TPOKTIKOV, Bo dwoceoricer 1 Puwocpdmra tov
VOUTOKOAMEPYELDY, HEGO OO L0 GUVOAIKY] KOl 1GOPPOTNUEVN TPOcEYylon kot Oa
BonBnoet oV avacLYKPOHTNON KOl OIKOVOIKY OVOTTTUEN TOV TOPAKTIOV TEPLOYDV LE
onuovpyia Bécemv anacyoAnong.

SUUTEPACUOTIKA, OVOQEPETAL OTL O OYEIOUOG 0VTOG omotedel éva mAOIGLO
avATTLENG TTOV J1EVKOADVEL TN dNpovPYia PLOCIHOV ETEVIVCEDV G KATAAMNAES BEaelg,
OOCKOTEL OTN OGPAAIOT) UG HOKPOTTPOBEGUNG GTPOTNYIKNG OVTIANYNG Yo TIg
VOUTOKOAMEPYELES KO EENYEL TS Ol EXEVOLTEG YPNOTES, OL Y INPEGIEG GYESUGLOV KOt Ol
howmoi gumiekdpevol Qopeic Tpémel vo. SOVAEHOVV TTPOG TNV EMiTEVEN TG KATEHOLVONG
avtng ®ote vo eEac@aiiletarl 1 emTuoyNG Evtaln ™S VOUTOKOAMEPYELNG GTNV TOPAKTLOL
Covn ota mhaicto oG aelpopikng dtayeipiong.
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BIOAOT'IKH IXOYOKAAAIEPT'EIA

E. Mevté, 1.O. Kaparavayiwtiong, A. Ztpatdkog, X. Mravtidog, N. Neogutov, kot X.

[ToAaokmotog
Tuquo I'eomoviog IxBvoroyiag & Yddrtivov IepiBairovrog, Zyoln I'ewmovikdv Exotuav, [Tavemotuo
Osooariog, Dutoko 384 46, N. Iovia Mayvnoiog. email: emente@uth.gr

NEPIAHYH

H Biohoyikn YdatokadMépyeia PBpioketor akoun oe vnmiakd otado. Kabetomotel ) Swoyeipion g
EKTPOPNG, TO MEPIPAAAOV LEGH GTO OTTOI0 TPAYLLOTOTOLELTAL, TIG TPOPES TOV YOPNYOVVTOL KOl TO odPANTAL
oV TopAyovTol. Avtd o péPN ocvvdéovtal, Kobmg ke éva egaptdtorl and ta vwoAowma. OTtov avtd To
pépn €€160ppomovy PEGH GTNV TTaPay®YIKN dtadikacio ToTe T0 cvuoTNUA propet vo BewpnBel agipopiiod,
7oV €lval kot 0 atdyog TG Proroyikng véatokarAiEpyelag. H mapovca pedétn okomd £xel vo mpoTteivel
oTAVTOPG Yo TN Proloyikn eKTpoen TG Tomovpas oty EAAGSa. H opyavikn vdoatokorliépyeia Paciletan
ot akdlovbeg apyég: Kpn yBvomvuKVOTNTA, ATAYOPELOT ¥PNOTG AVTIPLOTIKOV KOl YNUIKOV OLGLMV,
YPNON PLOAOYIKOV TPOQ®V Kol GUVEYN TOPOKOAOVONON TG TOLOTNTAS TOV VEPOL EKTPOPNG KUl TNG CAPKAG
TOV EKTPEPOUEVOV YopLdV. Xe pio Tomikn povéda tyfuokoAMEPYELOS Ol SLOYEPIOTIKES TEXVIKEG TOV
€QAPUOCTNKOV EMETPEYAV TNV Tpootacio. TG vyelag kot v evlwio TV mepapatikd exTpe@dLevmV
yoapuov. Ta aroteléopata £deiEav 0Tt o1 Pfrodoyikéc Toumovpeg elyov Aydtepo MmOg GTO GUKATL Kot OTL
avamrToxOnkay KoAvtepa o€ cLYKPLON Ue TIC cupPatikd extpedpevec. H pikpoProroyikr avaivon £dei&e
OTL 0 0PLOLOG TOVG NTOV LIKPOTEPOG GTO OEPLLOL KOL TO AEVKO L T®V PLOAOYIKA EKTPEPOUEVOV YOPLDV GE
oUYKPIOT LE QVTOV TOV GUUPATIKG EKTPEPOUEVMV, OV KOl OEV TPOEKVYE GMLOVTIKT GTATIGTIKY Slapopd.
peta&d tovg. H avdivon tng dopng tov Agukol puog £0eiée OTL 11 oKANPOTNTA HTAV UEYOADTEPT Y10 TIG
SLUPATIKG EKTPEPOEVEG TOUTOVPEG GE GUYKPLION HE VTNV OTIC PLOAOYIKA EKTPEPOUEVEG. ZVUTEPUCLOTIKA
KATOAYOUUE OTL ¥pEGLeTaL TEPUITEP® EPEVVA Y10 TNV EKTIUNOT TNG EMIOPUOTG TNG TUKVOTNTAG EKTPOPNG
N ™G STPOPNG GTNV TTOLOTNTO TOV TAPAYOLEVOD TPOTIOVTOG, Yot TNV EVIGYXVON TNG EMOTNHOVIKNG YVACNG
KoL TN S1EVKPIVION T®V T TAVE TOPOTPTCEMV.

ORGANIC AQUACULTURE
E. Mente, 1. Th. Karapanagitidis, A. Stratakos, S. Mpantidis, N. Neofitou & Ch

Palaiokostas
University Thessaly, School of Agricultural Sciences Fytokou 384 46, N. lonia Magnisia. email:
emente@uth.gr

ABSTRACT

Organic aquaculture is still in its infancy. Organic aquaculture relies on biological processes to integrate
the management of the animals, the environment in which they live, the nutrient inputs and the waste that is
produced. These parts are connected. Each component depends on every other component. When these
parts are balanced within the production system, the system can be considered sustainable; one of the goals
of organic production. This study aims to propose standards for sustainable organic sea bream farming in
Greece. The organic culture is based on the following principles: low stocking density, absence of
antibiotics and chemicals, use of organic feed and monitoring of water and flesh quality. In a local
aquaculture farm the management techniques maintain and protect the good health and welfare of the
experimental animals. The evidence suggests that organic sea breams store less fat content in their liver
and they are grown better compared with the conventional sea bream. Microbiological analysis showed that
the total viable count on skin and white muscle of organically cultured sea breams was lower when
compared with the total viable count on skin and white muscle of conventionally cultured sea bream, but
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there was no significant difference between them. Texture analysis showed that white muscle hardness was
higher for the conventional sea breams when compared with the organic ones. Research is still needed to
assess the individual effect attributed to stocking density or to the feed on product quality, improve the
overall scientific knowledge, and further clarify the above observations.

Keywords: organic sea bream

EIZAT'QI'H

Ot voatoKaAAEPYELES OMOTEAODY GNUEPO TOV TOYVTEPO OVOTTUGGOUEVO KAASO
napaymyne tpoeinwv otov kécpo (FAO 2002; 2006). E&attiag tng paydaiog avénong
TOV KAAOOL TV VIATOKOAMEPYEIDYV, Ol LOUTOKAAMEPYELEG Ko Oyt I aheio paiveTal 0Tt
Oa amoTeAEGOVY TNV LEALOVTIKN TN YOV®V Yia TNV KAADYN TOV OLUTPOPIKDOV OVOYKMDV
tov ovOpomov (Watanabe, 2002). H extiumon g mopaywyng g Proloyikng
vOUTOKOAMEPYELNG efvan apkeTA OVoKOAN AOY® EAAelyng alldOmMGTOV GTATICTIKOV
otoyeiov.. Méypt 1opa, 1 mopayoyn ond 115 ProrAoyikég VOATOKUAMEPYELES TPOEPYETAL
Kupimg omd v Evponn aAld kot and ™) Aatvikny Apepikn kot v Acio (Lem, 2004).
Youpwva pe tov Haykocuo Opyovioud 'empyiag kot Tpoeipwv (FAO, 2006) Arydtepo
and 10 1% tov ekTpe@OuEVOV Yoptdv Topdyetol PlOAOYIK®G. Avti 1 €E0PETIKAE LUKPN
TOGOTNTO TICTOMOMUEVNG PLOAOYIKDOG VOOTOKOAMEPYNTIKNG TAPOYWYNS Oelyvel Tig
OVOKOAlEG NG emitevéng TV mTPOodypaP®V Tov £xovv Oeomiotel Yoo T ProAoyikn
voatokaAlépyeln (Tacon and Pruder, 2001).

YAIKA & MEGOAOI

Towovpeg (Sparus aurata) apyucod pécov atopkov Papovg 100 g ektpaenkav
o€ 000 1BvokA®POVE GE pHOVAdL EKTPOPNG OTNV AGPLUVO Kl £PTOGOV TO EUTOPEVCLUO
péyebog tov 300-350 g. Kab’ 0An v O01dpKelo TOV TEWPAUOTOS TPOYLOTOTOMW NGOV
OEYHOTOANYiEG PLOAOYIK®Y KOt GUUPATIKOV EKTPEPOUEVAOV OTOUMV Y10 AVUAVGELS.
Ta yopakmpiotikd g PLoAoyikig EKTpoPg NTav ToL €ENG:

1. Awtpogn g toumovpog pe Proroyikn tpoen. H tpoen dev mepieiyer cuvhetika
apwvo&éa. ‘Hrav eheypévn yia Bapéa péraria kot d10&iveg faon tov Kowvotikdv
Onyov. Z11¢ 1yBvotpopég O0e YPMNOLUOTOMONKAY YEVETIKA TPOTOTOMUEVES
TPMOTEG VAES.

2. Kotddnin 0Oéon tov miotov  ybvokloPov  (§leyyog mowdtnTOG KO
KaOApoTOG VIATOV).

3. Mewwpévn ybvomvkvotrta, otovg 1BvokAwpPovg, oe GOYKPIOoN UE TNV GLUPATIKN
extpoon (4 kg/m?® ko 15 kg/m?®, avtictoua ).

4. Amoyopevon xpnons avtiBloTikdv Kot Taong GUCEMS XNUK®OY OVCIDV.

5. Ot Proroykd eKTPEPOUEVEG TOUTOVPES EKTPEPOVTOL YMPIGTA OO TIG GLUPATIKES
0€ QMOUOKPVOUEVOVS KAWPOVE dOTE vou unv vadpyel oAAnAenidopacn HETOED
TOVG,.

6. Meimon tov Stress Tov yoapldv Katd T petapopd kot t Bavdtmon.

7. Amoguyn dloueuydV 610 TEPPAAAOV.

O vrohoywopdg TOL  AMOVG O©TO NMUAP TOV  EKTPEQOUEVOV — OTOU®V
npoypotoromdnke pe v pebodo Soxhlet, ue ypnon merpelaikod afépa w¢ pécov
exyoiong. H okAnpomta tov puikod 16to0 g Tomovpos HeETpROnKe e T CLGKELN
AEGIS 1000, ADMET. Aeopébnkov omd 10 poyloio KOUUATL TNG TOMOVPOG
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EUTOPELGIUOL HeYEOOVEC KOUUATI AEVKOD HVLOC GYNUOTOC TETPAY®VOL Kot mwhyovg 10
mm. Xtn cvykekpluévn mepinTmon ypnoyomomdnke £UPoA0 KUKAKOD GYNUOTOS Kot
dwpétpov 10 mm. H svokevn| pubuictnke dote vo petpdetl v dvvaun mov o ypelootel
10 £uPoAo Yo va Fsratonwrat péca oto TpoéQo péxpt 5 mm. H taydmra tov epforov
frov 100mm min

H pwcpofroroykn avaivon mpaypatonoldnke oty emoepuion Kot T0 AVKO po
TOV oTOU®V ToWovpag Tov eKTpAPNKaY He Proroywd Kot cvpPatikd tpdémo. Ot
KOTNYOPIEG TOV HIKPOOPYOVIGLAOV TOV TPOGIOpicTNKAY MTOV 01 €ENC!
1. Olkn pecoein yropida (OMX) ce TSA yeast extract éncita and endaon yo 48
h otovg 25°C.
2. Ohn yoypoeiln yAwpida oe oe TSA yeast extract éneita and endaon ywo 120 h
otovg 7°C.
3. Enterobacteriaceae oe VRBGA énerta and endaon ywa 24 h otoug 37°C.
4. E. coli oe TBGA y10. 24 h otovg 37°C.

XTATIXTIKH ANAAYXH

[payuatorombnke otatiotiky avdivon (ANOVA «ka t-test), ue v xpnon tov
otaTioTikoy makétov Statgraphics Plus 5.0. kot SPSS.

AIMMOTEAEXEMATA & XYZHTHXH

Ta amoteAéopata g Tapodoag Epguvag £6e1&av OTL 1 avarTLEN TG TOUTOVPOG
™G PLOAOYIKNG EKTPOPNC €IV LEYOADTEPT GE GYEGN LE TNV OVATTVEN TNG TOMOVPOS TNG
ocupupatikng ektpoeng. Ot Tapdyovieg Tov ennpéacay Tn dpopd TNV avamTtuén NTov 1
petopévn  ybvomukvotnta. mov  LIAPYEL OTOVG  ProAoywovg yBvokimPovg, oty
TAPEXOUEVT] TPOPT KOl OTN UETAYEIPION TOV ATOU®V IOV TpokoAel Aydtepo stress. To
Yymua 1 delyvel 10 mOGO0TO TOL AIMOVG GTO NP TOV EKTPEPOUEVOV OTOUMOV TNG
ovpPatikng kot Brodoykng ektpoeng (n = 10).

N  Horog 4

lavoudapiog MdapTiog lobviog >eTTTEMRBPIOG

‘ m BioAovik EkTpopr B ZuuBaTtikil EkTpoepn

Yynpa 1. Tlocootd Aimovg (%) oto Amap ekTpe@dpevev atdopmv towmodpag. Ot TéS e SapoPETIKO
gkBétn dapépouvv ototiotikd onuavtikd (p <0,05).

To fmop TV ekTpePOUEVOV PLOAOYIKOV aTOU®V Ttepieiye AMydTeEPO TOGOGTO AlMOVG GE
obyKkplon pe avtd g ocvpPatiknig extpoeng (Zynua 1). To uikpdtepo 060010 Aimovg
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070 NTOp TOV PLOAOYIK®OV OTOR®MV OQEIAETOL GTO PUKPOTEPO TOCOGTO AITOVG TTOV VINPYE
oV mapeyopuevn Proroyikn tpoen (14% Aimog) oe cvykpion pe awtd ™G GVUPATIKNAG
po@ng (16,5% Ainoc). To cGuYKEKPIUEVO AMOTEAEGLO. EIVOL GE GLUPOVIO, PE TNV £PELVOL
tov Lopez et al. (2006) n omoio €deiée OtTL vmApyel pio wyvpn OETIKN YPOUUIKNY
OLOYETION UETOED TOVL AIMOLG TNG TPOPNG Kol TOL AITOLE GTO NMmaP, Yo TO WYAPL
Atractoscion nobilis.

Ta aroteAéopato TG PIKPOPLOAOYIKNG avaAvong TG EMOEPUIONG Kol TOL AELKOD HVdg
napovctaloviol otov mapakdto mivaka (ITivakag 1).

Mivoxag 1. Anotedéoparta pikpoProroyikng ovailvong ektpepopevav atopmv ot log cfu/gr (n = 5)

OMX orx Enterobacteriaceae | E.coli

Eavdo* Mg Eavdée* | Mvg | Emv/éa* Moug Eavdo* | Mvug
Buwloywa | 3,12+0,10 | 3,10+0,14 0 0 0 0 0 0
Zoppatikd | 3,16+0,05 | 3,12+0,12 0 0 0 0 0 0

*End/da = Emdeppida

Onwg mopatnpndnke amd o oamoTEAEGHOTA TNG WKPOPLOAOYIKNG eEETAIONG TV
yOVOV ¢ Proloyikng kot cVUPATIKNG EKTPOENG TO OAKO HiKkpoPlaxkd @optio (OMX)
Olépepe, HETAED TV 000 TOTMOV EKTPOO®V, LE TNV PLOAOYIKY EKTPOPY| Vo TAPOLGIALEL
YOUNAOTEPES TWEC TOCO otV €MOEpUidn 0G0 Kol 6TO0 AELVKO HL TV VIO e&étaom
aTOU®V, YEYOVOS TOL THAVAS 0QEIAETAL TN LKPOTEPN tYBvOTLVOTNTA AKOUN, KOl GTOVG
Vo TOTOVG EKTPOPNC dev TapatnpOnke mapovsio wave amd to 100 cfu/gr (eAdyioto
enminedo evromicopov) anowkidv g E. coli, aAld ko mopovcio tov Enterobacteriaceae
nave arnd 10 cfu/gr yeyovog mov deiyvel v KoAf mOOTNTO TOV LOATOV GTO. OTOio
TPOYLOTOTOLELTAL 1] EKTPOPN

Ta yopoaxmmpotikd ™G LONG, Omwg eivar M okAnpdtra, sivor Wwitepa
ONUOVTIKA 00T ATOTEAOVV UEPIKA OTO TOL KPITNPLO LE TOL OO0 01 KATAVAAMTEG Kpivouy
TNV TO0TNTA TOV TPOTOVT®MV. AKOUN, TO YOPAKTNPIOTIKA TNG LONS GApKag ennpedlovy
TI§ TaPapETPOVg ¢ e€mOnong kotd ™ didpkela Tpoidoviwv ommg eivan ta fish sticks,
surimi, fish nuggets (Thiebaud et al., 1996). And ta omOTEAEGUOTO TOV ULETPHOEDV
QOIvVETAL OTL 1] GKANPOTNTA TOV AELKOV HVOC HETAED TOV EKTPEPOUEVOV ATOU®Y SLOPEPEL
aplOuNTIKA, HE TNV UEYOADTEPT OKANPOTNTO Vo TNV Topovctdlovv ta Atopo Tng
ovppatikng ektpoeng (10,04 £ 1,85 N) oe ovykpion pe ™ Proroykn (8,17 £ 1,78 N).
Emumdéov, n otatiotikny avaivon (t-test) tov tudv g okAnpodmtag Tov AEVKoy Hodc,
TOL TPOEPYOVTAL Omd TA ATOUO. TOV OV0 OPOPETIKMOV EKTPOQOV £0€1Ee OTL 1
oKANPOTNTA TOV 16TOV SLOPEPEL GTOTIOTIKG AVALESH GTOVG dVO TOTTOVG ekTpoPng (P =
0,0013). Emopévac, gaivetat 0Tt 01 S1apopeTIKEG GLUVONKEC 01 0TToiEC VITAPYOLY GTOVS dVO
TOmovg ektpoeng (1ybvomvkvotnra, TPoE) ETWOPOVLV GTU YAPUKTNPIOTIKA TNG GOPKAG
Tov Tomovpwv. Ta oamotedéopata G TopovoOS EPELVOS CLUPOVOVV UE  TO
amoteréoparo tov Orban et al., (1997) ot omoiot Bprxav 6tL 1 GKANPOTNTA TOV QIAETOV
TOMOVPOS OEPEPE ONUOVTIKE HETOEDL OTOUMV TOV  EKTPAPNKOV GE  OLUPOPETIKA
OLGTNUOTO EKTPOPNG (EKTOTIKA KOl EVTATIKA).
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YXYMIIEPAXMATA

H mapovca épevva amédei&e OtL 1 PLOAOYIKT EKTPOPT] TGUTOVPOG EIVOL EQPUKT KO
elval duvatov vo Tapdyel TPoiovIa ta omoia ivor vynANng Bpentikng a&iog aAld Kot
acQOAN, Héoa ot TAaiclo TG 0ELPOPIKng dtayeipiong. Tlapodia avtd Yoo TV TEPATEP®
avamtuén g ProAoyikng voatokaAlEpyelag Ba mpémel vo kabopioBodv pe peyarvtepn
COQNVELDL Ol TPOSLALYPAPES TOL 1oYVLOLV Yo TN PlOAOYIKN Topay®YN, ®G GLUUPBOAN 0N
dlpdvela, otn oNUovpyiol EUTIGTOGVVIG GTOVE KOTAVIAMTEG OALL KOl 0TI OMpiovpyia
piog evaproviopéVng avtiinymg g évvolag g PloAoyikng Topay®yngs.

EYXAPIXTIEX

H épevva ypnpatodotOnke ota mhaicia tov [poypapupatog E.IT.AA 2000-2006,
Metpd 4.6, Kawvotopo Métpa, mov ypnuotodotnOnke amd to Ymovpyeio AypoTikng
Avantoéng kot Tpogipwv oe cuyypnuatodoton pe v Evponaikn Evoon.
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SUSTAINABLE AQUACULTURE AND
THE REALITY OF THE MARKET

Lara Barazi —Yeroulanos
Managing Director — Kefalonia Fisheries S.A.
Vice President - Federation of Greek Mariculture

Mediterranean aquaculture, after a period of impressive growth has finally come to
a critical point, as production has reached volumes far beyond the wildest expectations.
The supply-driven force, which prevailed during the development phase of the sector,
coupled by the almost absolute lack of market surveys and marketing strategies, severely
disrupted the market supply/demand equilibrium. As a result, aquaculture products,
though initially unknown and later perceived as a sort of delicacy, ended up in the market
as a sort of commodity.
As one of the leading producers in the area has dramatically stated: “We are experiencing
the same phenomenon happening for bass and bream as it did for salmon, and it would be
impossible to avoid the repercussions that the salmon industry faced” (Stephanis, 1996;
Papageorgiou, 1999).
Here we are today, 10 years later to discuss the environmental and social sustainability of
aquaculture. If you have been reading the papers recently then you will be aware that
these comments could have been written just yesterday. 10 years have passed and |
believe that we still have not addressed the economic sustainability of aquaculture in the
Mediterranean.

DEFFINITION OF SUSTAINABLE AQUACULTURE:

The last few years have been marked by increasing concerns about aquaculture as a
sustainable activity.

This has most often been intended as concern about the environmental sustainability of
our activity:

fish meal usage and environmental impacts.

While it is clear that these are serious concerns, there are very real, quantifiable and
scientifically reliable solutions to these issues. Environmental impact assessment and
monitoring tools are becoming ever more exact and comprehensive.

Feed companies are actively experimenting with alternative, sustainable protein sources,
plant based oils which provide the same levels of Omega 3 fats as fish oils, and ever
more efficient feed conversion rates.

In fact, just last week the Norwegian salmon industry announced that they have managed
to become a net marine protein producer by achieving a net protein production yield of
116% as opposed to around 93% which had been the industry’s average. (Calculated by
dividing the % of marine protein in the finished product with the % of marine protein in
the feed.)

It has become increasingly clear however that for an industry to be sustainable, it not
only has to be environmentally sustainable, with a low, measurable and controlled
impact, but it must also be economically viable and socially acceptable.

45



In addition, the relationship between these three basic elements of sustainability is not
one of static balance between conflicting goals.

But rather it is a dynamic state, a mode of behaviour whose challenge is to continuously
adapt to interdependent and continuously changing conditions: in order to be truly
economically viable in the long-term, an industry must also be socially acceptable, and of
course, environmentally sustainable.

The interdependent linkages between the environment, society and the economy mean
that the understanding and careful management of all 3 is a basic precondition to long-
term sustainability.

So what are the factors affecting economic sustainability in our industry?

Well, the economic viability of an enterprise is dependent upon many factors: good
planning and budgeting, adequate financing, well-trained and motivated personnel, a cost
effective and productive activity.

In short, good management.

This is something that can neither be mandated nor imposed and nor should we try if we
believe that the free market is the best judge of sound management.

The aquaculture industry however seems to be characterized by an apparently endemic
cyclicality which goes beyond good or bad management and affects both good
companies and bad.

If we don’t address this issue, we cannot hope to have a sustainable industry: these boom
and bust cycles have especially disruptive economic and social repercussions (job losses,
loss of investor confidence (including financial institutions) and stakeholder credibility)
but also impair the ability and motivation of companies to address environmental and
social concerns. A company in financial difficulties can rarely afford to be conscious of
environmental issues.

The worst effect of all perhaps is that the struggle for day-to-day survival can result in a
short-term mentality which then carries over even in the good times.

This cyclicality is essentially a market issue: the most well managed, competitive,
aggressive and innovative company will fail if it produces something the market doesn’t
want, in the wrong form, at the wrong price, or in the wrong quantities.

Understanding the market, and responding to it is essential to the economic viability of
any activity.

Responding to supply and demand factors but also to the desires, needs and concerns of
the market, i.e. our consumers.

So addressing the issue of sustainability is not just an academic exercise for special
interest groups, but it is in fact a necessary market-oriented response to an increasingly
aware consumer.

So what causes this cyclicality?

I think it might be useful to go back a little to some basic economic theory about demand
and supply as it might apply to the Mediterranean aquaculture industry:

The quantity demanded is defined as the various quantities that consumers are able and
willing to buy at various prices when all other factors that affect consumer behaviour are
held constant (ceteris paribus):
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e Population size & distribution
Consumer income and distribution
Consumer tastes & preferences
Prices

The availability of substitutes

It is not unreasonable to say that so far, the aquaculture industry has been moving
downward along the curve: As supply has increased, the price has fallen and we have
been able to move lower along the curve.

There are 2 basic problems with this. The first is that there is a limit to how much fish
can be sold, no matter how low the price goes. The second is that the only way to move
back up the curve (to higher more viable prices) is to reduce quantities.

So the challenge is not just to increase the quantity demanded at a given price, but to
increase demand at every price. Changing any factor will cause a shift in the curve itself,
an increase or decrease in demand for every price point.

Qd: f (Pd, Popd, I, T, Pr)

Qq¢= quantity demanded

Pq= price of the product

Popg=population size

I=income

T= tastes and preferences

P,= price of related products

Not having good and timely data on the market, i.e. about where this curve is, simply
leads companies to keep moving down along the curve until they reach that price point at
which demand will equal their supply.

This is not bad in and of itself if:

1) It is accompanied by ever decreasing costs, i.e. increasing productivity and
therefore equal or maybe greater profitability.

2) It is part of a strategy to “price out” competitors of the market, either through
better cost structure or better financing for a short term strategy. The goal there
being an aggressive pricing strategy to expand consumer demand and take out
competitors and then move the curve out again with a greater demand at each
price point.

However, Pricing a scarce product lower and lower can have the effect of “degrading it”
to a lesser status in consumer’s eyes.

In other words it may facilitate the entry of substitutes who in fact have very different
cost structures and perhaps other advantages (in presentation, filleting etc) that are all of
a sudden requirements for our products.

We now have an artificial substitute: under normal or rational pricing strategies, these
products would never be substitutes.

Maintaining artificially low prices (by artificially I mean unsustainable in the long-run)
can lead to a shift in perception of the product from a superior to an inferior good. An
inferior good being one whose demand goes down with increases in income.
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It can be argued for example, that we have lost the opportunity to build an added-value
market for our products since we have been competing for market share only on price. If
the consumer cannot differentiate between our fish and a nice white inexpensive fillet of
Pangassius from Vietnam why should he buy a sea bream fillet at twice the price?
It becomes much more difficult to re-educate our consumer about the very high quality
and nutritional attributes of our fish and essentially re-brand our product. It becomes
difficult to justify the filleting and packaging for convenience of such a product as a
high-value added service.
Price Elasticity
The price elasticity of the demand curve is also important to consider: the degree to
which the quantity demanded will change, given a change in market price is not the same
at all points in the demand curve.
Eqs= % change in Qd

% change P
At the high end of the demand curve, with high prices and lower quantities, price
elasticity is greater and becomes more inelastic as prices decrease and quantity demanded
increases.
In other words, at high prices the quantity demanded is very responsive to price changes.
If prices go up and are too high, demand will shift to a substitute product. Conversely if
prices go down somewhat, then the percentage change in quantity demanded will be
greater than the percentage change in price.
What happens as we move down the curve?
At the lower end of the curve, for a normal good, the price elasticity of demand will
become inelastic: a decrease in price will result in a smaller proportionate increase in
quantity demanded.
There is a point at which no matter how much price decreases demand will not increase.
Increased demand can only occur with a rightward shift in the curve: a change in product
attributes, form, added-value, or perceived health benefits.
And finally: elasticity of supply.
Because the Mediterranean aquaculture industry is characterized by relatively high fixed
costs and a long production cycle supply elasticity for our industry is relatively inelastic.
The ability to “warehouse” our products and therefore respond to changes in price by
reducing supply, is an essential component to smoothing out the cyclicality of our
markets. Due to size and space limitations warehousing in live form is a limited option
but developing product forms which can be more easily stored (frozen, filleted etc...) or
sold in a different market (geographical or different market segment) should allow for
greater supply elasticity.

THE BOOM AND BUST CHALLENGE:

Can we break the boom & bust cycle of our industry?

Probably not break it but certainly we can learn to smooth out the peaks and valleys.

The classic definition of a market economy tells us that in theory it is a self regulating
mechanism which will always match supply with demand to the best advantage of
everyone.
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The price of a good or service communicates consumer demand to producers and will
direct the allocation of resources toward consumer, as well as investor, satisfaction.
Through free competition between vendors for the provision of products and services,
prices tend to decrease, and quality tends to increase.

The basic precondition however to the correct functioning of the market economy is the
free flow of information.

The timely collection and analysis of market data, an in-depth knowledge of consumer
preferences, and production data will lead to a better match between supply and demand
and a smoothing out of the cyclicality of the industry.

CONCENTRATION:

The reality though is that farmers (and this includes companies) generally face a
commodity market where they have little bargaining power to negotiate either prices or
transaction terms and are removed from the final consumer.
So what are possible solutions? Concentration certainly.
Since the 1980’s the global agricultural industry as a whole and livestock production in
particular has been marked by a great degree of concentration. This same trend has
occurred in the wholesaling and retailing sector. Production concentration can lead to
greater market stability and therefore sustainability but only if it leads to:

e greater cost efficiency,

e Detter production planning (i.e. production that is better coordinated with

demand) and
e Detter negotiation power vis a vis the market channels

This can also be achieved through cooperation.
Producers’ organizations and cooperatives have been successful in some cases by
allowing farmers to pool sales and input purchases, to jointly promote their products,
establish a quality brand and invest in the joint production of added-value products. In
addition contract farming has proven to be a stable and profitable alternative for
independent farmers.
They can be essential in gathering market data to help farmers better plan their
production.
They are a means of achieving concentration of the offer without financial consolidation,
allowing smaller, family owned farms to retain their independence.
In an era where food production and distribution is increasingly dominated by a few, very
large companies, there is a strong argument in favour of small farmers:

e Diversity of product

e Traditional way of life

e Tied to their product and their environment/community

The commonality to these modes of organization is:
a) The willingness to forego some future upside profit potential in order to
guarantee a reasonable (viable) minimum price.
b) The willingness to submit to a certain discipline in production planning.
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Scale in marketing is essential.

Whether reached through concentration (mergers and acquisitions) or through
cooperation (marketing cooperatives or associations) or a combination of the two,
farmers need to assume greater control over the sector through collective actions in
marketing.

The goal of these collective action groups is to perform essential market oriented tasks
which cannot be done by individual farmers or companies.

With pooled resources a cooperative can provide better market information and data for
use in management decisions, it can serve as a clearinghouse for trade information,
promote the product both domestically and abroad, and even enforce production
standards to ensure a level playing field.

An important distinction to make is that these collective actions must be compatible with
the principles of a market economy: keep in mind that competition with ever lower prices
is good for the consumer. And there are many more consumers than farmers!
Concentration and Cooperation

The development of chain formation in the distribution and marketing system is one of
the essential challenges for the aquaculture industry.

Better coordination between the links in the marketing and distribution chain can help to
systematically utilize the information on the dynamics of the markets. By getting closer
to the final consumer or by establishing alliances farther “down” the marketing and
distribution chain enables producers to better understand their markets, the supply and
demand and to be better able to respond to needs for new products.

In recent years (since the 1980’s) the main markets for livestock have been characterized
by a shift from traditional dependence on open market transactions and trading on a spot
market basis to longer-term trading relationships such as:

Forward contracts

Production and marketing contracts

Marketing agreements

Vertical integration

(Marketing agreements usually involve quantity and price considerations, off-invoice
marketing, and some form of marketing services such as special packaging, certification
and labelling).

Production and marketing contracts (contract farming) include the provision of services
by the farmer such as labour, utilities, housing/land and equipment while the contracting
company provides the feed, veterinary services, field supervisory personnel (in the US
for example close to 90% of the production of poultry is covered in this way). These
trends have provided a degree of price stability mainly due to better production planning.

MARKET DATA:

Know your market and let your market know you.

Information is key to sustainability: for planning (i.e. avoiding an imbalance between
supply & demand) and producing what the market and the consumer wants not the other
way around.
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Marketing is in fact nothing more than the acquisition, proper interpretation and use of

information.

» Gain knowledge about packaging and solutions for packing and distribution that are
tailored to market demands for fresh products and that satisfy requirements relating to
environmental and food safety.

» Acquire knowledge for adapting logistics systems to demands from market players for
more frequent and thus smaller deliveries.

« Facilitate knowledge to be used toward more efficient data collection and data exchange
in the supply chain and for developing and utilising logistics systems that can raise
the product quality and quality image of Mediterranean seafood products.

The lack of a coherent and coordinated communications strategy is one of the greatest

obstacles our industry faces today.

PROMOTION, INFORMATION AND TRANSPARENCY:

The great majority of negative news about the aquaculture industry occurs outside the
EU:
Toxins and Contaminants
Negative environmental impact (degraded mangroves etc...)
The use of illegal antibiotics
e Human rights abuses and unfair labour practices
e Animal welfare abuses
e Genetic modification
We need to inform the European consumer that:
We do have strict legislation in place concerning all these issues and our products
are produced in strict accordance with these rules but above all values:
e Product Quality & Safety
e Respect for workers
e Environmental protection
e Animal welfare
e Feed materials sustainability and ethics

The aquaculture industry does not need to run promotional campaigns but
informational campaigns. We need to give our consumers the facts about
e Positive health characteristics of our products
e Safety of our products due to strict laws and regulations controlling every
aspect of production and distribution
e Quality of the production environment due again to strict laws and regulations
as well as comprehensive monitoring

GENERIC CAMPAIGNS

The most important activity for coordinated cooperative action in marketing is generic
advertising. There is enormous scope for improving consumer perception and
understanding of aquaculture products and their production through a Generic
Communication campaign, emphasizing the nutritional and health benefits of fish.
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It can increase market demand by informing new consumers and reinforcing existing
consumers’ consumption choices. It can lead to an upward shift in the demand curve for
aquaculture by:
Raising awareness, generating interest, a favourable perception and finally evaluation.
Making existing consumers feel better and increase their consumption by responding to
their concerns about the safety, quality and environmental sustainability of the product.
Methods can range from traditional advertising campaigns, indirect marketing, recipes
and preparation advice, focusing on opinion makers and multipliers, or simply by
capitalizing on positive news in related industries (i.e. seafood in general).
In addition establishing origin of production logos can capitalize on existing positive
consumer perceptions.
A logo such as ‘EU produced’ or ‘EU aquaculture’ effectively communicates to the
buyer the product’s added value, guaranteed by compliance to the Community’s strict
consumer and environmental protection, legislative and regulatory framework.
In addition, positive consumer perceptions related to origin of production (Mediterranean
Europe) can make generic branding for Greek aquaculture a feasible and attractive
prospect.
A Level Playing Field
Information campaigns can also promote a Level Playing Field in the market: European
aquaculture producers face an internal European paradox:
Europe sets higher standards for its producers than it requires for its market. We produce
at one standard but we consume at another.
We allow supermarket chains to set and enforce our quality standards and we aren’t
overly concerned about:

e unsanitary production methods
the use of antibiotics and hormones
GM feeds
Damage to the environment
unfair labour practices

e or animal welfare,
as long as production occurs in 3 countries and imports are cheap.
Commercially speaking, the European market is unfriendly to its own producers.

Food safety is a top priority in Europe. Such safety, however, is often not guaranteed
in the area of fresh and frozen 3™ country imports, posing a risk for the consumer,
a competitive cost for Community producers and the environment at large.

These products are often produced with no regulations as to:
e Contaminants and public health and safety
e Disposal of by-products
e Use of antibiotics and other chemicals
Rights of workers
Waste product treatment and release
Animal welfare
e Protection of the environment
And most importantly, they are:
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¢ not sufficiently traceable
e often mislabelled
e subject to minimal quality controls and only at the processing stage

Should there be a negative consumer reaction due to a health, food safety or
environmental issue, it will have a direct negative impact on the whole of European
Aquaculture.

For any discussion of sustainability to be meaningful, it must emphasize the need for a
level-playing field. Sustainability criteria must be valid and applicable globally.

CAN YOU CERTIFY SUSTAINABILITY?

Since sustainability is not a static state but a continuous process, the answer is no.

What we can certify are sustainable aquaculture best practices, our behaviour and not our
products per se.

Certification of responsible behaviour should be a tool leading to sustainability, in
addition to the already widely understood criteria for environmental sustainability it
should take into account social acceptability and economic viability.

Appropriate site selection to minimize conflict over space, environmental impact
assessments, continuous and comprehensive monitoring of environmental parameters
together with transparency and dialogue among stakeholders is essential to promoting
environmental sustainability.

Good communication regarding producer activities, origin, and production methods used
to transmit the benefits of aquaculture to consumers and promote both the production and
consumption of responsibly produced seafood.

Promoting understanding of market forces, the gathering, analysis and use of market
information to achieve a greater degree of long-term economic viability also helps social
acceptability through the provision of long-term employment generation.

CURRENT EFFORTS:

CONSENSUS is an initiative funded by the European Commission Sixth Framework
Programme of Research and Technological Development in the area of Food Quality and
Safety.

It is led by the European Consumer’s Organization (BEUC) and includes major European
stakeholders representing consumer interests, aquaculture producers, feed suppliers,
environmental, animal health and welfare groups, as well as by stakeholders from various
levels of legislative bodies in both the EU and Member States.
The aim of the project was to identify new and efficient aquaculture protocols which
would lead to the establishment of a sustainability standard for the European aquaculture
industry.

A total of 68 indicators were identified falling into 9 thematic areas:

Economic viability 12

Environmental standards 7

Biodiversity 5
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Health & Welfare 9

Human resources 7

Packaging & transport 1

Public image 14

Resource Use 8

Sector 5

The actual protocols for sustainable aquaculture focus more on the implementation of
those measurements, with recommendations at farm, local authority, producer
organisation or other organisation level and how the information resulting from the
collection of this information can be effectively used for and by the sector.

FEAP CODE OF CONDUCT
The original Code of Conduct was developed by experts and producers in consultation
with a wide range of international bodies and was unanimously approved by the FEAP
Assembly in 2000.
It is a voluntary non-binding agreement setting out rules of behaviour which

e Promote the responsible development and management of a viable and

sustainable European aquaculture sector

e Assure the highest standard of quality food production with

e Respect for environmental considerations and consumers’ demand.
The Code of Conduct of the FEAP is currently being reviewed to incorporate the results
of the work of the Consensus project on the establishment of clear and measurable
indicators for the sustainability of European aquaculture. It includes 5 core components
which are the primary responsibility of the sector:

e Guiding Principles
Consumer
Social Relationships
Fish Husbandry
Environment

IUCN CERTIFICATION GUIDELINES - RESPONSIBLE AQUACULTURE
PRACTICES and CERTIFICATION

However, a code of conduct is a non-binding agreement and cannot serve as the basis for
certification of sustainable/responsible behaviour.

Best behaviour vs. best practice.

Certification has to be based on:

Measurable and reproducible standards

Must be related to processes and activities (specifically resource surveillance, technical
equipment, environmental compatibility, health & welfare, traceability, production data,
sampling & analysis, safety & terminology)

It has to demonstrate adherence to a range of measurable criteria that satisfy the demands
of the consumer and allow for the improvement of the image of the sector.

The Marine Programme of the World Conservation Union (IUCN) in cooperation with
the Federation of European Aquaculture Producers (FEAP) and the General Secretariat
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for Fisheries of the Ministry of Agriculture, Fisheries and Food of Spain (MAPA), signed
an agreement to cooperate and develop “Guidelines for Sustainable Development of
Mediterranean Aquaculture”.

The objective of these guidelines is to propose recommendations for responsible and
sustainable aquaculture, giving support to decision makers, aquaculture producers and
stakeholders in the Mediterranean region.

This is the third guideline, devoted to responsible practices and certification for
sustainability which will shortly be published, the first two being “Interaction between
Aquaculture and the Environment” and “Site Selection”.

It aims at providing basic recommendations to decision makers on how to design and
implement responsible aquaculture practices and certification for sustainable
development.

FAO/GFCM-CAQ - Strategy for Marketing of Med Aquaculture

The General Fisheries Commission for the Mediterranean and the FAO convened a
workshop on sea bass and sea bream markets in Rome on May 12, 2006 which concluded
that it has become very competitive with concrete threats of saturation in existing
markets.

The conference resulted in a number of specific recommendations to promote the
development of a sustainable aquaculture sector in the Mediterranean.

The ongoing project “Support to the GFCM Working Group on Marketing of
Aquaculture Products: Development of a Strategy for Marketing and Promotion of
Mediterranean Aquaculture” aims to produce concrete recommendations and tools for
national governments in order to:

e Improve the compilation of production and trade data including those on hatchery
and feed production

e Carry out analysis of markets and trade of sea bass and sea bream products (sizes,
qualities, process, products, etc.)

e Improve the methodology for the compilation and quality of data collected by
National authorities from the industry on production (including hatcheries) and
sales including making reporting part of the licensing conditions

e Encourage marketing actions at the National level, in particular generic
promotion of Mediterranean bass and bream

e Encourage promotion of domestic markets

o Facilitate market and cost analysis studies, benchmarking and comparison with
relevant successful examples in aquaculture (Analysis should include costs,
species, technologies, geographical and environmental characteristics of
production sites, education and availability of human resources, legislation,
investment, taxation of sector and relations with other coastal activities.)

OTHER ONGOING EFFORTS:

In addition to these specific projects, the Food and Agriculture Organisation (FAO), the
European Union (EU) as well as several Mediterranean countries have ongoing
consultations on the promotion of sustainable aquaculture.
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CONCLUSION:

The contemporary aquaculture industry is the link between the traditional fishing past of
many local communities and the future exploitation of our natural resources by -and for-
the whole of the European Community.

We have a common set of values and principles in Europe that imbue every aspect of our
laws and our way of life.

We believe in behaving responsibly in protecting the environment, the rights of the
worker, the safety and health of the consumer, the welfare of animals, we believe that
there is value in preserving the traditional way of life for small farmers whether of the
sea or the land and we are proud of our heritage in producing fine, traditional products of
the highest quality that are recognized throughout the world.

Viability is a basic precondition to sustainability- as the largest producing country in the
Mediterranean we must take the lead in building a viable and economically competitive
aquaculture industry.

We must believe in our ability to compete on the highest level globally, to continuously
innovate and remain at the forefront of scientific and technical knowledge, to
continuously increase our productivity and provide jobs for this generation and the next.
But most importantly, we have to be committed to the long-term, to professional and
responsible management and to transparency.
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OIKOAOT'IKH KAI BIOAOT'IKH XHMANXH BIOAOI'TKQN
MPOIONTON AAIEIAY KAI YAATOKAAAIEPTEIQN EEEAIZEILE,
IHPOKAHXEIX KAI ITPOOITIKEX

duunnag. A. [orayswpyiov
e-mail: fpapageorgiou@mou.gr

NEPIAHYH

Ta televtaio xpovia, n avénorn e RTong Kot 1 avartuén g epmopiog OAEVTIKOV
TPOIOVIMV, GE GLUVOLOGUO LE TNV ALEAVOUEVT TTEPIPAALOVTIKY] gvaicOnTomOoinoT Kot T1g
OLYVEC OTPOPIKEG Kpioels, oLVEBOAAAY -petald GAA®V- otnv ovaykn Onpovpyiog
TPOTOHTT®V OTKOAOYIKNG 1 PLOAOYIKNG TIGTOTOINGNG KOl GTLLOVOTG TMV TPOIOVIMV OUTAOV.
Ta mpdéTLRE TOL AVOTTOYONKOV OmAVINCOV -EV UEPEL- OTIG GYETIKEG OYOPOOTIKES KOl
KOTOVOAWTIKEG OTOLTNGELS, ONUIOVPYNOAY OU®G GVUYYLOT OVOPOPIKA LE TNV 0E10TIoTIO
TOVG, AOY® NG EAAEYNG EVOG KOOV TAOLGIOL 0PYDV KOl EAEYYOV.

H Evponaikq Emtponn avélape mpwtoPoviiec yio v avdmtuén xavovev ypniong
aVTOV, POCICUEVOV O KOWE OTOOEKTEG OPYES OEWPOPIKNG OAlElG Kot PloAOYIKNg
VOUTOKOAMEPYELONG, e GEPACUO 0TO TEPPAALOV, TOVG EKTPEPOIEVOVS OPYAVIGHOVS, KOl
oV KoTovoA®™. Me v Avakxoivwon COM(2005)275, mpog ta oappodia Oecpikd
opyava, Eekivnoe m Owdikacio. Yo ™ 0éomon TOV EAUYICTOV OATOTHCEMV Kol
TPoLToDEGEMV Y10 TO GUGTHHOTO OIKOAOYIKNG ONLLOVONG TPOIOVIMV OALEING, EVO HE TN
npoceatn ynewon tov Kav (EK) 834/2007 gtébnoav, yio Tpdt QOpa, KOVOVEC Yio. TN
Broroyikn véatokaAMEPYELQL.

H owoloyikn kot 1 flodoyikn orjpoven ciyovpa 0ev amoteAohV TOVAKELN GTN TPOKANON
™G OEPOPIKNG TPOGEYYIONG OTN TOPAYMYT] OAELTIKOV TPOiOVT®V. Avaugifoio OUMC
0étovv T1g Pdoelg Yoo T TpomOnon Ko eEEMEN TPAKTIKAOV TOV UEIOVOLV TIG OPVNTIKES
eMMTOOoE; o10 mePPAAlov M/kar PeATidvovLy TV TOWOTNTO TV  TOPUYOUEVOV
mpoioviov, otpiloviag, tavtdOxpova, TN PlwopwdTo Kot - EVIoYOOVIOG TNV
AVTOYOVIGTIKOTNTO TOV TOPAYOYDV, GAE®OV 1] VOUTOKOAAEPYNTOV.

ECO-LABELLING AND ORGANIC LABELLING OF FISHERY &
AQUACULTURE PRODUCTS: DEVELOPMENTS, PROSPECTS &
CHALLENGES

P.A. Papageorgiou
e-mail: fpapageorgiou@mou.gr

ABSTRACT

Over the past years, increasing demand for food products of aquatic origin along with
rising environmental awareness and the all-the-more-often food crises, have contributed
to the need for creation of eco-labelling and organic labelling certification schemes.
While development of such schemes answered partly to relevant market and consumer
demands, the lack of a common regulatory framework for their development and use in
the market undermined their credibility and created confusion amongst consumers.
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The European Commission took the initiative for developing a common regulatory
framework, based on commonly accepted principles of sustainable fisheries and organic
aquaculture, respecting and protecting the environment, the cultured organisms and the
consumer. Through Communication COM(2005)275, a debate on a Community approach
towards eco-labelling schemes for fisheries products was launched. Accordingly,
through the adoption of Reg (EC) 834/2007 common rules for organic aquaculture were
set for the first time.

Eco-labelling and organic labelling is definitely not the panacea to the challenge for
sustainably produced fishery and aquaculture products. However, such labels -and
respective certification schemes- lay the foundations towards endorsing practices which
aim to reduce negative environmental impacts and/or improve the quality of the produce,
while promoting viability and competitiveness of producers.
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E-COMMERCE DISTRIBUTION MODEL FOR THE
AQUACULTURE ENTERPRISES IN GREECE

Andreopoulou S. Z.* & Kokkinakis K. A.2

Aristotle University of Thessaloniki, Faculty of Forestry and Natural Environment,
1. Laboratory of Forest Informatics, e-mail: randreop@for.auth.gr,
2. Laboratory of Wild Life and Freshwater Fisheries, e-mail: akokkin@for.auth.gr

ABSTRACT

In a period less than twenty years, Greek fish farming starting virtually from zero has managed to
account for approximately 55-60% of production of sea bass and sea bream in the European
Union and 45% of production for the Mediterranean countries. National aquaculture industries,
usually in a distance from consumption centers, would have a dynamic approach aiming to
occupy local and international market. In Greece, there are many private aquaculture enterprises
that have already created a presence in the internet in various stages of maturity using broadband
facilities. This paper discusses the e-commerce distribution model for aquaculture enterprises and
information flow in websites. It further explores the websites of commercial purpose that support
and promote e-commerce activities within aquaculture sector in Greece that were retrieved in the
Internet as to their qualitative and quantitative characteristics. Then, the websites are classified in
maturity stages according to characteristics they accomplish from a simple presence to the total
ICT integration in supply chain management. Finally, it is provided insight from the enterprises
experience regarding the extent to which features about practical adoption of e-commerce are met.
The results of this study reveal the present condition of the adoption of internet distribution
model in aquaculture sector in Greece and findings can be helpful for managers and web
designers.

Key words: e-commerce, internet distribution, aquaculture, broadband internet

HPOTYIIO AIANOMHYX HAEKTPONIKOY EMIIOPIOY I'TA TIX
EIIIXEIPHXEIX YAATOKAAAIEPTEIQN XTHN EAAAAA.

Avdpeonovrov & X. Z., Kokkvakng K. A.

IMEPIAHYH

Xe o mepiodo pukpdtepn twv 20 etdv, 1 tybvokoriiépyeia oty EAAGa, apyilovtag amd To
unodév €yel kartopbmaoel va kolvmtel mepinov 55-60% g Oaldooiag mopaywyng Toumovpag Kot
Aappokiov oty Evponaiky ‘Eveoon kot to 45% tng mopayoyng ot LECOYEWNKEG YDPEG. ZTNV
EAAGO0, vrdpyovv TOAAEG 1OIOTIKEG EMXEIPNOEIS VOATOKAAMEPYENG CLVIOMG GE OMNUOVTIKY
amdoTACT| OO TO KEVIPO KATOVAAMGTG, 01 OTOIEG £X0VV dNUIOVPYNOEL O 1OTOXMPO o€ O1dPpopa
OTAOWL PIUOTNTOC MUE OTOYO Tn OLVOWIKY TPOCEYYIST TNG TOMIKNAG Kol O1efvovg ayopd,
aflomowwvtag 1o gupulmvikd dwdiktvo. Xtnv epyacio avt cvinteital o TPOTLNO StAVOUN
UEGH NAEKTPOVIKOD EUITOPIOL Y10l TIG EMLYELPNOELG VOATOKOAMEPYELOG TG EALGSaG. Avaivovtal
0l VIAPYOVTEG 1OTOYMPOL TOL TOUEN TNG LVOUTOKUAAEPYELNG OC TPOG T TOLOTIKG KOl TOGOTIK(
YOPAKTINPIOTIKE TOVG KOl KOTOTACCOVTIOL GE GTAd OPILOTNTOS COUPOVO [E TO XOPUKTIPLOTIKA
ov  emtvyydvovv. Ta otddo Kvpoivovior omd [ oA TOPOVCio HEYPL TN OCULVOMKN
OAOKANP®OT VEOV TEYVOAOYLDV OTN dwoyelpion ¢ aAvcidag epodiacpov. Ta amoteAéoparto
OVTAG NG epyaciog avaAbovy TNV ToPobGO KOTAGTOGT GE oYEon e T0 Pabud amodoyng Tov
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NAEKTPOVIKOD EUTTOPIoL Kot TN Stovoun HES® O1adtkTvov otnv EALASH Kol Ta. cuumepdopoTo
UTOPOVV va. £ival ¥p1GILLO Y10l TOVG SLOYELPLOTEG KO TOVE GYESOGTES OVAAOYMV 10TOCEAIOMV.
A£Ea1g KAEW010: NAEKTPOVIKO EUTOPLO, OLOVOUT LECH SLOSIKTVOV, VOATOKOAMEPYELN, EVPLLOVIKO
AwadikTvo

INTRODUCTION

Agquaculture can be considered as the fastest growing food-producing sector which
presently accounts for nearly 50% of the world's food fish and appears to have the
potential to make a significant contribution to this increasing demand for aquatic food in
most regions of the world (FAO, 2007). The aquaculture sector is expected to dominate
in the food market for fish consumers globally till the year 2030 according to official
forecasts for the E.U. countries (European Commission, 2001, 2002, European Union
2002). In a period not exceeding twenty years, Greek fish farming starting virtually from
zero has managed to account for approximately 55-60% of aquaculture production in the
European Union and 45% of the production from the Mediterranean countries. Therefore,
its economic extent creates new economic functions, i.e. employment, a more effective
use of local resources, and opportunities for productive investment. The aquaculture
activity in Greece is classified in the intensive culture of sea and fresh water fishes, the
shellfish culture and the extensive or semi-intensive culture of coastal and inland lakes.
National modern aquaculture farms, are characterized for their remote installations
usually in a distance from consumption centers, therefore they must have a dynamic
approach aiming to occupy local and international market (Andreopoulou and
Kokkinakis, 2008).

E-commerce and website design

Information and Communication Technologies (ICTs) offer today a variety of new
opportunities for economic, social and cultural development with a variety of products
and services provided through the Internet, the so-called “e-services” (Andreopoulou,
2006; EU, 2007). E-commerce is defined by international organizations as the use of
electronic means to exchange information and to carry out activities and transactions
(OECD, 1999). E-commerce has become nowadays the key way to perform business.
One of the many advantages is that the use of broadband networks eliminates the
necessary cost and the time required for the transactions. Additionally, the target
audience of a website is potentially worldwide and that way there are no geographical
boundaries for the economic transactions.

The way to build a successful website is the major issue facing all enterprises
contemplating web initiatives (Rosen and Purinton, 2004).

The functions of specific features as they contribute to website appeal to users have been
the issue of many researches. Seven functions have been isolated that impact in customer
loyalty to a site: (1) customization; (2) contact interactivity; (3)‘cultivation’ (i.e.
provision of information/ incentives to extend customer purchasing over time); (4) ‘care’
(operationally, features that keep customers informed of the availability of preferred
products and/or of the status of orders, or that minimize service description); (5)
provision of a structure to facilitate exchange of opinions/information; (6) product
variety; (7) ‘character’ (i.e. text / graphics / slogans, etc. projecting an image or
personality of the merchant). Interactivity has been widely proposed as a force for site
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appeal (Blake et al, 2005). Russo and Graham (2004) had stated that the development of
web-based applications is still mostly ad hoc.

Therefore, the model website should adequately inform the potential client on the variety
of products and on the available stock of products and probably on specific price-offers
(Andreopoulou and Kokkinakis, 2008) (Fig. 1). However, price-lists are sometimes
avoided because the prices could be negotiable for regular clients and high quantities of
fish ordered, as it is a sensitive product (Andreopoulou et al., 2007).

An important factor, which determines the success of a web page that supports
commercial activities, is when the website designer comprehends the target audience that
aims to attract, and various useful information are offered to the users in parallel (Calitz
and Scheepers, 2002). In order to keep its customers a business must also provide a
satisfying “shopping experience” that includes limited delays for the fulfilment of the
transaction, simplicity and speed in finding goods or services in the website, etc. These
are problems to be confronted within proper website structure features and also technical
infrastructure of the IT system installed.

INTERNET
AQUACULTURE CUSTOMERS
COMPANY

a) Product Promotion

b) Aquaculture unit Info
BEFORE SALE
¢) Information about the products

d) Customers Marketing profile

a) Order Forms
DURING SALE b) Order Confirmation
¢) Economic Transaction

d) Order fulfilment and delivery

a) Communication
AFTER
SALE

it
fiifiiil

b) Offers Update

Figure 1. E-commerce model for aquaculture unit (Source: Andreopoulou & Kokkinakis, 2008)

In Greece, many private firms in aquaculture sector have created a website in various
stages of maturity. This paper identifies Greek aquaculture websites, analyzes them
qualitatively and quantitatively and classifies them in maturity stages.

MATERIALS AND METHODS

The websites of Greek Aquaculture firms used for this study were retrieved from the
Internet with the use of search engines and key words such as, “aquaculture, aquaculture
unit, aquaculture company, fish production, fish farming, fish culture, aquaculture
production for the Greek territory.

In order to classify the websites it was used the Multicriteria methodology developed by
Gartner Group that comprises 13 criteria. Similar research efforts have materialized for

61



the Greek context that aim to identify, evaluate and classify in maturity stages the
websites that promote environmental and developing sectors (Andreopoulou et al., 2005;
Andreopoulou et al., 2007, Andreopoulou et al., 2008). The criteria used are presenting in
Table 1.

Consequently, a 2-dimentional table was developed that examine the existence of criteria
and common content, as it was earlier described and the values of 1, for the existence,
and 0O, for the non existence of the criteria, were attributed to variables X; to Xjs,
respectively. Moreover, the sites were grouped in four (4) categories, each one
representing a certain stage of maturity in using of e-commerce. These stages are:
presence, interaction, transaction and transformation. The grouping is quantitative
depending on which of the criteria achieves a web site. These stages can also identify the
stages of maturity for these websites regarding the enhancement of e-business.
“Presence” is the stage that ensures that the site is accessible in many ways by all users
that want to visit the site and interact with the interface in order to gain information. It is
only ensured a presence in the Internet and advertisement purposes. It does not have,
however no possibility of interaction and communication with its possible customers.
“Interaction” addresses the engagement of site visitors and enables them to complete
whatever process or experience offered by the site. Therefore, in the second stage of
interaction, beyond the presence, there are some limited actions enabled for the user,
such as navigation through the website and the provision of various links. “Transaction”
is related with the e-shoppers experience in the purchasing process and payment orders.
Thus, in the third stage of transaction there are enabled applications that enhance
transactions where the final user can play a major role, such as electronic exchange of
texts and self-services provided for the user. “Transformation” includes the quality of
communication and transaction along with responsiveness and reliability to the potential
customers. Therefore, in the fourth stage of transformation the value chain is optimised
while users have the possibility for online orders and payments while they are
simultaneously in position to check the stage of their order. According to that method,
websites that achieve only one or two (1-2) criteria, classify in the stage of presence,
while sites fulfilling additionally three or four (a total of 3-7) criteria belong in the stage
of interaction; sites that accomplish five to seven (7-10) criteria belong in the stage of
transaction, while site accomplishing the majority or all of the criteria, a rate eleven to
thirteen (11-13), represent the stage of transformation (Andreopoulou et al., 2007).
Finally, statistical analysis of the results was performed using the statistical package MS
Excel 2003.

RESULTS

Research through search engines on the WWW resulted in the retrieval of 64 websites
concerning aquaculture entities, such as production units, industries and similar carriers
that support and promote e-business activities in the aquaculture sector in Greece.
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Table 1. The 13 criteria that used for the classification of the Greek aquaculture web sites and their

appearance percentage

Criteria Main Characteristics of each criterion in the website Percentage of each
/Variables criteria appearance
X1 Technical information about products-services 31.3%
X2 Current prices for the products-services 0.0%
X3 Information about the carrier/owner of the website 98.4%
X4 Transaction policies and local information 15.6%
X5 Links to other companies, organisations, etc. 18.8%
X6 Links to other related sources of information 34.4%
X7 On line transactions (enabled with traditional ways of 9.4%
payment)
X8 On line transactions (enabled with online payment) 0.0%
X9 On line communities (forums, chat rooms etc) 6.3%
X10 Additional topics with information on different categories of 18.8%
interest
X11 Code Access: website areas where access is allowed only for 4.7%
members through codes or passwords
X12 Third person advertisement 59.4%
X13 Personalization of the page, trace, safety 0.0%

Depending on the number of the 13 criteria achieved by a web site, websites are
classified in four groups, representing a certain stage of maturity. The classification of
the websites in the four stages of maturity is shown in Table 2.
Results show that most of the websites, a 72% are seeking for the moment only in a web
presence for advertisement purposes (Fig. 2). Among those sites are included most of
regional aquaculture units. This was expected because the main target of the regional
sites is to give emphasis to general information concerning the type of their products and
contact information for potential customers. A 25% is listed in the stage of Interaction
and only 3 % in the stage of transaction while no website of aquaculture enterprise is
listed in the stage of Transformation.

Table 2. Classification of websites in groups of maturity stages

Group Group-1 Group-2 Group-3 Group-4

Maturity Stage Presence stage Interaction stage Transaction stage Transformation stage
Criteria achieved 1-2 3-7 8-10 11-13

Frequency 46 16 2 0

Percentage 72 25 3 0

Using the 13 content criteria, the percentage of each achieved criteria can be recognized,
and it is presented in Table 1.
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@ group-1/ presence

| group-2/ interaction

O group-3/ transaction

O group-4/ transformation

Figure 2. The four groups of aquaculture web sites.

It is then concluded that the largest frequency is being achieved for criteria such as
existence of information about the carrier/owner of the website 98,4% and third person’s
advertisement 59,3%. There is no appearance of frequency found for criteria as current
prices for the products or services supported by this web site, because of the changeable
value of the product, the possibility for on line transactions enabled with online payment
and potential personalization of the page, trace and, safety features. The identified links
to other related elements and sources of information is usually either stock market
information on the enterprise, economic information on the enterprise or merging
activities or portals with focus on aquaculture issues and databases, international
institutes, carriers, nongovernmental organizations, etc.

DISCUSSION - CONCLUSIONS

Aquaculture has to define new qualitative and quantitative targets and to adjust in the
new trends with an increased organization level. The development of modern marketing
methods can effectively contribute in the viability and the efficiency of the newly
established aquaculture industry.

