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BIBAIOTPA®IA. ... .o 76
Anpoocievon I

Anpooievon Il

IMPOAOI'OX

H moapovoa epyoacio mpaypatomom)Onke o1 €YKOTAGTACELS TOV EPYAGTNPIOV
IxBvoroyiac-YopoPoroyiag, tov Tunuotog I'ewmoviag, IxBvoroyiag kot Yodtivov
[Tep1Barirovrtog tov Tavemotpiov Osccariog. H ohokAnpwon g dev Ba pmopovoe
va emtevydel xopig ) dwpkr|, avektipnt Pondeia Kot kaBodynomn mov pov mapeiye
o EmBAénwv Avarinpotg Kabnyntg k. E€addktuoriog ABavacioc. ®a 0eia va tov
EVYOPIOTNC® OAOYLYO, O10TL e TEPLEPOULE PE EUTIGTOGUVI], TAPEYOVTOS YPTCULES
oLUPOVAEC Kol VTOOEIEELS, OElyVOVTOG OOLAKOTO EVOPEPOV YO TNV  EMTLYN

vAomoinom tne.

EmnpocOeta, Oa Mo va evyoapiomom tov Kadnynm tov Apictoteieiov
[Tavemomuiov ®escarovikng K. AmootoAidn AmOctoAo Yoo TV apéplotn Pondeia
OV Kot TiG €0oToYeg SLUPOVLAEG Kot VodeiEelg Tov. Emiong, evyapiotd Oepud tov
Avaminpot) Kadnynt k. Mroliapn lodvvn yuo tig moAvTtipeg cupuoviéc Tov Kot To

apeimto evolapépov mov emédelée Kab’ OAn  drbpkela TG oTpPrc.

Agv Ba pmopovca vo mopoAeiym TV molvoywdn Ponbela, TIC XPNOES
GUUPOVAEG, TNV EMOKOSOUNTIKY Kol TOLTOXPOVAE £VOOPPLVTIKY KPTIKY Tov EAafo
ard v Avarinpotpio Kadnynqrpu k. Hoavayiwtakn Iovayuwta, v Exnikovpo
Katnyntpia k. I'coropdlov EAévn, tov Enikovpo Kabnynt k. Zxopda Kovotavtivo
kot tov KaOnynm k. Boageidn Anuntpoo. Exepdlo T elikpvéotepeg Kot

OepuLdTEPES EVYAPIOTIES [LOV.
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Oa Nfela aKOUN VO ELYOPIOTNOM YO TIG 0EVAES KOl ETOIKOOOUNTIKEG
ocv{nmoelg mov elyape pe OAN ™V opdada Tov gpyactnpiov, tov Ap. Morovdpdkn
Eppavoun, tov Y.A. KéBovpa Mevérao, tov Ap. [Toraokdota Xpnoto kot tov Ap.

['cqopa I'ewpyro.

Eniong, opeilo va ekppbowm tov 6efacd Kot TIG EVYOPIOTIEG LLOV GTOVS YOVELG
LoV, TOL MOV £dmoav TNV gvkatpio, OAAG Kol TN dvvotdTNTa Vo aPociwdd otnv
vAomoinom g dwtpPng pov mapéyovrog Hov kdbe dvvarr vrooTpiEn, Kabmg Kot

oT1S adepPEG pov Tavayidta kot AAeEAvOpa Yo T d1opkT otpiE TovG.

Téloc, Ba NBera va evyopionom ™ cvlvyo pov Kdrtia kot tov yio pov dilmno
YL TNV OUEPIGTT KOl OAOWYVYT GUUTAPAGTACT), VITOGTNPIEN, KOTAVOTOT| KOl VITOUOVN

ToLG KB 0AN TN ddpkela TG datpiPns. Tovg evyapiotd Bepud dGAovg.
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AloT0o 6VVTOPEVGEOV KU PLOYNUIKAV 0p®V

ATP: Tpipwopopikn adevocivn

COIlI: Kvtoypopa ¢ o&eddong 3

DNA: Ago&upifovoukdeikd o0&

MtDNA: Mitoyovoplaxod deovpifovoukieixd o&n

dNTPs: Tprpmopopikd deo&vpipovovkieotion

EDTA: ABvievodupvotetpaolikd o&o

PCR: AAvcidmt avtidpacn molvpepdons

RFLPs: TToAvpop@iopol piKovg TUMUAT®V Teplopicpon

RP-HPLC: Avtiotpoepng ®donc — Yyning Anddoong Yypn Xpopoatoypopio

tRNA: Metagopikd p1povoukAeikd o0&y
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ABvrevodapivotetpao&cod 0EE0G
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Hepidnyn

Mo mv ernitevén g Yyvniaod™Tos TV TANGLGUOVY 1P1Ilovcas TEGTPOPUS
Oncorhynchus mykiss (Walbaum, 1792) otmv EALGSa vioBetOnke o dabepotikn
TPOCEYYIoN, N Omolo ®G OAANAEVOETOVG TVAMVEG TNG TepleAdpfove o) v
minbucpiokn  yevetikn pekétn oto purtoyovoplokdé DNA tov yboov, B) v
TAVTOTOINOT KOl TOGOTIKOTOINoN TV eAebfepmv auvolémv 6to puikd 1616 TV
YOV®V Kot y) TN YEOUETPIKN LOPPOUETPIO TOV GOUATOS TOV YBV®V, ekppalovtog Eva

OAVTUTPOCHOTEVTIKO OEIYLOL TV EVTATIKAOV EKTPOPDV TNG EAANVIKYG EMKPATELS.

H p1difovca méotpopa amotelel un ynyevég 100G TOV EVPOTATKMOV ECOTEPIKOV
voatwv. EEoutiag 0pmg tov yeyovotog 6Tt mapovstaletl afloonueimto TAEOVEKTHOTA,
Omm¢ givon M toyeion adEnon Kot 1 TPOCAPUOCTIKOTNTA TNG G€ TOIKIA EvOloUTHATO
VLo JPOPETIKEG GLVONKES, eEEAlONKE o€ Kuplapyo EVIATIKA eKTPEPOUEVO €I00C OTA
eowtepkd voota g EAAGSoc. Tlapd ™ onuaviiki OKOVOWIKY onupocio g,
voiototon TOVTEANG EAAELYN TANOLGLIOK®V YEVETIKOV HEAETMOV OVOQOPIKE HE TNV
wpoéhevon Tov afpdov gloaywy®v YOvou Tov EAABovV yOPO TG TPONYOVUEVES

dekaetieg 6ToV KAAOO TNG EAANVIKNG TEGTPOPOKOAAEPYELNG.

Mo ) devépyeln g TANOLGUIOKNG YEVETIKNG UEAETNG TpaypuaTomomOnKe
TEYn TUNpaTeov tov  royovoplakod DNA (MtDNA) mov evioydOnkav pe v
aAvoldmT) avtidpaon molvpepdong (Polymerase Chain Reaction-PCR) pe ) ypfon
nepoplotikdv evlvumv (Restriction Fragment Length Polymorphism-RFLP). Ta
Tupota-otdyol tov MDNA mov moAhamlacidotnkav pe v texvikn g PCR ftav
oAOKANP M TEPLOYN ToL Ppdyov ektoOMIoNG, Ta tRNA yovidia g mpoiivng kot g
Opeovivng, 1o xutdxpopa B, ta yovidww ND-5 kot ND-6 kot tpunqpo tov yovidiov

ATPdaon VI kot xutdypopa ¢ o&ewdong 3 (COIl) mepirappdvovioag mepiocotepa
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a6 5.500 {evyn Paoewv DNA and ta nepinov 16.600 (ebyn Pdoewv mov amaptilovv
10 ouvvoAikd MEDNA g pdilovcag méotpopas. H avdivon g mAnbuopioxng
doung amokdAvye OTL ot amAOTLTOL dlokpivoviol e dV0 KEVIPIKOVG KAGdovg. H
ouvOmapEn amAOTVITOV Kol omd TOovg VO KAGOOVE € OAOVG TOLG TANBVOUOVG
evoéyetal vo vmodnimvel v Vmoapén kowng yovidwokng deCapevic. Emiong, m
OUVOAIKT] YEVETIKN TOWKIAOTNTO OQENOTOV o€ onuUovTikd Pobud oty vmoapén
TOWKIAOTNTOG evoomAnfuouiokd mopd otnv Vmopén TOKIAOTNTOS OVAUECSO GTOLG
mAnBvopovc. To mOGOGTH YEVETIKNG TOKIAOTNTOS OVOUESOH GTOLG TANOLGHOVE GE
OUYKPIOT UE TN GLUVOAIKY| TOPATPOVUEVT] TOKIAATNTO avTavaKAd Ty maviéio 6Vo
apyikov tAnfocudv (yevedv), vroypoupilovtog v vmopén Hor Kowng 0eSapuevng
YOVIOIWV € OAEG TIG EVTOTIKES EKTPOPES 1p1dilovsag méotpopag oty EALGdA. Avtd
TO YEYOVOG EVIOYVETOL Kol amd TO OIKTLO OMAOTL®V TOL ONoOVPYNONKE Kot
amoKGAVYE TNV VTOPEN 000 OpYIKOV KAAOWV 6 OA0 TO (QACUN TOV EVIATIKOV

EKTPOQOV.

[TapdAinia, n TaVTOTOINOT KO TOGOTIKOTOINOT TV EAV0Ep®V apvoémv 610
Huikd 1610 TV YOOV devepyndnke pe 1 yxpnon Avtiotpoene ddong - Yypng
Xpopatoypaeiog Yynine Anddoong (Reversed Phase — High Performance Liquid
Chromatography, RP-HPLC). Ta &etaldueva deiyuata mapovsiacoy SlopopeETIKa
TPOQIA €Ae0BepmV apvoémv avaloyo HE TN YEOYPAPIKN TOVS mpofievon. H
Avéivon Kopiov Zvviotwoov (Principal Component Analysis — PCA) amoxdAvye
TOV GO OY®PIGUO TV TANOVGUOV peTald avatoAkng Kot dutiknig EAAGdag, o
omoiog evoéyetan va opeileTar otV VIOPEN SIOKVUAVOE®MY OTIG KAMUOTIKEG GLVONKEG
OV EMKPOTOVV KOl EMNPEALOVV KOATOALTIKA TOVLG OPlOTIKOVG Tapdyovteg KaOe

EVTOTIKNG EKTPOPNC.
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H yeopetpin popeopetpic Tov omdpatog tov ydov katédeise v vmopén
ONUOVTIKOV  dopopdv  petalhd tov mAnducpdv  dopopetikng mpoéievons. H
Avéivon Kavovikov Metapintov (Canonical Variate Analysis — CVA) diékpive
ToV¢ TANOLGHOVE 6€ dV0 opddeg mapovslalovtag 6e TOAD peydio Pabud opodTnTEG
pue t Oevepyndeica mAnbucokn yevetikr pelétm. H dieloyoyn tov evikov
Ipappikdv Movtédwv (General Linear Models — GLM) dev enédeiée cvoyétion tov
ATAOTUTAOV Kol TG OTPOPNG LE TO GYNLO TOL cMOUATOS TV OOvwv. Eviovtolg, 1o
OYNHO TOV COUATOS TOV 1YOVWV TOPOVGINGE GNUOVTIKY] GLUGYETION LE TN YEOYPOUPIKN
mpoéhevon, T Oeppokpacio vepov, TIC YEMAOYIKO-YNUIKO-KMUOTIKEG CMOVEG, TNV
oTdtvn ko v apywvivn. Etopévmg, n mopatnpodpevn Hop@oroyikn d1apopomoinon
dvvator va o@eileTon oTIC OPOPES TOV APOTIKOV TopayOdVI®OV 7OV LEIGTAVTOL
HETOEL TV TV (OVOV OVTOG TO OMOTEAECUO TOL QPOLVOUEVOL TNG (POLVOTLIIKNG

TAOGTIKOTNTOC.

Svumepacpatikd, ot aflotikol mwopdyovteg Kol Ol CLVONKEG EKTPOPNG
dwdpapatiCovv Tov Kupiapyo pOAO GE GUYKPION UE TNV TPoéAevon tov yovov. H
Tapovoo, OOEUATIKN TPOGEYYIoN AmOTEAEL Eval TOADTIHO KO XPNOLO epYarEio otV
OMOTEAECUOTIKY]  1YVNAUCILOTNTO TOV  EVIOTIKA  EKTPEQOUEVOV  TANOLGUOV
1p1ilovcag TEGTPOPaC, £XOVTOS KOOOPIOTIKT) GUVEIGPOPE KO TPOAYOVTOS TNV EPELVA
oe topelg, Omwg M mePPorAovTiKy aviivon KwdOvev yur v a&loAdynon
EVOEYOLLEVAOV OIKOAOYIKADV EMMTAOCEDY TOV GTOYEVOVV GTNV EMITEVEN TNG OELPOPIKNG

dwxeipong TV 1yBvokaAlepyeidv.
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1. EIZAT'QI'H

1.1 T'evika

Ta oOyypova yevetikd potifo T@v VOPOPLOY OPYOVIGU®Y £YOVV SlopopP®OEl
EMETO A0 TNV OAANAETIOPACT] IGTOPIKAOV Kot GUYYPOVOV TTapaydvtwv. Ot S1dpopeg
avBpomoyevelg mapeuPacel; 6To PLGIKO TEPIPAAAOV GUVETEAEGOV OTOPAUCIOTIKA GTN
HEl®OoN TS VPLOTAUEVNG YEVETIKTG TTOIKIAOLOPPiag TV tyfvomAnbucuayv. Xe d1ebvég
eMimedo, apykad pe ™ ZouPaon g Bépvng (1979) kar peténetta pe m ZopPaon yo
™ Promowndtnta (1992), kabobg kot pe to Ilpwtokoiro ¢ Naykoy (2010)
kafopiomnke T0 amopaitnto VOpkd Kot Becpukd mAOiclo Yo TNV TPOCTAGiH TNG
Bromowrdtag. H Evponaikn "Evoon vioBetdvog kot kupdvovtag T Tapamdved
Soupaocelg onuovpynoe Eva 1oyvpod vouobetikd mAaicto to omoio meptlapPdvel v
odnyia 92/43/EOK vy tv mpootacic TV 0KoTOmT®V, TNV odnyia mAaicto
2000/60/EK ava@eopikd pe Tnv TOMTIKY] TPOOTAGIOG T®V VIAT®V, TNV odnyio
2006/44/EK ywo. TV TO10TNTO TOV ECOTEPIKOV LOAT®V, KOODS KOl TOV KOVOVIGUO
304/2011/EK (tpomomoinon tov kavovicpov 708/2007/EK) yww 1 ypnon omv
VOATOKOAMEPYELN EEVOV KO OMOVTOV GE TOTIKO EMIMESO EOMV.

[MapdAinia, aSloonueimm givor 1 KavoTnTa TV YOOV Vo Tapovctdlovy 1o
QOIVOUEVO TNG (QOIVOTLTIKNG TAUGTIKOTNTOS, OOV O 010G YEVOTLTOG OVVATOL VO
amovTdtol o€ U TAEWON SPOPETIKOV QPOIVOTOTTOV OVOAOYO LE TIG 1O104TEPES
TEPPOAAOVTIKEG GUVONKES OV EMKPATOVV GTIG EKboTOTE EKTPOPEG (Scheiner, 1993).
To yeyovdg 611 o1 ybeic eivor mowhdBeppot opyavicpol dradpapatilel KaboploTikd
pOA0 ©0TO0 VO €mMPedlovTol KOTAALTIKG Oomd TNV TOWOTNTA TOL VEPOL GTO OMOi0
dwfrovv kot va epueavifouv d1popéc otov eavoTLo OTaY VPIcTAVTIL LETAROAES O

TapapéTpoug 6mwg 1 Beppokpacio Tov vepol, To PH, 1o eminedo o&vydvov K.a.
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Evtoutotg, ot 8109popég avapesa 6Toug @avotHinovg puropel va opeilovtot mépa
amd Tovg TEPPOALOVTIKOVG TOPAYOVTEG OV EMKpaToVV oe kKb extpoon (Taylor,
1986, Fleming et al., 1994, Hedenskog et al., 1997, Hard et al., 2000, Peres-Neto &
Magnan, 2004, von Cramon-Taubadel et al., 2005, Lohmus et al., 2010, Pulcini et al.,
2013, Pulcini et al., 2014) ko1 6t S10POPETIKY TPOELELGT TOV YOVOL TOV 1HO®V
(Swain et al., 1991, Hard et al., 1999, Pakkasmaa & Piironen, 2001, Wessel et al.,
2006) 1n oaxkoun Kol 6TO OCULVOVAGUO TOLG. XTINV MEPIMTOON TOL GULVIEAOLV
OLVOVACTIKO OTO QOVOTLTTO KOl Ol dVO TapAyovtes, TOTE AauPdvel yopo TO
eowopevo g pepikng miaotikotntog (Hollander & Butlin, 2010).

And 1 Oekoetio Ttov 1940 mpoypotomomOnke abpda elcaywyn avymdv
(>3.000.000) 1pwilovoog méotpopag amd v Auepikaviky Emitpormn Ixfvwv oe
EVIOTIKEG EKTPOQES TOL PpioKovtov €YKOTESTNUEVEG OTO pEovIo Gvothuato 13
EVPOTOUTKAOV YOPOV UE OKOTO TNV o0ENCT TNG TOpay®YNG Kot TN peyébovvon tov
KAMGdov tov vdatokaAlepyeunv (Stankoviec et al.,, 2016). H dwtipnon g
EVOOEIOIKNG KOl OWEIOIKNG YEVETIKNG TMOKIAOTNTOG OmoTeEAEl mpobmdOBeon Yy v
AmTOPLYY TOL Kvovvov e&apdviong Tov €W0®V Tov Oo ETEPEPE MG CULVEMEW TN
datdpaén TG 100pPOTHLOG OAOKANPOV TOL OTKOGVGTNLOTOG.

[MapdAinia, m ovveyng pelowon tov oSwbéciuwv ybvoamobepdtov o€
TayKOGUO eMinedo avEdElEe To CNTNUA TG EVOAAOKTIKNG KAALYNG TNG avEAVOUEVNG
Oong yBvv amd v ayopd pe TV ap®yN TOL TOYVTUTO AVOTTUGGOUEVOL KAAOOL
™mg yBvokaAliépyeas. A&oonueioto eivar 10 yeyovog 0Tt mepimov 10 50% 1ng
vewotdpevng mong omd Tov  KATOVOA®T KoAOmTETOL TAEOV  amd  1yBeic
TPOEPYOUEVOVG OO EVIOTIKES EKTPOPEC. LVUPOVO LLE EKTIUNGELS TO TOGOGTO OVTO
dvvartor vo ovénbel ta emdpevo ypdvio pe v avénon g mopaywyng mov O

npoéABel  omd TV voBEtnom, avamTvEn Kol €QAPUOYY] €K UEPOVG TV
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yBvokoAMEPYEIDV GOYYPOVOV TPOYPOUUATOV ETAOYNG YEVVNTOPOV To omoio O
&xovv kataptiotel pe ™ Ponbein poploakdv dewktov (AQUABREEDING, 2008,
Janssen et al., 2015).

Ewwotepa, o1 evtatkd extpe@dpevol 1yfelc TV  €0OTEPIKAOV VIATOV
TaPOLGLALOVY £VIOVO OIKOVOUIKO EVOLOPEPOV, KOOMG KATA KOPLo AOYO EKTPEPOVTOL
EVPEMG KATOAUUPAVOVTOG VO GNUOVTIKO LEPTdI0 TG ayopds ybvwv. Emmpdcbeta, 1
OTOATNOT TOV KOTOVOAMTIKOU KOWoU Yl cvveyn Peitioon g modtnrtog tmv
napayopevov  yOdwv  dnuovpynce  vEeg TMPOKANCELS Y TOV  KAGOO NG
yBvokaAMépyelag. EmmAéov, oyt uévo oy Evpdnn, aAld kot oe oAOKANpM ™V
VENA0 OAEVOVTOL OAOEVO KOl TEPIGGOTEPO TO TEAELTOUN YPOVIOL OTO, TAAIGLOL TNG
afAntikng dpactnpotnrag epactteyvikng aeiog (Sport fishing) divovtag dOnon
GTOV TPITOYEVY] TOUEN KOl TTLO GVYKEKPIUEVO GTOV KAAOO TOL 0YPOTOVPICHOD.

[Mpomoundg wor Bepéiog AlBog Yoo TNV EMTLYN EQPAPUOYN OTPATNYIKAOV
dwyeipiong etvar 1 deaymyn TANOLGLIOK®OV YEVETIKOV HEAETOV, Ol omoieg Oa
dMOOLVV OMOVINGELS MG TPOG TNV KATAVOUT Kol To Babud TG YEVETIKNG TOKIAOTNTOG
o0ToVG Pog e&€taom YBLOTANBVGLOVG, EMOEIKVOOVTOC TIG EVOEOEIYUEVEG EVEPYELEC,
OAAG KO TOL KOTAAANAQ LETPOL TTOV OITOLTOVVTOL VO ANPOOVV.

[MapdAinio, 1 OVAALON TOV TOWTIKOV YOPOKINPIOTIKOV TNG COPKAS TMV
eKTpEPOUEVOV YBD®V pe 0TOYO TN OpKY Tpoomabeln yo. cvveyr] Peitioon tng
o0 TTés ™S Ba Tpocsdmael TpooTBEuevT a&io 610 TeEMKO TPOiOV GLUPAALOVTOC
oTNV oOENGN TV KEPOMV KOl TNV OIKOVO UK OVATTLEN TOL KAAOOV.