The websites are distinguished in only 3 out of 4 maturity stages. In the first stage of
“presence, where the majority of the websites is classified 72%, the aquaculture
enterprise seeks to ensure its presence in the Internet and to be advertised aiming to
appeal potential customers. In the stage of interaction are classified 25% of the websites
and the aquaculture enterprise, beyond its presence in the Internet, gives the possibility
for search into its website as well as connection with other websites. The results illustrate
that the majority of the aquaculture sector e-commerce targeted websites are only seeking
in a web presence, and less in transaction or yet transformation. This is a consequence of
many complicated and sometimes opposed factors. Similar findings have been identified
by research within the websites that promote e-commerce activities in environmental
sectors such as forestry and agriculture (Andreopoulou et al., 2005, Andreopoulou et al.,
2008).

The results of this study are useful in order to realize, through the examination of the
criteria, their effectiveness within the design and implementation of similar web sites, in
order to fulfil certain features and characteristics and become more efficient within the
wider area of aquaculture products.
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EZOINAIXMOX MONAAQN OXTPAKOKAAAIEPTEIQN
XE XXEXH ME TH BIQXIMOTHTA TOYX

>, Maww’apnl, N. Naocpl')roul, X. Nsocpl')rovl
"Tudpo Temmoviag IxBvoroyiag kar Ydrvov Iepdirovtog, Zyoh Ieomovikdv Emompév,
Mavemotuo Oscoariog Od6c utdkov, 38446, N. Iovia Mayvnoiag, steriani@uth.gr

NMEPIAHYH

Ot 00TpaKOKOAMEPYELES  OMOTEAOVV  OTuEPO, €vov amd TOVG TAEOV  OLVOIKOVG Kot  poydoio
AVOTTVGGOUEVOVG KGO0V TNG £BVIKNG otkovoping. Zto dpeco péAlov givar dploteg ol TPOOTTIKEG Yot THY
avamtuén g petamoinong Tmv mPoidvimV TOVS, e TOAAUTAAGLO OUKOVOULKE OQEAN YOl TNV TOTIKY| Kol
ebvucn owovopia. Ta poddlo katéyovv T «uepida TOL AEOVTOC» OGOV QPOPA TO EVOPEPOV TMOV
EMYEPTUOTIOV TTOV  OPACTNPLOTOOVVIOL GTOV EVPVTEPO KAASO NG EKTPOPNG ooTtpakosdmdv. H
HLOOKOAMEPYELD, AmOTEAEL VITOSELY IO TETVUYNLEVIG dPOCTNPLOTNTAG TOV TPWTOYEVOLS Topéa otV EALGDaL.
Iopoio avtd, M AQYN 0moOLINTOTE EMEVOLTIKOD 0)ediov oToV KAGDO, €KTOG OO TNV OTALTOVIEV
teyvoyvooia, Bo mpénel va Paciotel oe pio GEPd amd KOAL GYEOICUEVEG OMOQACELS Kol EVEPYELEG
duiBeong mopwv. o 10 oKOTO AVTO, EETACOUE TNV OKOVOIKY PlOcudTTo, TPIOV Ol0QOPETIKMOY
ektdoewv pudokariepyerdv (10, 15 kor 20 otpeppdtov) pe d1apopetikd eE0TMOUO, ¥PNCILOTOIOVTAS TO
kprmpo g Kabaprig opovoag A&lag , tov Ecwtepucod Babpod Anddoong kot tov Adyov Qeeleidv
npog Kodotog . Zounepacpotikd, 6o propovoape va modue 0Tt ot podokaAAiépyeleg Twv 15 otpeppdrov
kpivovtal oplokd g Prooyeg oe avtifeon pe g peyodvtepeg (> 20 otpeppdTov), or omoieg og kdbe
nepintoon Kpivoviot Budcieg aveEapTNTmg TOV EOTAGHOD TOVG,

EQUIPMENT OF SHELLFISH FARMS
IN RELATION TO THEIR VIABILITY

S. Matsiori*, N. Neofitou®, Ch. Neofitou®
Department of Ichthyology and Aquatic Environment School of Agricultural Sciences University of
Thessaly Fytoko Street GR- 38446 N. lonia Magnisias Greece, steriani@uth.gr

ABSTRACT

Shellfish farm is one of the fastest growing sectors with multiple economic benefits for local and national
economy. Shellfish culture is one of the major Greek farming with significant investment opportunities and
perspectives for further development However, taking any investment plan in the sector, apart from the
skills required should be based on a series of well planned actions and decisions. For these reason, in the
frame of present study we investigate the economical viability of three different (in area and equipment)
shellfish farms whit the use of Net Present Value Method, Internal Return Rate Method and Benefit Cost
Ratio Method. In conclusion the shellfish of 15 acres are marginally viable as opposed to the larger (> 20
acres), which in each case are viable regardless of their equipment.

EIZATQI'H

Me 10V 0p0o «eMEVOLTIKO GYES10» gvvoeital pia cOvOeTn SpacTNPLOTNTO TOV
AVOAUPAVEL KATO10G EMLYEPNUOTIOG 1) ETLYELPNUATIKOG POPENS TPOKELLEVOL VO TTOPAYEL
ayabd 1N vanpeciec kot amottel po GEPE omd KOAQL CYEOUCUEVEC OTOPACELS KOl
evépyelec. H obvBeon tov evepyeldv mov mpémel vo yivouv ®ote v eEac@alotel M
EMITUYN LAOTOINON LLOG EMLYEPNUOTIKNAG 10€0¢ eivorl apketd moivmAokn (Stutely, 2001).
Emopévag, mpwv ) Aqyn andeacng yio v mpaypoatonoinon N oyt evog emevouTIKOD
oyxediov amouteiton 1 aglohdynon tov. AVoQOopiKA LE OVTNV, O EMEVOLTNG cLVNOWG
avTeTOmilel Ta €ENG dVO EPOTHILOTAL
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e Eivoln dpaoctnpidtnta otkovoutkd Pidciun Kot omodekT;
o Metald 000 1 MEPIGCOTEPMY EVOAALOKTIKMOV OPOCTNPOTATOV 1 EXEVOVGEMY, TOL
eEumnpetovv ToV 1010 6TOYO AL SLOPEPOLYV OC TTPOG TN POT| LETPNTMV, O Efvar 1
TLO0 GLUPEPOLTQL;
YKomdg TG TapovOOG £PELVOC NTAV 1) GVYKPLON Kol 0 EAEYXOG TNG OIKOVOLIKNG
Buwopdmrag  SlaPOp®V  EMEVOLTIKOV  OpACTNPOTHTOV ~ OTOV  KAGDO  TOV
O0CTPEOKAAALEPYELDV.

YAIKA KAI MEGOAOI

H mopovca gpyacio eetdlel ™ Puooidmra Tpudv SOQOPETIKOV G EKTOCN
pvdokorlepyeidv (10, 15 ko 20 otpeppdtov), or omoieg pahota SwbéTovy Kat
dwpopetikd  e€omhiopd. Ocov  avagopd o©Tov TOMO TOL KOIKIOD oIV gpyacio
YPNOLOTOLOVVTOL TP SUPOPETIKA €101): TAACTIKO, ELAIVO Kol PETAAAMKO. AVALoya pE
NV €KTOOT TNG LOVASOS O1O(POPOTOLEITON KOl O TOTTOG TOV TOGTPEVTIKOD Unyovipotog. Ot
povadeg pe €ktaon peyoivtepn M ion pe 15 orpéppota Bo mpémer va dabétovv
TaoTpeLTikd tomov Cochon mAnpeg, pe oykopeTpikd evd ywo. T povéda tov 10
OTPEUUATOV Eivol apKeTO TO UIKPO cLUPTIKO TaoTPeLTIKO (Todkotoy THmov). Emiong, M
Tovio. pOPTMONG TOV HVOIMV 0V ival amapoitntn yio T povada tov 10 otpeppudtov.
Ot mapomdve dapopomomoelg £xovv ANedel vdyn 6ToV VITOAOYICUO TOL OPYLKOD
KOGTOLG NG KAOE EMEVOLONG.

IMo tov vroroyiopd tov etoiwv 560wV ™G kdbe emévovong ANEOnkay vdym
TO KOGTOG GLVTHPNONG, TO VYOG TV ANOGPRECEMY, TO KOGTOC AEITOVPYIOG Kot O OOPOG
OV LIOYPEOVTOL, amd TN vopobesia, vo amodidel 1 Kabe ekpetdAievon emoimg. To
KOGTOG GUVTNPYNONG TOV CLUYKEKPIUEVOV pnyovnuatov Beopndnke ott anotedel to 2%
TOV KOGTOLG KTNONG TOVG Yo TIG Bahdooies eykataotdoelg Kot to 1% yio to unyoviuoto
- Mot péoa. Ewikd yio 10 KOGTOG GLVINPNONG TOL OKOPOL TOL KOIKLOU
YPNOUOTONONKOV TPELG SLOPOPETIKOL GLUVIELEGTEG avAAOYOL e ToV TOTO awToL (2% yio
10 EOMvo, 1,5% yio To petoAlikd kor 1% yio 1o TAAGTIKO).

O vmoAoyopdg tov Vyovug tng etnolag omdoPeong €ywve pe t Ponbeia g
otafepng pebdoov kot ypnopomomOnke ovviedeotc 5% ywo T Baldooieg
eykataotdoels kot 3% yoo to unyovipoto — TA®Te péca. o tov vmoAoylopd TV
Aertovpyikdv €60V AeOnkov voyn: ta €Eoda kivnong Tov KalKldv, To omoio
dtpopomombnkay avdAoyo pe TOV TOTO TOV KOiKl00, Ol ETNOLEG TAPOYES TOL UOVILOV
KOl £KTOKTOV TTPOCMTIKOL Tov Oa omaoyoAeiton oTig KOAAMEPYEIES, TO €100 picOmua
Kot T O1dpopa €000 OV TPOKVTTOLY KOTA TN Agrtovpyio TV povddwyv. To emitdKio
TPOEEOPANONG TOV ETACIOV POMOV TOV ANEONKE LAOYN YL TOV VTOAOYIGUO TMOV
EMEVOLTIKOV KprTnpimv givar 6% (dnA. To €mTOKIO SOVEIGHOD TOV TAYIOV KEPAAAI®OV).
INo tov vmoloyiopd TtV Kabopdv TOUEWKOV podV ueTd amd @Opove (mov
YPNOUOTOONKOV GTOV VTOAOYIGUO TOV EXEVOVTIKOV KPLTNPimV) Xpnoiporoinke n
éupeon pébodog (Indirect Method).

I"o tov éheyyo ™ OIKOVOUIKNG PLOCIUOTNTAG TOV EMEVOVTIKOV dPACTIPLOTATOV,
ov e€etdlel 1 Tapovc EPyacia, apyIKA £YIVE CLYKPITIKY TOPOLGINCT TOV MPEAELOV
Kot domavev Tov Ba TpokvYoLY amd KaBE KAAMEPYELD KAl GTN CLVEXELN EQAPUOCTIKOV
kprmpla aloloynong enevovoemv. To kpuiplo g Kabopnc Hapovoag Aiag (KITA)
(Net Present Value) éyer svpémg amacyornoet tm O1iebv PipAoypaeio Kot €yet
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ypnoworombel oty afloAdynon enevouvTIKOV oxediov Kol amotehel €voeln g
TPOOTTIKNG KEPSOPOPiag Tov emevdvTiKoL oyediov (Ryan and Ryan, 2002). Loupwva pe
™ uéB0d0 avTr o1 KaBOPES TAUIOKES POEC LG ETEVOLONG AVAYOVTOL GTI YPOVIKT GTIYUN
to, Aappdvovtag vmoéyn Kot TO KOGTOG TOL OPYIKOD KeEPOAAiov, Kol TO OAyeEPpPKd
GBpoicpa OAmv avtdv arnotehel v kaboapn mapovoa aio g enévovong (Moyer et al.,
2006). H xaBapn mtapodoa a&io tpocdiopiletor and tn oyxéon:

N
F
NPV =-C, + t
;(l-l—d)

t (1)

Omov: Cin apywn emévovon, Fi etolo kabBapd d¢eeroc, N otkovoputkdg KOKAOG
Cong g emévdvong kot d emtokio avoyoyng oe mapovoa afia (embount) amddoon
KEPAAQIOV).

Awokpivovtorl ot akOAoVOEG TEPIMTOCELG:

e KIIA>0: H emévovon elvar Prooyn Kato omd TG Oedopéves GLVONKES
(owovopiko kvkro {ong, N, kot extBounto Pabud amoddoong g enévovong, d).

e KITA=0: H enévévon eivar Prdoiun pe Héco etoto Pabuod anddoong ico He d.

o KITA<O: H enévdvon gival avTiotKoVOUIK.

Mo v kaAdTEPN GLYKPITIKY] TOPOVCINCT] TOV JAPOP®Y THTT®V eEOTAMGUOD TV
0CTPOKOKAAALEPYELDV, Ypnoomomdnkay eniong ta kprrfpro tov Ecwtepikod Babpov
Anddoong (Internal Rate of Return) kot tov Adyov Qoeererdv mpog Aamdves (AQK)
(Benefit — Cost Ratio). O EBA eivat 10 voloyilopevo emttokio, 6mov n mapovoa a&io
TOV TOUEWKOV EIGPONOV eEIGAOVETAL LUE TNV TOPOoVSa ol TV EKPOMY Kot GLGYETICEL TNV
amoddoon NG enEvOLoNG HE T0 kKOoToC Tov Kepoiaiov g (Fama and French, 1999).
[Ipocdiopiletar wg Adon g e&iocwong

NPVy_jzr =0 (2)

Omov NPV n mapovca aia, 0nwg opiletan amd v e&icmon 1, evod n évoeidn
d=IRR vrovoei 611 N e€icwon Avetar g mpog d.

Otav o EBA elvar peyaddtepog amd 10 KOGTOG TOL KEQPAAAIOV, M EMEVOLOT|
yivetal amodeKTr], 0Tav givol PiKpOTEPOG amoppinteTon Kol Otav givol icog pe avtd gival
oploKn kot a&oroysiton Kotd mepinmtwon. Amd v GAAN TAELPA o OPAGTNPLOTHTO
Bewpeiton owovopikd amodekty av 0 AQK egivor peyoivtepog g povéadoc. Ilo
GLYKEKPIUEVD, OGO HeYaAVTEPN €ival 1) TYUN TOV AOYOL TOGO UEYOADTEPO OVOUEVOVTOL TO.
KEPOM o€ GYEoM UE TIC amatovpeveg domdves. O Adyog avtdg opiletar omd tn oyéon

3)

Onov: Bt 10 60¢pghoc xatd to €t0g t kau C; xd6otOg KOotd T0 ét0c t (M TYWn Co
QVTIOTOLYEL GTNV OPYIKT ETEVOLON).
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AIIOTEAEXMATA

I"o tov éheyyo ™ OIKOVOUIKNG PLOGIUOTNTAG TOV EMEVOVTIKOV dPACTIPLOTATOV,
ov e€etdlel M Tapovoa Epyacia, apyKd £YIVE CLYKPITIKY TOPOLGINCT TOV MPEAELOV
Kot damavadv Tov Ba TpokHyouv amd Kabe KaAMEPYELX.

Ot pvookorriépyeleg Tov 10 otpeppdtov mov obetav Kaikt mapovcsidlovv
apvntikés topokég poég (Mwv. 1) kvpiowg AOy®m TOv YEYOVOTOC OTL dEV UTOPOLV VO
EMTUYOVV VYNAN TOPpOy®YN AOY® NG HKPYG TOVG GTPEUUOTIKNG £KTOONG. £2G €K TOVTOL
T0. GLVOAMKGE etNola €600 ™G vrepPaivouy Ta avtioTolyo £6000 LE OMOTEAEGUO VO
eueavilel apvnTikd k€POM o€ OAN TN OdpKEW TNG eKUETAAAEVONG. Ta vymAd £Eoda
Kuplwg opeilovtor otnv Hrapén WBIOKTNTOV KATKIOL TANpoG eEomhopuévov. T'a 1o Adyo
ovtod KPpiONKav ©¢ pn PLOCIUES KOl OEV TPOYWPNOUUE GTOV VTOAOYIGUO TV KPUtnpimv
Kot otV a&loAdYNon Tovg Ue QuTdL.

IMivaxag 1. Atotélecpo ypnong yio tig pudokaAliépyeteg Tav 10 otpeppdtmv

10 otpep. kaikt (10 otpep. kaiky 10 oTpep. Kaikt
TAUGTIKO Evhvo oLePEVIO
EXOAA 24000* 24000* 24000*
EZE0AA 32.646 32.259 33.864
AIMMOTEAEXMA XPHXHX -8.646 € -8.259 € -9.864 €
*60.000Kg X 0,40€
Tapewokég poég (cash —flow), ywa 3 £t
1o E1og -8.646 € -8.259 € -9.864 €
20 'Etog -8.646 € -8.259 € -9.864 €
30 'Etog -8.646 € -8.259 € -9.864 €

Avtifeta, 0 VTOAOYIGUOC TOL OIKOVOUIKOV ETNCLOV OMOTEAEGLOTOS Y10 TIG
pvdokaAépyetec Twv 15 kar 20 otpepudtov (ue dopopeTikod TOTOL Kaikl £6e1Ee OTL
OAeg Ntav apykd Prodcipes. Ta cuvolikd etola kabapd £€6006 TG TPWV Kot HETE TN
@opoArdYNoY tovg divovran otov Ilivaxa 2. H wepetaipm avénon tov Kabapov ooV
KePO®V TOoVG B pmopovoe va emitevydel e v evolkioon kaiklob omnd GAAEG LOVADEC.
Ymv mepintoon ovty 1o omotélecpo ypnong o vmepomlacialoviov Yo OAEC TIG

LLOVASEC.

IMivaxoag 2. Atotélecpo xpnong yio tig pudokailiépyeteg Tmv 15 kot 20 otpeppdrav

15 otpep. | 15 otpep. |15 otpep. |20 otpep. | 20 otpep. | 20 otpep.
KoKl KoKl KOiKL KOiKL KoKl KOiKL
TAUGTIKO EOMvo | o10gpévio | ThaoTiKG| EVAvo | 610gpévio
EXOAA 44.000° | 44.000" | 44.000° | 64000° | 64000° | 64000°
EEOAA 36.256 35.676 37.716 | 38.816 38.043 40.518
EZEOAA - 28.607 28.341 29.752 | 30.856 30.398 32.243
AIIOXBEXEIX
KEPAH PO | 15.393 15.659 14.248 | 33.144 33.602 31.757
DOOPOQN
DdOPOX 3.386,54 | 3.44,881 | 3.13458 | 7.292 7.392,53 | 6.986,50
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KEPAH 12.007 12214 | 11114 | 25852 | 26.210 | 24.770
META AIIO
®OPOYZ
KEPAH 19.656 19.548 | 19.078 | 33.812 | 33.855 | 33.046
META TOYZ
®OPOYX +
AIIOXBEXEIY
' 110.000Kg X 0,40€ «ou © 160.000Kg X 0,40€
Tapgrokég poég (cash —flow), ya 3 £t
10 'Etog 7.744€ | 8.324€ | 6.284€ [25.184€| 25.957€ | 23.482¢€
20 'Etog 7.744€ | 8.324€ | 6.284€ [25.184 €| 25.957€ | 23.482¢€
30 'ETog 7.744€ | 8324€ | 6.284€ [25.184€| 25957 € | 23.482¢€

Mo v TAnpéotepn depedviion TOV EPELVNTIKOV EPOTNUATOV TNG TOPOVGOS
gpyaciag omoPacioTNKE Vo TOPOLCLOOTEL KoL  €vol  OKOUO  TOPAOEYHo LG
pvookoAAiépyetog 10 otpeppdrmv, n omoia dev elye otnv Katoyn g Wdkto okapi. H
povada autn giye BeTikd €TNO10 AMOTELECHA YPNONG, YEYOVOS TOV KPIvEL TNV emtyeipnon
apyka Boowun (. 3).

21 ovvéyewn €ywve avdivon evotcOnciog kot vroloyiotnke n NPV yuo didpopa
emtokio TpoeEdeAnong (£1%, evd avénnke to emtOKIO PEYPL VO YIVEL APVNTIKN 1] TIUN
™mc NPV yuw Oheg Tic povadeg). Tty mopoboo HEAETN TpoyUaTomomOnKe aviilvon
evacnoiog, €tol MOTE O GLVTEAECTNG TPOEEOPANONG Vo avTIKoTonTpilel mOavE
HETAPOAEG TV HETAPANTOV OV €npedlovy T0 KOGTOG KeQaAaimv TG emtyeipnong. Me
oVTOV TOV TPOTO eAEYYeTOl M evocOnoia TV AmOTEAEGUAT®OV TNG OIKOVOLUKNG
a&loAdynong yuo S18popeg TIUEG TOV EMITOKIOV Kol TPOGIOPILeTal TO EMTOKIO TOV KAVEL
apvntikn v NPV,

IMivoxog 3. Atotélecpo ypnong yio podokorriépyeies tov 10 otpeppdtov xopic 1810KTNTO GKAPOG

10 oTpEp. YOPIS OIOKTNTO KOIKL

EXOAA 24000 *
EZ0AA 10.489
EZEOAA - AITOXBEXEIX 8.105
KEPAH ITPO ®OPQN 15.895
POPOX 3496,87
KEPAH META AIIO ®OPOYX 4.608
KEPAH META TOYX ®OPOYX + 6.993

AIIOXBEXEIX

*60.000 Kg X 0,40€

Tapswokég poég (cash —flow), yia

3 étn
lo 'Etog 7.744 €
20 'Etog 7.744 €
30 'Etog 7.744 €
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Mivaxog 4. Ynoloyiopog tav kpitnpiov agloAdynong tov enevouTik®dv oxedlov g £pevvog

15 15 15 10
sonan | wopen. || agoar 20 otpep. | 20 otpep. | 20 oTpep. |
KoKl KoK KoiKL .
Kokt | koikt | koiku . . . 010K T TO
| e .| mhaoTikd | EOMvo |ordepivio
TAOGTIKO| EOMVO |o10EpEvio Kokl

NPV |39.430,03}47.931,36[22.014,81|217.394,18J227.854,43]197.530,31f 35.497,88
IRR 8% 8% 7% 14% 15% 13% 12%

BCR| 0,82 0,84 0,79 1,06 1,09 1,03 1,396
MMivexog 5: Avaivon evawsbnoiag g Kabopnc [apovoag Agiog

‘Exto- Eidog KIIA€ KIIA€ KIIA€ KII€A KIIA€

on Kaikwov p=6% p=5% p=7% p=8% p=9%

Mooti- | 39.430 | 69.901 14.155 -6.929
KO
=
‘é’_ Eoawvo | 47.932 | 78.317 22.714 -15.999
© 1.666
3
S10epé- | 22.015 | 51.434 | -124.715
V10
Mooti- | 217.394 | 271.234 | 172.519 | 134.878 | 103.113 | 76.148 | -55.528
. KO
&
% EvAvo | 227.855 | 281.859 | 182.827 | 113.148 | 86.059 | -46.601
o
N X10epé- | 97.530 | 250.006 | 153.813 | 86.252 | 60.031 | -67.460
V10
10 otpéppata 36.647 | 27.444 19.736 13.241 7.738 | -18.826
y®pic 016K TO
KoTKL
YXYMIIEPAXMATA

AT ™ GLYKPITIKY TAPOLGIOCT) TOV EVIEKO TOPAOELYLATOV YIVETOL PavEPO OTL M
HUIKPNG £KTOONS LVOOKOAMEPYELES OEV EYOVV T dvVOTHTATO VA VTTOGTNPIEOLY TNV ayopd
KaiK1o0 Ady® Tov LYNAOL KOGTOVG OV OVTO GLVETAYETOL KOL TNG YOUNANG TOPOYWYNGS
tovc. [ 10 okomd avtd WOPOVGLAGTNKE £vol  EMUTAEOV  TOPAOELYUO  LLOG
pvdokaAlépyetag 10 otpeppdtov, n omoia dev elxe otnv Katoyn g wWdktto okapi. H
povada avtn eiyxe BeTikd €TNG10 AMOTEAEGLLO YPT|OTG, YEYOVOS OV KPIvel TNV emyeipnon
apywd Puooun. To yeyovog antd evicyvEL TV Aoyn OTL O LUKPES LoVAdEG O Ba Tpémet
Vo €(OVV GTNV KOTOYN TOVG WO10KTNTO KOikl OAAG Vo, KOADTTOUV TIG OVOYKEG TOUG E
€vVolKiaomn Tov amatoHEVOD EOTAIGLLOYD.

YOopupova pe to omoteAéopoto g épevvag, pe 1N Ponbewr tov AQK, ot
KaAMEpyeleg tov 15 otpeppdtov mapdlo mov epeaviovv OBetikd koboapd etoia
OTOTEAEGUATO. YPNONG, OEV UTOPOVV TEMKE va KpBovv Pudoipes og Pabog ypdvov. Ta
VyNAG €000 Tov veicTavVTal, To omoio ogeilovtal Kupiwg oty Vmapén 1010KINTOV
KaiK100, kafiotobv teMKA apeifoin ™ Puwopdmtd Tovg, avtifeto Kol pe TIG TPELS
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povadec tov 20 otpeppdtov. To yeyovdg evioybel v dmoyn OTL HOvVo ol UEYAAES GE
éktaon KaAMEPYElEG TTPEMEL Vo SLBETOVLY OOKTNTO KoK AL KOl TNV OVAYKT TNG
Omapéng peydhov og £KTOOT LLOOKAAAIEPYELDY, Ol OTTOIES £X0VV LYNAL £50d0 TKOVE VoL
KAADYOLV Ta ££000 AEITOVPYING TOVG.

Ano tov Ilivaka 4 yiveton @ovepd 011, pe Kabapd OWKOVOMKA KprThplo, ot
KaAMEPYeleg e EOAvo Kaikt eatvetat va Exovv Tic vynAdTepeg KITA kot va emAéyovrou.
H KITA tov povddwv mov dabétovy kaikt pe mAactikd okapl ivol oyetikd Kovtd o€
avt Tov EOMVOV Kol €medn] omv mpa&n to Koikle pe TAACTIKO oKapl omoutovv
AMyotepn cuvTipnon, N EXEVOVOT AVTOV TOV TUTOV OEV TPEMEL VO OMOKAEIETAL, OAAAL VOl
EVIGYVETOL.

Amd 10 amoteAéopato TG ovdAvong evatoOnciog (ITiv. 5) eaiveror 6tL 1 wo
evaicOn enévdvon, otig petaforéc Tov emtokiov TpoeEOPANGNG, elvar N KaAMEPYELD
Tov 15 otpeppdtov pe 1010KTNTO GLOEPEVIO Kaikl, evd M AMydtepo evaicOntn eival N
kaAMépyewn tov 20 otpeppdTov pe TAACTIKO KOTKL, YEYOVOS TOL EVIGYVEL TO. OGO
emaOdnKav Topomdvo.
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INVESTIGATION OF STRUCTURAL CHARACTERISTICS OF
FISHERIES MARKET IN THE URBAN AREA OF VOLOS.

D. P. Volidis* and K. Polymeros?
MSc candidate, University of Thessaly, Dept. of Agriculture Ichthyology and Aquatic Environment
2 Assistant Professor, University of Thessaly, Dept. of Agriculture Ichthyology and Aquatic Environment

ABSTRACT

Fisheries sector plays a vital role in the Greek agricultural economy, as well as in the
food industry, the final link from sea and farm to table. The later has an advantage to
influence the buying and eating habits of the customers and also fulfils the common
interest that is to provide, the nutritious and healthful food products, such as fish is, to the
consumers. However, during the last few years, fisheries market has been positioned in a
highly competitive environment, due to increasing environmental concerns, food industry
structural changes, increasing availability of aquaculture products and expansion of
supermarkets in fish retail. These factors also seem to have a significant impact on
fisheries supply and on purchasing behaviour of consumers. This study aims at
identifying the structural features of fisheries market in the urban area of VVolos, which is
considered among the major Greek fisheries supply centers. On this account, a
questionnaire is distributed to more than 200 inhabitants of VVolos. The collected data are
classified and statistically analyzed in order to investigate the market structure and
marketing channels as well as the qualitative characteristics of consumers’ purchasing
behavior towards fisheries products. The results of this study could be useful by the
marketing managers and policy makers in order to develop marketing strategies
concerning the fisheries market.

! MSc candidate, University of Thessaly, Dept. of Agriculture Ichthyology and Aquatic Environment
2 Assistant Professor, University of Thessaly, Dept. of Agriculture Ichthyology and Aquatic Environment
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AN INVESTIGATION OF SNAILS MARKET-SHARES
IN THE E.U MARKET

Il. Mandalos, K. Polymeros, M. Hatzioannou
University of Thessaly, Dept. of Ichthyology and Aquatic Environment

ABSTRACT

Nowadays, the world market today, more than ever, reveals important possibilities in
increasing trade activities among all participating countries, increasing also the
competition between the production sectors and the individual products as well. Thus, all
countries focus to maximize the benefits of this continuing increase of the global market
size in order to increase their export market-shares in specific target-markets. Fisheries
sector portrays a dynamic position and Greek fisheries exports present a satisfactory level
over the last fifteen years. Fisheries sector includes the species of snails whose demand
recently reveals an increasing interest because they considered as high nutrition value
products. The aim of this study is the investigation of the market-shares of snails in the
E.U. market. In specific, an attempt is made in order to estimate the total imports of
snails in the E.U. market to identify the main exporting countries to evaluate the export
market-shares of each exporting country and to examine the dynamics of exports of the
main exporting countries towards the E.U. market. Findings reveal that the total imports
of E.U. presents an upward trend over the last fifteen years. According to the estimated
export market-shares the main exporting countries are Morocco, Bulgaria, FYROM,
Turkey, Hungary, Tunisia and Greece. Regarding Greek exports, French market seems to
constitute the most important destination for Greek snail exports. Although, Greeks
exports presented an upward trend to this market for eight years, the last three years
present an important decline.
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SITING AND CARRYING CAPACITY - ENVIRONMENT

N. Neofitou
Department of Ichthyology and Aquatic Environment, School of Agriculture, University of Thessaly,
Fytokou str., N. lonia, 38446 Volos, Greece. Tel./fax: +30 24210 93068, e-mail: nikneof@uth.gr

World aquaculture has grown from a few million tones annually in the 1950s to
nearly 60 million tones in 2004 (FAO 2006). The culture of marine and anadromous fish
in sea-cage farms is widespread in northern Europe. Norway is presently the leading
producer of fish; in 2004 over 600,000 t of salmon and sea trout were produced in 870
concessions, while 285 concessions farmed other species such as cod, halibut and arctic
char (NFD 2005). The Mediterranean Sea supports over 500 sea-cage farms producing
more than 160,000 t year™ of sea bream and sea bass in Greece, Spain, ltaly, France,
Turkey and numerous other countries. Tuna ranching operations exist in eight countries
in the Mediterranean; approximately 225,000 t year™ of small, wild caught pelagic fish
are used to fatten an initial biomass of 15,000-20,000 t of wild-caught tuna (Borg and
Schembri 2006).

Human plans to expand aquaculture further, to increase seafood supplies, create
jobs and reduce the trade deficit of the earth in seafood products. As this expansion
occurs, finding suitable locations for aquaculture installations in coastal areas, and
managing the interaction of aquaculture with other users of the coastal zone will become
increasingly important (Stead et al. 2002).

There are two aspects to integrating the diverse array of aquaculture that exists
throughout the world within coastal space and managing its interactions with other users
of the coastal zone: 1) planning of the site allocation for aquaculture activities, and 2)
management of the interactions of installations, the environment and other users once
they have been set up. As the environmental effects of aquaculture will interact with
those of other activities, integrated management, where the users and environmental
effects of all users of coastal activities are considered simultaneously, may reduce
conflicts and minimize negative environmental effects.

Ecological requirements should dictate first and foremost the position and extent of
aquaculture in the coastal zone (Costa Pierce 2002; Guneroglu et al. 2005). Siting criteria
should be based on “ecological carrying capacities” or the ability of the ecosystem to
absorb anthropogenic pressures with no major changes to ecosystem functions and
processes. A suite of environmental impacts caused by coastal aquaculture must be
incorporated into this process to determine how habitat and biodiversity modification
caused by aquaculture can best be managed and mitigated.

Once ecological criteria are established, aquaculture can then search for suitable
space that minimizes conflict with the myriad of other users of coastal waters, such as
shipping, fishing, recreational activities and industry (Fig. 1).

Beveridge (1984) was the first to apply the concept of carrying capacity to marine
aquaculture. Although initial efforts were focused on freshwater aquaculture, more
general models were developed and applied to freshwater and marine applications
(Beveridge 1987, 2004). Although extensive modeling work has been done, it remains
clear that prediction of the carrying capacity of a particulate site is very difficult.
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Unpredicted or unknown local site conditions may significantly modify the performance
of a site.

Fisheries
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Fig. 1 Positive and negative interactions concerning space and environmental impacts between aquaculture
and other coastal users.

Siting has significant potential to determine the risk of environmental impacts
associated with marine aquaculture. Site selection to minimize environmental impacts
may have to balance conflicting goals. For example high-energy, exposed sites tend to
reduce impacts associated with benthic deposition of wastes, but because the sites are
exposed they may increase the risk of storm damage and fish escapes or compromise
worker safety.

Better Management Practices (BMPs) for siting are:

o Conduct baseline environmental site surveys
Conduct site surveys to characterize the aquatic ecosystem, the habitat that occurs
on and around the site and the prevailing meteorological and hydrographic
condition and confirm that site conditions are appropriate for the cultured species.
Site characteristics, especially current patterns, will affect the efficiency of feed
utilization (and therefore waste production) and the accumulation or dispersal of
wastes. In the survey, include multiple sampling stations that extend to all areas of
the proposed site. Include at least a reference site away from the proposed farm site.
Collect an adequate number of replicate samples at each station to provide a
statistically valid sample. The number of required sampling stations and replicates
will vary depending on the size of the proposed site and degree of variation in
conditions over the site. Larger sites with greater variance require more sampling
stations. Document water depths, bottom types, water circulation patterns and
currents speed around the site. Characterize the species composition, diversity and
abundance of benthic infauna and epibenthic macrofauna and flora at all sampling
stations. Site surveys must include a characterization of the predominant seasonal
whether patterns and expected associated sea states. Document maximum wind
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fetch for all compass directions. Calculate maximum wave heights based on fetch,
water depth and a range of expected maximum wind speeds and durations. Examine
drogue, current-speed and whether-pattern data carefully to determine the
probability that strong winds and currents may occur in opposing directions. Such
opposing patterns can result in wave heights larger than those predicted using the
traditional wind-fetch method. Waves generated by opposing wind and current
directions also tend to be short periods in nature and vary steep. Such waves can
have significant destructive power. At minimum, measure temperature, dissolved
oxygen, salinity and turbidity over the full depth profile at the site. Water quality
and currents must be well within the tolerance limits of the species cultured.
Inappropriate sites can result in excessive energy use, increased feed conversion
and stress and more waste production.

Avoid sites with frequent or extreme weather or sea-state conditions

Extreme conditions can limit access to the farm site. Fish farmers must be able to
routinely observe and access fish and cages for a number of reasons. Routine
observation of farm animal behavior is one of the centre principles of animal
husbandry and stewardship. Behavioral shifts are often the first indication of fish
stress and disease. Producers must also be able to routinely access fish to sample
for growth, feed conversion calculations and diseases monitoring. Producers must
be able to access sites regularly to inspect and maintain cages and mooring
equipment.

Select sites with good water exchange that are not depositional environments
Adequate water velocities will disperse solid wastes, ensure water quality and
reduce the probability that the local carrying capacity of the site is exceeded.
Whether a site is depositional or erosional depends on current velocity, storm
frequency and magnitude, hydrography and local circulation patterns, among other
factors. Bottom type and granulometry can be used to determine whether a site is
depositional or erosional. In general, soft mud or clay is indicative of depositional
sites. Hard sand, gravel or, cobble generally indicate erosional sites. Sites often
consist of a mix of depositional and erosional areas. Map the bottom sediment type
to determine deposition and erosion within a proposed site. Select sites that
maximize areas of erosion and minimize depositional areas. Current velocities on
erosional sites should not cause anchor scouring and increase the risk of mooring
failure. Confirm that current velocities on sites of erosion will not significantly
exceed typical swimming speeds for the species to be cultured. Consistent currents
in excess of species-specific average swimming speeds will cause unnecessary
stress and may lead to poor feed conversion. Sites with episodic current events that
exceed species-specific average swimming speed may be acceptable provided that
events are of short duration and do not exceed species-specific average swimming
speed or cause animal fatigue or exhaustion. An examination of the bottom
sediment types is the best way to assess whether a site is depositional or erosional.
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Select sites with water depths at least twice that of the cages

Adequate water depth, combined with good water exchange rates, helps disperse
solid wastes and allow good water flow through a cage. Site depth is usually a
trade-off between these advantages and the cost of mooring systems in deep water.
Cages close to the sea floor also may have low water flow, be prone to snagging
and tearing of the cage bottom and provide greater risk of entanglement of benthic
organisms. As water depth increases, maximum wave height and length may
increase, requiring substantially heavier mooring systems. Increased depths may
also require greater anchor scope to maintain appropriate mooring line and anchor
attack angles.

Select sites with appropriate bottom type and profile

Appropriate bottom characteristics allow adequate mooring of the structures
proposed for deployment over the expected range of sea states. A wide variety of
mooring methods and equipment have been used to anchor cage systems. Although
it is important to choose the appropriate anchor design for a particular bottom type
there are certain bottom types that are particularly problematic. Bottom profiles are
also very important. Anchoring cage systems on the edge of steep bottom drop-offs
can be difficult. Anchors near or over the drop-off may slide into deeper water,
increasing mooring tension and causing mooring failure or pulling the cage under
water, allowing fish to escape.

Do not site facilities in areas subject to harmful algal blooms

Algae - specifically phytoplankton — are of overwhelming importance to the
functioning of aquatic and marine ecosystems. However, in some instances algal
communities can have significant negative effects. In addition to well-known
threats to public health from potent algal toxins that accumulate in shellfish, algae
may affect finfish aquaculture by causing dissolved oxygen depletions, physically
damaging fish gills or poisoning fish with toxins. Although problems with harmful
algal blooms are primarily an operational problem, loss of fish to harmful algae is
wasteful of the resources used to grow fish and therefore, reduces the
environmental efficiency of food production. Algal blooms can cause dissolved
oxygen depletions in two ways. First, dense blooms that suddenly die can impose
high oxygen demands as the dead phytoplankton decompose. Sudden algal die-offs
can deplete local areas of dissolved oxygen until new water flushes the area.
Phytoplankton may also cause low dissolved oxygen concentrations through the
normal daily cycle of photosynthesis and respiration. If blooms become excessively
dense, daytime oxygen production in algal photosynthesis may not offset total daily
community respiration and oxygen may become depleted. Site selection to avoid
harmful algal blooms is difficult because episodes are sporadic and highly
unpredictable. Areas with poor water circulation allow blooms to remain in the
vicinity of the facility and yet strong currents may transport harmful blooms into
the local area from areas where they initially developed.
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e  Avoid sites where culture activities will negatively impact sensitive populations of
fish, birds, or other wildlife
Examine biological site survey data and any other available historical or survey
data to evaluate the presence, distribution and abundance of threatened or
endangered species or critical habitat that may be negatively affected by a cage
farming operation. Examples of potential negative impacts include escapes and
interbreeding of farm animals with endangered conspecifics, transmission of
pathogens to migratory juveniles and modification of sensitive habitats through
localized benthic deposition. Select sites that minimize the potential for these types
of impacts.

e  Select sites away form concentrations of predators and pests

Document and consider the local distribution and prevalence of potential pests and
predators for the species to be farmed. Sites located natural concentrations of
predators or pests may result in increased losses of cultured animals and adverse
interactions with predator populations. Avoid sites in close proximity to other fish
farms or high wild fish concentrations that may harbor or attract predators or pests.
Where possible identify any intermediate pest hosts and avoid areas in which these
hosts may occur.

The role of BMPs in aquaculture has been similar to that in other industries. They
have been promoted by governments, development agencies, input suppliers, industry
groups and academics, as a way to reduce costs and waste, increase income, reduce
pollution, produce high quality products, gain or maintain access to new markets and
obtain regulatory relief. The assumption in that BMPs produce positive, verifiable and
predictable results on the ground. The value of BMPs in measurably reducing key
impacts is rarely monitored and therefore is much less clear than whether they have been
adopted. Most BMP-based programs measure compliance (e.g., was a practice adopted)
rather than performance.

Better management practices are better than worse practices. No surprise there.
They are also better than either good or bad aquaculture practices. They are not, however,
a credible proxy for performance. If we are to strategically reduce the most significant
impacts from aquaculture production, we must first agree on what they are. Science-
based consensus is very important on this issue, particularly when there is so much
information of dubious value in the public domain and even in peer-reviewed articles.

As important, innovation comes from metrics. Innovation comes from clearly
agreeing on and defining a problem and letting each producer find the best way to
achieve acceptable performance levels. Setting challenging performance standards, not
identifying a set of BMPs, will be key to the future of sustainable aquaculture, because as
soon as a BMP is written in stone, it is obsolete.
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ABSTRACT

The indigenous shrimp Melicertus kerathurus is a species of high commercial value in the Mediterranean
Sea and particularly in Greek coastal and medium fisheries. Post larvae and juveniles find shelter in the
shallow protected areas in the estuaries of Axios and Aliakmon rivers of Thermaikos Gulf, from the
beginning of summer until the end of autumn. The larvae remain in these nursery areas until the completion
of their juvenile stage, when they start to migrate towards the open sea in order to find protection from the
winter low water temperatures. The young shrimps remain in the open waters until the onset of next
summer, when they start a new reproductive cycle. Thermaikos Gulf is characterized by physicochemical
parameter fluctuation and eutrophication, caused by nutrient input from Axios and Aliakmon rivers
influencing its sediment composition. The sediment of Axios river is muddy reducing, whereas the benthic
substrate of Aliakmon river is comprised of a sandy well oxidizing sediment. The estuarine area of both
rivers comprises of a natural shelter for the sensitive early stages of the indigenous shrimp and is
characterized by the seasonal variations of its physicochemical parameters which satisfy species needs.
During the past years shrimp landings were substantially reduced owing to over fishing, anthropogenic
activities and pollution of Thermaikos Gulf. The protection of this sensitive estuarine environment
constitutes a necessary presuppose for the continual presence of the species in the gulf.

Key Words:.Nursery ground, Melicertus (Penaeus) kerathurus, Axios river, Aliakmon

OI EKBOAIKEZX ITEPIOXEX TQN IIOTAMON AEIOY KAI
AAIAKMONOZX (BOPEIA EAAAAA) QX NHIITAKEX ITIEPIOXEX
THX AYTOXOONHZX I'APIAAX Melicertus (Penaeus) kerathurus
(FORSKAL, 1775)

Koatoikn (I)corswﬁl, n Kkaouédtogz, A X Kkaouédtof, Xp. Nsocpl')rov2 Kol
IL Howaytwtdlcnz

HNEPIAHYH

H avtoybovn yapida Melicertus kerathurus givar gidog pe peyddn spmopiky aia ot Mecdyeto, 1daitepa
omv EAMGSQ, avTImpoc®TEVEL CNUOVTIIKO TOGOCTO TOV TOUPAKTIOV oMELHATOV. Ot PETAVOUQEG KOl Ta.
veapd dropo Tov €idovg Ppickovv TpooTacio Kot EVVOIKES GUVONKES aVATTLENG OTIC EKPOMKEG TEPLOYES
TV dV0 peYGA®V TOTOUdV A&00 Kot AAldkpova Tov Ogppaikod KOATOV, amd TG apyég TOL KOAOKALPLO0
péxpt to t€Aog Tov PBvordpov. Tapapévouy oTic TEPLOYEG OLTEG UEYPL TNV EULPAVICT] TOV GTASIOL TOV
veapol atdpov katd v omoia apyilovv TNV AVIIGTPOPN] UETOVOCTELTIKY KiVNoN TPOS TNV OVOIKTNH
f8draocoa, ota Babitepa kot Oepudtepa vepd g omoiag Ba mpootatevBodv amd Tig Yauniés Beppokpacieg
7oV emkpatovoay otig afabeic mpopuAayuéves TEPLOYEC TOL eyKaTOAEimovLY. TV avolkth OdAacca
TOPAPEVOVY PEXPL TNV ETOLEVT AvolEn 6mov MOTOKOVV Yo va Eavapyioetl Evag vEog BLoAoyikog KOKAOG.
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Ta KOpo yopoKTPIOoTIKA Tov OgplLaiko KOATOV gival TO EVUETARANTO TOV PLGIKOYNUKOV TOPAUETPMOV
TOV, O ELTPOPIGHOG TOV OQeileTal 6T0 EOPTIO TV OPENTIKOV Kot GAADV VAIKOV TOL LETAPEPOLV Ol
ToTapol Kot To omoio Slpopedvel Kot T ovotacn Tov Pevlikod vmootpdpatog. H upeioon tov
OAEVOUEVOV TTOCOTNTMV OV TTapaTNPEitaL Ta TeEAevTain Xpovio Elval TO OTOTELEGO TG VIEPUAEVOTG,
TV ovOpdTVOV dlepyacidv Kot tng pomovong ¢ mepoyne. H mpootoacio g meployng oamotelel
TpolTOBeDT Yo TN GUVEYIOT TG TOPOLGING TOL €100Vg oTOV OePUaikd 6€ GUVILOCUO LE Tr HEAETN TG
EMIOPOONG TOV O TAVD OPYNTIKAV TOPAYOVTOV GTOV BLOA0YIKO KOKAO TOV €I50VG.

Key Words: Nnmokég meproyég Melicertus (Penaeus) kerathurus, A&iog, Aldkpovog
INTRODUCTION

The indigenous shrimp Melicertus kerathurus is a species of high commercial value
for local populations, especially in Thermaikos Gulf where high fishing activity takes
place. The shrimp is located along the coast of North Aegean and lonian Sea especially
in rivers mouths. According to Kevrekidis and Thessalou (2001), fishing of shrimp in
Thermaikos Gulf takes place from April to October using trawlers, with a mean value of
fishing activity 3.4 Kg/h. The females are larger in size compared to the males and
therefore are under greater fishing pressure. The adult females release their eggs in the
open waters in depths of 40 to 50 m. After hatching, the larvae and post larvae with
energetic and passive movements move to shallow protected areas (nursery areas).
Nursery areas are formed in river mouths with low salinity, nutritional abundance,
suitable water temperature and soft sandy or muddy sediment. High concentrations of
early developmental stages from a variety of species tend to aggregate in these nursery
areas and later migrate to the open sea during their early adult stages (Klaoudatos, 1984).
During the transfer to the nursery area, larvae are fed with phytoplankton (zoea stage) and
zooplankton (mysis and early post larvae) respectively and they arrive as post larvae
(Ps.7) ready to alter the planktonic phase of their life to benthic one. They remain to
the nursery area as juveniles and complete the stage of young shrimp. During the end
of October when water temperature drops below 18°C the opposite migration
movements to the open sea is initiated, where they remain until next spring. The
shrimps remain in burrows into the sandy or muddy sediment of the benthic substratum
during the day and actively search for food after the sunset, hunting for small
invertebrates with their diet composition depending on locality, availability and
diversity of benthic communities (Karani et al, 2003). Maturity and spawning occurs
in the open waters and the hatched larvae will start the return journey to the protected
nursery areas, where low salinity and food abundance exist.

The northern part of Thermaikos Gulf consists of the shallow semi closed gulf of
Thessaloniki, a protected shallow gulf with low tidal fluctuation, that daily receives
120,000m* of urban and 30,000m* of industrial partly processed effluent wastes
(Savidis et al, 2001). In the northwest part of the inner Thermaikos Gulf four river
mouths (Axios, Loudias, Aliakmon and Gallikos) are located, creating an estuarine
area of 4,220 hectares (YPEXODE, 1997). Human activities that occur in the
surrounding areas are the primary sources of pollution. The industrial wastes, fertilizers
and pesticides used in agriculture, are transferred through rainfall from the rivers into
Thermaikos Gulf thus creating an organic load growth factor on the surface and
underground waters, with toxic effects for the local fauna (Xenos, 2000). The main
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characteristics of this area are the high nutrient concentration, suspended solids, as
well as a large variation of temperature and salinity (Anagnostou et al., 1997).

MATERIAL AND METHODS

Monthly sampling took place between June 2003 and June 2005 in both estuarine
areas of Axios and Aliakmon rivers during two sampling periods, the first from June
2003 to May 2004 and the second from June 2004 to May 2005. Two sampling stations
were chosen, the first at a 300 m distance from the river mouth of Axios Delta, at water
depth of 0.5 m with predominating dark viscous muddy sediment. The second sampling
station was at a 500 m distance from the river mouth of Aliakmon, where a straight reef
of 1000 m length exists. Water depth was at 0.30 m and the sediment type consisted
of thin particle sand. Shrimp sampling took place during mid day hours using trawl nets
(2.45 m x 0.80 m) with a mesh opening of 12 mm. Captured shrimp samples were
preserved in a 10% formaldehyde solution. The number of individuals collected during
both sampling periods in all sampling stations was 586 (Table 1).

Carapace length and total weight were recorded to the nearest mm and
gram respectively using callipers and a balance (PRECICA 220 MS CS). Monthly
water sampling took place in both stations in order to assess heavy metal
concentration. Physicochemical parameters (temperature, pH, salinity, oxygen
concentration, and oxygen saturation) were recorded on site during each sampling from
June 2003 to June 2005 using portable instruments (Inolab WTW pH level 1, Inolab
WTW Cond level I, Inolab WTW oxi level 1). Monthly sediment samples were also
collected with the use of a grab sampler (Drodge Code 1097 La motte). Redox potential
measurement took place using Redox Potential equipment. Benthic samples were sieved
through a sieve mesh of 0.5 mm for macrofauna and 45 um for meiofauna. Samples
were placed in 200 ml plastic bottles with 0.7 mg Lugol and benthic communities were
identified under a stereoscope (OLYMPUS SZ 4045). Identification of benthic organisms
was conducted at the upper taxonomy group lever using benthic indices (Riedle, 1970;
Gage and Tyler, 1991).

RESULTS
The number of shrimps collected during both sampling periods in both sampling stations
are shown in Table 1.

Table 1. Number of post larvae, juvenile and adult Melicertus kerathurus, collected in both sampling
stations during both sampling periods.

Station Sampling period Post larvae Juveniles Adults Total
Axios June 2003-May 2004 - 235 24 289
June 2004-May 2005 82 77 16 175
Aliakmon June 2003-May 2004 - 54 2 56
June 2004-May 2005 80 12 4 96
Total 162 378 46 586

The annual physicochemical parameter fluctuation at each sampling station from June
2004 to May 2005 is shown in Figures 1 to 3.
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Tables 2 and 3 show the taxonomy classes of redox potential and the values in the
sediment accordingly, at each sampling station from June 2004 to May 2005.
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Figure 1. Annual water temperature variation (degrees C) in Axios and Aliakmon rivers.
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Figure 3. Annual salinity (psu) variation in Axios and Aliakmon rivers.

Table 2. Taxonomy classes of redox potential, according to Zhi-Guang (1985).
| Oxidizing | > 400 mV | O, dominates |
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Weakly reducing 400 - 200 mV O, Nitrate, Manganese reduced
Moderate reducing 200 - (-100) mV Iron reduced
Strongly reducing <-100 mV CO, and H,SO, reduced

Table 3. The Redox potential (mV) of the sediment in both sampling areas.

June 03 - May 04 June 04 - May 05
Month Aliakmon Axios Month Aliakmon Axios
June 237.6 -453.8 June 49.7 128.6
July 346.8 -2336 July -450.3 -204.0
August 350.8 301 August 350.0 28.0
September 340.2 25.2 September 3725 442.2
October 383.9 -383.9 October 298.4 -451.9
November 150.7 -229.0 November 150.7 -229.0
December 180.0 -110.0 December 200.0 -110.0
January 423.6 -150.0 January 310.0 290.0
February 390.0 -191.9 February 390.8 330.0
March 380.0 303 March 310.0 290.0
April 3574 60.7 April 3255 247.2
May 3574 60.7 May 340.0 57.2
DISCUSSION

Shallow estuarine regions, constitute possible nursery areas for species that usually

live in deeper waters. The results of this study indicate that the shallow and protected
areas of Thermaikos gulf form a natural shelter for the development of the sensitive
early stages of the indigenous shrimp AMelicertus kerathurus. The physicochemical
parameters of the waters of these areas namely temperature, oxygen and salinity are ideal
for the survival and growth of the species while the conditions of the benthic substratum
cover the needs of the species.
Annual temperature fluctuation of Axios estuary ranges between 4.5 and 27°C, whereas
in Aliakmon estuary the range is between 5 and 29°C. From early May to October when
both estuaries harbor post larvae and juveniles of the species, water temperature does not
drop below 18°C in Axios and 19°C in Aliakmon (Fig 1). In both areas temperature
increases from May to July reaching 27°C thus stimulating species growth. Acidity (pH)
fluctuated from 6.5 to 8.0 in both estuaries, while the dissolved oxygen concentration
ranged between 3.0 and 9.8 mg/¢ in Axios and between 3.2 and 8.9 mg/¢ in Aliakmon
estuary (Fig 2).

Temperature in both sampling stations and for both sampling periods, dropped in October
at about 18 to 19°C, when the migration from the nursery area to the open sea was
initiated. According to Klaoudatos (1984), in the nursery areas of the same species in
Amvrakikos gulf migration from the nursery areas to deeper waters or from deeper
waters towards shallow protected areas was initiated when water temperature reached 18
to 20 °C in autumn and spring respectively. According to Meager et al, (2003) the coastal
waters of the nursery areas of Eastern Australia are occupied by post larvae and juveniles
of Penaeus merguiensis when temperature is high (27-30 °C) and rainfall low (83 mm).
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Penaeus species require high temperature for growth and reproduction. The temperature
influences the survival and growth of Penaeus paulensis (Perez - Farfante, 1967). Coman
et al, (2002) reported that temperature influences growth and survival of young
Marsupenaeus japonicus originated from different batches and temperature variation
between 24 and 30 °C is excellent for growth while the best temperature for survival is
about 24 °C.

Levels of dissolved oxygen are important for organisms that live in estuaries,
Wannamaker and Rice, (2000) indicated that organisms that live in estuaries are directly
influenced from oxygen variations and polluted waters transported through rivers, with
the direct consequence of exposure to low oxygen concentration (hypoxic conditions).
Annual oxygen variation during the course of this study (Fig. 2) ranged from 3 to 9.8
mg/C in both sampling stations; with higher values observed during the winter and lower
values during the summer period possibly due to the increased decomposition of organic
material caused by the increasing water temperature. Critical oxygen level for white
shrimp Penaeus setiferus and Penaeus schmitti post larvae was at 2.5 mg/t when salinity
ranged between 0 and 27 psu, and 5 mg/¢ when salinity ranged between 20 and 38 psu
(Rosas et al, 1997). The dissolved oxygen limits for the studied species is 2.5 mg/t, and
the lowest oxygen concentration measured in the present study, was 3 mg/C in the
estuaries of Axios and 3.2 mg/¢ in Aliakmon (Fig 2).

Annual salinity variations in both sampling sites were between 0.2 and 32 psu for
Axios and 4.5 and 33.6 psu for Aliakmon rivers respectively (Fig 3). Many authors have
reported optimal temperature and salinity combination for different species of the
Penaeidae family, for a better growth rate and survival. Sherly and Kakati, (2004)
reported that for P. merguiensis larvae the highest growth and survival rate up to
metamorphosis was achieved in temperature of 33 °C and salinity of 35 psu; similarly
Kumlu et al, (2000) reported optimal temperature and salinity values for P. semisulcatus
of 30 °C and 30 psu respectively, while Huynh and Fotedar (2004) reported for P.
latisulcatus, 32°C and 30 psu optimal temperature and salinity values.

Benthic fauna in both estuaries between May and September consisted of post
larvae of M. kerathurus, while species of the families Donacidae, Mactridae,
Mesodesmatidae, Solenidae, occupied the area during the entire year. Species of the
families Veneridae found in August and February and Mytilidae in October and May.
Gastropods of the families Nassariidae, Naticidae, Rissoidae, were also present during
May, August and April in both sampling stations. Sea squirts of Styelidae family were
found in February, April and May. During December, February and May nematodes of
Nematoidae family were also high in abundance. The sediment in Axios sampling station
was muddy with anoxic smell leaving dark and hard organic residual. Water flow
through those thin mud particles is reduced causing oxygen reduction and the
classification of sediment as reducing (Zhi-Guang, 1985). On the contrary, the sediment
of Aliakmon sampling station was sandy, with adequate water flow among particles and
adequate oxygen abundance, classifying it as oxidizing. Redox potential variation in
Axios and Aliakmon sediments, showed reducing sediment in Axios with negative values
all year round and oxidizing sediment in Aliakmon with positive values (Table 3).
Benthic composition is also influenced by pollution a fact that could lead to a high death
rate of the study species during its early developmental stages thus inducing unfavorable
socioeconomic consequences for medium and coastal fisheries.
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AAAHAEITIIAPAYXH MYAOKAAAIEPTEIQN KAI QAAAXEIOY
HEPIBAAAONTOX: H HEPIHIITQXH TOY MAATIAKOY KOAIIOY.

Oeddmpov |1, Koxady @.1, T¢oBevig L.}, Pitog A. %, Nabavaniidne K. !, Makoapitng @.* Tewpyiov K.
Néykag I2, M. AMER?& Kérykatov IV,
1. Tupa IxBvoxopiog-Alieiog, TEI Hreipov, 46100 Hyovpevitoa
2. Epy. Awtpoorig [xB0wv & IxBvonaboroyiac, Ivotitovto Ydatokodrepysidv , EAKEGE,
Ay.Koopdg, EAAviko
3. Alvon Algiog, Nopapylokn Avtodoiknon ®0idvtidag, Pol. Ayyedn 22, Aapia

H ae1popoc avamtoén Nmiwv dpacmplotitov Ommg 1 HLOOKOAAEPYELD, 1010iTEPA GE
TEPLOYEG OKOAOYIKA gvaictnteg, dmmwg o Mahoakdc Koinoc (meproyn Natura 2000),
otmpiletor oTOV TPOGOOPICUO TS OAANAETIOpaONG TOV  MUOOKAAAEPYEIDV KOl TOV
Oaldooov IlepiBdArovioc 1| omoic amOTEAECE KOl TO OVTIKEIUEVO TOV OUMVULLOL
gpevvntikod épyov tov TEI Hreipov, (EE-EINEAEK II, Apyundng I, Kwdwkdc Epyov
10012-00004).

[Ipocdopictnke 1 oYE0M TPMOTOYEVOVE TAPAYOYIKOTNTOS HE TO Proloyikd KOKAO TOV
KaAAepyovpevou podiov Mytilus galloprovinciallis. H dia0ecipdémra g tpoenc, Kot o
petaforopog g and to noudtpoea Mytilus galloprovinciallis kdte amd dapopetikég
nepParloviikég cuvOnkes kabopilovv v motdTTO TOV TEAMKOD TPOidvTog. EmumAéov, 1
OTOTOTMGT] TOL OVOATOPAYWYIKOD KUKAOL TV Hudldv oty e&etalopevn meployn, Kadang
KOl 1] TOVTOMOINGN TOV  TOWOTIKMOV KOl TOGOTIKAOV YOPUKTINPIOTIKAOV TOV  OTOTEAOVV
Kpioipovg Kot kaop1oTikoHg TaPAYOVTES Y10 TNV EXXEPNUATIKY ot dpactnpotnta. H
KATOYpOON TNG EMOYLOKNG OOKOUOVONG TG YOUETOYEVVESNS KAOMDS KAt 1 S100TOPA TOL
yovov ©10 gupltepo mePPAAAOV glvor amopaitntn Yo TN GLAAOYN TOL KOU TN
BeAtioTomoinom g dwoyeiptong tov.

H otvBeon tov mopandve amotelobv Pacikn epeuvntiky] Bdom dedopévav HE amdTEPO
O0KOTO TOV TPOGOIOPIGUD TNG PEPOVTOG TAPUYMYIKNG IKAVOTNTAS, EPpYOAEi0 amapaitnTo,
vy v opBoroyikr| ywpotalikn Kou mepoariioviikn dwoyeipion tov Maitakoh KoAmov,
pe okomd v PLdcn avamTTuén TG TEPLOYNC.
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THE INFLUENCES OF A LAND-BASED RAINBOW TROUT
(Oncorhynchus mykiss) FARM ON WATER QUALITY AND
BENTHIC MACROINVERTEBRATES COMMUNITY

M.U. Kirkagac, S. Pulatsu, A. Topcu
Ankara University, Faculty of Agriculture, Department of Aquaculture and Fisheries, 06110 Diskapl,
Ankara, Turkey

ABSTRACT

Some water-quality parameters and benthic macroinvertebrates community were
investigated between April 2007 and November 2007 in the inlet and the outlet of a
land-based rainbow trout farm with a capacity of 30 tonnes annually. The rainbow trout
farm was constructed on one of the sources of Sakarya River in the Central Anatolia.
Water and sediment samples were collected from the inlet of the farm, which was a karst
spring-originated pond, and from the outlet of the farm. The dissolved oxygen, pH,
BODs, ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen, total ortho- phosphorus and
total phosphorus were measured in the samples. These water quality parameters were
compared to the acceptable effluent limits proposed for trout farming in different
countries and BODs, ammonia-nitrogen, total ortho-phosphate and total phosphorus
found to be higher than those effluent limits during the study period. The benthic
macroinvertebrate community consisted of only Gastropoda (Limnaedae, Planorbidae,
Neritidae, Pleuroceridae). Same organism groups were observed both in the inlet and the
outlet of the farm; the highest abundance was in the outlet of the farm during the study.