Avtikeipevo g epyasiog avtng amoterel 1 YvNAASIHOTNTA TOV TANBLCUOV
pwilovcog méotpoeag Oncorhynchus mykiss (Walbaum, 1792) omv EALdda
aKoAovOdvTag piot SBEPATIK TPOGEYYIOT MOV G OAANAEVOETOVS TLAMVES TNG

neplopfavel v mAnBucpokn yevetikn pHeAET oto ptoyovopuokd DNA tov
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yOVOV, TNV TOVTOMOINGT KOl TOGOTIKOTOINGT] TV EAEVOEP®V AUIVOEEDY GTO HVTKO
TOVG 10TO KOl TN YEMUETPIKY HOPPOUETPICt TOL GAOUOTOS TOVG, eKPpalovtog €va
AVTUTPOCMOTEVTIKO OELYIO TOV EVIATIKMOV EKTPOPAOV NG EAMANVIKNG emkpatewnc. To
évavopo yuo ™ Oeoywyn avtng g pelétng 000nke omd TO Yyeyovog OTL o)
VEioTATAL TOVTEANG EALEWYT] ETICTNUOVIK®OV JEO0UEVOV OVOPOPIKE e TNV EKTIUNON
NG YEVETIKNG TOKIAOTNTOG €VOOMANOLoUIOKA Kol SmANBVGHIOKG TOV EVTATIKA
exTpeOUEVOY  TTANOBLoHOV  1pBilovcag TESTPOEAS GTOV  EAAAOIKO  YDPO, UE
OMOTELECUO 1 KOTAYPOPT TOV VPIGTAUEVOV AMAOTUTIOV GE KAOE EVIATIKN EKTPOPN
omv EAAMGOa vo omoteAel omupovtiky TopokoTodnKn HE OmOTEPO OTOYO TNV
V10HETNON KO EPOPUOYN GTPATNYIK®OV S1oyEIPIoNG Yol T ST)pNon Kol TNV EMITEVEN
™m¢ agwpopiog oto péovta cvotnuote Kot B) tOc0 T0 TPOoPiA TV elevbepmv
AUVOEEDV 6TO HVTKO 16TO TV 1YB0mV, 060 KOl 1 YEMUETPIKN HOPPOUETPIO. TOV
OMOUOTOC TOVG OVVOVTIOL VO EMNPEACTOVV OO TOVS OPOTIKOVS TOPAYOVTIEC TOL
EMIKPATOVV OE KAOE EVTATIKY €KTPOQY], KaBMG emiong Kot omd TNV TPOEAELOT TOV
yovov. Emopévamg, 1 mAnBucouokn YEVETIKN HEAETN GE GLVOLOAGUO UE TIG OVOADGELS
T0V TPOPIL TV eAehBepwv apvolémv o100 PiKd 1610 TV YOOV Kol NG
YEOUETPIKNG TOVS popeopetpiag Bo umopodoav va copfailovv oty aviyvevon
OLLPOPOTONGEDY  OVAUESO OTOVG  1YOVOTANOVGHOVEC OLOPOPETIKNG  YEWYPUPIKNG

TPOEAEVLGNG EMTLYYAVOVTOGS LE OVTO TOV TPOTO TNV LYVNAAGILOTNTE TOVC.

1.2 Ta&ivopnon kor Katavopn g Ipdilovoag [léotpogag

Ot gvowoi mAnbvopoi ™c 1pwiovoag néotpopag Oncorhynchus mykiss
(Walbaum, 1792) ekteivovtor and v votiodvtiky Aldoka péypt v Sierra Madre
Occidental oto Meg&ikd mephopfavovtog Kot meployés Tov Eipnvikod mkeovod otnv

Acia (Behnke, 2002). Ot pvoikoi mAnfvcpoi 1p1dilovcag Téotpopag dtakpivoviol 6
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300 TOTOVG, UE TOV TPMTO VO, AavVTATOL AVOTOAMKA TG opooelpdg Kaokéivt (Cascade
range) otig HILLA ka1 otov Ave motopd PpéiCep (Upper Fraser River) ot
Bpetavikrp Kolovumia, o omoiog ovopdletor «red band 1 xoéxkivn Ampido» kot tov
de0TEPO VO oavTaTon dVTIKA NG opooelpds Kaokéivt kot va ovoudletar «steelheady,
OLYKATOAEYOUEVOG OTO avadpopa €101, kabmg petavaotevel otov Epnvikd wkeavo,
€m¢ 6T0L EMEADEL 1 AVATTOPOYWYIKT) TOV ®PILOVGT, OTTOTE KO EMGTPEPEL EK VEOV GTA

péovta cuoThuoTo Yo v amdbeon tov avydv tov (Behnke, 2002).
1.3 Apwtwkoi Iapdyovreg

I'evikd, oto puowd mepiBdArov 1 pifovoa TEoTPOPO amavTaToL GVVNOMG e
VYNAO VYOUETPO, ©E OPEWVOVS OYKOVG HECO OE OPOPOVS TLTOVG PEOVIMV
oLOTNUATOV, OT®G ivar o1 TNYEG, Ol HKpoD Kot peyaAov peyéfovg motapol Kot ot
exforéc avtdv, kabmG Kot Apveg, dmov Ta emineda o&vyodvov Ppickovrtal oe LYNAL
emimedn kol 1 Oeppokpacio Tov vepov Kvpaiveton o younid emineda. [Ipmtevovia
poA0 otnv avénomn Kot opipavon e dwdpapatilel n Bepuoxpacio Tov vepov. H
BéLtiotn Bepprokpacio Tov vepod yio TV wotokia Kot TV avénon g etvor peta&o 9-
14°C, eninedo Oeppokpaciog 1o 0moio amavtdrol cuvROmMS 6To PEOVTA CLGTAUATO THG
EMMVIKNG EMIKPATELNG, YEYOVOG TOV EMTOYVVEL TNV €MiTELEN eumopevoon PBdpoug
amd toug 1Bveg oe GuVTOPATEPO YPOoVIKS dldotnua. ['evikdtepa, o KAOe mepinTmon N
eKTPOOT TNG 1p1difovcag méotpogac anartei Ogpuokpacio vepol pikpodtepn twv 21°C.
H evdewcvvopevn tyun tov pH 10 vepd eivon ton pe 7 pe ovektég pkpés amokMoelc,
EV® TO SApEVO 0EVYOVO TpEmeL v Kupaivetar petald 6 mg 1t ko 9 mg It (FAO,
2012).

To wWovikd evdaitnuo yo v pwilovoca méotpoa amotereitor amd o
aAAndovyio pevUdT®V VEPOL KOl NPEUOV AUVAOV, OTIOL TO VEPO givarl Kabapd, dtavyég,

mAoboo oe o&uyovo, o younin Beppokpacio, cuvodevdpevo and NUIPLOGUEVOLC
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KOpHOVG dévipav, oykoOABovg kot vopofia PAdotnon (Hunter, 1991). H vmopén
KOTOAANAQ SIOHOPQOUEVNG KOITNG HE OmOTOUEG KAGEIS OE GUVOLOGHO HE TOVG
0YKOAMB0oVG 6TO BB KO TOLG KOPLOVG FEVIPOV GTNV EMLPAVELN TOV VEPOD KAIGTOVV
éva eEopeTIKGd KATAPVYLO Yo TNV Tpootacio g pwilovoag néotpoas. Emiong n
VIoPEN AUUOYOUMKDOOVE VITOGTPOUATOG 6TO PuOd d1EVKOADVEL TV 0cEOA amdBeom
TOV QVYOV Kol TN YOVIRoToinon Toug and ta apcevikov yévoug dtoua (Hilderbrand et
al., 1997).

Ewwotepa, n PAdomon kotd pukog e 0xong, n omoio €16EPYETOL OPICUEVES
QopEG Ko péca oty Koitn mopéxel moAlamAd mAcovekthuato. Kotd xkdpro Adyo
dvvotorl vo. LAOEEVIOEL EVTOUO TOL OTTOT0. OTOTEAOVV €V OLVAUEL TPOPT], TOPAAANAL
TOPEYEL LEG® TOV PLAADUATOS TOV OEVTIPMOV GKIOGT O1TNPAOVTOG O YOUNAL EImMEd L
™ Beppoxpacio Tov vepoy Kot EMTPOSHETA amOTELEL KATAPDYLO Y10 TNV TPOGTAGIO
NG TEGTPOPOC, OTAV KAUOLA Kol Koppol 0&vipwv PubioTovv oty Koitn Tov PEOVTOG
ovotnuatog. Emiong, to pilikd cvommua g mapdybiag PAdommong cvoufaiiel ot
dTPNoN NG TOLOTNTOS TOL VEPOD, GTY| U1 OEPP®Sn ToL £6GPOVE GTOOEPOTOIDVTOG
TO €VUPOC TNG Koitng Kot omokAeiovtog kdbe evoeydpevo amoepaéng e, A0y
KOTOKPNUVIONG TOL €04(OVG, GTOWXEID ONUOVTIKO Yio TN O0CQAAICT) TNG OVAYKNG

uetavaotevong g pilovoag néotpogag (Hilderbrand et al., 1997).

1.4 Tpoewo Mréypa

Ocov  apopd 10 1poikd mAEYpHo 1Tng pwilovcoc mESTPOQOS, VTN
CLYKOTOAEYETOL GTO OPTOKTIKE, capKo@dya £idn kol 1 dTpoPn TG ToiAAeL and
OEPOTAQYKTOV, OTMC €ival Ta £VIOUN OV OTOVIOVTIOL TOAAEG POPEG VEKPE GTNV
EMPAVELD. TOV VEPOV, UEXPL Kol PEYAAQ aGTOVOLAL, OT®G ot kapofides. Ta onueia
tov PvBov, Omov vmapyovv 0oYKOABOL ATOTEAOVV KOTAMUYO Yoo EVIOUO KOt

ootpakdoeppo. EmmpocOeta, ot foéAAec amotelodv v SUVALEL TPOQPY|, OTTMOG EMIONG
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T0 aVYd yBOveV Kot ot pkpov peyéBovg 1yBveg cuvnBileton va meprrapPavovton g
népog ¢ datpoeng g pwilovoog méotpoeac. o v avénon kKo wpipavon g
arorteiton S1TtpoPn TA0HG 6€ TPMTEIVEG. AOY® TNG O1OTNTAG TNG VO LETOVAGTEVEL
etvat d0oKoAo va Bécovpe Ta dpla Tov evdtatnuatog ts. H pdiovoa téotpoa, mg
Kopveoiog Onpevtg avalntel tpoen o€ UeYOAEC AMOCTAGELS EWOIKOTEPA CE
nepintwon ElAenync tpoens. H dacediion kot 1 cvveyng Pertioon g motdtntog
TOL gVOLUTNUOTOG KpiveTor kaBoploTikn yuo T o1afimon Kol GAA®V 0PYOVIGUAOV TOV

amoTeEAOVV gv duvauetl Tpoen yia v pdilovca téotpopa (Staley & Mueller, 2000).

1.5 Extpoi] ¢ Ipdilovoag Iléotpogac otnv Evponn

To €ld0g 160N Yo TPDOTN POPA GTNV ELPOTAIKT NTEWO AT TN POPEOOVTIKN
Apepikcn ot1g apyéc Tov 190v adva ko eKoTEP Bewpeital OTL | TAEIOVOTNTO TV
eKTPEPOUEVOV 1YBVV 1p1dilovcoc TEGTPOPUS G OAGKANPN TNV DENAO TPOEPYETIL
and éva ekKoAamtplo otov motapd MaxAdovvt g Kalpodpvia tov H.ILA, to
omoio &iye 10pvOel NN amd 1o 1879 (Gall & Crandell, 1992). To kOplo mAeovéKTNUOL
™G, NTOl N TPOGAPUOCTIKOTNTA TNG CLUVETEAEGE OMOPUGIOTIKA GTNV €£ATAMON TNG
EKTPOPNG NG 6€ 0AOKANPN TV Evpdnm.

2OUpova pe ONUOCIEVUEVE oToLyEln amoTeELEl Eval amd TOL KLPIOTEPD KO EVPEMG
dladedopéva eKTpePOEVa €101 og ecwTePkd voata otnv Evpdnn pe mapoaymyn mov
ayyilel Tovug 386.859 tOvoug emncing, kabioT®VTOg TN HEYOADTEPN TTAPAYOYO NTEPO
naykoopiog. Ewdwotepa, otnv Evpdnn to peyoakdtepo pepidio oty mopaymyn katd
10 ¢étog 2015 woateiyav n Tovpxia kot n NopPnyia pe 107.000 ko 80.000 toévoLC,
avtiotoyo. Emiong, onuoviikn mopoayoyn peta&d 30.000-40.000 tOvev etnoiog
gmdekvoovy n Aavia, 1 Itario ko Fodrio (FEAP, 2016). Ocov agopd v EALGSa,
N mapayduevn mocoOTNTo TPoopiletal Kupimg Yoo TV KAALYTN TOV OVOYKOV NG

eyyopog ayopdg (Framian, 2009). Xopgovo pe o otoyeio g EAAnviknic
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YratoTikng Yanpeoiag to tedevtaio xpovia 1 mopayoyn pdilovcas TESTPOEOS
TOPOVCIALEL TTTOTIKY TAOT HE omoKopLvPopa to £10¢ 2014 Omov vmoymPNoE,

ayyiCovtog cuvolkd tovg 1.611,4 tovovug, pe a&ia 5.030.400 Evpod (EAXTAT, 2014).

1.6 Ewayoyn m™g Ipwdiloveag [Iéstpogac otnv EALGOO

H 1pdilovca méotpopa omnv EALGSa ypnoyoromnke o¢ to kateEoynv €160¢
EKTPOPNG O©E OCULOTNUOTO GLVEYOLS PONG EKUETAAAEDOVIOG OTO EMOKPO TNV
OPUOCTIKOTNTO TOV £100VG oTIS aPloTIKEG GLVONKES TV evolaITNUATOV NG YOpos. H
eloayoyn g élaPe yopo xotd KOpo AOY0 otoyevovtag otV ovamTuén Kot TV
owovouikY] peyébuvon t6co tov KAGSoL TV tybvokaliepyeidv, 66O Kot TG oyopdg
OOV, n omoio pExpL TOTE MEPLEAdUPOVE ATOKAEISTIKA (YPlOLS TANBLGLOVG
néotpogag (Economidis et al., 2000). IMopdiiniao, emyelpnOnke o eumAOLTIOUOG
MUVAOV Kot pEOVT®V CLGTNUATOV 0td To ool elyav exAeiyet ot ybeig, eite Adym g
VIEPOAMEVOTG TOVG, £ite AOY® TNG &V Yével viroPdbuiong tov mepiPdriovtoc. ['evikd, n
EI0AYOYN EEVIKAOV E0MV KO 1] LETOPOPA AypLodv TANBVOU®V amd Vo OIKOGVOTNLOL GE
éva, A0 péoa otV O yOPo ATOTEAOVV €VPEMG dtadedopéveg pnebdoovg yio v
evioyvon tov eyyopiwv evolotnudtov (Copp et al., 2005, Welcomme & Bartley,
1998).

e Kabe OUmG TEPIMTOON TPV TNV TPOYUOTOTOINOT TETOMV EYXEPNUATOV Oa
npénel va AapPavetor vToyn 6Tt avT N aveEEAEYKTN €16POT EEVIKAOV €0V dLVOTOL
Vo EMELVAACCEL GOPOPOVE KvOOVOLG Yt TNV  1G0PPOTHO TOV KOTA TOTOVG
0KOCLOTNUATOV. MeTa&d TV KIVOLVOV OV E€YKLHOVOUV GLYKOTUAEYOVTOL 1) Ot
LETAPOAEG TOL EVOLOUTNOTOG, GTO OTOI0 SLPOPOTOIOVVTIOL Ol PUGIKOYTUKES TOV
WOTNTES, 11) 0 AVTAYOVIGUOG LE TOVG Gyprovg TANBVGHOVS Yo TNV €DPEST TPOPNG Kot
mv eEac@iion {oTikoh ydpov Yo avantuln, iil) 1 Kvplopyic 6To 0WKOCVGTNLA,

OOV 0 VREPTANOVGUOS KATO®Y EEVIKMV €10V 0dnyel otV Kuplapyio Tovg Evavtt
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TOV dyprwv TANBuoudV, iv) 0 VPEPIOIGUOGS, OOV STUPAGGEL TN YEVETIKT TPOGAPUOYT
TOV Qypuwv TANOLGU®OV Kot V) 1 HETAPOAN TOVL TPOPIKOV TAEYHOTOS, HE TNV
e€0PAVIOT GNUAVTIKOV EWMV 6TV TPOPIKN aALGid0, Tov evdlartiuatog (Savini et al.,
2010).

Yy mepintoon ¢ pdilovoag TEGTPOPAS, avTh TOTOHETEITOL GTNV KOPLEN
™G TPOPIKNG OAVGIONG ATOTEAMVTOS Kopupaio Onpevt) péca oto otkosvotnua. o
10 AOY0 anT0, Katd TNV €16PoAN TG ¢ Eevikd €idoc otnv Evpdnn evoyomoteiton ot
EMEQPEPE ONUOVTIKEG UETAPOAEG OTO TPOPIKO TAEYHQ, OmwG emiong OTL vanpée
Onpevtic tov dyprov TAnbvoudv (Oscoz et al., 2005). Exuthéov g Onpevong tov
adyplov TAnbvcouav, katnyopeitor 0T gvBiveTon kot Yoo TV TpdKAnon emProfov
CUVETEI®V HECH TOV OVTAYWOVIGHOV Yo, TNV €VPECT TPOPNG Kot {®TIKOD YDPOL Yo
avamtuén oto evolaitnuo, ¢ O1dooong acbHevelwv (Qopéag-EevioTng) Kol g
KOTOGTPOPNG TOV oNUEi®V amdBeong TV avydV Yio YOVIOTOINo™n amd ynyevn €ion
néotpogag (Landergren, 1999).

H eswooayoyq mc pwilovcoc méotpopag otnv EAMGda akolovOnoe 1
YEVIKOTEPT) TAGT Y10 0BpOa E1GAYMYN EEVIKOV E0MV OV EMKPATOVCE GE OAGKANPN
TNV EVPOTOIKY ATEWPO eKeiv TNV ypovikn mepiodo (Copp et al., 2005). Ztic apyéc
G deKkaetiog tov 1950 o un Oevepymviog mePPOAAOVTIKEG UEAETEG Yol TNV
EKTIUMON TOV SLVVNTIKOV EMATOCE®V ONO Lo TETOWO EI00YMYN OGTOVG YNYEVEIS
QLOKOVG TANBVoUOVG, aVYd petagépnkay amd exkkoAamtipilo ™G EAPetiog ko pe
MV apOYN TOV KpaTk®V tybvoyevvntikdv otabumv g ‘Edeccag kot tov Aovpov,
yBVOWL TpoepydUEVa OO EKEIVAL TOL QYA YPNCLOTOWONKAV Yol TOV EUTAOVTIGUO
OMYOTPOPIKOV AUVAOV KOl PEOVIOV GLOTNUATOV GE OAOKANPN TNV EAANVIKN
emkpatew. [opd tadta, otic pépeg pog povo éva pkpd péPog omd TANBuoUOVG

1pifovcag TEGTPOPUS VEIoTATAL G ATVEG KOl TOTOUOVS TPOEPYOUEVT] KVUPIWG Ao
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JPVYEG TOPOKEILEV®V EVTATIKOV EKTPOPAV, e&attiog Tov YeyovdTtog ot 1 ipilovca

néoTPOoPa advvatel va avamapaydei 6to uokd evdwitnua (Economidis et al., 2000).

1.7 Evratwkéc Extpoéc Ipoilovoac [Iéotpopag otnv EALGoa

Tavtdypova, ot apywkés mpoomddeiec yoo T Onpovpyion Ko TV avamtvén
EVIOTIKAOV EKTPOPAOV 1p1difovcag TEGTPOPOS OTA EGMTEPIKE VATA OAGKANPNG NG
EMMNVIKNG  emKpATENS €VOOMONKOYV oTIg apyxés TG dekaetiag tov 1960, apov
vroompiynkav oe péywoto Pobpd amd TOVG KATA TOTMOVLS YOBLOYEVVNTIKOVG
otafuovg, ot omoiol mapeiyov YOVO KOl TEYVOYVAOGIO OTIS VEOGVGTOTES EKTPOPEC.
Qo1000, £KTOTE OEV VOIGTATOL OVOEUIO KOTAYWPMUEVT] TANPOPOPI0. GYETIKA HE TNV
EI0AYMYN KOl TNV TPOEAELGT] YOVOL OTIG EVIOTIKEG EKTPOPES 1p1difovcas TETTPOPUS
ava v EAAGda.

Evtovtolg, n omuovpyia kot 1 toyxeion avantvén tov kKAGOov TEPO amd To
AOLOUPIOPNTNTO CNUAVTIKO OIKOVOUIKA OMEAN 7OV OATEPEPE, TPUYULOTOTOUONKE
dvapyo, olyme Kavéva yopoTalikd oxedlacd Kot 0movcio TEPIPAAAOVIIKOV LEAETMV.
XopaKTnNPIoTIKO TOPAOELYLLOL QLTHG TNG OVICOUEPELNS, OGOV OPOPH GTO YMPOTAEIKO
OYEOOUO KOl TNV TOVTEAN EAAEYN TEPIPAALOVTIKOV UEAETOV OTOTEAEL TO YEYOVOG
OTL 01 JGEC Ao TIG EVTATIKEG EKTPOPES 1p101{0VGag TEGTPOPUS TOV AEITOVPYOVV GTNV
EMGda Ppiokovion eykateotnuévee oty gupitepn meployn] g Hmeipov, pe tov
notapd Aovpo va erhoevel Ty mAEOVOTNTO AVTOV TOV HOVAd®V. O GLVOGTIGUOGC
LEYAAOV aplOUOD EVIATIKMOV EKTPOPDV GTOV TOTAUO AOVPO €XEL APVNTIKEG GUVETELES
TGO Y10 TNV TOWOTNTA TOV VOATMOV, OGO KUl Y10 TOV OLEAVOUEVO KIVOUVO LETOOOCEMG
acBeveldv, AOY® TG £yyOTNTOG TOV EKTPOPOV UETAEL TOVG. [Tapdiinia, Eva peydro
pépog, mepimov 25 povdoeg Ppioketanr eykateotnuévo ot Moakedovia, evd ot

vdromeg Ppiokoviat kupiog ot Xteped EALGSa kot v TleAomdvvnoo.
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2 MYIKOZX IZTOX IPIAIZOYIAX MIEEZTPO®AXL

Avopeifoia, o puikdg 16106 TV 1BVOV anotelel ¢ TPOPIUO TO TPOIOV OV
TPOCEAKDEL KOL OCULYKEVIPAOVEL TO HEYOAVTEPO EVOLPEPOV  TOL  KOTOVOAWMTY|.
I'evikdtepa, o1 1310tNTEG TOV HLTKOD 16TOV TV YOOV Kot £101KdTEPA TS 1P1difovcog
TEGTPOPOS OC TOKIAOOEPO €100¢ OV d1aPiel 6€ KPLA VEPA, dLOPEPOVY CTLLAVTIKA GE
oYEoM UE TIG O10TNTEG TOV HVIKOD 16TOV TV Yepoaimv Oepudopuwmv edmv (Foegeding
et al., 1996). Kvpieg d10popég anotehohv 1 LEIWUEVT] TOCOTNTO GUVOETIKOD 16TOV GTO
Hoikd 1670 TV YBHeV mov TEPEXEL LOvo T0 1/10 TOL KOALXYOVOL TOV HViIKOD 16TOV
tov Onlactikov (Eskin, 1990), n petafoin TV 1B10TATOV TOV ULIKOD 1GTOV TOV
vV o€ oyéon e v nhkia tov ybvog (Archer et al., 1998), kabmg Kot To yeyovog
0Tl evd ota yepooaio Oeppooipo €01 M VEN TOL HLIKOV 16TOV PEATIOVETOL PETA TN
Bavatwon, yevouevn HE TO TEPAGLLA TOL YPOVOL TO YVUMONG, 6TOVG Yydeic e&apyne, N
VO TOV PLIKOV 10TOV peTd TN BavdToon Tovg eival YLUOONG KOl CTOOOKE
vroPadpileTon HETATPETOUEVT] OE LOAOKN KATA TN OBPKELN TG GLVTHPNONG.

To cVvvoro TV BoyNUIKOV HETAPOADY TOV TPOTEIVAOV KOl TOV U1 TPOTEIVIKOV
alOTOVY®V EVOCEMY TOV AAUPAVOVY YDpo 6T0 HLIKO 16TO petd T Boviatmon Tov
yBvoc amotedovv mapdyovteg vroPaduong g mowdtntdg tov (Venugopal et al.,
1996). Emmpocbeta, onuoavtikd poro ot Soudpe®on TG TOOTNTOG TOV UVIKOD
16100 ddpapatiCouv N datpoen tov 1Bvog, o TPdMOg Bavatwong oe GuVAPTNON LE
10 Pabpd Koatamdévnong tov, m OBeppokpacioc kot ot cvvOnkeg emefepyaciog
(Kristoffersen et al., 2006, Kiessling et al., 2004, Sigurgisladottir et al., 2001, Sigholt
et al., 1997).

Ocov agopd ™ duvatdtto TOL eKTPOPER Vo TMOPEUPEL OtV  TEMKY
SWUOPPMOOTN TNG TOWOTNTAS TOL HLIKOD 10TOV, Ol 1Bveg MOV TPOEPYOVIOL OO

EVTOTIKEG EKTPOPEG TAEOVEKTOVV EvavTl TV 1HO®V Tov TpoépyovTal amd TV aleia,
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kaBdg etvor duvatodg oe peydho Pabpd o KaBopIGHAOg TG TOWOTNTAS TOVS, HECH TOV

eLEyyoL TV cuvOnK®V ektpoeng (Haard, 1992).

2.1 Towtra TOV QLAETOV IPLOilovcag TE6TPOPUg

Ta tedevtaia ypdvia onv Evpdnn £xet kataypagpel o avénon g {ntmong yo
HEYOADTEPOV UEYEDOVG TEGTPOPES, Ol OTTOIEG EVOEIKVUVTOL Y10 TNV TOPUYDYN PIAETWV.
Ewwotepa, oty evpomaikn ayopd 1 T MOVIKNG TOANGNS TOV PIAETOV TEGTPOPUG
tov Ampidio tov 2010 wvpaivovtav oty tuf tov 6,50 Evpd (FAO, 2010).
Enopévog, ta @uiéta 1puwilovoag mEGTPOPAG mOPOLGLALOVLY £VIOVO OIKOVOMIKO
EVOLPEPOV, YEYOVOG TO OTOT0 O1 EAMNVIKEG EKTPOPEC OQEIAOVY VO EKUETAAAELTOVV
OTOYEVOVTOG OV Topoy®yn MeydAov peyéBovg 1ybvwv, KatdAAnNAwv TPog

QuietTomoinom.

2.2 O péiog TOV £AeVOEPOV ApIVOEEOV 0TV TOLOTNTA TOV PLAETOV TNG
pLdilovoug TEGTPOPUS

Kvpla ovviotdca ¢ ooung kot g yedong tovg amotelohv to. eAevbepa
apwvo&éa kabopilovtag oe peydio PBabud v mowOTNTA KOl TNV OT0d0Y TOVS MG
TEMKOV TPoidvtog amd tov Katovoloti. H cvykévipwon tovg emmpedleton amod
QLG1O0A0YIKOVS, TEPPAALOVTIKOVS KOl SOTPOPIKOVG mapdyovtes. Edikdtepa otoug
QLGOAOYIKOVG TOPAYOVTEG oLyKaTaAéyetal 1 MAkio Tov ybvwv (Haard, 1992),
otovg mEpBorlovtikong 1 okAnpdtnTo Tov vepov (Buentello & Gatlin, 2002) kot 1
rBvomvkvotnto (Metusalach et al., 2000), evd 6TOVG SATPOPIKOVS 1] GVGTAGT TG
TPOPNG Kot 0 KOKAOG oitiong tov yhdwv (Haard, 1992). Ot pnyaviopoi mwov
EUTAEKOVTOL GTO CYNUOTIGUO TMV EAEVOEP®V AUVOEEMV GTO HVTKO 16TO TV 1YLV

etvar Kotd KOp1o Adyo o Pabudg amoppdENoNS TOV AUVOEEMY TOV TAPEYOVTUL LEGM
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™ datpoPng, N o&eidwon Tav apvo&Emv Kot 1 ddonacn tov tpoteivav (Houlihan

et al., 1995).

Ta elevbepa apvoé&éa 010 PLIKO 10T0 TOV 1YOVOV TPOEPYOVTAL OO TNV
amoppOPNon AUVOEEDY HEGH NG SOTPOPNG KOl TOV UETUPOMOUO TPOTEIVOV Kot
apvo&émv 610 Poikd 16Td Tov opyavicpov (Cowey & Walton, 1989). Ta eievbepa.
apvo&ga, ekTdg omd TN STPOPN EXNPEALOVTOL OO TN YEWYPAPIKT TEPLOYT KOL TOVG
afloTIKOVG TOPAYOVTES TOV EMKPATOVV 6TO TEPIPAALOV, TNV NAkio kot to péyedog
TV YBvOV, TN YeveTIK) opudTnTa Kot tv moy Tov £toug (Limin et al., 2006). Oco
peyoAvtepn givon  nAkio Tov 1Bv0¢, 1660 PEYOADTEPT £Ival Kl 1] CLYKEVTPMOT) TOV
e evBepov apvo&émv oto poikd 1otd tov (Panigrahi et al., 1979). Emouévag,
KaBop1oTIKO POAO OTN GLYKEVIPWGN TOLS dladpapatilovy ot Wwitepeg cLVONKES TOV
emkpatovy og ke extpoon. Emmpdcheta, cOppova e anoteldéopoto HEAETOV, Ol
EVTOTIKA EKTPEPOUEVOL TANOBLGHOT YBVWV GLVINO®G TEPIEXOVY UIKPOTEPEG TOGOTITEG

elevbepmv apuvoEEMV GLYKPITIKA LE TOVG YN YEVEig TAnBuouovG.

To olhvolo twv elevbepmv apvocé®mv OV AMOVTIOVTOL 6TO HVIKO 10T0 T®V
yOvwv eivar L-evavtiopepr). H yebon mov mpoodidovv ta erehBepo apvotéa L-
alavivn, L-yAvkivn, L-Opeovivn, L-Barivn, L-cepivn, L-Avceivn kou n L-wpoAivn eivar
yAvkid pe e€apéoelc T L-Parivn, L-Avoivn kar L-mpoiivn mov epgoavifovv oto
TENOG o Tkpy petdysvuon kot v L-serine mov gpeaviel oto téhog o mikpo&vn

uetayevon (Haefeli & Glaser, 1990).
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3. MEAETH THX TENETIKHX AOMHX THX IPIAIZOYXAX
NEXTPO®AX Oncorhynchus mykiss XE ENTATIKEX EKTPO®EX

XTHN EAAAAA

3.1 Ewayoy

[Mapd to 7yeyovog 611 M pwilovoa méotpopa amoteAel 10 KLPLOTEPO
EKTPEPOLEVO 100G 0T £6MTEPIKA VOaTA TNG EALLSAG, evTovTolg 1| TpayloTomoinom
BPMoypaeikng avaockdmnong amokdivye v Kabolkr) EAdewym mAnBuouoKOv
yveveTik®v peietdv. Opoimg, o oAdxinpn v Evponn péovo o600 peydreg
TANOLGLIOKEG YEVETIKES UEAETEC avOQOPIKA pEe TO €id0g €xovv AdPel yopa, N pia
HEAETMOVTOG TOVS EKTPEPOUEVOVG TANBLGLOVE TG Popetag kot avatoikng Evpdnng
(OwAavdia, Aavia, Zovndia, Noppnyia, Ecbovia, IToAwvia) (Gross et al., 2007), evod
n devtEPN d1eEN KON o€ ekTpEPOUEVOLE TANOLGUOVS ot NopPnyia (Glover, 2008).

Avaivtikotepa, 1 Onupooicvon twv Gross et al. (2007) e&étace Tov
nolvpoppiopd oe 10 omhéc emavorapPovopeves ariniovyiec (Single Sequence
Repeats — SSR) 12 ektpe@OUeEV®V YEVEAAOYIKOV GEP®V 1p1dilovoag TEGTPOPOC 6T
Bopela kol avatolMkn Evponmn oe cvykpion pe ovo ynyevelg mAnbvopovg ond tov
Kavadd kat g eKTpeOuevns yevealoyikng oelpds pdilovoag néotpopag «Shastar
omv Koledpvia tov HITA. Zdpeove pe to amotedéopato g €peuvag, 1
TAELOVOTNTO TOV EVPOTAIKAOV TANOVGUOV Tapovsiace OPOLN ETITESA TOAVHLOPPIGLLOV
ue tov ektpePdpevo mAnbvoud «Shasta» g Kolipodpvia twv HITA. To yeyovog g
OHOOTNTOG LE TOV EKTPEPOUEVO TANBVoUO TTpoepyoOpevo arnd v Koaipdpvia kot oyt
pe Tovg dyprovg mAnBuopovg tov Kavadd evioyvet v vmobeon O6TL 1 mAgovotnta
TOV EKTPEPOUEVOV TANBVOUOV avE TNV VENAO TPOEPYETOL OO EVOL EKKOAUTTIPLO

otov motapd Maxkidovvt g Kalpdpvia twv HITA, 1o onoio elye 10pvBei 1o amod 1o
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1879 (Gall & Crandell, 1992). Avrtifeta, povo dvo tAnbucpol mov ekTpépovial oTnV
[MoAwvia moapovsiocay CNUOVTIKE HKPOTEPO TOAVUOPPIGUO KOl LYNAQ emimeda
evooyapiog. ITlapddinia, ot extpeeopevol mAnbvcpoi g Popewog Evpomnng
Topovciocay HETPLOL SOPOPOTTOINGT CLYKPITIKG UE €KEIVOVG NG  OVOTOAKNG
Evponng.

O Glover (2008) extiunoce ™ yevetikn mowiAdtta, pe T Pondeia 12 anidv
EMOVOAUUPOVOLEVOV  OAANAOLYUDY, GE €VVEN EVTATIKEG eKTPOPES  1prdilovoag
TEGTPOPUG EYKATECTNUEVES GTO VOPPINYIKA PLOPS KOl GUYKPIVE TO. OTTOTEAEGLLOTOL TG
avdivong pe detypata 1pdifovcag Téatpoag, To omoia elyav doPHyeL omd EVIOTIKES
EKTPOPEG GTO PLGIKO EVOLAITN LA, TPOSTAOMVTOG VO TOVTOTOMGEL TNV TPOEAELGT| TOV
dwpuyovtov ybdov. H odevépysion g peAétng avthg, Oyt uoévo amokdAvwye
ONUOVTIKY] YEVETIKY] TOWKIAOTNTA TOCO €vOOMANOLGHOKA, OG0 Kot UETAED T®V
extpeo eV TAnBvoudv g NopPnyiag, aAld cuvdpa Katdeepe vo Tpoodlopicet
TNV TPOEAELGT TOV SLOPLYOVTWV LYOV®V.

Avrtifeta, o1 tep1ocdTEPEC TANOLGLIOKEG YEVETIKEG HEAETEG £xovv Ote&ayOel oTIg
H.IT.A, 1600 o¢ dypiovg (Nielsen & Fountain, 1999, McCusker et al., 2000, Narum et
al., 2004, Aguilar & Garza, 2006, Deiner et al., 2007, Williams et al., 2007, Heath et
al., 2008), 600 ko og ekTpePOUEVOLE TANOLoUOVG 1p1Bilovcac téotpopag (Gregg et
al., 2001, Silverstein et al., 2004, Hauser et al., 2006, Johnson et al., 2007, Camarena-
Rosales et al., 2008).

Avapopikd pe TIg TANOLVGUIOKES YEVETIKEG LEALTEG G AYplovg TANBLGLOVG, Ot
Nielsen & Fountain (1999) avéepepov TV €0pecT] GTOTIGTIKG GNUAVIIKOV S10pPOPHDOV
ot oLVYVOTNTO TOV OAANAOLOPO®OV HETOEDL OVO  OVOTAPOYOYIKOV TOTOV TNG
avadpouns pwilovoag méotpopag otov motaud Middle Fork Eel g Popetag

KaMpopvia. Emmiéov, ot McCusker et al. (2000) extipnoav tn yeveTikn ToKAdTTO
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oto proyovoplakd DNA tov gidovg O. mykiss otn Bopeia Apepikn e ™ xpnon g
TEYVIKNG OVIXVELGNG TOAVUOPPIGU®V peYEBOVG TeploploTikdV Tunudtov (RFLPS)
amokoAbTTOVTOS TV vmopén  0V0  TANPOC  SYWPICUEVEOV  QLAOYEVETIKA
wtoyovoplokmv yevemv. Emumpdobeta, ot Narum et al. (2004) aviyvevcav ) yevetikn
doun Tov «avAadpopovy Kot «yepoaiovy tHmov pudilovcag méotpopag petath Vo
KOplwv péovimv cvotnudtov, tov motopuov Walla Walla kot tov motapod Touchet.
Téhog, ov Heath et al. (2008) eétacav ™ yevetiki TOKAOTNTO TOV 600 TOT®V
1p10iovcag TEGTPOPOS TOL AMAVIAOVTAL GE TEVTE PEOVTO cuoThuata TG Bpetavikng
Koiovumia. Zoppovo pe to amotehécpato g £pevvag ot dvo thmot pdilovcag
TEGTPOPUG OLOLPOPOTOMONKOY GE YEVETIKO €Minedo, PACEL TOV TOAVUOPPIGUMOV TOV
AVIVEDTNKOV GTI YOVOSOTPOTIVY Kol TO E0(VIo P53.

Ocov agopd Ttovg evtatikd ekTpe@opevovg mAnbvuouovg ot HIIA, ot
Silverstein et al. (2004) e&étacov TPES YEVEOAOYIKEC OEIPEC EKTPEQPOUEVNC
pwiovcag méotpopog o€ 10 amiég emavaloppavoueveg aAAAOLYIES, EKTILOVTOG T
HETOED TOVG YEVETIKY] TOWKIAOTNTO. TO GUVOAD Kol TV TPLOV YEVEOAOYIKOV GEPDV
dépepav petah Tovg, YEYOVOS Tov epunveveTal, kKaBmg Kot ot Tpelg mAnbucuol etyov
SLLPOPETIKT TPOEAEVOT] KOl YPNCUYLOTOOVVTIOV GTNV 1YOVOKOAMEPYELN €0 KO OEKAL
veveée. EmmpooBeta, o Hauser et al. (2006) pelétnoav pe tn ypnon oKI® amimdv
EMOVOLOUBOVOLEVOV OAANAOVYIDV, 0QOV TpwTOTEPO £iye TpoNnyNOel eUTAOVTIGHOC
tov mopamotapov Forks Creek (®opkg Kpik) pe evijhika dtopa Tov avAadpopov
eldovg 1pdifovcag mEGTPOPAS amd TO TOTMIKO EKKOAOTTNPLO, TOVG OMOYOVOLG Kot
TPOGOOPIGOV TNV TPOEAEVLGT TOVS KATATACCOVTAS TOVS, £1T€ OTOV EKTPEPOUEVO, Eite
otov ayplo minBuoud. T dvtkn Biptlivia, ot Johnson et al. (2007) ypnowonoincov

12 omiég emoavorapuPavopeves orAniovyieg <y TNV EKTIUNOT TNG YEVETIKNG
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TOKIAOTNTOG HETAED ETNOLOV EKTPEPOUEVOV YEVEAAOYIKAOV GEP®V NG 1p1difovcog

TEGTPOPOG OTOKUAVTTOVTAG TNV VIOPEN YEVETIKNG SOUNG Y10 APKETES YEVEES.

Téhoc, or Camarena Rosales et al. (2008) peiémmoav pe ™ ypnon
TEPLOPIOTIKOV EVEOU®V TOV TOADUHOPPIOUO Kot TN oOvOieon TV amAOTUT®V TOL
MIDNA avapopikd pe extpepdpevoug TANOLGHOVG TOV TPoEPYovIaV amd TECTEPQ
eKKo TP EYKATESTNUEVO 6TO PoperoduTikd MeEuco. H pedétn mepreddpfave v
neproyn Tov MDNA petald tov kutoypdpatog B kot tov Bpdyov extdmiong (mepimov
2.354 Cevyn Bacewv). ZvuvoMkd aviyveudnkav okTtd OTAOTLTTOL LTOONAMVOVTOS TN
YEVETIKN] TOKIAOTNTO TOV eKTPEPOUEVOV TTANOBLGUOV 1p1dilovcag mESTPOPAS, Ot
omoiot mBhavov va TPoépyovial amd MEPIGCOTEPEG AMO M0 YEVEAAOYIKEG OEIPEC.
Emniéov, ot exktpepopevol mAnbucpol mopovciacay TEPICCOTEPOVS HLOVOAOIKOVG

ATAOTUTOVE GUYKPLTIKA LE TOVGS YNYEVELG TANBLGLOVG.

[Tapd to yeyovdg 6TL N tybBvokaAlépyela amotedel TOV TOpEN LOIKNG TAPAYDYNS
HE TNV TOYOTEPT KOl OALOTMOT OvATTTUED, 01 ¥p1olomolovuevol tydvorAnbuopol dev
&xovv peietnBel akdun emopk®G oe YeveTikd eminedo. Ot yeveTikég mANOLGIOKES
UEAETEC YPNOWOTOIOVTAG HOPlokovg Ociktec oto  ptoyovoplokd DNA - €youvv
OTUOVTIKT] GLVEIGQOPE oty opBn dwayeipion Tov evtatikov ektpoemv (Billington,
2003) kor oMV OmMOKAALYN YEVETIKOV OLOYETIOE®V UETAED TOV  SLUQOp®V
exTpe@OpEVOVY Yevemv. H ypnom toug oty yyfvokailiépyeia Eytve gvpeia LETOED TV
YEVETIOTAOV, €ETIOG TOL YEYOVOTOS OTL KATAPEPOV VO EMTOYOVV TNV oviyvevon
ONUOVTIKOV YEVETIKOV OOPOPOTOMGEDY OVALEGH GE EVIOTIKO EKTPEPOUEVOVC

mAnBvopovg (Sajedi et al., 2003, Camarena-Rosales et al., 2008).

2KOTAG NG TAPOVGOG EPYACIOG Etval o) M EKTIUNGT TNG YEVETIKNG TOKIAOTNTOG

oto proyovopokd DNA pe ™ yprion g popuokng texvikng PCR-RFLP, 1660
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evoomAnbvopaxd, 660 Kot PETOED TV TAnBucudv ¢ pwilovoag méstpopag O.
mykiss mov mpoépyovtar oamd SAPOPES EVINTIKEG EKTPOPEG TOL  Ppickovtat
EYKATECTNUEVEG GE OAOKANPM TNV EAMNVIKY €MKpATEIR KOl ) M KATOypa®Y TOV
TPEYOVOMV GVVOET®VY amAdTLTTOV Pdosl TG avaivong Tov pitoxovoplakov DNA cg
KGOe evtatik ektpo@r. Me v emitevén tov mopomdve Sittov otdYov Ha
J1EVKOALVOEL 1 EQOPLOYN AEPOPIK®Y GYedimV dlayeiptong mov Ba mpodyovv Kot o
TPOGTATEVOLV TN OlTNPNOT TS PloToOKIAOTNTOC, EUTOdilovTag Pe avTdV TOV TPOHTO

™V €V Y€veL LTOPAEOUIGT TOV OIKOGLGTIUOTOC.