Key Words: Rainbow trout (Oncorhynchus mykiss), fish farm effluents, water quality,
benthic macroinvertebrates
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NUTRIENTS AND PHYTOPLANKTON IN IGOUMENITSA BAY
(NW GREECE)

P. Beza *¥?, V. Moussis?, C. Nathanailides'*, A. Bougiouklis,?2, M. Mpoti', G. loannou*\
'Dept Aquaculture and Fisheries, TEI of EPIRUS, Igoumenitsa, Greece.
“Dept. Chemistry, University of loannina, loannina, Greece , *email: cosmasfax@yaoo.com

ABSTRACT

Water samples were collected from different sampling locations over a period of twelve months in
Igoumenitsa bay. Temperature followed the expected seasonal pattern with the lowest values in March
(14.88°C to 15.55°C) and the highest in August (26.66°C). Salinity values ranged from 37 psu (April) to
38.95 psu (August). The pH varied from 7.59 to 8.60. Oxygen ranged between 7.1 mg/l (May) to 12.5 mg/I
on March. Annual min and max values of total ammonia nitrogen (TAN) = <0.01-0.62 mg-at I, POA4:
<0.01 - 0.14 mg-at I'*. Chl-a content (mg m™) ranged from 0.0189 at surface waters, to 26.63 (April) and
7.23(June) at 5m depth. The results indicate a medium status of Eutrophication in the bay, but during
summer, at the location of fish farms, PO, levels peaked with values, which correspond to high eutrophic
status. Further monitoring and data are required for management decision regarding the ecosystem of the
bay.

OPEIITIKA KAI ®YTOITAATI'KON XTON KOAIIO THX HTOYMENITZAX

IT Mnté€a, B. Movong, K. NaBavoniiong, A. Bovytovkidkng, M. Mrdtng kot
I'. ImGvvov.

INEPIAHYH

Aglypota vepod culdéydniay and drapopeticég Béoelg Tov kOATov g Hyovpevitoag otn dudpketo vog
étovg. H Beppoxpacio acoAovdnoe Ty avapevoeyn ToyloKy SKOIAVOT e KpOTePT T T0 MdapTio
(14.88°C £wg 15.55°C) kau ™ peyoddtepn Tov Avyovoto (26.66°C). Ot Tipéc The ahatdTNTOG KOUAIVOVTOY
amd 37 psu tov Anpilio émg 38.95 psu tov Adyovsto. Ot tyég tov pH PBpébnkav and 7.59 éwg 8.60. Ot
OVYKEVIPOGELG TOV 0EVYOVOL KupdvOnkav and 7.1 mg/l tov Mdio éwg 12.5 mg/l tov Mdaprtio. Ot péyioteg
Kot EMAYIOTEG GUYKEVTPOOEL TG OMKNG appmviag (TAN)Atay <0.01-0.62 mg-at I, Tov PO4: <0.01 £wg
0.14 mg-at I, Tng yAwpo@dAAne a ot cuykevipdoelc (Mg M) kopdvOnkav amd 0.0189 oto empaveiakd
otpodppata péxpt 26.63 (tov Ampidio ) xar Bpébnkav 7.23 tov Iovvio otabm Pdboc Ot tég eivon
EVOEIKTIKEG UGG LEGOHTPOPNG TEPLOYNG ALY TO KOAOKAIPL OTIG TEPLOYEG TV LOVAS®V tYBvoKaAMEPYELNS O1
ovykevipaoelg Tov PO, pBdvouv oe Tipéc mov yapaktnpilovv Tig evTpoPikég meployéc. Ilepartépw Epevveg
OTOLTOVVTOL Y10L T ANYN ATOPAGEDY GYETIKA LE TN Sy EIPIOT) TOV OIKOGVOTHIOTOC TOV KOATOL.

INTRODUCTION

Eutrophication is a significant problem in many estuaries and coastal zones. High
levels of chlorophyll- a, hypoxi-anoxic condition and toxicity of the waters caused by
algal blooms, have economic and social costs (Turner et al. 1998). A combination of
natural and anthropogenic parameters influences algal growth (Cloern 2001,Andersen et
al 2006) with serious ecological and economic consequences in coastal marine
ecosystems (Segerson & Walker, 2002). Nutrient concentrations such as total nitrogen
and total phosphorus and algal growth are essential parameters in efforts to manage and
monitor coastal zone eutrophication (Elliot & Jange 2002; Smith 2007). Igoumenitsa is a
coastal city in NW Greece. The bay has an important ferry terminal, which handles
approx. 100 vessels annually. During the summer the frequency of ferry connections to
Corfu and Italy exceeds 30 per day. The bay is exposed to point sources of pollution such
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as a nearby sewage treatment plant (estimated annual inflow of domestic household
wastewater exceeds one million m®) intense marine transportation activities and fish
farms. The purpose of this work was to monitor the variability of eutrophication indices
in lgoumenitsa bay.

MATERIALS & METHODS

The study was carried out between April 2007 and April 2008. Seawater samples
were collected one the 1% week of every month, at noon, from 5 locations (Fig. 1) at
Om(surface) and 5m, at the opening of Igoumenitsa bay (B), the fish farms (FF), the
centre of the bay (K), the north side of the bay (BP) and the mouth of a lagoon in the bay
(L). Oxygen, temperature, pH and salinity was measured in situ with portable multi-
parameter YSI equipment. Water samples collected in glass containers and transferred to
the laboratory for determination of total ammonia nitrogen (TAN) and phosphate (PO,
%) according to APHA (1985) standard procedures using a Jasco 630-UV model
spectrophotometer. Chl-a was measured according to Strickland and Parsons (1968). The
significance of differences was estimated using ANOVA (P<0.05).

RESULTS & DISCUSSION

Temperature followed the expected seasonal pattern with the lowest values in
March (14.88°C to 15.55°C) and the highest in August (26.66°C). Salinity values ranged
from 37 psu (April) to 38.95 psu (August). The pH varied from 7.59 to 8.60. Oxygen
ranged between 7.1 mg/l (May) to 12.5 mg/l on March. Annual min and max values of
total ammonia nitrogen (TAN) = <0.01-0.62 mg-at I, PO4: <0.01 - 0.14 mg-at I"™.

i = e
: b
J'h.- 1 -

Al DS IMAE TS 2 A o B T

Saewvwac) e
treatment
prlant

Figure 1. Sampling locations in lgoumenitsa Bay. L=lagoon channel,BP= Gas station, K= highest depth,

B= sewage treatment, I= fish farms. Dotted arrows indicate the direction of the prevailing surface water
currents.
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Figure 2. Average (solid line) and min-max (dotted lines) of Chlorophyll-a content (mg /m?) in
Igoumenitsa bay over the period of the study.

Chl-a ranged from 0.0189 at surface waters, to 26.63 (April) and 7.23(June) at
5m depth. The results indicate a medium status of Eutrophication in the bay, with a
significant seasonal variability (Table I) in all monitored parameters. For example, during
summer, at the location of fish farms, PO, levels peaked with values, which correspond
to high eutrophic status. Coastal waters eutrophication, results from a combination of
natural and anthropogenic influences (Cloern 2001). Anthropogenic enrichment of water
with nutrients can result in increased growth of algae and higher forms of plant life that
can result in deviation of structure, function and stability of the ecosystem and to the
quality of water (Andersen et al 2006).

Table I. Variability in DO, TAN; PO,; Chl-a & salinity in lgoumenitsa Bay.

PARAMETER SEASONAL VARIABILITY
DEPTH (m) 0 58
N
PO, P<0,001
TAN P<0.001 P<0,001
DO, P<I(\)|8001
Chl-a P=0,041 '
Salinity P<0,001

Apart from the ecological issue, eutrophication is a serious economic problem in
coastal marine ecosystems world-wide (Segerson & Walker, 2002). A key element of
nutrient inflow-outflow in a bay involves the natural flow of nutrients from the land and
the outflow of nutrients to the open sea. In addition to a natural flow of nutrients,
anthropogenic sources result in an increased nutrient content of bay's aquatic ecosystems.
Agricultural runoff of nitrate, olive processing plants, domestic sewage plants, can result
in increased nutrient content and Eutrophication. Furthermore, resuspension of the
sediment by water currents and winds and decomposition of algae can further increase
the available nutrients for primary production. Measurements of nutrient concentrations
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such as total nitrogen and total phosphorus and algal growth are essential parameters in
efforts to manage and monitor coastal zone eutrophication (Bricker et al 2003; Smith
2007). The results indicate a seasonal element of high primary productivity of the Bay,
with a strong spatial element of variability attributed to the sampling locations of the fish
farming site. Fish farms can generate nutrient waste (uneaten food and metabolic waste).
Changes in the Chl-a content can be an indicator of changes in plankton primary
productivity. The levels of Chl-a observed here indicate a medium status of
Eutrophication in the bay (Bricker et al. 2003). PO, levels at the fish farms peaked during
summer, this peak is usually an indication of increased nutrient loading of the nearby
water bodies (Lupatsch & Kissil 1998, Belias et al 2007). Chl-a is a reliable indicator of
organic enrichment in a bay. Currents may wash and dilute a point source of organic
enrichment but increased primary production remains over a significant period and is
reflected in the Chl-a content of the samples. Changes in the Chl-a content can be an
indicator of changes in plankton primary productivity.

Apart form the fish farm, two other sites exhibited high levels of some
parameters. Fish farms samples from depth 0 and 5m exhibited the higher average chl-a
content, but samples form the lagoon opening also exhibited high annual average
increased primary productivity with values reaching levels above 20 mg chl-a/l . In the
same manner the samples form the centre of the Bay exhbited some high peaks in TAN,
phospohorus and chl-a content. Prevailing surface water currents in the Bay exhibit a
round path, entering the bay, passing the location of the fish farms and turning North to
complete a circular motion after passing from the North side, meeting a second
(outshone) current  and exiting the bay (unpublished data based on seasonal
observations). The location of the fish farms and the path of water currents may result in
the diffusion of nutrient from point sources such as the fish farms to the rest of the Bay. It
would be reasonable to utilise the information presented in the present work for a future
research project and of particular interest would be to asses the impact of the fish farms
by monitoring water currents around the location and by constant measurements of a
series of water quality parameters.
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VARIABILITY OF AQUACULTURE WASTES OF AN OPEN
FLOW EUROPEAN EEL (Anguilla anguilla L.) FARM IN GREECE

C, Nathanailides, C, Karipoglou
Dept Aquaculture and Fisheries, TEI of EPIRUS, Igoumentitsa,
GR 46100, Greece. Email: cosmasfax@yahoo.com

ABSTRACT

The purpose of this work was to assess the variability of aquaculture wastes of a European eel (Anguilla
anguilla) farm. During the normal operation of an eel farm with open-flow culture system, samples were
taken from the outflows of six tanks with different feeding rate (1.5 to 3.1%) for a period of five weeks.
The FCR of the growing eels ranged between 2 and 3. The two tanks which exhibited FCR higher than 2.6
(FCR: 2.8 and 3.0), also exhibited significantly higher concentration of total ammonium nitrogen (TAN),
NO; and PO, FCR and TAN values exhibited a significant correlation (R*=0.556, P=0.018). The data
indicate the significance of feeding management practises to manipulate growth, FCR and aquaculture
wastes.

ATAKYMANZEIX TQN AIIOBAHTQN MIAX ANOIKTHX
MONAAAY EKTPO®HX EYPQITAIKQN XEAIQN (Anguilla
Anguilla) X“THN EAAAAA

K. NaBavairiong kot K. Kapinoyiov

NMEPIAHYH

YKomog TG epyaciog NTav 1 EKTIUNGON TOV SOKVUAVGEDY TOV OTOPANTOV UI0G HOVASOG EKTPOPNG TOV
Evpomaikod yelov. T didpkelo (oG cuviioug eKTpoeng thg HOVAdOG, TOL AEITOVPYEL pe NUIKAEIOTO
obotTUo. Kukhogopiag vepol, detypata e&epydpuevov vepol eAnencoy amd €51 de&apevég eKTpOPNG OTIG
onoieg divovtav dapopetikég mooodtteg Tpoeng (1.5 to 3.1%) yw mepiodo mévie efdopddmv. O
ovvtedeotng petaTpeyipomrog tpoeng (FCR) kupaivovtay amd 2 £og 3. Ttig 600 and 11¢ deapevég mov o
OCUVTEAEOTNG HETATPEYIUOTNTOG TPOPNC NTav UeYaADTEPOG Tov 2 (2.8 xan 3) dwumotdbnkay onuovTiKd
peyadvtepeg  cvykevipmoelg olkng appoviog (TAN), vitpikov (NO3) kot poopopikdv (PO4). Ot tipég
TOV GUYKEVIPMOEW®V OAIKNG CUU®VIOG Kol LETATPEYIHOTNTOG TPOPNG £de1&av pia onpavtiky e&dptnon
(R?=0.556, P=0.018). Supmepacpotiké pmopodpe vo modpe OtL 1 Statpoey enmpedlel v adénon,
LETATPEYILOTNTA KO TO ATOPANTO TG LOVAIAG.

INTRODUCTION

The expansion of semi-intensive and intensive fish farming leads to rapid increase
in demand for fish meal in aquaculture. The aquaculture wastes generated by growing
fish increase according to the amount of feed supplied any uneaten feed, fish faeces and
metabolic excretions. The intensive cultivation of European eels (A. anguilla) in
commercial fish farms generates eels for the international market (Ciccoti and
Fontennelle 2000). Not all feed supplied to farmed eels is converted into body growth.
Feeding management can reduce the portion of feed which not capture by the growing
eels and bioenergetics models illustrate what portion of supplied feed is used for
maintenance, growth and the amount of metabolic wastes.

The operation of open flow European eel farms would benefit by potential
reduction of wastes generated. Aquaculture wastes include uneaten or poorly digested
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feed and faeces. Reduction of wastes requires optimisation of feeding and rearing
management techniques. Feed conversion ratio (FCR) is a measure of feed efficiency
and in European eel it can vary between 1,8 to above 2,5 according to diet and
aquaculture practices (Luzzana et al 2003, Angelidis et al. 2005). Apart form the obvious
financial benefit, reducing the FCR makes sense in ecological terms, because fishmeal is
utilized more efficiently and fewer wastes are expected from a farm with low FCR.
During the production cycle of a commercial eel farm, several parameters can influence
the growth, feed conversion efficiency and amount of nutrients produced by the fish farm
unit. The purpose of the present work was the variability in FCR and the wastes
generated in an open flow culture system of European eels.

MATERIALS AND METHODS

European eels (100.15g + 17.14) ) were raised in circular tanks (2.5 m®) with open
flow water supply in NW Greece. Feed supplied was pelleted (1,9mm, 49,1% Protein).
Over a period of five weeks, samples were taken from the effluents of six tanks with different
feeding rate (1.5 to 3.1%). Oxygen, temperature and pH were measured with portable multi
parameter YSI equipment. Nitrate (NO3), nitrite (NO;) and total ammonia nitrogen
(TAN) and phosphate (PO,®) were measured according to APHA (1985) standard
procedures using a Jasco 630-UV model spectrophotometer. Initial and final body
weight was determined by measuring the weight of about 50 fish from each tank. FCR
was calculated as the ratio of feed supplied to growth in body weight.

RESULTS AND DISCUSSION

Temperature, pH and oxygen concentration was within the optimal range for
growth of this species and did not vary between the six tanks (Table I). Variability in the
concentration of Nitrate (NOs), nitrite (NO,), total ammonia nitrogen (TAN) (NHs+
NH,") and phosphate (PO4?) in the outflow of the rearing tanks was exhibited (Fig 1).The
FCR of the growing eels ranged between 2 and 3. The two tanks which exhibited
FCR>2.6 (FCR: 2.8 and 3.0), also exhibited significantly higher concentration (Fig 2) of
total ammonium nitrogen (TAN), NO; and PO,. FCR. TAN values exhibited a significant
correlation (R?=0.556; P=0.018) with FCR (Fig 2).

Table I. Average values for water quality Parameters in the outflow of the six tanks of a European eel farm.

Parameter Mean (£ S.D.) ANOVA(between 6 tanks)
Temperature (°C) 19.5 (+0,41) NS
Oxygen (mg/l) 6.2 (x0,92) NS
pH 7.12 (x£0,20) NS
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Figure 1. Variability in FCR, total ammonium nitrogen (TAN), NO3; NO, and PO, in the six tanks with
European eels.
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Figure 2. Relationships between FCR and total ammonium nitrogen (TAN) in cultivated European eels.

Aquaculture generates significant amounts of waste, which contain uneaten feed,
faeces, and both organic and inorganic elements, such as nitrogen molecules (NHx, NOy),
and phosphorus (Wallace1993; Karakassis et al 2005). Pollution can in several cases
result in oxygen deficiency, generation of hydrogen sulfide, and blooms of harmful
plankton (Klaoudatos et al 2006). The organic waste load generated by fish farms can
result in the accumulation of suspended nutrients in the water bodies. Waste solids can
form sediments, for example below the cages, which can alter the benthic ecosystem with
consequences to the ecology of the aquatic body (Pusceddu et al 2007). In turn, this
increase in nutrients entering the water results in eutrophication, a condition
characterised by massive growth of algae and aquatic plants. When these algae die, they
are decomposed by bacteria which use dissolved oxygen. Fish communities cannot thrive
in low oxygen concentration, and algal blooms have a significant impact on the
recreational value associated with reduced water clarity, foul odours and toxicity.

The results presented in the present work, indicate that feeding induced pollution
can be controlled by monitoring the FCR and adjusting the rate of feeding. This would
result in substantial savings in feeding costs and a reduction of eel farm effluents.
Modifying feed composition and feeding technology is an additional route to reduce
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aquaculture pollution and improve cost efficiency of fish farms (Cho and Bureau (1997).
Further research will provide more information on the possible interaction of feeding
rate, feed composition; FCR, fish growth and wastes generated buy European eel
aquaculture units.
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EMITAOYTIZEMOXZ TOY AMBPAKIKOY KOAIIOY ME NEAPA
ATOMA I'APIAAX TOY AYTOX®ONOZX EIAOYX Melicertus (Penaeus)
kerathurus QX ITPOYTIO®EXH I'IA THN ANAKAMYH THX
AAIEYTIKHX THX ITAPAT' QI'HX.

Khoovddroc .AL & A.X. Khaovddroc?
Mavemomuo Oeoouriag Txod yeomovikdv Emompudv Tpdpa Neomoviog Iydvoroyiag kar YSdtvov
[epparrovtog
*Ivotitonto Oaldooiwv Biodoywdv Topmv, EAdvico Kévipo Ouraosiov Epsovav,
dklaoudatos@ath.hcmr.gr

NEPIAHYH

O ApPpoaxkikdg kOATog pmopet va Bewpndel og o 1davikdg Protomog g evonukng yapidoag Melicertus
(Penaeus) kerathurus, n omoia. olokAnpdvel 10 Broroyikd g KOKAO €viog avtod kot dev yperdletor va
e&éNBel oty avoiktr Bdlacca tov loviov mehdyovg Yo To oKkomd awtd. H mpdt pekét g yopidog
VNG, YVOOTNG MG «YAUTOpN», OTo OAELTIKE media Tov ApuPpakikod koAmov Eekivinoe 1o 1974 dtav 10
Yrovpyeio Tewpyiog xpnpotoddmoe oxetikd epeuvnTikd mpdypappo mov vAoroince 1o tote Ivotitovto
Qkeavoypapikov kot Alevtikdv (IQKAE) kot to omoio olokAnpobnke to 1982 (Kiaovddrtoc, 1984).
2V ovvéyeln eKTeEAESTNKE €va deVTEPO aMELTIKO TTPOYPapLa TToL ypnpatodotiOnke and v E.E ota
miaicwo g Kowng Alevtikrg IMoltikng (Kovidng, 2001). H mopovca epyosio dompaypatedetor ta
OLYKPUTIKE amotehéopato TV 00 aVTMV TPOYPOUUATOV UE GTOYO TN OLYKPLoN Kot eEaymyn Tov
OVOYKOI®V CUUTEPOCUATOV GYETIKO e TO UEAAOV KOl TIG TPOOTTIKEC TOGO TG OAEING OGO KOl NG
emPimong tov povadikod avtob £idovg otov Kot e&oyn Protomd Tov, Tov AUPPaKiKod KOATO.

Key words: Melicertus (Penaeus) kerathurus, AuPpokikdg koimog, Alevtikd nedia, Evénuikd eidoc,
Biotomoc.

RESTOCKING OF AMVRAKIKOS BAY WITH JUVENILES OF
Melicertus (Penaeus) kerathurus AS A REQUIREMENT
TO INCREASE THE SPECIES LANDING

Klaoudatos S.D*.& D.S. Klaoudatos®
University of Thessaly, School of Agriculture Department of Agriculture ichthyology and Aquatic
Environment
%Insitute of Marine Biological Resources., Hellenic Centre for Marine Research, dklaoudatos@ath.hcmr.gr

ABSTRACT

Amvrakikos Bay is considered to be the ideal biotope for the endemic prawn Melicertus (Penaeus)
kerathurus, a species which completes its biological cycle within the bay without the need for open water
migration to the lonian Sea. The initial study of this prawn in the fishing grounds of Amvrakikos Bay
begun during 1974 when the Ministry of Agriculture funded a research project materialized by the Institute
of Oceanographic and Fisheries Research (current HCMR) and was completed in 1982 (Klaoudatos, 1984).
A second research project followed funded by the E.U (Konidis, 2001). The comparative results of both
projects are discussed in the current paper, aiming to compare and extract the necessary conclusions
regarding the future and prospect of the fishing industry for this unique species as well as its sustainability
in its main biotope, Amvrakikos Bay.

Key words: Melicertus (Penaeus) kerathurus, Amvrakikos Bay, Fishing grounds, Endemic species,

Biotope.
d
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EIZXATQI'H

H avtoybovn yopido Melicertus kerathurus ywa tqv EAAGOa amotehel odievpa peyding
eumopikng a&iog kot edkd yo tov Apppoxikd koAno (Ewc.1), mov Bempeitar o puoikds
Buotondc g Ilpoéceateg alevtikés peréteg €xovv Ocgifel 0Tl veioTaTol pEYAAN
OAMEVTIKY TiEoN, MOV G€ oLVVOVACUO He TNV ovéEnuévn pomoaven Tov  PevOucov
VIOGTPOUOTOC, TEPLOPILOVY cLVEXDG Ta PEYEDN TOV OMEVOUEVOV ATOUMV LE GTOYXO T
OAEVTIKY TOPOY®YN Vo avtomokpiveton otnv avEavopevn (mnon. o va avotpomrel n
OPVNTIKY OLTH KOTAGTOOT KOl VO GUVEXIGTEL 1M TOPOVGia TNG 0TOV KOATO TPEMEL Vo
avaAneBovV OpAGEIS LE OTOYO TOV EUTAOVLTIOUO KOl TEPICTOA] TNG VLPIOTAUEVNG
pOTTOLVGTC.

X \

IONIO ITEAAT'OZ

Ewova 1. O Apppoaxikdc KOATOG.

H M. kerathurus ovrkelr otmv owoyévela Penaeidae, kot eppavilel UETOVOOTEVLTIKEG

KIWNGELS amd TNV avolkt 0dAacca mpog Tic ekPoAEC TV ToTapdV Kot avtiotpopa. Ot

LETOVOOTEVTIKES OVTEG KIVAGELS €lval ouvoedepéveg e T Proloyikég edoelg e Long

™m¢ (mepiodo avomapaymyng, avantuén TPOVOUPOV, VOUQIKOV 0TSOV, LETAVOLLP®OV KOl

veapmv atoumv) kot kabopilovioar amd Tig petaforéc Tmv PloTik®V Kol afloTik®dv

TopaUETpOV TtV vepmdv  (Beppokpacia, orototnto, PH, ovykevipooelg @uto-

CmOTAAYKTOVIKGOV OPYaVIGUOV K.0.) KOl LITOpOoDV VO TEPLYPUPOLY ®¢ EENG:

¢  Amehevbépwon TV ovydV oty avoikt BdAacca kat o fadn amd 40 £mg 50 m

¢ [loOnticéc Kot evepynTIKEG ULETOKIWVNGELS TOV VOUQADV TPOG TIG TEPLOYES ME
eEMATTOUEVEG TWWES oloToTNTOS (oLuVvO®C eKPOAEC TOTAUDV  TPOPLANYUEV®V
KOAT®V).

¢ Ai&n otig meploy€g avTtég 6To 6Tdo0 TG METavOpeNG.

[Mopapovn péypt TV REAEVION TOL 6TASI0V TOL VEAPOD ATOUOV.

¢ Mertakivnon tov veap®v oTtOU®OV Omd TIC VNTOKES TEPLOYEG TPOG TNV OVOIKTY|

Bdracoa, 6mov drayedalovy, ®PUALOVY YEVVITIKA KOl OTOKOVV.

<
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YAIKA KAI MEGOAOI

Ytov ApPpokikd KOATO 1 UEAETN TOV UETAVACTELTIKOV Kivhoewv TG Penaeus
kerathurus Baciotnke 6T CLGTNUATIKY OAEiN TG 0 OAEG TIG TEPLOYES TOV eROvilETOL,
o€ GLVOLACUO UE TN Yvdor Tov BdBovg tov muBuéva kabe meployng aiteiog. H aleia
TPOYUOTOTOOVVTOV HETE TN 00oN TOov MALoL, dTav 1| €VTAOT] TOL POTOS EANTTAOVOVTIOV
Kol ot yopideg €EEpyoviay oamd TO OUUOANCTOOES PevOKO LTOCTPOUA Yoo Vo
avalnToouvV TV TPOPN TOVG. XPNCLOTOWONKAV HKPE OAELTIKG CKAPN TOPAKTIOG
aMetog oto omoio eméPatvay dVO OMEIG LE EOIKA LOVOUEVO OTKTLO KOTOGKEVOGHEVO OO
YIAO Agvkd vdikov pe dvotypo potov 12-16 mm. e dha ta dtopo TG yopidag mov
aAevovtov HETPNONKAY TO OAMKO Kol TO COUATIKO UNKOG G€ CM Kol TO GOUATIKO BApog
oe ypouudpla, pe akpifeio devtépov dekadikov ynoeiov. Tavtdypova mpocsdiopiloviav
Kol T0 QOUAO TOV atou®v. Xe OAOLE TOLG TOMOVLG TOV TPOYUOTOTOLOVVIOV OAlEi
npocdopilovtay to PaBog tov muBuéva kol 1 Hon Tov PEVOIKOD VTOGTPMOUATOG LE TN
ypnon derypatoinmrn Pubov (Drodge Code 1097 La motte). Ou aprotikoi mapduetpot
npocdlopilovtav pe ™ ypnon eopntav opydvev g etotpeiog WTW (1 Oeppokpacio
kot o pH pe to Inolab WTW pH level |, n alatdétnta kot 1 oyoylpndtnto. pHe to
Inolab WTW Cond level | kat to dtaAvuévo o&vyovo ue to WTW oxi level 1.). H
GLALOYY] TOV PLTO-(OOTAAYKTOVIKOV OPYUVICU®OV TPAYLOTOTOIOVVTIOV HE TANYKTOVIKE
dlyTua SPOP®V SLUETPOV KOl GOPGELG TEVTAAETTNG SLAPKELOC.

AIIOTEAEXMATA
Me Baon to olevtikd dedopéva 1 Melicertus kerathurus oAokAnpdvetl 1o Proroyikd g
KOKAO €vtog tov ApPpokikod kOATov (Sayeiudlel kot motokel), Kot dev eEEpyetal 6TO
[ovio Télayos yia to okomd owto (Klaoudatos et al.,1992) 6nwg améde&av:
1° H yewuepwvi oleia g otig meployés v vijowv Tov Ayiov Avieviov kot uetaéd tov
akpotpiov I'ehddo kot Xoiikt. H vmopén ko dAAov meploydv dwyeipoaons dev
amoKAEIoTNKE KO OVTEC TPEMEL VO €fvat, 0 KOATTOG TG AP@ILoyiog, ol TEPLoYEG VOTIL TOV
yBvotpoeeiov Tov Malmpatog, dutikd g Bovitoag péypt to AKTIO KoL 1| TEPLOYN TOV
Nrocwv tov Ayiov Avtwviov.
2° H oleio yevwwnuikd dppov iéov otéuov ce 6An v éktaon tov ApBpokikon
KOAmov (6puog Aovtpaxiov, opupog Bovitcag, Pavapr, Kopokovnoid, ITarloumodka,
Katdpovpko), ko’ 6An ) didpkelo g TEPIOS0V AVATAPAYMYNG, TOV EVIOTIGTNKE Ao
ta pécsa Matov €mg Ta téAn Avyovotov.
3° H cvAloyn mAaykTovikdv popedv tov idovg to uiva Tovio (otddia Navmhiov kot
IMpwtolwng) 610 £0MTEPIKO TOV KOATOV Kol GUYKEKPIUEVO UTPOOTO amd TO TOANLO
yBvotpoeeio tov Katdpovpkov

H évapén g aievtikng mepiddov e M. kerathurus mpoodiopiotnke ota péca
Ampidiov, o oyetikd pikpd Badn amd 5 éog 10 pérpa. Avo nhkiokég KAGoeg yopidwv
epoaviCovrat, pio nAkiog evog mepimov ypdvov pe péca punkn atopov 14 éog 15 cm ta
Oniea ko 13 €wg 14 cm ta dppeva, kot pio GAAN pe dtopo nAkiog dVo TePITOL ETOV Kot
péoo punikn 19 éog 20 cm ta Oniea kot 17 éoc 18 cm ta dppeva. Ta dropa niwkiog dvo
YPOVOV gtvar TOAD Aydtepa, eved dTopo HE PEYOADTEPO UNKN OAMEVOVTOL €EOUPETIKA
onavia (Kiaovddrog, 1984). Ta péoa pnkn kot Bapn ToV 0AMEVOUEVOV apPEVOV Kol
ONAéwv aTOp®V NTOV:
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LT3 =12,20 + 0,91 cm xon BW =13,52 +2,84 g (n = 112 dropa) kot

LT?9Q =13,65+ 1,11 cm kot BW = 20,77 £ 5,07 g (n.= 106 dtopa)

Amo to péoa Maiov to €idog petakiveitar og peyadvtepo Badn (10-20 m), 6mov ko
mopapevel péyxpt 10 téAog lovviov. H aMelo, amayopedeton tov IovAo pnva,
emovolopBdavetor tov Abyovsto o peyaidtepa BaOn Kot pe peyordtepa dropa. Atopket
O6A0 10 mpdTO I5vOMuEpO TOL AVYohoTOL, YlOTE HETA Ol YOPISES LETAVOGTEVOLV GTA.
Babvtepa onpeia TOL KOATOV e ATOTEAEGLO OL TOGOTNTEG TOL AAEDOVTOL e dlyTVLA VO
elval TOAD HIKPEG KO 1] OITOKAELOTIKY] OAMELD TOVG ACVLUPOPT. ZTo TEAN ZemteuPpiov N
alela emavorappaveral o Badn and 8 g 15 pétpa péypt tig apyés NoepPpiov pe m
Aeyouevn oBwonwpivyy yoapida. Ot meproyéc aleiog g eviomilovror petad TV
yBvotpoeeiov Malopatog kat ToovkaAld, amd 1o akpotiplo Xoiikt kot péypt 1o AKTio
kol N mepoyn] ™ [oAoumovkag. Ot aMeVOUEVES TOCOTNTEG NTAV TEPLOPICUEVES KOl
OTTOTEAOVVTAY OO ATOUO LIKPOTEPOL HEYEBOLG aTd TaL aPYIKA TOV gpeavifovtay To unvo
Ampiho. Tapideg dev amedbOnkav tovg pnveg NoéuPpro kot AskéuPpro, evd tov
[avovdplo petacd tov akpompiov Tedddoag kot XoAiki, otig Notieg 0ktég TOL
Apppokikod, 6mov o Puboc elvar appoAacTt®mong, kot o Baboc 25 pétpov aievdnke
ppn mocdtra 12 yapidowv pécov Papovg 70,8 g. Neapd dropa tov gidovg spoavifovran
10 XemtéuPplo kovtd ot ekPorég twv motaumdv ApdyxBov kar Aovpov, O6TOL Kol
napopévouy péxpt ta t€An 'OxtoPpiov. To Pdapog tovg, Otav erowwdlovior va
EYKATAAENWYOLV TIG TEPLOYES TOV EKPOADV Y1 TIG TEPLOYES dLaYEILOON S KOHOvOVTAY o
4 ¢mg 8,3 g (150-200 dropa oto Kg). O Avtikdg AuPpakikdc mapovstdlel peyordtepn
OMEVTIKY] 0mdOOO0oN GE GYEOM HE TOV AVATOMKO, HE KUPLO OALELTIKO Tedio v vOTIo
aKty, amd v 0puo g Bovitcag péypt to Axtio. Xtov Avatolkd ApPpaxikd alioloyo
aMevTkd medio Bewpeitor o Opprog g Aueroyiog émg v meployn Tov ybvotpopeimv
Mmnovkog kot Aypthov. H emqoia aAevtikn mopaymyr tov kupiog Apppokiucod KOATov
10 1980-1981 vmoioyiotnke otovg 50 mepimov TOVOLE, OMWS PaiveTal 6Tov aKOAoLOO
[Mivaka (TTiv. 1).

IMivakag 1. Etioteg adiguopeveg tocotnteg g Penaeus kerathurus otov AuBpokikd KoAmo.

AMevTIKA Ap1Opég Aeppov Méon nuepnowa Olun) Tepiodog XOvoro péomv
Kévrpa aMgvopevn moooTNTA ahelog o OMEVOPEVOV
ava Aépfo nuépes mocotitov g Kg *
Aporroyio 10 5 Kg 90 £mg 100 4.750
Mevior 10 4.750
Kapaxkoviowa 20 9.500
Moloprovka 15 7.125
IpéPeta 30 14.250
Bévitoa 15 7.125
Xiovoro 100 47.500

*Touvolikd adgdovtav emoing nepi ta 1,5 exatoppvpio dropa (30-35 dropa/ Kg).

H emoila ahevtikny mapaymyn yo v nepiodo 2001-2002 vroroyiotnke oe 70 mepinov
Tovoug amd Tovg omoiovg ot 25 mepimov TOVOL OAELONKOV OO TIC TEPLOYEG TV
MuvobBoraccav. Ztov Ilivaka 2, divetor n onuepvy KATAGTAOT] TOV GUVETAIPIGUEVOV
OMEDV KoL TOV GKOPOV OV YPNCUYLOTOL0VV.
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[Mivakog 2. Aheic-AMevTikol oA oyotr-Zkaon Auppokikod kéAmov 2000-2001

XYAAOI'OX AAIEIX YKA®H
[péPelag 90 70
ApPpakuco? - AvéCa 112 75
«Aylog Anpntprog» - Bovitoa 40 20
Zrdptov 37 15
Boviteog 40 40
Avélag 35 35
Kopawvnoiog 50 40
Koaloyepikod 60 30
Neoywpiov ? ?
Mewvidiov 25 25
Mnovkog 25 15
AlevTtikdg ko [TepiBoairovticog LOAA0Yog «Ayiog ABavaciog» - Apgiloyio 50 30
XOvoro 564 395

H péon amddoon tov drytvov (yopidodiyto) vroroyiotnke og 2 g/m dyrvov/muépo.
O yxpdvog xpfiong Tov drytdov kvpaivetat and 2 dpeg £og kot 8 dpeg (Bpadiv olieia))
To B&Bog ypriong xupaivetar amd 5 pétpo £mg kot 20 pétpa.

PYOMOX ANAIITYEHX KAI XPONOX ZQHX

H perétn tov pubpod avamtvéng kat tov ypdvov {ong ™mc M. kerathurus oto @uoikd

nepiPdiiov ompixdnke omv pébodo Petersen (1891), ovpewve pe ™V omoio

Aapfavovtal ot cuYVOTNTES KOTOVOUNG TV UNKOV TOV OAMEVOUEVOV aTOU®V. ATO TO

OLYPAULOTO KATOVOUNG TOV UNKOV appéveov Kot Oniéov atdpmv otov Apfpaxikd

KOAmo, yia Tpia cuveyn ypovia (Klaoudatos et al., 1992) mpoékvyav ta e&ng:

1. Xe nixia 9 éog 11 unvav and ™ oTiyp| TS WOTOKING TOVG, Kot €9’ OGOV aVTN £iye
mpaypoatorom el oTig apyéc Kol HEYPL TO HECO TNG AVATOPOY®YIKNG TEPLOOOL, ElyaV
AmOKTNOEL Ta Pev dppeva unkog 13 éwg 14 cm, ta de Oniea 14 €wg 15 cm.

2. Ze nixkio 12 éoc 14 punvov, ta punkn siyav dapopembel ota 14 éog 15 cm. yo ta
dppeva kot ota 16 £wg 17 cm yio o OMAea.

3. Tov 21° éw¢ 23° piva g Long Tovg To Ofiea eiyav pTdoetl og péoo pikog 19 mg 20
cm, Kot ta appeva 6to pnkog twv 17 émg 18 cm.

4. Atoua pe pnkn dve tov 19 cm av gival dppeva kat 21 cm av givor Oniea glyav
GUUTANPADGEL TO OEVTEPO XPOVO THG CMNG TOVE, | TOPOVGIN TOVG OLMG NTAV GTAVLA.
Me Bdon ta mo mave, 0ALL Kol TIC LETPNOELS TV VEOPDV ATOL®V amd TS EKPOAEG

TV ToTap®V Apdydov Kot Aovpov, n péon tun avénong g Melicertus kerathurus oto

QLoKO TEPPAAOV TOV ApuPpoakikoh KOATOL LVTOAOYICTNKE Y10 TOVS TEGGEPLS TPDOTOVS

unveg g Cong g oe 0,71 mm/Mmuépa. O puOudg avTdC HEIDVETOL GTI CLVEYELD KoL

dwpopeavetal otovg 9 émg 11 pnivec g Cong tovg vy Ta ONMAea dropa oe 0,48

mm/muépa kot ta dppeva 0,45 mm/muépa, otoug exduevong 12 émg 14 pnvec to OnAea

dropo eiyov péon avénong 0,41lmm/muépa kar ta appevo 0,36mm/muépa. Téroc oTovg

21 éwc 23 pnveg ™ Long Toug ot Tirég avénong dwapopembnkav og 0,29 mm/Mmuépa yio

o ONrea, ko 0,26 mm/Mmuépa yia o dppeva dTopa.

Amo6 T0 omoteAESHOTA OVTE TPOKVTTEL OTL 0 pLOUSGG awénong g Melicertus kerafhurus

otov AuPpokikd kOAmo, dev givor otabepdg e€aptdton dueca and t Oepuoxkpacio kot

™mv NAkio tov atdpov, sival, Opme, HEYOAVTEPOG amd TOLG AvTiGTOrYOoVS PLOUOVC

avénong tov dov &idovg oe GAleg Meooyewokéc meproyéc (Ben Mustafa, 1967,

Rodriguez, 1977).
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YYZHTHXH - XYMIIEPAXMATA

To yeyovog 0tL 1 yopida ohokAnpdvel tov Brodoykd ¢ kKukAo péca otov ApPpakikd
KOATTO umopel vo gpunvevdel pe v mopadoyn OTL TO OIKOGUGTNUO TOV KOATOU
OVTOTOKPIvETOl TANPOS OTIG PLOAOYIKEG amOUTNoElS TG AmO T oLYKPION TOV VO
alevtikov mopaymydv tov 1981 kot 2001 @aivetor 6Tt dgv VIAPYOLY JAPOPESG OTIG
alevopeves mosotteg, dedopévov 0Tt kot to 1981 kot to 2001 o1 etfoteg ahevdeveg
noocOTES glyav voAoyiobel oe 50 mepimov TOVoLg amd Tov Kupimg kdAmo (ITwv 1,2).
Exeivo ouwg mov 11g dtagpopomotel eivar tor peyédn tov yopidwv kot - avEnpévn
alevtikn Tpoontddela mov katafdilovtay o 2001 yio v cOAANYN TOVg G GYEom Ue
10 1981. Awmotdvovpe and v cvykpion tov Ivdkeov 1 kot 2, 611 0 apBudg twv
OMEVTIKOV oKOPOV €£xel teTpamiactactel kot o aplBuds tov aMéwv TputhaclacHel.
[MopdAAnia, o xpdvog aheiog Exel viepdmiaciactel, and 100 nuépeg to 1981 og 225
nuépeg 1o ypovo to 2001. Tavtdypova 10 GHVOAO GYEIOV TV YOPId®OV TOL OAEVOVTOV TO
2001 poMg €xer ocopuminpaoocel tov Tp®dTo YPpoévo S {ong tov. To yeyovog avtd
eyKvpovel peydlo kivouvo yia v emPimon tov €100V¢, YoTi, AV GUVEXICTEL 1| GNUEPIV
alevtikn dayeipion, elvar ToAd mBavo va Aeiyovv ta ATopo Tov EXovV TN duvaTdHTHTO
OVOTOPOY®YNG, €Q° OGOV 1 YOPida WOTOKEL LE TN CLUTANPOGT TOL TPDOTOL YPOVOL {WNG
™G OtV €Yl amokTNoel oAko pnkoc 14 cm. To yeyovog ovtd 6€ GLUVOLAGUO UE TIG
KOTOOKEVEG QPAYUATOV Gg Old@opo onueic Tov motapoh Apdyfov, mePLOPIGAV TIG
QePTEC VAEG OV amébete 0 MOTAUOC oTov PuBo Tov KOATOL Kol avovEéwvay To PevOikod
vrdoTpopo. H moidtra kot n éktaon tov Beviucoh vmooTpdpaTog vl ToAD GNUAVTIKT
v 6Aa T BevOoPra £i0m. E1d1kd yia 10 cuykekpiuévo 1006, EEON €10EPYETAL LEGH GTO
OLLOAQCTIMOES VITOCTPOO. 6T OldpKel TG Nuépag. IMopatnpnoelg 1o and to 1989
(EK®E 1989) deiyvouv vrofaduion tov PBevOikod vrooTpOUATOS HE GUYKEVIPOOELS
Oeiov otV emeavela Tov IKNHATOg g peptka onpeio tov kOAmov 300 £mg 400 ng/l, otav
0l GLYKEVTPMOOELS TOL Bglov KAT® amd TAMTOVG 1yBvokAmPovg piog Hovadag eKTPOPNS
yaplav, otn dvopevéotepn mepintoorn eOavovv ota 40 émg 60 pg/l. To amotélecuo
glval n dnuovpyio akat@AANAoL BevOikoh VTOGTPOUATOC Y0 TV TOPUUOVI TOV €I00VG
kot m avalnmnon evog véov ywpov mapapovic. ‘Etot enyobvtol ov peydieg moooTnTEG
veapmv atopmv ov aievdnkav 1o 2001 péca ota rybvotpopeia, emedn n pdmaven Tov
BevOikol VTOGTPOUOTOC OTO ECMOTEPIKO TOV KOATOL €ivol OmayopevTIKY], d1oTAlovV Vo
petokivnBovv amd TIC TEPLOYEC VNTOKNG avATTUENG TPOG TO TOPAOOCIOKA UEPT
dtoyelpaong Kot ETEMKHVOLY TO XPOVO TOPOLOVIG TOVG OTIC KOTOAANAOTEPES TEPLOYESG
TV Bvotpogeionv. Otav dpmc vrdpéer peydAn mroon g Oepuokpocioc oto afadn
vepd TV MUVOBOAOGGMOV VIOXPEMTIKA HETOKIVOOVIOL TTpog T Pabdtepa vepd Tov
Kupimg kKOATOL Ko toTE palikd aievovtal amd tovg aleic. o ™ dwtypnon g
ONUEPIVIG OALEVTIKNG TOPAY®YNS, e&attiog SUGKOM®MY GPoNg TOV oLTIOV TV SVCUEVDV
emdpdoewv 610 PevOikd vodotpmua, o mpénel va epaprocBobY EVOALUKTIKEG AVCELS Y10
™V gvioyvon TG mapay®yns, 6nmg o epmiovticnds g M. kerathurus.

INMPOTAXEIX

Me Bdaon 1o anoteAéopato towv 600 peietdv emPdrietar: H evioyvon tov QuoK®V
amofepdtmv g M. kerathurus otov AuPpakikd kKOATo pe 61080y 1KOVG EUTAOVTIGUOVG
VEOPDV OTOU®V OV B0 TOPAYOVTOL GE EOIKA OULUOPPOUEVO EKKOAUTTNPLO THG TEPLOYNG
kol Bo elevBepmdvovtor o€ emAEYUEVES TEPLOYEG TOV MUVOOIANGGHOV TOL KOATOV.
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Tavtoypova Bo mpémer vo mpoypotomonel Ko 1 AEYYOUEVT] EKTATIKN 1] MUEVTATIKN
EKTPOPT TNG OTIC TapLPES ToL kKOAToV (Khaovddtog, 1987). Me v vAomoinon tev 600
avTOV Tpotdoewv Bewpole Ot givar duvatn 1 GLVEXIOT TG TOPOLGING TOL £100VG GTO
QLOIKO PLoTomd TOV, TOV KIVOLVEVEL QUECH OO TNV LVREPAAIELSN Kot TN GLVEXLOUEVN
vrofaduon tov BevBikod VTOGTPMOUATOC.
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METABOAEZX XTHN A®OONIA THX IXOYOITANIAAYX TOY
IMOTAMOY BENETIKOY (XYXTHMA I1. AATAKMONA, B.A.
EAAAAA) KATA TO METI'IEZTO KAI EAAXIXTO THX
IHAPOXHX TOY

I[T.M. ®ovpring, A.K. Kokkwvakng, & N.K. ITarwaysmpyiov

Iepiinyn

O ©. Bevétikog meptlapfdvetol 6to PeEYOADTEPO TOTAUIO GVOTNHA TOV T. AMAKUOVE KOt OTOTEAEL KON
onuepa éva afdloyo owkocvotnua ™ Bopegodvtikng EALGS0g, 1o omoio €xet dexbel povo Alyeg
avBpomoyeveic emdpdoelg eved nepthappdavet o a&ioroyn ybvomavida.

mv epyoacio avthy yivetar o wpoomdBelo yoo TNV EKTIUNOT TNG VPIOTAUEVNG KOTAGTAGNG TOV
yBvomAnbovoudv tov m. Bevétucov kot tov petafoidv g yybBvomavidag tov, pe oTtdYo TN HEAAOVTIKY
QUMKT TTPOG TO TEPPAAAOV SLayEIPIOT TOL KOl TOV TPOGIOPIOUO KATAAANA®V SLOYEPICTIKOV HETPMV Yo
™ mpootacio Tov. I'a to Adyo avtd peretinke n agbBovia Tov ybvomAnbuoudv Tov TOTOHOY KATA TN
ddpkela tov ‘péyotmv’ (Gvoin) ko ‘ehdytotov’ (Bvomwpo) Tapoydv Tov motapov. To miéov debovo
gidog Nrav to Barbus peloponnesius, to onoio axolovBovvtav amd ta €idn Alburnoides bipunctatus ko
Leuciscus cephalus. H g&amlwon tov €idovg Salmo trutta Bpébnke 611 mepropiletar povo oe po pkpn
TEPLOYN OTOV AV® POV TOL TOTOUOV KoL EIVOL ATEIAOVLEVT.

O Bevétkog mapéyel a&lOA0ya EVOLONTALOTO Yo gvaichnTa €01 YopldV Tov Kvouvedovv, OTMG gival To
gidog Salmo trutta, n mpootacia TV omoiwv ivar kabopiotikny Ox1 udvo yio TN SLTHPNGN TOV TOTIKOD
TANBLGHOD aALG Kot Yio TV enPioon Tov idove. Ao To AmoTEAEGUATA TG EPYACTOG EIVOL TPOPAVAS Lo
KoAN mePPOALOVTIKY] KATAGTOON OTO OVAVIN TOL TOTAHOD, evd apyilel va SQoiveTol Mo TPMOTN
vrofadong mpog ta katdvn, Aoym avBpomoyevdv emdpdoswv. Etopévag, avtiotouyeg meployis mpénet
va Aopfdavovtor wiaitepa cofapd ot Tomd avartuElokd 1 TePPOALOVTIKG TPOYPAILOTO StayEipLonG.
Keywords: motapdg Bevétikog, tybvomavida, agbovia 1yxbvominbvoudv, Salmo trutta, Barbus
peloponnesius, evoloiThpaTo Yopiov.

VARIATIONS OF THE FISH FAUNA’S ABUNDANCE IN
VENETIKOS RIVER (ALIAKMON R. SYSTEM, NW GREECE)
DURING THE PERIODS OF MINIMUM AND MAXIMUM WATER
SUPPLY

P.M. Fourkiotis, A.K. Kokkinakis, N.K. Papageorgiou

Aristotle University of Thessaloniki, Faculty of Forestry and Natural Environment, Laboratory of Wild
Life and Freshwater Fisheries, Box 241, 54124 Thessaloniki, Greece, e-mail: akokkin@for.auth.gr

Abstract

The Venetikos River that included in the bigger Aliakmon River system constitutes a considerable
ecosystem in Northwestern Greece, which accepted up to today only small human-like developmental
effects, and includes a significant fish fauna.

This paper presents an effort for establishing the existing status of the fish population in Venetikos River
and the variability of its fish fauna, aiming to a future environmentally friendly management and the
indication of suitable safety processes for its protection. For the above reason it was studied the abundance
of the river’s fish population during the periods of maximum (spring) and minimum (autumn) river flow.
The most abundant fish species of the river was Barbus peloponnesius, followed by the species
Alburnoides bipunctatus and Leuciscus cephalus. The species To &idog Salmo trutta was restricted only in a
limited area in the upper flow of the river and is under threat.
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The Venetikos River provides important habitats for sensitive and risky fish species as S. trutta
macedonicus, the protection of which is decisive not only for the preservation of the local fish population
but also for the survival of the species. From the results of the study it is obvious the high-quality
environmental conditions of the upper flow areas of river and the preliminary degradation of the
downwards due to human impacts. Therefore, such areas have to be taken into account very seriously in
local developmental or environmental management programs.

Keywords: Venetikos River, fish fauna, fish abundance, Salmo trutta macedonicus, Barbus peloponnesius,
fish habitats.

EIZAT'QI'H

2 yopa pag, Topdin v vIoPadon Tov LOATIVOV OIKOGVGTNHATOV KOTA TO
terevtaio €11, TOAAQ TOTAULOL OOTPOVV OKOUN OPKETH €10M WYOPIOV KOl CNUOVTIKEG
nocotNTeS Ybvamobepdtmv. ‘Eva 161010 v3dTIVO 0tkosvotn i ival avTtd TG AEKOVNG
amoppong tov motopov Bevétikov, 10 omoio AOy®w TV mEplopiouévav avOpomoyEvmdV
emdphoewv mov €yel dgytel, mMOPOLSLAlEl GYETIKA KAVOTOMTIKO opliud €0OV Kot
yBvomAnbvoudv (Kokkivakng & IMarnayswpyiov 2005, Kokkivakng k.a. 2007).

2mv gpyocio avtn eEetdleTon n agbovia TV 0OV TV Yoplidv 6to T. Bevétiko
Kol YIVETOL MOl GTATIOTIKY] OMOOOTOINGY TOV TEPLOYMY TOL TOTAUOV OTOL £ytvav
detypatoAnyieg, pe otdX0 TV avadeldn g mepPaAlovIiKinG KATAGTAONS TOVG. Mg ToV
pomo avtd Oa pmopovoe va dwmiotwdel kdmown Oapopomoinon 1 vwoPaduion
OPICUEVOV TEPLOYADV OOTE Vo ANEOOLV pétpa Yoo vo pn onpovpyndodv  pdviyto
nepiorrloviikd poPfinuarta (Kokkivakng k.a. 2005).

H epyacio avt omotehel Tunpo. €peuvnTikKov TPOYPAUUOTOS HE  TIiTAO!
‘TIpoypoppo  IMopaxorovOnong ot A&ordoynong tov Emmtocewv oto  peydio
ONAOCTIKA Kot 6TO EVOLOUTAOTE TOVG OO TV KOTAGKELT Kot Agttovpyia g Eyvatiog
060V oto tunua Havayd — IpePevd’, mov ypnuoatodotOnke and v ‘Eyvatio O30’
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Ewova 1. Ot otaBpoi derypatoinyiog oto motopd Bevétiko ota péyiota kot EAdyLoTa TG TAPOYNG TOV.
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YAIKA & MEGOAOI

Mo v mopakorovbnon g agboviag tov tyBvomAnbuoudv tov TOTANOD,
EMALYONKAY avTITPOSOTEVTIKEG TeEPLoyég — ‘otabuol derypotoAnyiag’ ot omoiec oTo
HEALOV VO LTOPOVV VoL ¥PNGLULOTOMB0VV Kol ¢ 0EGELG avapopdc, Tov Oa meptiapfdvovy
YOPOAKTNPIOTIKG EVOLOTHLOTO Y10, TOVG TANOLGHOVG TV yoapidv ¢ meployns. Ot
neployég avtég (otabpol) emhéydnkay pe Baon ) pikpn andotootn tovg and v Eyvatio
066 «xabBmdg Kot ™V VTOPEN N KOTOAOKELT YEQUPDV, OQPAYUATOV Kol GAA®V
avOpomoyevav emdpdoemy, Tov Oa UTOPOLGAV VO OTOTEAEGOLY TOAVOV GTO UEALOV
avaoTOATIKGO otoryeia yo v e€aniwon tov ybvorinbvoumv (Dunham et al. 2002).
Yvvohkd emléyOnkav 9 otabuoi derypatoAnyiog (Ewc. 1) katd pnkog tov motapov,
OTOVG OMOIOVG EQUPUOCTNKE 1 HEBOOOC NG MAEKTPOAIEIDG YOO TN GLAAOYN T®V
derypatmv, pe opntr cvokevn tomov ‘Safari Research 550D°, og pnkog koitng motoapon
nepimov 100m yio ypovikn| didpketo 25 — 30min.

Ot derypatoAnyieg mpaypatomomdnkay otig meplddov tov péytotmv (dvoién)
Kot gEMdotov (eOvonmpo) tapoydv kotd to £tr 2003 ko 2004. Xe kabe derypatoAnyio
YWOTOV £VO TPOCEKTIKO GAPMLLOL LE TN GVOKELY] TNG NAEKTpoALEiag, avtiBeTa 6T pon Tov
TOTOUOD KOl 6€ OAO TO TANTOG TNG KOITNG TOL TOTAUOV GE GYNMUO HOLAVOPOL KOl GE
péyroto Padog 1,20 m, yopic amokAelopno g meproyng detypatoinyiag pe diyrva. [licwm
amd TOV YEPLOTN TNG GLOKELNC aKkoAoLOOVGOV TTAVTO dVO GTOUO Yio T GLAAOYN T®V
avoicsOntomompuévey yapiov tov déesvuyav. H extiunon tov yybvoninbuoudv éywve pe
TOV VTOAOYIOUO TNG OYETIKNG apBoviag ekppacuévng o¢ aptdpd atdépmv avé povéoo
OMEVTIKAC TPOOTIADELNG OE GUYKEKPIEVT empavewn motapod (~500 m?) otov kabe
otafud Kot pe avaymyn oty TAnciéctepn axképotn povado (Catch Per Unit of Effort).

AIIOTEAEXMATA & YXYZHTHXH

And T1g derypatoAnyieg mov mpaypatomomOnkav otovg 9 otabuodc kot v
enefepyacio Tov amoteAespatov Ppédnkav ot mapokdtm agboviec mov mapovsidlovton
omv Ewéva 2. And v ewodva ouTi] UTOPOLUE VO SOMIGTOCOVUE TNV  KOKN
nepPorirovTik) Katdotaon tov otabuod 9, otov omoio mapatnpodvTol UIKPES TIUEG
agBoviag mapd o yeYovog 0Tl BpioKETOL TPOS TAL KOTAVTH TOL TOTOUOD Kot Oempntikd
OVOUEVOVTOL VYNAOTEPES TULEC.

O kvprdtepog Tapdyoviag oTov omoio oPeiletat 1 vToBadIon TG TEPLOYNG Elval
ol évtoveg avlpomoyeveic emdOpAceEl Om®G N VIapén TS HEYAANG YEQPLPOS TOL OOIKOV
tuquotog I'pefevd — Métocofo kar 1 dyAnon eotiog g, kabdg Kot ot AUUOANYiES, 1
oMeia Kot 1 apdgvon).
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Ewova 2. Metafoin g agpboviag tov €d®V Tov Yaplidv avoluTikd avd otafud Kot snoxﬁ KOt TIG
detypotonyieg ota ‘péytota’ Kot ‘eldytota’ g Topoyng Tov . BevéTikov 6To GUVoLo TV GTAOU®V.

Ymv Ewoéva 3 yivetoaw opadomoinon tov 9 otabumdv pe avaivon OevOpoypPAUIOTOS
(Cluster analysis), ywa vo damotmBovy toxdv opotdtnteg i un petold tov otaduny
delypatoAnyiog Kotd Tig TEPLOS0VG TOV £TOVE TOV LAOTOMONKAY QVTEC.

CASE
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st9-min04
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Rescaled Distance Cluster Combine
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Ewova 3. Opadomoinon kot Soy@piopog tav otofudv avd derypotoinyio katd to ‘péyioto’ Kot
‘eAdyiota’ Tng Tapoyng Tov . Bevétikov pe avdivon devdpoypdupatog (Cluster analysis).

Ymv Ewéva 4 yivetor avdivon e aeboviag tov yapidv n omoio ekTyundnke pe
nébodo tov moAlamidv dwuctacewv (Multi Dimensional Scaling).
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Ao Vv avdivon tov devdpoypaupatog g Ewk. 3., PAEmovpe 611 oynuatifovron
3 ounddec otabumv. Amd avtéc ot Vo mPMOTEG TMEPAAUPAvovY oTafods ot omoiot
Tapovctdlovy piKpEG Kat evoldpecssg TnEG apboviag. H tpitn opdda meptrapfavel Toug
otafuovg 2 xor 3 Katd TG MEPLOOOLG TMOV EAGYIOTOV TOPOYMV KOl Ol omoiot
Tapovctdlovy vymAég Tipég apBoviag. H opdda avtr Aowmdv anotelel avedptn opdoo
oTafUdV LOVOo TIG TEPLOGOVG TV ‘EAAYIOTOV’ TOPOY®V. ALUTICTMOVETAL £TGL 1] TOAD KOAN
TEPPOALOVTIKT] KOTAGTOON TNG TEPLOYNS OVTNG TTOL PpIioKETOL GTNV ELPVTEPT| TTEPLOYN
mg Kpavidg. To yeyovog avtd emPefordvetoar kot omd v avdAvon o€ TOAAES
dwotdoels (Ew. 4).

st
stImin03>
SWémin04
oM
St7min03
st
stminge:

ami
S Bminos

st2min

st3min03

stzmin03

Ewova 4. Opadomoinon kot Stoay®piopog towv otafudv derypatoAnyiog, avé derypoatoinyio Kotd to
‘uéytota Ko ‘ehdyrota’ g mapoyng tov . Bevétikov (MultiDimensional Scaling MDS).

YYMIIEPAXMATA

Yta avavrn tov motapov (Xt. 3, 4, 5 kau 6, meployn Kpavidg), mopovoialeton
HKpOTEPN PlomokIAOTNTO, pHE TEPLOPIGUEVO aplBud €ddv, and 2 péypt 4 (Ew. 2).
Avtifeta otovg otabpovg mov Ppickovior 6To UEGO POV TOL TOTOUOV 1) O OMUEin
oLpPoANG Tov pe dAhovg mapamotapovg (Xt. 1. Bevétikov — Xtavpordtopov kot Xt. 2.
Ztavporotapov — Kovtoagopa), o aptfudc tov e18dv avéavel uéypt oktd. To gidog mov
emkpatel eivon to Barbus peloponnesius, kot cuviBwg axoiovBovv ta gidn Alburnoides
bipunctatus, Leuciscus cephalus kot opiopévovg poévo otabupodc to Chondrostoma
vardarense. Ot mAnbvouoi ¢ ayplag méotpopag Salmo trutta éxovv meplopiobei
oNUOVTIKA Kot £yovv e€apaviodel amd Tov VTOAOUTO TOTAUO KLPIWG AdY® LITEPAATIELONG.
To €ld0g avTd onuepa KIVOLVEDEL KOl TOPOUEVEL LOVO GTY| TEPLOYN] TOV GAVE® POV TOL
notopov (meproyxn Kpavidg — MikpoAifadov), (MiEapéveng k.a. 2005, Kokkinakis 2006).

Kotd ™ katackeun €pymv ot mepoyn Oa mpémet va amopevyBodv povipes M
TOPOOIKEC KOTAOKEVEG GTNV KOITN TOL TOTOUOV, 01 omoieg Ba epmodilovv v eAevBepn
dwaxivnon tov tybvorinbvoumv (Economidis 1991, Anoctoridng & Kokkwdxng 2007).
Ot gumlovtiopol, 0tav avtd KpiveTon avaykoio Kol HETE amd EUTEPICTATMUEVES YO TO
oKomo avTtod peréteg, Oa mpénet va Pacilovrar amokielotikd o€ Tomikd €idn (Economidis
1991). IIpénel pe kabe TPOTO var amoPevyHovV 160 YOYEG EEVIKOV LE TO OIKOGVGTNUA
ewov (ypipaor Cyprinus carpio M metolovdo Carassius auratus) mpokeiévov va
umopéoet va otatnpnOel n chvOeon g Tomikng tybvomavioag.
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[Switepo amapaitnTn KpIveETOL 1) EKTOOEVTIKT] EVIUEPMOOT] KOl TAPOPOPNON TV
KAtolk®mv g meployng oto mapomdve Oépota, ywo TV omoeuvyn AavOacuévov
evepyewwv. Téhog, Ba mpémel va yiver Wwitepn cbotaon 6tovg YewpyolHs TNG TEPLOYNG
MOOTE VO YPNOWOTOOVV TO YEOPYIKO QAPUOKO OTIS EVOEIKVOOUEVEG OOGEIS KOl
EMOVOANYELG.
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XYNOEXH TAHOYEMOY, EIXAT'QI'H NEAPQN ATOMQN XTHN
AAIEIA KAI ONHXIMOTHTA TOY TXZIPQNIOY Rutilus rutilus
(Linnaeus, 1758) THX AIMNHX BOABHX (MAKEAONIA, EAAAY),
ME XTOXO THN AEI®OPIKH TOY AAIEYTIKH AIAXEIPIXH.