3.2 Yka xor M£0odor

2Oupova pe T0 TPOTOKOAAO detypatoAnyiog cuvolkd 564 eviliko dtopo
pdilovoag méotpoac, Oncorhynchus mykiss (Walbaum, 1792), niwciog 20 unvov,
ocVAAEYONKav pe ™ ypnon omdyng amd 10 ybvokaAlépysiec mov Ppickovton
EYKOTECTNUEVEG O €VVEN OLPOPETIKA PEOVTA CLGTHUOTO OVIUTPOCSHOTEVTIKA TNG
eMnvikng emkpdrewng (Aykiotpo n=59, Aywog lowdvvne n=57, Edecoaiogl n=59,
Edeocaioc2 n=57, Apdmitoa n=55, Tpmdtapog N=55, Aovpog n=54, MéydoPag n=57,
Kpdbng n=54, Mrovpvid n=57) (Ew. 1). H dwadikacio tpoéfrene n dieEaywyn piag,
HOVOOIKNG OetypatoAnyiog o KAOe eVTOTIKY EKTPOQN, M Omoin dlevepyndnke oTig
10m.u. og un avoamapoywyky mepiodo katd tn Odpkewn Tov punve Maiov, 1o €tog
2013. Ocov a@opd TNV VEIGTAUEVI] LTOOOUN TOV EVIOTIKOV EKTPOOOV VTN
amotekeiton  amd moapdAiniec, opbBoydvieg Oefopevég  KOTOOKELOOUEVES  Omd
okvpddepa, Pabovg 1,0m. Avdaueca ota  emAeyBévta  péovia  GLGTH AT
OLYKATOAEYOVTOL O TOPUTOTAUOS TOV XTPLUOVA, Ayyitng 610 AYKIGTPO ZEPPOV Kot
10 pépa tov Ayiov lwdvvn Zeppdv avIUTPOCOTELTIKG TNG AVOTOAIKNG Popeiov

EAAGOag, o motapdg Edeccaiog otnv ‘Edecoca tov vopov IIéAAog, o motapdg
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Apdnitca otov Ay Niwkdioo Ndovoag tov vopov Hpoablog kot o motopdg
Tpwdrapog otovg 'ewpylavovg Hupabiog avrimpocomevutikol g kevipikig fopeiov
EAAGSag, 0 motapdg Aovpog 610 vopd lwovvivov avimrpooommenTikdg TG SVTIKNG
EAAGOag, o motapdg MéEydoPag oto vopd Kapditoog oviimmpoomTELTIKOS TNG
kevtpikng EALGdac, 6mwg emiong o motapdg Kpdong otov owicpd Ilepiotépac tov
vopov Ayaioc kot n myn Mmovpvid oty Kdto Méineio tov vopod Meconviag
avTmpoo®neLTKol ¢ votwog EALGSag. Ot 1yfeic émerta amd v eEaiicvon Tovg
tomofetOnKav dueca oe eopntd yuyeio, €m¢ dtov petapepbodv avbnuepdv otig
eykataotacels Tov [avemompiov Osscariog oto Boro, 6oV Kot og TpdOTN QAN
ENofe yOpa N GOTOYPAPIGT TOVG, N GIAETOMOINGT] TOLG KO EMELTO 1) ANYN WIKPNG
TOocOTNTOG HViIKOD 1610V omd 1o 1010 onueio tov @euAétov Yoo kGBe delypa Kot 1
tonobéton ¢ og mhaotikd eloiidio eppendorf 1,5ml pe okond v e€aywyr; DNA.
To deiypota poikov 16100 mapéucvav otovg -80°C péypt T oty g e€aywyng tov

DNA.
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Ewova 1. Xapmg g EAAGOoc pe to onueion derypotoAnyiog Ttov eVIOTIK®OV
extpov 1pwilovcoc méotpopoc. Kdébe evrotikn exktpo@r] kwdwomoleiton e
apOunuévo poppo [1. Aykiotpo (n = 59), 4122'50.39 'N 2326 18.15 E / 2. Ayioc
Iovwne (n = 57), 41557.30 N 233515.15 E / 3. Edeoouiocl (n = 59),
40°48'30.94 N 22°057.25 E / 4. Edecoaioc2 (n = 57), 404825.00 N 22°119.12 E /
5. Apamtoo. (n = 55), 403647.46 N 22249.15 E / 6. Tpuoétapog (N = 55)
40°2826.68 N 22°1037.37 E / 7. Aovpog (n = 54), 3972539.82 N 20'50 43.41 E / 8.
MéydoPog (n = 57), 39131.53'N 21°44'43.74 E / 9. Kpadng (n = 54), 38'14.07 N
22"155.36 E / 10. Mmovpvié (n = 57), 3771954.77 'N 21'5553.43 E. Ot k0KAKEG
Titeg vTOdNAMVOLY TNV Vrapén dvo Bempovpevov opadwv K (Aevkd, ykpt ypdua) c€

Kd0e yBvomAnBuouod, 6Tmg amokaAdEONKe amd v avdivon STRUCTURE.
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3.2.1 E€ayomyn DNA

H e&aymyn tov DNA nepreddpfove to e&ng otdoa:

H Angbeica mocoéHTMTOL puKod 167100  Tepoyiotnke pe 1 Pondewa
OTOGTEPMUEVOD VOGTEPIOD GE UIKPOTEPO, KOUUATIOL Kot TomofeT|Onke og TAOGTIKO
euAido eppendorf 1,5 ml. ‘Enerta npootédniay oe avtd 500 pl TNE pe axdiovdn
ovotacn (TNE = 0,1 M NaCl, 10 mM Tris, 10 mM EDTA), 100 ul NaCl 1M, 100 ul
Tris 1 M, 50 ul SDS 10 % kat 10 ul Ipoteivaon K 20 mg ml™. Tt cvvéyewa ta
detypota tomobetOnkav oe vdatdrovtpo oe Oepuokpacia 55°C yo yxpovikd
dbotnuo teccapov wpmv (4h). Xe avtdo 1o onueio élofe yodpo ekydOAon pe
npdcleon 1oov Oykov  €EICOPPOTNUEVIG  PUIVOANG-YAWDPOPOPUIOV-1GOOUVAIKNG
aAK0OANG o€ avaroyia 25V:24V:1V kot tomofetnOnkav yuo avakivnon e pdTopa yio
10min. AxolovOnoe @uyokévipion tov osiyudtov otig 13.000 rpm, Aqyn Tov
VIEPKEILEVOD Katl Tomobétnon oe véa mlaotikd @uoiidw eppendorf 1,5 ml. H
ddkacion TG eKYOLAIONG EMAVOANPONKE Kot ETELTA OO TNV OAOKANP®OT OTO VEQ
mAaoTiKG QuaAido eppendorf 1,5 ml mpootédnkav Iml amdivtng abavoing (100%)
kot 15 ul CH3COONa 3 M. Apéownc petd to deiypata torodetnOnkov otovg -4°C yia
30 min kot ot cvvéyEla TpayuatomoOnke uyokévipion otic 13.000 rpm y 10
min. AxoAov0mg 1 vepKeipEVn TocOTTA 0ToPPiPONKE KoL LOVO To ilnpa Topéueve
ota mAaoTIKG QlaAidio Tomov eppendorf. Xt cuvéysia mpaypotorombnke Enpovon
TOV SElypdTeV o Kevd aépog yoo 15-20 min pe okomd ™V OmOUAKPLVON TOV
evamopetvavtov yvav olfavoing, to omoio dpovv ¢ avacToAElc Tng dpdong twv
evlbpov. Téhog, npootédnkay og kabe deiypa 50 pul TE (10 mM Tris — 1mM EDTA,

pH = 8) pvOcticod drAdpaTog.
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H extipnon g modmtag kot g mocoTNTag Tov yovidtwpotikov DNA avd
delypo mpaypotomomOnke pe TN ¥pNoN QAGHATOPMTOUETPOV, 0pov TOTOBETNONKE
uio otayova (1,5 pl) deiypatog yuo tyv avarvon (NanoDrop 1000 Spectrophotometer,
Thermo Scientific). 'Eneito. amd v oavédivon kot pe ™ OEvépyeln. KATOAANA®V
apoIdoE®V, 1N ovykévipmorn yovidiopatikod DNA oto ohvoro tov derypdtov
pvBpictnke ota 100 ng pl ™,

SOUPOVO LE TOV TTEPAUATIKO GYESAGUO TO oOVOLO Tmv detyudtov O. mykiss
ocoumepMEONKe otV ovaivon mov Olevepyndnke pe v wEYN TUNUATOV TOV
MtDNA mov evioybnkav pe v oAvcdmty ovtidpacn molvuepdong (Polymerase
Chain Reaction-PCR) pe t ypnon mepopotikov eviopmv (Restriction Fragment
Length  Polymorphism-RFLP). Ta tuquota-otéyor twov  MDNA  wov
noAlamAacidaotnkoy pe v texvikn e PCR ftav tpio DNA yovidia kot dvo tRNA
yovidla meprhapfavovtag oty avdivon nepiocotepa amd 5.500 (evyn Pacewv DNA
and 1o mepimov 16.600 Cevyn Pdoewv mov amaptilovv t0 cvvoikd MIDNA ¢
1p1iovcag TEGTPOPOG.

EWwotepa, vy 10V TOAMOTAOGIOOUO  OAOKANPNG 1TNG TEPOYNG TOV
nepteAaupave to Bpodyo ektomiong, ta yoviola tRNA g mpoiivng kot g Opeovivng,
avtiotolyo Kat 1o Kutoypmpo b (2.096 Lebyn Paoemv) ypnowomombnke 1o axdAovHo
Cevyog exkkvnt®v mov oyedomnke Aaupdvovtag vmoéym Tic KotateBelpéveg

aAAniovyieg tov gidovg O. mykiss ot Paon yevetikdv dedopévov GenBank:

CRi: 5’-CAACTACAAGAACCTAAT-3’ xou

CR2: 5’-TAACAGGAACATAAGGAT-3’,
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Mo mv evioyvon oldxinpov tov yovidiov ND-5 kot ND-6 (2.500 Cevyn
Baocewv) ypnowomombnke to mopaKdT® (VYOS EKKIVNTOV, OTMG GYEIIOTNKE OO

tovg Sajedi et al. (2003):

ND.: 5’-TCATCCATTGGTCTTAGGAACC-3’ ko

NDg: 5’-CAACGGTGGTTCTTCAAGTCA-3’

Téloc, v Tov moAlamAaciacud tunpotog 948 Cevymv Bacewv twv yovidimv
ATPdon VI kot xutoypopatog € o&ewddong 3 (COIII) éywve ypnon tov mopakdto
EKKIVITAOV oL oyedldotnkay Aopupdvovag vmoyn Tic kotatedeuéves aAiniovyieg

tov gidovg O. mykiss ot Pdon yevetikdv dedopévov GenBank:

ATy: 5’>-GCAGGYATTACTACTCTA-3’ ko

AT,: 5>-AGGTAAAGCTGAAGTGTA-3".

210 GUVOAO T®V OEYUAT®V, 0 TOAAOTAOCIOOUOC TV TUNUATOV Tov MIDNA

EhaPe yopa o€ TeEAMKO 0yKo avtidpdoemv 50 pl mov mepieiye kbbe popd.:

100 ng pulI* DNA

e 10 pul 5xPCR pvOotikd didAvua
e 2,5mM MgCl,

e 200 uM and ke ANTP

e 30 pmol and kaBe exkivnTy Ko

e 2 novadeg Tag DNA molvpepdon (Kapa Biosystems, USA)
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210 TEA0G TPOGHETOVTAV TOGOTNTO OMOGTEPWUEVOL VEPOD HEYPL TOV TEAIKO OYKO TMV

50 pl.

O1 BedtioTomompéveg GLUVONKEG TOV YPNCLOTOMONKAY Y10 TOV TOALUTAACIOGUO TOV
Tunuatov-otoyov  tov  MIDNA  mpaypotomombnkay  pe T GLOKELN
Oeppoxvkromomty MJ Research PTC-200 Gradient Thermal Cycler (BIORAD,

USA). Ebwotepa

o Xe mpn edon n Bepuokpacio opiotnke otovg 95°C yia ypovikd ddotnua 5
mMin cuvTeEAOVTOG 6TV amodldtaén TV KAOvev Tov DNA

e AxoloObwg opiotnke emiong otovg 95°C yioo 1 min ywo v amodidtaén tov
KAovov oo DNA

e 'Encita opiomnke tovg 56,2°C doov agopd tovg ekkivntég CRi kot CR; 1
otovg 60°C doov agpopd tovg ekkivntég NDg ko NDi 1 otovg 62°C 6c0ov
agopd tovg ekkwvntég AT; ko AT, yio 1 min pe okomd ™ oHvdeon TV
exkwvntaov oto DNA-61070,

e Emmpdcbeta, opiotnke tovg 72°C yw 1.5 min, ®ote va emyunkvviodv ot
vEOGUOoTATEG 0ALG10EG TOL DNA,

e Ta mpoavagepdevo oTAO0-KVKAOL ETOVOA OO KAV dtadoykd 34 popéc,

e To telkd o1ad10 MEPLEAdUPove TNV TEMKN ETUKVVOT TOV GALGIO®V GTOVG

72°C yio. 10 min.

H ermoAiBevon 100  emtuyods morhamioociacpod tov  DNA-ctodyov
TPOYUATOTOWONKE He TN XPNoN MAEKTPOEOpNONG oe Kt ayopdlng 2 % mov
nepieiye Ppopodyo a0ido (0.5 pg mlt) oe 90 V epfontiopévn oe puOUoTIKO

ddivpa 1 X TAE (Tris base-Acetic acid-EDTA). Ta d1dpopa. yeveTikd TpdTLTO TOV
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TPOEKVTITAY TOPATNPOVVTOV KOl QOTOYPAPILOVTAY VIO VIEPUDOES PMG LE TI) GVCKELT

eotoypdapionc MiniBIS Pro Gel (BioSystematica, United Kingdom).

3.2.2 Méyn pe meproproTikd £vOLpo TOV TUNRATOV-GTOXOV TOV

MtDNA mov molramhaocidotnkay pe tnv PCR

Apykd, €va avTITPOS®OTELTIKO delypa tpoidvtwv g PCR, arnoteloduevo amd
névte Gtopa amd KABe mAnbvopd efetdobnke yuoo v VYmopén TOALUOPPIGUOV
YPNOOTOLDVTAS TIC Tapakdtm 10 evdovovkiedoeg meplopiopov: Alul, Avall, EcoRl,
Haelll, Hinfl, Hpall, Mspl, Ncil, Rsal, Taql. £tdyog fjitav n aviyvevorn tovAdyiotov
V0 YeveTik®Vv TpoTuTt®V Yo Kabe évlopo. H méyn tov mpoidoviov g PCR pe ta
TOPUTAVEO TEPLOPIOTIKA EVOLUO TPAYUATOTOMONKE UE EMMACT) COUPOVA HE TO
npwtokola g NEBiolabs (New England Biolabs Inc., USA) otg avtidpdoelg
teMkoy Oykov 10 pl mov mepieiyov 5 pl PCR-mpoidv, 1 pl xatéAiniov 1x
puiuiotikod dodvparoc kat 0,2 pl tov avtictoyov teplopiotikon evidpov. ‘Encta, o
S ®PoHg TV TUNUdTOY Tov MIDNA Ady®m TG TéyNg e T TEPLOPLoTIKA EvOvpa
emeTeLYON LE TNV TEYVIKT TNG NAEKTPOPOPNONG G€ TNKTH ayapdlng 2 % mov mepieiye
Bpoutovyo adido (0.5 pg ml™h), epfontiopévn oe puBuotucd dihopa 1x TAE (Tris
base-Acetic acid-EDTA). H moapatipnon kot n @®TOYPAQIon Tov S10popmv
YEVETIKOV TPOTOT®V £APe Ydpa VIO vrepdOes ews. H mpokatopkTikn oty
e&étaon TV TPoidVI®MV TG TEYNG TOV TEPOPLOTIKOV EVEOL®V OmOKAALYE OTL TPELS
EVOOVOVKAEAGEG TEPOPIGHOD  EUOAVICAY  TTOADUOPOIGHO otV mepoyn  Ppdyog
ektOmionc-tRNA-Pro-tRNA-Thr-kutoypopa b, €& evdovovkAedoeg mePlopIGHOD
epnpdviav moAvpopeicpd oty mepoy] ND5/6 kan pion evoovoukAedon mepLoPIGLOY
napovciole morlvpopeiopd oty nepoy] ATPaon VI-COIlIl. Emopévmg, cuvoikd 10

TEPLOPIOTIKA VOO YPNCYLOTOMON KAV Y10l TN SIEVEPYELD TOV TEPOUTEP® AVOAVCEMV.
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211 ovVEYEWL TO YEVETIKO TTPOTLTO KAOE OTOUOV OV TTPoékLYE amd TN YPNoN TOV

TEPLOPIOTIKAOV EVEOU®V PETOQPACTNKE GE cVUVOETOVG ATAGTLTTOVG.

3.2.3 LroaTioTiki] enelepyacio 0£d00uEVOV

Apyd Y10 T0 GLUPOAIGUO TOV SLOPOPETIKMV TPOTHTWOV TOV TPOEKLYOV OO TN
YPNOT TEPLOPLOTIKAOV EVOLU®V ypnotpomomdnkay Kepaioio ypaupato, Le oKomd 10
oynpoticpd ocvvletov amlotuvnwv. Emopévog, ol ohvietol amAdTumol amoTeAovVTAVY
and entd kepoiaio ypaupoto, Eva yu kabe meplopiotikd €vlopo. Tlpokataptikd,
OA01 o1 yeveTikol TOmol eAEYYINKaV Yoo EVOEXOUEVT OVIGOPPOTiD. GVVOESTG COLPOVQL
ue 1o teot axpifeiag tov Fisher pe ™ ypNHon TOL OTOTICTIKOD AOYICUIKOD
npoypbuporogc ARLEQUIN v. 3.5 (Excoffier & Lischer, 2010). EmuAiéov, 1
yvevotomikn apbovia, R (AMdyog GIN) kébe minBvuopod extyunbnke, 6mov 10 G
ovpPoAilet Tov apBud twv dopopeTik®y cHvieTwV amlotvnwv kot to N cupfoAilet
Tov aplpd tov eeTtalOneveV OEIYHUAT®Y. XTN CGULVEYEW, TO AOYIGHIKO TTPOYPOLLLLLOL
ARLEQUIN v. 3.5 (Excoffier & Lischer, 2010) ypnoipwomomdnke ywo. thv ektipnon
Tov deiktdv otabepomoinong Fsr (Wright, 1951) mov ek@pdler TN YeVETIKN
d1aPopomoinoT, OTMG EMIGNG YIoL TV EKTIUNON THG OMAOTLTIKAG dlopopomoinong h
(Nei, 1987), tc vovkieotidikng dapoponoinone # (Nei & Tajima, 1981) kot tov
deiktn D tov Tajima (Tajima, 1989). O deiktne D tov Tajima extundnke pe okomod
Vo TPocopicel TIC OmMOKAIGES amd TNV ovdétepn Oewpio TV EKTPOTAOV
petaAAokTikng ooppomiag. Oupowr, 10 Aoywopuwd mpdypappe ARLEQUIN v. 3.5
(Excoffier & Lischer, 2010) ypnoipomomOnke yioo v €KTIUNGN THG GTOTIOTIKNG
onuovtikOTTag TV Katd (evyog owpopomomcemy  Aapfdavoviag vadym Tig
oLYVOTNTEG EUPAviong Tov oOvBetwv amhotunov (Raymond & Rousset, 1995).
[MopdAinia, &ywve ypnom S Epapykig avAALONG HOPLOKNG TOPUAAAKTIKOTITOC

(AMOVA, Excoffier et al., 1992) yia T onueior KOG e TN XPHON TOV GTATIGTIKOD
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Aoywopwov makétov ARLEQUIN v. 3.5 (Excoffier & Lischer, 2010). Ou deikteg
0T00EPOTOINGNG KOl 01 GLVIGTAGEG TOPUALAKTIKOTNTAG cuvovdotnkay 10.000 popéc

epapuodlovtag ) d10pbwaon Bonferroni (Rice, 1989).

EmumpocOeta, viomombnke m Mmayeowavny ovédilvon oe opddeg (Bayesian
cluster analysis) pe tn yprion tov Aoywoukod mpoypauuatog STRUCTURE v. 2.3
(Pritchard et al., 2000) mapéyovtag ™ dvvatdTNTA YIo. TV KOTNYOPLOTOINGT TOV
atopmv kdbe mAnboopod oe K opddeg, cOuQmva [Le TOVG GUVTEAECTES GUUUETOYNG
T0VG o€ KABe oudda. Ot mapdpetpol «unKog cvvexovg Aettovpyiacy (burn-in length)
Kol «ufkog mpocouoimone (simulation length) opiotmkav otig 500.000 o
1.000.000 emavaAnyelg, oavtiotoya, petd T OeEaymyn OOKU®V, OTOV TPELS
aveEdptnteg emavaAnyelg éaafov yopa yie kédbe Ty tov K (1< K < 17). H
KataANAn i) yio to K emdéybnie Pdoet tov AOYIGHIKOD TPOYPAUUOTOS
HARVESTER, 1o omoio mapéyel tnv mbavotnta yio kabe tiun tov K (Earl & Von

Holdt, 2012).

H amewcovion tov YeveTlKdv oyécemv UETOED TMOV EVIATIKE EKTPEQPOUEVOV
mnbvopav pilovcag méaTtpoac EAaPe yopo pe T deEaywynq ™S AvaAvong
Kopiov Zvvtetaypévov (PCoA, Jombart et al., 2009) ypnowomoidviog v ektipunon
™MC TLVTKNG YeveTikng omootoong Nei avd (edyog mAnBvuoumdv pe t ypnorn Tov

oTaTIoTIKOV Aoyicpko Ttakétov GenAlex 6.5 (Peakall & Smouse, 2012).

Ot ava Cevyog yYemYpaQIKES OMOGTACELS UETAED TMOV EVIOTIKG EKTPEQPOUEVMV
mnBuopadv 1pdilovcag méstpoos vroloyiotnkov ¢ Evkdeideieg ytMopeTpiés
(Km) amootdoeig. Mapdiinia, to Mantel test pe 1000 cuvévacuovg (Mantel, 1967,
Mantel & Valand, 1970) gpopudotke pe okomd va e€gtdoet ™ oxéon Hetaé&d Tov

YEOYPOUPIKDOV YIMOUETPIKOV amoctdcemv (Km) kot tov yeveTtikdv amoctdoemv Nei
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HETAED TV EVIOTIKA EKTPEPOUEVOV TANOLGLOV 1p1dilovcag TESTPOPAS LE T YP1IoN

10V Aoyiopkov mpoypappatoc GenAlex 6.5 (Peakall & Smouse, 2012).

Ov @uAoyevetikég oy€oelg avapesH oTovg oLVOETOVG OMAOTLTOVS OV
npoékuyav eEetdomkay vroAoyilovtag éva diktvo amidturev pe T Pondela Tov
Aoyiopkoy  mpoypappoatoc NETWORK  4.6.1.2 (Fluxus Technology Ltd,
www.fluxus-engineering.com). Ot Median Joining (MJ) ka1 o Maximum Parsimony
(MP) aiyopibpot ypnoipomomnkay yio Tov VIoAoyIopd Tov KATAAANAOL S1KTHOV

amiotunov (Bandelt et al., 1999).