X. Kvpiton, A.K. Kokkwvaxng, A.B. Batovkag & X. Neogvtov.

INEPIAHYH

To topdwvt Rutilus rutilus (Linnaeus, 1758), amotelel £va amd To GNUOVTIKOTEPO £101 WOPLOV Y1a
™V aAElo TOV e00TEPIKOV vep®dV TG EAAGdag kot éva amd ta mo dpBova €idn g Aipvng BOAPN. Zv
gpyacio avt) mpocdiopichnke 1 chvBeon tov TANBVGHOD TOL TGPWVIOD KoL 1) BvnodTNTA TOV OO TOL
delypota mov cLAAEYBNKaY pe amiddia diytva pe 16 dapopetcd peyédn potiod and 10 péypt 60 mm ot
Apvn BOAPN. Ta deiypota cvddéybnkov kotd tov Mdaptio kor Ampidio 1999. Ta pecovpaio pnkn tov
yapidv kopavinkay and 70 émg 230 k. (FL), avéroya amd 1o pdtt Tov d1ytvod mov cvAloufdvovay.

O mAnBvopds Tov Topavioy meptérafe €L opnddec nhking apceviKdv Kot 0KTd BNAvkdV oTOpmY
Ko 1 avoloyio Tov apoevikdv mpog ta Onivkd frov 1:1,19. H alevtikr Ovhowdmro (F) kou 1 guoikn
Ovnowdmrto (M) frav 0,96 xau 0,24 avtictoyyo. H mapaywyn tov veosioepyOpevov atépmv otnv oleio
KAt amd aMevtikd kKobeotdg mov e&etdobnke Nrtav 23,093 g. H npofienduevn péyotn mopoyoyn tov
veogloegpyOpevey ntav 23,37 g, n omoio Ba. pmopovsay va tpaypatorombel pe Ovnoyodtnta oieiog 2.

Ao v avdloon mov £ytve TPOKVTTEL OTL TO TOLPOVL 0AEVETAL GYEdOV GmGTA TN Afptv) BOAPN,
oV onpaivel 6Tt o €idog oOTE VTEPAMELETOL OAAG 00TE Kot vmooiievetal. Edv Oa pmopovoape vao
LEWOGOVLE TNV OAMELTIKY Tpoodfeia mov epappoletar otn Adpvn oto 50%, dniadn edv pewdvovpe v
alevtikr] Ovnoodtnta oto 0,48 and to 0,96 mov eivar, Ba giyape poévo pia peiowon oto 5% g GVVOAMKNG
OAEVTIKNG TAPAY®YNG, 1) OTtoln LETAPPALETOL GE L YEVIKOTEPT Uel®ON TOV KOGTOVG OALEING GTO LIGO.

H ekmbévnon avodlutikdv aAevTIKOV HEAET®V oTIC Alpves, umopel va mpocdiopicet véeg uebBoddovg
aMevTikng dtayeipiong, ot omoieg Ba amoPAEmovy GTNV VY] KOl OIKOVOULKA LG EKPETAALEVLGT TOVG.
Keywords: Rutilus rutilus, Lipvn BoABn, arhddio diytva, veosioepydpeva, alMevTiky Bvnopdmta

POPULATION STRUCTURE, YEAR PER RECRUIT AND
MORTALITY OF ROACH Rutilus rutilus (Linnaeus, 1758) IN VOLVI
LAKE (MACEDONIA, GREECE) AIMING TO ITS RATIONAL
FISHERY MANAGEMENT

S. Kiritsi *, A.K. Kokkinakis', A.V. Valoukas , C. N. Neophitou
1. Aristotle University of Thessaloniki, Faculty of Forestry and Natural Environment, Laboratory of Wild
Life and Freshwater Fisheries, Box 241, 54124 Thessaloniki, Greece, e-mail: akokkin@for.auth.gr
2. University of Thessaly, Department of Ichthyology and Aquatic Environment, Laboratory of
Ichthyology and Hydrobiology, Volos, Greece, e-mail: chneofit@apae.uth.gr

ABSTRACT

The roach Rutilus rutilus (Linnaeus, 1758), constitute one of the most important fishery species
for the inland water of Greece and the most abundant fish species of lake Volvi. In the present study, the
population structure and the mortality of roach in Volvi lake was estimated from samples collected with 16
different types of nets with a mesh size of 10 to 60 mm. Sampling collected during March and April 1999.
Fork lengths of collected samples ranged from 70 to 230 mm (FL) depending on the mesh size.

This population comprised six age groups of males and eight of females and the ratio of males to
females was 1:1,19. The fishing mortality (F) and natural mortality (M) were 0,96 and 0,24 respectively.
Yield per recruit under the fishing regime was 23,093 g. Its predicted value at maximum sustained yield
was 23,37 g, which could be obtained at a fishing mortality of 2.
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The analysis shows that in Volvi Lake the roach is fishing almost in the correct way that means
the species is not ‘over’ or ‘under’ fishing in the lake. If we could reduce the fishing effort in 50% of the
existing, namely if we reduce the fishing mortality to 0,48 from 0,96, we should have only 5% decrease of
the yield per recruitment, that means an overall fall of the of the fishery cost at half price.

The application of detailed fishery studies in the fisheries of lakes can define new fishery
management methods aiming to their sound and financial viable exploitation.

Keywords: Rutilus rutilus, Volvi Lake, gill net, selectivity, yield per recruit, fishing mortality

EIZXATQI'H

To towpove Rutilus rutilus (Linnaeus, 1758) (Common Roach), aviker otmyv
owoyévewn, Cyprinidae, 6moc dAMmote kol ta mEPLocOTEPA €0 TOV YAVKOD VEPOD.
Ifuepa Bewpeitar amd to onpoavtikdtepa epmopevoo £id0n g Evpdnng kot g ydpog
pog, Omm¢ emiong amoteAel kot aEOA0yo €100 oMV €paclTEVIK) OMeEln TV
ECMOTEPIKMOV VEPAOV. AV Kol givan €va amd To Mo KoAG pehetnuévo €0mn Yopudy Tov
YALKOV VEPOD MG TPOG TNV AOENCT, TNV OVOTAPAYMYT], T OLTPOPY|, TO TAPAGLTO, KOL TNV
Broroyia tov (Masterman,1923, Hartley, 1947, Jones 1953, Wallin, 1957, Williams 1967,
Mann 1973, 1974, Hellawell 1972, Goldspink 1979, Linfield 1979, Papageorgiou 1979,
Gowx 1990, Naddafi R. et al. 2005, Tarkan, A, 2006 «x.a.), &ivor oapketd
TEPLOPICUEVEG Ol UEAETEC TOL APOPOVY TN OLVOKN TOV TANOLCUOV TOV KOl TNV
OAELTIKT TOL TTALPOLYWYIKOTNTO.

X Apvn BOAPN mov elvatl pa amd T peyaAvTepeg AUVEG TG YOPOS HOC, TO
TGPMVL OTOTEAEL TO KUPLOTEPO aAigVpd TG Ko Bgwpeitar avtdyBovo gidog (Kokkivakng
k.0. 2000, I'dtowov k.0. 2003). H yevikn ekdvo TG GAEVTIKNG KOTAOTOONG TG AMUVNG
onuepa gtvor OtL vdpyel pelmon TOV TEPIGGOTEPO EUTOPEVCIUOV Kot aKPBOTEPOV
aAevpdtov g, pe tavtdypovn otobepomoinon tov eOnvotepwv (Kokkivakng x.a.,
2000) Tevikdtepa, n yOvomapaymyq ot AMuvn €xel petmbet onpavticd, koping e&attiog
CUYKEKPIUEVOV avVOPOTOYEVAOV OPOGTNPLOTATOV TOL TPOKAAEGAV TNV LoPaduion g
TOLOTNTOG KOl TNG TOGOTNTOS TOV VEPDV NG, LE GUEGO ATOTEAEGLLO TNV KATAGTPOPY| TOV
TOM®V OVOTAPAYMOYNG TOV YOPIOV Kol TOV TEPLOPICUO TOV TESIMV OTPOPNS TOV
veoyévvntov yopiov (Kokkivakng k.o. 2000). Emimiéov, n emdektikn aAieion optopévev
EUTOPEVSILOV €AV, £&xel oLUPAAEL dpacTIKA oIV OAAAYT] NG OOUNG T®V
yBvominbvuoudv g kot otn peivon tov ybvamobepdtov g (Kokkinakis &
Economidis, 1998).

210%0¢ G epyaciag avthg elvarl 1 eKTIUNON NG OAELTIKNG KATAGTOONG TV
TAnOvoudv Tov TolpVIoy otn Alpvn BOAPn, 0nwg eival n cuvBeon twv Tinbucudv tov,
0 TPOCOOPICUOG TNG BVNOUOTNTOS GAEVTIKNG KOl QUGIKNG KOl TNG TOPOY®YNG TOV
VEOEICEPYOUEVOV TOIPOVIDY GTNV OAElD TNG Mpuvng.

YAIKA & MEGOAOI

IMa v g&étaom g ocvvBeonc Kol ToV TPOGOIOPIGUO TNG EMAEKTIKOTNTAG TOV
ATAAOIDOV SYTO®V GTO TOP®VL TNG Alpvng BOAPNG epappocnke mepapotikn aieio to
Méptio ko Ampidio tov 1999. Xpnowomombnkav amiddio diytva pe 16 drapopetikd
pata, oniaon: 10, 12, 15, 18, 22, 24, 26, 28, 32, 34, 36, 38, 40, 45, 50 ka1 60mm, ta
omoia elyav punikog 50m ékacto, ektd¢ amd To dixtv TV 18mMmm, 710 omoio &lye unKog
19,5m. To kdBe diytv TomOBETOVVTAV LE TETOO TPOTO MGTE VO AMEYXEL OO TO EMOUEVO
TOVAGIOTOV 3M, £TCL MOTE VO UTOPOVV VO TTEPVOLV TO YEPLOL TOL KOTAOI00 OVAUEGH
TOVG KO UE TOV TPOTO 0TO Vo unv emnpedlovtal ot GUAANYELS TOL KAOE dtyTLov Omd TO
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napakeipeva tov (Hamley 1975). Ta diytva tomofetiOnkay mpmi kot avacOpOnkay petd
and 24 @peg. Ta delypato tov yopiov petd v eEaiievon tomobetOnkav oe
oLUVINPNTIKO OLAALUO, GE JLOPOPETIKE doyeia Yoo To KAOe diytv amd OTOL OAMEVONKAY.
210 €PYOCTNPLO £YIVOV COUOTOUETPIKES LETPNOELS UNKOVG Kot BAPOVS Kot ovayvadpion
@OAOV o€ KOs Yhpt Ko KpothOnkov AETo Yo TOV TPOGOopIGUd TS NAkiog. Zuvolikd
alevtnroyv 885 dtopa, povo and to 7 and to 16 pdrtio dSyytvdv mov ypnoyLoromdnkay,
amd 12 émg 28mm, evd pe o vTOAoTo T0 £160¢ dev aAeHONKE.

O vVTOAOYIGOG TNG OAKNG BVNGIUOTNTAG TOV TGPMOVIO £YvE He 600 pebddovg o)
a6 v ‘Kopmdoin Hapaywyne’ kot B) and v ‘Metatponn tov Mnkav oe Hhkia.

AMMOTEAEXEMATA & XYZHTHXH

2vvOeon tAn0vopod

H avoioyia tov @OA®V 6T0 6OVOLO TV aTtOU®V oL oAlevOnkov Ntav 1:1,19
(apoevika: Onivka), nradn, 404 dropo NTav apoevikd kat 481 Onivkd. And tov Eleyyo
opotopopiog mov £ytve pe Péon 1o KOS CAOUNTOS, TPOEKVLYE OTL 1 AVOAOYioL QUA®Y
Sev moapépeve otabeply oe OA0 TO €0poc TV peyebdv (X°= 260,01). Tty Ew. 1
ToPATNPEITAL OTL TOL APCEVIKA ATOUO VTEPEXOVY TV ONAVKOV OTIC WKPATEPEG KAAGELS
LKOLG, VA TO avTIGTPOPO 1oYVEL OTIC pUeyolvtepeg. Méypt v kidon 111-120mm 1
avaAOYio TV OPGEVIKOV NTOV HEYOADTEPT 0O TV ONALVK®V, evd Thve amd ta 121-130
mm, 1 avadoyio avTioTPEPOTAV VIEP TOV ONAVKOV.

120 4 W ADOEVKA 0 O\wa

W OnAukd O Apoevikd

100

100 801
<
E 607
20
20+
1 2 3 4
HAIKA

%
o 8 &8 8 8

8090 91-100 101- 111- 121- 131- 141- 151- 161- 171- 181- 191 201- 0 T T T T
110 120 130 140 150 160 170 180 190 200 300 5 6 7 8
KAGoEig prikoug (mm)

Ewova 1. TTocootd apoevikdv (Aevko) kot Onlvkdv  Ewodva 2. TTocootd apoevikdv (Lavpo) kot Onivkodv
(navpo) Topovidv og Kabe Khdon pAkovg ot Alpvr  (Aevkd) topavidv ot kGbe kKAGon nhikiag otn Aipvn
BOAP. BOAP.

Avrtictoya, n avoroyio @OAov pe TV nAkio tapovsialetar oty Ewk. 2. To téot
opotopopoiog €0e1&e Ot vt petafdAietor HETOED TOV NAKIOV (X2: 135,11) ko mo
€0KA QaiveTor OTL otV NAKio 2+ kol 3+ EMKPATOVV TO. OPGEVIKA GTOWO, EVAD GTNV
NAkio 1+ kot 4+, 1 avoroyia @dorov frav 1 id1a (1:1) (P<0,05). Ttig nAikiokéc KAAGELS
Tévo amd 5+ Kuplapyovoay ta Oniukd dropa.
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Ewova 3. Kotd pnkog ovvlBeon tov mainbucpov tov  Ewova 4. Hikiakn oovbeon tov mAnbuopod tov
TopOVIAV ot Aipvn BOAPN. Topovidv ot Apvn BOAPn.

And v e&étaon ¢ obvBeong Tov TANOBVGUOV TAPUTNPEITOL L0l CNLOVTIKN
peioon tov aplBuod TV atdpmv ce oxéon UHE TO UNKOG copatoc. Ta pnkn tov
TOPOVIOV 7oL ohevdnkav ot BOAPN frav amd 80mm péypr 189mm (Ewc. 3).
HEeyopilovv 000 peydieg khdoelg unkovg oto 110mm kot ota 120mm kot ota dvo evAa.
Eivar yapokmmpiotikd 6tt 10 94,76% tov mAnBuopov Ppioketor amd 100mm péypt
140mm, eved povo to 3,63% amd 150mm péypr 180mm kon poig 1o 1,61% omd 80mm
péypt 90mm.

H xatavoun tov unkov avd kAdon nikiog £ywve oe 8 kKAdoeig nhikiag. Ao Tig
nAkieg avtég N nAkio 0+ dev gppavicOnke oto detypa, evd ot nhkieg 1+ kot 2+ dev
avtimpoownevovtal tkavoromtikd (Ewc. 4). Aznd v nikia 3+ o aptOpog tov atopmy
o€ kOBe KAGOM UEIDVETOL, PTAVOVTOS TEAKA otnv nAkio 8+, n omoila ekmpocwmmeitol
uovo pe mocootd 0,12%. BéPara, m peiwon tov mAnbucpov yivetor opaid yopic va
&xovpe NAklakég eEapaoelg, Aoyo peydAwv kKAdoewv niikiag, yeyovos BéPata mov fonbdet
GTOV VTOAOYIGHO TNG BvnodtnToc.

Ovnowyotnra

IMa tov vrohoyiopd g BvnoodTtag pe ™ péhodo ¢ "Kaumuing mapoymyng”
xpnoonomdnkav ot niikieg 3-6 yw ta apoevikd, 3-8 yio ta Onivkd dAAG Kot Yo To
dvo euia pall. Mikpotepeg nhikieg g 3+ Kot peyolvtepeg g 6+ Yo To apcEVIKA Kot
8+ vy to ONAvkd ARG kot yuo Too OO @VAA pall oev ypnolwomomOnkav, yoti
BeopnOnke OTL dev AVTITPOCOTEVOVTAY KOVOTOMTIKA ©TO Ogtypo. Ot Tipuég oMKNg
ovnowomrag (Ew. 5) yw ta apoevikd firav Z=1,231 (r’= 0,9501), yia ta Oniokd Z=
1,019 (r?= 0,9531) kot Y10, T0 GHVOLO TV 800 UMV pali Z= 1,202 (r’= 0,973).

Aooevikd

o o N ®

In(N)
~

°
In(\) =11,297-1,231t

In ()
ok M W » O oo~ ®

ok N w

t (HAKic) t (HAIkia)
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Oha padi
Z=1,202
Ewova 5. Yroloyiopdg g oMkng Bvnoyotntog

TOV ToPVIOL ot Alpvn BOAPN pe ) pébodo g
0 : 2 3 4 s 6 4 8 ° “KapUTOANG Topay@yng’.

In(\)
o r N WSO O N ® O

I'o tov vroloyiopd g Bvnodrag pe v péBodo “Metatponng Mnkav ce
Hlkio’, ypnowwonombnkay ta dropa pe pikog amd 110 péypt 180mm. Or pikpotepeg
Kol peyoAvTeEPEG KAAOELS amokAeioTnkay, YloTl Ol HEV TPMOTEG OEV AVTITPOCMOTELOVTIOL
EMOPKADG OTO OELYHa, Ol 08 PEYOADTEPEG TTEPIAAUPOVOY GYETIKA UIKPO aplBud atdpmv.
Zuvnlmg ta ATtopo TV HEYOADTEPOV KAAGE®MV UNKOLG £YoVV peyalvtepo péyebog, yloti
Exovv peyalvtepo puhud avénong kot oyt ylori sivar peyadvtepa oe nikio (Sparre et al.
1989). H Bvnowodtnta pe tv pébodo auth (Ew. 6), ftav yia ta apoevikd Z= 1,140 (R*=
0,900), yto. T OAvkd Z= 0,921 (R?=0,959) kat yia 6Xo poli Z= 1,094 (R?= 0,963).

Y10V VITOAOYIGHO TG PLGIKTG Bvnolotntag pe v e&icwon tov Pauly:
log M=-0,0066 — 0,279 -log L., + 0,6543 - log k + 0,4634 - log T,
ypnopomomdnkav ot Tég Lo, kat K mov mpoodiopiotnkay ya to apoevikd L= 18,56
cm ko k= 0,148, yo ta OnAvka L= 27,72 cm kou k= 0,097 ko yio o 660 @OAo pali
L= 32,45 cm kou k=0,072 avtictoyo (Kvpiton 2008). Xe 611 apopd tn Oeppokpocio
(T) ypnowomombnke N péon etnola empovelokn Bepuokpocio ™ AMpvng, N omoia
petpnnke amd tov NoéuPpro tov 1997 péypt ko tov NoéuPpro 1998. H péonm
Oepuoxpacio Rrav 16°C.
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Ewodva 6. Ymohoyiopdc tng Ovnowdmrag pe
HEBOBO LETATPOTNG TOV UNKOV CAOUATOG GE NAKIAL.

t(+l2)2

H ovown Bvnowdmmro mov vmoAoyioOnke ywn ta apoevikd ntav M= 0,451, yia ta
Onivkd M= 0,306 kot Yo Ta apoevikd Kot to Onivkd poali M= 0,241.
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Hapaywyn veosroepyopevov

2T1C peAéteg aMEVTIKNG dtoyelptong Kot SLVOUIKNG TANOVGUAOV TO HOVTEAO TTOV
ypnowonoleitor  cuvnBmg  eivar 10 HOVTEAO NG  OMEVTIKNG TOPOY®YNG TOV
‘veoeloepyopevav’, to onoio avémntvéov ot Beverton kai Holt (1966). Me 1o povtédo
OVTO UTOPOVLLE VO VTTOAOYICOVUE TNV GAEVTIKT 0ddoom Tov TANBvouoD oe Bropdla yio
éva TAN00¢ tuyaiov cvvdvaoudy tov TpoTov oleing (LC) kabdg Kot TG aAEVTIKAG
Ovnowwomtog (F) mov aokeiton otov TAnbuoud.

Tpomomowdvtag to povtédo Tmv Beverton kot Holt 1966, cupemva pe tovg Sparre
et al. 1989, n am6d00m ToLV TANOBVGHOD TOL TOP®WVIOD e BAOT TIC VITAPYOVGESG GLVONKES
aMeiog ot BOAPN eivon 23,093 gr/dtopo, pe Le= 140mm ko tc=5,5 ypovio (Ew. 7, 8,
9). H péyrom Y/R mov pmopodpe va mapovpe yio 1o tAnboopd g BoAPng eivan 23,37
gr/dtopo pe TIG VIAPYOLGEG GLVONKEG. AVTO EMTLYYAVETOL HE OOENOT TG AAEVTIKNG
Ovnowwomtoc and F= 0,96 o F= 2 (Ew. 7). AnAadf Ba mpénel va avéncovue v
alevtikn évraon kotd 100% yio va metdyovpe o advénon mopaymyng noig 1,2%.

YXYMIIEPAXMATA

To topdvt amotekel éva and Ta Mo eumopevoa €10m g Alpvng BoApng. H
aMeio Tov yivetatl Kuplwg pe amAddia diyTuo 6To IKPATEPO ATOUO KOL LE LOVOUEVO GTO
peyoAvtepa. H avaioyia tov @OA®V 6tov TANBLGHO £0€1EE o VITEPOYY| TOV OPCEVIKADV
oTIG MIKPEC KAAoeE pnkovg kol nAtkiag. To yeyovog avtd €xer moapatnpndel kot oe
dAhovg mAnBuopotdg oe dAdec mepoyéc. H  ypryopn wpipavon tov apcevik®v o€
HIKPOTEPO. UNKN KOAVTTEL TNV avAaykn tov TANOLGHOV GE APGEVIKO OVOTOPAYOYIKO
VAKO, evd M VIOpEN TEPIGGOTEPOV HEYIA®Y ONAVKOV 0TOU®V PEATIOVEL T GLUVOAIKY|
TOPOYMOYT AVYDV.
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Ewéva 7. Ewcova 8.
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Ewova 7. Iapayoyq tov ‘veoeloepyOpevov’
TOPOVIOV GTO OMEVTIKO amobepo, Yoo (o GEpd
and drapopetikd peyédn goddov (LC).
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Ewova 8. Iapayoyq tov ‘veosioepyOpevov’
TOPOVIAOV 6TO AMELTIKO amdBepa Yo pio 6elpd amd
Srapopeticég nhikieg e166d0v(tc).

=
1S}

@

Ewoéva 9. Metafory g mopoyoyng Tov
‘VEOEIGEPYOUEVOV’ — TOPOVIDV  OTO  OAMELTIKO
amoBepo, otov 1 F eivor otabepr ko petafdiieron
Eucova 9. N NAtkia £16680v (tc).

o

2KomoG TG AAMEVTIKNG Olaxeiptong evog yybvomAnBucpov eivarl va methyovpe ™
péylotn duvartn amddoor He TETO TPOTO (DGTE VTN VO UNV €YEL KOTAGTPEMTIKEG
oLVETELEG 0TOV TANOLGUO OAAG KOl M €QOPUOYN TNG Vo eival péca oTol TAOIGLO TOV
duvatod kKot pdoto pe v pikpdtepn dvvat tpoonddeio (Gushing 1968). H epappoyn
TOL HOVTEAOL Topoy®yng veoeloepyouevov (yield per recruit) mov éywve ot Alpvn
BoAPN, é0e1&e tun 23,093 gr avd dropo, pe Bdon tic cuvOnKeg aAlElog TOV EMKPOTOVV.
Ao ta Tapandve cuvdyetal 0t 1 aAeio Tov Tep®viov ot BOAPN yiveton pe apketd
€06TOY0 TPOTO, TOipVOVTAG TNV UEYLGTH OLVOTH TOPUYWYN OTIS VILAPYOVGEG GLUVOTNKEG.
Qaivetor Oopmg 6t Bo pmopovoape v £YOLUE KOALTEPN OMEVLTIKN Olayeipion,
€PaPUOLOVTOG UIKPOTEPT OALEVTIKH TPOCTAOEID Kol EMOUEVMOG KAVOVTAG TEPIGGOTEPN
owkovopio (Kavoluo epyatom®pec KAT), €POGOV TPOKLATEL OMO TO UOVIEAO 7OV
voAoyicope OTL av peldvape Ty aAlevtiky npoonabeia oto 50% (F= 0,48), Ba siyoue
¢ amotélecpo uovo 5% peiowon g ahevtikng tapaywyng (Y/R) tov gidovg.

122



BIBAIOI'PA®IA

Beverton R.J.H., S.J. Holt, (1966). Manual of methods for fish stock assessment, Part 1l - Tables of yield
functions. FAO Fisheries Techical Paper No: 38 (Rev. 1).

Cowx 1.G., (1990). The reproductive tactics of roach, Rutilus rutilus (L.) and dace Leuciscus leuciscus (L.)
populations in the Rivers Exe and Culm, England. Pol. Arch. Hydrobiol. 37: 193-208.

Cushing H.D., (1968). Fisheries Biology. A study in population Dynamics. The University of Wisconsin
Press.

Goldspink C.R., (1979). The population density, growth rate and production of roach Rutilus rutilus (L.),
The Netherlands. J. Fish Biol., 15: 473-498.

Hamley J.M., (1975). Review of gillnet selectivity. J. Fish. Res. Board Can., 32: 1969 - 1983.

Hartley P.H.T., (1947). The natural history of some British freshwater fishes. Proc. Zool. Soc. Lond., 117,
129-206.

Hellawell J.M., (1972). The growth, reproduction and food of the roach Rutilus rutilus (L.), of the River
Lugg, Herefordshire Journal of Fish Biology, 4(4): 469-486.

Jones, J. W., (1953). Scales of roach. Part I. Age and growth of the trout, grayling, perch and, roach of Llyn
Tegid (Bala) and the roach from the River Birket Part Il. Fishery Invest., Lond. (1), 5(7): 1-18.

Kokkinakis A.K., G.V. Economidis, (1998). Changes of the fishery production in Lake Volvi (Macedonia,
Greece) and capabilities of the improvement its fishery and aquaculture productivity. Proc. 1%
Balkan Conf. with sub. “Aquaculture activity in Balkan countries. Perspectives of future
collaboration and development”. Thessaloniki, 18-21/9/1998.

Linfield R.S.J., (1979). Age determination and year class structure in a stunted roach, Rutilus rutilus
population. J. Fish Biol., 14: 73-87.

Mann R.H.K., (1973). Observations on the age, growth, reproduction and food of the roach Rutilus rutilus
(L.) in two rivers in southern England. J. Fish Biol., 5: 707-736.

Mann R.H.K., (1974). Observations on the age, growth, reproduction and food of the dace, Leuciscus
leuciscus (L.) in two rivers in southern Ehgland. J.Fish Biol., 6: 237-253.

Masterman A.T., (1923). Report on the scale of certain freshwater fish in relation to age. Fishery Invest.,
Lond. (1), 1, 3.

Naddafi R., A. Abdoli, B.H. Kiabi, B.M. Amiri, M. Karami, (2005). Age, growth and reproduction of the
Caspian roach (Rutilus rutilus caspicus) in the Anzali and Gomishan wetlands, North Iran. J.
Applied Ichthyology, 21: 1-6.

Pauly D., (1980). Beyond our original horizons: the tropicalization of Beverton and Holt. Rev. Fish Biol.
Fish., 8: 307-334.

Regier H.A., D.S. Robson, (1966). Selectivity of gill nets, especially to Lake Whitefish. J. Fish. Res. Board
Can., 23: 423-454.

Sparre 1.J., E. Ursin, S.C. Venema, (1989). Introduction to tropical fish stock assessment. FAO Fisheries
Technical Paper, Part 1: 306- 337pp.

Tarkan A.S., (2006). Reproductive ecology of two cyprinid fishes in an oligotrophic lake near the southern
limits of their distribution range. Ecology of Freshwater Fish, 15(2): 131-138.

Wallin O., (1957). On the growth structure and developmental physiology of the scales of fishes. - Inst.
Freshw. Res. Drottningholm. Rept. No. 38.

Williams W.P., (1967). The growth and mortality of four species of fish in the river Thames at Reading.
The Journal of Animal Ecology, 36(3): 695-720.

I'atowov T.A., A.K. Kokkivakng, X.A. Mapapéiag, X.N. Neogvtov, (2003). Endektikotnta aniadidv
dytdwv o¢ mpog 1o €idog Rutilus rutilus otn Alpuvn BOAPN. Ilpoxt. 11°° Ilaved. Zvv. IxGvol.,
IpéPeCa, 10-13/4/03, 277-282.

Kokxwakng A.K., Al ZXivng, N. Kpuipng, (2000). Merétn ybvomavidog kot kafopiopod kAelotdv
neploymv/oploBETnong aAELTIKOY (WVAOV KAl OVIILETOTIONG TNG TAPEUTOSIGNG TG AUPISPOUNG
kivnong tov yopudv otig Alpves Kopdvewa kot BOAPN kot tov yeipdppov avtdv. Teiwn éxbeon
Tpoypappotog, Oeclvikn, 227 o.

Kvpiton X., (2008). H oworoyia tov topwviov (Rutilus rutilus (L.)) o Aipvn BOAPN. didaxropixr
Awazpify, Zy. Adacoloyiac & Pvowkod Hepifallovrog, AILG., 173 o.

Papageorgiou N.K., (1979). The length weight relationship, age, growth and reproduction of the roach
Rutilus rutilus (L) in Lake Volvi. J. Fish Biol., 14: 529 - 538.

123



Session 4

4" @guatikny Evotnto

New technologies and New Candidate species for
Aguaculture
Néeg Teyvoloyiec kar Nea Ymoynpia yio.
Extpoon Eion

Chairpersons: Dr A. Exadactylos
IIpoedpeio: Ap. A. EEaddkTurog

Invited Speker: Dr. Amos Tandler
[Mpookexkinuévog Opinteg: Dr. Amos Tandler

124



ORAL FISH VACCINATION IS IT A FEASIBLE ALTERNATIVE
TO CLASSICAL INJECTION BASED METHODOLOGY?

Amos Tandler
National Center for Mariculture Oceanographic and Limnological Research, Israel

THE CONCEPT OF VACCINATION

Vaccination is a preventive measure that protects fish against a future disease and
the associated costs due to morbidity, mortality and therapeutic treatment. VVaccines are
various preparations of antigens derived from specific pathogenic organisms that are
rendered non-pathogenic. They stimulate the immune system and increase the resistance
to disease from subsequent infection by the specific pathogen. Understanding the basic
mechanisms of innate immunity is critical, however, for development of efficacious
vaccines and adjuvants for use against economically important pathogens, vaccine
confers adaptive immunity against specific pathogens. The innate system is the earliest
immune mechanism and it is characterised by being non-specific and therefore not
depending upon previous recognition of the surface structures of the invader. It has also
the advantage of being inducible by external molecules but at the same time is
constitutive and reacts within a very short time scale. The adaptive immune response is
antigen-specific and requires the recognition of specific “non-self” antigens.

PRESENT VACCINATION METHODOLOGIES
Injection

Fish require to be sedated or anaesthetised in order to be easily and safely handled
to be injected, whether by automatic vaccinating machine or by hand. Adaptation of the
automated vaccination (originally developed for salmon) for seabream and seabass is
problematic as they are scalier fish with less skin mucus. Also, they are more vulnerable
than salmon to handling stress and injury, injection vaccination of sea bass remains a
labour intensive operation with a serious cost element.

Immersion

In this case, vaccine is diluted according to specific instructions using some of the
water in which the fish are kept, and the fish are immersed in batches in the diluted
vaccine for the recommended time.

Oral

The method of oral administration can vary according to the vaccine. The three
methods are top-dressing the finished feed with the vaccine powder using an adhesive
agent such as edible oil or even gelatine, spray-dressing the finished feed if the vaccine is
in liquid form, or incorporating the vaccine into the feed during the feed manufacturing
process. Orally administered vaccines do not vary in their structure (DNA vaccines,
recombinant and attenuated or dead pathogenic agents) but by their mode of protection.
Oral vaccination has been used to prevent such diseases as vibriosis, enteric redmouth
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and furunculosis in fish. The disadvantage of oral delivery is that large quantities of the
vaccine are required to elicit an immune response in the fish, it works only for fish fed an
artificial diet, and the immune response is not as strong compared to injection or
immersion, although this is probably due to the quantity of vaccine absorbed into the
blood stream of the fish (Horne& Ellis, 1988). It is likely that the vaccine is degraded or
deactivated in the digestive system of the fish (Dunn et al., 1990).

PRESENT EVIDENCE FOR ORAL VACCINATION

Oral vaccination can be accomplished in young stages. Present technology offers
passive vaccine protection against the hostile gut environment but it does not deal with
the gut itself and as a result is not effective.

The classical approach for oral vaccination is the use of inert particles for
protection from gut pH and enzymatic lysis. Protection of the vaccine achived by
entrapping it within  semi-permeable  biocompatible  microcapsules. In
microencapsulation, a membrane is formed around a core. The semi-permeable
membrane is designed to allow certain materials to diffuse through while stopping others
(Fig. 1). This technique has been developed as a simple, quick, and inexpensive method
for oral delivery. Capsules may be dried and mixed with feed for ease of administration,
particularly to young fish which are susceptible to high mortality from both the disease
and harsher vaccination procedures (Polk et al., 1994).

The novel oral approach is the use of living particles (zooplankton) as a means for
protection against gut pH and enzymatic degradation (Lin et al., 2007). Bio-
encapsulation of bacteria using live Artemia (Joosten et al., 1995; Gomez-Gil et al.,
1998) appears to be promising. The advantage of this oral vaccination method is that the
antigen is contained in a natural starter feed (Artemia) for fish larvae, ensuring the uptake
of antigen, providing effective immunity.

MECHANISM OF
VACCINE RELEASE
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DEGRADATION o Qf\./;l;“ of
OF CAPSULE ) < insoluble
@ > p 9 components
<L

Figure 1. Ideal in-vivo controlled release mechanisms of bioactive agents from microcapsules
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DIGESTIVE TRACT PHYSIOLOGY AND ORAL VACCINATION

Better understanding of gut functionality and its modulation can help improve the
transfer of macromolecules from the gut lumen into circulation. The concept of oral
immunization as it was developed by use in Israel is represented in Figure 2. Recent
experimentation in orally transferring macromolecules (ACTH, hCG, sb GH)
demonstrated that the following factors positively affect the transfer:
1. Modulation of gut motility (Domperidone, which is an antidopaminergic drug)
(Tandler et al unpublished).
2. Gut integrity modulation (emulsifier such as DOC) (Ben Atia et al. 1999).
3. Stimulation of a gut endocrine cascade using specific FAA (Koven et al. 2002).
4. Sticky liposomes to extend the interaction between the macromolecule and the gut
epithel (Koven et al unpublished).

@ FAAasattractants

. FAA as digestive enzyme stimulators
O Adhesion of liposomes to the gut wall

(Q stimulation of the vaccine penetration

Figure 2. The concept of oral immunization

CONCLUSION

According to our research, hCG is a 30kD molecule and its gut penetrability
based on the above methodology has been proven. If a vaccine of this size can be found
an oral approach can be implemented. In conclusion, oral vaccination can be a viable
alternative while recombinant vaccines with lower molecular size are a preferable
alternative. It’s efficacy can be improved by engaging gut physiology understanding in
combination with vaccine protection.
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EFFECTS OF SUPPLEMENTAL LYSINE AND METHIONINE IN
BROILER DIETS ON WEIGHT GAIN OF JUVENILE CARP (CYPRINUS
CARPIO).

N. Tekelioglu', A. Ozluer Hunt?, Z. Ercen®, M. Havuccu®, M. Yanar
! Cukurova Univ. Faculty of Fisheries 01330 Balcali-Adana-TURKEY
2 Mersin Univ. Faculty of Fisheries Yenisehir Campus, 33169 Mersin-TURKEY

A 75-day growth study was carried out to determine the effects of some feeding
stimulants on juvenile carp (Cyprinus carpio). Lysine (L) and methionine (M) were
added to a normal broiler feed as feeding stimulants in different ratios (0.5L- 2M %, 1L-
3M %, 1.5L- 4M %, and none as Control). The commercial broiler feed contained 20%
crude protein. The experiment, which included 120 juvenile individuals at total, was
conducted in triplicate. The fish were initially weighed one by one (6.92+0.11 g), and
then put into 12 cages (50x50x50 cm) of two fiberglass tanks (210x110x60 cm) and fed
three times a day (at 08:00, 13:00 and 18:00 h) with the diets weighing 3% of the mean
body weight. The individuals were weighed every 15 days and the amounts of the feed
were rearranged according to these weighing results. Oxygen, pH and temperature were
measured daily. Live weight gain (%), specific growth rate (SGR), feed conversion ratio
(FCR) and feed intake (FI) were calculated at end of the experiment. Better SGR and
FCR were observed with 0.5L- 2M % inclusion level (P<0.05).

Keywords: carp, feeding stimulant, growth
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EIIIAPAYXH ATA®OPQN TYIIQN EIIEZEEPTAXIAY XTH XYXTAXH
TQN OXITPIQN KAI XTHN IIEIITIKOTHTA TQN OPEIITIKQN
YXYXTATIKQN XTHN TXITIOYPA

Nuworomovrov A.l, DovvtovAdkn, E..l, Movtov K.A.z, AléEN M.N.!
LEMmvico Kévipo Oalacciov Epsovév, Ay. Koopdg, 16610, ABva, demetran@ath.hcmr.gr
2 Tufpa Brognueiag kot Biotegvoloyiag, ITavemotiuo Osooaliog, [Thovtmvog 26, Adpioa

NEPIAHYH

Ta 6ompro. BewpohvTol TOAAG VITOCYOUEVO MG CLGTOTIKG 1YHLOTPOPOV, AVTIKOOIGTOVTAG TO GOYIIAELPO
Kol TO GAELPO GITOL KOOMG TMEPLEYOLY CNUAVTIKO TOGOCTH TPOTEVOV Kol vdatavOpdkwv. Emmiéov,
KOAALEPYOUVTOL OTN XOPO HOG KOl OTOTEAODV GULUPEPOVGO ADCT OTNV GVAYKN Yo TN S0THPNoN TOL
Tay£0VG OVATTUGGOUEVOL TOUEN TV VOOTOKaAALEPYEIDV. H epappoyn dwupdpwv tinwv enelepyaciog oto
onéppoto emPAEmEL 0T pElOON TOV AVTIOPENTIKOV GLOTATIKMOV 7OV TEPEYOLV PeEATIdVOVTAS THV
a&lomoinon Tev BPENTIKOV GLOTATIKOV Amd TOVG LYBVES.

Ymv mapovoo peAéT, poodiopiotnke N enidpacn g amoproiwong B/t tng eEmOnong, kabdg Kot otV
TENTIKOTTA TOVG amd towmovpeg pécov Pdapovg 200g Kot TPOGSIOPICHO TV GYETIKDY OEIKTOV
TENTIKOTNTOG TPAOTEVAOV, MTOV Kot apdA0v. To TOG0GTO EVEMUATOGNS TOV 0GTPIOV GTU GLTNPEGLY NTOV
peta&d 32-37%. H anophoiwon avénce t o0GTAoN TOV KTNVOTPoeikov pePRtBiod, eEmdnuévon kot pn, o
Gporo kol eUTIKO 0D evd PEIMOE TOLG OAMKOVG U opLAoVvYoVG ToAvcakyopiteg (MAII). H e£dbnon
petéfoire oe pikpO TOG00TO TOVG TEPLEYOUEVOVG LAATAVOpaKES (ApvLo, GOVKPOLN, OAMYOCUKYOPITES KoL
un apiovyot morvoaxyapitec). H mentikdmto TV mpetelvdv dgv emmpedotnke and mv e&mbnon tov
0AOKANp@V 0oTpi®v Kot fTay VYMAN Yo 6Aa Ta oitnpéota. H anoproiwon tov pefibiov peiwoe onpovticd
TNV TEXTIKOTNTO TOV TPAOTEIVOV, 1 ooia avéndnke onuoviikd pe v e&mbnon. H nentucomta tov Mrndv
petminke onuavtikd e TNV omo@Aoimon eved avnnke onuavtikd petd and eEmOnon ota cumpécia Tov
neplelyav pmléM kot omoprotwpévo pePibl. Xta oumpéolo mov meplelyav TO aKOTEPYONOTA OCTPLOL
mapatnpiOnke N xopnAoTePn TERTIKOTNTA ALpdOAOV, 1 omoia awéndnke onpovikd pe v eEmdnon.

EFFECTS OF DIFFERENT PROCESSING METHODS IN LEGUME
COMPOSITION AND NUTRIENT DIGESTIBILITY IN GILT HEAD

SEA-BREAM
Nikolopoulou D*., A., Fountoulaki', E.A. Moutou?, and M. Alexi.!

Hellenic Centre for marine Research. Ag. Kosmas Hellinikon 16610 Athens demetran@ath.hcmr.gr
Dept of Biochemistry and Biotechnology University of Thessaly Ploutona 26 Larissa

ABSTRACT

Grain legumes have a high potential to be used as fish feed ingredients replacing soybean meal and wheat
flour as they contain appreciable amounts of protein and carbohydrates. They are cultivated in Greece and
consist an alternative to the production of cost-effective aqua feeds for the sustainability of aquaculture
industry. The different processing methods applied in legumes aim in the reduction of the antinutritional
components they contain in order to improve nutrient utilisation by the fish.

The effect of dehulling and/or extrusion in the nutrient and antinutrient composition of legumes was
studied. Furthermore, their digestibility by sea bream of mean weight 200g was evaluated and the apparent
digestibility coefficients of protein, fat and starch were determined. The inclusion of legumes in the feed
was between 32-37%. Dehulling resulted in an increase of starch and phytic acid content in raw and
extruded chickpea, while it reduced total non-starch polysaccharides (NSP). Extrusion slightly altered the
carbohydrate content (starch, sucrose, oligosaccharides, non-starch polysaccharides). Digestibility of
protein was not affected by extrusion of whole legumes and values were high for all diets. Dehulling of
chickpea significantly reduced protein and fat digestibility. Extrusion significantly increased protein and fat
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digestibility of dehulled chickpea as well as fat digestibility of the diet that contained peas. Diets
containing raw legumes exhibited low starch digestibility, which was significantly increased after
extrusion.

EIZATQI'H

H ypnion outikdv mpdtov vAOV ©¢ cuotatikd yBvotpopdv meplopileTar AOy® TG
Topovciog avtiBpentikdv mopaydvtwv, ot omoiol &xovv Bewpnbel otL emnpedlovv v
TEMTIKY AELTOVPYIO KO ATOPPOPNGN TOV OPENTIKOV GLUGTATIKOV GTO EVTEPO TOV YOOV
(Francis et al., 2001). ) Biproypapio avapépovial d1dgopeg TexVIKES BeAtimong g
Opentucnc aflog TV oompi®V pE TNV OMOUAKPLVON 1] OMEVEPYOTMOINGN TOV
AVTIOPETTIKOV OLTOV GLOTOTIKOV, OT®G 1 VYPY Oepukn katepyacio (cooking), n Enpn
Beppukn katepyaoio (roasting), n amoproinon kot 1 eEmbnon (Alonso et al., 1998, Costa
et al., 2006). Mg Vv amo@loimorn EMSIOKETAL 1| OTOUAKPVLVOT] €VOG TOGOGTOD TMV
avTIOPENTIKOV Tapoydviewv mov Ppickovtal 6tov QAOW0 TV oompimv, Om®G ol un
apviovyot tolvcakyapiteg (MAII) kot ot Tavvivee. Ot 1yfdeg dev Exovv ta évivua yio
dlomacn TV voaTavOpAK®V AVTOV Kol OgV Eival YVOOTO oV OCTOVTIOL omd TN
pikpoProxn yAwpido. Me tnv e£EdOnom eTOUOKETOL 1] KOTAGTPOPT] 1] ATEVEPYOTOINGT TWV
BepuocvaicOntov avtilBpentikdv mopaydviov, Onwe elval 0 avacsToréns g Opvyivng
Kot ot Aektiveg (AAEEN & Néykag, 2001).

O okomdc g mapovoag PEAETNG NTAV GE TPAOTN PAom, N HeAETN TG emidpaocng dVo
tonev eneepyosiog, g eEmONoNg Kol ¢ amoPAroimong, 61 cOGTACT TOV OPENTIKOV
Kol OVTIOPENTIKOV GLGTATIKOV TOov UmleAlon kol tov pePBiov. Xe debtepn ¢@don
a&oroynOnke mn emidpoaon twv eneEePYOSUEVOV OTEPUATOV YuYovODV, MG GLCTOTIKA
YBVOTPOPDOV, GTNV TENTIKOTNTO TOV BPETTIKOV GLGTUTIKOV GTNV TGUTOVPC.

YAIKA & MEGOAOI

Ene€epyoacio QUTIKQOV TpOTOV VADOV

Ta oméppota 100 pefBov xor pmledod maponednkov amd 1o Ivotitovto
Kmvotpogpikdv dvtov kot Bookdv (Adpica). H anoproimon mpayupotorodnke oe
TOTIKY €MLyeipnon Tumonoinong oneppdtev yoyavoov (Buounyavia ZE®, XolPépog
A.E., TopvaPog, Adpioa). TToodtra g moptidag Twv 0OAOKANP®V GTEPUATOV TOV
pmlerton kot pePfBiod, Tov amoProtwpévav pefimy kabmg Kot T0 CoYIIAELPO KoL TO
dAevpo citov enelepydodnkav pe eEmnon. H eEmbnon éywve oe mepapatikd eEwbnm
™m¢ Lyoing Teyxvoroyiag Tpoeipwv kot Atotpoeng (Tunua Teyvoroyiag Tpoeipwv, TEI
ABnvav) pe ) ovvepyaoia e Zxoing Xnuikov Mnyavikov, Epyaotiplo Xnueiog kot
Teyvoroyiag Tpopipwv (EMII). Metd v eneéepyocio OAa ta vAIKAE EnpdvOniay.

Hepopotixog oyedioouog — Xolloyn Iepirropdrwv

Ta mepdpoTo TPocdOPIGHOD TNG TENTIKOTNTOS TOV OPENTIKOV CLGTOTIKMOV deényOncay
otlg mepoapatikeg eykataotdoelg tov EAKE.G.E. Ilpoxertor yioo por TEPOROTIKY
olataln KuAvOpoKkmvik®v oegauevay, cuvolkoy oykov 120 Altpov, m kabe pio pe
E01KEG EQUPUOYES (Taryidec) 6TO KAT® HEPOG TOVG, Yol TN GLALOYN TOV TEPTTOUATOV
TOV YoplLdV. APHECMG LETA TN GLAAOYN TOVG, TO TEPITTMUATO PLYOKEVTPOVVIOV Y10 TNV
amopaKkpuven g mepicosag tov Baiacowvod vepod otig 2300rpm i Smin. Xt
ovvéyeta dratnpovvrav otovg —20°C uéypt ™ Avopikimon Tovg.

Atopa toumovpog pécov Bapovg 200g popdotnkay tuyaio o€ oktd (8) KuAvdpoKkmviKég
de€apevée, oe opddec tov 11 yopiov. Ilapackevdobnkav oktd (8) mepaportikd
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ounpéclo Kol 6e TPMOTN GAcn to yapwo toilovrav éva ocrmpéoto ova oeapevn. Ot
ouades eykApatioOnkav pe ta vd e&€taon onpécta yio dStdotnua entd nuepmv. Ola
Ta GuTNpEcia TPosPépOnkav og mocooto 1,5% tov copatikod PBapovg kot yopnyodvrayv
e 1o xépt o€ dvo yevuata v nuépa. H Oepuokpacio Tov vepod Hrav 27°C+1. H napoyn
vepoL ftav cvveyng (4 L/min) kou n eotomepiodoc frav 10 dpeg nuépa, 14 dpeg voyra.
Metd 1o mépag Tov eYKAMUOTION0D EEKIVIIGE 1) GLALOYN TOV TEPITTOUATMOV Y10 YPOVIKO
SLIoTN O ETLTA UEPDV.

[Tpoxeywévov 1o meipapo vo mpaypatonombel €1g Suthovv HETA TO TEAOG TNG TPAOTNG
(PAONG TPAYLLOTOTOMONKE OVOKOTAVOUT TOV GLTNPECi®mV o€ dopopeTikés deCapevég. Ta
YAPLO, 0TI GUVEYELN EYKALATIOTNKOV GTA VEX GLTNPECLA Y10 SLACTNO ETTE NUEPDV KOL M
GLALOYY| TOV TEPITTOUATOV £YIVE OTMG TEPLYPAPONKE GTNV TPAOTN PAON.

Xitnpéoa

H cOvBeon kot 1 600100 TOV OKT® TEWPAUATIKOV ortnpesiov divovtar otov ITivaka 1.
Ta ocunpéola oyeddobnkov ®ocTe vo  €lvol 1COTPOTEIVIKA KOl 1GOEVEPYELNKAL.
Xpnowonomdnkov dvo ocitnpéoio paptopes. To éva ocumpéoio (CB) mepieiye povo
YOLVAAELPO MG TTNYN TPOTEIVOV KOl AAEVPL GITOL MG TNy LOUTAVOPAK®OV. XTO deVTEPO
oumpéoto puaptopo (CA) pépog tov 1ybvudievpov Kot Tov GiTov vVIoKATACTAONKE 0O
20% ocoyidrevpo ewbnuévo. Ta vmdérowma €61 ocunpécio mepieiyov To domPla
eneEepyacpéva 1 Ui, ToL VTOKAO1GTOVGOV HEPIKADS TO 1YOLAAELPO KoL TANPMG TO AAELPL
oitov. Xg OAha Ta oumpéoila mTpootEOKavY, 1YOLEANI0 Kol HOVOPOGEOPIKO aGPECTIO
(MCP). Emiong, mpooténke epmopikd petypo Prropvov kot tyvootolyeiov (Biomar,
Hellenic) Téhoc, mpootébnke kot o deiktng o&gldiov Tov ypwpiov oe mocootd 1%. Ta
oumpéoia Tapackevdacnkay otic eykatactdoelg tov EA.KE.G.E.

Ot avaAvcelg mepteAdpfoavoy Tov Tpocdlopicd ™G OAKNG cVOTACTC KOl TOV (QUTIKOV
o&éoc kot AOAC (1998).01 olyocakyapiteg (OX) npocdiopicOnkav cOuP®vV LE TO
eumopiko mpoiov Megazyme Raffinose/D-Glucose Assay Kit (Megazyme International,
Ireland) o1 to duvio ocduewva pe Megazyme Total Starch Assay kit (AA/AMG)
(Megazyme International, Ireland). Ot pn apviodyor molvcoxkyopiteg (MAII)
npocdlopicOnkav coupwva pe ™ pébodo twv Englyst, Quinley & Hudson (1994) kot ot
Tavviveg couemvo pe ) nébodo tmv Budini et. al. (1980) ko Grahsm (1992). To o&gidio
TOV YPOUIOV Kot TO MO 6TO GLTNPESLO KOl GTO TEPLTTMOUATO TPOSdlopicOnke cOUP®VA
ue Bolin et al., 1952 kot Nengas.et al., 1995, avticotya. I'a ™ otatiotikn eneepyocio
TOV OTOTEAECUATOV €QPAPUOGTNKE 1 aviivon dtakvpovong tov Tiwedv (ANOVA). Ot
OVLYKPIOES TV pEo®V OpmV Eytvay ue 10 KPLtnplo Tukey og eminedo onuovIikoTnTog
95% (P<0,05).

AIMMOTEAEXMATA & XYZHTHXH

H ocYotaon tov akatépyactov onepudtomv Tov umleMov Kot pefibiov oe Opemnticovg Kot
avtifpentikovg mopayovteg (Ilivakoag 2) kopudvOnke 6to €OPOC TOV TIUOV TOL EYOVV
avapepbei ot Piproypoaeio (Rehman & Shah, 2005, Wang & Daun, 2004). H
amoploimon dev avénoe TV mMPOTEIVIKY ovotacn Tov peRod (oe oyéomn pe TO
oAOKANpo pePift). To yeyovdg avtd amoddbnke oe OmOUAKPLVON KOl TUNUOTOC TNG
eEMTEPIKNG OTOPASOS TOL GTOPOL APALPDVTOG KOL TOGOCTO TOV TPMOTEVOV OV
nepiéyovtan oc avtd (Klamecynzka et al., 2001). H e£mbnon dev ennpéace 10 1060610
™m¢ Tpwteivng. To m0600T6 TOL Almovg, ™ cakyapoing Kot twv OX dev ennpedoTnKe
and v amopAoiwon kot v eEdOnon. H amoprloimon ftov ovopuevOUEVO Vo 001y OEL
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oe pelowon tov mocootov twv MAII, kabnc avtol mepi€yovror Kupinwg oto eEmTEPKd
nepifAnua tov oneppdtov. EmumAéov, avénbnke to mocootd tov opvAov, KoOdG
Bpioketan oTic KOTLVANOOVEG TV oompimv. H pikpn tdon avénong tov apdiov Ko
peiwong tov MAII oto amoprowwpévo pefift petd amd €£mbnon omodidetor otnv
EVKOAOTEPT SLACTOCT] TOV KOKK®V TOV OUVAOL a0 TNV OUVAAGCT TOL YPNCULOTOLEITOL
oV HéEB0do TPocdoptooD TOL HET amd TV Katepyacio Tov pe e&mdnon. H eEdbnon
KoL 1 aroPAOi®mo™ OgV ETNPENGE TO TOGOGTO TWV TOVVIVAOV GTO, 000 €101 KTNVOTPOPIKOV
oompiv, S10TL 01 CLYKEKPIUEVEG TOIKIMES TG TApoHGOS UEAETNG NTOV TOWKIAIEG oM
YOUNANG TeplekTikdtTog o€ tavvives. H amopAoimon adénce v meplekTikOTNTA TOV
QLTIKOVD otV mapovca epyacio katd 30% odeiyvoviag avEnuévn mopovcio Tov GTIg
KOTUANOOVEG TOV CTEPUOTOC, EVM OeV emnpeacinke and v eEmOnon.
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MMivekag 1. XHvOeon kot mocootiaio cvotach (%) TOV TEWPAUATIKOV GLTNPECIOY

G€ ATOUO TOITOVPOC.

*ava kiho ottnpeciov:Burapivn A: 12330 IU |, Brrapivy D3: 900 IU, Brropivny K3: 18mg, Prrapivn Bl:

CA CB ChP ChPx | ChPD | ChPDx P Px
Ix0vaievpo 48,2 60,5 50,7 51,7 52,7 52,4 53,5 54,5
Yoyidrgvpo eEmO 20
Algvpo oitov e£0O 18,28 27,08
MCP 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1
IxBvéraro 11,19 10,2 9,5 9,9 9,3 9,8 10,6 10,7
Burrapivee/ Ixvootoysio 1,12 1,12 1,12 1,12 1,12 1,12 1,12 1,12
Pepion / 37,48
PepiOr e£Em0 36,08
PsBio amo@/ Psp. 35,68
00@.££0. 35,48
Mmilém / 33,58
Mmiéh eEm0 32,48
Cr0; 1 1 1 1 1 1 1 1
Ol1 sveTaon eni Enpov (%)
Enpo viko 92,46 92,05 90,03 91,74 | 90,23 | 92,54 91,39 92,57
Mpoteivy 48,92 48,20 48,09 48,21 | 49,16 | 48,77 48,21 48,20
Aimog 16,96 15,73 17,27 16,76 | 16,41 | 16,86 16,25 15,64
Apvio 14,71 20,80 15,80 16,00 | 16,36 | 16,72 16,53 16,64
Tégpa 10,80 10,97 10,37 10,64 | 10,72 | 10,76 10,76 10,74
Olkoi MAIT** 6,50 4,43 5,12 4,00 411 4,00 5,40 5,30

36mg, Prrapivn B2: 40,5mg,
Brropivn B3: 117mg, Preapivny B5: 64,8mg, Brropivn B6: 22,5mg, Brrapivny B8: 0,9mg, Brropivn B12:
0,054mg, puAikd 0&Y: 6,3mg.

Brropivn C 600mg, frrapivn E 50mg

Iyvootoysia: Kofdrrtio: 0,8mg, Xaikog: 3,2mg, l@ddwe: 2,18mg, Mayyavio: 99,2mg, Zeijvio: 0,29mg,

Yevodapyvpog :128mg.

Ex16¢ avtdv tpostédnke, yorivy 3000mg, wosrtéin 500mg ke FeSO, 100mg. **MAIL: un
apLAOVYOL TOAVGUKYOPITES
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IMivakag 2: ITocootiaio cvotaon (%) tav oonpinv, enclepyacpévov Kot un.

2oy, (EE) PgBit (O) Pgif (A) PgPif (OEE) PgPid (AEE) Mmilén (O) Mmiéh (OEE)
Téppa 6,85 + 0,02° 2,95 0,02 2,67£0,01" | 3,29+0,00° 2,82 £0,03" 2,64+0,01" | 2,73+0,02
Mpotelvn | 51,44 +0,03° | 28,33+0,15" | 27,36 +0,07" | 28,17+0,75" | 26,79 +0,31"" | 2559+ 0,03” | 24,95+ 0,82°
Aimog 4,90+0,2" 487+0,11" [517+0,10° [482+009° |[535+0,08 1,20 +0,01 | 1,780,047
Apvio 1,12+0,03* | 3850+0,23" | 46,44+0,18" | 3837+0,25° | 47,69+0,20° | 48,30+0,36° | 47,44+0,32"
Tovkpdln | 5,58 £ 0,06° 1,96 + 0,02 1,77 £0,10 1,19£0,05° | 1,77 £0,04y 1,20+0,02"° | 0,80 +0,02°
(o)) 6,81 +0,12° 3,39+0,05" |[346+007" | 515+004" | 441+0,06" 6,75+0,11° | 547 +0,097
MAII 17,89 +0,35° | 13,43+0,22° | 10,42 +0,02" | 1343+0,27° | 8,86+0,05" 12,40+0,22" | 14,40£0,16°
Tavviveg 0,77+0,03" [0,27+001" [0,28+0,01° [0,28+000“ [032+0,02° 0,62+0,02°F [059+0,00"
Dutiké ofd | 2,010,017 [ 092+001* [121+0,01F [091+002% [ 1,21+0,01° 1,220,017 | 1,20+0,007

E& EEmbnpévo, (0): okdxkAnpo (A): anoploiwpévo
O1 ekBétec ovaPEPOVTOL OE GTOTIOTIKEG OLOPOPES GTNV 1010l YPOLUT.

Ot oyetikol O&iKTEC TEMTIKOTNTOS TOV OPETTIKOV GLGTATIKAOV Yo OO TO TEIPOLOTIKA
napovotalovior otov Iivaka 3. H tiun nentikdmrag tov apviov tov orrnpeciov ChPD
dev gppaviletol otov mivaka AdY® aTOAELNG TOV SELYHOTOC TOV TEPITTOUATOV.

IMivakag 3: (%) Zyetkoi Ocikteg memtikdtNTOg Opentikdv ovotatikadv* (Z.AIL)ep TV
TEPOUATIKOV ortnpeciov og dropa toumovpag (200g). O tpég mapovoidlovron pali ue v
ik amdxhon (£TA) omd to péso 6po.

atnpéoio MpoTgiveg
ANitrn Auuio

CA 92,3 +0,5y5 96,0 + 0,65¢ 99,6 +0,1B
CB 95,1 +0,15 97,2 +0,2¢ 99,7 +0,1B
Chp 88,0 + 0,3By 89,1+ 1,48 44,5+ 1,80
ChPD 74,4 + 3,8 82,9 + 2,00 -

P 86,4 + 1,98 89,8 + 0,3p 38,4+ 7,80
ChPx 88,3 + 2,7By 91,8 + 0,6By 93,6 + 3,2B
ChPDx 90,5 + 0,1By 95,3+ 1,9¢ 97,3+0,1p
Px 88,3 + 0,7By 93,3 +0,2y5 96,1 +1,2B

* (%) (Z.A.IL) gp, : oxeTIKOG dEiKTNG MEMTIKOTNTOG Y10 KGOE Opemtikd cvotatikd (Tpwteivy, Aimog, duvlo)=
100 - [{(% Cr,03 tponig + % Cr,0; mepittopdrov) * (% O neprrtopdtov) + (% OX ocimpeiov) }*100 ].
ALPOPETIKG YPAULOTO AVOPEPOVTOL GE GTATIOTIKEG SLOPOPES GTNV 1010 GTNAAN.

H vynAotepn tiun mentikdttog Tpoteivoy petphinke yuo 1o cutnpécto pdptvpa CB,
7oL TePLeiye 1BLAAEVPO KL NTOV CNUAVTIKE VYNAOTEPO Otd TO GLTNPECIO TOV TTEPIETYAY
KTNVOTPOQIKA OGTPLeL GE OvTifEST e TPONYOVUEVT] HEAETY GE VEAPH ATOLN ACLPAKLOD
(Gouveia & Davies, 2000). To cumnpéoio ChPD £oeiée ™ younAdtepn mENTIKOTNTOA,
yeyovdg mov mbovadg opeiletor oty avénon tov mocootol (% K.p.) TV avacTOAE®V
Opvyivng mov mepiéyovratl otic KotvAndoves. Ta cumpéoia mov mepielyay eEwOnuéveg
TPAOTEG VAEG 0 JEPEPAY OTATIOTIKA amd Tic un e€wbnuévec pe egaipeon ta cutnpéota
nov meplelyav pePidt amoprotwpévo. Ot TIHES TOV GUVTEAESTN TENTIKOTNTOS TOV AUVAOL
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Yl T GUTNPEGLH TOL TEPLElyaV un e€mOnuéva dompla NTOV CNUOVTIKE YOUNAOTEPES.
Metd and eEnOnon 1o dpvio Cehativomoteitan pe OmOTEAEG O VO SIEVKOADVETOL 1] dpdoT
™¢ apvrdaong (Pongmaneerat & Watanabe, 1993). To dmento duvio ¢aivetor vo
emnpedlel Kol TNV MENTIKOTNTO TOV MTOV KaODS Ol To cuInpécia mov mepieiyov o
aKatépyaoto Oompla  €0€1Eay  YOUNAOTEPN MEMTIKOTNTA MMmOVG Oomd ovTy TV
eEobnuévov. To yeyovdg avtd mbBavdg oyetiletor pe T HEYOADTEPY TEPLEKTIKOTNTO
arentov voatavlpakwv ota crtnpéota (Fountoulaki et al., 1999).