Téloc, n katavoun tov eéetalopevav atopwv poilovcag néatpopas otic 10
EVTOTIKEG EKTPOPEC PAoel TV oOVOETOV OMAOTUTIOV TOLG £YVE WE TN XPNON TOL
Loyiopkov mpoypappatoc GeneClass2 (Piry et al., 2004). H Mnaysoavn pébodog

(Ranalla & Mountain, 1997) epapudotnke Ko 1 Tiun Tov opiov opiotnke ion ue 0,05.

3.3 Amoteléopota

2OUQOVO PE TNV TOPOTNPNOT TOV TPOTLTMOV TOL TPOEKLYAV Omd TN XPNoM
neplopoTikdv  evlopav, &1 évloua (Alul, Avall, Haelll, Hinfl, Rsal, Tag’l)
ELPAVICOY TOADUOPPIoUO otV TEPoyny Ttov prtoyovopiokod DNA ND5/6, tpia
évlopor (Avall, Hinfl, Taql) omv meployn CR-tRNA-Pro-tRNA-Thr-Cytb xat éva
évlopo  (Haelll) omv mepoyn ATPase-VI-COIIll, avtictorya. Téooepeig
gvdovovkiedoeg  mepopiopov  (Alul, Haelll, Rsal, Tag®l) ovayvepilovv
TETPOVOVKAEOTIOIKEG aAANAOLYieS Kot S0 gvdovovkiedoeg mepopiopov (Avall and
Hinfl) avayvopifovv neviavovkieotidikég aAiniovyies. EEoutiag tov yeyovotog, 0Tt
KOTO TV TPOKOTOPKTIKY e€melepyancio TV TOAUOPPICUAOV TOV TPOEKLYOV OO TN
xpNon tev meploploTikdv eviopmv Alul, Avall and Rsal, avagopikd pe tnv mepoyn

tov ptoyovoplakod DNA ND5/6 SieyvodoOn avicoppormio cuvdeong peta&d Tov
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EVIOTIKG  eKTPEPOUEVOV  TANOLGUAOV  YyloO TO GULYKEKPYEVO, ONMUElD  KOTNG,
amopaciotmke mn €€aipecn] Toug amd Tovg cvVBeToLE amAidtvmovs. Emopévag, ot
ovvletor amidtvmor  amoptilovtav  omd 10 evdovovkhedoeg  MEPLOPIGHOD
avimpoownedovtog 23 onpeio Ko To S10QopeTiKd TPOTLTO TOV TPOEKLYAV OO
™ YPNoN TOV TEPOPOTIKOV evipmv eivor dwbéoua oe kdbe mepinmtmon. H
avOALOoTN TV oNUei®V KOTNG amoKAALYE TNV TaPoLGia 24 SIPOPETIKMOV OTAOTUTTOV
avapeoa otovg e&etalopevoug 1ybeic kol o1 GYETIKES GLYVOTNTEG TMOV ATAOTLI®V
otoug 10 evrotikd extpepdpevoug TANOLGHOVG 1p1diovcag TEsTpoPag TapaTifevTo
otov [livaxa 1.

Xoppova pe tov [ivaka 1 o1 TIHEG TOV GYETIKOV GLYVOTNTOV TOV ATAGTUTOV
Kopaivovtay  ond 0,03 €wg 0,52 avipeco o©TOVG  OlOPOPETIKOVS  EVTOATIKA
extpeopevoug  minbvopove.  Ilapdiinio, Aopfdavovtog vmOYn TIG GYETIKEG
oLYVOTNTEG TOV OMAOTLTTWV, OKPIVETOL OTL O aPlBUOC TOV SPOPETIKOV GOVOET®V
yevotomwv oe kdBe mAnBvoud wovpaivovtav amd 4 émg 11. EmmpodcbHero,
a&loonpeioto givar 011 pdvo o ovvhetog yevotomog 8 (4,17%) eppaviCoviav ce AoV
TOVG EVTIOTIKA EKTPEPOUEVOLG TANBVGLOVG. E1dikdTepa, avapesa otovg 24 chvOeTovg
YEVOTOTOVG, TPELS aviyveLONKAV aTOKAEIGTIKA 6TOVE TANBVCHOVE TOV AYKioTPOL Kot
tov Edecscaiov2, dvo otnv Apanitca kot Evag otoug mAnbucpovg tov Edeccaiov] ko
tov  Aovpov, avtictorya. Emmpdcbeto, 1000 1M péylomm péon  AmAOTLMIKN
dapopomoinon h = 0,87 £ 0,04, 660 ka1 N HEYIGTN VOUKAEOTIOIKN dlopopomoinon « =
0,36 = 0,19 gppaviotmrav ctov 0e0TEPO ekTPePOUEVO TANBLGUO Tov Edeccaiov

notapov (Edecoaiog?).
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MMivakag 1. 24 obvvBetor yevotumotr (amAOTLTOL) OTOTEAOVUEVOL Omd KEPOAio
ypaupato Pacel tov RFLP méyewmv €& meplopiotikdv evdovovkieaomv (Alul, Avall,
Haelll, Hinfl, Rsal, Tag“l) ota yovidia ND5/6, gvog nepropiotikod gviouov (Haelll)
omv ATPéaon VI-CONI kot tpion meproprotikd €vlopa (Avall, Hinfl, Tag") otnv
neployn Ppoyog extomiong — Kutoypopa p oo MDNA, oyetikég cvuyvotnteg tov
amAoTVITeOV  ava mAnBvuopd, upéyebog detypotog (N), vyevotvmiky oaebovia (R),
amlotumikny  dwpopomoinon  (h) ka1 vovkkeotidiky  dwapopomoinon (7)),
neptAappavovog v tomiky andkion (SD) kot tov deiktn Tajima’s D (ns = un

OTOTICTIKMG CNUOVTIKOG).

@ w — ~ 7y
g Xov0eTog E.'- \%: g Ep E ;i: § ;:'p :g_n g—

:E yevoTLMTOg E_ .§ § § g_ I 2 ”% E— g

8 < - e © < = > =

1 BBBBBAABBB 0,04 0,04

2 BBBBABABAB 0,04 0,04

3 BBBBAAACAB 0,04

4 BBBBAAABAB 0,04

5 BABBBAABAB 0,04 0,12

6 BABABABBBB 0,03

7 BABABAABBB 0,07 0,45 0,26 0,32 0,04 0,09 0,07 0,17 0,15
8 BABABAABAB 0,45 0,22 0,15 0,07 0,08 0,40 0,25 0,44 0,46 0,19
9 BABABAABAA 0,03

10 BABAABABAB 0,04

11 BABAAAABAB 0,04 0,04

12 BABAAAAAAB 0,04 0,04 0,07 0,17 0,25
13 ABBBBAABBB 0,07

14 ABBBABABAB 0,32 0,19 0,25 0,26 0,24 0,04 0,04 0,19 0,15
15 ABBBAAACAB 0,11 0,03 0,08

16 ABBBAAACAA 0,03

17 ABBBAAABAB 0,07 0,30 0,03 0,10 0,04 0,52 0,5 0,04 0,07
18 ABBAABABAB 0,07 0,04

19 ABBAAAABAB 0,04

20 ABABAABBAB 0,07

21 ABABAABBAA 0,03 0,03 0,04 0,11 0,08 0,15
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22 ABABAAABAA 0,03 0,04
23 AABABAABAB 0,04 0,04
24 AABAABABAB 0,04
N 59 57 59 57 55 55 54 57 54 57
R=G/N 0,24 0,26 0,28 0,41 0,44 0,16 0,29 0,30 0,21 0,26
h 0,71+ 0,83+ 0,74+ 0,87 0,85+ 0,59+ 0,7+ 0,77+ 0,74 0,86+
0,06 0,04 0,06 0,04 0,05 0,06 0,08 0,07 0,07 0,03
0,32+ 026+ 031 031+ 031+ 021 022+ 032+ 0,18t 0,36+
4 017 014 017 017 017 012 0,12 0,17 0,0 0,19
1,40™ 1,76™ 0,96™ 127" 2,34™ 149" 097" 1,04 -0,73" 1,64™

Tajima’s D

Ocov agopd ™ yevotumkn apbovia R, n pkpdtepn Ty R = 0,16 aviyvevdnke
oTOV eKTPEPOEVO TANBVoUO Tov Tpumdtapov motapov, eved n vynAdtepn Tl R =
0,44 aviyvebbnke otov ektpepopevo TANOLGHO Tov ToTApoV Apdmitoa otov Aylo
Nworoo Huabioc. O deiktng D Tajima tov un oToTioTiKdg oNUAVTIKOS 6TO GOVOAO
tov egetalopevov nAnbvoudv (Tlivakog 1). Erione, ta amotedéopoto tov Mantel
TEGT EUPAVIGOV GUVTEAEGTY] GLGYETIONG R? = 0,2093. Avagopikd pe tig avd Cevyn Fst
TIéG, N péytotn Ty 0,3496 avevpébnke petald tov TAnbvopodv tov Ayov lodvvn

ko tov Kpabn (P<0,001, ITivaxag 2), ue otatiotikog onuavtikny (P<0,001) péon

T Fst ion pe 0,056 (ITivakag 3).
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MMivaxkag 2. Ta axpiPn teot dtapopomoinong avd Levyn TV EVTOTIKE EKTPEPOUEVOV
1pilovcmv TEGTPOP®V TAPOoLSIALOVTOL TNV KAT® dtoydvio Kot ot avd {edyn Tuég
(Fs1) tov ybvominbvoumdv, petd omd ™V geopuoyn tg owpbwong Bonferroni

napovstalovron oty endvo dwydvio (P < 0,001, 7P <0,01, P <0,05).

AGS AlO 1ED 2ED ARA TRI LOU MEG  KRA BOU
AGS - 0,0102 0,0235 -0,0116 -0,0018 0,0125 0,0164 -0,0090  0,2026 0,0125
AIO  0,0063" - 0,1008" 0,0117 0,0139 0,0130 0,0045 0,0799  0,3496™"  0,0688"
1ED  0,0001™"  0,0019™ - 0,0006 0,0017 0,0643 0,0695 -0,0085 0,1076" 0,0285
2ED  0,0004™"  0,0335 0,4279 - -0,0246 0,0251 0,0249 0,0150  0,2316™"  0,0359
ARA  0,0003™"  0,0341" 0,8031 0,6936 - 0,0306 0,0240 0,0141  0,2143™  0,0269
TRI  0,0001™"  0,0674 0,0001™  0,0001™"  0,0001"" - -0,0381 0,0370  0,2641™"  0,0445
LOU 00001  0,1512 0,000  0,0010"  0,0001"  0,7687 - 0,0443  0,2742™  0,0375
MEG  0,2641 0,0077"  0,0029"  0,0124™  0,0077"  0,0004™"  0,0006"" - 0,0860"  -0,0084
KRA  0,0001™" 0,000 0,0000™" 0,0000”" 0,0003”  0,0001"" 0,0005"°  0,0935 - 0,1252"
BOU  0,0009”" 0,002 0,0083”  0,0211" 0,0257" 0,0001™" 0,001 0,2283  0,0475 -

Ene&nynon ovvtopevoewv - AGS: Ayxiotpo, AlO: Ay. Imdvvne, 1ED: Edecoaiogl,
2ED: Eodeooaiog?2, ARA: Apdamuca, TRI: Tpwotapog, LOU: Aovpoc, MEG:

MéydoPag, KRA: Kpabng, BOU: Mmovpwvid.
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Mivoxog 3. Iegpoapywkry avdAvon popokng mapairaktikotnrog (AMOVA)
dmAnfucokd kot evdomAnfucoakd. O deiktng Fst avtimpocwonevel to dOpoioua
™G TOPOAAOKTIKOTNTAG HETOED TOV  SQOPETIKOV  TANOLGUOV KOl NG
TOPUALOKTIKOTN TG EVOOTTANOLGUIOKA  SLOLPOVUEVO pe GUVOAIKT

napodkakticomyro (P < 0,001).

BaOpoi AOpoiopa YUVTELEGTEG IMocooTo Agiktng
glevlepiog TETPUAYOVOV  TOPUL/TNTOS TOPUL/TNTOG Fst
Awmin0vopmoxa 9 75,453 0,19456 Va 5,65
Fsr=0,056""
EvdominOvopokd 554 825,422 3,24969 Vb 94,35
Yivolo 563 900,875 3,44426

O maykOouog akpiPpng €Aeyyog ™G O10pOPOTOiNoNG TV deypudtomv PAcel ToV
CUYVOTATOV TOV OTAOTUIOV EUQOVIOTNKE OTATIOTIKOC onuavtikdg (P<0,0001).
Aoupdvovtag vroym to TECT OPOPOTOiNoNG HETAED TV JEyHdTOV OA®V TMV
Cevyov dwkpivetar 0Tt 1 mAgovotTTo TOV TANOLVGUOV v (edyn moapovoidlovv
KOTOVOUN TNG oLYVOTNTOS TOV OTAOTUTMV TOV OLPEPEL OTATIOTIKDOG CTUOVTIKA
(ITivaxag 2). Zouewva pe to amoteréspato g AMOVA, tapatnpndnke 1t péovo 10
5,65% NG GLUVOMKNG YEVETIKNG MOWKIAATNTAG OPEIAOVTAY GE SPOPES UETALD T®V
mAnfuopdv, eved 10 oNUOVTIKOTEPO T0G00TO 94,35% opeiloviav oE JPOPES
evoominBuvopaxa (ITivaxag 3).

Me tm ypnon tov Aoywukov mpoypdppatog STRUCTURE v. 2.3
amokaAOeOnNKe N Vmapén dvo mbavav opddwv (K = 2, Ew. 2) peta&d twov 10
EVTOTIKA EKTPEPOUEVOV TANBVCUADV, LLE TO AOPOIGUA TOV GUVIEAEGTAOV GUUUETOYNG

K@0e atopov 611G 6V0 opdades va givar ico pe 1. To chHvVOLO TOV EVIATIKOV EKTPOPDV
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pwifovcag mEaTpoPag mov eEeTdoTKay amapTiloviay amd GTOMO TOL OVIKOY Kot
ot dVo opddec. Eviovtolg, 1o mocootd twv 000 opddmv otovg eEeTalOUeEVOVG
TANOVGHOVC SEPEPAV CNUAVTIKAL.

A&onueioto amotedel To YEYOVOG OTL HOVO GTOV EKTPEPOUEVO TANOLGUO TOV
motopov Kpdbn om votie EAAGOa 10 ovvipmtikd mocootd (91,67%) tov
eEetalOpevoy atop®V avinKav oty mTpaTn oudda. AvTicTord, 0 EKTPEPOUEVOS
TAnBvopndg ov Ayiov lodvvn Zeppdv mapovciace T0 HEYOADTEPO TOGOGTO ATOU®V
(66,67%) mov avrkav otn 0gvtepn opdoa (Ewc. 1).

Aoaupdvovtag vToyn To AmTOTEAEGUATO TOV TPOEKLYOV OO TN OEVEPYELD TOV
eAEYYOL Katavoung, M okpifela Tov EAEYYOVL KOTAVOUNG OmOdElTNKE €EMPETIKA
vynAn (92%) yw tov ektpepopevo mANOvopd otov motapd TpurdTOpo GTOVLG
I'ewpylavovg tov Nopod Huoebiog, pétpua yoo tovg ektpe@dpevovg mANBvcHovg
Edeoocaiogl (44,83%) wor pikpn yuo Tovg eKTPE@OUEVOVS TTANOLGHOVG TOv Aylov

[wdvvn (25,93%) kot g myng Mmovpvid (18,52%) otnv Ilehomdvynco.

Delta K=mean(|L""(K)|) / sd(L(K))

4000 -

3000 +

DELTAK

2000 ~

1000 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14
K

Ewova 2. Exthoyn tov katdAAniov apiBpod opddwv (K) Aaufdvovtog veoyn tmyv
VYNAOTEPT KOPLPT, 1| OTOiCL AVTITPOCOTELEL TOV T Thavd apBud opddwv (K=2)

cvuemva pe v Mrayeoiavr| Osmpia.
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Ocov apopd T ETPEPOVG TOCOGTH TV dVO OUAS®V TOL TAPATNPHONKAY GTOVG
e€etalopevoug TANBVGHOVG e VYNAOTEPO TOGOGTO KATAVOUNG OTNV TPMTN Opdda, o
EKTPEPOUEVOC TANOBLGUOG TOL TToTapoy MéydoPa amotelovvtay amd 62,96 % dropa
™me mpd™S opadog kot 37,04% g debtepnc. O extpepdpevor minbuopoi
Edeocaioc2 ot Bopeia EALGSa kot Mmovpvid ot votio EALGSa mapovciacay dpota
TOGOGTA ATOUMV TOV Katavepmnkay oty tpd™ (59,26%) Kot otn debTepn opddn
(40,74%), avtioctoya. Emiong, o extpepopevog minbuopdg Edeccaiogl eppdvice
EAOPPDOG YOUNAOTEPO TOGOGTO ATOUMV GTNV TPOTY opdda (58,62%) GUYKPITIKA pE
oV TANOLGUG TNG YEITOVIKTNG EVTATIKNG eKTpoPNG Edeccaiog?.

Avtifeta, or extpepouevol mAnbvcopoi mov mapatnpnOnkav vo €xovv TO
HEYOADTEPO TTOGOGTO OO TA ATOUA TOVG OTNV OEVTEPT] OUAdN NTOV EKTOC OO TOV
Aywo loavvn (66,67%), o TAnBvouog 6to Aovpo motapd (58,33%), o TAnBvoudg oToV
Tpwdtapo motapd (56%) kar o mAnbvoudg oto Aykiotpo Xeppdv (55%). Ocov
aQopd TOV EKTPEPOUEVO TANBVGUO GTOV TOTOUO APAmITGa, OVTOC OmOTEAEITOL AT
oxe0OV OO TOGOGTA TOGO TG 0e0TEPTS (52%), 660 Kt TG TPDOTNG OpAdoS (48%).
To cLVOAIKO TOGOGTO TV VO OUAO®V GE OAOKANPT TNV EAANVIKY| ETKPATELQ NTAV
54,17% avaeopkd e ta e&eTaldeva ATOLN TOV VKAV GTNV TPATN OLAda, EVA TO
45,83% eketvov mov avikay otn 0g0tepT OpLdda.

Opow pe to anoteréopata mov mposkvyav amd 1o Aoyiopukd STRUCTURE
2.3, n ypnon tov NETWORK 4.6.1.2 xoté€dei&e 011 0 6Ovoro tov eéetaldpevov
EVTOTIKA eKTPE@OUEVOV TANBLoU®V 1pdilovcas TEGTPOPAS TPoEpyoviav amnd VO

veveés (Ew. 3).
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Ewévo 3. Median — Joining 8iktvo mov LROSEIKVOEL TIC QUAOYEVETIKEG OYECELS
avapeoa otovg andotumovg tov MIDNA tev 10 eviatikd ektpepopuevov TANBLVGUOY
pwitovoag méotpogag. Kdabe amidtvmog (H1-H24) avrmpocwmeveton amd £€va
kitpvo KOKAO, ev®d o evdlauecog amidtumoc (MIH) avtimpoownedetar ond Eva
KOkKvo KOkAo. To Prua petddiaéng petald tov amhdtumev yapokmmpiletolr amod

apBuovg og italics.

oupwvo pe ta arotedéopoto tng Avaivone Kopiov Zvvtetayuévov (PCoA),
01 010p0opég o€ YeveTIKO eminedo petald tomv 10 gvtatikd ektpe@duevev mAnbvcumv

pilovoag téotpoas ansikoviotnkay otovg GEoveg (Ewk. 4).
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Principal Coordinates (PCoA)

® Meg dovas. Edesseos1

A Arapitsa
& Krathes
=] Bournias O Louros

O Agjstro

(13,82%) Coord. 2

O] Tripotamos
Il Edesseos2

@ Agios loannis

(77,64%) Coord.1

Ewoéva 4. Avédivon Kdpiov Zovtetaypévov Tov eviatikd ekTpe@opevov tinducudoy
pwiovcag méotpopoac. H dapoponoinon wg mpog tov dova e Xvvietayuévng 1

etvau tom pe 77,64%, eved 13,82% w¢ mpoc tov dEova g Zuvtetaypévng 2.

O mp®dTOC AEOVOG AMOTOTMGE TO PEYOADTEPO TOCOGTO TNG TOPOUAAAKTIKOTNTOG
77,64%, ce cVYKploN Ue TOV 0£0TEPO KOl TPiTO AEOVA TOL TAPOVSIAGAV YOUNAOTEP
nocootd 13,82% wan 8,54%, avtictoya. Ot wotpeg mov npoékvyav frav 0,608 yuo
tov tpoto a&ova, 0,108 yw 10 devtepo Gfova kar 0,067 ywoo tov tpito dEova
eKQPALOVTOG TO EMIMEDO TNG TOPUALAKTIKOTNTAG G KAOE dEova.

[Mopatmpovtag to dwddotato  dwbypoppe s  Avdivong Koupiov
Yvvtetaypévov (Ew. 4) owokpivetor 0Tt o1 evtatikd ektpepduevol minbvopol
pwifovcag mESTPOPAS KATNYOPOTOMONKAY GE TECCEPELS OUAOES G TPOG TIG
ocvvtetaypéves 1 kot 2. Ot 1€66epeIC OHASES TOV TPOEKLYAV ATOTEAOVVTOAV OO TOVGS
mAnBucpovg Apdmitsa — Méydofag — Mrovpvid / Edecoaiog 1 — Aovpog — Kpabng /

Aykiotpo — Tpumdtapog — Edeccaiog 2 / Aylog lodvvng. Eviovtoig, n dievépyesia tov
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Mantel test dev anokGAvye GTOTIGTIKOG GNUAVTIKY GUGYETION UETAED TOV OTAOTUTOV
KL TV YE@YPaQIKdV anoctdocmy (R? = 0,1891, P > 0,05).

Avagopwd pe tig kKatd {evyn Fst tiuég, n péon tipn tovg ftav ion pe 0,067.
Téhoc, 1 peyarvtepn tiun 0,205 mopotnpnOnke PeETaED TOV EVIOTIKA EKTPEPOUEVOV
TAnfvoudv oto pépo ov Aylov Iowdvvn ko otov motapd Kpddn (P < 0,001), evod
avtiotorya M younAotepn Ty 0,042 moapotmpnOnke petald tev aAnbuouov

Aykiotpov kot Edeoocaiog2 (P < 0,05).

3.4 Xvitnon

Ymv mopovoa epyacia, peremnOnkoav mepiocdtepa and 5.500 (evyn Pacewmv
amnd to. cuvoAkd 16.600 (evyn Pdoewv tov pitoyovoplakov DNA Bacet Tng pHoplokng
texyvikng PCR-RFLP, étor ®ote va a&oloynbel o Pobudg g yevetkng
TOPUALOKTIKOTNTAG TOGO €VOOTANBVLOUIOKA, OGO Kot LETAED TV OAPOPOV EVIATIKA
EKTPEPOUEVOV TANBLGLOV 1p1dilovcag TEGTPOPAS TOL PPICKOVTAL EYKATEGTNEVES OE
oAOKANpN v EAMvikn emikpateia. Ewdwdtepa, extog amd ta ovpmioka ND5-6 kot
T1¢ meproyég Control region-Cytb 610 6uvold tovg, To T 948 (evydv Pacewmv TG
ATPaong VI-COlll mepoydv mov Kwdwkomolohv mpwteiveg ¢  1pdilovcag
TEGTPOPUG Oev elye ovdémote efetaotel MPOTHTEPA WHE TN YPNON TEPLOPIOTIKDOV
evoovovKAeao®V. Evtohtolg, n HEAETN TOV TOPOTAVE TEPOYDV TOV KOOKOTOOHV
TPOTEIVEG 68 dapopovg Bordcoiovg opyavicpovg (Katsares et al., 2003), kabmhg kot
oe oLYyeviKG €idm, omwg eivor m S. trutta (Giuffra et al., 1994, Apostolidis et al.,

2008) emBePaivoav v HTapEN TOAVHOPPIGUOD.

H dweayoyq mmg avdivong g mAnBuopiokng OOUNG aVOQOPIKA LE TOVG

EVTOTIKA eKTPEPOUEVOVG TTANBLGHOVG e OAdKANPN TV EAAGOO amokdivye 6Tl Ot
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amidtumol dokpivovtor og 600 kevipikovs kKAdoovg (Ew. 1, Ewc. 3). H cvvomapén
AmAOTUTOV Kol OO TOVg VO KAGOOVS G€ OAOLG TOLG MANBLOUOVE evOEXETAL VL
VTOOMAGDVEL TNV VTTOPEN KOWNG YOVISIOKNG SEEAUEVIS. ZOUQ®VO IE TNV OVOAVOT) TNG
minbucpiokng dopng povo o mAnBuopdc tov Kpdabn motopod eupoviomnke va
dabétel cLVTPITTIKO TOG0GTO YOVMVY MOV dvnkoy otov 1° kKAGdo, oe TP aviifeon
pe O6A0VG TOLG VITOAOITOVG TANOLGLOVG oL d1EbeTaV o PiEn Kot TOV dVO KAASWV.
Emnpoobeta, o Poabudg 100 TOALHOPPIGHOV MTOV  HUKPOTEPOS, OM®G MTOV
OVOUEVOUEVO, GE GUYKPIOT LE TNV TOTKIAOLOPPIa TOL KATAYPAPETOL GTOVG PLGIKOVG
minBovopovc. Ta younAd emimedo YEVETIKNG TOPOAANKTIKOTNTOS OTOVG EVIATIKA
EKTPEPOUEVOVG TANBVGHOVG KoL TO YeyovOg OTL Bpiockovial 6 avTIOWGTOAN e OTL
TOPATNPEITOL GTOVE PLOIKOVG TANOLGHOVG eivarl KOO Pavopevo av AAPel Kaveig
oY po TAES0 TANOVGUIOKOV YEVETIKOV HEAETMV, 01 OToieg &xovv OlevepynOei
1000 O€ EVIATIKA eKTPEPOUEVOVS TANBVOLOVS, OO Kol 6€ (PLGIKOVG TANBLGUOVG
AoV gdmv, 0nmg gival o kowog kumpivog (Cyprinus carpio, Linnaeus 1758) (Zhou
et al., 2004, Kohlmann et al., 2005) ko1 o coAoudg tov Athaviikov (Salmo salar,

Linnaeus 1758) (Norris et al., 1999).

Exto¢ ond tov mAnbBvoud tov Tpummdtapov, m peydin mAsloyneio ToV
eCetaldpevoy  extpe@dpevoy  TANOLOU®V  TOPOLGINGOV  CGNUOVTIKA  LYNAN
OMAOTUTIKY] TOWKIAOTNTO. KOl GYETIKA YOUNA  VOLKAEOTIOKY TOKIAOTNTO,
VRTOONMADVOVTAG OTL GXEOOV TO GHVOLO T®V amAOTVIWV GyeTilovtay petalld Tovg. Avtd
T0 YEYOVOG Umopel va ogeidetal 6 TOKIAOTNTA 1] omtoia TpoNADE amd mPOyEVESTEPOLG
mAnBuopove, evioydovtag cuyyxpdvemg To evdeyduevo VmapEng yovov HE KO
yovidwkn de€apevn. Ewdwotepa, oty mepintmon tov mAnbucpov tov Tpumdtapov 1
OMAOTUTTIKY] TOWKIAOTNTO MTOV OPKETO YOUNAN O OYE0N HE TN VOLKAEOTIONKN

TOWLOTNTO, ekepdlovtag v Vmapén Alyov amAdTum®mV Tov Tapovstdlovy LYNAN
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TopoALoKTIKOTNTO peTa&h Tovg. Avtd TO YEYOVOG Umopel va givol YopaKTnploTikd
AAPOPOV ATAOTUTTOV TPOEPYOUEVDV OO TOALUTAEG TTEPLOYEG. LTNV TOPOVCH HUEAETN,
n mielovotta Tov Twov Tajima’s D (Tajima, 1989) tav 6ToTIoTIKOG U1 OTULOVTIKA
OeTIKéG, LVTOONA®VOVTOG OTL LPICTOTOL EAAEUIO GE YOUNANG GUYVOTNTOS LETOANAEELS
o€ OLYKPION UE TI§ TPOGdoKieg poc, cOpemva pe TN Beswpla g ovdetepdTnToC.
Avtifeta, povo o mnbvoudc tov motapov Kpdbn epedvice oTOTIOTIKOG N
ONUOVTIKEG OpVNTIKEG TWES, eK@pdlovtog v vmapén apboviag o€ yopnAng

ovyvOTNTOG LETOAAAEELS AapPdvovTag vtoyn T Bewpio TG ovdeTEPOHTNTAG.

Ta amoteléopata ¢ avdivong AMOVA amoxdlvyay 6Tt uoévo 5,65% g
OUVOAIKNG YEVETIKNG TOKIAOTNTAG EPUNVEVETOL OO TNV TOPUAAAKTIKOTNTO 7OV
aviyvevdnke avdapeca otovg TAnbvcpove. Eviovtolg, onpovtiky mopoAlakTikdTnTo
pne mocootd 94,35% aviyvedOnke evoominbvouokd. EmmAiéov, tTo emimedo
dwpopomoinong HeTald TV  EVTATIKE EKTPEPOUEVOV TANBvou®V  1p1dilovcoag
néotpoag kupaivoviav omd -0,0381 €wg v apketd vynAn T 0,3496 pe péon
T Fst ion pe 0,056, Xe dAlec evpomoikég HEAETEG, OMMOC OTN WEAETN TOL
dtevepynnke avapeoo o€ 12 evpomaikés eKTpePOUEVES YEVIES 1P1Oilovcac TEGTPOPUS
(Gross et al., 2007) kot ot pEAETN €VVEN EVTATIKGOV EKTPOPOV 1p13ilovcog
néotpogag ot NopPnyia (Glover, 2008), ot avoagepoueveg ava Cevyn Fst tiuég
xopaivovtay amd 0,04 £wc 0,36 pe péomn tipn Fst ion pe 0,14 ko and 0,001 éwg 0,127
pe péon tun Fst ion pe 0,053, avtictoyo. Amd T1g Tipnég mov avevpédnkav oty
napovoo epyacio dweaivetar 0Tt Pplokovior peTad TOL €0POVG TWMV TOL
napatnpROnKay o€ AAAES evpoTaikég yopes. Emmpochera, otn dutikny Avotpaiio ot
exTpepopeves 1piovoeg méotpoec mapovsiocayv Fst Tipég mopdpoleg pe eketveg
TV evponaikov yopav (Gross et al., 2007), kopowvoueveg omd 0,016 £og 0,404 pe

péon tun Fsr ion pe 0,19 (Ward et al., 2003). Avtifeta, copgova pe d1evepyoOUEVES
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peAéteg 1000 otig H.ILA, 660 kot 610 Popeo Ipdv to €bpog twv Fsr tyumdv frav
yapmAo kopowvopevo omd 0 £oc 0,048 pe péon Ty Fst 0,028 otig H.IT.A (Silverstein
et al., 2004, Johnson et al., 2007) kot and 0,062 éwc 0,080 pe péon Ty Fst 0,072

oto Bopero Ipav, avtiotoyoa (Yousefian et al., 2012).

[Top’ OAo owTé M YEVETIKN d0POPOTOINGT OVAUESO GTOVG TANBVOUOVG OTIg
TeEPLGOTEPES avaA (eDyn oLYKPICEIS NTOV OTATICTIKOG CNUOVTIKY UETE KOl TNV
epapuoyn g owpbwong Bonferroni, eite yw TG KATAVOUEG TOV OTAOTLTIKMV
ovyvotNTeV (aKkpiPn 1eot), gite Yo T1g ava Levyn Fst TYWES Kot 1) GUVOMKT YEVETIKN
ToKIAOTNTO.  opeidovtay o  onuovtikd Pabud oty Omapén  mowAOTNTOGC
evoomAnBuouokd mwapd oty VTOPEN TOKIAOTNTOS OVOUESH GTOLG TANBLGUOVC.
Enopévac, Aappavovtag vmdyn tig avapepdueves péoeg Fst TiHég o€ eKTPEPOUEVOVG
mAnBvopovg otn NopPnyia ko oto Ipdv, oe cvykpion pe tig péoeg Fst Tipég tov
exTpeOUEVOV TANBVoL®OVY oty EALGSa, pmopel va e€aybel To copmépacua 6Tt 6ToVG
EVIOTIKA  eKTPEQOUEVOVG  mANBvuouovg  pwilovococ méotpogag oty  EALGSa
veioToavtal Topouole enimedn ToAvpopEopov. Eviovtolg, dapaiveton 0Tt 1660 01
eKTpeEPOUEVOL TANOBLGHOL TNG dVTIKNG AvoTpaiiag, 660 Kol EKEvOl TV POPEI®V Kot
OVOTOAIK®OV YOPOV TOPOVGIOCHY GNUOVTIKE VYNAOTEPT SLPOPOTOINGT GE GLYKPION

LLE TOVG EVTOTIKA EKTPEPOUEVOVG TANBVGLOVG GTNV EAANVIKY] EMKPATELO.

opeova pe to amoteréopata g availvong PCoA (Ew. 4), ot mpdteg 600
ocuviotdoeg  epunvevcov 10 81,2% g mopaAiraxtikdtrag.  Evtovtowg, 1o
OGOAGTATO YPAPN O OEV ATOKAAVYE TN JUKPIoN TOV TANOVGUOV COUPOVO LE TIC
YEOYPAPIKEG TOVG oamootdoel. EmumAéov, ta omoteAéouata tov Mantel teot
VTOONAMGCOY TN UN OTOTICTIKMG CNUAVTIK] GLGYETION UHETAE) TOV YEOYPOUPIKOV

OTOGTACEMV KOl TOV YEVETIKOV 000TdcemV Kotd Nei.
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3.5 Zopnépaopa

H mapobvoa epyacio amotedel v TpdTN TPOSTADELD EKTIUNONG TNG YEVETIKNG
TOKIAOTNTOG, TOGO SamAnBuouiakd HETAED TOV S1PoP®V EVIATIKG EKTPEPOUEVDV
mAnBucpadv 1pdifovcag TEoTpoPac o oAdKANPT TV EAANVIKY emikpdteia, 660 Kot
evoominBvopokd oe kdBe extpoen. To mMOGOGTO NG GLVOMKNG  YEVETIKNG
TOWKIAOTNTOG TOV TopotnPNOnke, eppaviotnke evdomAnbuvcouokd moapd avipecao
6ToVG O1G@opovg mANBvoUoVE. To TOGOGTO YEVETIKNG TOIKIAOTNTOS OVALEGO GTOVG
TANOLVGLOVC GE GUYKPION HE TN GLVOAIKT TOPATIPOVUEVT] TOIKIAOTNTO OVTOVOKAG
mv mavéio 6000 apykav tAnfvuoudv (yevemv), vroypappilovroc v vmapén pog
Kowng oegapevig yovidlov oe OAeG TIG EVTATIKEG eKTPOPES 1P1dilovcas TESTPOPUS
otv EALGO0. AvTO 10 YeEYOVOS €VIOYVETOL KOU OO TO OIKTLO AMAOTLI®V TOL
onuovpynnke kot omokdivye v VIapPEn VO APYIKOV KAGO®V G€ OAO TO QAo
TOV EVIOTIKOV EKTPOQOV. TEAOG, vt 1N mTpoomdbeio o propovce vo omoTeEAECEL T
Baon vy TEPAUTEP® EPOPUOYN HOPLOK®V OEIKTOV YL TO YOPAKTNPIOUO 1TNG
pwiovoag méotpoag, Om®E M ovoyétion etepoluywtikng eoppoag — HFC
ovuPaAlovtag oV VIBETNON KOUVOTOU®MV TEYVIKOV EVIOTIKNG EKTPOPNG OO TIC
ETOPELEC OV OPOGTNPLOTOIOVVIOL GTOV TOUEN TNG YYOLOKAAMEPYELNS ECOTEPIKDOV

VOGTOV.
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4. IXNHAAXIMOTHTA ENTATIKA EKTPE®OMENQN IHAHOYEMON
IPIAIZOYZAYX NNEXTPO®AYX AIA®OPETIKHXY IMPOEAEYXHXY BAXEI
THXE AIA®OPOIIOIHXHX TOY HPO®IA TN EAEYOEPQN

AMINOZEEQN XTO MYIKO TOYZ IXTO

4.1 Evoayoyn

O topéoc g exktpoens pwilovcag méotpopag oty EALGda apBuel €&t
peydieg evtatikég ektpoEc (>100 tovov) ko 110 pesaiov ko pukpdTepov peyédovug.
To 2014, n cuvoAikn mapaywyn avépyovtay otovg 1.611,4 tovoug etnoimg (ELSTAT,
2014). TMapdrinAa, ta televtaio ypdvia oty Evpomm €xel kataypapel po advénon
g {Tnong ywo peyoAvtepov peyéBove mEGTPOPEG, 01 0moieg evoeikvuvToL Yoo TNV
Tapaymyn QUETOV. XV, otV €LVPOTOIKY] ayopd ot 1p1dilovoes TESTPOPES
TwAoOVTOL €lte OAOKANPES, €l ®C QUAETAL OVOAOYO HE TI TPOTUNGELS TOL
KATOVOAOTIKOV Kowvov. [lap’ 6lo avtd, mpoceata ot [ardio vanpée évtovn
avénTikn tdon and 9% ce 65% yia 1pilovoec TéoTpoPeg He PApPog HeYOADTEPO TMV
300g, e€artiag Tov yeyovotog 6Tl onuemdnke agloonuelmt oTpoen oTNV TPOTIUNGN
TOV KOTOVOAOTOV pue avénon e ayopds tov eétov tg (Agreste, 2009). Eva
EVOEIKTIKO €0POG TIUDV avaQopIKA He To. QIAETO NG 1Pp1difovcag TESTPOPUS GTNV
gvpOTAiKN ayopd sivar mepimov 5,10 EUR/KG vy 10vec Papovg 200-300g ko
uetay 15-17,8 EUR/Kg v ybvec Bapovg 1Kg, avtiotoyga (EUMOFA, 2013).
Enopévog, 1o ouéta 1pdilovcog mEGTPOPOS mopovsldlovy €VIOVO OTKOVOLIKO
EVOLPEPOV, YEYOVOG TO OMOI0 Ol EAANVIKEG EVTOTIKEG EKTPOQES opeihovy va
EKUETOAAEDTOVV GTOYEVOVTOG GTNV TOPAY®YY| HeYEAoL peyéBoug 1 0bmv, KatdAinAwy

TPOC PLIAETOTOING, LE EUPACT) TN cuveYT PerTimon g TodTNTOGS.
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H modmtd tovg dvvatar va emnpeactel, 1660 ond TG aKoAOLOOVLUEVES
npaxtikég extpoenc (Hwang et al., 2000), 660 kot oo Tic mePPUAAOVTIKEG GLUVONKES
oV emkpoTovy oe Kabe evtatikn ektpoen (Pottinger, 2001). I'’ awtd t0 AdYO O1
JPOPOTIONCELS OTN GVGTOOT TOV PET®OV € glebbepa apvoléa, Emerta and TV
TOVTOTOINOT KOl WOCOTIKOTOiNon T0vg Oa  pmopovoe va  copPdrer oty
YVNAOCIUOTNTO TOV EVTATIKA EKTPEQOUEVOV TANOLuoH®OV 1p1dilovcas TEGTPOPOC
OPOPETIKNG TTPOEAEVONG. AVTO eVIGYVETOL KO OO ot TPOSPATN HEAETN, I OoToio
emPePoimwoe oNUOVTIKEG OWPOPEG OTO TPOPIA TV eAevbepwv apvo&éwv oe
EKTPEPOLEV LD OVAAOYOL PE TNV YEOYPOQIKN Tovg mpoéAevon (Fuentes et al.,

2009).

O poroc v erebBepmv apvo&émv givor eEAIPETIKA KOOOPIOTIKOG O OPKETEC
QLGLOAOYIKEG AgrTtovpyieg, Ommg eivar M oouepLOUIoN Kot 1] PLOCTIKY KOVOTHTA
oV pvikod 1otov TV Yoy (Van Waarde, 1988). Ewdwotepa, emtvyydvouv
pOOUION NG OCUMTIKNAG TIEONC OTOVE KLTTOPIKOVG 16TOVG Kol pe TNV Lropén
TOaPAYyOYOV ™S WoaloAne, omwg eivalr n 1otwivy ocvuPdiovv ot puBuictikn
KOVOTNTO, TOL HViKoD 16700 Tev yBvwv (Suyama et al., 1986). Emupocbeta, o porog
TOVG OTNV AMPOCKOTTN AETOVPYIOL TOL VEVPIKOV GLOTHUOTOG Elvol EENPETIKNG
onuoaciog, kabmg Opovv MG VITOGTPOUATH 6€ Pacikéc evOLUATIKEG OVTIOPACELS Kot
pvOuilovv tov dyko Tewv alwtodywv evboewv (Anaya & D’Aniello, 2006). EmutAéov,
Oy povo amotedovv onuavtikn mnyn evépyelag (Van Marrewijk & Ravestein, 1974),
aAAG evBOVOVTOL ETIOTG KO Y10 TN YOPAKTINPICTIKH YELON TOV BOAUCTIVOV TPOPDV,
YEYOVOG OV TOVS TPOGOHIOEL TO TAEOVEKTILLOL TNG XPTCLLOTOINGNS TOVS WG OEIKTES Y1

mv a&loAoynon g yevong tev ybvov (Fuke, 1994).

To &idog kot n cvykévipwon tov apvolémv mov Ppickovial deCUEVUEVO GE

TPOTEIVEG TOV LLIKOV 16TOV TOV 1Y0O®V dev epeavilovy onuavtikés d10popEs, KabdS
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dev emnpedalovtal amd ™ dtpoen Tovg. Avtd ovuPaivel, d10TL 01 TPWOTEIVES TOV
HLIKOV 10700 cVVTiBevTal amoKAEIGTIKG PACEL TNG YEVETIKNG TANpopopiag Tov DNA
Kot dgv emmpedlovion amd To TOPEYOUEVO EMIMESD TPMOTEIVIG GTO GLITNPECIA TOV

yOVOV.

Avtifeta, to eAedBepa apvoééa 6To PLIKO 16TO TOV YBVOV TPOoEPYovTal amd
TNV AmopPOPTCT| ALIVOEEMY HECH TNG OLOTPOPTG KOl TOV UETABOAIGUO TPOTEIVOV Kol
apvo&émv 6to Puikd 16Td Tov opyavicpov (Cowey & Walton, 1989). Ta eievbepa
apvo&ga, ekTdg omd TN STPOPN EXNPEALOVTOL OO TN YEWYPAPIKT TEPLOYT KOL TOVG
af1oTIKOVE TOPAYOVTES TTOV EMIKPATOVV 6TO TEPPAALOV, TNV NAIKia kot To péyebog
TV YOOV, T YeveTIKN opudTNTOo. Ko TV oy Tov £toug (Limin et al., 2006). Oco
peyaAvtepn givon  nAkio Tov 1y0v0¢, 1660 PEYOADTEPT Eival Kl 1) CLYKEVTPMOT) TOV
e evBepov apvo&émv oto poikd 1otd tov (Panigrahi et al., 1979). Emouévac,
KaBop1oTIKO POAO OTN GLYKEVIPWON TOLS SLdPaUATICOVV 01 1d1aiTEPEG GLVONKES TOL
emkpatovy og kbbe extpoon. EmmnpocOeta, cOppova pe amoteAéopato LEAETOV, Ol
EVTOTIKA EKTPEPOUEVOL TANOBLGHOT YBVWV GLVINO®G TEPIEYOVY UIKPOTEPEG TOGOTITEG

elevbepmv apuvoEEMV CLYKPITIKA e TOVG YN Yeveig TAnfuouove.