XYMIIEPAXMATA

H amopAoimon dev abénoe to mpmTeivikd mepieyduevo tov pePfubiov oe oyéon pe To
oAOKANpO pePfubt. EmmAéov, n mpooHnkn tov o€ cutnpécia Yoo Tourovpeg 00 yNGE CE
HEI®OT TNG TEMTIKOTNTOS TOV TPAOTEIVOV Kot Tov Amadv. H eEdfnon avénoe onuovticd
TNV TEXTIKOTNTO TOL OUVAOL TWV GLTNPEGIMV TOV TEPLELYOV KTIVOTPOPIKA OCTPL .
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EIIIAPAXH THX XYNEKTPO®HX XTHN ANAIITYEH NEAPQN
IXOYAIQN TEZIIIOYPAX (T) Sparus aurata KAI MYTAKIOY (M)
Diplodus puntazzo

I1. Moartagotiov, N. Kapakatcsovin ko X. [Tamovtodyrov
Epyaotipro Epnppocuévng Yopopioroyiag. I'ewmoviko [oavemotipo Adnvov
aquapapl@hotmail.com

NMEPIAHYH

YKomOg NG MOPOVGOS epyaciag MTav vo depevvnBel 1 dLVOTOTNTO GUVEKTPOPNG Vvedpdv 1xBvdimv
tomovpog (T) Sparus aurata ko pvtakiod (M) Diplodus puntazzo. Zyedidotnke HOVOTAPOYOVTIKO
neipopa pe 2 ELOVAAYELS, 6TO 0TOl0 Ol EXEUPAGELG TEPLEAAUPAVOY SLUPOPETIKE TOGOGTE GUUUETOYXNG TOV
dbo eddv 610 6Hvoro Tov TANBvopov. o cvykekpéva, cuykpotiOnkay TAnBvopoi (tov 165 atduwv
Ko pécov apykov Papovg 1,68 + 0,011 g kot 1,43 + 0,007 g yio to potdkt ko Ty toumodpo. avTicToryo)
pe ovppetoyn 100% xdébe gidovg (apryeic minbvouoi, 100%M, 100%T) ko minbvouoi pe 80%M-20%T,
60%M-40%T, 40%M-60%T kot 20%M-80%T. To meipapo ekmovibnke oe muikieioto kOKA@UA
Boloooivod vepol kot 1 dudpkeld tov frav 96 Muépec. Xtovg yBvomAnBucovg yopnyndnke tpoon
EUTOPIOV OE KOPEGO, apyLKG G 7 YELLOTO NUEPTGIMG, TO 0ol oTaduKd pel@dnkav ota 3 yeopata. Ot
yBvomAnbuopoi Quyilovtav kabe 2 efdopddec. Ilapammpnoelg e ovumeppopds tov yBdmv katd T
SlpKeELD TNG TEPAUATIKNG TEPLOdOV €0et&av OTL VINPEE EMOETIKOTTA PE PAVOpEVE KOVIPOAIGHOD Kol
dtexdiknong xdpov, oe 6Aovs Tovg tyBvomAnBuouovg. Ot apykég EMBECELS OVATTOCGOVTIOY OTOKAEIOTIKG
HETAED TOV OUOEWOV OTOR®MV. AVEOVOUEVIG OUMG, TNG TOPOLCING TNG TOMOVPAS OTOVS LUKTOVG
mnBuopovg, mapatnpOnke peloUéEV EMBETIKOTTO TOV PVTOKIOV. Agv TopatnpiONnKe OVIAYOVIGHOG
Katd v ddpkee TV yevpdtov, evéd ot puktol mAnfuopol €6elEav GuVoOlKA KoADTEPT OvTIOPaGT GTOVG
yepopovg ektpoens. o to putaki, Bvnowotmro (3-9%) napatnpidnke kotd tig mpdreg 30 Muépeg
EKTPOPNG, € OAOVG TOLG TANBVGOVE, EVD GTN GUVEXEWD KOl PLEYPL TO TEAOG TG TEPALATIKNG TEPLOSOV M)
Ovnowdmto otabeporombnke kou meplopicOnke awcdnrd (P>0,05). Avtibeta, yioo v towmobpa, M
Bvnowdma dratnprdnke younin (0-3%) yw tig npdreg 48 nuépec kot 6N cvvéyelo Topovsioce adEnon
oe O0AOVC TOLC TANOLopovg (8-12%), ko 1daitepa otov mAnBvoud 60%M-40%T (19%, P<0,01).
Katatdooovtag tovg mAnbuopovg pe avéovoa oeipd (dvrog Papovg kaidtepn avdamtuén (P<0,001)
nmapatnpnnke oto putdkt otovg mAnbvopovg 20%M-80%T, 40%M-60%T, 60%M-40%T, 100%M,
80%M-20%T «xot oty toumovpa otovg TAndvopovg 80%M-20%T, 100%T, 40%M-60%T, 60%M-40%T
kot 20%M-80%T. Emonuaiveror 61t dev ftav ot aptyeic mAnbouopol ekeivol mov €dmoov 10 KaAHTEPO
amoTéAES LN, OAAY, TOGO TO HVTAKL OGO KOl 1) TOUTOLPA TOPOLGIOCHV TN UEYOAVTEPT] AVATTLEN, HE TV
évvola Tov TeEMKOV PAPovs Kot Tov €00V puBpod avarTiems, 6Tovs TANBLVGLOVG EKEIVOVE OOV TO
TOGOGTO GLUUETOYNG TOVG NTaV TO KkpOTEPO, dNAndT 20% (20%M-80%T yia to potdxt kot 80%M-20%T
Y0 TNV TOWOLPA), SOPEPOVTAG GTOTIOTIKA GNUAVTIKG amd OAovg Tov GAlovg piktods yyfvomindupode.
Ynueldveton exiong, 0Tt 6 aVTOVE TOVE GLVIVOGHOVG, TO EI00C TOL AVTITPOCOTELOTAVY g T0c006TO 80%,
napovoiace ™ xounAotepn avantvén (20%M-80%T yio v tomodpo kar 80%M-20%T yio to poTdK).
O1 dpopomomoelg avTég mapatnpnOnKay NoN anod T1g Tpdteg 18 Nuépeg ektpoeng Kot dtatnpnonkay ®¢
T0 TEAOG TNG TEWPOIUOTIKNAG Ttepddov. H a&lomoinon g tpopng extundnke oto obhvoro Tov KAbe
yBvomAnBucoY, aPOd 0 TPOGIOPIGUOG TOGO TOL LVVIEAECTN EKUETAALELONG TNG TPOPNG, OGO Kol TNG
HEONG MUEPNOING KOTOVAA®MONG avA (GTOpO, dev NTOV duvoTog EeYmplotd Yoo KaBe €idog 1yBvog oTovGg
pKToHg TANBLGLLOVG.

AWmOTOONKAY CTATIOTIKO CNUAVTIKEG SLIPOPES OTOV GUVTEAESTI] EKUETOAAEDCEMG TNG TPOPNG MeTAED
TOV TEPALATIKOV ENEUPACEDV LLE TIC TIHEG TOV CUYKEKPILEVOV SEIKTAOV Vo avEavovtat, e TV avEnon Tov
TOGOGTOV GLUUETOYNG THG TOWTOVPUS OTOVG MKTOVS TAnBuopods. Amd to anotedéopata g mapodoag
HEAETNG TPOKVTTEL TO GUUTEPAGHLO OTL, VIO TLG TAPOVOES MEPALATIKEG CLVONKES, 1 CLVEKTPOEN TV dVO
eV mov efetdotnkay eaivetor va givol ovaykoio WOTEPO Yoo TO HUTAKL GTO OTAO0 TOV VEUPDV
Ovdiev, evd o cuvdvacpog 40%M-60%T anodeikviETOL MG EKEIVOG TOL UTOPEL VO, 001 YNOEL KOl TaL dVO
€101 T TOYPOVA GE KAADTEPES OTOSOGELG.
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BIO-OIKONOMIKO MONTEAO I'TA THN AITOTIMHXH THX
XPHXHX TIPOXTIOEMENOY ®QTIXMOY XE KAQBOYX
EKTPO®HX TXIIIOYPAX ANOIKTHX OAAAXYIHX

I'. Katoéing, A. Paugog, K. Kotvkov
TEI Megooloyyiov, Tunuo IXO. AA., Néa Kripia, 30200 Mecordyy gkatsel@teimes.qr,

IHNEPIAHYH

H eméktaong ¢ QUOIKNAG QOTOTEPLOS0V UE TN YPNON TPOCTIOEUEVOV QOTICUOV OF
KA®POUG avoktig aAdoong omotelel (ol TPAKTIKY OVOGTOANG 1 Kabvotépnong g
OVOTOPOYMYIKNG OPILOVONG HE OEVTEPOYEVES OMOTEAEGHO TNV 0VENCT TOL TEAKOD
Bapovg Kat TG amdOooNS TS TPOPNG, G OLAPOPA E10T] EKTPEPOUEVOV YAPLDV.

Xmv mapoboo HEAETN avomTUGoETOL éva Blo-otkovopikod HovtéAo Paciopévo og
oedopéva, amd TPOYHOTIKEG GLVONKEC EKTPOPNG, TOL OPOPE GTNV OTOTIUNGN TOL
GLLLPEPOVTOG TNG XPNONG TOL TPOCTIOEUEVOD POTIGUOV GE EKTPOPN TGUTOVPAS OVOLKTNG
Bardoonc. To povtélo mepthapfavel PLoAoYIKOVG Kol O1IKOVOLIKOVG OEIKTES TTOV QLPOPOVV
0T0 VYOG €MEVOVONG Kot Agrtovpyiog Tng ¥PNOoNS TOV TPOCTIOEUEVOL PMOTIGUOV KOt
EKTIUA TO KaBapd KEPOOC GE GYEON UE TNV Un XPNoN.

Ot dpopég 6T0 PHéEGO PAPOog Kot 6TnV amdd06N THG TPOPNGS, 1 TN TOANGNS TOL TEAIKOD
TPOIOVTOG, TNG TPOPNG, TNG EVEPYEWNKNG HOVAS0G, To uEyebog g £yKOTAGTOONS OTTOV
epappoletor TPOSTIOEUEVOS QOTIGHOG, KOOMG Kol To KOGTOC NG E€YKATAGTOOMNG
amoteAovV Tovg mapdyovteg mov Kabopilovv to kabapd kEPOOG.

Mo o mapdktio povéda tehkng mapaywyng 40 th atéopwv péosov Papovg >200 g to
dePpovdplo ko Mdaptio, ue etfiolo gopoc  Oepuokpacioc 14-28°C, tiun mdAnong
3.1€/kg, tpopmv 1€/kg wor koéotovg evépyewng 0.11€/kWh, m  epapuoyn Ttov
TPOooTIOEUEVOL PTIoHOD divel kaBapo képdog 4.3%. Méow g avaivong evatcOnociog
TOV HOVTEAOV €VTOTI{OVTaLl Ol KVPLOTEPOL TOPAUETPOL TOV EMNPEALOVY TO KEPOOG KoL
avoAveTon M amddoon NG TEXVOAOYing PAcel cevapiov  UEALOVTIKOV TAGE®V TNG
yBvokoAAépyetag.
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EVALUATION OF LONG-DAY PHOTOPERIOD APPLICATION IN
A GILTHEAD SEABREAM (S. AURATA) OPEN-SEA FARM
THROUGH A BIO-ECONOMICAL MODEL

G. Katselis, A. Ramfos, K. Koukou

Technological Educational Institute of Messolonghi, Department of Aquaculture & Fisheries
Messolonghi 30200, Tel. +30 26310 58230 gkatsel@teimes.qr,

ABSTRACT

The extension of the natural photoperiod through the use of artificial light in
open-sea fish farms has been proven to induce the delay of sexual maturation in cultured
fish species. Positive side effects of this application are the increased final weight as well
as the improvement of the food conversion rate of the fish.

In the present study, a bio-economical model has been developed concerning the
evaluation of the application of a long-day photoperiodic protocol in cultured gilthead
seabream. The model incorporates both biological and economical variables regarding
the installation and operational costs of the investment in order to estimate the net profit
owed to the application of the photoperiodic protocol.

The variables mainly affecting the net profit due to the application are: the market
price of the final product, the costs of food and power used, the size and the cost of the
installation, as well as, the differences in the final mean weight and in the food
consumption rate of the fish.

The model estimated a net profit of 4.3% due to the application of this
photoperiodic protocol in a fish farm with an annual production of 40tn, individual final
mean weight >200g and water temperature range from 14 to 28 °C. The market price of
the final product was 3.1€/kg, food price 1€/kg and power cost 0.11€/kWh.

The sensitive analysis of the model, based on data originating from real culture
conditions, indicated the most important variables affecting the net profit due to the
application. The profitability of the technology based on the future trends of the
aquaculture industry is discussed.

140



MIA NEA ITPOXEITIXH XTHN EKTIMHXH THX
APAXTIKOTHTAX TQN ITPQTEAXQN THX XEPINHX XTA YAPIA
- EQPAPMOI'EX XTH XYI'XPONH YAATOKAAAIEPTEIA

E. Yo1ov Lz Mauof)pnc_;l, I1. Iovoyiwtdkn 2 K. Movtov *
L Tumpa Bloynueiog & Bioteyvoloyiog, Iavemotuo Osoouliag. eleni_psohiou@yahoo.gr
2 Tufua Ixbvoroyiag & Ydatwov IMepiBariovroc, Havemotio Osooohing

NEPIAHYH

Tig televtaieg Oekoetieg M  extpoPny YOOV eyeipel véa epeuvNTIKG  epoTAUOTA  avO{NTOVTOG
00d00TIKOTEPES TTOPOYOYIKEG Owndikacieg. H mentikdtnra tov TPpOTEIVOV Kol 1) 0moppoenorn Tov
apvo&émv ennpedlovy KoBOPIOTIKA TN LETATPEYILOTNTO TG TPOPNG, EVAD eEAPTMOVTAL GO TNV TOPAY®YN
KoL T OpACTIKOTITO TOV TEXTIKOV TPOTEACHOV, LETAED TOV OMOI®MV CTUAVTIKO POAO £(OVV Ol TPAOTEAGEG
g oepivng, Opvwivn kot yopobpoyivn. H Ttapovca epyacio meptropfdvet tn perétn g ovvheons Kot g
OPOACTIKOTNTOG TOV TENTIKMOV EVOOTPOTENCHOV OTAL WYAPLOL LE TN XPNON EKAEKTIKAOV VIOCTPOUATOV Kot
OVOOTOAEWMV, KOOMG KoL TN HETPNOT TNG EKPPACNS TOV YOVIOI®MV OV KOOKOTO0UV yio. T Bpuyivr kot )
yoroBpvyivn. Amd ta amoteAéouata YIVETOL QaVEPO OTL, TPOKEWEVOL 1 EKTIUNON TNG dPUACTIKOTNTOG TMV
TENTIKOV TPOTEONCAV VO  OTOTEAECEL €val TOALOVUVAUO gpyoielo otV vanpecio g GOYYXPOVNG
voatokaAMEPYELNS, amatteitanr mepontépm kot TAEOV eEgldkevpévn HeAétn Toug Yo To ddpopa 10N 1
OLKOYEVELEG TELEOCTEWV.

NEW INSIGHTS INTO THE ESTIMATION OF SERINE PROTEASE
ACTIVITY IN FISH - APPLICATION
IN FISH FARMING

Psochiou E., Z. Mamouris, P. Panagiotaki &, K. Moutou

ABSTRACT

During the last decades aquaculture generates new research fields asking for more profitable production
procedures. Protein digestibility and amino acids absorption effect food conversion efficiency while they
depend on the production and activity of digestive proteases, like serine proteases, trypsin and
chymotrypsin. The present work aims to study digestive endoproteases composition in fish using specific
substrates and inhibitors and to measure trypsinogen and chymotrypsinogen isoforms expression. The
results indicate that, a further and more specific approach should be developed for different teleost species
regarding digestive proteases, in order to become a powerful tool for modern fish farming.

EIXATQI'H

Tic televtaieg dekaetiec N ekTpoPn 1OO®V amotedel 6 TAYKOGO emimedo pio
oo TIG aVEPYOUEVEG OLKOVOUIKES OPUCTNPLOTNTES, EYEIPEL VEN EPELVNTIKO EPMTNLOTO
avalNTOVTOS OAOEVO KOl OTTOJOTIKOTEPES TOPAYWYIKEG O0OTKACIEG Ko £YEL KATAGTNOEL
mv EALGSa v mpot mapaywyd yopo otnv Evpodmn tov gidovg Sparus aurata, g
YVOGTNG TGTOVPC.

H touwmovpa eival évo capko@dyo €i00¢ e LYNAEG OTOUTGES GE JLUTPOPIKES
npwteiveg, mov Eemepvovv to 45%. H mertikdmto TV TPOTEIVOV ETOUEVOC KOl 1
amopPPOPNOT TOV OUIVOEEDV glval KOOOPIGTIKOL TAPAYOVTEG TNG UETATPEYILOTNTOS TNG
TPOQENG, M omoia pe TN oelpd g Kabopilel 10 KOGTOG ayopds 1yBvoTtpoPdv Gpa Kot To
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KOGTOG TOPAY®YNS MG Hovadag extpopns. H mentikdto v mpoteivov Opm
e€apTaTOL OPYKA OO TV TOPOYMYN KoL TH OPOCTIKOTITO TOV TENTIKAOV TPOTENCHV.

Or x0pleg menTkEG TPOTEACEG TOPAYOVTIOL OTO KLWYEMOIKA KOTTOPO TOL
TAYKPENTOC, T0 omoio ota Ydplo, o€ avtiBeon pe ta Onhaotikd, amotelel Eva Eviova
Svtd Opyavo. O KuplOTEPOG UNXAVICHOG pLOUIGNG TS OPACTIKOTNTOG TOVG UETE TNV
€KKplon Tovg amd TO TAYKPEOS, £IvVOL 1 TPMOTEOAVTIKY] EVEPYOTOINCY] TV AVEVEPYDV
fopoyovev  tovg, To omoio. OmoTEAOVV TPOIOVTOL UETOYPAPNG KoL  HETAPPAONG
OLYKEKPIUEVOVY  Yovidimv, &vd M ékepacrn toug Ppioketar vnd dotpoeikd Kot
avortuélako éheyyo (Perés et al., 1998).

Ot tpwtedoeg g oepivng amoTelobV (o omd TIG SNUAVTIKOTEPEG OUAdES HeTaED
TOV TAYKPEATIKOV TPOTEACHOV KOl GLUYKOTOAEYOVTOL HETAED TOV TPOTO®V KOAA
peretnuévov mentikdv eviopmv. Elvar evéompmtedosg kot n dpdorn tovg otmpileton
oV Vvrapén wog katoAvtikng tpradag (His57 — Aspl02— Serl95) oto evepyd KéEvipo
toug. Kvpotepor ekmpdommor tovg eivar mn Bpovyivny kot n yopoBpuyivn ot omoieg
TapoLCALovy TaPOUOLN TPIGOLEGTOTN dOUN Kot GAANAOVYi0 OUIVOEEMY, EVAD SLOPEPOLV
¢ pog Vv e€e1dikevon tov vrootpmpatog (Berg et al, 2002).

2KomOg NG mapovoas epyaciag €ivor TOGO 1M GLYKPITIKY] TOPOLGINGT TV
peBOSOAOYIDV TTOV YPNGLOTOLOVVTOL CHUEPT Y10 TNV EKTIUNGT NG OPUCTIKOTNTOS TOV
TPOTEACOV TNG GEPIVNG 0TA YhpLa, Kupimg OU®G N avASEEN TG ONUAGINS OVTAOV TOV
evlOpV 6N GLYYPOVN VOATOKOAALEPYELQ.

YAIKA KAI MEGOAOI

Ot péBodotl Tov avaPEPOVTAL GE QTN TN TAPAYPOPO YPNCLUOTOmONKAY Yio TNV
exmoévnon G O0KTOPIKNG datpPng pe titho «Moplokn KA®VOTOiNon TV Yovidiov
KOl YOPUKTNPIGUOS TOV KUPLOV TPOTEACOV TNG OEPIVIIG TOL ELPVLOAOVL TEAEOGTEOL
Sparus aurata: olotoétnTo Kot OppoviKny pOOMON NG YOVISIOKNG £KQPOONG Kot
evluukng  dpaotikdtnroc» mov  mpoypotomomdnke oto Tunua  Bloynueiog &
Biotgyvoloyiag tov Iavemomuiov Oeccariog.

[Ma ™ perém g obvBeong kot TG OPASTIKOTNTOS TOV TENTIKAOV TPOTEACHV GE
veapd dtopa Tomovpos eENeOncav delypato amd EMUEPOVS TUNUOTO TOV TETTUKOV
coMva: o) otopdyl, PB) mAwpikd TVEAL (YOp® omd TOV TLAMPIKO GOIYKTHPW), ¥)
pdcbo éviepo (omd T PAoT TOV TVA®PIKOV TVPADY UEYPL TO GNUEID EvOOoNG HE TO
onticBo €viepo dmm¢ drokpivetal Adym g avEnuévng dtopétpov) kot 8) omichio Eviepo,
amopovabnkov o akatépyaota evivpkd skyviiopata tovg (Alarcon et al., 1998) xau
TPOGOIOPIGTNKE 1] GCLYKEVIPMOOT OAKNG SOAVTHG TPMTEIVNG e T nébodo Lowry (Lowry
et. al, 1951). Aev mpoypatomomOnke mepautép® KoOOPGHOG TV eVILUIK®V
EKYLVMOUATOV, KOODS O EVIOMIGUOS TOV TMETTIKOV TPOTEACHV GTOVG GLYKEKPIUEVOLG
16TOVG etvan Wwaitepa avENUEVOG.

Métpnon eviopikilg opacTiKOTNTOG

Apykd petpnOnke n dpACTIKOTNTA TOV OMK®OV GAKOAMK®OV TPMOTEACHV COUPOVOL
ue tov Garcia-Carrefio (1992), ypnowonowwvtag wg vrdéotpope 1,5% alokaleivng oe
pvOuotikd didivua 50 mM Tris-HCI, pH=9,0. H ontikn} TukvoTnTo TOL VIEPKEIUEVOL
npocdoplotay ota 440nm.

142



H pétpnon tov empépovg mpwteacodv g oepiving mpaypatonomonke pe
YPNON EKAEKTIKAOV VTOGTPOUATOV, €EEOIKEVUEVOV Yo KAOE TENTIKY TPOTEACT|, OTW®S
avaeépeTol ot 0tedvn PiAoypapia.

H oqudwn dpactikdmra g Opvyivng petpnnke cdupova pe tovg Bernard et
al. (1961), ypnowomolwwvtag ®¢ vrndéotpoua Na-Benzoyl-L-arginine-4-nitroanilide
(untpcd ddivpo 5 MM oe DMSO) oe pvBuiotikd ddAvpa 50 mM Tris-HCI, pH=8,2
nov nepieiye 10 mM CaCl, ota 405nm.

O QUoHOTOPMOTOUETPIKOG TPOGIOPIGHOG TNG OPACTIKOTNTAG TNG YLLoBpLyivng,
npoypoatonomdnke pe Paon tovg Asgeirsson & Bjarnason (1991), mapakolovbmvrog
mv voporvon N-Benzoyl-L-tyrosine ethyl ester (untpwd déivpo 20 mM e 50%
uebovorn wiv) oe pvbuiotiko didAvua 44,4 mM Tris-HCI, pH=7,8 nepiektikotnrog 55,5
mM CaCly, ota 256nm.

Mo x6be pébodo pérpmong eviopikng OpacTiKOTNTOG TPOYUATOTOMmONKOVY
TPOKATAPKTIKOL EAEYYOL GE TPEIS EMAVOANYELS Yoo kéOe mepinmtwon, pe okomd Tov
kabopiopod (i) g ovykévipmong vrootpdpatog, (il) e TocdTTAG TOV AKATEPYAUGTOV
evlopukov ekyvAiopatog kat (i) g xpovikng S1apKeLag TG avtiopoaong Yo Kabe 16T
KOl Y10l TIG OVTIGTOLYES TTEIPAUATIKEG CLVONKEG.

To chvoro TV peTpnoemv evOLIIKNG OPACTIKOTNTOS TPOYLOTOTOWONKE GE TPELS
emovaAnyelg, otovg 25 °C, mov Oewpeiton 1 PéEATIoT Ogpuokpacio mepPdAlovioc yia
v towmovpa. H €1d1kn evlopukn dpactikdmra ekppdaotnke wg U/mg npwteivng.

Evlupoypdppote npoteacdv

Mo v avayvopion kot To YOPOKINPIOUO TOV OUAd®V TOV TETTIKMOV
TPOTEACHOV, TOL TEPEYovIay ota evlupKd ekyvAiopata, ypnoipomombnkay ovo
puéboodot, avaroyo pe T ovvOnkec pH mov emikpoatodv Katd T dpdon TOLg OTO
EMUEPOVG TUNLLOATO, TOV YOUGTPEVTEPIKOD GMOAN VL.

INa ta evlopukd exyviiopata, mwov TPoEpyovray omd OElyHaTo TOV GAKOAKOD
TULOTOG TOV EVTIEPOL, ypnooromdnke 1 teyvik] SDS-PAGE 6nw¢ meptypdeeton and
tov Laemmli (1970), pue ™ ypnon 11% anktc moivaxpvropiong (8 x 10 x 0,075 cm)
Kot pOoTIKo dtddvpo amodidtaéng 1,5 M Tris-HCI, pH=8,8 mov nepieiye 0,5% SDS.
H mpoetopacio tov derypdrov, tpaypoatoromnke copupova pe tovg Garcia-Carrefio et
al. (1993).

Katd ™ perémm g ovvbBeong kot g Opootikdtrog twv eviOpmv o
YOPOKTNPIGUOG TOV TPOTEACOV £Yve cOuemvo pe ™ pébodo Garcia-Carrefio (1992)
YPNOLOTOIDVTOS TOVG EWOIKOVG EKAEKTIKOVS avacToAgic Tov Tivaka 1.

IMivaxog 1. Ewduol eKAEKTIKOT OVAGTOAEIS Y10 TO YOPOKTNPIGUO TV TENTIKOV TPOTENCHV

AvooToleic [poteaoces - 6Té) 0L ZUYKEVTPOOT PNTPIKOV AuwAvTg
OLOAVHOTOG
PMSF TPWOTEACEG GEPIVIG 100 mM EtOH
SBTI TPWOTEACEG GEPIVNIG 250 uM Nepo
(xvpimg Opvyivn)
TLCK Opoyivn 10 mM HCI 1mM
CHYMOSTATIN yopodpuyivy 2,5 mg/ ml DMSO
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"EAgyy0¢ TG £KQPAGNS TOV YOVIdi®V

cDNA mov kwdwomoovv yw 10 Opvyivoydvo kot TO  YVUOOPLYIVOYOVO
tomovpog ovaktonkay and CDNA Bipriiodnkn frotog (Sarropoulou et al., 2005) kot
Kkd0e KAdVOg aAAnlovynOnke TANPOG TEVTE POPEGS.

AVO d10pOpETIKOL KADVOL YVUOOPLYIVOYOVOD, TOV KMOTKOTOLOVV Y10, TIG LOPPEC |
kot II, xou évag kAdvog Opvywvoydévov, mov Kwdwkomotel yioo 1o Opvyivoyovo I,
OTOLOVOON KOV KO YOpaKTPioTnKOV.

O éleyyoc ™G £KQPOONG TGV  IGOUOPOAOV  YLHOOPLYIVOYOVOL KOl TOL
Opvyivoydvou TpaypotoromOnke pe t uébodo Northern Blot.

AIIOTEAEXMATA & XYZHTHXH

X moykdoa BpAoypaeio 1 SVGKOMO GTN HETPNON TOV TEXTIKMOV TPOTEACHV
oTo Yhplo avo@EépeTol TOGO oTN OstypatoAnyioc 6co kot otr pebodoroyio mov
aKoAovBeitan amd Kabe epevvnTiKn opdoal.

Ocov agopd ™ detypatoAnyic, ot mopdyovies MOV GLYVO 00NYOLV GE Un
oLYKpIoo TEAMKG amoTteAéopaTo. apopody Kupimg (1) ™ un Afyn cLyKeKPUEVOV
oTafEPAOV TUNUATOV TOV TETTIKOD GOANVA, TOALEG POPEG 1) detyLotoAnyio TeptlapPavet
Kot 1o Sbyvto moykpeatikd 1010, (2) 100 Wapla Oavordvoviol KoToOmY SapoOp®v
YPOVIKMOV OTOCTACE®MV 0o TN TeAevTaia Tpo@oAnyio kot (3) o€ KATOEC TEPIMTOOELS O
TENTIKOG COAMVOG EemAéveTanl TPy TN O€lypatoAnyia, evd oe GAheg m ANyn TV
oKaTEPYOOTO®V  eVODUIKAOV  EKYLAICUATOV  TPAYUATOTOEITOL  HEC®  EVGINOTOC  TOL
EMUPAVELOKOV BAEVVDOOVG CTPAOUOTOS TOV EVIEPO.

Ocov apopd ™ pébodo pétpnong, ot TaPAEUETPOL TOL GLYVE SLPOPOTOLOVVTAL
etvan (1) n Oeppoxpacio Kot 1 didpkelo Tpoypotonoinong e eviuuiknig ovtidpaong, Ha
npémel va eléyyetan 1 enidpacn g Oeppokpaciog ot otabepdmra tov eviopmv (2) n
TEMKT €KQPACT NG dPUCTIKOTNTAS TOV TPMTEACOV Kot (3) 1 ¥pnon SloQopeTIKOY
EKAEKTIKAOV VTTOCTPOUAT®V.

‘Eva. amd ta onuaviikdtepo iom¢ mpoPAnuata omotedel to yeyovog OTL TO
EKAEKTIKA VTOGTPMOUATO TOV YPTNOIUOTOIOVVTOL Yol TN UETPNON TOV TPMOTEACOV TNG
oepivng ota yapla £xovv apykd oyedaotel Kot ypnowyomondel yio ™ pétpnon tov
aviiotoyywv evlouwv ota  Onlootikd. Tlapoia ovtd, to omoteAéopoTo  HOG
KATOOEIKVOOVV  OTL, TOLAGYIOTOV OGOV 0(QOPA TN TOITOVPO, VTAPYOVV OCTNUUVTIKESG
OLpPopES TOL TEAIKA dVVOVTOL Vo, EMNPEALOVV TO TEMKO OOTEAEGLAL.

H avédivon mg éxepaong tov yopobpuyivoydvov kot tov Bpvyivoydvov oe
veapd Atopa Touovpag avedElEe Ta. TVAWPIKE TVQAG, TOV BpicKovVIol GE EMOPY| LUE TO
évtova OloVTO TAYKPENS Kot amovstalovy amd to ONAaotikd, o¢ TV KOHpLoL TEPLOYN
TPOTEIVIKNG TEYNG KATA UNKOG TOV EVIEPOV, VM OEOCNUEIDTN €lval 1 ELEAVIOT TV
fupoydvev oto omicHio AU TOV €VTEPOV, GTO OMOi0 OTo ONANCTIKA Kol GAAOVLG
TeAeO0OTEOVS TapaTNpEiTal KUPIOE omoppdPNON  HOKPOUOPiOV HECH TIVOKVTMOONG
(Cataldi et al., 1987).

H é\lenym dakpreng {OVOONG TOV TENTIKOV GOANVO TG TOUTOVPOC, O avTifeon
pe ta OnAaoctikd, emPeformOnke amd T HETPNOTN TOV OMKOV CAKOAIKOV TPOTENCHV KoL
TOV ETUEPOVG OPUCTIKOTHTMOV TOV TPOTEACHV TNG 6EPIVIG. AVEEUPTTMS TEIPAUATIKDV
ocuvinkmv, M yopoBpuvyivn amotélece TV KLploPyN TPOTEACT KATO UAKOS TOV
OAKOAMKOD TUNUOTOS TOV TETTIKOD COANVO, VO OmPOCOOKNTA LYNAOTEPES TIUEG
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dpaotikdTTag Tapatnpndnkay oto omicbio évtepo. Ov Chakrabarti et al. (1995)
vrootpilovv 0Tt T0 £viEPO TV Yapldv Ppioketal akoOun 6to eEEMKTIKO 6TAd10 OOV TA
nentikd Evlopa oev epeaviCouv kamota ympikn e£e1dikevon Onmg AVt GLVOVTATOL GTO
avaTepa ONAACTIKA.

Emndéov, n ypnon ekAeKTIK®OV avOCTOAE®V, KATESEIEE OAANAOETIKOALYT TWV
dpdoswv Opvyivig kar youobpvyivng. Ov Cohen et al. (1981) vrootpifovv ot1, N
Opoyivn elvar mOavOd vo aAANAETOPA HE TIG EKAEKTIKEG OEcelc mpdGdeong 1ng
yopoOpuyivng o apkeTode avaoToleic kot aviiotpoea, eved ot Murray et al. (2004),
avaeEpovy younAn egewdikevon twv Proynuikov pebodmv péTpnong g dpacTIKOTNTOS
Opoyivng pe ™ ypnon BAPNA g vréoctpopo kol Tpoteivovv mePUTEP® EPELVAL
TpokeEVOL va, KaBoproBel pa o axpiPrig pébodog pétpnong yuo to yapio.

YYMIIEPAXMATA

Amo ta Tapamdve yiveTonr eavepo, apevog OTL AMOLTEITOL TEPULTEP® KO TAEOV
e€eldkeL eV HEAETN TOV TIPOTEACOV TNG GEPWVNG YO TO. O1APOpa €101 N OKOYEVELES
TEAEOOTEMV TPOKEYEVOL VO, GYESNGTOVV €EEIOIKEVIEVO VTTOCTPMUATO KO OLVOGTOAEIS,
AQETEPOL OTL M EKTIUNON NG OPOCTIKOTNTOS TOV TPOTEACOV TNG GEPIVIG OTA YAPLoL
amontel TEPAY TNG LETPNONG TNG LK GLVOLAGUEVT] PN OT| OLUPOPETIKAOV LEBOI®V:

V' Métpnon g dpuoTikdTNTAS TV OMK®OV GAKAAMK®OV TPOTEACOV, N onoio oyetiletat
1060 pE TNV €KKPIon 000 KOU UE TN OPUCTIKOTNTO TOV EMUEPOVS OAKUAKDOV
EVOOTPOTEACHV.

v' SDS-PAGE n£0080, Y10 70 d1ay®piopd Kot YopuKTNPISHO TV EMUEPOVE TETTIKMV
TPOTEACHV KO GE GUVIVOAGHO LE TO ICONAEKTPIKO oTpeio TovC.

v/ pH - stat in vitro uébodo, yoo T pérpnon ¢ VIPOALONC UK GLYKEKPLUEVNG
TPOTEIVNG 1 TPOPTG.

v’ Melétn Tov emmédnv Ekppacng Tov Yovidiov Tav {opuoyovoy.

H extipmon mg dpaotikdTToS TOV TENTIKOV TPOTENCHV UTOPEL VO AmoTELECEL
éva TOAVIVVOALO EPYOAEID GTNV LINPEGIA TNG GVYYPOVNG VOATOKOAMEPYELNS AVAPOPIKA
pe:

v’ Tn Beltictomoinon TV S0TPOPIKAOV CYNUATOV GOUPOVO HE TIC ETOYIKEG Ko

0epLLOKPOCIOKES OLOKVUAVGELS TOV TPOTEACDV.

V' To o)ed106U0 VEOV EUTOPIKAOV 1OLOTPOP®V, e TNV OVixveLON TG KOTAAANAOTNTOG

VEOV OONVOTEP®V TPOTEIVIKAOV TNYDV.

V' Tnv avaaTtuén EUTOPIKOV GCOUTAKTOV TPOS AVIIKOTACTOOT TS (OVTAVAS TPOPNS oTa

np®To, ovartuélokd otade tov ybvdiov, 6mov N mEYN TOV TPOTEIVOV eEaptdTan

OMOKAEIGTIKA OO TNV EUPAVIOT] TOV OAKOAIKAOV TETTIKOV TPMOTEATDV.

v Ty mopay®yn avacuVILUCHEVOV TPOTEACHV Y10 ELTAOVTIGUO TV 1OVOTPOPDV.

v Tnv amoudvoon Kot yprion ot maykoouio fopnyoavio tpoeinmy eviiumv pe véeg

KOToATIKEG 1010TNTES (T0.). OpLYivn YoxpOEIL®V EWBMV Yapidv).
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NNEPIAHYH

Yto. mAaicwe Tov mpoypdupotog «<Idpvon Tpdamelag maboydvev pukpofiov omd Tig EAAnvikég
VOUTOKAAMEPYELES», TTOV GLYYPNHaTodoTeital amd 10 YT Aypotiknig Avamtuéng kot Tpoeipnmv Kot v
Evponaiki ‘Evoon (EIT AAIEIA 2000-2006, Métpo 4.6), mpaypatonodnke amopdvmon Boxtmpiov oarnd
56 meprotatikd (431 yapia) mov avikav o€ 11 £idn yapuov. To Baxtipla avtd apyikd Tovtomomnkay pe
KAoOIKEG Proymkés pefodovg. XTn GUVEKELD TPOYUATOTOWONKE LOPLOKT|] TAVTOTOINGT HE TNV TEYVIKY
™¢ oAvodTg avtidpacng g moivpepdaons (PCR). Me ™ ypnon g dayvaootikng PCR kot e1dtkong
EKKWVITEC 7OV GTOYEVOLV GTNV €VIoYLON TUNUATOG TOL Yovidiov amiB tavtomombnke 10 Poktipro
Listonella anguillarum. T tv tavtomoinomn tov Vibrio alginolyticus ypnoipomomfnkay ekkivntég yio tnv
gvioyvomn TUANETOG TOL Yovidiov Tng koAllayevaong, evd 1 texviky g multiplex PCR ypnoomoninke
v TV TewTonoinon Tov Photobacterium damselae subsp. piscicida. To Baxtfipio ovtd £xovv amobnkevtei
oto gpyaotnpro Ixbvoroyiag tng Krnviatpiknig Zyoing tov AII® (Greek Aquaculture Bank, GAB). Eniorg
npaypatonomnke aviyvevon kot tavtomoinon tov Listonella anguillarum og 1otoloyikéc Topég
pHoAvGUEVAOVY yopldv pe T xpnon g PCR.

MOLECULAR IDENTIFICATION OF PATHOGENIC BACTERIA
ISOLATED FROM GREEK AQUACULTURE

M.S. Kalamaki !, K.C. Teliousis *, M. Yiagnisis %, N.I. Vatsos !, K. Mpithava 3, N.

Solomakos 3, V. Fotiadou *, P. Angelidis *, F. Athanassopoulou *

!Laboratory of Ichthyology, School of Veterinary Medicine, Aristotle University of Thessaloniki, Greece
?Institute of Aquaculture, Hellenic Centre for Marine Research, Athens, Greece
$Department of Veterinary Medicine, University of Thessaly Karditsa, Greece

ABSTRACT

As part of the project titled ‘Establishment of a bank of pathogenic bacteria isolated from Greek
Aquaculture.” funded by the Greek Ministry of Food and Agricultural Development and the European
Union (4.6, EPAL 2000 -2006) 431 fish (belonging to 11 different species), from 56 outbreak cases were
examined and the causative agents were isolated. The isolated bacteria were initially identified to the genus
level using conventional biochemical identification methods. Then, PCR was used for the molecular
identification of selected isolates. Species-specific primers that amplify an internal segment of the amiB
gene were used for the identification of the Listonella anguillarum isolates. Primers that target the
collagenase gene were used for the identification of Vibrio alginolyticus strains that were isolated from
clinical specimens. Photobacterium damselae subsp. piscicida was identified using multiplex PCR. The
isolates have been deposited to the Greek Aquaculture Bank (GAB) at the Laboratory of Ichthyology,
School of Veterinary Medicine, Aristotle University of Thessaloniki, Greece. Moreover, PCR was used for
the identification of L. anguillarum directly from histological preparations of infected fish tissue.
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EIZAT'QI'H

Y10 mhaicta Tov mpoypappotog «Idpvon Tpanelog taboydvov pikpofiov ard Tig
EAAnvicég  voatokaiMiépyeleg», mov cvyypnuatodoteiton amd 10 YT AYpOTIKNG
Avantuéng kot Tpogipmv ko v Evponaixr Eveoon (EIT AAIEIA 2000-2006, Métpo
4.6), mpayupatomombnke amopdvoon Kot tavtomoinon maboyovov Paxmpiov omd
OlPopo.  TEPIOTOTIKA  PUOIKAOV  HOAOVee®mv mov  dwmotodnkav oe  EAAnvikég
voarokaAMépyeleg. Kbprog otdyog dnpovpyioag g Tpdmelag avtig etvar n GuAloyn Ko
tavtonoinomn mafoydvev BaKTnplok®V GTEAEY®Y TOL LILAPYOVV 6Tov EAL0OIKO Ydpo, Ta
omoio. UmOpPovV vo xpNCHomonBovV Yo EMONUIOAOYIKEG UEAETEG KOl UEAAOVTIKY
avamtuén epformv.

Ot mapadootiaxéc pébodot tavtonoinong Pakmmpiov Pacifoviar oty amopdveoon
tov vrevbuvov Paktnpiov (o Kobopn KOAMEPYEW) HE TN ¥PNON OlAYVOOTIKOV
GUVOETIKOV KAAMEPYNTIKMOV VIOCTPOUAT®V. LT1 GUVEXELL aKOAOLOEL 1 Proynpikn 1 Kot
opoAOYIKn Tawtomoinon tov Paktnpiov (Staley and Krieg, 1989). H Poynuxy
TOVTOTOIN O™ amoTeELEL TOV GLVION TPOTO YOPAKTNPICUOD OTIC TEPIGGOTEPES MEPUTTMGELS.
Ouwg amoutobvror apketég MUEPEs N Kol €ROORAdES Yoo vo oAokAnpwOel kou givon
dVCKOAN M TOVTOYPOVY TavTOTOINGN pHeYdAov aptBupov Baktnpiov. H toavtomoinon twv
Baxtnpiov o0tav Paciletar poOvo o€ LOPPOLOYIKE 1) BloynUiKd YopoKTNPLoTIKE EVOEYETOL
vo unv givar Tinpng. Ta Proymuikd avtd yopoaktnplotikd pmopet va unv ekepdlovrtal
whvTo N o1 Proymukég SoKIHES va eivatl SUGKOAO va epunvevtovv. 'Eva dAAo pelovéktnuo
TOV KAICIKOV avtdv pebodwv eivar O0tt amoutovv kaBapés kaAlépysleg ondte Oev
Umopodv vo ypnotporombovy oe mEPMTOGES (OVIOVAOV OAAGL UN KOAMEPYNOIU®V
Boktnpiov (Settanni and Corsetti, 2007, ). Ta tekevtaio ypOVIAL SAPOPES TEXVIKEG
Baciopéveg oty avdivon tov Poktnplokod YOVISIOUOTOS £XOVV TEPLYPOUPEL Yoo TNV
tovtonoinon kot tavopnon tev Pakmmpiov (Ludwig, 2007). Xmv mapovco epyacio
mEPLYPaPETaL 1 HOplaKY  TOwTomoinon Tpudv  Pakmplakdv  €ddv: tov  Vibrio
alginolyticus, tov Listonella anguillarum kot tov Photobacterium damselae subsp.
piscicida, tov omoiwv 1 maboydvog dpdon eivol yvmoT Kot To 0moic dnuiovpyovv
cofopd mpoPAnuata otig EAAnvikég Baldooieg tybvokailiépysies. H pébodog mov
neptypdoetar givor 1 aAvodwt oviidpaon g moivuepdong (PCR) n omoio
yopokpiletor omd peydAn evawsOnoio kot ewwoOmTo. Ta TPOTOKOAAX TOL
TEPLYPAPOVTAL TOPOKAT® OTOTEAOVV TPOTOTOMOES o€ pHeBdOOVE oL €yovv MOM
npotabel amd mponyovpevovg gpgvvntég (Hong et al., 2007, DiPinto et al., 2005, Osorio et
al., 2000) . 'Etot, pe tig pebddovg avtég pmopovv vo. tavtomotnfovy ypryopa Kot UE
peyaAn evoucOnoio to ev Adym maboyova Poxtipla oe dldpopa detypota amd 16Tovg
YapLdv aAld ko arnd tomeptPdirov (vepd, ilnua).

YAIKA KAI MEO®OAOI

Aglyporta yopr@dv

Yuvolkd, ota mhaicla ¢ Aettovpyiog g Tpdmelag, amd 56 meprotaTikd
acBévelog mov eKOMADONKAY Ge SLAPOPES EKTPOPEG Wapldv, cLAAEYONKav 431 ydplo
ov avnkav o€ 11 €idn yapiov. H mAeovotnto TV TEPIGTATIKOV 0PpOopovsE AaPpaKio
Dicentrarchus labrax (18 mepiotatikd), toumovpeg Sparus aurata (20 mepiototikd) ko
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yéaa Anguilla anguilla (6 mepiotoatikd). Ta yapia mov cvAéyOnkov NTov Muibavi,
napovciolov eEMTEPIKES OAAOUDGES Kol HETAPEPONKOV GTO €PYaCTNPO O TAYO OF
Myotepo omd 12 mpeg. H amoudvoon tov Paktnpiov mpaypatomombnke amd Toug
veQPOVS, TO NTOP KOl TO CTANVO TOV LOAVGUEVOV yapldv. H apykn tavtomoinon tov
Baktpiov zmpaypatomomOnke pe KAooowkég pkpofroroyikég peBodovg kol o
GULVEYELD, LETO TNV OPYIKY] KATATOEN TOV GTEAEXDV o€ PaxtnploKd €i0n, akoAovdnoce n
emPePaionon pe m péBoodo g PCR.

Tavrtomoinon pe PCR

KoaAlépyeteg tov Paxktmpiov dwutmpndnkoav oe tpuPiio metpi pe vndotpopo
Trypticase Soy Agar 2% NaCl. And tig KoAMEPYEEG aVTES [iot HEUOVOUEVT OTOIKioL
ypnoonomdnke yia tov evoebaropnd 5 ml (opov Trypticase Soy Broth 2% NaCl mov
ot cuvéyela emwdaotnke otoug 23° C yia 24 opeg (V. alginolyticus kou L. anguillarum) 7
vy 48 opeg (Ph. damselae subsp. piscicida). Olkoé DNA amopovodnke omd 1 ml
KaAMépyelng o (oud ypnowonowdvtag 1o mpmtékorro tov Nucleospin Tissue Kit
(Macherey Nagel, Germany) yw Poaktnpio. Avo pikpoéAttpa oAtkd DNA (~ 50 ng)
YPNOUOTOMONKE Yoo TNV aViYVELSY] TNG TOPOVGING EWIKMOV Yoo T0 KOs Poakthplo
yovidiov pe v PCR. Ot ekkivntég mov ypnotpomomOnkay tapovoidlovrot otov Iliv. 1.

IMivoxag 1. Edikol ekkivntég mov ypnoonomdnkay otig avridpdoes e PCR.

Baxtpro AAAnAovyio exkivnT Biproypagia
L. anguillarum 5" ACATCATCCATTTGTTAC 3’ Hong et al., 2007
L. anguillarum 5" CCTTATCACTATCCAAATTG 37 Hong et al., 2007
V.alginolyticus 5" CGAGTACAGTCACTTGAAAGCC 3"  DiPinto et al., 2005
V.alginolyticus 5" CACAACAGAACTCGCGTTACC 3’ DiPinto et al., 2005
Photobacterium sp. 5 GCTTGAAGAGATTCGAGT 3’ Osorio et al., 2000
Photobacterium sp. 5" CACCTCGCGGTCTTGCTG 37 Osorio et al., 2000
Ph. damselae subsp. 5 TCCGGAATAGGTAAAGCGGG 3 Osorio et al., 2000
piscicida
Ph. damse_lqs subsp. 5 CTTGAATATCCATCTCATCTGC 3’ Osorio et al., 2000
piscicida

INo to L. anguillarum n avtidpaon tg PCR mpaypatonomdnke oe cuvolkd
6yko 50 ul oe pvOuotikd Sdlvpo mwov  wepieiye 250 uM  amd  KkdOe
deo&upipolovovkieotioo (ANTP), 10 pM and tov kébe ekkivnt, 5 pl amd o 10X PCR
buffer, 0,5 U Tag DNA nolvuepdon (Finnzymes, Espoo, Finland) kot vrepkabapd vepo.
Ot mapapeTpot Asttovpyiog Tov Oeppikod kukhomomth frav: awodidraén otovg 95° C yio
10 Aemtd, 35 xkoxhot otovg 95° C yio 30 s, 56° C 1 30 s, 72° C yur 30 s ko éva
tehevtaio PrApa otovg 72° C yw 7 min. T to V. alginolyticus n avtidpaon ¢ PCR
npoypatonodnke oe cuvolkd oyko 50 pl oe pvOuiotikd dtddlvpo mov mepieiye 200 uM
a6 kabs ANTP, 10 pM and tov kabe exkivney, 5 pl and to 10x PCR buffer, 2,5 U Taq
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DNA moAvpepdon wor vrepkabapd vepd. Ot mapdueTpol Asttovpyiag tov Oeppikod
Kukhomomt frav: amodidtotn otovg 95° C yio 15 Aentd, 35 kokhot otovg 94° C yia 30
s,57° Cy10. 30 s, 72° C yiua 60 s ka éva terevtaio PrAua otovg 72° C yia 5 min. Télog,
ywo. o Ph. damselae subsp. piscicida n avtidpoon g PCR mpaypatomombnke oe
ovvoAko oyko 50 pl og pvOotikd didAvpa wov mepieiye 200 uM amd kabs ANTP, 160
pmol am6 tov kébe exkkvnn, 5 pl amd o 10x PCR buffer, 2mM MgCl,, 2 U Taqg DNA
moAvpepdon kot vmepkabopd vepd. Or mapdauetpolr Asttovpyiag Tov  Bepuikov
Kukhomom T frav: amodidraén otovg 95° C yia 4 Aentd, 30 kdrhot otovg 95° C y1a. 60 S,
60° C y10.60 s, 72° C yia 40 s kau évo, tedevtaio Pripo otovg 72° C yua 5 min.

H exyviion DNA amd 16T00¢ HOAVGUEVOV YapLDV EYKAEIGUEVOV GE TAPOPivn
TpaypotortomOnke Hetd and anonapPivioon Kot EVOOAT®MOT TOV 16TV YPNGULOTOLDOVTOS
10 TpwTOKoAL0 Tov Nucleospin Tissue Kit yio paxtipia. H PCR ywo v aviyvevorn tov
L. anguillarum mpayuatomombnke dnwe meptyploetot Topamdve.

AITIOTEAEXMATA KAI XYZHTHXH

2V mopovod UEAETN, OMO TEPICTOTIKO QUOIK®OV HOAOVOEMV O HOVAOESG
exTpoPNg Borhdooiwv yopldv, GLAAEYONKOY Kot TavTomomOnKay apyikd Le KAOGOIKES
pkpofroroykég pebodovg kot apyodtepa pe PCR 13 otedéyn mov avikav oto €idog L.
anguillarum, 14 o1o €idog V. alginolyticus kot 6 oto €idog Ph. damselae subsp. piscicida.
21ic Ewoveg 1, 2 ko 3 mapovotdlovtotl ta amoTeAESHTE TNG NAEKTPOPOPNONG GE TNKTN
ayapolnc tov tpoidviov ¢ PCR yia ta tpia Paktmplakd otehéym.

1 2 3 4 5

Ewéva 1: Hlektpoedpnon oe mnkm
ayapdlng 1,5% twv mpoiovtov g PCR
HEe eKKVNTEG €101K0VE YL TO  yovidlo
amiB. To avapevopevo tufua DNA yo
to L. anguillarum (429 voukieotidia)

500 «—429bp MoV mapdy oTa detypata tov Baktnpiov
288 (2-4) evd omovoiale otov apvNTIKO

uaptopo.  (5). Q¢ deixtng poplokon
peyéboug (1) ypnowonomnke to 1 Kb
DNA ladder (New England Biolabs,
Ipswich, MA, USA).

100

Yvykekpiéva  ywoo TV - tawtomoinon  tov  Paktmpiov L. anguillarum
YPNOLOTOMONKOY EKKIVITEG OYESIOCUEVOL Yo TNV EVIOYLOT TUNUOTOS TOL YOVIdiov
amiB mov «kwdwomolel ™V ouddon ™ N-akétviopovpapodA-L-aiavivng (N-

acetylmuramoyl-L-alanine amidase). H PCR
1 2 3 HE aVLTOVC TOLG EKKWVNTEG TOPAysl &va
mpoiov 429  vovkieotdiwv 10  omoio
dwapoponotei to L. anguillarum amod 25 dira
£10n tov yévoug Vibrio kot didgopa eviepika
Baxthpa (Hong et al., 2007).

737 bp

Ewova 2: H popwkn tavtonoinon tov V.
alginolyticus mpaypotonombnke pe v TEXVIKN ™G
PCR kot ekkivntég €1dkovg yuw TO Yovidlo g
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KohAayevdong. Metd v niektpoedpnon o Tnkt) ayapolng 1,5%, to avapevopevo tunqpa EVicyvIEVOD
DNA (737 vovkkeotidwn) Ntav mapmdv oto diypa tov Poktnpiov (3), evd oamovsiale 6Tov 0pvnTIKO
paptoupa (2). Qc deiktng poplakod peyébovg (1) ypnoorombnke to 1 Kb DNA ladder.

o to V. alginolyticus ypnolpwomomnkay ekkivntég oyedloouévol yiow Ty
gvioyvon TUNMATOG TOL Yovidiov mov kmdwkomotel v kolhayevaon (collagenase). H
PCR pe avtolg toug ekkivntég mapdyet Eva mpoidv 737 vovkieotidiov (DiPinto et al.,
2005).

I'o to Ph. damselae subsp. piscicida ypnoipomomdnke n teyvikny g multiplex
PCR pe exkivntéc oyedlacpévous Yoo Ty €vioyuon TUNUATOS TOL YOVidiov Tov
kwowkomotel To 16S rRNA kot Tov yovidiov ureC mov kmotkomotet v ovpedon. H PCR
pe toug ekkvntég v to 16S rRNA yovido mapdyet éva tunpa 267 voukieotidiov 1o
onoio tawtomotel to gidog Ph. damselae a@o¥ sivar mapdv kot ot dvo vroeidon tov. Me
TOVG eKKIVNTEG Yo TO yovidto ureC mapdystot £va mpoiov 448 voukdeoTidimv Hovo 6To
Ph. damselae subsp. damselae.

1 2 3 4

Ewéva 3: Hiektpopopnon oe mnkrh ayopdlng
1,5% twov npoidvieov tg PCR yw 1 poplokn
tavtonoinotn tov Ph. damselae subsp. piscicida.
To avapevopevo tunpa gvioyvpévov DNA yuo to
16S rRNA vyovidio (267 vovkieotidia) nMrav

500 i B i

300 267 bp nopdv oto  Oegiypota tov  Poaktmpiov  (3-4),
200 anovoiole otov apvntikd paptopo (2), eved dev
100 avyvevnke mpoiov pnkovg 448 vovkieotidimy.

Qc  odeixktng  popuwkod  peyéboug (1)
ypnopomomBnke To 1 Kb DNA ladder.

H aviyvevon kat tavtomoinon tov L. anguillarum cg 16100¢ vosobvimv yapidv
eyKAEWoUEVOVG G€  mopagiv) Tpaypatomomdnke pe OKOmO TN dlepedvnon NG
dvvatdtrog Tayeiog ddyvmong e vocou yopic ™ HeGOAAPnon KoAMEpyslog Kot
amopovoong Tov Paktnpiov (Ewova 4). Me ) pébodo avt givar dvvarh 1 tavtomoinon
tov Bakmnpiov og delypota TV OTOI®V 1 OTAN TOPATHPNOT LE OMTIKO LUKPOGKOTIO JEV
pmopet va katadeiEel TNV mopovsio Tov.

1 2 3 4

Ewova 4: Hiektpopdpnon oe mnkty ayopolng 1,5%
tov mpoiovtov ¢ PCR yw v aviyvevon tov L.
anguillarum cg olkd DNA mov gkyvAiotnke and 16To0g
HOAVCUEVOV Wopldv eyKAEopévay og mapagivr. To
avopevopevo  TpApa  evioyvpévor  DNA - (429
vovkAeotidia) fTav Tapdv 6To HoAVoHEVO delypo 16ToD
(1), evd amovoiale otov un poAvopévo otd (2) kon
288 otov apvntikd pdptopa (3). Q¢ deiktng poplokon

388 ueyéboug (4) xpnowonobnke to 1 Kb DNA ladder .

100

151



H ocvAloyn PBoaktmpiov ota miaicia g Asttovpyiag g Tpdnelag [Maboyovav
MwpoPiov oamotehel v mpdTN cvoTUaTIKY TpoomdBeia dnpovpyia piag tpamelog
avaeopds otnv EAAGSa. Tlponyoduevec mpoomabeleg MTOV OMOCTOGUOTIKES KOL TO
OTOTEAEGULATA TOVG OEV UTOPOVGAY VO YPTGLLOTOMOOVV Y10, LEALOVTIKEG UEAETEG.

Ymv moapovoa perétn mpayuatomombnke emPefaimon tov €idovg OaPOPOV
amopovobdéviov  Bakmpiov mov  eiyav  tavtomomBel  opywd pe  KAOGGIKEG
pikpoProroykég pefooove. Zopemvo pe avtég Tig peBddovg ta d1dpopa oTEAEYM slyav
ta&vounbei ota €idn V. alginolyticus, L. anguillarum kot Ph. damselae subsp. piscicida.
Ta €idn avtd eivon vyiotg onuacioc v tic EAAnvikég Baldooieg yyBvokaiépyeteg,
€POGOV  amoTtel0VV TOLG AOWOYOVOLG Tapdyovteg mov  elvar vmevBvvol yo TNV
mAsoynoeio Tov Bavdtov Tov ekTpe@opevav yapldv. Ot KAaotkég Broynuikég pébodot
TOALEG (POPEG dEV Elval IKAVEG VO TOVTOTOGOLY €val PaKTnploKd GTEAEYOG G EMIMESO
eldovg. Emiong, pmopel va eivor apketd ypovoPopeg, 10101TEPWG OTNV TEPIMTMOON
Baxmpiov mov avarntbocoviol oxetikd apyd, omwg to Ph. damselae subsp. piscicida,
KAmolo oTeEAéYN TOL OmOioV AmOITOLY oKOpo Kot 4-6 Muépeg endAoNg Yo VO dDGOLV
0POTES OMOIKiEG GE GTEPEA BPEMTUKH VITOGTPMULOTAL.

Ot pébodolr mov ypnowomomOnKav oIV TOPOVLGH  EPELVA.  OTOTEAOVV
tpomtonomoel; peBddwv mov €yovv mpotabel mPOGEATO Amd AAAOLG  EPELVITEC.
[Mapovsialovv peydAn e01kdTTO GE OTL OLPOPE TNV IKOVATNTO. OpONG TOLTOTOINGN G TOV
kd0e Paktnprokov idovg og piypato Pakmmpiov cuyyevikov eov. Exiong n evaicnocia
TV HeBOOMV aTdV givor TOAD VYNAN £POGOV EMTPETOLY TNV AVIXVELGT TOL YOVIOIOV
otOyov og mocoTTEG OAK0D Paktnprakod DNA 1pg — 10fg (Osorio et al., 2000). Opwg
HEXPL oNUEPO, Ol TOPATave HEBodOL Exovv eQaprooTtel LOVo o KaBapEg KOAMEPYELES
Boktnpiov. Zmv topovoo perétn dei&ape 0T, edwkd yuo o L. anguillarum, ivan dvvartn
1 TOVTOYPOVN AVIXVELGT KO TAVTOTTOINGT TOV PaKTNPiov G HOAVGUEVOVG 1GTOVG, YMPIg
TV aVAYKN Yo OmOpOVeOot Tov oe kaboapn kaAiépyswo. Emopévmg, o ypodvog mov
amotteiTon yio ) 01dyveon e TpocPoAng oG EKTPOPNS YapltdV amd To BakTplo avtd
cuvtopeveTal o€ Myodtepo and pio nuépa. O emdUEVOG GTOYOG TNG EPEVVNTIKNG OUAONG
elval o €heyyog G OLVOTOTNTOG OVIXVELONG KOU TAVTOMOINONG Kol T®V ALV dV0
naboyovav Baktmpiov angvbeiog 6 LOAVGUEVOVS IGTOVG WAPLDV.
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MNPOONTIKEX EKTPO®HX TOY AXINOY Paracentrotus lividus
(LAMARCK 1816) XTON EAAHNIKO XQPO XE XYNOHKEX
IHHOAYKAAAIEPI'EIAX

IT.A. TTavtalng
Mavemoto Osccariog, XyoAn Emomudv Yyeiag, Tunuo Ktnviatpicig, Epyactmpio IxBvoroyiag &
IxBvonaBoroyiog Tpwdiwy 224, T.0O. 43100 Kapditca
TnA 24410 66020, Kwnto 6974613149, E-mail: ppantazis@vet.uth.gr

IHEPIAHYH

Amo 1o 2001 éwg onpepa, depguvinke n duvatdTTo EKTPOPNG Tov aytvod P. lividus
otov EAANviKS ydpo, o€ cuVOTKEC TOAVKAAAEPYELOG.