[Tap’ 6A0 mov pio AW pHEAETOV €xel emKeEVIPp®OEL UExpL oTIYUNG oTNV
TocoTIKOTOINoN TV eAedbepmv auvolénv oto midopa e O. mykiss (Tantikitti &
March, 1995, Schumacher et al., 1997, Ok et al., 2001, Karlsson et al., 2006,
Cleveland & Burr, 2011, Robinson et al., 2011), Aiyeg mpotepeg peréteg
devepynnkov oto Agvukd puikod 16td g O. mykiss (Carter et al., 1995, Yamamoto et
al., 2000), mopd to yeyovoc OTL Tapovctdlel T0 VYNAOTEPO TOGOGTO AVENONG
npoteivng (Carter & Houlihan, 2001). Ewwotepa, o Carter et al. (1995)
YPNOWoToincay éva LeEPOVOUEVO outnpécto BEAovTac va eEeTdoouy TV emidpaon TOv

ounPEciov 6T GLYKEVIP®ON TOV ehevBepmv auvo&émv 6To AEVKO HVIKO 10TO OF
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Jpopa YPOVIKE OLOGTALOTA, OTOKAAVTTOVTAS OTL HOVO Ol GULYKEVIPMGELS TOV
aropoitnTev eAevBepmv apvolémv Poaiivne, Aevkivng Kot 1I6oAevKiving petmbnkoy o€
avtifeon pe TN OGLVOMKIN GLYKEVIPWON TV elevbepov apvolémv, mn omoia

TOPOVGIOCE EAAYIGTN LETOPOAN.

Amo Vv GAAN mhevpd, o Yamamoto et al. (2000) otn perétn tovg e€étacav Ty
enidpaon €51 OLPOPETIKMOV  TEWPAUATIKDOV CUNPECI®V OTN GLYKEVIPOON TV
elevBepov apvoEEwv 010 AeLKd HLIKO 16TO cupmepaivovtag OTL To VYNAGL emtimeda
TPOTEIVNG 0T0 GUMPECIO TPOKOAODV TNV TOVTOYPOVY 0VENGCT) TOV GLUVOAIKOV

aropoitnTev eAehBepov apuvocémv Kot un amopoitntov eAe00epwv apvoEiwmy.

H dwievépyela g mapovoag epyaciog elye oG otdY0 TV YVNAAGILOTNTO TOV
EVIOTIKA  eKTPEPOUEVOY  TANBvoumv  1pilovcog TESTPOPOS — OLPOPETIKNG
YE@YPOUPIKNG TPOoEAELONG, UECH TNG OLPOPOTOINONG TOL TPOPIA TV eAevBepmv
AUVOEEMV GTO UVIKO 16TO TOVG. O EVIOTMIOUOG S1POPOTONCEDV UETAED TMV TPOPIA
TOV EAV0EP®V OUIVOEEDV aVAIEGO GTOVG d10(POPETIKOVS TANBVoHOVG B amoTeAEoEL
éva, aKOUN YPNOO EPYOAEID YlOL TNV OVTILETOTION TOL Koiplov C(NTHUATOC NG

YVNAOGILOTNTOG TOV EVIOTIKA EKTPEPOUEVOV TANOVGUOV.

4.2 Yukd kor M£0odor

4.2.1 Zoppépooon pe tov Koowo HOwg kot Agovroroyiag Epeovov

KafoAn ) dwdwacio g derypatoinyiog, TpotepotdtTnTa 0600nKe 1660 6NV
evloio Tov YOOV, 660 Kol OTN JWTNPNCN TNG TOWTNTAS TNG GAPKAS TOVC.
Aopavovtag vmoyn t yvouoddton g Emttponnc yio v vyeia tov {dov Kot tnv

evlmia Toug (EFSA, 2009) n nuuawtopatn pébodog akaplaiog Oavatmong pe ytomnuo
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0T0 Kpavio TV yBvOV TpoTNOnke vo yprnoonombel oe 6Aa Ta detypoto amd
EKTAOEVUEVO TTPOCHOTIKO G€ KAOe gviatikn ekTpor). To GhHVOAO TV XEPICUDV GTA
delypata  1pdilovcag mESTPOPOG, KAODS Kol OAEG Ol OYETIKEG  OlUOIKOGIEG
npoypatoromOnkav coppova pe v Odnyia 2010/63/EE t¢ Evponaiking Evmong,
n omoia Bétel 10 mAaiclo ™G mpootaciag TV (O®V TOV YPNOUOTO0VVTAL Y10

EMGTNUOVIKOVS GKOTOVG.

4.2.2 Asvypotonyia,

To mhdvo Oderypotonyiog tov vrd e&étaon  EVIOTIKO  EKTPEPOUEVOV
pwilovcwv mecTpdPwV KoTapTiomKe PAcEl Ye@YpaPk®V Kpunpiov, 6émov &ywve
npoomdbelo vo coumepinebel éva gvpd @dacpa péoviwv cvotnuatov. Etot,
emA&yOnkav €51 motopoi, oVo pépato Kot pio Ty TOL KAAVTTOLV OAGKANPN TNV
EMMNVIKN EMKPATEID Kol €IVOL OVTITPOCMOTEVTIKOL TOV GLVOAOL TMV EVIATIKOV
EKTPOPOV 0TO £0MTEPIKA Voot O emAeybeioeg evtatikég eKTpoPEég HeTalld Tovg
TOIKIAOVV GTa O1APOPA YOPAKTNPIOTIKA TOVS, 0TS etvar 1 TomoBeaia, 1 YemAOYIKO-
ynuKo-kKMpatiky Covn, n Beppokpacio vepov Kol 1 6GVGTACT TOL GITNPEGIOV TOV

napéyovtay otovg 1ybveg (ITivokag 4).
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MMivaxkag 4 ZuvOnkeg ekTpoeNg o€ KAOe eviatiky 1yBvokaAMEpyela.

eproyn Zovy  Ogppoxpacio Awtpoon [poteivy  Ainopa

vEPOD (%) (%)
(°C)

AyKiotpo 1 12,5 Koppens NL 42 30
Ay. lodvvng 1 16,0 Skretting NL 42-45 21-25
Edeooaiogl 1 12,0 Trouvit 47 9

Edeccaiog2 1 12,0 Biomar 42-45 25-28
Apdmutca 1 9,5 Skretting NL 42-45 21-25
TpwmdTapog 1 13,0 Biomar 42-45 25-28
Aovpog 3 14,0 Skretting NL 42-45 21-25
MéydoBog 2 9,0 Skretting NL 42-45 21-25
Kpabng 3 16,0 Skretting NL 42-45 21-25

Mmnovpvid 3 15,0 Skretting NL 42-45 21-25

Enopévoc, cdppova pe to mAdvo detypatoinyiog emAéydnkav 10 evtatikég
EKTPOPEG IOV PBPIoKOVTOL EYKOTEGTNUEVEG OE OLUPOPETIKEG YEMYPOUPIKES TEPLOYES KO
ouvoAKa eEalevtnkay 564 1p1dilovoec TESTPOPEG Ue TN YPNON AmOYNG, OO TIC
omoieg emA&yOnkav 264 dtopa. To ochvoro TV emleyuévov yBdwv NTav eviAiKa
dropa nAkiog 20 unvov, pe mopdpolo gumopevotipo pEyebog ko pe mepimov ico
Bapog 250 + 20g (Ayxiotpo n = 29, Aywog lowdvvng n=27, Edeccaiocl n=29,
Edeocaioc2 n=27, Apdmitoa n=25, Tpmdtapog N=25, Aovpog n=24, MéydoPag n=27,

Kpabng n=24, Mmovpvia n=27) (Ewx. 5).
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Ewova 5. Xdaptng g EAMGOaG pe to onueia detypotoAnyiog Ttov evtoTikd
EKTPEPOUEVOV 1P13ILOVC MV TEGTPOPMV, TIG TPELG KOPIEG YEMAOYIKO-YNUIKO-KALOTIKES
Covec (Skoulikidis, 1993, Skoulikidis et al., 2004, Skoulikidis et al., 2006) kot T1c 600
ouddes tov ybvomAnbucudv TOL TPOEKLYOV EMETA OGN0 TIS OVOAVGELS TG
YEOUETPIKNG HOPPOUETPIOG KOl TOL TPOPIL TV ehevbepwv apvo&émv. To un
OKIOGUEVO TUNUOL OVTIOTOLEL OTNV TP®OTN ORddd, €VEO TO OKICUEVO TUNUO OTN
devtepn opdda. O ybBvomAnbuoudg KGbe EVTIOTIKNG EKTPOPNG KMOKOTOMONKE e
apOunuévoue poppoue [1. Aykiotpo (n = 29), 41°2250.39 N 2372618.15 E / 2.
Ay Iodvwne (n = 27), 41'557.30 N 23°3515.15 E / 3. Edeocoaiocl (n = 29),
40°4830.94 N 22°057.25 E / 4. Edecoaioc2 (n = 27), 404825.00 N 22°119.12 E /
5. Apamtoo. (n = 25), 403647.46 N 22249.15 E / 6. Tpuotapog (n = 25)
40°2826.68 N 22°1037.37 E / 7. Aovpog (n = 24), 3972539.82'N 20'50 43.41 E / 8.
MéydoBag (n = 27), 3913153 'N 21°4443.74 E / 9. Kpabng (n = 24), 38'14.07'N

22"155.36 E / 10. Mrovpvié. (n = 27), 37°1954.77 N 21'5553.43 E.
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Oleg ol evtatikéc  exTpo@éc O1Ebetav  cOOTNUO  GLVEXOVG PONG 7OV
amotehovviay amd opboyodvieg oeapevég amd okvpodepa  pe  Pabog  1,0m.
Amapaitnn mpodmdOeot yioo T GLAALOYT TOV SEYHATOV, TAV 1 TPOTEPT EPAPLOYN
acttiog dapkelng pog NUEPOS oto chvoro Tev yBvwv. H dwdkacio mpoéPrene
deaymyn piog, povadikng dstypotoinyiog oe kdbe evtatiky] €KTpon, 1 Oomoia
devepyndnke otig 10m.pu. 6e un avomapayoyikn tepiodo Katd tn S1dpKeE TOL PV
Maoiiov, 1o £10¢ 2013. To cvvoro TV derypdtov Bavatmdnke axkaploio e yTOTNUA
010 Kpavio Tov YoV (Nuvtopatn nEBodog axaplaiog Bavatmong pe YTOTNUO GTO
Kpavio) Kot €merta akoAovOnce 1M pETOPOPA TOLG OoVONUEPOV VIO YOEN OTIg
eykataotacelc  tov  Ilavemomuiov  Oeoccoiiog oto  Boério, Omov ko
TPAYLOTOTOMONKE 1| POTOYPAPION Kol 1 lAetomoinon tovg. [ v eoyoynq tov
e evBepv apvoliémv akolovbnbnke to mpwtoKOoAL0 TV Antoine et al. (2001) e
pikpég tpomonomoets. H Aqyn 10g poikod 1otod mpaypatomomdnke amd 10 GuAETo
mov PBpioketan otV aploTepn TAELPE KAOE 1 OVOG, apov TPO®TVLTEPO AToaKPHVOT KOV
ta 00T4. H mocd T T0U Puikov 16100 tomofetOnke o€ TAAGTIKOVS COANVEC TOTOV
falcon, ot omoiol mapépevay amobnkevpéVoL Yo pKpd xpovikd didotnua otovg -80
°C émg 610V avarivfovv pe v Avtictpopng Pdong - Yyph Xpopoatoypagio Y yning
Amodoong (Reversed Phase - High Performance Liquid Chromatography - RP-

HPLC).

4.2.3 llpogtopacia derypdtmv

Katd v mpoetopacio kabe delypatog, 10g puikov 16tod opoyevomombnkay,
a@ov mpwta tpootédnkav 40 ml dwivpatog 75% x.0. pebavoing (HPLC grade).
‘Emerta. akolovOnoe Aewotpifion pe m ovokevn Ultra-Turrax T 25 model (IKA-
Labortechnik, Staufen, Germany) péxpt to onpeio TANPOLE opOYEVOTOINGNG TOL

eEKYVMONOTOG. Xg OAEC TIC MEPUTOOES Ypnolomomdnke amoxkieloticd Milli-Q
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vrepkadapo vepo (Fisher Scientific International Inc., New Hampshire, USA) yw v
TPOETOIUAGIO. TOV GLVOAOL TV JAVUATOV, KOODG KOl TOV 0POLDGEDY TOVE. X1
ouvéyela Ehafe ydpa TANpmon pe dtdAvpa pebavorng 75% x.o. p€xpt Tov 6YKo TV
100 ml ka1 TomoOétnon tov deiypatog otovg 4°C katd ™ didpkeia TG voktac. Tnv
EMOUEVT LEPO, HEPOS OO TO EKYVAMGUO LETAPEPONKE 08 TAACTIKOVS COANVES TOTOV
eppendorf 1,5 ml kot @uyoxevtpibnke otig 14000 rpm yi 40 min, oe Beppoxpacio.
4°C, ypnolpomoudviag v yoyxouevn euydkevipo 5810R (Eppendorf, Hamburg,
Germany). To Aappavopevo VIEPKEIEVO TUNLO GINTPOPICTNKE LE TN YPNoN PIATpOV
Whatman Puradisc 0,2um PTFE (GE Healthcare Life Sciences, Buckinghamshire,
UK) kot apaiddnke KotoAAAmg pe puuotikd didAvpo eocpoptkod vorpiov (pH

5,5) kou tomofeTnOnKe Guesa oty katdyouén otovg -20°C.

4.2.4 AvtiopacTtipra

H pebovorn (HPLC grade), 1o o&ikd vatplo, n tetpoddpogovpdvn (HPLC
grade), to avudpo tetpafopikd vaplo, N 2-uepkomtootBoavorn kot 1 amdAvTh
afavoln mpounbevOnkav amd v etopeic  Applichem (Applichem GmbH,
Darmstadt, Germany). H opBo@0aidetion ayopdotnke and v etoupeio Fluka (Fluka,
Buchs, Switzerland), evé to vrepkdBapo vepd mponAbe amd ™ ovokevry Milli-Q

(Fisher Scientific International Inc., New Hampshire, USA).

4.2.5 llpogTopacio KivTAOV QAGEMV

[Na mv ékkovon kot to dSwywpiopd TV ehevbepov  apvolémv
ypnowomomdnkav dvo kwntég o¢dosig. H xwvnt ¢don A amotehovvioav amd
peBavorn, evod n kwnt edon B mepieiye 1,5 % tetpaddpopovpdvn o 50 MM o&wd
vatpo (pH 5,9). O1 kivntéc pdoeic mpv ) xpnon Tovg eitpapicmray pe eidtpa 0,2

um Ko amoep®OnKay yuo xpovikd dotnpa 30 min.
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4.2.6 Epyaotnprokog eEomiiopog

H dweéaymyq tov avaddoewv mpoypatomowmdnke pe tn ovokevr] Yypng
Xpopatoypaeiog Yyning Amodoong, Perkin Elmer 200 Series (Perkin Elmer,
Norwalk, CT, USA). H otAn mov ypnooromdnke yio tnv ékhovcn Tov eAedbepov
apvo&émv nrav tomov avtiotpoeng edone — HPLC, Brownlee Pecosphere 3um C18
84 x 4,6 mm (Perkin Elmer, Norwalk, CT, USA). H avtiio thg cvokevng ftav 1
Perkin-Elmer Pump 200 (Perkin Elmer, Norwalk, CT, USA). ' tov é\eyyo g
Babuaiog petafoAng g avaioyiag Twv Kvntodv Acemy Kol T pudon mme pong
(1,5 ml/min) otafepé otovg 35 °C + 1 °C £yve yprion tov Aoyiopucov TotalChrom
Navigator ékdoon 6.3, pécwm miextpovikod vroAoywot. O avivevtnic @OopiopoD
Perkin-Elmer 200a (Perkin Elmer, Norwalk, CT, USA) kot ta uikn diéyepong Kot
EKTOUTNG TOV pHovoypoudtopo pvOuictmrav oto 340 ot 450 nm, avtiototya.
EmnpocOeta, 1 ovokevn oibete avtouato deryuatoAnmen, tov Perkin-Elmer
Autosampler 200 (Perkin Elmer, Norwalk, CT, USA), pe rtov omoio

TpayHoToTomOnke n £yyvon Tev detypdtmv pe fpodyyo otabepov dykov 20 pl.
4.2.7 Ilpoetopocio 0pOo@Oardciong

H napackevn e opBoeBordetione amarteitan va yiveton tovidyiotov 24h mpwv
™ XpNon g kot dvvatal vo ypnoipomombel divovtag emavoalyilo omoTeAEGHAT
uéxpt v évatn nuépa. Ewdwodtepa, 27 mg opbo@Bardeiiong doaivdnkav oe 500 ul
andAvtng afavoing kot torofethdnkov oe mhootikd coinve tomov falcon 50 ml.
Emumiéov npootédnkav dodoyka 5 ml 0,1 M tetpafopikod vatpiov pH 9,5 xar 50 pl

2-peprontooovoAnc.
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4.2.8 lIp6Tuma S1oAOpate apivoEimv

H tovtomoinon tov eiedbepov apvoééov mpaypatomombnke cvykpivoviog
TOVG XPOVOLS EKAOVONG UETOED TOV YPOUOATOYPAPNUATOV TOV TPOEKLTTAV OO TOL
YVOOTNG CLYKEVIPOONG TPOTLTO. dtoAvpata kot to dgiypata. Ocov agopd tnv
TOGOTIKOTOINGT TV eAeVfep®V apVOEEMY KOTAOKEVAOTNKE €EMTEPIKT] TPOTLAN
KOUTOAN avopopag 1 omtoio amoteAovvtay amd mévte onueio kabe popd. To cvvoro
TOV TPOTLITOV SWWAVUATOV CUIVOEEMV TAPUCKEVAGTNKE SOAVOVTOG TNV KOTAAANAN
nocOTTO. KGO apvoééoc oe pubuoTtikd dtdAvpo eowoeoptkov vatpiov 0,05 M (pH

5,5).

4.2.9 Mopayovtomoincn apvosémy

IMa v aviyvevon tov elevBepov apvoééwv amd tov aviyvevty @Hopiopov
amouteiton N yvnBEémmon pe ebopilovoa ovaia (0pBoEBardeldN). Emopévac, mpv v
&yyvon kdBe detypatog Kol TNV €KAOVOT TOV amtd Tr GTNAN TpayuatomolOnke pign
Kot gdagpd avakivion 100 ul mpoéTvmov Srwdvpotoc apvo&éoc 1 ekyvAiopatog
uoikov 1tov pe 400 pl opBoeBardciong (OPA) yia akpiBéc ypovikd didotnuo 2 min.
Apéomg petd axoAlovOnoe &yyvon tov deiypotog pe 1N Ponbela pukpocHpyyog

aKpPElRG TOV AVTOUATOV OELYLOTOANTTY.

4.2.10 Zramotiki Eneepyacio Agdopévav

H otatiotir avaivon tov dedopévav dteénydn pe ) xpnon Tov GTaTicTIKoD
Moywopkod Minitab 17 (Minitab 17 Statistical Software, 2010). Apywd, n avdivon
domopds pe éva mapdyovra (one-way ANOVA) epappootKe eKTIHOVTOG TV

mlavn VTePEN CTOTICTIKMOG CTUAVTIKOV SpOPDV OVAUESH GTOVG OPOPETIKOVGS
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EVTOTIKE  ekTpe@Ouevovg mANBuopovg pwilovcog méotpoas. Emumpdcbeta,
npaypotoromdnke n avaivon Kopuwv Zvvictwodv (PCA), dote va katadei&el Tic

oyxéoelg peta&y tov eEetalopevov ybvominbucudy e éva ToAVIAoTUTO XMDPO.

YVGYETION YEVETIKAV OEO0UEVOV IE T1) HOPQPONETPia, TO TPOPIA TV ghevOEP@V
amvoémv, T 0Ogppokpocio vepov, TO OLTNPECLO, TIC YEMAOYLKO-YTHUIKO-
KMpotikég LOVES, TIG OPaO0TOUGELS L OV®V Kl TN YEOYPAPIKY] TPOELEVGT] TOV

EVTUTIKQOV EKTPOPOV.

INo v extipmon evdeyopuevng ovoyétions, I'evikd Ipoppikd Movtélo (GLM)
SeENydnoav petacy g Kupilopyns TOPAUETPOL TOV ATAITLIM®V TOV TPOEKLYOAV O
TOL YEVETIKA 0EG0UEVO MG EEOPTNUEVT] LETAPANTH KO TOV LOPPOUETPIKAOV OEOOUEVOV,
TOV TPOPIA TV elevBepmv apvolémv, Tov Oeplokpacidv vepol, TMV GLITNPEGI®Y,
TOV YEOAOYIKO-YNUIKO-KAMUOTIKOV {OVOV, TOV OUAG0TOMGEMY KoL TOV YEMYPUPIKMV
npoehevoewv TV tyBvomAnbuoudv g aveEdptnreg petapintés. H ypnon tov GLM
OmTOKGAVYE €6V Ol OMAOTLTOL, TO HOPPOUETPIKA OEOOUEVO KOl TO TPOQIA TV
elevbepmv apvolémv 01EPepav UETOED TOV EVIATIKA EKTPEPOUEVOV TANBLGUOV
kaBmg emiong Kot to Pabud e cvuPoAng tovg oe awtn T dapopomoinon. Emiong,
Y. Tov €Aeyyo o@diuatoc epapuootnke 1 d0pbwon katd Bonferroni, Adym twv
TOAMOTADV GUYKPIGE®V KO 1] OTATIOTIKY onpavtikotnta t€0nke oto 0,05. To chvoro
tov GLM avolvoewv dieénydn pe t Ponbeto g R ékdoong 2.15.1 (R Development

Core Team, 2012).

4.3 Amoteréopora

H tovtomoinon kot mocotwkomoinom 15 eAevbepov  apwvoléwmv  (Asp:
Aonapaywikd 0&H, Glu: TAovtapvikd oD, Asn: Acmoapayivn, His: Iotidivny, Gln:

IMovtapivn, Gly: Thvkivn, Arg: Apywivn, Thr: ®peovivn, Ala: Alavivn, Tyr:
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Tvpooivn, Phe: doawviaravivy, lle: Iocolevkivn, Leu: Agvkivn, Orn: OpviBivny & Lys:
Avcivn) 010 Aevkd HVikd 1610 TV 1PIlovcmV TEGTPOP®V emTEVYONKE KOTA TN
dupkelo ™ avaivong tov eéetaldpevov dsiypdtov. H eravoainypommra tov

anotelecpdTOV NTOV a&toonueio.

H ouvvolikrp ovykévipwon eiedbepov  auvo&Emv  GTOVG  EVTATIKA
exTpEPOIEVOLC TANBVLGHODS Kupaivovtay ard 30,38 £oc 59,54 pumol g*. Ewbwotepa,
N eAB1oTN KO 1 PEYIOTN TN TNS GUVOMKNG GLYKEVIP®ONG eAeVBepV apvo&émv

eppaviotnkav otovg tAnbvcpotg Edeocoaiogl ko Apdamitoa, avtictouya.