Yno-eviiika  dropo P. lividus (Bapovg 23,94+8,51g, dSwuétpov 39,17+5,45mm)
SratnpnOnkav yio 123 pépeg oe cvotua extporg (long-line) pvdidv Mytilus galloprovincialis
(Lamarck 1797). Iapd v éAdetym yopfynong TeXvnTiG TPOeNS, Ol o voi dlaThHpnooy TO OAKO
oG Bhpog kat mapovsiocay yaunin Bvnowodtta (5%). Ocov agopd v drabpentiky cvoTAo
TOV Yovadwv, tapatnpiinke ueioon (6%) tov tpoteivadv kat pikpn avénon tov Ainovg (1,3%)
Kot Tov vdatavipakev (2,25%) mov mbavov vo opeiletar 6T TOPOLGIN OPYAVIKNG VANG Kot
eutonhayktod / {womhoyktoh mov guvoncay TNV avamtuln £8paimv opyovicumy ota Kolddia
STNPNONE TOV AYIVDV.

H Swmpnon vmo-evniikov (Soapétpov <40mm) kot evniikov (Stapétpov>40mm)
atopwv P. lividus og mepiBaiiov TAotdv tyfvokhmpdv yio ypovikd didotnua 3 unvav, avidelée
TNV TPOGUPUOCTIKOTNTO TOV AYIVOV GTI GLVONKEG EKTPOPNG EVPVOA®Y Yapldv otov EAANviKS
YOpo. XTg ouvvinikeg ovtég ol oaywol KataviAmoov yopig TPOPANUA, TPOQEC OV
YPNOOTOLOVVTOL Y10 TIV SOTPOPT] EVPVLOADV YOPLDV KOl 0HENGAV TO OAKO TOVG PApog Kot To
Bapog g yovadag tovg. Xaunin Bvnodmra (1-1.5%) napovciocav pdvo ta dropo aytvod o
SdatnpnOnkav ce TAnpn acttio (udptopeg). Emiong Pertiddnke kor to ypdUo TV yovadwv
(77%-100%).

Q¢ ek 100TOL, 0 aywog P. lividus gvdokiuel oe cvuvOfkeg molvkoAépyetog (uodia /
gVPLOAO Yapla) Kou givol o B0 VO GUVEIGQEPEL GTNV OELPOPIO. TOV VOATOKUAAEPYNTIK®DV
OLGTNUATOV, LEGH CLCTNUATMOV TOAVKAAMEPYELNG.

CULTURE PERSPECTIVES OF THE SEA URCHIN
PARACENTROTUS LIVIDUS (LAMARCK 1816) IN GREECE IN A
POLYCULTURE ENVIRONMENT

P.A. Pantazis
University of Thessaly, School of Health Sciences, Department of Veterinary Sciences, Laboratory of
Ichthyology & Fish Diseases, 224 Trikalon str, P.O.Box 199, Gr-43100, Karditsa, GREECE.
Tel +30 24410 66020, Mob +30 6974613149, E-mail: ppantazis@vet.uth.gr

ABSTRACT

Since 2001, the culture potential of the sea urchin P. lividus in polyculture systems, has
been investigated in Greek territorial waters.
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Sub-adults P. lividus (weight 23,94+8,51g, diameter 39,17+5,45mm) have been retained
for 123 days, in a mussel (Mytilus galloprovincialis Lamarck 1797) long-line rearing system.
Despite the lack of artificial diet, sea urchins kept their total weight unchanged and experienced
low mortality rates (5%). Gonads have lost 6% of their protein content, while a small increase has
been observed in their lipid (1,3%) and carbohydrate (2,25%) content. These findings can be
attributed to the presence of water organic matter and phyto- / zoo-plankton which supported the
development of sedentary organisms in the suspended sea-urchin baskets.

Sub-adults (diam <40mm) and adults (diam>40mm) P. lividus have been retained for a
three-month period in finfish cages. Sea urchins have consumed well finfish pellets and increased
their total weight and gonad weight. Low mortalities (1-1.5%) have been observed in the sea
urchins of the control treatment (starved), while the gonad colour of all treatments has been
improved (77%-100%).

It is therefore obvious that the sea urchin P. lividus lives well in poly-culture systems
(mussels, finfish) and can contribute substantially to the development of sustainable aquaculture
systems.

EIZAT'QI'H

Tnv tehevtaia 20etion 0 edmdipog ayvoc Paracentrotus lividus (Lamarck 1816)
€XEL OMOOTAGEL TO EVOLOPEPOV LECOYEIKMY KOl SVTIKO-EVPOTAIK®Y AddV KaOdS Kot
KOTolk@V NG POPELO-0PPIKOVIKNIG NTEiPOL oL dtaflovv otV Tapdiia OV TS VOTLOG
Mecoyeiov. (Sellem et al. 2000).

O aywog awtdc anavtdtal oxeddv e OAN TV eAAnvik) mopaio {dvn (Popeto-
dutiko Iovio émg Popeto-avatolkd Kaprabio mérayog (Pancucci-Papadopoulou 1996).
v EAAGda 1 dddun Ko eumoptkr] a&iol Tov oytvoy S10popOTOLEITAL AVAAOYQL LE TNV
vewypapiky mepoyn. Ot aywvol elvar Wwitepa mepilnmror oty Kpnm kot ta
Amdekavnoa kot 11itepo Kotd TOVg KOAOKOPVOHS Hveg Omov Kol aoKelTol 101aiTepT
OAELTIKN TEST, OTOLG VIOMIOVG TANBVOUOVE TOL oyvoD Ol OToiol KOl OTASIOKA
peltovovtat. Q¢ €K TOLTOL M AVAYKN YIo. KAOETOTOMUEVN EKTPOPT TOV €ld0VG YiveTI
HEPOL LE TNV UEPQL TTLO ETITOKTIKN.

H mopovoa epyoacio meprypdeet mpdoeatec mpoomdbeleg mov &ywvav GTovV
EAXANviko ydpo yio v diepedvnon eKTpoPng ayvod G€ GLVONKEG TOAVKUAMEPYELOG
(mMlwtoi rybvokhmpPoi — Mot poudokaiiiépyeta Tomov long-line).

YAIKA & MEGOAOI
IMolvkalépyelo 6g AT pudokarhépyeto Tomov long-line

[Mevivta éEn vro-evipliko. dropo P. lividus (Bapovg 23,94+8,51g, dwpétpov
39,1745,45mm) datnpndnkov yio 123 pépeg oe ovomua ektpoeng (long-line) pvdidv
Mytilus galloprovincialis (Lamarck 1797). Ta dtopuo owtd  SlOUOPACTNKOY
Toyoonompéva o Kohdba (45cmX30cmX20cm) 1o omoia avapthdnkav peta&d tov
approblOv ™ TA®TNG pudokoAALEpYELag og BdBog 2-3m amd v empdvela Kot 6-7m ond
tov Tolpéva. Agv Eyve mapoyn TPoens kab’OAn TV SLUPKELD TOV TEPAUATOG EVD EYIVOV
KOl TEGGEPELS OEIYHOTOANYiEG OOV KOTOUETPNONKAY TO GCOUOTOUETPIKE OTOLEID TOV
aywwav. Ot  QUOIKOYMMWKEG  TOPAUETPOL  TOL  vePOD  KOTOUETpNONKav o  dVO
YOPOKTNPIOTIKG onueic. TG TA®TNG HudokaAMEPYeElng kot pe  ueboddovg Ommg
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neptypdooviar oto APHA (1995). Zto idwo onueio. éywve kot mpocdloptopuds g
BoAdtnTog TOL VvEPOL e Oioko Secchi. 'Eywve mowoTikn Kot TOGOTIKY avOAvoM
eutomlayktov kabamc kot pétpnon g Chl-a og tpia yapaxtmpiotikd onueio e TA®TAG
HLOOKOAMEPYEWNG. ZTNV 0Py KOl GTO TEAOG TOL TEPAUATOS EYVE TPOGOIOPICUOS TNG
dwatpoeikng o&iag tov yovadov (AOAC 2000) kabd¢ Kot TPOoSOPIGUOE TOV
yovadoowpatikov deiktn GSI =(Bapog yovadag loikd Bapoc cmdpatog)X100 (Lawrence
et al. 1965).

HolvkarMépyerla 6€ TAMTOVS LY BvoKA®POVG

Awakooto capdvto evihika (Soapétpov>40mm) kot ved-evihika (Sropétpov 10-
40mm) dropo aywvov daympiomKoy o 600 Pacikég opdadeg pe Pdon v SGUeETpo ToVg
(Grosjean et al. 1998). Kd&fe opdda yopiotnke oe 600 VIO-OUAdEG, TNV OUGOW
‘daTpopng’ kat Tov ‘pdptopa’. Askamévte dtopa omd kdbe vo-opddn BavoatmdnKav pe
oKOTO TNV eKTiunon yovadtkod Pdapovg kat yovadocopotikov deiktn (GSI). Ta droua
Tov  tecoqpov  vrd-opddwv  (ITivakag 1)  toyowomombnkav oe  Kohdbwo
(0.5mx0.5mx0.3m) ta. omoia kKot avoapthdnkay oe Paboc 3M kdtw and Tovg dLAdPOUOVG
TV yBvokiwPov. H TEUKV(')TTB’EOL tomobénong ota kokddio fyrav mepinov 1,5kg.m ~ yu
To VEo-eviAika kot 2,5kg.m™ yuo ta evilika dropo. Ta koddbio tomobenOnkav otig
TE6GEPELG YWViES TNG ovototyiog 1ybvokAwPBov (Bopeloavatoiiky -18m cuvoikd Bdaboc,
Boperodvtikn-10m cuvolikd Babog, votioavatorikn -30mM cuvorkd Babog, voTioduTikn -
30m ovvohkd Pabog). Ta vmoPpvylo emkpoTobvio PedUATO GTNV TEPLOYN Eiyav
katevBuvon BA -> NA, n mokvomta eKTPOPNG TOV EVPVOA®Y YopldV NTaV TEPITOV
15kg.m ka1 1 cuvoriky etfiola mapaywyr 500 Tévor.

To dropa t@v opddwv ‘datpoens’ etpaenkav kaBoAn tnv Oldpkeld TOL
TEWPAPATOS HE BLOTPOPT] €VPVLOAMY YapudY OlUETPOL 3MM Kot pe TV €ENG
dwzpoeikn a&ia : OA 45%, OAO 12%, 10 2,5%, Téppa 8%, ENEO 24,5%, Yypocio
8%. To eminedo Swtpophc frav mepimov 4.0g0 Z.Bmuepnoiog (Fernandez &
Caltagirone, 1994). Ta dtopa TV opadmv ‘uaptupog’ Tapéuevay o€ aottio KaBOAn v
ddpketa Tov mepapatog (1 Iovviov — 30 Avyovotov).

duokoymukés kol PloAoyikéG TAPAUETPOL TOV VEPOD TPOGOOPICTNKOY GE VO
onueia ¢ ovotolyiog tybvokioPov (Bopeloavatorkry yovia-BAI' kot fopetodvtiky
yovia-BAT) og BaBog 2-3m oamd v empdveia Kot pe peddd0vg mapOUOLES e OVTEG TOL
YPNOOTOmONKaV 6TO TEPOUA TG TAMTNG LVIOKOAAEPYELNG KOl OTMG TEPTYPAPOVTOL
TOPOKATO Y10 PUTOTAAYKTOV Kol YADPOPOAAN.

[Tivaxag 1. Iepapatikés opdades otoug 1yvokAmBois Kot COUATOUETPIKA YOPAKTNPLOTIKE TOVG *

Opadseg Awgpetpog (Mmm) Nono papog (g) | Bapog yovadag(q) GSI (%)
EAA'! 43.37% (+ 3.49)** | 38.45" (+ 11.67) 0.49" (x0.33) 1.41° (+ 1.18)
EAT ° 44.19° (+ 3.16) 40.40° (£ 2.46) 0.89° (+ 0.48) 2.22° (+ 1.19)
EMA°’ 42.83% (+ 3.49) 39.50° (£ 9.8) 0.48" (£0.24) 1.31° (x0.81)
EMT* 42.97° (+ 3.48) 36.74° (+ 3.86) 0.34° (x0.22) 0.96° (£ 0.64)

YIIEAA® 34.89" (+2.89) 19.78° (+3.57) 1.66° (£0.29) 8.75" (+2.50)
YTIEAT ° 35.13° (+3.43) 22.45% (+4.55) 1.98" (+0.45) 9.11% (+2.78)
YIIEMA ’ 34.18" (+3.37) 19.90° (+2.94) 1.66° (£0.32) 8.61" (+2.45)
YTIEMT ® 34.50° (+2.70) 17.97" (+2.78) 1.25" (+0.31) 7.19° (+1.99)
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1. Evijlika “Otatpo@ng’ ot apyr tov epauatog 2. Evijlka ‘dtatpopng’ 6to TEA0g TOV TEPAOTOS

3. Evilka “pdptopag’ oty apyn tov nepapatog 4. Eviiikae ‘péptopog’ 6to TEA0G TOV TEPAIUTOS

5. Yro-gvidika “‘Srotpoenc’ otnv opyn 6. Yro-evidika ‘dtotpo@nc’ 6To TEAOG TOV TELPALLUTOC

7. Yro-gviihika ‘paptopog’ oty opyn 8. Yrod-evilika ‘paptupag’ 610 TEAOG TOL TEIPAUATOS

* Appoi oty 010 oTAN Kot pe Tov id10 kBT dev givan otatiotikd onpavtikd dtapopetikoi (P> 0.05)
** ApiBpol oty mapévheon deiyvouv tnv Tvmkn Andxkion / n = 60 ektdg yio Bapog Tovadag kar GSI
omov N = 15 otV apyn Tov TEPAPATOg Kot N = 45 6To TEA0G TOV TEPANATOC.

Avdivon QutoThaykTov Ko pETPN SN YAOPOPOAING

o v mocotikn avaivon ELTOTANYKTOV T OelyloTo GTEPEOTOMONKAY OF
dtddvpo Lugol ko mapatnpnOnkav oe oaviotpopo pikpookomo ZEISS petd omd
kabilnon oe OaAidpovg Kolkwitz 25ml yw 24 hrs. T v mowotikr] avdAivon
eutomlayktov tomobemOnkav 250 ml tov cviieybévtog deiypatoc vepov oe Bpentikd
vAkd Walne (1966). Ot yAwpo@VAAN Kot 01 GALEG YPMOTIKEG TPOGAIOPIOTIKAY UE TNV
1EB0d0 TG aKETOVIG OTTmG TEpLypapeTol amd tovg Parsons et al. (1984) kot yio Adyovg
oOyKplong ekTunONKay VIOAOYIoTIKA Ko pe GAleg pebodovg (Jeffrey & Humphrey
1975; Holm-Hansen et al., 1965; Lorenzen 1967; UNESCO 1966).

2TOTIGTIKI] OVAAVOT

INo v otatiotikn avdivon tov dedopévav ypnoiponombnke 1o makéto SPSS
kot 10 t-test ot mepinmtwon tov TMEWPAUATOG GTNV TAMTH HUSOKOAALEPYELN, EVO GTN
TEPIMTOON TOL TEWPAUATOS GTOVS TAMTOVG Y BLvOKA®PBOVG ypnowomomnkay ta T€0T
Student-Newman-Keuls kot Tukey-HSD.

AIIOTEAEXMATA & YXYZHTHXH
Molvkalépyela o Aot pudokarhépysio Tomov long-line

Ta enineda o&uyodvov oto Bdbog Tv Kaiabiwv ftav 6,7-7,0ppm. H Beppokpacio
VEPOL GTNV TMEPAUATIKY TEPLOYN Kol 6T0 PAB0g TV KoAabidv, peidOnke otadlakd omd
tovg 22,5°C otovg 12°C. Ev tobtoic Ta Bapn Tov oyvdv Kot TV Yovadmv Toug oxt pdvo
mopEpevoy otafepd aAAd €01V Kal (o ovodtkn TAon Tov Oumg oev allohoynonke
otototikd ®¢ onuoviiky (Tlivakog 2), evd n Bvnodtto mov mapatnpninke NTov
xopmAn (5%).

[Tivaxog 2. EEEMEN COUOTOUETPIKAV YOPAKTNPLOTIKAOV GTIG OLADES TNG TAMTNHG LVOOKAAMEPYELNG
Huépa Atdpetpog (mm) | Olwd Bapog (g) | Bapogl'ovadag(g) | Tovad/tkog deiktng (GSI)

D-0 40,44+3,09a * 25,54+6,73a 1,29+0,76a 5,41+3,88a
D-123 38,92+2,61a 25,01+4,30a 3,07+1,23a 12,50+5,98a

* Ap1Bpoi oty id1a othAn Kot pe Tov {810 deiktn dev givar otatiotikd onuavtikd drapopetikoi (P> 0.05)

H oyoywomta tov vepod wopdvOnke petagd 48.900-49.000 uS.Cm'l
(6100c25°C) 1 ohknp okAnpoTTe petald  380-390°%dH, n Swwdvewr Tov  vepod
Swatnpndnke oe koA emineda (diokog Secchi 4,5-6,3m), ta vitpucd < 2,0 mg.L ™" evod n
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appovia kat o vitpddn frov <0.03 mg.L™. O Adyoc N/P >5,0 kon ot tipéc e Chl-a
Swakopdvonkav  petafd 0,035k 0,35 pg. L. It guromhayktoviky  Bopdla
emkpatovoav ta ddtopa (80%) oe oyéon pe ta dvopoukn (20%). H otabepdra tov
yovado- / copotikod Bdapovg (mopd v peimon m™¢ Oeppokpocioc) kat 1n VYNnAR
emPioon Tov TANOLGUOD TOV AYIVOV KOTASEIKVOOLV OTL dEV EMNPEACTNKAY OPVITIKA
Ao T0 OAYOTPOPIKO / HecoTpoPikod mepIPariov g podokaAliépyetog. H avdAivon g
obdpkoc tov yovadwv (ITivakag 3) otnv apyn kol 6to TEAOG TOV TEPApaToc £0€1e ial
ntdon (katd 6%) tng TpwTEivikig Tovg cvoTacng kat pia pikpn avénon (katd 1,3%) tov
Mmovg kot tov véat/Opdkwv (katd 2,5%) mov mbavov vo oeesiletol ot TOpOLGio
OPYOVIKNAG VANG Kot puTOTAyKToV / {®OomAaoyKTov Tov gvvonoay v avamtuén edpainv
OPYOVIGUAOV GTO KOAGO10 S10TPNONS TOV OYIVAOV.

AwBpentikn a&io yovaoov D-0 D-123
&npn ovoia 21,5 22
MpoTsiveg 56,28 50
Awopad 10,7 12
YdatavOpakeg 12,51 14,76
Téppa 20,47 23,2
gvépyewo, Kcal/100g 371,63 385

Mivakag 3. AwBpentikny ofio yovadwv otnv apyl Kot 10 TEAOG TOL TEPAPOTOS OTNV TAOTN
pudokaAAépyela

HolvkarMEPYELD 6€ TAMTOVS LY BVvOKA®POVG

H Beppokpacio vepod omnv mEPAPATIK TEPLOYN Kol 610 PABoc TV Kalabidv,
eEeliyOnke o¢ e&nc: Tovviog 20.5°C, TovAtog 23.5°C, Avyovotoc 25°C. H ayoyuotnta
OV vEPOD KupavOnKke petafd 62.200-62.250 uS.cm™ (otovc25°C)m ohikh orkAnpdTToL
pnetakd 392-395°dH, o vitpucd petath 2,81-2,92 mg.L™ evd 1 oppovia kot o vitpddn
fitav <0.02 mg.L™. O Mivokag 4 ometcovilel TV TOWOTIKY KOl TOGOTIKH eKTipmon
QLTOTAQYKTOV oto. onueia  detypatoAnyiog eved o Ilivakog 5 amewoviler v

OLYKEVTPMOOT YAMPOPOAANG KO AAAWDV YPOOTIKOV GTA OTUELN OELYLATOAN YOG,

IMivaxag 4. TTooTikn Kot 1060TIKY 0vEAVOT QUTOTANYKTOV 6T0. onueio derypatoinyiog (N=2).

BAT' BAT
Tovolkéc apiOudc kurtapov. L * 1,493,154 (100) 2,122,407 (100)
Tetraselmis spp. 320,616 (21.5) 668,009 (31.5)
AXa. Chlorophyta and Chlorella spp. 659,553 (44.2) 1,107,711 (52.2)
Cyanophyta 73,284 (4.9) 101,470 (4,8)
Diatoms 27,481 (1.8) 8,456 (0.4)
Dinoflagellates 27,481 (1.8) 42,279 (2.0)
Mn mpocdiopicBévia 384,739 (25.8) 194,484 (9.2)
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* ITocootd og Tapévheon

Agv mopatnpnOnkav Bvnopndtteg otig opddes ‘daTpopns’ evad n Bvnootnta
oTIg opadeg ‘paptopag’ Nrav pikpés (1-1.5%) cvykpirikd pe avtég mov £xovv avapepbei
oe mponyovueveg avtiotoyeg nepurtdoelg (Grosjean et al. 1998; Kelly et al. 1998). H
SAPETPOG TOV ayvedV OA®V TV Lrd-opddwv dev dira&e (IMivaxog 1). Ev tovtoig
TopatnPRONKaY 6TaTIoTIKA onuavtikés dtapopés ota e&ng (IMivaxag 1): o) 6Aeg ot V-
opGdec ‘draTpoeng’ Tpav Papog evd ot avticTtoryeg Tov ‘puaptupa’ Exacav Bapoc B) to
yovadwko Bépoc OA®V TV VIto-opddwv ‘daTpoPns’ avénbnke, evd to yovadtkd Papog
OA®V TV VTO-0UAd®V “‘UapTUPA’ HELOONKE V) EKTOC TV OUAS®V TOV VITO-EVNAIK®YV, Ol
yovado-cmpotikoi deikteg (GSI) OAwv TV vrd-opddwv ‘udptopa’ avEROnkay pueypt T
Mén Tov mepdpatog.

[Tivaxog 5. Zuykevtpdoelg YAOPOPOAANG Kal GAL®DY YPOCTIKMY GTO CNUEIN SEIYLOTOANYIOG

Asgiypa XAmpoovrres -Chl pg I Ratio Xpoortucéc ug 1™
A B v (yit+y2) Chl-a:p Kapotevosidn Pheophytin-a

BAD 0.0731 0.0921 0.109* 0.79:11 -0.03! -
0.00° - - - - 0.132
0.082°3 0.0633 0.360° 1:1.3°3 0.03°% 0.033
0.082* 0.054 4 0.348*¢ 1:154 - -

BAT 0.7641 0.4931 1.0771 1.55:11 -0.131 -
0.6702 - - - - 0.202
0.745°3 0.589 3 2.273°3 1.26:1°3 0.23°% 0.23°
0.730* 0.563* 2.639¢ 1.30:1 4 - -

! Jeffrey & Humphrey, 1975 ?Holm-Hansen et al., 1965 Lorenzen, 1967 * Parsons & Strickland, 1968
* UNESCO, 1966

H otacipdmra g dopétpov o OAeg TIG VITO-OUAOEG NTOV OVOLEVOLEVT] AOY®
NG TEPLOPIGUEVNC YPOVIKNG EKTOONG TOV TEWPAUATOS KOl TOPE TNV DYNAN TPOTEIVIKN
KOl EVEPYELOKT CVGTACN TNG TPOPNG TOL OH®G EVVONGE TNV avENOT TV Yovadmv. Ola
ovtd emPBePordvouy Kot GUUEMOVOVV LE TAANOTEPO TEIPAUATIKE dEGOUEVA Y10 TO 100G
(Fernandez & Boudouresque 2000, Pantazis et al. 2000). Ot evpebeices TyéG app@viag,
VITPOODV KO VITPIK®OV NTOV OO YOUNAOTEPES amd Ta Oplol ACPUAELNG Yo TO €100G
(Basuyaux & Mathieu 1999). H avénuévn eurtomhayktovikn PBropdlo (Iivaxag 4), o
Aoyoc N/P =1.97-5.15, aAld kor ot owénuéveg ovykevipwoelg pheophytin-a (=évtovn
{momAayKTOVIKT] dpAcT)) KATAOEIKVOOVV Li0 HECOTPOPIKY KOTAGTOCT OTN TEPLOYN LE
EVKOPLOKES OVENUEVEG GUYKEVIPADGELS VITPIKAOV 10OVIOV Kol TOavEG emoylokés eEAPTELS
Cyanophyta. Q¢ ek tovtov €ivor TOAVH M ETOYLOKT EULPAVIOT) EVTPOPIKDOV PAUVOLEVOV
OTN MEPLOYN OE GLVOLOGUO UE TNV EUPAVION OvOEIKOD 1NHATOG Ko £KAvom vopobeiov
kot pebaviov. Ev tovtoig, Aoy g avénuévng Propdalag eutonloyktév-{momAayktdv, ot
edpaiot opyavicpoi mov avamtuyOnkav oto KoAdbw tov ayivov givor mbovov va
ouvéBorav (®¢ STpoekd vVTOGTPOUE) TNV YapnAn Bvnolotto TV VIo-oUddmV
‘naptopa’.
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YXYMIIEPAXMATA

O1 melpapatikoi mAnBvopoi tov P. Lividus katédei&av 0Tt To VITO-EVAALKO Kot TO.
EVIAIKOL dTopa TOL €100VG, €xovv TNV duvaTdTTa £YKAMUATIGHOD oTa TeptPaAlovta
EKTPOPNG EVPVOA®Y YOPIDV KOl HUOIDV GE TAMTEG EYKATOOTACELS otV BdAacca ympig
ApVNTIKEG EMMTAOGCELG otV emPinon kKot avénon tove. Enl mAéov n avdmtuén edpaionv
OPYOVIGUAV OTIC KOTOOKEVEG EKTPOPNG AOY® TOL UECOTPOPIKOD KO EVKOUPLOKE
EVTPOPIKOV TEPPAAAOVTOC €KTPOPNG OTIS €AANVIKEG ovvOnkeg, eival dvvatdv vo
oeeMoeL TNV eMPiOon TOV ayvav AOY® YPNCLUOTOINCNS TOV E3PUiMV OPYOVIGUAOV ®G
SLTPOPIKOV VITOGTPDOOTOS TOV CYLVAV.

160



BIBAIOT'PA®IA

AOAC (Association of Official Analytical Chemists) (2000). Official Methods of Analysis, Association of
Official Analytical Chemists, Inc., Arlington, Virginia, USA, 17th Edition, 1300p.

APHA (American Public Health Association) 1995. Standard Methods for Examination of Water and
Wastewater, 20th ed., AWWA, WEF, Washington, D.C.

Basuyaux O., M. Mathieu, (1999). Inorganic nitrogen and its effect on growth of the abalone Haliotis
tuberculata (Linnaeus) and the sea urchin Paracentrotus lividus (Lamarck). Aquaculture 174 (1-
2): 95-107.

Fernandez C, A. Caltagirone, (1994). Growth rate of adult sea urchins Paracentrotus lividus in a lagoon
environment: the effect of different diet types. Pp. 655-660. In: David B, Guille A, Feral JP, Roux
M (eds). Echinoderms through Time. Balkema, Rotterdam.

Fernandez C., C.F. Boudouresque, (2000). Nutrition of the sea urchin Paracentrotus lividus
(Echinodermata : Echinoidea) fed different artificial food. Mar. Ecol. Prog. Ser 204: 131-141.

Grosjean P., C. Spirlet, P. Gosselin, D. Vaitilingon, M. Jangoux, (1998). Land-based, closed-cycle
echiniculture of Paracentrotus lividus (Lamarck) (Echinoidea: Echinodermata): a long-term
experiment at a pilot scale. Journal of Shellfish Research 17(5): 1523-1531.

Jeffrey S.W., G.F. Humphrey, (1975). New spectrophotometric equations for determining chlorophylls a,
b, c1 and c2 in higher plants, algae and natural phytoplankton. Biochemie und Physiologie der
Pflanzen 167: 191-194.

Holm-Hansen O., C.J. Lorenzen, R.W. Holmes, J.D.H. Strickland, (1965). Fluorometric determination of
Chlorophyll. Journal du Conseil Permanent International Pour L’Exploration de la Mer 30(1): 3-
15.

Kelly M.S., C.C. Brodie, J.D. McKenzie, (1998). Somatic and gonadal growth of the sea urchin
Psammechinus miliaris (Gmelin) maintained in polyculture with the Atlantic salmon. Journal of
Shellfish Research 17 (5): 1557-1562

Lawrence, J. M., A. L. Lawrence, N. D. Holland, (1965). Annual cycle in the size of the gut of the purple
sea urchins Strongylocentrotus purpuratus (Stimpson). Nature 205 (4977):1238-1239.

Lorenzen C.J., (1967). Determination of Chlorophyll and Phaeopigments : Spectrophotometric Equations.
Limnology and Oceanography, 12: 343-346.

Pancucci-Papadopoulou M.A., (1996). The echinodermata of Greece. Hellenic Zoological Society, Athens,
Greece. p162

Pantazis P., M.S. Kelly, J.G. Connoly, K.D. Black, (2000). The effect of artificial diets on growth, lipid
utilisation and gonad biochemistry of the Adult Sea Urchin Psammechinus miliaris (Gmelin). J.
Shellfish Res. 19 (2): 995-1001.

Parsons T.R., Y. Maita, C.M. Lalli, (1984). A manual of chemical and biological methods for seawater
analysis. Pergamon Press Ltd., Oxford, England, p173

Sellem F., H. Langar, D. Pesando, (2000). Age et croissance de I’oursin Paracentrotus lividus Lamarck,
1816 (Echinodermata-Echinoidea) dans le golfe de Tunis (Méditerranée). Oceanologica Acta 23
(5) : 607-613.

UNESCO (1966) Determinations of photosynthetic pigments in seawater. Rep. SCOR/UNESCO WG 17,
UNESCO Monogr. Oceanogr. Methodol., 1, Paris.

161



BIOLOGICAL AND ECONOMIC OVERFISHING FOR
POPULATION MODELS

Leonidas A. Petrakis
Perdikari 20, 50100, Kozani, Greece e-mail: leonidas_petrakis@hotmail.com

ABSTRACT.

During the last decades models have been created to achieve the description and the representation of
phenomena and biological populations. These models are often a mathematical equation or a system of
mathematical equations which connects the unknown or the wanted variable or function with the known
quantities. This article deals with the modeling of fish populations and examines analytically some
interesting aspects of harvesting in such a population. It also gives a direct link between harvesting and
finance and in addition looks at the numerical approach of the whole problem for a more complete and
spherical view.

BIOAOI'TKH KAI OIKONOMIKH YIIEPAAIEYXH
I'TA TIAHOYXMIAKA MONTEAA

Aewvidag A. Ietpdxng
Iepdwcapn 20, 50100, KoLavn EALGg e-mail: leonidas_petrakis@hotmail.com

NMEPIAHYH

21 S1GpKeln TOV TEAELTAL®MV OEKOETIMV HOVTEAD £XOLV OvVOTTUYOEl e GTOYO TNV TEPLYPAPN KOl TNV
avomapdoTacT TOV GUCIKAOV QAVOUEVOV Kol TOV Plodoyikdv mAnbucumv. Avtd ta poviéda cuyva givol
padnuatikés elomoelg 1 €va cdomnue panpotikdv eElo®oe®Y OV GLUVOLOLY TNV AYVEOOTN N N
{nrovuevn petafint 1 Aettovpyia e YVoOOTEG TOcOTNTEC. AVTH 1 €pYACi TAPOLSLALEL £va LOVTELO TV
minfoopdv Tov yapldv kol eEetdlel avaALTIKE LEPIKES EVOLAPEPOVGES TTVYES TNG OALELNG OVTAV TOV
mmBvoucdv. Alvel emiong o Gueomn oyéon ovdapecsa oty oAleio kot TNV owkowvopio kot exitpdodeta
€lo€pyeTal ota apliunTiKd ded0UEVO TOL OAOV TTPOPANLOTOG Y10 [0, TAEOV OAOKATPMUEVT] KOl GQOLPIKT

amoyn.

1. Introduction

A population is a group of organisms of the same species (fishes in this case) that live in
a particular area. The number of organisms in a population changes over time because of
births, deaths, emigration, immigration and some outside factors. Of course, births and
immigration for example increase the size of the population, on the other hand deaths and
emigration for example decrease its size. The increase in the number of organisms in a
population is mentioned as population growth. There are factors that can help populations
grow and others than can slow down populations from growing. Factors that limit
population growth are called limiting factors.

A model is simply a system of organisms, information or things presented as a
mathematical description of an entity.

Thus Population Models are approximations of reality described by mathematical
formulae (differential equations for example) or computer programs and packages.
Population Models are usually created and developed to predict the behaviour of
ecological systems and biological populations. As it can be observed Population Models
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can be very useful and interesting, because they “represent” reality and some specific
data and because they are capable, in many occasions, to give accurate and precise
estimates that can help human mind to predict the future of a population and to compare
the results gained with similar results from other models or from different populations.

2. Harvesting in Population Models

Let N be a measure of the population. In the total absence of harvesting it increases at a

rate Z—T:F(N,t) (2.1)

The simplest population model is given by F =rN (2.2)

where r is a constant that represents the net growth rate per unit of population. The
solution of this simple model is N(t)=N" (2.3)

which is clearly unrealistic and not precise, because the fish population grows
exponentially and very fast without bound. This uncontrolled increase causes
overcrowding at the population and creates problems of course. Equation (2.1) is better
known as the Malthusian Law of population growth. If we change a little this equation
and add a competition term (proportional to N ) then

N'=(a-bN)N =aN —bN? (2.4)
which is known as the Logistic equation.
2.1 The Logistic Equation

Let us suppose that x(t) denotes the size of a biological population at time t and x'(t)
denotes the increase in the population. The carrying capacity K of the biological
environment is the maximum population that the environment can stand. If the
population equals this carrying capacity then the deaths among the population become
more than the births and the population can not grow any more. Let us suppose that a is
the (positive) birth rate, which is not dependent of N and b is the (positive) crowding
coefficient which depends on the carrying capacity of the population. So we can rewrite

equation (2.4) as x'(t) = a(l - %) X(t) (2.5)

where i:b.
K

2.2 Properties of the Logistic equation

Equation (2.5) has equilibrium points when x'(t)=0, that is when x'=0 and x' =K.
Thus if 0<x<K gives x'>0 and if x> K gives x' <0. Therefore it is observed that
the point x'=0 is unstable since any positive initial population will increase
monotonically and try to reach x=K. On the other hand, the point x'=K is
asymptotically stable since if there is a small displacement from the point, the population
will tend again towards it.
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2.3 Harvesting

The removal of a constant number of individuals from a population during each time
period is known as harvesting (or fishing). Harvesting has a strong impact on the
dynamic progress of an ecological population subjected to it. Harvesting, of course
depends on the crop and the methods of harvesting vary from occasion to occasion.
Harvesting, most of the times, results to supply food for humanity as well as to help
populations of organisms to become more healthy and stable [7].

The logistic equation as it was mentioned has the form x' = rx(l—%j (2.6)

where r is the intrinsic growth rate, K is the environmental carrying capacity, x is the
population of organisms and X' is the growth in this population. But as we know the
biological populations are usually disturbed by a lot of factors and one of these factors is
harvesting as well. Harvesting can have either a constant rate or a rate proportional to the
population size [5].

Now let us assume that a population described by the equation (2.6) is subjected

to harvesting at a rate h(t). Then x'(t)= rx(l—%j— h(t) (2.7)

2.4 Harvesting Rate Proportional to the Population Size
If h(t)=Ex, that means that when the harvesting rate is proportional to the population

(where E is the harvesting effort) then x'(t)=rx (1—%]— Ex (2.8)

It is very important to examine and find the maximum sustainable yield, which
means to find the value of the yield (of harvesting) for which (2.8) has an equilibrium
point (steady state) but at the same time the yield gets its larger value. That means that

the optimal harvesting effort is E™ = (%j r (2.9)

which means that the optimal harvesting effort is equal to half of the births in the

population. Thus the corresponding optimal population is X = (%) K (2.10)

Thus the corresponding maximum sustainable yield is h" =E' X" = G) Kr

2.5 Time Periodic Logistic Equation

Now let us suppose that the logistic equation (2.6) has a periodic coefficient, which
means that r and K are continuous periodic functions with respect to t. Thus it is true

: X . x?
that x' = rx(l——j = X'=rx|1-— (2.11)
K K
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where 6 >0. The last equation depends on time.
2.6 Optimal Harvesting for Constant Harvesting of Time Periodic Logistic Equation
For the case of a time periodic logistic equation with harvesting it is

X' :rx(l—x?gJ—Ex = X' :(r—E)x—(ijxf’+l (2.12)

The yield now is given by the formula Y(E )= Ex;. (2.13)

where E is the harvesting effort and x. is the steady state of the population of the
species [1]. The optimal harvesting effort for equation (2.12) is known to be given by

1
E' = [ij r, which implies a maximum yield Y(E)=rK? L@ﬂ (2.14)
0+1 ==
(60+1)°
2.7 Optimal Harvesting Policy for Periodic Harvesting of Time Periodic Logistic Equation
It was stated that the yield for constant harvesting is given by the formula Y(E )= Ex; .
Now though there is periodic harvesting, so X is a periodic function and so the yield is

given by the formula Y(E )= [ Ex.dt (2.15)

We have the equation x':rx—%x“—Ex, where E,r,K are 1-periodic,

1 1 1
E,r,K>0,0>0 and J'r(t)dt>'|.E(t)dt. If now ir—lK—ZO, then the optimal
5 0 0+1 0K
. o 0 1K'
harvesting effort is given by the formula E(t)=——r—-=— (2.16)
0+1 6 K
L 1 e
and the optimal population is x; = K(t)? | ——— (2.17)
(6+1)
o o
and then the optimal yield will be Y(E) :—ﬁjo rK ?dt (2.18)
(0+1)°

3. Financial Meaning of Fishing
3.1 The Open-Access Fishery

An open-access resource is a resource in which exploration is totally uncontrolled, that
means that anyone can harvest the resource at any period of time. Land resources are
usually controlled by private or governmental associations. Marine fisheries on the other
hand are being protected and supervised by global regulations and laws. This happens in

165



order to prevent unlimited and bad quality fishing which can lead to extinction of some
populations or to making some ecological systems unstable [4].

Now let us suppose that i) p is the constant price per unit of harvested biomass,
i) Y(E) is the sustainable yield, iii) TR=pY(E) is the total sustainable revenue

resulting from the effort E, iv) TC =cE is the total cost (where fishing costs are
proportional to the effort expended and where c is the constant cost per unit of harvested
biomass).

The difference between TR and TC is the sustainable economic rent which is
given by the (fishery) resource for a given effort and is given by the formula
TR-TC = pY(E)-cE (3.1)

By equation (3.1), which is also known as Gordon’s principal result, it can seen
that fishing effort tends to an equilibrium at a level E = E. at which total revenue equals
total cost (that means that for E. the curves TR and TC cross). E., for which we have
equilibrium, is determined by

o _ rx(l—i]— Ex=0=TR-TC = pEX—-CE=0 = E=E. =r| 1-—— (3.2)

dt K pK

For the corresponding stock level of the population we get x = x. = ° (3.3)
p

If E > E. then fishing costs exceed total revenues and that means that fishing is
not profitable any more, so some fishermen seek other kind of employment, reducing the
effort E.

If E<E. then total revenues exceed fishing costs and fishing effort E will
increase since fishing is more and more profitable.

If finally E =E. then as mentioned total revenue equals total cost, which is not

that desirable because when the fishery resource produces zero rent while a lot of effort is
being consumed we see that fishing does not produce lots of benefits or the benefits that
it could produce (economic overfishing). In addition, fishing without profit can lead to
serious decrease of the biological population since the sustained yield is less than the
maximum sustainable yield (biological overfishing) [8].

3.2 A Financial Model for Fishing

The sustainable economic rent which is given by the (fishery) resource for a given
effort, when there are no costs, is TR = pY(E ) = pEX (3.4)

The sustainable economic rent which is given by the (fishery) resource for a given
effort, when there are costs, is TR—-TC = pY(E )—cE = pEx—cE

(3.5)
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From equation (3.5) when ¢ =0 we get TR—TC = pEx—0= pEX, so there is again
the case without costs. If now ¢ =0 then TR—TC = pEx—cE = E( px—c), where p,

c are constants. The logistic yield-effort equation is % = rx[l—%j —Ex

(3.6)
In this model, where costs are included, the goal is to maximize the profit, that means

maximize profit= TR — TC . Thus %:O = x[(r—%)—E}zo = X= K(l—%]

Substituting this value for x into equation (3.5) gives

2
TR-TC = pEx—Ec = TR-TC =—PKE_ L (oK —o)E
r
(3.7)
. . . . 2pK
Differentiating (3.7) gives (TR-TC)' =— E+(pK-c) (3.8)

r
Taking now (TR-TC)' =0 the value of E for which we have a maximum profit will be

found. Equation (3.8) gives —@ E+(pK-c)=0=E :%(1_;7j (3.9

It is observed that the value of E for which there is a maximum profit is different

p
of E for which profit is maximized is half of the value of E.. That means that the

maximum of TR—TC is reached before an equilibrium is reached and before revenues
equal costs [6].

from the value of E. = r(l—LKJ for which there is an equilibrium. Actually the value

In addition, a comparison can be made with the case where there is no cost at all.
As it was seen before, for the case where there is no cost, the optimal harvesting effort is

= =(i r, which for #=1 gives E’ =1r , Which is equation (2.9).
+1 2

From equation now (3.9) it is known that the harvesting effort for which there is a
maximum profit is Ezg{l—%} Taking ¢ = 0 gives E :%, which is the optimal
p

harvesting effort (E”) in the “no cost” case. Thus the two cases are quite similar and it
can be said that the case, where cost is included, is a generalization of the case without
cost. Therefore, the ideal case would be to have and maintain a harvesting effort
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E :%(1—%j for which the difference TR—TC would be positive and maximum, so
P

the profit would be the maximum possible one.

4. Numerical Approach of the Problem

4.1 Optimal Harvest Policy

The natural growth rate of a given fish population is denoted by F(x) and the rate of

harvest by h(t), that means that % =F(x)-h(t), t>0 (4.2

The harvest rate h(t) is assumed to be determined by the current size of the stock
x = X(t)and the rate of the harvesting effort E = E(t). Thatis h=Q(E,x) (4.2)

The function Q(E, x) which relates the two factors of production E and X to the
rate of production h(t), is named the production function for the given resource industry.
Let us now suppose that the price p of the harvested resource is a fixed constant and
also suppose that the cost ¢ of a unit of effort is also constant. Thus the net economic
revenue produced by an input of effort EAt is given by the formula
RAt=[ ph—cE]At =[ pQ(E,x)—cE]At (4.3)

Now let us assume that the aim of the owners of the fish populations is the
maximization of the total discounted net revenues. If 6 >0 is a constant denoting the
continuous rate of discount, this aim can be expressed as maximizing

PV = Io*weme(x,E)dt :J‘O+°°e75t[ PQ(E,x)—cE]dt (4.4)

where PV is present value. According to the assumptions made, the owners of fish
populations attempt to utilize a harvest rate h that leads to the largest possible value for
the expression in equation (4.4). Equation (4.4) depends on the population level x(t) as

well, which is related to the harvest rate. The variables x(t) and h(t) must also satisfy
the constraints x(t)>0, h(t)>0. Maximizing the expression in equation (4.4) subject to
these conditions is a problem of optimal control theory [2]. Since x' =F(x)—h(t), itis

h(t)=F(x)=x",thus PV =j0*°°e-5t[ p(F(x)—x")—cE]dt.
It is observed that the integral has the form J'OT o(t,x,x")dt

Also it is true that PV = J'om [e”( pF(x)—CE)+(—pe ™ )x]dt
Setting G(x,t)=e*( pF(x)—cE) and H(x,t)=—pe ™ then

PV = [ [G(x.1)+ H(x)xTdt = PV = [ "[G(x,t)+ H(x.t Ju]dt
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Thus there is a linear variational problem.

. X - . .
The state equation %:u or x'=u is introduced. The Hamiltonian of this

problem isHamiltonian=Ham=[G+Hu]+Au=G+(H +4A)u. According to the
maximum principle of optimal control u(t) must maximize the expression
Hamiltonian = Ham = G +( H + A )u . The switching function is o(t)=H(x,t)+ A(t)

Along the singular path o(t)=0 itistrue that o(t)=0= A(t)=—-H(x,t).

But H(x,t)=—pe™®, so A(t)= pe . The corresponding singular control u(t) can be

found as follows. Differentiate o(t)=H(x,t)+ A(t) and get d_azé_H_@
dt ot ox
But 39 g H _ G
dt ot ox

This equation establishes an implicit relationship between x and t. Any

piecewise — smooth function x (t) satisfying aa_(j = % is called a singular solution.

Itis G(x,t)=e [ pF(x)-CcE] :ﬁz pe‘5‘d—F and H =—pe™ :ﬁ: poe ™
OX dx ot
oG oH i« dF dF
So —=— e —=poe = —=85 = F(x)=0x+F 4.5
o P TP = = = F(X) (%) (4.5)

So the Euler equations lead to this equation. Assume that X" is the unique solution to
equation F(x)=0x+F(x,). Given an initial population x(0)=X,, the optimal harvest
policy may then be described simply as follows. Utilize the harvest rate h”(t) that drives
the population level x=x(t) toward x as rapidly as possible. If h__ denotes the
maximum feasible harvest rate, we then have i) if x>x then h'(t)=h_, ii) if x=x
then h'(t)=F(x"), iii) if x<x" then h'(t)=0, iv) if x(0) is at a point A (A>X"),
then maximum-rate harvesting reduces x to x", v) if x(0) is at a point B (B < x"), then
the fishery is closed (h=0) until x increasesto x .

It is very important to see that the optimal harvest policy results in an equilibrium
yield rather than in some form of “pulse fishing” whereby the stock is fished heavily and
then allowed to build up again [1].

4.2 The Effect of Discounting
It is p(x)=(p—-c)F(x), where p(x) represents the sustainable economic rent at

population level x. So d—F:5:>i[( p—c)F]=(p-c)o :%:( p—c)o (4.6)
dx dx dx
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Equation (4.6) has a very significant marginal interpretation. Let us consider the
equilibrium population level x as a decision variable. Then a very small decrease in X
(Ax =1) gives immediate net revenue (p—C)AXx=p—c

In addition, it gives a decrease in the sustained rent equal to Ap = p'(x)Ax = p'(x). The
present value of this loss of economic is given by the formula J.Ome‘&p'(x)dx:%?
X

(4.7)

Thus equation (4.6) contends that when X is optimal, the marginal immediate gain must
equal the present value of the marginal future loss. From equation (4.6) two very
interesting cases can be examined which occur for different values of 6. For 6 =0 it is
d d
true that —p:( p—c)o :>—p=0.
dx dx
This means that if 6 =0 then equation (4.6) implies the maximization of p(x). So when
future revenues are not discounted relative to current ones, the optimal harvest policy has
as a result the maximization of sustainable economic rent (or yield).

If now & — +oo itis X — +oo (assuming that j—z is bounded), where p=c(x,) (4.8)

Therefore it is true that p(x,)=[p-c(x, )]F(x, )=0= p(x_ )=0 (4.9)

So it is observed that even when an infinite discount rate is adopted the fishing
will be exploited at the same level of exploitation that would be achieved under open —
access fishery conditions. So the effect of an infinite discount rate is to set a zero value
on future revenues.

Thus it can be said that when the discount rate is equal to zero then there is a
maximization of sustainable economic rent (or yield) and when the discount rate is
infinite then there is a zero value for the future revenues [3].

170



REFERENCES

[1] Luis H. R. Alvarez, Optimal Harvesting Under Stochastic Fluctuations And Critical Depensation,
Mathematical Biosciences 152 (pages 63-85), 1998.

[2] Luis H. R. Alvarez and Mats Gyllenberg and Larry A. Shepp, Optimal Harvesting In The Presence Of
Density—Dependent Extinction Probabilities, Turku Centre For Computer Science/TUCS Technical Report
No 431, 2001.

[3] Leonard David Berkovitz, Optimal Control Theory, Springer-Verlag, 1974.

[4] Carlos A. Braumann, Variable Effort Fishing Models In Random Environments, Mathematical
Biosciences 156 (pages 1-19), 1999.

[5] Colin W. Clark, Mathematical Bioeconomics : The Optimal Management Of Renewable Resources,
Wiley-Interscience, 1976.

[6] Meng Fan and Ke Wang, Optimal Harvesting Policy For Single Population With Periodic Coefficients,
Mathematical Biosciences 152 (pages 165-177), 1998.

[7] L. Finkelstein and E. Carson, Mathematical Modeling Of Dynamical Biological Systems, Research
Studies Press, 1979.

[8] L. C. G. Rogers and D. Talay, Numerical Methods In Finance, Cambridge University Press, 1997.

171
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HNEPIAHYH

Boaowm wpobmdbeon yio v Evapén g ekTpoPng evog vEou €ldovg gival 1 yvdon Tov BloAoykod Tov
KOKAOL KOl 1 €KTipumon Tov pubpod avémtvéng Tov oto @uokd mepPdirov. H avtoxbBovn yapida
Melicertus (Penaeus) kerathurus givat éva €idog pe peydin gumopikr a&io otnv Mecdyelo oAl kot otV
EALGS0, kot éva omd Ta vToyn@la €10 Yo EVTATIKNG eKTPoen. MeAletiOnke oToVG TOTOVG GLYKEVTPWOOTG
TOV LETAVOUPDOV KOl TOV VEOPDV ATOL®V TNG 6TN TEPLOYN TOL OgpUaikod KOATOL KOl GUYKEKPILEVA OTIG
ekPoréc Tov dvo peydhov motopudv Afod kot Aldkpova. Ta amnotedéopata g perétng €dsiEav ot
nopovotdler Oetikf] ollopetpikny ovamtoén kabhg m mapdueTpog b tov ekbetikdv gEilodogwv TOL
owvdéovy 10 oAko pnkog (TL) pe 1o cwpatikd Bapoc (BW) mpocdiopiotnke yio tov A& 2,3 éwg 2,6 kot
v tov AMdkpova 2,4 éoc 2,9. Tavtoyxpova 1 obykplon tev kAicemv yio tig e€lo®oglg pHeta&d oAkod
punkovg (TL) pe copatiko Bapog (BW), kar unkog keparoddpaxa (CL) pe copotikd Bapog (BW) ko yia
T1g 800 meployEg perétng, £dei&ov Betikn aliopetpikn ovoyétion (P > 0,10), evd ot kKAicelg ToV Ypapikdv
TOPUCTACEDY TOV cOUaTKoD pnkovg (BL) pe 10 copatikd Bapog (BW), apvntikr. Ot deikteg vpwotiog
Fulton KC «ou Ricker KA yia ta veapd dropa giyav Ogtikny odlopetpicny avénon ava pnixog (P>0,10) o
Kopio amd TIg Vo meploxég HeAETng Oev vmeptepovoe g OGAANG. Ta amoteAéopoato ovtd sivol
evBoppuvrtikd kot cuvnyopodv yio v ektpoen g M. Kerathurus kdte and eheyydueveg cuvOnkec.

GROWTH PARAMETERS ASSESSMENT OF THE INDIGENOUS
SHRIMP Melicertus (Penaeus) kerathurus (FORSKAL, 1775) POST

LARVAE AND JUVENILES IN THERMAIKOS GULF
F. Katsiki, S.D. Klaoudatos, Ch. Neofitou and P. Panagiotaki.
ABSTRACT:

The indigenous shrimp Melicertus kerathurus (Forskal, 1775) is a species of high commercial value in
Mediterranean Sea. For Greece, is a species with high fishing activity and serious socio-economics effects,
in medium and coastal fisheries. Post larvae and young shrimp of this species find shelter in the shallow
and protected area of Thermaikos Gulf. They remain to this area from May till the end of autumn and after
the completion of the juveniles stages, they immigrate to the open sea where they reach the stage of adult
shrimp. The main characteristics of Thermaikos Gulf are the fluctuation of physicochemical factors and the
eutrophication, caused by the carrying material from the rivers and the sediment composition.

The results of this research, show that the growth of young shrimp was positive allometric, as the
parameter b in equation BW = aL” was, for Axios 2.3-2.6 and for Aliakmon 2.4-2.9. Growth factors k¢
and ks in both sampling areas show positive allometric correlation (P>0.05). The coefficient of
determination r?had a deviation from one to the relations body length (BL) vs carapace length (CL) and
body length (BL) vs body wet weight (BW), indicating heterogeneous sample to these relations. The
comparison of slopes of the regression lines for the relations: total length (TL) vs body wet weight (BW)
and carapace length (CL) vs body wet weight (BW), between the two sampling areas, show positive
allometric correlation (P>0.10). The comparison of slopes of the regression lines for the relation: body
length (BL) vs body wet weight (BW), show negative correlation (P< 0.01), between the two sampling
areas.
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EIZAT'QI'H

H avtoyxbovn yopida Melicertus kerathurus (Forskal, 1775) omoteAei adievpa
peyaang epmopikng aéiog ot Mecsdyeto. v EALGO amavtdTol Kot UKo TV aKTOV
tov Bopeiov Atryaiov kot tov loviov meldyovg kKo Kuplwg €viog TV KOAT®V OTOL
ekParrovv motauoi (Klaoudatos 1979). tic apabeic meployés tov Ogppoikod KOATOL ot
HETOVOIQES Kol To veopd dropo tg M. kerathurus mov @Odvovv amd v avoikty
Oaracoa Bpiokovy kataeLylo amd to Mdio £o¢ T apyés Tov POwvonmdpov. Ot vimiakég
TEPOYES €lvar mpo@LAaYUEVOL KAEGTOL KOATOL Omov eKPAAovv TOTOMOl HE YOUMAN
alatotTa, aeBovn tpogn, avénuévn Oepupokpocio kol HOAOKO OUUOOES 1 TAVMDOES
VROGTPOUO KOTAAANAO Yoo TNV €10000 KOl TPOGTAGIN T®OV ATOU®V amd TOLG ONpevTég
ToVG ot dudpkela e Nuépag (Khaovddrog, 1984). Xtn didpkeia g PevOikng pdong g
Cong tovg, tpépovtar pe PevBikovg opyavicpovs. Ilpotyodv tig (owég Aegleg Kot
mapovctdlovy Onpevtikn dpactnpotta, 1 obvleon g omolag eSoptdtal and TV
tomofeoia, ™ Swbecudmro Kot v ToKoTTe TV Beviikdv opyavioumv (Kapdvn
K.0., 2003). X11g meployég avtéc Oa mapopeivouv péxpt to téhog OktwPpiov (avaroya pe
TIC KOPIKEG cLVONKES), Kat ot cuvéyela Ba Eekivioovy 10 Ta&idl EMGTPOPNG TPOG TV
avolkt OdAacca Omov Olayelndlovv Katl v emopévn AvolEn Ba anelevbepdcovy ta
avYa Tovg Yo vo. exavainedei Evag véog Proloyikdg kbkioc. H M. kerathurus amotelet
éva omd To MAEOV vrova OMEVLOUEVO €101 HE OMNUOVTIKEG KOWVMVIKO-OIKOVOUIKES
OEQEAELES V1oL TN péoM Kol TV TopdkTie odtgio. Aleveton and tov Oxtdfplo €wg Tov
Ampilo pe pnyoavotpotes, pe to Onivkd eviiliko dtopa va vepéyovy oe pHEyeBog Evavti
TOV OPCEVIKAOV Kol KOTE GUVETELD VO, VPICTOVTOL LEYOADTEPT OALEVTIKT) TLEGT]. ZOUP®VA
ue tovg KePpekion kot ®sccorod (2001), n péon ) arlevtikng mpoonddelog otov
Oeppaikd KOATO ywo. OAN v olevtikny mepiodo nrav 3,4 Kg/h. Ou Klaoudatos et al,
(1992) oe perétn tov 1610V €idovg otov ApPpoakikd KOATO, damicTwoay OTL 1| HEGT TIUN
aAevTiKng mpoomdfelag petdvovtay egattiog g aAELTIKNG TTieons, TG pOTAVOTG, Kot
M@V avOpOTOYEVOV paCTNPLOTTOV.

O Ogpuaikog koAmog (Ewc.1) kot cvykekpyévo 1o POpeo TURKO TOV, amoTeleital
and tov afadr nuikieloto KOATO TG OeccOAOVIKNG, VD GTO POPEIOOVTIKO TUNLO TOV
expdAdlovv ot motapol A&og, Aovdiag, Aldkpovag kKot [N'oAlikdg dnuovpydvrag éva
ekPoikd ovotnua 42.200 otpsppdTov
(YITEXQAE, 1997). Ot afabeic meproyég
TOL €KPOAIKOV GULOTNUOTOS OTOTEAOVV
YOPOVG GLYKEVIPOONG VEUPOV  OTOU®V
€10®V oV PLGloAoykd {ovv og Pabvtepa
vepd. Ta kdplo yopaKInPIoTIKd TOVg givort
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Beppoxpaciag kot aratdmrag, (YIIEXQAE, 1997).
Ewova 1 [eproyég derypotonyiog otov OgppoiKd KOATo
YAIKA KAI MEGOAOI

Ot derypatonyieg rav unviaieg mpayuatoromonkav amd tov lovvio 2003 £wg
tov Matio 2005, kot yopiotnkov cg 000 TEPLOOOVS, N PO TePiodog amd tov lovvio
2003 ¢m¢ Tov Mdao 2004 kor ) devtepn amd tov Iovvio 2004 £émg tov Mdio tov 2005. Ot
detypatoAnyieg €yvav oTIc TEPLOYES TOV EKPOAIK®OV SYNUOTICUL®V Tov A&00 KOl TOL
AMdxpova. Avo otabpoil detypotoAnypidv emAéyOnkav, ot Oldomapteg EEpeg o€
arootacn 300 m and t1g ekforég tov AoV, 6mov To PBAboc Tov vepov HTav 0,5 M kot o
moOuévag KoAOTTOVTAY Omd GKOLPOYPWUTN, TayOPPELOTN AdoTN, Kot pia vBhypauun
&pa urovg 1.000 m oe andotacn 500 m and Tig exPforég Tov AldKpova, OTOv TO
BaBog tov vepov NTav 0,30 m kot To ilnuo Tov TLOUEVA AemTOKOKKT Aupog. H cuAddoyn
TOV ATOUWV £YVE e oVpon ypinov dactdoewv 2,45 m X 0,80 m, kot dvorypa patiod 12
cm, Katd TG HeoUEPLOVEG DPES. Tal OElyHaTa TOV HETAVOUPDV KOl TOV VEAPDOV ATOU®YV
™mg yopidag dwutnpndnkav oe eoppoin 10%, eved mpoypatomomOnkav ot akdAoVOES
uetpnoelc kol mpocoopopoi (Sparre & Sieben, 1992): Xtédio oavdamtvéng, copatikd
Bapog (BW), ohkd unkog (TL), unkog keparobmpoka (CL), unkog copotog (BL),
ukoc téhowva (TL) ko vyog copatoc (BH). Ot perprioeig tov unkdv éyvav pe
axpifelog ytiootod evd 10 Phpog TtV atdpwv mpocsdopiotnke pe Luyd axpiPeiog
PRECICA 220 MS CS kot akpifeto de0T€pOv d€KOOTKOV Ynpiov.

H oyéon mov ovvdéel 10 pnKog pe 10 PApos TV aTOU®V EKPPASTNKE ond TNV
exbetikn e&iomon: BW = aL®. Onov L givon 1o exéotote ukoc avaeopag (CL, TL i to
BL) ka1 ta a, b, eivan otabepég g eicmwong (ITwv.2). o ) odykpion TV TUGV TOov b
ue ) Bewpntikh Tiun 3, 6mov cvppova pe tov Froese (2006) dtov kopaivetal petald 2,5
kot 3,5 gpeavifetor Oetikn aAAOpUETPIKT avEnon, ypnolonomdnke n avaivon t, n omoia
dtvetar amod ™ oyéon:

D _
¢ Pog [b-3] 15

SDIog BW \/1_ r2

6mov SDjogL Kot SDjogew Ot TUTIKEG omokAicelg Tov logl ko tov l0gBW, n to péyebog
ToL delyporog, b n khion kat r’o GUVTEAEGTIG TPOGOIOPIGHOV TNG EKAGTOTE EICMONG.

["o ™ otatiotik chyKplon g oxEoMNG TOL UNKOVG Kol TOL BAPOovg ¥pnoyLoromdnke to
t — test ko £yve 1 GUYKPION TOV YPOLUUKOV LOPOAOV Kol TS KAMO™G.

o Tov mpocdlopiopd TG PLOIKNAG KATAGTOONS TOV opyovicpmv (gvpoortia)
ypnotponomdnke 1 e&iowon Fulton Ke = (BW/TL?) x 10" (6mov n axépatog aptBpdc
oote 1 | Ke va givon povoymoerog piktog apBudc). T'ow tov aAlopetpikd deiktn
evpwotiag Ka tov Ricker (1975), mov Aapupdver Tipég avdioyo pe tig ocuvOnkeg mov
EMKPOTOOY  yprowponowdnke o deiktne Ka = (BW/TL"x10" (Omov b eivon o
GUVTEAEGTIG TNG GYXECNG TOV UNKOVG Kol TOV Bépovg kot N axépalog aplfog MoTe 1 TN
Ka va givar povoynelog piktdg aptbpdc). T mn cvykpion tov HEcmV 0pOv TV SEIKTOV
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evpwaoTtiog ypnooromdnke to t-test, evd yia v cHykpion TOV TVTIKAOV OTOKAICE®V TO
f-test.

O1 oyéoelg mov cLVEEoVY T0 cwUaTiKO uikog (BL) kot to olkd unkog (TL) pe to
unkog tov keparobmpaka (CL) givar tng popeng y = a + bx, 6mov a, b, eivor ctobepéc
™m¢ ekdotote e&icwong (ITtv 3). T ™ oTOTIOTIKY OVYKPION TOV GYECEMV TOV
YPOLLK®V HOPPAOV Kot TV KAGE®V ypnotpomomOnke to t — test.

AIIOTEAEXMATA-XYZHTHXH

Ytov ITivaxa 1 divetor avoAvTiKd 0 GUVOAIKOS aplBog TV ATOU®Y TOL GCLAAEXONKOV
Kot o€ KGOe mepiodo derypatoinyiog and Tovg 6v0 otaduovg (A& kot AMakupova).

[Mivakag 1. ApOpog petavopeov, veapmv ko evidikov atopwy, Melicertus kerathurus, Tov culéyOnkov
6T0VG dV0 6TABLOVG KOl 0TI 6D0 TEPLOGOVE dEIYLOTOANWINC.

Ztafpog Agrypatolnyia |Metavopges |Neapd  |Evijlike |[ZOvolro
artopa aropa

A&og 2003-2004 - 235 24 259
2004-2005 82 77 16 175

Mepiké Xvvoro 82 312 40

Aldxpovag 2003-2004 - 54 2 56
2004-2005 80 12 4 96

Mepiké Xvvoro 80 66 6

OMKdG apBpog aTtOp@V 162 378 46 586

O1 tipéc tov otabepmv a ko b tov elodoemv mov mpodkvyov amd TG oXECELS
7OV GLVIEOLV TO cwpatikd Bapog (BW) oe g, pe ta unkn (TL, BL, kot CL) og cm xabnbg
Kot T®V oYE6E®V oL cvvdéovy to ufkn TL, BL pe to puikog tov keparodmpaka (CL)
TOV COUATOUETPHCEDV TV veapmdv atopwv tng Melicertus kerathurus ava otabud
detypatoAnyiag, dtvovral avaAivtikd otovg [ivakeg 2 kat 3, avtiotowyo. H cbykpion tov
KMogov yia Tig e€lomoelg peta&h olkov pnkovg (TL) pe copatikd Bapog (BW), kot
ukovg keporobmpaka (CL) pe copotikd Bapoc (BW) kat yo tic 600 meproyéc perétng,
éogiEav Oetikr] ardopetpikn ocvoyétion (P > 0,10), evd ot KAMoOE TOV YPOPIKOV
TOPACTAGEDV TOV copatikod uikovg (BL) pe 1o copotikd Bapoc (BW), apvnriki.

[Mivaxag 2. Eyéoeig tov punkédv BL, TL, kot CL pe 10 copatikd Bapog (BW) veapdv atopov g M.
kerathurus, avé ctafpo derypatoinyiog, (n eivar o ap1Budg Tov atdpwy, a & b otabepéc napdperpol Twv
£E16DOEMV TOV TPOKVITOVY AT TN YPAUMIKT TaAVSpOUnon, ¥ 0 GLVTELESTHG Tpocdlopiopod, Ke (cm) o
deiktng evpwotiag Fulton, Ka (cm) o aAlopetpikog deiktng evpwotiog Ricker, SD n tomikn andxior, SE
10 TUTIKO o@AApa kKor CV 0 cuVTEAESTHG TOPEKKAIONC).
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BL (cm) n a b R? Kc Ka SD SE cVv
AEIOX 312 | 23566 |2,5058 | 0,6962 | 5,50 997 | 06 0,0 0,2
AAIAKMONAX | 66 | 0,6150 | 2,4660 | 0,6862 | 3,08 | 6,07 | 0,8 0,1 0,2
TL (cm)

AEIOX 312 | 04448 | 2,6922 | 09070 | 7,85 | 1,38 1,1 0,1 0,2
AAIAKMONAX | 66 | 0,6512 | 2,9235 | 09844 | 7,14 | 842 1,2 0,1 0,2
CL (cm)

AEIOX 312 | 1,1046 | 2,3567 | 0,8368 | 2,13 | 341 | 04 0,0 0,2
AAIAKMONAX | 66 | 0,6512 | 2,7578 | 09392 | 2,06 | 239 | 04 0,0 0,2

On deikteg evpwotiog Fulton KC kot Ricker KA yuo to veapd dtopa eiyov Betikn
aAlopetpikny avEnon ava ufikog (P>0,10) ko kapio amd T 600 TEPLOYEG HEAETNG OEV

VIEPTEPOVSE TNG GAANG.

[Mivakog 3. Zuvteheotég TV YPAUUIKOV EEIGHOOEMYV TOV GLVIEOLY TO cOUATIKO pnKkog (BL) kot 0 olkd
punkog (TL) pe to pnkog tov keparobdpaka (CL) veapdv atépwv g Melicertus kerathurus, ava otadpo
Serypatonyiag, N ivar 0 apOPOC TOV ATOR®Y KOL I 0 GUVTEAEGTHG TIPOGBLOPIGHOD.

Z

BL (cm) n a B r
AZIO 312 1,2227 1,0086 0,5396
AANIAKMONA 66 1,1016 1,3503 0,5543
TL (cm)
AZIO 312 1,0848 2,4870 0,8568
AAIAKMONA 66 0,3812 2,8487 0,9527

STV ewcova 2 QoiVETOL | YPAQIKT TopAcTAcELS TG oyéong BW =0,0134 TL 2%
LE GLVTEAECTN TPOGOIOPIGLLOV R?=0,907, ev® oTNV €IKOVA 3 N YPOPIKY TOPACTOON TNG
oyxéong TL =2,487CL+1,0848., tov veapmdv atdépwv g M.kerathurus mov cuAléyOniay
011G eKPoréc Tov AELOV KO TIG dVO TEPLOOOVG OEIYUOTOANYING.
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y =0,0134x 22
R?=0907

P

BAPOZ X QMATOE (BW)
w »
8 8

»
8

0,00 1,00 200 3,00 4,00 6@ 7,00 8,00 9,00 0,00

OAIKO MHKOE (TL)

Ewova 2: T'pogikn mapdotaon g oxEong mov cuvdéel 1o olko pikog (TL) pe 1o copoatikd Bapog (BW)
veapav atopmv g M .kerathurus mov cvAAéymmkov otig ekPoréc tov A&oD Kot Tig d00 mEPLOSOVG
detypoTonyiog.

12,00

y = 2,487x+ 1,0848

R'=0,8568
10,00

OAIKO MHKOE (TL)

0,00
0,00 0.50 1,00 150 200 2550 3.00 3,50 4,00

MH KO X KEG ANO © 0P AKA (CL)

Ewova 3 Tpagikn mapaotdosic g oyéong TL =2,487 CL +1,0848, 1ov veapdv atopwv g M.kerathurus
7oV GLAAEXONKAY 6TIG EKPOAEC TOL AELI0V Kot TIG V0 TEPLOSOVG JELYLATOANYIOG.
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v ewoéva 4 goiveton 1 Ypoeiky mapdotacn g oyéone BW = 0,008 TL 2% 1qv
veapmv atopmv g M. kerathurus, evd oty eidva 5 @aivetol 1 ypagiky mapactdoelg
™¢ oyéong TL =2,8487 CL +0,3812, mov cvvdéel to ohkd pnkoc (TL) pe to unqkog tov
keparobmpaka (CL), tov veapdv atépmv g M.kerathurus mov cvAléyOnkav otig

ekPoAég Tov AMAKUOVE Kot TIG VO TEPLOGOVG OELYLUTOANYING.
Ewova 4 Tpagiky mapdotoon g oxéong BW = 0,008 TL 2% veapdv atopov g M.kerathurus mov
oLAAEYONKaV oT1C eKPOAEG TOL AMdKLOVE KOt TIG dVO TEPLOOOVS detypaTOANWiaG.

Ewoéva 5 T'pagikn Tapdotaon g oxéong TL =2,8487 CL +0,3812, veapdv atopmv g M. kerathurus mov
oLAAEYONKaV oT1C eKPOAEC TOL AMdKpOVO KOt TIG dVO TEPLOOOVS dEyOTOANYiaG.
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YYMIIEPAXMATA

H evonuun yapido Melicertus (Penaeus) kerathurus (Forskal, 1775), amote)ei éva €idog
peydng epmopikng a&iog otnv EAAGSa, kot 1) ekTpo@T] TG KATM amd eAeyXOUEVES GLVONKEG gival
EPIKTN av Kpivoupe amd 1o puOud aviaTTuéng TV VEap®OV aTOU®V TNG 6T0 EKPOAKO GOGTI O TOL
Oepuaikod kOAmov. To ekPoikd cOOTNUO TOL OEPUOikoD KOATOV OMOTEAEL QLGIKO YMDPO
OLYKEVIP®ONG TV gvaictntov otadinv g evonuikig yapidag M. Kkerathurus, tov omoiov n
SlooeAAon Kol TPooTacio amoTelel amapaitntn Tpolindbeon yio T cuveyN TOPOVGIN, TOV €100V
OTNV TEPLOYN.

Ot tég g mopauétpov b otig oyéoeg mov ocvvdéovv ta pikn BL, TL, CL pe to
copatikd Bapog (BW), koudvinkov and 2,3 éog 2,6 yia tov A&d ko and 2,4 éog 2,9 yio tov
Ahdkpovo (Iiv. 2). Zopeove pe tov Froese (2006), n mapdpetpog b exppdaler Oeticn
oAAopeTpIKn avénon otav AouPdver Tég petakd 2,5 ko 3,5. Katd cvvéneia ta veapd dtopa
napovoiacav Oetikn odiopetpikn avénon yw to uikn TL, BL kot CL, otov A&6 evd otov
AMaxpova povo y to BL xor CL evd 1o TL mopovsicce oproxkd opvntikny oAAOUETPIKN
avénon. Ou Chow and Sandifer, (1991) avagépouv 011, o1 petoviuesg g Litopenaeus vannamei
IOV TPOEPYOVTAY 0TS JLUPOPETIKES EKTPOPES, TOPOLGINGOV ONUAVTIKES dlopopés oe OAa To
poppoueTpikd toug yoapoaktnpiotikd (P<0,05), yeyovoc mov 10 anédmoov oTic TEPPUANOVIIKEG
ouvOnkeg mov emmpedlovv Oyt pOvo TNV adENom OAAG Kol TO OYNUO TG Yoplduc. XTig
Slpopetikés mepiPailoviikég ocvvOnkeg twv 000 ekPolkdv mepoydv Bo  pmopovoav
EVOEYOUEVMG VO a0d0000V Kot Ol SAPOPEG TV HLOPPOUETPIKDY YOPOKTNPICTIKAOV GTO, VEAPH
dropa g M. kerathurus mov mapatmpioape. Ot Primavera et al, (1998), mapatipnoav 61, o€
obykplon ue tovg yevvitopeg tng Penaeus monodon (b = 0,6 — 0,8) to veopd dropo eiyov
ueyaAvtepn avénon PBapovg ava povéada unkovg (b = 0,9 yua to TL kou b = 0,4 ;éw¢ 0,7 yia 10
BL). Ot Cheng and Chen, (1990) dwmictocov onuavTiky 6TaTIGTIKN dopopd peyédovg peta&h
TV eOAwV T Penaeus monodon (P<0,05).

O deiktng gvpwotiag Ke Fulton tapovoiace Oetikr adlopetpikn avénon peta&d tov 600
neployov (P>0,05), og oyxéon ue ta ufikn BL kot CL kot apynriky og mpog to TL. Zopeova pe
tov dgiktn evpwotiog Ka Ricker (1975), ta veapd dropa mapovciccav Oetiky oALOHETPIKN
avénon petald tov 6o meproydv (P>0,05), oe oxéon pe 1o BL kot apvntikny o¢ mpog ta. piKn
TL won CL.

H peyéin Soxdpovon tov unkdv Kotd tn SpKew TV SEYUATOAMYIOV Umopel va
epunvevdel amd TV TAVTOHYPOVN TOPOLGIN VEAPDOV OTOUMY SOPOPETIKMOV NAMKIDV OTA EKPOAKH
GUGTHHOTO TOV dVO0 TOTAUMV, AOY® TNG CLVEYOVG APIiENC VE®V aTOH®VY amd TNV avolkty| BdAacoa
To 1610 mopotipnoav ot KePpekidng xor Oeocorod (2001), evd o Klaoudatos (1992)
TOPATAPNOE, TNV VIApEn UIKPOV Kol PEYOAOV ®opiov o€ yovadeg oplumv otdépmv g M.
kerathurus oto televtaio otddl0 YEVETIKNG @POTNTAS, TOL OomoTeEAel évoelEn mBavig véog
®otokiog ot dlapkeln TG 010G avamapay®yikng meptodov. H kavotnto kot véag wotoking
otV i3 yevetikn epiodo cuvtehel, TEpa amd TN SPOPETIKO XPOVO TPAYUATOTOINONG TG Ao
To. OPYLo ONAVKAE dTopo, TNV TOPoVsic LEYUADTEPOL aplOUOD VEAPDV ATOU®V SLOPOPETIKDOV
peyebmv otic exkPoréc TV 600 TOTAUMY. TNV TOPOVGH EPYAGIN 1| 0OENGCT) TOV VEUPDV UTOU®OY
m¢ M. kerathurus oto ekfoiikd ovomnpo Tov BOgpuaikod KOATOL mapovcioce OeTikn
OAAOLETPIKT CLGYETION, LETAED TV 000 TEPLOY®Y deLyHaTOANYiNG, KOOMDC Ta veapd GTopa Tng
yapidog giyov mapopole avénon Kat otic 600 mEPLOYEC.

179



BIBAIOI'PA®IA

Cheng C.S. and L. Chen, (1990). Growth and relationships among body length, body weight and tail
weight of Penaeus monodon from a culture environment in Taiwan. Aquaculture 91: 253-263

Chow S. and P.A Sandifer, (1991). Differences in growth, morphometric traits and male sexual maturity
among pacific white shrimp, Penaeus vannamei, from different commercial hatcheries.
Aquaculture. 92: 165-178.

Froese R., (2006). Cube law, condition factor and weight-length relationships: history, meta-analysis and
recommendations. J. Appl. Icthyol. 22: 241-253.

Klaoudatos S., 1979. Distribution of the prawn Penaeus kerathurus along the West Coast of Greece. Bioll.
Gallohell. 8, 61-65

Klaoudatos S., N. Tsevis, A. Conides, (1992). Studies on migratory movements of the prawn Penaeus
kerathurus (Forskal, 1778) at Amvrakikos Gulf, western Greece. PSZNI Mar. Ecol. 13(20): 133-
147.

Primavera J.H., F.D. Parado-Estepa, J.L. Lebata, (1998). Morphometric relationship of length and weight
of giant tiger prawn Penaeus monodon according to life stages, sex and source. Aquaculture.
164(1-4): 67-75.

Sparre P. and V.C. Sieben, (1992). Introduction to tropical fish stock assessment. FAO Fisheries
Department. Rome, Italy: 5-14, 44-92.

Kapdavn E., X. Neogvtov, N. Xaptooua, (2003). Zropoyikd mepieydpevo g Peving yapidag Penaeus
(Melicertus) kerathurus (Forskal 1775) (Decapoda, Penaeidae) avoyytd tg expoing tov IInveion
610 Oepuaikd kOAno. pakticd 25” E.E.B.E. Mvtidijvy, 30 Maiov -1 Iovviov. 1: 128-129.

KeBpexiong K. xar M. Ogocorov-Agydxn, (2001). Alevtikr froroyia g yopidag Penaeus (Melicertus)
Kerathurus (Forskal, 1775) oto @gppaikdé Koimo: Ilpdto omotedéopota. Ipoxurxa 10%°
Havelinviov Zvvedpiov 1yfvoidywv. Xavia, 18-20 Oxrwppiov. 1: 41-44.

KXlaovddrog 2., (1984). ZvpuPorn ot Proloyic Kot otnv vwd eAeyXOUEVES GUVONKES AVOTOPOY®YN Kot
ektpopn g yopidog Penaeus. kerathurus (Forskal 1775). Ivotitobro Qxeovoypapikdv koi
Aligvtikadyv Epevvarv, Eidikn éxdoon, 9: 238 oehideg.

Ymovpyeio TIE.XQ.AE., AiebBuvon ITepifarrioviikod Tyedioopon kar Awoy/ong Puoikod IepiBailovrog
(1997). Ipdypapuo Avtipetdmiong Ewwwov Iepiforloviikdv ITpofinudtov kot TvoTthApatog
Agrtovpyiag kot Awyeipiong g Ilpootatevopevng Ilepioyng towv ExPoiodv towv IMotapmv
Toiiikcov, A&ov, Aovdia, Aldkpova, g Alvkng Kitpog kot g Ayvobdiaccog Kaioywpiov
kot g Evpoutepng [eproyng tovg. @aon A’. ABnva, Kévipo Iinpopdpnans YopopPioromov Aéiod,
XoAdorpa.

180
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ABSTRACT

In the present study, the effect of four different oxygen levels on the skin general morphology and
particularly on its mucous cells of sea bass was examined. Sea bass, initial mean weight 78.9 = 3.1 gr were
divided into four groups, in which the oxygen levels were set: 3.6 £0.2 ppm, 4.7 £0.2 ppm, 6.2 £0.2 ppm,
8.2 £0.2 ppm. The experiment lasted nine weeks. The levels were monitored and adjusted using electrodes
connected to a computer. A software, which contained a visual basic script macro, that allowed
quantification of skin parameters, was used to analyze the tissue sections. No significant differences in the
general morphology of the skin were noted. Concerning the mean diameter of the mucous cell no
significant differences were noted, but the number of mucous cells per skin area (mm?) was significantly
higher in the group with the lowest oxygen level, throughout the experimental period. Based on the results
of this study and others, it is believed that the enumeration of the skin mucous cells of fish can be used as a
stress index in many stressful conditions including chronic hypoxia.

MAKPOXPONIEZX EIIIIITQXEIX TOY OZYT'ONOY XTH
MOPO®OAOI'TA TOY AEPMATOXZ KAI KYPIQX XTA EIIIAEPMIKA
BAENQAH KYTTAPA TOY AABPAKIOY (Dicentrarchus labrax).

I. N.Bdatoog, E. Kardyvpog, M. A. Henry & M. N. AAEn.

NMEPIAHYH

Ymv mapovco HeAETn pelemOnke m emidpoon 4 SQOPETIK®V EMMES®V 0ELYOVOL OTNV YEVIKN
LOp@OAOYioL TOV SEPUATOG KOt 1OOUTEPMOG TV PAEVVOYOVOV KLTTAP®V Tov AaPpakiod. AaPpdiio apykov
péoov Papovg 78.9 £ 3.1 gr yopiotnkav oe 4 opuddeg otig omoieg T emineda 0&VYOVoL opicTnrav ®¢ eENG:
3.6 £0.2 ppm, 4.7 £0.2 ppm, 6.2 0.2 ppm, 8.2 0.2 ppm. H ypovikn mepiodog tov mepdpatog nrav 9
efdouddec, omv duipkeln TV omoiwv ta emimeda o&uydvov mapéusvav otabepd pe v Ponbea
NAektpodinv cuvdedepéva pe MAeKTPoviKd vtoloylot). Eva mpdypappa mov TEPLEle (o LOKPOEVTOAN
EMETPEYE TNV TOGOTIKOTOINGT S10QOP®V TOPUUETPOV TOV OEPUOTOG. Agv TapatnpiONnKay ONUOVTIKEG
SlpOPEG GTNV YEVIKN LOPPOLOYiD. TOV dEPUATOC, 0VTE Kol 610 UEyeBog TV PAevvoyOvVmV KUTTAP®Y TOV.
ENHOVTIKY OROG adENCT TOL aptOpod TeV BAevvoydvey Kuttdpov (KoTtapo avé mm?) mopatnprinke otn
OLAd0 TOV YOPLOV TOL JLOTPOVVTOY OTO YOUNAOTEPO €mimedo o&LYOVOL o€ OAN TN OLUPKELD TOV
TEWPANOTICHOV. Me Bdom To amoTEAECUATA AVTOD TOV TEPAUATOG GAAY KOl GAA®Y HEAETOV TIGTEVETOL OTL
N KOTopETPNOoN TV PAEVVOYOVOV KUTTOP®V TOV SEPUATOS TMV Yopudv pmopel vo ypnotponomdel mg
OelKTNG KATATOVNONG O€ TOAAEG KOTOOTACELS GUUTEPILAUPOVOLEVIG Kot TNG YXPOVING VTTOEELNG.
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INTRODUCTION

Fishes cultured in areas where the water exchange is low, such as lagoons, may
encounter long-term hypoxia in summer months. The reduced dissolved oxygen in the
aquatic environment can induce physiological as well as morphological changes in fish
(Medale, 1985; Barton and Taylor 1996; Val et al. 1998) These changes include: lower
metabolism, alterations in ventilation rates, changes in circulatory parameters, increased
number of circulating red blood cells, decreased levels of intraerythrocytic phosphates,
adjustments of intraerythrocytic pH, mobilization of anaerobic energy pathways, changes
in acid-base balance, decreased swimming capacity and in some cases morphological
alterations, as in the case of Colossoma spp in the Amazon river. Growth, food
consumption and food efficiency can also be affected (Medale, 1985).

Many adverse biotic as well as abiotic environmental factors are known to affect
the morphology and structure of the skin of fish and particularly the distribution of skin
mucous cells (Iger et al. 1988; Khangarot and Tripathi, 1992; Iger et al. 1994; Iger and
Wendelaar Bonga, 1994).

In this study the effect of normoxia, mild hypoxia, hypoxia and mild hyperoxia on
the size and number of skin mucous cells of sea bass (Dicentrarchus labrax) was
investigated. The water temperature throughout the experimental period was 26 +1°C, a
common water temperature in the Mediterranean area during summer, when low oxygen
conditions also prevail.

MATERIALS & METHODS

Experimental plan

520 sea bass, initial weight 78.9 + 3.1 gr were placed in eight 1 m® tanks. The
tanks were then divided into four groups, (two replicates in each group). Each tank was
supplied with 250 I/h sea water, salinity 38 psu, temperature 26 + 1 °C, dissolved oxygen
7.5 0.2 ppm. The tanks were covered with black plastic covers and artificial photoperiod
of 10 h light / 14 h darkness was applied (lights were switched on and off gradually in 30
min). The fish were left for two weeks inside the tanks to acclimatize, before the oxygen
level in each group was set to: Group 1: 3.6 £0.2 ppm (approximately 58 % oxygen
saturation, hypoxia), Group 2: 4.7 £0.2 ppm (approximately 76 % oxygen saturation,
mild hypoxia), Group 3: 6.2 £0.2 ppm (approximately 100 % oxygen saturation,
normoxia) and Group 4: 8.2 0.2 ppm (approximately 132 % oxygen saturation, mild
hyperoxia). The oxygen depletion in the water in each tank was achieved due to fish’s
oxygen consumption, while the oxygen levels were maintained constant using air-stones.
The adjustment was done gradually in two days. The differences between the two
replicates in each group throughout the experiment were no more than + 0.4 ppm. The
oxygen in each tank was supplied directly into the water of the tanks using air-stones,
which were placed along the water entrance and the levels were monitored and adjusted
continuously by electrodes (Dryden Aqua), linked to a computer. The electrodes were
placed inside the first tank of each group and the oxygen flow was regulated by electric
switches, which were also connected to the computer. The oxygen levels in each tank
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were also measured twice a week using the Winkler method and calibration of the
electrodes were made when necessary.

The fish were fed by hand through a plastic transparent tube to satiation twice a
day with commercial feed (Biomar Ecolife 64, 4.5 mm, total protein 44 %, total fat 20 %,
total carbohydrates 15.8 %, ash 8.2 %) at 8:30 am and 3:00 pm._The behavior of the fish
during feeding and throughout the day was observed through a small opening of the
plastic cover. The feeding was terminated when a few pellets remained uneaten at the
bottom of the tanks. The pellets that were not consumed by the fish were then collected
in a mesh from the tap at the bottom of the tanks.

The overall health status of the fish was also monitored and the mortalities were
recorded.

Samplings

During the experiment, three samplings were carried out on day 27, 48, 69, after
the oxygen levels were adjusted. On these days, four fish from each tank (eight per
group) were swiftly and carefully captured and anesthetised immediately in
phenoxylethanol (approximately 0.5 ml I™") in order to collect skin samples as described
below.

In order to examine the skin mucous cells, skin tissue samples were cut from the
head area between the eyes. The tissue samples were fixed in 10% buffered formalin for
24 h at room temperature. The samples were then processed according to conventional
histological procedures (Bullock 1989). At least three 4 um thick, not consecutive
sections were cut from each tissue sample and mounted
on glass slides.

The tissue sections were stained with Alcian blue /
Periodic Acid Schiff (PAS) according to the following
method: The slides were first immersed in xylene for 5
min and then in absolute alcohol for 2 min, and finally
in methanol for 5 min. After being washed in distilled
water for 2 min, the sections were stained with alcian
blue (SIGMA, 8GX) solution (5% w/v alcian blue in 3%
v v acetic acid pH 2.6) for 1h. The slides were washed
again with distilled water and then immersed in 0.5% v
v periodic acid (BDH) for 15 min. The slides were
then placed into Schiff’s reagent (FLUKA) for 15 min.
After being briefly washed in tap water, the slides were
placed into methanol for 30 sec and then transferred into
two absolute alcohol baths for 2 and 1.5 min
respectively. The slides were then placed again into

FGrop 1
Drup2
Gy d
e d
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Figure 1. Examination of skin
mucous  cells. The bars
represent mean values + SD of
the examination of 4 fish per
tank, eight fish per group. a, b,
c indicate significant difference
(p< 0.05), NS, indicates no

significant difference.
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xylene for 5 min, and finally mounted with coverslips using DPX (BDH). All stages
were carried out at room temperature. The sections were observed using an Olympus
AH2 light microscope, equipped with a camera (Sony, CCD-IRIS) connected to a
computer. Image Pro Plus 3 software, which contained a visual basic script macro, that
allowed quantification of skin parameters, was used to analyze the tissue sections. At
least four areas per skin section (at least twelve per fish) were observed and the
parameters examined were: general structure of the skin and size and number of skin
mucous cells.

Water parameters

Water samples from each tank were collected from a tap fixed at the tank outflow
which was used to collect the uneaten pellets twice a week and the oxygen concentrations
were calculated according to Winkler titration method, as modified by Strickland and
Parsons (1972). Calibration of the electrodes was performed whenever necessary.

Three water samples from each tank, the first just before the first feeding, the
second two hours after the feeding and the third one hour before the second feeding were
collected as before on day 4, 25, 50, after the experiment started and the total ammonia
concentrations in the samples was calculated according to Solorzano (1969).

Statistical analysis

Statgraphics Plus 3 was used to analyze the various measurements and the means
were compared with one way analysis of variance (ANOVA), following tests for
normality and homogeneity. Newman-Keuls test was employed to identify significantly
different groups, where p< 0.05 was considered significant.

RESULTS & DISCUSSION

Throughout the experimental period, no mortalities were recorded in all the
groups and no differences in the overall behavior of the fish were observed.

No differences in the general structure of the skin between the different groups
were observed throughout the experimental period. Regarding the skin mucous cells, no
significant differences in their mean diameter were noted, (Figure 1a). However, the
number of mucous cells per skin area (mm?) was significantly higher in the group with
the lowest oxygen level, throughout the experimental period (Figure 1b, 2).

Total ammonia concentration in the tanks ranged between approximately 0.2 mg
, before the first feeding, to approximately 0.7 mg I™, two hours after the first feeding
and then dropped again.

I-l
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Fiaure 2. Mucous cells (white arrws) in skin tissue sections a) rou 1, b Group 4, Stainig Alcian blue
/ PAS. Bar =50 um

In fish farming, oxygen is considered one of the most important limiting factors,
which play significant role in the growth and overall performance of cultured fish.

Previous studies (Thetmeyer et al. 1999; Pichavant et al. 2001) examining the
effect of different percentages of oxygen saturation demonstrated that at low oxygen
levels sea bass exhibits lower food consumption and lower increase in weight, compared
to those at normal oxygen levels. In addition, this species under mild hyperoxia exhibits
enhanced swimming performance, reduction of secondary lamellae area, higher gas
diffusion distance and higher specific antibody titre compared to fish reared under hypo-
and normoxia conditions (Saroglia et al. 1998; Saroglia et al. 2002).

Many stressors, such as handling, baths with various chemotheraputants and
polluted or acidic water are known to have a direct effect on fish skin, disrupting its
function as physical protective barrier and potentially open portals for pathogens that can
be transmitted through skin, such as Photobacterium damsellae sbsp piscicida (Fouz et
al. 2000) and Listonella anguillarum (Kanno et al. 1989). Thus, alterations in the skin of
the cultured fish, such as darker coloration, are usually indications that show fish farmers
that the fish go through stressful conditions. However, in most cases of chronic stress
such alterations in the skin colorations are not so evident.

A continuous secretion and shedding of mucus produced by skin mucous cells, in
combination with the presence in the mucus of many substances, such as
immunoglobulin, complement, lysozyme and lectin protect the fish against infection
(Shephard, 1994). Stimulation of mucus secretion is also a non specific response to
various external stressors, such as temperature, heavy metals, increased ammonia and
increased nitrate (Iger et al. 1994; Quiniou et al. 1998; Kalogianni et al. 2003; Vatsos et
al. 2008). The results of the present study show that oxygen depletion also increased the
mucus secretion on fish skin.

The physiological pathway that leads to the alteration in the number of skin
mucous cells in various stressful conditions is still not clear. Iger et al. (1995) showed
that the number of mucous cells is not cortisol-related. It may be due to the role mucus
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plays in reducing friction with water, that under adverse situations an increase in the
amount of skin mucus may help fish to swim easier to more favourable places, as
Zaccone (1980) also suggested. Therefore, the group of fish maintained in the lowest
oxygen level exhibited increased number of mucous cells because that oxygen level was
below the preferable range. Thus, although the observation of their overall behaviour
indicated no significant differences between all the groups, the number of the skin
mucous cells indicated that the fish maintained in the lowest oxygen level were living in
a rather stressful environment. Interestingly, the lowest oxygen level examined here does
not seem to affect the appetite of sea bass, although it can suppress the growth of the fish
possibly through the decreased utilisation of the feed (Vatsos et al. 2006), something that
also confirms that this oxygen concentration is outside the preferable range.

Since the number of skin mucous cells is not cortisol-related, it is believed that
this number can be used as stress indicator in many conditions, especially in cases, such
as chronic confinement, where cortisol cannot be used (Barton et al. 2005).
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ATATPO®IKEX YYNHOEIEX KAI ANAIITYEH THX KAPABIAAX
(Nephrops norvegicus) XE EPTAXTHPIAKEY XYNOHKEX

1.0. Koparmavayiotiong, 'E. Mevté, A. Ztpatdkoc, X. Mravtidog, A. Bageiong

Tuqpa I'eomoviog IxBvoroyiag & Yddrtivov IepiBdiiovtog, Zxoin I'eomovikdv Emomudv, [avemotiuo
Osooariog, Putoko 384 46, N. Imvia Mayvnoiag, email: ikarapan@uth.gr

INEPIAHYH

[ToAAG véa €ldn xapkvoedmv €xovv ypnotpomomBel yio eKTPoPY] G€ VOATOKAAMEPYELES TO
tehevtaio ypovia. ‘Eva amd to Kopkivoewd] to omoio pmopel va amotehécst véo eldog y Tig
vdatokoAépyeleg eivar ko To Nephrops norvegicus. H napobdoa gpyacio amockonel otn diepebhvion g
STPOPIKNG CUUTEPLPOPAS KOL TNG avOATTVUENG TG KopaPidag vd epyactnplokés cuvOnkes. Neapd dtopa
kapafidag oledvtnkov amd tov Ioyoaontikd kOAmO ypnoiponoidviog moyideg PuBol Kot diytva, Kot
petapépnkav oto Epyactipio Ydatokoriiepyeidv tov Tpnuatog I'eonoviag IxBvoroyiag kot Yddtivov
[Tep1BaArovtog og KAEIGTO KOKA®UA KUKAOPOpiog Bolacoivod vepov. Ot kapafideg yopiotnkav o€ Tpelg
OLLAOEG, OOV GTNV TPAOTN TPOSPEPONKAY MG TPOPT| LOdI, OTN SVTEPT COUTNKTA EVD 1) TPITN TOPEUEIVE
oe aottia. Ta dTopo mov STPAENKAY [E LSO TOPOVGIOCHY IKAVOTOINTIKY avénot, o€ avtifeon He ta
ATOLLO TTOV JLATPAPNKOV e COUTNKTO T OO0l Elyov YOUNAT adENO.

NUTRITION AND GROWTH OF NEPHROPS NORVEGICUS UNDER
LABORATORY CONDITIONS

|.T Karapanagiotidis., E. Mente, A. Stratakos, S. Badidos, D. Vafidis

ABSTRACT

Through the years crustacean aquaculture production has increased worldwide. Nephrops
norvegicus (Linnaeus, 1758) is an important aquaculture candidate species in Greece but the development
of manufacturing feeds is limited by the lack of detailed information on its feeding and nutritional
requirements. The aim of this study was to examine the feeding behavior and growth of N. norvegicus
under laboratory conditions. The growth experiments were carried out at the Aquaculture station of the
University of Thessaly. Adults were fed either with a pelleted or mussel diet at a level of 1% of body
weight per day in dry weight. A group of starved Nephrops individuals was also stocked. Lobsters fed with
mussels showed the highest growth and low mortality, while those fed with pellets showed a lower growth.
The *“Starvation’” group despite the fact that showed the highest mortality (50 %), exhibited a remarkable
tolerance to the lack of food supply.

EIZATQI'H

H moykoéopo mopoyoyn tov KopKIVOEW®OV omd TIG VOUTOKUAAEPYEEG E£YEL
avéndel onuavtikd, egattiog g avénuévng {ftnong and tig H.ILA. kot v lanwvia. To
EVOLOPEPOV Y10 TNV EKTPOPT] TOV KOPKIVOEWDV, OPEIAETAL TNV VYNATY] OIKOVOUIKT Kol
dTpoPikn a&io avT®V TV Tpodinmv. H ektpoen kapkivoedmv yapaktnpiletal apevog
pev amd owénuéveg mOavoOTNTEG KEPOOLS, OPETEPOL de amd ueydreg ammieieg (Laubier A.
& Laubier L., 1993). A&ilel vo onuelmbel 6t 1 TpoP1| €lval 0md TOVG TO GNUAVTIKODG
TOPAYOVTEG TOV GUUPAALOVY GTNV AHENGT TOV KOGTOVG OTIG EKTPOPES TWV KOPKIVOEWDMV
(Chamberlain, 1996).
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AmO To. KUPLOTEPO. KOPKIVOEW TOV EKTPEPOVTAL £fvan ol yopidec Tov YEVOULG
Penaeus, kaBag xat kafovpia, Tov omoimv 1 a&ia elvar dSucaviroya peydAn o€ oxéon Le
™ mocdTa pe Vv omoia wapdyovtor (FAO, 2006). Xt nepintmon TV AGTAKOV, TOV
Kapofidowv kKol Tov KoBovpudvy, N EKTPOPY] TOVS TPOYUOTOTOLEITOL UE TV EKTOTIKY KoL
nuevtatikn  pébodo, eautiog kvupimwg TOL  YEYOVOTOG OTL TOPOLGLALOLV  £VIOVO
Kaviotiopd. Ocov apopd v kapaPida tov gidovg Nephrops norvegicus, péypt onuepo
EYouvv yivel eEMdyloteg HEAETES Yo TNV EKTPOPN TV Vopeov ¢ (Sarda & Valladares,
1990; Rotllant et al., 2001), £to1 ®OTE V. EKTPAPOVY GTH GUVEYELD LEYPL TO EUTOPEVGILO
péyebog.

Ot otdyor ¢ épevvag sivar vo pehetnBel n enidpacn g evokng (Lvdia) Kot
teyvntIg (odumnkra) tpoeng oty avantuén kot emPioon tov Nephrops norvegicus vrd
ereyyOLEVES GLVONKEG.

YAIKA & MEGOAOI

H ovioyf 30 1ooPapidv otouwv N. norvegicus mpoyuotomomdnke oto
[Mayoaontikd kOAmo pe ) xpnon mayidov (28 mm pdtt drytvov). Aeod petpridnke to
VYpo6 PBapog copatoc (g) kot To uMKoc tov kearobmpako (Mm), to aievfévta dtoua
TomofeTONKOV G€ OTOKEG EOIKEG TAYIOES TPOG AITOPVYT TOV KOVIPOUAGLOD Ko KOTOTLY
peTaépnkay  ©0T0  €PYACTNPO  VOATOKOAAEPYEl®V Tov  Tunuatog I'ewmoviag
IxBvoroyiag kon Yodtivov Ilepipdriovtoc.

‘Eneita 1o dtopo tomobemnOnkav oe 30 atopkodg OSytvmTovg KAMPOUG
(20%13%20 cm) mov movtiotkay avd 5 oe yvdAva gvodpeia yopntikotntoag 100 L 1o
kaBéva. H Beppoxpacio tov vepod dtatnpovvtay otovg 12 °C kat 1 extpon dupknoe 8
uves. Zta 10 dropo mpoo@époviay Kateyvyusva podia og tpoen (opdda podidv), ce
Ao 10 dropo mpooeépoviav ovpmnkta (opddo coumikt®v), evd ta. dAAa 10
datnpndnkov oe katdotaon acttiag (opada actriag). H katavdimon tpoeng firav 1%
TOL COUATIKOV Bapovg/muépa.

AINMOTEAEEMATA & XYZHTHXH

H mopotnpoduevn Bvnodmro yo ta dropa mov ottiotnkay (opdda pudidv Kot
Opad0. CLUTNKTOV) MTaV OYeTIKA yaunAn (ukpdtepn tov 15%), evd m oudda mov
dwnpnnke og aottia Y GVVOAIKA 8 pnveg mapovoiace Bvnootta mepimov 50%.
Emiong, edvnke mwg to N. NOrvegicus ov Kot oTIS TPAOTEG NUEPES EKTPOPNG TOL OEV
amodéyetal e0KOAN kavéva €00 Tpoeng, &v tovtolg Otav eykhpotiotel apyiler vo
owtiletan amodeyOUEVO EVKOAOTEPA. TNV QVGIKN TOL TPoPT (Udde) mapd to cOumIKTO.
(teyyn TpOEN gumopiov). To péco teAkd PApog yia Ta ATOUN TOV GLTIGTNKAY HE PHSIOL
Ntov ototiotikd peyolvtepo (P<0.05) amd 1o apyikd Tovg, pe 101k6 puhud avénong yo
mv opddo ovt) ico pe 0,11%. To yeyovdg avtd Qavépwce TGS e TIG TOPOVGES
oLVONKEG EKTPOPNC KOl O1OTPOPNG, OVIMS LINPEe avEnon-avantuén tov €idovg, av Kot
avt N avénon Ntav oyetkd younAn. To péco telkd Pdpog yo ta dTopa OV
owtioTnKav pe ovumnkta nrav ototiotikd opoto (P>0.05) amd 1o apyikd Tovg, He E101KO
pLOUo avénong vy v opddo avth ToAd younio (<0,01%), evd émmg HTav PLoKO 0
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€101KOG pLOUOS avENong Yoo TV opdda Tov datnpndnke oe acttio HTav apvnTikKdg TOLV
ONADVEL TNV OTAOAELD COUATIKOV BAPOVG.

21 oebvn PProypaeio vdpyovy AyooTég £mG EAANIOTES EPEVVEG GYETIKO UE
mv extpoer] (mayvvon) tov Nephrops norvegicus. Ot Rotland et al. (2001),
TPAYLOTOTOINCAY £pELVA KATAE TNV 0omoia EXETELYON 1 EKTPOPT| LETAVOUPDV TOL £100VG
HéYpL 10 0Td10 V e xpnon ePECKMV EUTAOLTIGUEVOV VowTAimv g Artemia salina wg
poen. Ta amoteréopata TG Topovoag Epsvvag £dei&ay g n kapaPida (N. norvegicus)
elval éva e€apetikd avBektikd €100 oe cvvONKeS arypuolmoiag, 010TL | TPAOTN OV
TPOCTAOELD VOATOEKTPOPTG TOV £J€1EE TG EMPLOVEL GE VYNAO TOGOGTO OKOLO Kot OTOV
dwutnpeitarl og acttio yio peydho ypovikd ddotnuo. H datpoen tov pe guotkt| tpoen
(Wod1a) £de1EE VITOOYOUEVA OTOTEAEGUATA Y10 LEAAOVTIKEG EPEVVEG GTOV TOUEN AVTO.
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PRELIMINARY RESULTS OF POPULATION DENSITY,
BIOMETRY AND REPRODUCTIVE CYCLE OF HOLOTHURIA
TUBULOS (GMELLIN, 1788) IN PAGASITIKOS GULF.

G. Kazanidis, A. Lolas, A. Despotopoulou, N. Neofitou, D. Vafidis, C.Neofitou
Department of Ichthyology and Aquatic Environment, University of Thessaly, dvafidis@uth.gr

Abstract

The aim of the present study was to determine the population density, biometry and reproductive cycle of
the species Holothuria tubulosa Gmellin, 1788 in the mobile substratum at the upper part of infralittoral
zone in Pagasitikos Gulf. Samplings were carried out by scuba — diving, during June 2007 — March 2008,
in Kato Gatzea area. Mean population density was 10.18(3.66) ind / 100 m?. The mean value of total
length was 30.3(x6.09) cm, of total wet weight 217.10(+82.10) g, of body wall wet weight 108.10(+32.61)
g, of digestive tract length 83.5(x18.91) cm and of peripharyngeal crown perimeter 53.5(x5.18) mm. The
estimated biometric relationships followed negative allometry, with the total wet weight — body wall wet
weight relationship showing the highest correlation coefficient (r=0.93). Spawning occurred at the end of
the summer when water temperature was about 25 — 26°C.

MEAETH THX IAHOYXMIAKHX TIYKNOTHTAX, THX
BIOMETPIAX KAI THX ANAITAPAT'QI'IKHX ATAAIKAXIAY TOY
OAOBGOYPIOY HOLOTHURIA TUBULOSA (GMELLIN, 1788)
XTON ITATAXHTIKO KOAIIO: TPOKATAPKTIKA
AITIOTEAEXMATA.

I'. Kalaviong, A. Adrag, A. Aeorotomovrov, N. Neopitov, A. Bageiong, X. Neopvtov

Tuqpe Feomoviag IxBvoroyiag kot Yédtvov [epifdriovtog, Zyoin 'eomovikdv Emotnuodv,
Havemotuo Oecoairiog, dvafidis@uth.gr

Iepidnyn

O 010%0G ™G mapovoag epyaciog NTav N Kataypaen g TANBVGHIOKNS TukvoTnTas, TS PropteTplog Kot
TOV OVOTOPAY®YIKOD KOKAOL Tov €idovg Holothuria tubulosa Gmellin, 1788 oto kivntd vdoTpOpO TG
avotepng vromapaiakng {odvng tov IHayaontikod KoAmov. Ot derypatoinyieg mpaypoatonomdnkay pe
avtovoun katddvon peto&d Iovviov 2007 — Maptiov 2008 oty mepoy] Kdtow Toatléa. H péon
mnBvopakh mokvotno frov 10,18(x3,66) dropo / 100 m? H péon Ty Tov OAkod pfKovg fTav
30,3(x6,09) cm, tov oAwov Pdapovg 217,10(£82,10) g, TOL PAPOVE TOV COUATIKOD TOVYMDUOTOC
108,10(x32,61) g, tov pnkovg TOL mEmTIKOV ocwARve 83,5(x18,91) cm kot NG TEPETPOL TOV
TEPLPOPLYYIKOD dakturiov 53,5(x5,18) mm. Ot Propetpikéc cvoyeticels mov e€etdotnkay akoAlovfobv
apvNTIK OAAOUETPiO, VA M oxéon HETAEDL TOL OAMKOL PApovg CAOUATOS Kot TOV PAPovs CMUOTIKOV
TOYMUOTOG TAPOVGiace Tov vynAoTepo cvvieheotn ovoyétiong (r=0,93). H mepiodog g wotokiog
evroniotnke ota 16An g Bepvig meptddov dtav 1 Beppokpacio Tov vepov Nrav 25 — 26° C.

INTRODUCTION

The aspidochirote Holothuria tubulosa Gmellin, 1788 is a common echinoderm
species in the Mediterranean Sea (Tortonese & Vadon 1987). The main type of habitat
where the species is found is the seagrass beds of Posidonia oceanica (L.) Delile
(Gustato et al. 1982) while it is distributed on sand, silty sand and rocks of infralittoral
and circalittoral zone (Koukouras & Sinis 1981, Simunovic et al. 2000). Moreover, H.
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tubulosa is among species of high commercial value, since it has been exploited as fish
bait in the Mediterranean or imported in Japan where is consumed after processing
(Tortonese & Vadon 1987). However, existing information as regards its natural stocks is
limited to the effect of type habitat (Bulteel et al. 1992, Simunovic et al. 2000),
hydrographic conditions (Bulteel et al. 1992, Simunovic & Grubelic 1998) on population
dynamics and reproductive cycle (Bulteel et al. 1992, Despalatovic et al. 2004). In the
Aegean Sea, existing information is limited to its geographical and bathymetrical
distribution (Koukouras & Sinis 1981).

Due to this great absence of data, the present study deals with population
dynamics of the species H. tubulosa in Pagasitikos Gulf, focusing on the description of
density between 6 — 8 m, biometry and reproductive cycle.

MATERIALS & METHODS

The present study was conducted in Pagasitikos Gulf. Following a preliminary
assessment of many seashore stations, Kato Gatzea was chosen (N 39°18’457"" E 23°
05’869") (Fig. 1). In this area, the substratum is mainly sand, silty — sand and mixed
with a scarce Zostera sp. meadow. Although the presence of individuals was intense, the
population’s bathymetric distribution was limited to the upper 10 m. As a result, the
research was conducted between 6 - 8 m. Eleven samplings were carried out by scuba —
diving on a monthly or fortnightly basis (June 2007 — March 2008). At each sampling,
bottom temperature was recorded while 20 individuals were collected randomly.
Population density was measured as number of individuals / 100 m? using 10 (10 m?)
quadrate plots.

Fig. 1: Sampling station in Kato Gatzea, Pagasitikos Gulf (N 39°18’457"" E 23° 05°869"’).

Total length was measured underwater from mouth to anus with £ 0.1 cm
precision, with care to avoid body contraction and then specimens were put into
individual plastic bags (Despalatovic et al. 2004). In the laboratory, the sample was
examined recording: total wet weight (Tww), digestive tract length (DL), peripharyngeal
crown perimeter (PCC), body wall wet weight (Bww) and gonad wet weight (Gww).
These measurements were used for the establishment of size frequency distributions and
for the estimation of allometric relationships. The identification of sex was based on the
macroscopic features of the gonad (Despalatovic et al. 2004) while the reproductive
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status of the population was assessed using the gonad index (Gl), expressed as the
percentage ratio of gonad wet weight to the body wall wet weight (Shiell & Uthicke
2006).

The null hypothesis that biometric characters were the same between sexes was
tested with t-test while biometric characters and gonad index variance were tested with
one-way ANOVA (Zar 1984).

RESULTS & DISCUSSION

Overall, 233 individuals were collected and measured. The mean value of
population density was 10.18(+3.66) individuals / 100 m?. The maximum value (20) was
recorded in July 2007 while the minimum one (5) in September of the same year. The
mean value of density is considered rather low compared to these inferred from other
locations in the western Mediterranean (Coulon & Jangoux 1993). These low density
values are probably related to the absence of P.oceanica meadows, which constitute the
main habitat of H. tubulosa and to the high participation of silty-sand in the substratum
(Gustato et al. 1982, Bulteel et al. 1992). The high participation of silty sand in greater
depth may also limit the population’s presence to the upper 10 m (Simunovic et al.
2000).

Statistical analysis (t-test) showed no significant differences between the sexes
(p>0.05).Consequently, the results presented are based on the entire collection of
individuals (Table 1). The absence of external sexual dimorphism in H. tubulosa is in
accordance with previous findings (Despalatovic et al. 2004).

Table 1: Biometric parameters and statistics of Holothuria tubulosa in Kato Gatzea (Pagasitikos Gulf) (SD:
Standard Deviation, TL: Total Length, Tww: Total wet weight, Bww: Body wall wet weight, DL:
Digestive tract Length & PCC: Peripharyngeal Calcareous Crown perimeter).

Values TL (x0.1cm) Tww (+ 0.01 g) Bww (£ 0.01 g) DL (+1cm) PCC (x1mm)
Mean(+ SD) 30.3 (+6.09) 217.1 (£82.10) 108.1 (£32.61) 83.5 (x18.9) 53.5 (¥5.18)
Minimum 13.8 69.5 39.5 32.0 36.0
Maximum 49.4 508.6 208.5 1475 81.0
ANOVA(time) | F=5.03 p<0.05 F=13.24 p<0.05 F=9.20 p<0.05 F=6.80 p<0.05 | F=5.06 p<0.05

The biometric characters showed significant differences among samplings
(Table 1). Population dynamics analysis was based on total wet weight measurements.
This was on the one hand due to the reliability of this parameter and on the other hand
due to the variability of total length (Conand 1981) and complicated measurements of
digestive tract length and calcareous crown perimeter. Total wet weight analysis showed
distinguished peaks during autumn and winter periods while in summer period there was
an equal distribution tendency (Fig. 2).
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Fig. 2: Size — frequency distribution of the total wet weight (g x 10) of Holothuria tubulosa in Kato
Gatzea (Pagasitikos Gulf) by sample.

The examined biometric relationships followed negative allometry (b<3), since
the relative growth rate of each pair of parameters differed while the pair total wet weight
— body wall wet weight showed the highest correlation coefficient (Fig. 3).
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Fig. 3: Biometric relationships of Holothuria tubulosa in Kato Gatzea (Pagasitikos Gulf) (n=233, r =
correlation coefficient, TL: Total Length, Tww: Total wet weight, Bww: Body wall wet weight, DL:
Digestive tract Length & PCC: Peripharyngeal Calcareous Crown perimeter).

Sex ratio was not different from 1:1, similarly to other populations of H. tubulosa
(Despalatovic et al. 2004). The examination of sex ratio was based on summer samples
since identification of sex was difficult during spring (developing stage), autumn
(spawning stage) and winter months (total absorption of the gonad) (Fig. 4). The mean
value of gonad index showed significant differences among samplings (F=19.99, p<0.05)
with greatest values appearing during July and August.
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Fig. 4: Sex ratio of Holothuria tubulosa in Kato Gatzea (Pagasitikos Gulf) by sample (M= Male,

F=Female, U=Unidentified sex).
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Subsequently, spawning occurred at the end of the warm period when water
temperature was about 25 — 26°C (Fig. 5). Similar pattern has been reported in many
Mediterranean areas (Bulteel et al. 1992, Despalatovic et al. 2004).

35 7 A - —Gl---A--T Gl )
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=] \ |
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o 15+ ) N
g | 10
| ( 3
8 10 -
577 .\\\. //' | 5
0 S —————— L L X

26/6 O7/7 217 118 01/9 21/9 14/10 17/11 16/12 19/1 06/3

Date of sampling

Fig. 5: Temporal changes in mean gonad index of Holothuria tubulosa and temperature in Kato Gatzea
(Pagasitikos Gulf) (Gl= Gonad Index & T= temperature).

CONCLUSIONS

The main population characteristics of H. tubulosa in Kato Gatzea could be
summarised as follows: the mean density value was 10.18(+ 3.66) individuals / 100 m?
while bathymetrical distribution of the species was limited to the upper 10 m. Also,
external sexual dimorphism should be excluded - the mean value of total length was
30.3(x6.09) cm, of total wet weight 217.10(£82.10) g, of body wall wet weight
108.10(x32.61) g, of digestive tract length 83.5(x18.91) cm and of peripharyngeal crown
perimeter 53.5(x£5.18) mm. Moreover, all the biometric relationships showed negative
allometry while the pair of total wet weight — body wall wet weight had the highest
correlation coefficient (r=0.93). Finally, spawning occurred at the end of the warm
period, when water temperature was about 25 — 26°C.
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YXTAAIA ANAIITYZEHX TOY TENNHTIKOY XYXTHMATOX TOY
XEPZAIOY 'AXTEPOIIOAOY Helix aspersa (PETIS GRIS-
KPHTIKOX KOXAIOX) XE XYNOHKEX
EAEI'’XOMENHX EKTPO®HX

A. Agomotonovrov, A.Il. Adrag, M. Xatdmwdvvoo kot X. Neopvtov
Tuqpa T'eomoviag IxBvoroyiag kot Yodtvov Iepifdriovrog, Epyaotipro Ixvoroyiog —
Ydpopioroyiag, [avemotuo Oecoariog mxatzi@uth.gr

IHEPIAHYH

Meretinke 1 €EEMEN TOL YEVWNTIKOD GLGTANOTOG O GYEOT e TO puBud avénong Tov £dmOYLov
calykopov Helix aspersa oe povado ovamapayoyng Kot ekTpoeng  (StyTvokhmio  mwhyvvorg).
Xpnowonomnkav tpelg opddeg ektpepdpuevav Fy yevidg (nlkiag 3 %2, 4 %2 ko 6 pnvov), epmopikon
peyéboug (D= 30,09 mm, W= 10,35 g, n=37) kot e opdda yevynropov niikiog 12 pnvav (D= 29,60 mm,
W= 9,17 g, n= 41). O péoog 6pog Tov OAKOD PAPOVG TOV YEVVITIKOD GUGTHUOTOS TOV OVAOPIHOV HTOV
764,51 mg evd o pécog 6pog tov Pdapovg Tov Agvkoportoyovov frav 349,45 mg kor dev dépepav
OTOTIOTIKG OTHOVTIKG GTIG TPELG NAKieg mov e€etdotnkay. [ Tovg YEVWNTOPES, 0 LEGOG OPOG TOL OAKOV
Bapovg Tov yevwnTikoy cuotnuatog vrroloyiotnke icog pe 1702,90 mg, evéd o pésog 6pog tov Pépovg tov
Aevk@UATOYOVOL 160G pe 698,91 mg. Ao v 16TOAOYIKY HEAETN TNG YOVAdOG dlomiotdbnke OTL éva pukpo
TOGOGTO TMV COAYKUPIDV TOL OVOTTOYXONKAV KAT® 0md TIC CUYKEKPILEVEG CUVONKEG EKTPOPNG, PTAVOLY
0€ YEVVITIKN ®poTNTo og nAio 3 éog 6 punvav, evd og nikia 12 unvov oppdlel To cuvolo TV
COAMYKOPLDV.

DEVELOPMENT STAGES OF THE REPRODUCTIVE
SYSTEM OF THE TERRESTRIAL GASTROPOD Helix aspersa
IN CONTROL REARED CONDITIONS

Despotopoyloy A., Lolas A.P., Hatziioannou M., Ch.Neofitou

ABSTRACT

The development of the genital system in relation with the growth rate of the edible snail Helix aspersa
was studied. Juvenile farm-reared snails (age: 3 %, 4 % and 6 months), were used as the study population
(D= 30,09 mm, W= 10,35 g, n= 37) and 41 adults (age: 12 months) farm-reared snails was used as control
(D= 29,60 mm, W= 9,17 g). The mean average of the total weight of the genital system and the weight of
the albumin gland for the study population was 764,51 mg and 349,45 mg, respectively. The mean average
of the total weight of the genital system and the weight of the albumin gland for the control population was
1702,90 mg and 698,91 mg, respectively. The histological analysis on the gonads, using the Hematoxylin —
Eosin stain show that the studied rearing conditions lead the snails to reach reproductive maturity 3 - 6
months after hatching.

Keywords: Snail farming, Helix aspersa, genital

EIZAT'QI'H
H extpoon colykapudv €xet peydAn owovouky] onuocio Kot omottel o
a&loloyn enévdvon o€ xpovo, eE0mMGO Kot TOpovs. e moArEg ydpec (Itolia, Iomavia,
Avotparia) £xovv avantuydel pnéBodOL EKTATIKNG KOL EVIUTIKNAG EKTPOPNS GOAYKOUPIDV
Helix aspersa (Begg and Mcinness, 2003: Elmslie, 1989). H pewt) gktpoen owtod tov
eldoovg epappoletor ot FoaAdio, v Avotpario kot otnv EAAGda. ZOpeova pe
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péEB0do avTN, 0 YOVOG TOPAYETUL GE EAEYYOUEVO TTEPPAAAOV KO ETEITO LETOPEPETAL GE
dyyrvoknmia M e€mtepikd mhpko yioo v mayvvon (Gogas et al., 2003: Murphy, 2001).
ATO T0 OTOTELEGLOTOL TTOV VITAPYOVY UEXPL CTUEPA Y10 TNV EKTPOPN Tov H. aspersa otnv
EAAGOa, givarl yvootd 0Tt Ta coitykdplo eOdvouy oto gpmopevotpo péyebog oe ddotnua
4 -6 unvov (Gogas et al., 2003). v napovca epyocio peretnOnke n e&EMEn tov
LOPPOULETPIKMOV YOPOKTNPIGTIKMY TOL YEVVNTIKOL cuoTthiuatog tov H. aspersa amd to
016010 TOV YOVOL £m¢ TO eUmOopPKd pEyebog Ko TV avamopaywyn o€ GOALYKAPLOL TOV
TpoNABavV amd LovAda EKTPOPTC.

YAIKA KAI MEOGOAOI

Mo ™ pedétn g avénong kot g €EEMENG Tov YEVWNTIKOD GLGTNUOTOS TV
caAykapudv H. aspersa ypnoipormomnkay caitykdpro (N= 78) F; yevidg mov mponibav
and Vv 1010 €PYAoTNPOKY] EKTPOPT] KOl OVOTTOYONKOV GE OUYTLOKNMIO TAYVVOTG.
[paypatomombnkav técoepelg (4) derypotolnyieg kot eeTdoTnKaV GLVOAIKG 78
COAYKAPLO. SLOQOPETIKNG NAKioG, oAAG  gumopedotpov peyébovg (ueyddn S1aueTpog
keMdpovg D > 25mm ) ko Bapovg (W> 8g). Ta tpia (3) deiypato TV EKTPEQOUEVOV
coMyKopldV cVAAEYONKaV amd To dryTvoknmo téAN lovAiov 2007, 1€éAn Avyovotov 2007
kot apyés OktoBpiov 2007 dnmiadn oe mhkieg 3,5 punvov, 4,5 pnvov kot 6 pnvov
avtiotorya. H péon swdperpog tov keAvgovg firov D= 30,09 mm kot to péso Papog Tovg
nrov W= 10,35 g, (n= 41). H oudda yevvntopwv niikiog 12 unvov mov eéetdotnke (D=
29,60 mm, W= 9,17 g, n= 37) datnpnonke oto gpyacthiplo tov Tunuotog oe cuvOnkeg
yepepiag vapkng tptv eicaydei og KA®PoLG avamapoywyne.

e KaBe calykdpt apykd KaToypaenKe N TOpOLGio avaditAmong Tov yeihovg Tov
OTOWIOV TOV KEAVPOVG (TEPIOTOUIOV), VOl LOPPOAOYIKO YAPUKTNPLOTIKO TOL ONADVEL TO
TEPOG TNG AENONS Kol TNV ®PIHOvVen Tov YevvnTikoh cuotnuatoc. o v amopdvoon
TOL YEVVITIKOO cvoTnuatog ta {da avarcOntomolovtay pe yapvearédiowo (30 otoydveg
yopvporédato dtdvpéveg oe 200ml vepov) yia tovddyiotov 2 dpeg (Bojat et al., 2001)
kot Quyilovtav 10 OMKO PApPOg TOL YEVWNTIKOL GLOTHUATOS Kot TO Pépog TOv
AEVKOUOTOYOVOL 0OEVQ.

H poviponoinon g yovéoag mpoxkeévov va yivel 10TOAOYIKY HEAETN €yve o€
StaAvpa @oppaidetiong 4%. H extipnon tov otadiov yevvnrtikng opipaveong £yve oto
LIKPOGKOMIO UETA OO TN XPDON TOV IGTOAOYIKMOV TOPUCKEVAGUATOV TG YOVAdOG LE TN
uébodo Auato&uiivne- Hooivng (Bojat et al., 2001).

210, O€0OUEVO TMOV TOPATAVED HETPNCEMY EYVE OTOTIOTIKY enefepyacio e
avaivon dokduaveng kot tov Eleyyo Tukey-Kramer HSD.

AIIOTEAEXMATA- XYZHTHXH

To péoco Bapog Tov YEVWNTIKOL GUOTHUOTOS TOV EKTPEPOUEVOV GOAYKAPLUDV
niuxiog 3,5 éog 6 unvov mov e€etdotroay, Ntav 764,51 Mg evd o péocog 0pog Tov
Bapovg Tov Aevkopatoydvou adéva ftav 349,45 mg. Aegv Bpédnke oTaTIOTIKA GNUOVTIKY
SpPopd 6T OLO AVTA YAPUKTNPIOTIKAE TOL YEVVITIKOD GUGTHUATOS OVALEGH OTIC TPELG
NAkieg mov e€etaomrav (ANOVA, n=41: F=0,27, P=0,76, ywo. to Bdpog Tov yevyntikon
ovotuatog kot F=0,17, P=0,84 ywo 10 Bdpog Tov Agvkmpoatoydovov). To uéso Bapovg
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TOV YEVVITIKOD GLUGTHLLOTOG TMV YEVVNTOP®V NAKiog evog étovg ntav 1702,90 mg, kot to
pécso Papog tov Aevkopatoydvov ntav 698,91 mg peyén dimddoia ond To Papog tov
AEVKOUATOYOVOL 0déva oTo {Ma NAKIOG EVOC £T0VC SIEPEPE OTATIOTIKA onuovTikd (P=
0,0066, n=37) peta&d ovtdv mov giyav NON amobécel avyd (593,5 mQ) kot dowv dev
elyov yevvnoet (962,3 mg).

eproTopmo

H ocvyvémra gppdviong g avaditlmong tov nepiotopiov Ppédnke aviioTpOpmg
avdioyn pe TNV MAKIo oTo EKTPE@OUEVA Golykdpto. Xvykekpuéva to 80% twv
calykopudv wov épbacav og gumopevolno péyeboc oe mikio 3,5 punvov (Asiypa
IovAiov 2007) &iyav yvupiopévo mePIoTOUO EVED TO avVTioTolyn mocootd o€ nhikia 4,5
unvov frav povo 20%. Ta Loa mov £pbacav oe gpnopedoio péyebog oe nikia 6 unvav
glyov TN LIKPOTEPN cLYVOTNTA EUPAVIONS YVPLouEVOL Tteplotoptiov (11%). H Betikn avty
OLGYETION TOL PLOUOV AVATTTVENG CAOUATOG LE OVTOV TOV YEVVNTIKOD GULGTHUATOG
Kataypaenke kot omd tovg Jess and Marks (1998) mov mapotipnoay, 6e TEPUUATIKN
extpoen tov H. aspersa, 6t 1o {do oV PHEYOADVOLV O apyd £QTAVOV KOl TO Opyd
oTN YEVWNTIKN opigavon, ocOpeova pe T0 €EMTEPIKO HOPPOAOYIKO KPP0 NG
AVAOITA®GTNG TOV TEPIGTOUIOV.

Iotoloywkn perétn ™G yovadog.

H pwcpookomikn] g&étaom tov dadoyik®v Topmv g yovddag tov H. aspersa
€0e1le OTL oto ekTpeplOueva colykdplo miwkiog 3,5 unvaov m yovdoo mepleiye
omepLOTOYOVIOL Kot woydvia. o to cuvoro Tev yovadwv and ta (oo twv 4,5 unvov,
Bpénke o611 vIapyovy wokVvTTAPO TOL TEPPAAAOVTAL omd woBvAdKia Kol €yovv
TAnoldcel TN mEPIPEPEIL TV AoPdiwv, omeppoToyovio o€ pEYGAO aplBud Kot
OTEPULATOKVTTOPO TTOV TEIVOLV VO, LETATPATOVV GE CTEPUATIOES. ZTIG TOUEG TV YOVASWV
EKTPEPOUEVOV GOALYKOPLOV NAKIOG 6 unvov dtakpivoviav Aofidia kot g kKabe LoPidio
VIPYAY  CTEPUOTOKVTTOPO, OTEPUATIOES, OMEPUOTOYOVIOL Kot mAPlo Tov AGpylle va
e&épyeTan amd 10 ®OOBLVAAKIO 6TO E6MTEPIKO TOV A0P1diov TG YOVAdNG. LTOVS YEVVITOPES
VIPYALY CTEPLATOYOVIA KOl MOKVTTAPO TOV SLOTAGGOVIAV GTY| TEPLPEPELD TOV AoPidiov.
ATO TIC TOPATNPNCELS TOL £YIVOV GTO 1OTOAOYIKG TOPOCKEVAGUOTA TNG YOVAOOS TMOV
eetalopevov {odwv, ot mapoboo epyacia, TO OTOTEAEGULOTO GLUTITTOLV UE TO
dedopéva e Piproypagiag (Bride and Gomot 1991: Gomot and Enee, 1980) yia ta
OTAOL AVATTTVLENS TOV YEVVITIKOD GLGTILLOTOG GTO 1010 €100C,.

SOUTEPAGUATIKA, £VO KPO TOGOGTO TOV CGUAYKOPLOV TOV OVOTTOYONKOV KAT®
amd TIG GVYKEKPIUEVEG CUVONKES EKTPOPNG, PTAVOLV GE YEVVITIKN MPIUOTNTO 6€ NAkio 3
¢ 6 umvov. H avatopr tov yevvntikod cvotiuotog emiPePainoe 6Tt kavévo amnd to
colykapta dgv elxe Cevyapmoet Péypt TV NAkia Tov 6L unvav evod oe nlkio 12 unvov
opudlel Kot avamapayeTol LEYAAO TOGOGTO TV CUALYKOPIDV EKTPOPNC.
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FISH WELFARE: STRESS EVALUATION USING ALKALINE
COMET ASSAY

Malandrakis E.E., Kavouras M., Kassimatis D., Dadali O., Chatzipli C., Golomazou E.,

Exadactylos A., Panagiotaki P.
Department of Ichthyology & Aquatic Environment, School of Agricultural Sciences, University of
Thessaly, Fytokou Str., 38446, Nea lonia Magnesias, Hellas

ABSTRACT

The comet assay, which is also called the single cell gel assay (SCG), is lately used in order to detect and
quantify DNA damage of single cells in micro-gel electrophoresis. It consists of the following steps: the
preparation of cell suspension, the preparation of agarose gel in a microscope plate, cell lysis, unwinding of
the DNA and microscopic analysis of the image processing system under fluorescence. Comet assay is
used for the detection of DNA damage in various types of cells under stressful conditions. Stress induces
the activation of enzymes such as endonucleases and topoisomerases (e.g., through elevation of
intracellular free calcium) may give rise to strand breaks as will increases in the level of endogenous
reactants such as superoxide radical and nitric oxide. Stress is of major importance in aquaculture
production, and the lack of agreement about its quantification still continues.

EYZQIA IXOYQN: EKTIMHXH XTPEX ME TH XPHXH THX
MEQ®OAOY TOY KOMHTH XE AAKAAIKEX XYNOHKEX

Moravopaxng E.E., KaBovpag M., Kacydatng A., Ntavtoin O., Xotlnmin K.,
I'colopdlov E., E€addxtvroc A., TTavaywwtdxn I1.
Tuqpe Teomoviag IxBvoroyiag kot Yodtwvov [epifdriovtog, Zyoin 'eomovikdv Emotnuodv,
Movemomo Osocariog, Od6g Dutorov, 38446, Néa Imvia Mayvnoiog, EAAGG

IHEPIAHYH

H teyvikn tov kopntn, yveotr) kot og SCG, ypnolpomoleitor ywr TNV aviyvevon Kot tnv
nocotikomoinon g PAAPNS tov DNA o amopovopéva kOttapa, He TNV NAEKTPOEOPNON O TNKTH
ayopdlne. Xvvomtikd omoteleitol omd To akOAovBo PApatol TNV TPOETOWOGIH TOL KLTTOPIKOV
QLOPNUOTOG, TNV ETIKAAVYN TNG OVTIKELLEVOPOPOL TAGKAG LE TNKTH ayopdlng, TV KuTtapikn Avon, Ty
amomeptéMEn tov DNA, kot v avdAven g ekovag e PKpookomo ehopiopov. H avdivon tov kopntn
ypnoonoteitarl yio v aviyvevon g PAaPng tov DNA cg didpopovg TOTOVE KLTTAP®V VIO cVVONKESG
otpec. To otpeg mpokareil v evepyomoinom eviOU@V OT®G 01 EVOOVOLKAEAGEG Kol Ol TOTOICOUEPACES
(uécw g adénong Tov evdokvtrapikoy Ca™) ot omoieg owEAVOLY TO TOGOGTO KeppoTIGUoy Tov DNA.
Autio TG evepyomoinong TV evEOU®V auTtdVv, anotedel 1 adENon TOV EMTESMV EVOOYEVAY EVOGEWDY, OTMG
ta vepoeidta, ol elevBepeg pileg kot to povoleido tov almtov. To GTPES TOV EVINTIKA EKTPEPOUEVOV
wBdoV eivor yeyovog vyiotng onpaciog ot VOOTOEKTPOYEG KOl 1) TOCOTIKOMOINOT, TOV OmOTEAEL
avtikeipevo culnmong ot debv Bifioypapic.
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INTRODUCTION

Animal welfare is by no means a reason for scientific debate, engaging
aquaculture experts worldwide. The two major issues nowadays are the definition of
animal welfare and its unbiased assessment. There is no direct approach of measuring
welfare, nevertheless a wide range of physiological, biochemical and behavioral
parameters are used for its evaluation (Ashley, 2007). Stress in rearing conditions is
definitely an indicator of poor welfare. Among others, a technique to determine
genotoxic effects induced by stressors is the comet assay (Figure 1). Comet assay or
single cell gel electrophoresis (SCGE) is a rapid, robust and inexpensive method for
detecting DNA strand breaks. The DNA damage can be a reflection, not only of direct
strand breakage, but also of alkali-labile sites and of repair enzyme-mediated breakage.

METHODS AND MATERIALS
Cell extraction
The liver is extracted from fish and placed in cold HBSS balanced solution

(Mg**, Ca™ free) on ice. The tissue is injected with collagenase (CLS Type 1) 0.04% for
digestion. Afterwards the sample is incubated for 15 min and then posed in petri plate

/i Unwinding / Electrophoresis
* /

Analysis
Neutralisation

Staining
Figure 1 Flow diagram of the comet assay

and sliced in small pieces. Both sample and solution, are transferred in a beaker and
stirred for 30 min. The cell suspension is filtered through a sterilized bandage in a
centrifuge tube, followed by centrifugation at 2000 rpm and the remaining pellet is
resuspended in 10 ml PBS (phosphate buffer saline). Centrifugation and resuspension are
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repeated for 2 additional times. All manipulations are carried out on ice, unless otherwise
mentioned (Baksie and Fazier, 1990: Devaux et al., 1997: Mitchelmore and Chipman,
1998).

Microscope slides preparation

Microscope slides pre-treated with 40 ul of 0.5% NMP agarose prepared in
phosphate-buffered saline (PBS) evenly spread are air-dried and cell suspension (20ul)
mixed with 80 ul of low melting point agarose in PBS kept at 37 °C is pipetted over the
slides. Slides are covered and left on ice (Tice et al., 2000).

Cell lysis and electrophoresis

Slides with the stabilized cells are then rinsed in lyse solution (NaCl 2.5M, EDTA
100mM, Tris-Base 10mM, 100X Triton 1%, DMSO 10%v/v, pH 8) for 1 hour at 4°C. All
operations are conducted under dim light. The slides are placed in a horizontal gel
electrophoresis tank containing freshly prepared cold electrophoresis buffer (0.075 mM
EDTA and 300 mM NaOH, pH>12). The nuclei are incubated 20 min to facilitate DNA
unwinding prior to electrophoresis at 25 VV — 300 mA for 15 min at 4 °C. Electrophoresed
slides are then soused in neutral buffer (TrisBase 0.4M, pH 7.5) for 15min in order to
remove any remaining EDTA. The slides are stained with 50 pl ethidium bromide
(20 pg ml™) for 5min, dipped in ice-cold water to remove the excess of ethidium
bromide and covered with a cover slip (McKelvey-Martin et al., 1993).

DNA damage quantification

For each slide, 100 randomly chosen nuclei are analyzed using a fluorescence
microscope with an excitation filter 515 — 560 nm and a barrier filter of 590 nm. A
computerized image analysis system (CASP, open source) is employed (Figure 2). The
tail moment (TM) is commonly used as the measure of DNA damage. A minimum of 3
biological replicates is taken for each treatment and from each replicate two SCGE slides
are prepared. In total, 600 nuclei are analyzed per treatment.

This technique permits quantification of DNA damage by evaluating the Tail
Moment (TM) parameter of the comet assay. TM considers both tail length and fraction
of DNA in the comet tail (Singh et al. 1988), is defined as DNA product in the tail, and is
calculated according to the following formula:

TM = (tail intensity/total comet intensity)x(tail center of gravity-head center),
Where the percentage of DNA migrated into the tail (i.e., tail intensity/total comet
intensity) is multiplied by the mean distance of migration in the tail (i.e., the distance

between the tail center of gravity, which is the sum of tail positions divided by the
number of points and the head center).
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APPLICATIONS

|| Efle pssay View Options Window Help
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e length
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HeadDNA = 54.5033 TailDNA = 454367
TM=541411 OTM = 355032

Figure 2 Image analysis using CASP

This technique is applicable in various cell types of vertebrate and invertebrate
aquatic species, following in vitro and in vivo exposures under laboratory conditions.

It has been demonstrated that various isolated cells from aquatic species respond
to a range of direct-acting (not requiring metabolic activation) and indirect acting agents.
The fact that DNA strand breakage has also been caused by compounds that require
metabolic activation, in various cells in vitro also reflects the metabolic activation
capacity of the cell types employed. DNA strand breakage has also been seen in cells
following various laboratory exposures of fish in vivo (Mitchelmore and Chipman,
1998b).

The fact that in vivo exposures have led to an increase in strand breakage (as
detected by a range of techniques) is important for the use of this parameter as part of a
biomonitoring strategy. Clearly, sufficient concentrations of chemical (or in many cases
reactive metabolite), even from single doses or from spiked sediment exposures, can
reach the cells under study. The DNA damage produced from a range of compounds can
be manifested as strand breakage, and is sufficiently persistent to be retained during cell
isolation. The biochemical and physical factors that can influence genotoxicity in
different individuals have been discussed by Zaleski et al (1991). In particular,
metabolizing enzymes that are involved in both metabolic activation and detoxification
are known to vary dramatically in response to environmental conditions in fish.
Important influences are temperature, stress, diet, reproductive activity and the presence
of inhibitors and inducing agents.
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In conclusion the comet assay is a sensitive, rapid and economic technique for the
detection of strand breakage, which is ideally suited as a non-specific biomarker of
genotoxicity in fish and other aquatic species. It has been used successfully to reflect a
range of in vivo exposures in a range of species. However, there is now a need for more
comprehensive field studies supported by adequate information on chemical exposures.
There is also a potential to exploit the assay for more detailed information on cell-
specific effects, inter-individual variability, and on the persistence of lesions that can be
expressed as strand breakage under alkali conditions. Finally there are many studies
demonstrating an association between DNA strand damage and various biological
genotoxic factors present in the field. Comet assay is a pivotal method in order to
measure DNA damage as a contributor to irreversible toxicity, to detect characteristic
rates of mutation and to estimate repair enzyme-mediated breakage. Further more it is a
rapid and sensitive tool, to evaluate genotoxic effects related with stressful conditions.
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EIIIAPAXH THX AIATHPHXHX ME ®OPMOAH XTO MHKOX KAI
YXTO BAPOX ATOMOQN AABPAKIOY (Dicentrarchus labrax) KAI
TEZIIIOYPAX (Sparus aurata).

A. Tavvoxomovdov’, I1. Mavayiwtaxn’, T. Kiaovdaroc® kat X. Neogvtov®.
"Tufua Tewnoviog Iyfvoroyiag kat Yddrvov Hepipariovroc, Txod Temmovikdv Emompdv,
Mavemotyuo Oecoariog, Od6g Dutdkov, T. K. 384 46, Néa Iovie Mayvnoiag, ppanag@uth.gr.

NMEPIAHYH

H dwtipnon ybvdiov oe opudin mpokarel cuyvad petaforéc 610 PRKOG Katl T0 BApog Tovg.
Elvar amapaitnto vo exktunfovv ovtég ot petaforés dote vo vmdpyel 1 dSuvatdtTo TPOGEYYIoNG OTO
apykd Papog M unkog peydrov apBpod 1ybvdiov Tov omoimv or petpnoelg dgv gival EQIKTO va
Tpoypatononfovy e TPAyHaTIKO yxpdvo detypotoAnyiog. Ov petaforéc oto UAKOG Kot oto Papog
yBvdiwv Ttowmobpog kot AaPpaxiod pécov Pdapovg 2 mepimov g (AaPpdxi 2,17+0,379, towmobvpa
1,97+0,409), peletinkov kotd t doTnpnon tovg og ddivpe eopuoing 5% yio ypovikd ddotnue 1, 3,
5,7,9, 15, 30 kot 60 nuepadv. O xpdvog datipnong ot Poproin dev enédpace 6To BApog Tov AaPpakio,
eved mapatnpnnke avénon tov otabepov pnkovg tov (P<0,05). Ocov aeopd oty Towmovpa O€
dwmotddnke enidpacn Tov ypoévov Sutnpnong ot eopudin oto Papog Kol 6To GTOHEPO PUNKOG TV
yBvdiov.

THE EFFECTS OF FORMALIN ON LENGTH AND WEIGHT
MEASUREMENTS OF SEA BASS (Dicentrarchus labrax) AND SEA
BREAM (Sparus aurata) JUVENILES.

L. Giannakopoulou®, P. Panagiotaki®, S. Klaoudatos' & Ch. Neofitou®

ABSTRACT

The aim of the present study was to investigate changes in length and weight of hatchery produced
sea bream and sea bass juveniles, with a mean weight of approximately 2g, preserved individually in 5%
formalin for 24 h, 3, 5, 7, 9, 15, 30 and 60 days. Preservation time had no significant effect on sea bass
weight however an increase in standard length with time did occur (P < 0.05). In sea bream, neither weight
nor standard length was dependent on time of preservation. Linear equations, based on least square
regression relationships describing the changes in length for both species are presented. The slopes
represent correction factors. As sea bass standard length seemed to be influenced by the duration of
preservation, the effect of initial fresh fish size was also tested. Two size classes were chosen (small class:
<40, large class: > 40 mm) and significant differences were only found in the small size class.

EIZAT'QI'H

AxpiBelg peTpnoelg unkovg Kot Papovg lvarl amopoitnteg OTOV EKTIUATOL M
duvoputkn evog gidovg waptov (Jennings, 1991; Paradis et al., 2007) 1 6tav peketmdvtan ot
TAPOYOYIKES TOPAUETPOL. Agv gival mAvTOoTE E0KOAO va yivel pé€Tpnon peydiov aptpod
yOLOlWV KATA TN GLALOYN TOVE GTO TTEDNIO €iTE GTN LOVAdW EKTPOPNG. L2¢ €K TOVTOL &lval
avaykaio va dttnpovvtot delypata 1yfvdiov yio peydio ypovikd S1doTnua.

H dadikacio g dtotpnong empépel LETAPOAEG OTIC LETPTOLUES TAPAUETPOVS
v To. TeprocdTepa €idn yapiov (Parker, 1963; Leslie and Moore, 1986). 'Evo a6 ta wo
YVootd péca owmnpnong eivoar m @opuoAn. Kotd 1t dwtypnon o€ popuoin
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npokalovvTol oAhayég ota 1yfvota, Omme cvppikvoon (Paradis et al., 2007; Thorstad et
al., 2007), aira ko avénon (Sagnes, 1997; Al-Hassan et al., 1999, 2000).

H ovppikvoon e€aptdror and ) dibprelo Kot TNV To0TNTA GOPONG TOL SLYTLOV
KoTé T cvAloyn oto medio (Jennings, 1991; Fey, 1999, 2001), amd tov tHmO KO TN
ovykévipoon tov owivuatoc (Yin and Blaxter, 1986), amd 1t Ogppoxpacio
nepPairovtog kotd ™ dwarrpnon (Porter et al., 2001) kot oo T0 péyebog Twv tybudiwv
(Jennings, 1991; Fey, 1999, 2001).

YKomOg G mapovoOs epyoaciog MTav vo mEPLYpAYEL TIG UeTAPOAEG oTO
Swtnpnuéva 1yBvoa Kot TavTdypova v TEPLYPAYEL Pe EEICMGELS TIG OYECEIS KVAOTOV»
Kot dtatnpnuévon pnkovg/Bapouc.

YAIKA KAI MEGOAOI

Xpnowonombnkav 100 dropa Aafpakiod mov xvpaivoviav amd 1,329 £mg Kot
2,949 (M.O.x SD: 2,17+0,37g) xou 100 dropa tomovpag mov Kvuaivoviay omd 1,229
éog xar 3,46g (M.O.£SD: 1,97£0,40g). Ta ybvdo petopépdnkav Cwvtavd oto
gpyaotnplo omov Kot Bovotdbnkov pe vrepPoikn 06on avarsOntikod. Kabe 1yBvoo
Cuyiomke (£0,01Q), petpribnke 1o otabepd tov ufkog (£0,1mm) kot tomobetnnke o€
TAOOTIKO QloAidl0, TO omoio mepieiye OwdAvpa @opudAng 5%. Olo to detyparta
petpnOnkav Eavd émerta and 24 dpeg, 3, 5, 7, 9, 15, 30 ko 60 nuépec. Ta «vomd»
detypoto yopiotkay 6€ 600 KAAGELS GOUP®VO. LE TO UiKog Tovg (pkpn kAdon: <40mm,
ueydAn kiaon: >40mm). H didpketo Tov mepdporog nrov 2 pvec.

AIIOTEAEXMATA & YXYZHTHXH

O éheyyoc g KavovikOdTtag Tmv dedopévav (Kolmogorov-Smirnov test) dev
napovcioce amokAioels. H emidpaon g datnpnong, dev NTOV GTATICTIKMOG CTLOVTIKI
ywo. 70 Bapog Tov AaPpaxiod (one way ANOVA, d. f. =799, P > 0, 05). And v GAkn
mAevpd, To otafepd UNKog Tov AaPpakiod Tapovcioce peimon Tig TpmTeg 24 dpeg TNV
omoio. aKoAoVONoe ol eElappld avEnon Kot po otabepomoinon TV THOV avtov. O
¥XPOVOG TG dotpnong enédpace oto PNKog tov Aafpakiov (one way ANOVA, d. f.
=899, P < 0, 05). Ot oyéocigc molvopOUNoNg «<vOmob» Kot STnpnuévov BApovg Tov
AaBpakiod Kot g Tomovpag Tapovstdloviot otig Ewoveg 1 ko 2 avtictoya.
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Ew.3. Zyéon petald dratnpnpévov kot Ew.4. Zyéon peta&d dratnpnpévov kot
«vomov» 6T0dgP0V UMKOVG TOV AaPPaKLoD. «oToH» 6TafgPOD PKOVG TG TOLTOVPUC.

O e&lomaoelg mov meptypaeovv TG HETAROAEG 6TO PNKOG Paciotnkay og GYEoelg
TaAvOpounong elayiotov tetpaymdvov (least-square Regression Analysis), avaueco 6to
«VOTO» KOl TO STnPnUEVO UNKOG Yo To AaPpdkt kot yio thv towmovpa (ITwv.1). Ot
ovvteleotég b amotelovv «ovvieleot d10pHwoNC».
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AABPAKI TXIIIOYPA
Awtipnon R’ R?
1 SLy=0,888*SL;+5,068 0,784 SL,=0,882*SL ,+4,777 0,804
3 SL,=0,933*SL;+2,481 0,788 SL,=0,902*SL 3+4,020 0,822
5 SL,=0,958*SL:+0,847 0,849 SL,=0,880*SL:+4,986 0,843
7 SL,=0,942*S| ,+1,415 0,813 SL,=0,916*SL,+3,656 0,841
9 SL,=0,957*SL4+1,003 0,837 SL,=0,911*S| ¢+3,469 0,843
15 SL,=0,918*SL4:+2,491 0,823 SL,=0,922*SL 4:+3,233 0,841
30 SL,=0,892*SL 3,+3,364 0,799 SL,=0,894*SL 3,+4,086 0,831
60 SL,=0,969*SL¢+0,241 0,831 SL,=0,873*SLge+5,01 0,807

[Tpokepévov va e&akpipwbet Katd mdco emdpd to apykd peyébog twv 1ybvdiov
o1 HETABOAN] L KOLG Kot TV 000 €100V 6TO HEGO dlatnpnong Ta 1 fvola yopiomkay e
KAMAGES avaAdY®C e TO apytko (vord) otabepd Tovg HNKoG.

H avdivon €0e1&e 0t1 | pikpn KAGon oto AaPpakt, 0eV TOPOVGINCE GTUTIOTIKMG
onuovtikég drapopéc (one way ANOVA, d. f. =179, P > 0, 01), aAAd M peydAn enédpace
onNUoVTIKG Kotd T dtdpketo tng dratripnong (one way ANOVA, d. f. = 719, P < 0, 01).
Yty towmovpa, dgv mapotnpnOnke emidpoon ™ kAdong (uikpr kAdom: one way
ANOVA, d. f. =710, P >0, 01, peydin kAdon: one way ANOVA, d. f. = 188, P > 0, 01).

Ta arotedéopata g emidpaonsg TV HEBOS®V daTHPNONG Yot LEYAAO XPOVIKO
daotnua ota yBHvoLa, Teprypdpovtal ektetapéva otn BipAtoypagio e€outiog tTng HeYIANg
OTOVOAOTNTAG TTOV TAPOLGLALOVY GE TOAAG EMCTNHOVIKA TTEdOL.

H duapkeln g owmmpnong, 1o péyebog twv Oerypdtov Kol To €100 TOLG,
e€etdlovtol ®¢ Ol Mo CNUOVTIKOT TAPAYOVTEG Ol OTOI0l TPOTOTOOVY TO PAPOG Kol TO
ukog tov copatog (Markle, 1984; Leis, 1986; Jennings, 1991; Takizawa et al., 1994).

Qotoco o Billy (1982) avoeépet 0tL evdeyopévog va unv givar emopkng m
YPNOUOTOINCT TOV JTNPNUEVOV UETPNCE®V YlOL TOV VTOAOYICUO TOV LKVOTOV»
petpnoemv. Xe avtifeon, ot Kruse kou Dally (1990) avagépovv 6Tt 1 pébodog avtn givar
a&lomoT.

210 meipapd pog, o Papog tov Aafpokiov de petafAndnke, oe avtiBeon pe 1o
pnKoc. Amd v GAAN mTAgvpd, TO PUNKOG Kol TO PAPOC NG TOUTOLPOS, OEV TOPOLGIOGE
Kopio agoroyn petaPorn. O Sheilds ko Carlson (1996) toviCovv 6t 6l to pécQ
datpnong, opovv pe tov 1010 TpOTO Kol cuykeKpPUEva, petd to Bavato tov 1yBuvdiov,
avTIKaoTovV T0 vEPO 6T doun TV 1yBudinv pe To HEGo dtaTnpnong.

O Parker (1963) avagépet pa ehaeptd avénon tov «vmmov» Papove, énerta and
dathpnon dudpkelag 24 wpmv tov gidovg Pomoxis nigromaculatus. O Treasurer (1992)
eniong toviCel 011 N TEPKA Tapovoiace avénorn Tov Papovg ¢ petd and 24 wpeg o€
ddAvpa eopuoing (5%), kdtt 10 omoio iowg vo o@eiletar 610 SLOPOPETIKO TPOTO
TOPOCKEVT|G TOL  OAVUATOC Kol oty oopopvufuon. Xtnv  mopovoo  £pgvva
ypnoomomdnke omovicpuévo vepod. O Parker (1963) avapépet 0TL 0 6oAOUOG 6 PPEGKO
vepod Tapovciace avEnomn oto PApog Tov, KATL TO 0moio dev mapatnprOnke o Balaccivo
VePO.

Ot Leslie kot Moore (1986) emionuaivovv 6t n adénon 1 n peimon Tov KOG,
pmopel vo OQEIAETAL GTN JLPOPETIKY] TMEPLEKTIKOTNTA TOV 1OTAOV G VEPO KOl GTO
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TOGOGTO TV ACTPMV Kol KOKKIVOV HU®V, 010TL d10POPOTOLEITAL TO TOGOGTO OVTAOV GE
SLPOPETIKA PEPT TOV GMUTOG Tov 1YBLdiov, Ta omoia Ko eivon vmevOuvva yo TV
KOALUPNTIKY] IKOvVOTNTO TOVL.

H ovykexpyévn €pegvva amédeie 0Tt o1 aALAYEG TOV TOPATNPOVVTAL GTO KOG
eCaptavtal and to €idog Tov YBvdiov Omw¢ emiong kot omd to apykd péyebog. Emiong
eatvetal vo givatl onpUovTiKOg 0 TPOTOS TAPUCKEVTG TOV SIUAVUATOG, ) CUYKEVTPMOOT] TOV
HEGOV ST PNONG KOt 1) SLAPKEL SLOTPNONG.

YYMIIEPAXMATA

O voAoyIG OGS TG 010pBMONE TOL UNKOVS TOVL AXPBPAKION TOV TPOKVTTEL AT TNV
napovoo epyacia, o copPdiiel e peléteg 0KOAOYIOG TOV EWOMV GE TPOIUA GTAOLN
AaPBpokion Kot Tourovpag, OTOV AmULTOVVTOL LETPNOELS UNKOVS Kot Ba ypnoporomBel o
EPEVVEC TOV OAVTIKEWEVOL TOV Y OOTOKOAAEPYEIDV, OMOVL 1 GLYKEVIP®ON HEYAAOL
ap1Bpov dstypartog Kpivetan amopaitnn.

[MopdAAnia, mpokdmTel 1 avaykn e€étaong g emidpacng tov YpOVoL Kol TOV
pécov dwatnpnong yw ke €idog Eexwprotd, kabdcov ot yevikevoelg eival mhavov va
00N YNGOLV G€ AaVOUCUEVES EKTIUTOELS.

EYXAPIXTIEX

H ovvepyaoia ¢ Etapiag Aiag IxBvoxariiépysieg ABEE ftav ovoclaotikny yuo
™ O01dbeon twv dSerypdTomv Kot Toug guyoapiotodpe Bepud. Emiong evyapiotovpe toug
LETOTTTUYIOKOVG  OUTNTEC 7oL  Pondncav otV MEWPAUATIK)] GACT] Kol Tovg Ov0
AVAOVOLOVG KPLTES, 01 0moiotl a&loldyncav v TapoHoo EpyaciaL.
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XPHXH ANOXOENIXXYTIKQN OYXIQN XTIX
YAATOKAAAIEPTEIEX

A. TTaradomoviov, E. I'koropdlov, E.E. Maravdpaxng, IT. [Tavayiotdakn
Tuqpa Teomoviag IxBvoroyiag kot Yodtwvou Iepifdriovtog, Zxoin 'eomovikdv Emotnuodv,
[Mavemotuo Oeccariog, Od6g Putdkov, 38446, Néa lovia Mayvnoiog, EALGSa.

IMEPIAHYH

H oldéyiom ypnon tov oviiPlotikdv £xel 00Mynoel oty ovAamtuln ovOeKTIKOV TPog avTd
Boktnplokdv oTeELeX®V, e GUVETELN T LELOUEVT anoTEAESHATIKOTNTE TOVG. 'ETat, o1 ohyypovol epeuvntécg
£xouv apyioetl va pehetovVv TiG OepanenTIKES 110TNTES OLGLOV SLOPOPETIKNAG PVCEMS OO OVTH TOV KOOV
LEXPL TOPU POPUAKEVTIKOV ovol®V. Ta avocoevicyvtikd onmg ot Brrapiveg C, E kot A, to tpofrotikd, ta
TPEPLOTIKA KOt T EKYLMOUOTO BOTAVAOV 1] QUKOV, POIVETAL VoL EIVOL LEAAOVTIKG £VOL 016100050 «epyaheio»
Yoo TOV KAGSO T®V VOATOKUAMEPYELDV, KOOMG CLUBAAAOVY GTNV €VIGYLON TOV OVOCOTOUTIKOD
oLGTAHOTOG Kot fonBohv TOVG EKTPEPOLEVOVG OPYAVIGUOVG VO TPOGTaTELHOVV 0o didpopes Taboloyikég
kataotdoelg. H mopodoa epyacion omotelel pia Pproypagixy ovackoémnon g ypNong Tov
OVOGOEVUGYLTIKAV GTNV EKTPOPT] T®V VOPOPLOV OPYUVIGUDV, TOV GAIVETOL VO gival pia EATIO0QOPOG VE
TPOGEYYION AALNL TAVTOYPOVO KOL L0l ETLITOKTIKY OVAYKT).

USE OF IMMUNOMODULATORS IN AQUACULTURE

A. Papadopoulou, E. Golomazou, E.E. Malandrakis, P. Panagiotaki
Department of Ichthyology & Aquatic Environment, School of Agricultural Sciences, University of
Thessaly, Fytokou Str., 38446, Nea lonia Magnesias, Greece.

ABSTRACT

The extraordinary use of antibiotics has resulted in the development of bacterial strains which are
resistant to the antibiotics, reducing their efficiency when they are used. The immunomodulators like the
vitamins C, E, A, the probiotics, the prebiotics and the herb or algae seem to be a future optimistic tool for
the aquaculture industry, as they contribute to the improvement of the immune system protecting the
farmed organisms from various pathological conditions. The present study is a review of the use of
immunomodulators in aquaculture which seems to be a promising new approach and an imperative need
simultaneously.

EIXATQI'H

H yprion 1oV avocoeviGyuTIKOV 6TV eKTPOPT TV VOPOPLOV OPYOVIGUDV Y10, TV
TPOANYT TV acHeVEI®OV glvar pa EATIO0POPOC VEQ OVATTLEN KO L0l ETITOKTIKT OVAYKN
OTIg GVYYPOVEG vOTOKaAMEPYELES. H yprion avtifrotikdv €xel odnynocel oty ovamtuén
avOeKTIKOV  TTPOC  avth  PaKTNPOKOV  OTEAEYXDV, WHE OLVEREW TN  UELWUEVN
OTOTEAECUATIKOTNTA TOVG. [0 TV AVTIHETOTION AVTOV TOL PALVOUEVOD £XOVV OpYicEL
NON £€PEVVEG TOL GKOTO £YOVV TN UEAETN T®V OEPATEVTIKAOV 1O10THTOV PUOTIKDOV OLGLOV
oAAG Kol TV evioyvon TG QLGIKNG Aduvvag Tov {wikov opyavicpov. H yoprynon
OVOCEVIOYLTIKOV glval pia ac@aing pnéBodoc mpdAnyng tov acbeveldv yopig
TapeVEPYELES KADIGTOVTOG TaL YpN oI epyoireio pe pakpompdbespo amoteléopato o
oxéon pe T ypNon  eoapuokevtik®v ovolov (Sakai, 1999). Ouv ovcieg ovtég
KATOVOADVOVTOL OC TPOPLULO KO TO OTOTEAEGLOTE TOVG POIVOVTOL 1010TEPA EATIOOPOPOL
Yo TNV EVIGYLOT TOV GVOGOTOINTIKOV GUGTILOTOS TWV VOPOPLOV 0pYaVICU®DV, YEYOVOS
mov Ba uopoHGE VoL 0ONYNGEL GTNV EKTPOPT] TOVG LELDVOVTOS TN YPNON POUPLOKEVTIKMOV
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N MMUKOV ovc1dv. MEypt onUeP TO TO EVPEMG YPTCLUOTOINUEVE AVOGOEVIGYVTIKA, M
xpNoN TV omoiwv &xetl deiEel evOaPPLVTIKG OMOTEAEGLOTO GTIC VOUTOKAAMEPYELES, Elvar
ta TtpoProtikd, ta mpeProtikd, ot Prrapiveg, ta aBépia Elaia, To KyvAiopaTa Botavav
Ko ToL QUK.

MMPOBIOTIKA

Ta mpofrotikd eivor Covtavol piKpoopyaviopol mov xopnyodviol ¢ QLGIKE
CUUTANPOUATO GTNV TPOPT (OIKAOV OPYOVIGUAOV, LE ELUEVN EMIOPOCT GTNV LYEID TOL
TeENTKOV TOVG cLoTHHaTOC. H 10éa Ko  griocoeia Tov Tpoflotikdv otnpiletal oy
wooppomia ™G eviepkng pkpoyAwpidag. Ta mpofrotikd aviaywviovtor maboydvoug
LKPOOPYOUVIGHOVGS, BEATIOVOVY TNV HIKPOPLOKY] 1G0pPOTTia TOL EVIEPOV, EMOPOVV 6To pPH
oV, OlomovV TIG Kuttapiveg Ponbovioag oty wéym, evvoodv 1 ovvbeon Kol
amoppOPNOT TOV PITOIVOV KOl 1YVOOSTOWEIMV Kot EVIGYDOLV TN QUOIKN GpLVO TOL
opyaviopov. H ypnon tov mpoflotikdv 6nmg tov Paktnpiov Bacillus subtilis ABL,
Lactobacillus rhamnosus JCM1136, Carnobacterium maltaromaticum B26 o
Carnobacterium divergens B33, otnv ektpogn ¢ pdilovca méotpoea (Oncorhynchus
mykiss), éxet Ppebei OTL evepyomolEl UNYAVIGHOVG TOV GLVOGOTOMNTIKOD TNG GLGTHLOTOS
(Kim et al., 2006, Newaj-Fyzul, 2007,), ev® to Bacillus S11 Bpébnke ot gvepyomotel
E101KOVE Kat 1 e101KOOE pnyovicpovg auovvag ot yapida Penaeus monodon (Rengpipat,
2000). Xe mpowyo otadlo Ppiokoviar Kot £PEVVEG YioL TN YPNON TPOPLOTIKOV GTO
TPOVOUPIKO GTAO00 TV VIPOPLwV opyavicpmv. Emiong, omd moAléc €pevveg €xet
TPOKLYEL OTL, Ta TPOPLoTIKA dev €yovv Oetikd amotedécpato udvo oty vyeio TV

EKTPEPOLEVOV OPYAVICU®OV OALG Kot 6T0 VIPOPLo TepPaiiov ato onoio ovv (Farzanfar,
2006).

IIPEBIOTIKA

Ta mpeProtikd opilovial ©¢ OVGTERTA GVOTATIKA TV TPOPADV, TOV ETIOPOVY
EVEPYETIKA KL £XOVV MG GTOYO TNV AvarTUEY Kol avéNen TS OPAGTPIOTHTAS EVOS 1]
opicuévay e10av Paxtnpiov cro évrepo. Mepikd ond 10 mo Kowd mpePlotikd mov
YPNOUOTOLOVVTOL OTIC VOATOKAAMEPYELES €lval ol @povkto-oAlcakyapiteg (FOS), ot
yorokto-oAocakyoapiteg (TOS) kot m wovAiviy, mov PeATidOVOLY TNV TETTIKOTNTA,
vroompiCouv emdllo T Owtipnon ™S PAKTNPLOKNG 1GOPPOTIOG TOV EVIEPOL Kot
VIOKIVAOVTOC Un €101K0OC unyoaviopuovg auvvog tov yapidv (Mahious et al., 2005). H
xpNoN TPERLOTIKMV £xel amoderyfel 0Tl eumodilel TV GLGCOPEVOT TOAADY EMKIVOLVOV
Baktnpimv otov eviepikd PAevvoyovo, amotpémoviag TV omeAevfépmon tov PAafepdv
to&vav tovg (Li & Gatlin, 2005). Evtovtotg, onuepa 1 epaproyn Tv tpePloTik@dV oTig
VOUTOKOAMEPYEIEC EYEL TEPLOPIGUEVT] YPTOT).

BITAMINEX
Ot Brrapiveg givon opyavikeég eVOCELG KPOV HOPLoKoD BEpovg Tov AElTovpyovv

®¢ oVoTUTIKA cLVEVIOL®V 1 eVOOU®V GE SAPOPES YNUIKES AVTIOPAGELS TOV AdpPAvouy
xopo. oto (owo opyovioud. Ilapoammpnnke ta tehevtoion ypdvia OTIC GUYYPOVES
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voatokaAMEPyeLee, Ot N EAdetyn Prrapvov (aprtopivoon) dnpuodpynce moALATAG Kot
oLVOETA TPOPANLLATA GTNV EKTPOPT| TOV VOPOPLOY OPYAVICUOV OTMOS Y10 TOPAOELYLLOL [N
EVTOVI KIVNTIKOTNTO KOl avijouyn TAEvoToT T TV 1)Y00®V, andiela dpeEng kot peimon
™m¢ avénong. Méypt onuepa ot Prroapiveg A (aénpopBoin 1 aviiEnpoeboiuiky), C
(aoxopPikod 0&H) kar E (tokoeepodn) aivetal vo evioybovv Kot va vrootnpilovv 1o
OVOGOTOMTIKO GVoTNUA TV VIPOPLwV opyavicudv. H yoprynon g Prrapiving E &xet
amodeyBel OtL evioyvel to avocomomtTikd cvotua TG 1pilovoas TESTPOPOS
(Puangkaew et al., 2004) kot g towmovpog (Cuesta et al., 2001) eved n Elkewyn g
TPOKaAEl vep-evacOncio oe Taboydvoug mapdyoviec. H yopriynon tov Prrapwvav C
Kot A gvepyomotel emiong un €101KOVG 0lVOGOAOYIKOVG UNYOVIGHOVS GTO KUTTPIVOELDT| Kot
ocaApovoeldn avtiotoryo (Misra et al., 2007).

BOTANA - ®YTA - AIOEPIA'EAAIA - ®YKH

H ypnon Potdvov, putodv, aifépiov erainv kot pUKOV pmopel vo cuufaiet otnv
TPOANYT acOeEVEIDV EVIGYVOVTOC TNV ALV TOL OpYaVIGHOV. [dtaitepa Tor exyvAicuaTa
TOV APOUATIKOV QLUTAOV Kot POTAVEOV ATOKTOOV eEQPETIKO EVILAPEPOV Y1aL TN XPTOT) TOVGS
ot datpoen v (hov, Tpocdidoviog svuepyetikéc 1010tnteg (Dlgenci et al., 2003).
dutikd exyviiopato dmwg tov devdpoAifavov, Tov Bupaplov, TOv EAGKOUNAOV, TNG
plyovng €xovv 1oyvpn aviloEedmTiK) Kot aviyukpoPlakn opdon. ‘Exelr Ppebel o011
ekyvAiopoto arnd Viscum album, Urtica dioica kot Zingiber officinale, npoctiféueva
oV datpogn ¢ pwdilovoag méotpopag (Dugenci et al., 2003) kot ekyviicuata
Botdvov oOmmg Myristica fragrans, Ocinum sanctum «ot Withania somnifera,
npooTiféuEva otV dlTpoen veopmv atouwmv tov gidovg Epinephelus tauvina (Sivaram
et al., 2004) &govv TV KOVOTNTO VO EVEPYOTTOCOVY U1 EBIKOVG UNYOVICUOVE GHVVOC.
Emiong, n avocoevioyvtikn dpdon tov @vkovg Spirulina platensis éyel amodeiybei oto
yatoyopo kot otov kumpivo (Watanuki et al., 2006).

AIIOTEAEXMATA - XYZHTHXH

Ot acBéveleg Tov VOPOPLOY OPYOVIGUAOV EKTOG OO TO. OIKOVOULKE TPOPANLOTOL
ov dNUoVPYoLV ot dwyelpton oG povadag, Ady® TG LVYNANG BvnodtnTag, ™G
amotuylag TG emitevéng tov eumopwkoy peyéBovg M NG xopnynonsg okpiPaov
avTIPloTik®v, KAoviovv TN ox€om avAIEGH GTOV TOPAY®YO KOl GTOV KOTOVOAMTY.

To avocomomtikd cHOTUA €ivol TO GAQA Kol TO OUEYO Y0 TNV OVTILETMOTION
TV acbeveldv and tov 1010 Tov opyavicud. H Aettovpyia tov avti pmopet va dtatnpn el
KoL v EVIGYVOEL e TN YOPTYNON OVOGOEVIGYLTIKMY OVCIMV HE KOGTOG WKPOTEPO Omd
oVTO TOV POPUAK®V. AV KOl TO 0LVOGOTOMTIKO GUGTNLO TOV VOPOPLOV OPYOUVIGU®OV OEV
éxel peretnBel mAnpog, 6mwg €xetl yivel otov dvBpomo Kot to xepoaio {da, 1 TANPNG
KOTOVONoN Kol ¥pnon tov Oa 0dnynoel Tov KAGOO TV VOUTOKOAMEPYELOV GE TLO
GLYYPOVO KO TOLPOYWYIKE LOVTELQ.

Ta avocoevioyvutikd, 0nwg ot Prrapiveg C, E kot A, ta mpofrotikd, ta mpePlotikd
Kot To ekyvAiopata PoTdvav Kot QUKAV, ard TNV Topovca PPAoYpaPIKn avacKOTn o),
eoivetal OTL eivor éva  PEALOVTIKO, ouo1000E0 epyoreio Yo TOovV  KAGOO T®V
VOOTOKOAMEPYEIDV, KAODS GUUPAAOVY GTNV EVIGYVOT TOV OLVOGOTOUTIKOV GUGTILOTOG
Kol fonBovv pe PUOIKO TPOTO TOLG EKTPEPOUEVOVS OPYOVIGUOVS VoL TPOSTATELOOVV Ao
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ddpopeg maboroyikég kotaotaoels (Esteban et al., 2001). To omoteléopoto g
eVIoYLONG TOL OVOGOTOUTIKOD GULGTIUOTOS LE OVOCGOEVIGYLTIKG, Kpivovtal dtaitepa
IKOVOTTOUMTIKA Kol €VOAPPLUVTIKG Y10 TEPOUTEP® TEPAUATIGUOVS, OKOAOVODOVTOG TOLG
oLYYPOVOLG PLOLOVG TG PLolTPIKNG Kot PLOQOPUAKEVTIKNG, HE GEPACUO OTIG PLGIKEG
avayKec TV VPOPLOVY opyavicu®V Kot oto meptBaiiov (Vadstein, 1997).

BIBAIOT'PA®IA

Cuesta A., M.A. Esteban, J. Ortuno, & J. Meseguer, (2001). Vitamin E increases natural cytotoxic activity
in seabream (Sparus aurata L.), Fish & Shellfish Immunology, 11, 293-302.

Digenci S.K., N. Arda, & A. Candan, (2003). Some medicinal plants as immunostimulant for fish, Journal
of Ethnopharmacology, 88, 99-106.

Esteban M.A., A. Cuesta, J. Ortufio, & J. Meseguer, (2001). Immunomodulatory effects of dietary intake of
chitin on gilthead seabream (Sparus aurata L.) innate immune system, Fish & Shellfish
Immunology, 11, 303-315.

Farzanfar A., (2006). The use of probiotics in shrimp aquaculture, FEMS Immunol Med Microbiol, 48,
149-158.

Kim D-H. & B. Austin, (2006). Innate immune responses in rainbow trout (Oncorhynchus mykiss,
Walbaum) induced by probiotics, Fish & Shellfish Immunology, 21, 513-524.

Li P., D.M. Gatlin Ill, (2005). Evaluation of the prebiotic GroBiotic®-A and brewers yeast as dietary
supplements for sub-adult hybrid striped bass (Morone chrysopsxM. saxatilis) challenged in situ
with Mycobacterium marinum. Aquaculture, 248 (1-4), 197-205.

Mahious A. S., F. J. Gatesoupe, M. Hervi, R. Metailler, and F. Ollevier, (2005). Effect of dietary inulin and
oligosaccharides as prebiotics for weaning turbot, Psetta maxima (Linnaeus, C. 1758) Aquaculture
International, 14, 219-229

Misra C.K., B.K. Das, S.C. Mukherjee, & Pradhan J., (2007). Effects of dietary vitamin C on immunity,
growth and survival of Indian major carp Labeo rohita, fingerlings, Aquaculture Nutrition, 13, 35-
44,

Newaj-Fyzul A., A.A. Adesiyun, A. Mutani, A. Ramsubhag, J. Brunt, & B. Austin, (2007). Bacillus
subtilis AB1 controls Aeromonas infection in rainbow trout (Oncorhynchus mykiss, Walbaum),
Journal of Applied Microbiology, 103, 1699-1706.

Panigrahi A., V. Kiron, T. Kobayashi, J. Puangkaew, S. Satoh, & H. Sugita, (2004). Immune responses in
rainbow trout Oncorhynchus mykiss induced by a potential probiotic bacteria Lactobacillus
rhamnosus JCM 1136, Veterinary Immunology and Immunopathology, 102, 379-388.

Puangkaew J., V. Kiron, T. Somamoto, N. Okamoto, S. Satoh, T. Takeuchi, & T. Watanabe, (2004).
Nonspecific immune response of rainbow trout (Oncorhynchus mykiss Walbaum) in relation to
different status of vitamin E and highly unsaturated fatty acids, Fish & Shellfish Immunology, 16,
25-39.

Sakai M., (1999). Current research status of fish immunostimulants, Aquaculture, 172, 63-92.

Sivaram V., M.M. Babu, G. Immanuel, S. Murugadass, T. Citarasu, & M.P. Marian, (2004). Growth and
immune response of juvenile greasy groupers (Epinephelus tauvina) fed with herbal antibacterial
active principle supplemented diets against Vibrio harveyi infections, Aquaculture, 237 (1-4), 9-
20.

Vadstein O., (1997). The use of immunostimulation in marine larviculture: possibilities and challenges,
Aquaculture, 155, 401-417.

Watanuki H., K.A. Ota, C.M. Tassakka, T. Kato, & M. Sakai, (2006). Immunostimulant effects of dietary
Spirulina platensis on carp, Cyprinus carpio, Aquaculture, 258, 157-163. nrt

217



ANAIITYZH TEXNOAOI'TQN KAAAIEPTEIAX T'H'ENQN
EMITIOPIKQN MAKPO®YKQN I'TA OAOKAHPQMENEZX-
HOAYTPO®IKEX YAATOKAAAIEPI'EIEX

2. Opoavidong, B. I'tyn, M. Baciielddov

EOviké Tépopa Aypotikig Epevvag (E@.I.AT.E), Ivotttodto Alievtikig Epevvag, 640 07
Néa [Tépapog, Kapdia

H o&onoinon tov Ooddooiov pokpoeuk®dv ot ok voatokaAMEpyELn
oyetileTan, Katd KOPLO AOYO, HE TN SLVOTOTNTA TOVS VO OTOPPOPOVV OpemTikd GAoTa
(Brogirtpa) kot vo Tapdyovv 1yvooTotyEio Kot QUTIKEG TPOTEIVES (Tpo®n). Me Tov Tpomo
OVTO TPOCTATEVETAL ONUAVTIKA TOo Bohdooto mepiPdAiov, Yiati To TAOVCLN GE EVOGELG
oV aldtov {wikd amoppippoto petomotovvtor o€ Propdlo Kot dev dlaAdovIol 6e aVTO,
EVO TAVTOHYPOVA ONUIOVPYOVVTOL TTPOOTTIKEG KAAALEPYELONS PLTOPAY®V OPYAVICU®DV, T.X.
aywav. H emtoyng KoAAépyelo Tov HoKpoeuk®v Tpobmobétel v vmopén Pacikng
YVOONG Y0 TO KOAAEPYOOHEVO €101 KOlU TN YPNON TEXVOAOYIDV KOAMEPYELNS
TPOCUPUOGUEVES GTO TOTIKO TEPPAAAOV. LT TAAIGIO AVTOV TOV GTOYOV HEAETHONKAY pE
KoaAMEPYeleg dooopetpiag (3X2 mapayovtikd melpdpota pe €61 emavOANYEL) TO
eotoouvleTikd kot avénTikd dpiota tov ynyevav ewdomv Chondracanthus teedei,
Gracilaria gracilis, Ulva rigida, Porphyra rosengurttii, ce 600 d10popetikéc aAatdTnTEG
Kol TPIG OLOPOPETIKEG CLYKEVIPMOOELS VITPIKAOV Kol QOGPOPIKAOV oAATOV. EmumAéov,
eetdotnke N dvvarotnta koAlépyelag tov ddv G. gracilis xor U. rigida oe 1tpeig
ovykevipooelg Awudtov (10, 30 kol 60%) ce Borkaoowvd vepd tov gidovg Paracentrotus
lividus, xabd¢ kot 1 dvvatdtnTa EKTPOENG TOV HE TO TAPUTOVED £id1. MEPog NG
TAPOTAV® Epevvag, 1 omoio ypnuatodotnOnke and 1o mpodypaupa E.IT.AA. 2000-2006,
Métpo 4.6, Karvotopa Métpa, mapovoidletal oe autn v epyacia.
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MICROBIAL SPOILAGE OF GILTHEAD SEA BREAM (Sparus
aurata) STORED AT REFRIGERATION TEMPERATURES
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ABSTRACT

Post mortem changes and the subsequent growth of microbial spoilage flora are the main factors
responsible for the quality deterioration and shelf-life duration of fish stored at refrigeration temperatures.
Factors affecting growth rate of spoilage bacteria, such as, presence of glycogen and pH values and also
fish flesh texture are affected by fish slaughter methods. In this study, cultivated gilthead sea bream caught
and slaughtered by asphyxiation, hypothermia by immersion in ice/water mixture and blow on the head and
subsequently were stored at 5°C. Flesh texture, pH, sensory characteristics (appearance and odour) and
population of main spoilage microorganisms were monitored during storage at 5°C. Slaughter method
slightly affected initial texture of the flesh, but pH value and the microbial spoilage profile was totally
unaffected. In all cases, total bacterial population, H,S producing bacteria (Shewanella putrefaciens) and
pseudomonads reached the population level of 10° cfu/g after four (4) days storage at 5°C, time that
coincided with the sensory rejection of the product.

EIIIAPAXH TOY TPOIIOY GANATQXHY IXOYQN TXIIIOYPAX
(Sparus aurata) XTIZ METABOAEX AOMAIZ®HZIAX KAI PH KAGQX
KAI 2TO MIKPOBIAKO ITPO®IA AAAOIQXHYE KATA TH
XYNTHPHXZH TOYZX YIIO YYEH

'E. IIrtooOAn, 1. [Tavaywwtdxn, L.E. Mrolidpng*

Havemomo Oecoariog, Tu. 'eomoviag lyBvoroyiag kot Yddtvov [epiBdirovtog, utdko 38446, Néa
Iovia, BoAog
* Tnh: +30 24210 93153, ®a&: +30 24210 93157, e-mail: boziaris@uth.gr

IHNEPIAHYH

Ot petaBavatieg petoforés ot clpka Tov OOV kol 1 emakdAovOn avanTtuén ™C aAAOL®YOVOL
HKpoyA®pidag KoTd KHplo Adyo, vBUvVOVTOL Yo TNV TO0TIKY VTOPAOion Kat T SIEPKELD TOL EUTOPIKOV
xpovov Long ToV vOTdv 1x00ev Tov cuvinpovvtot vtd YH&n. Xapaktnplotikd Tov exnpedlovy To puoiud
avanTLENG TOV CAAOIOYOVOV BaKTNPioV OT®MG 1| GLYKEVIP®OT] TOV YAVKOYOVOL Kot 1 Ty pH, aAAd kot
GALO. TTOLOTIKG YOPOKTNPIOTIKA, OTOG 1 OKANPOTNTO TNG OlpKOS, €SopTtdvTol dueca omd Tov TPOTO
Bavdtwong Tov yBd®V petd v aAigvon. v mapovca epyacio dTopa Tomovpas BovaTmnkay Le Tpelg
dapopeTikong Tpomovg (aceuéia, yTomNUe 6To KEPAAL kot vobeppia) kot katdmy amodnkebnkay VIO
yo&N. To pH, 1 oxAnpdTNTAG TG GAPKAG, TO. OPYAVOANTTIKG XOPOKTNPIOTIKG (OGHA Kot EROAvIon) KaOdG
Kat 0 TANBLOUOC TOV KOPLOV GAAOIWYOVOV LIKPOOPYOVIGUMV HETPHONKOV 0 TOKTA Ypovikd StooTipata.
O tpomog Bavatmong Ppébnke OtL emdpd OTIG apYKES TIUEG OKANPOTNTOG THG GApKaAS TOV BdV Tov
Mobnoov apéomg petd to Bavato tovg, aAAd Oyt kot oto PH. Ot petaforés avtég dev emnpéocav 1o
kpoPlakd wpoeik aAloimong Tav ybvwv. Xe OAec TIg meputTdoelc, ot TAnbuopoi tov Pseudomonas sp.,
oG Kot TV BokTpiov ovdy vo Tapdyovy v3pddewo, épfacav oto eminedo tov 10 cfulg petd omd 4
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Nuépeg amodnrevong otovg 5°C, xpovikd Oplo To 0moio GUVETEGE Kal LE TO TELOG TOV EUTOPIKOD YPOHVOL
Lo tov amonkevpévav 1yBdwv.

INTRODUCTION

Fish after caught is undergone post mortem changes which affect texture, pH and
water holding capacity of its flesh. Additionally, various autolytic changes due to its
indigenous enzymes take place, while at the same time microbial growth commence
(Huss 1995). Slaughter methods and pre-slaughter conditions affect the rate of glycogen
depletion and concomitant production of lactic acid. These aspects affect post mortem
changes related to rigor mortis, pH and toughness of the flesh (Bagni et al., 2007; Poli et
al., 2005).

Quality loss of fresh fish is mainly due to the action of bacteria (Gram & Huss
1996). Psychrotrophic bacteria, such as pseudomonads and Shewanella putrefaciens are
the specific spoilage microorganisms that spoil fish stored at low temperatures (Gram &
Huss 1996). Bacterial growth rate and lag phase duration depend not only on extrinsic
factors such as temperature and atmosphere, but also on intrinsic factors such as, pH,
water content, nutrients concentration and substrate structure (ICMSF 1980). The level of
those intrinsic factors might differ due to the different post mortem changes enabled by
the different slaughter methods.

The aim of this work was to evaluate microbial spoilage profile in relation to
shelf life in fish slaughtered by different methods and evaluate its relation to the different
post mortem parameters such as pH and texture of the flesh.

MATERIALS AND METHODS

Fish was caught and slaughtered in a local aquaculture farm, placed into insulated
boxes with ice and brought to the laboratory within 4 hours and subsequently stored at
5°C.

Enumeration of Total Viable Counts (TVC) and H,S producing bacteria
(Shewanella putrefaciens), was carried out as pour plates in Iron Agar (peptone 20g/I,
meat extract 3.0 g/l, yeast extract 3.0g/l, ferric citrate 3.0g/l, sodium thiosulphate 0.3g/I,
NaCl 5¢g/l, L-cysteine 0.6g/l, agar 14g/l and pH adjusted at 7.4) by counting all colonies
and only black colonies respectively after 48 h incubation at 25°C. Pseudomonas sp and
Brochothrix thermosphacta enumerated as spread plates on CFC Agar and STAA agar
after 48 h and 72 h incubation at 25°C respectively.

The pH of the flesh was evaluated by measuring the pH of the first ten-fold
dilution, using a pH meter. Sensory evaluation by 5 panellists of raw fish odour and
appearance was also conducted.

The texture of the flesh was measured using a Texture Analyzer apparatus
(AEGIS 1000, EUCAT, Athens) equipped with a 125 mm cylindrical probe.
Compression was carried out on the dorsal side after removing the lateral fin about 2 cm
from the gill. The probe was pressed downwards at a constant speed of 100 mm min-1
into the fish, until the depth of 5 mm. During the test, fish were kept in a tray.
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RESULTS AND DISCUSSION

Initial microbial population was quite low reaching the level of 5x10° cfu/g.
Population of Shewanella putrefaciens and Pseudomonas sp, which are the specific
spoilage microorganisms of the fish stored at low temperatures reached the level of 10°
cfu/g after 4 days storage at 5°C in all cases regardless the slaughter method (Figure 1).
Brochothrix thermosphacta grew above the detection limit only after the time that
specific spoilage microorganisms reached the stationary phase (Figure 1).

log cfu/g..

0 24 48 72 9 120 144 168 192 216 240
storage duration at 50C (hours)

® IA(TVC) O IA(H2S producing) 0 CFC m STAA

Figure 1. Population changes of Total Viable Counts ® and H,S producing bacteria (Shewanella
putrefaciens) O counted in IA, pseudomonads > counted on CFC and Brochothrix thermosphacta ! counted
on STAA. Each point is the mean of three replicates. The curves were fitted using Baranyi equation
(Baranyi et al., 1993). The arrow () indifates that the measurement was below the detection limit of

two logarithmic cycles.

Spoilage by the mean of sensory rejection (data not shown) of the product occurred after
4 days of storage. The spoilage level (bacterial population at the time of product
rejection) was approximately 10° cfu/g.

The initial pH of the flesh, 4 hours after the slaughter, was not significantly
different for the various slaughter methods (p>0.05). The value was about 6.3 for the fish

slaughtered by hypothermia and blow on the head, and 6.2 for the fish slaughtered by
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asphyxiation (Figure 2). The following days an increased in pH occurred (Figure 2),
which can be attributed to the proteolytic activity of spoilage bacteria (Dainty 1996).

The maximum load need to compress flesh down to 5mm is shown in Figure 3.
The initial maximum load values which recorded 4 hours after the slaughter, were
significantly different for the various slaughter methods (p<0.05). The values were about
15, 9.0 and 5.2 N, for fish slaughtered with asphyxiation, blow on the head, and
hypothermia respectively. An increase from 5.2 up to 9.5 N was recorded for the fish
died by hypothermia the first 72 hours of storage followed by a decrease which reached
the values of 4.5 N at the end of the shelf life (Figure 3). For fish slaughtered with
asphyxiation and blow on the head, a decrease of maximum load down to 6 and 5N
respectively was recorded during the storage period.

58 T T T T T T T T T 1
0 24 48 72 96 120 144 168 192 216 240

storage duration at 50C (hours)

—— hypothermia —@— asphyxiation —&— blow

Figure 2. Changes of pH of the fish flesh during storage at 5°C. Fish slaughtered by hypothermia !,
asphyxiation ® and blow % . Each point is the mean of three replicates. The error bars indicate + st.
deviation.
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Figure 3. Maximum Load recorded for the penetration of fish in a depth of 5 mm. Fish slaughtered by
hypothermia !, asphyxiation ® and blow % . Each point is the mean of three replicates. The error bars
indicate + st. deviation.

The toughness of fish died by asphyxiation (maximum load of 15 N) is might due to the
fast depletion of glycogen and subsequent reduction of ATP concentration which leads to
a faster onset and increased rate of rigor mortis (Wills et al., 2004; Poli et al., 2005).

It is expected that killing by hypothermia leads to a more increased rate of rigor
mortis compare to blow on the head (Huss 1995; Poli et al., 2005). However, in our case
Killing by hypothermia resulted to a reduced flesh toughness compare to blow on the
head. It seems that blow on the head can be more stressful for fish in case that is carried
out by not very well trained slaughterers. Additionally, higher number of trials should be
conducted in order to give more reliable conclusions regarding toughness and pH of the

flesh.
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