EmunpocOeta, n Gly mopovcioce T1c vynAdTEPES GVYKEVIPMDGEIC 68 OAOVG TOVG
yBvomAnbvouovg. AkolovBovvtav amd v Ala, n omoio euedvice ™ dedTEP
VYNAOTEPN OLYKEVIPp®OT o€ OAa Tta eEetalopeva dstypota. Emiong, n avdivon
dwaomopds (ANOVA) amokdlvye OTL 1| TAEOVOTNTO TOV GUYKEVIPOGE®DV TMV
elevbepmv apuvoEEMV TTOPOVCINCHY CTOTICTIKMG CNUOVTIKA Ol0POPETIKE TPOPIA
(P<0,05) &oaptdpuevec amd N YE@YPAPIKY TPOELEVLGT TNG EVIUTIKNG EKTPOQPNG, WE

novadikn e&aipeon m GIn.
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Ewova 6. Alapopomoinon tov HEcmV TW®V TV TPOEIA ToV ehedBepmv apvo&émy
HETOED TMV EVIATIKA EKTPEPOUEVOV TANBVGUOV 1p1dilovcas TEGTPOPUS OLOPOPETIKNG
YEOYPOUPIKNG TPOEAEVONG YPNOWOTOLOVTAS TO Ypaenua s Avdivong Kopuwv
Yvvictwo®v (PCA). To 1060610 NG d1apopomoinons g mpog tov Kabe aEova eivot

56,3% ywo v mpdtn Zuvictdoa kot 21,0% yuo 1 0edteEpn ZuvieTdGA.

EmnAéov, ooppmva pe ta amoterécpato g Avaivong Kopuwv Zuvictowomv
(PCA) avagopikd pe Tic péceS TWEG TOV TPOQil Tov eledbepwv apvoééwv ava
mnbovopd (Ew. 6), mapatnpnnke n dmapén 600 O0KkpLrtdY OUAd®V MG TPOG TN
ocwvictdwco PCl. H mpdm opdda (Aykiotpo-Ayog lodvvne-Apdmitca-Tpurdtopos-
Méydofoc) amotelodviav amokAelsTiKd omd tyfvominbucovc mov Tpoépyovtay amd
v avatolkn EALGda (Zoveg 1 & 2). Avtifeta, n dgvutepn opdoa (Aovpog-Kpdonc-
Mnovpvid-Edeccaiocl-Edeccaiog2), omoteAovviov  katd kOpo  Adyo  amd

yBvominbucpog mov Tpoépyovtay amd tn dvTiky EALGSa (Zovn 3), ektdg and Toug
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Edeooaiogl kot Edecoaiog2 mov mpoépyoviav and ™ Zovn 1 (Ew. 5). Ewdwdtepa, 1
ovviot®co PCL gpunvevoe 10 56,3% NG GLUVOAMKNG TOKIAOTNTOG TOV OviyveDOnke
otovg e&eTalOUEVONC EVTOTIKA EKTPEPOUEVOVS TANBLGHOVG 1P1dilovcas TEGTPOPOC,
evad M ocvviotwco PC2 to 21%, avtictoya. Téhog, to ypdonua e PCA katédeite to
dywpiopd TtV TPoeik TtV elebbepwv opuvoléwv pETOED TV dslyudTov Tng

avatoAKng kot ¢ dvtikng EALGdag (Ew. 7).

Ewoéva 7. I'pdonua Avdivong Kopiwv XZvvictoodv, 10 0moio KoTtadekvdeL
dlpopomoinon Tov TPOPIA TV eAebBep®V  apvolEmv  pETOED T®V  EVTOTIKG
EKTPEPOUEVOV OEYHATOV 1pilovcag TEGTPOPAS TNG OVATOAMKNG KOl TNG OLTIKNG

EAAGOOG.
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YVGYETION YEVETIKAV 0EO0UEVOV IE T1) HOPPONETPia, TO TPOPIA TOV gleVOEP@V
amvoémv, 1™ 0Ogppokpocio vepov, TO OITNPECLO, TIS YEMAOYLKO-YTHUIKO-
KMpoTikég LOveS, TG OpaO0TOU0ELS L OV®V Kl TN YEOYPAPIKY] TPOELEVGT] TOV

EVTUTIKQOV EKTPOPOV.

Yoppove pe ta amoteléopato g GLM, aviyvedbnkov oTATIOTIKOC
ONUOVTIKES CLOYETIOELG HETAED TOV ATAOTVTIOV, TOV OLOOOTOMGEMY TOV TPOEKLYOLV
arn6 to STRUCTURE 2.3 (P<0,0001) kou twv 600 eledbepmv apvoéémv ASp
(P<0,05), Arg (P<0,01). Opoimg, avyvedbnke onuavtikny cvoyétion UHeTad TV
AmAOTUTI®V Kol TV dlapopetikdv cutnpeoiov (P<0,05). Evtovtoig, ot amAdtumotl dev
ouvéBolav oty popeopetpikn mokikotnto (P=0,443). Ttov avtinoda, 1 de&oywyn
™mc GLM pe ta popeopetpikd og kvpiapyn mapdustpo (CV1) katédeiov ot avtd
EMMPECOTNKAY OO TN YEWYPOQPIKN TPOEAEVOT] TMOV EVIOTIKOV EKTPOPOV, TN
Bepuoxpacio vepov (P<0,01), tigc yewloywo-ynuko-kipartikég (oveg (P<0,0001)
Kot to. elevbepa apvo&éo His (P<0,001) wxor Arg (P<0,05). Ewwodtepa, to
HOPQOUETPIKG O1EQPEPOY ONUAVTIKG pHeTAED Tov ybvomAnbucudv tov Aykictpov
(P<0,001), tov Edeccaiov2 (P<0,01), tov Aovpov (P<0,001), tov MEéydoPa
(P<0,01) ka1 tov Tpurdtapov (P<0,001). X avtiBeon pe to TOPOTAVE®, 01 ATAOTLTTOL
Kol o O1popa. SlTNPESLa Oev glyav Kopio ETIOPAOT) GTO GYNUO TOV COUATOS TMV
yOvov. Emmpdcbeta, mapatnprdnie onuavtikny cucyétion HeTadd g Oeppokpaciog
vepol Kot apketdv ehebbepov apwvolémv, onmg eivor to Asp (P<0,01), n Asn

(P<0,01),  GIn (P<0,001), 1y Phe (P<0,01) ko 1 Leu (P<0,05).

4.4 Xvltnon

H mnapodoa epyocio xatédeie Ott evratikd ektpe@opevol  mAnbuopoi

1pilovcag TESTPOPAS, TPOEPYOUEVOL OO OLUPOPETIKES EVTOTIKEG EKTPOPES TOV

Institutional Repository - Library & Information Centre - University of Egessaly
13/07/2024 01:44:47 EEST - 18.119.115.201



Bpiokovtol EYKOTESTNUEVES GE SLAPOPES YEMYPUPIKEG TEPLOYES, LLE TOIKIAEG CLUVONKEG
eKTPOPNG OOvoton vor TowtomomBodv emtuy®g pe ™ Ponbe Tov TPOEIA TV

elevBepmv aptvoEEmv 610 AEVKO PVTKO 16T TOVC.

H mpaypatomoinon tg Avédivong Awacmopds ANOVA amoxdivye o011 m
mielovotta Tov efetalopevoyv TANBuoUdV eVTaTIKO eKTPePOUEVNC 1pdilovcag
TEGTPOPAS TAPOVGIOCAY  SOPOPETIKA TTPoPil elebbepov apvo&émv (P<0,05),
avOAOYOL HE TN YEWYPAPIK TOLG TMPOEAELON. X OmMOALTN CLUP®VIDL HE TO
OTOTEAECUOTO TNG TTAPOVCOS EPYOCING, LWL CLVAPN HEAETN GE EKTPEPOUEVO HHdLL
OV TPOEPYOVTIAV amd TPES TEPOYEG TG lomaviag eviomice pe ™ oepd g
SPOPETIKA TPOPIA EAVOEP®VY apIVOEEMV, 01 SLPOPES TV OTTOLMV arodOONKaY GTNV
Omapén S0QOoPETIKOV TEPIPAALOVTIKOV KOl SOTPOPIK®V cLVONKAOV HETAED TOV
POV EVTIOTIKOV eKTpo@®@V mov ueietibnkav (Fuentes et al., 2009). Emouévac, n
aviyyvevdnoa olapopomoinon omv mapovoo epyacios Umopel vo cLVOEETOL UE TO
Wwitepa og tomikn KAipaka yopaktnpiotikd tov mepiBariovtoc (Tzedakis et al.,
2002b, Medail & Diadema, 2009), 6ntwg eniong ko pe T1c £paprolopeves cLVONKEG
extpoonc (Hwang et al., 2000, Fuentes et al., 2009) mov &iyov vioBetnOei amd Kkébe
extpo@éa. Avti 1 epunveio evioydbnke amd ta amoteAécpata g Avaivong Koplov
Yuvictwomv (PCA), ta omoio katédei&ov 10 capn daympiopd tov tAnducumy, Baoet
OV TPOPIA TV EAeVBEpV apvOEEMV TOVG, HETOED avaToAkNG Kot duTikng EALGSaG
(Ew. 7), puowd oproBetnuéves and v opocelpd g Ilivoov. Aapupdvovtag vedym
OTL T0 aVOTOAMKO TUNHO, ovaTOAKd TG opooepdg g Ilivoov, vmdkertar otnv
emidpacn Tov ZiPnPwKod OVTIKUKADVO HE OTOTEAEGUO VO OEYETOL YOUNAOTEPECS
nocotteg (380-640mm) Bpoyontdoemv og eTow PAon, 6€ GUYKPIGN UE TO SVTIKO
TUAUO, TO Omoio G€ MANPN AVTONGTOAY ep@avilel avENUEVES ETNCIEG TOCOTNTESG

(780-1280mm) Bpoyomtdoemv, AOYy®m TOL EXNPENCHOD TOL OO TIG YOUNAEG TECELS
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OV EMKPOTOOHV ©TN OLTIKA Aekdvn ¢ Meocoyeiov (Kosmas et al., 1998a),
amodekvieTor 6Tt 1 VmopEn KMUOTIK®OV OloKVUAVeE®Y HeTAld avaTOAMKNG Kot
dutikng EALGSaG avtavakAdtal pe T S1opopomoinon Tov afloTik@dV Topayovioy o
TomIKO eminedo, o kdbe evtatikny ektpoe1] dadpapatiCovtag Kvpiapyo poéAo otnv

TOPATNPOVUEVT] SIOKOUOVGT) TOL TPOPIA TV EAVOEP®OV apIVOEEWV.

4.5 Xopunépaocpo

Enopévac, to mpogid tov elevBepmv apvoEéwv 6To PVIKO 10TO TOV EVIATIKA
exTpeOUEVOV  1p13ilovcmy TeoTPOPWV  @aivetor vo omewovilel €va O1aKplTod
YEOYPOUPIKO TPOTLTO TV EKTPOPAOV NG OVATOMKNG Kot Ovtikng EAlGdag,
SLVUPAALOVTOG OTOTEAEGUATIKA GTIV 1YvNAacILOTNTO TV £EgTalOpuEVOV TANBLoU®Y,
Bonbavtag 1660 oty extiunon mePPUAAOVIIKOV KIVOLV®OV, OGO KOl EVOEXOUEV®V
OKOAOYIK®V EMMTOGE®V. [V 0vTd TO AOY0, M YPNON TOVG G HEGO LYVNAUCILOTNTOG

Ba pmopovoe va GLUPAAEL GTNV AEPOPIKN O10XEIPIOT TOV 1YBVOKOAMEPYELDV.
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5. IXNHAAXIMOTHTA ENTATIKA EKTPE®@OMENQN ITAHOYEMON
IPIAIZOYXZAY TIEXTPO®AY AIA®OPETIKHYX IITPOEAEYXHX
BAXEI THX AIA®OPOIIOIHXHYX THX TIEQMETPIKHYX TOYX

MOP®OMETPIAX

5.1 Ewayoym

Ymv Evponaikn ‘Evoon (EE) n mtapaymyn evtatikd extpepdpevav 1p1dilovcmv
neotpOéeov  O.mykiss dwokpivetar oe peydiov peyébovg (>1,2 Kg) kot og
eumopevopov peyébovg (<1,2 Kg) ybeic, pe tovg teAevtaiovg vo amoTeAovy ToV
KOpo O0yKo moapaywyns MHeTaéd tov Kpoatdv-Meilov. Zoppovo pe to owbéoua
otoyeia omd to [Thaicto TvAloync Asdopévav (Data Collection Framework - DCF) n
ovvolikn mapaymyn omv EE kotd to £1og 2014 dyyi&e toug 168.100 tOvoug o€ Bapoc
kot ta 543,6 exoatoppopur Evpd oe afla, avimpocswmevoviag 1o 10,85% g
GLVOMKNG Tapaywyng mov Aaufavel yopa oty EE (STEFC, 2014).

Tbéoo 1 mpoélevon tov yovou (Swain et al., 1991, Hard et al., 1999, Pakkasmaa
& Piironen, 2001, Wessel et al., 2006), 660 kot o1 cuvOnkec extpoeng (Taylor, 1986,
Fleming et al., 1994, Hedenskog et al., 1997, Hard et al., 2000, Peres-Neto &
Magnan, 2004, von Cramon-Taubadel et al., 2005, Lohmus et al., 2010, Pulcini et al.,
2013, Pulcini et al., 2014) eaivetor vo coufdrovy kaboploTiKd TNV EUEAVION
LLOPQOLETPIKNG SL0POPOTOINGNG OVALESH GTOVG LBvoTAnBuGHOVG.

H avdivon 100 oyfuoatog tov eviatikd exTpe@dpevov 1y0bmv mapéyet
OMUOVTIKES TANPOPOPIES avaPopikd Le To pLOUG aENONG Kot TN YEVETIKY @pipoaven
tov tAnfvopov. Kpioyo poio omn dwpdpemon tov e£®MTEPIKOV HOPPOAOYIKMV
YOPOKTNPLOTIKOV TV 1 80mV dradpapatiovv ot Wwitepeg GLVONKES TOL ETKPATOVV

oe KkaPe evtatkn extpoen (Favaloro & Mazzola, 2003). ITapdpetpor, OmmG M
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Beppoxpacio tov vepov (Lohmus et al., 2010), n ybvomvkvotnto, 1 TOOTTA PONG
TOV VEPOD G€ GLUVAPTNON UE TNV KoAvuPnTikn wovotnta tov 1y0vwv (Peres-Neto &
Magnan, 2004), kab®g kot 1 TO1OTNTO Kot TOGOTNTA TNG TOPEYOUEVNG TPOPNG EYOVV
onuovTIKd avtiktumo otn popeoAoyio tovg (Favaloro & Mazzola, 2003). Zopewva,
HE ONUOCIEVUEVEC UEAETEG, TO LOPPOAOYIKE YOPOUKTNPIOTIKA TOV GOAOUOEWDOV
dvvavtol va. dtapoporonBodv and v emidpacn TV TEPIPAAAOVIIKOV TOPAYOVTOV
oe dotnua 6 £w¢ 30 yevemv (Haugen & Vollestad, 2000, Hendry et al., 2000, Quinn
et al., 2001, Unwin et al., 2003, Kinnison et al., 2008, Kavanagh et al., 2010, Fraser
etal., 2011).

H popoeopetpio amoterel Pacikd cvotatikd tov EovOTLTIOL TV YHLWV KoL
dlakpiveral eite otV KAOGIKY pop@opeTpia, €ite ot yewUeTpikn popoopetpio. H
KOPLOL O10POPa HETAED TNG KKAUGIKNG» KoL TNG «YEMUETPIKNG» LOPPOUETPIOG EYKELTOL
070 YEYOVOC OTL 1 TEAevTaia ypnoonoict onueio og opoonuo (landmarks), ta onoia.
HETOQPALOVTOL KOl TEPIOTPEPOVTOL YOP® OO o Kowr Béom, eEaleipovtog KAOe
dpopd peyéBovg PeTa&d TOLG, UE OMOTEAEGHO TO GYNUA Vo dtoywpiletol evieAmg
and tov mopdyovto péyeboc, emurpémovtoc pe avtd ToV TPOTO TN SKPITH TOV
avaivon (Kendall, 1986).

H xAaocwm popeopetpio avikel 6T Topadoclokeg HeBOOOVE Kol GTOYEVEL GE
petpnoelg  (WNKog, TAATOG, VYOG  K.0.)  LOPQOUETPIKOV — KOU  UEPLOTIKAOV
yapaktnplotikdv tov yddwv (Casselman et al., 1981, lhssen et al., 1981, Cadrin,
2000, Adams et al., 2004). Zav péBodog ToPOVOIALEL CNUAVTIKG UEIOVEKTNILOTO MG
poc Vv a&omoTtio g, KoOMG 01 UETPNOELS TOV HOPPOUETPIKMV KOl UEPICTIKOV
OedOUEVMV ATOTLTTOVOLY €V UEPEL UOVO TNV TPAYUOTIKY doun Tov ybvwv (Jerry &
Cairns, 1998, Swain & Foote, 1999, Murta, 2000, Zelditch et al., 2004). Ewdwotepa,

ol ypappikég amootdoels petald onpelov otovg 1ybelg e€aptdvioar cuvnbwg amd 10
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néEYeBOC TOVG, e AMOTEAEG O TV OVAYKN Yo xpnon peBddwv mov Ba e&aleipouvv v
emidpacn tov mopdyovio peyébovg katd TN ovykpion Tovg. Emiong, onuavtikég
dvokoAieg gppaviCovtol 6Ty EKTIUNGN TNG OUOAOYIOG TOV YPOUUK®V OTOGTAGEDV
petald onpeiomv, 010TL 68 TOAAEG TEPMTAOGCELG Ta onueio ovTd dgv eivan oudAoya.
[MopdAAniao, ol HETPNCEIS TOV YPUUUK®DOV OTOCTAGEMY OEV TOPEYOVV TN YEOUETPIN
TOL GYNUOTOG, KOOMDC OUOIEG YPOUUIKES AMTOCTAGELS UTOPOVV VO OVTITPOCOTELOVY
drapopetikd yempetpikd oynuata (Rohlf & Marcus, 1993).

210V ovTimoda, 1 YEOUETPIKY] HOPQOUETPIOL OmOTEAEL TN OLYYPOVN Kol
KavoTopo péBodo mocOoTIKOTOINoMG Kol avAALoNG TNG HOPPOAOYING TOV GYNMUOTOG
tov ydoov (Bookstein, 1991). o to Adyo avtd, n tavtomoinon tov ybdwv ue
OKOTO TOV TPOGOOPIGUO TNG EVIATIKNG EKTPOPNG OO TNV OTOi0 TPOEPYOVTAL, EKTOG
amd TN XPNON HOPKOV OEIKTAOV KOl TO TPOPIA TV eAebBep®V OUIVOEEDYV 0TO AEVKO
Hikd 1016, umopel vo emitevyBel ko pe ™ péBodO ™G YEWUETPIKNG LOPPOUETPLOC.
EwWwotepa, to terevtaioc ypdvie 1 péB0OOG NG YEOUETPIKNG HOPPOUETPIOG
YPNOOTOLEITOL OAOEVAL KOl TEPICCOTEPO OO TOV KAGOO TG 1y BvoKaAMEPYELNG OE
oLVOVOCUO pE TANOLGOKEG YEVETIKEG UEAETEC EVTOTIKA EKTPEPOUEVOV 1YOO®V.
Kvplo mieovéktua g pnebdoov mov v KOTEGTNOE YPNOIO EPYOAEID amoTeELEl N
gvpeia Kot TOADTAELPN YPNOTIKOTNTA TNG, KAB®G TEPAU amd TV EMTLYN OBKPIOT TOV
TAnbvoumv, couPdiret oty a&lordynon g vyeiog tov yOvov (Loy et al., 2000),
omv ektiunon g Poopalog (Hockaday et al., 2000), 6nwg emiong kot o€
Broyewypapikéc peréteg dwatipnong minbvoudv (Haas & McPhail, 2001).

H yeopetpwn| popeopetpikn pnéBodog vrepioyvoe Evovil TOV TAUPUIOGIOKMV-
Khaowov  pedddwv mov Pacifoviav OMOKAEIGTIKA G€ UETPNGES YPOLLUKDOV
OTOGTAGE®V LOPPOUETPIKAOV KOl UEPICTIKOV YOPUKTINPIOTIKOV TOV 1Bdwv, 10Tl

exTOg amd ta OedoUEVa YPAUUKAOV 0mOoTAcE®mV oNplloTay emumpocheta Kol GToV
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kabopiopd opoofjumv (landmarks) oe onpeia Tov ybbog mov Tapovcialovv Poroyikn
onpacio Kot avtikatontpifovv T yempuetpik doun tov. KHplo yopakmpiotikd, aArd
Kot €1007010¢ dpopd Tv pebddwv mov Pacilovrar ce opdonua amd TIC AOUTEG
uebddovg amoterel to YeYovog OTL AauPdvovior JodIoTOTEG 1 TPIOOIACTOUTES
OLVTETOYUEVEG OO OMOAOYEG OOMEG 1 OHOAOYO OPOCMUO HE OMOTEAECHUO TNV
opB6tepN epunveia TV amotelecpdtov Pdost g Proroyiag.

[Tpoamattodpuevn evépyela yuo va yxpnoyoromBovv ot Anebeiceg cuvtetoypéveg
®¢ LETAPANTEG OTN OTATIOTIKY avOiAvoT, elval 1 eEGAetyn pe ™ ¥pN o KOTAAANANG
pHaONUOTIKNG cLvapToNG TG ETidpaons Tapaydvimv, OTtmg 1 B€on, 1o pnéyebog Kat o
TPOGOAVOTOAMGOUOS YL TO GUVOAO TV Oetypdtwv. Emopéveoc, m evomopévovoa
TOPUALOKTIKOTNTO OVTIOTOUYEL OTOKAEIGTIKG GE OPOPOTOUCEL GTO GYNUO TOV
oopatog TV Yovov, £tol OTtmg kabopileton amd Ta emAeypéva opoonua. Kupidtepeg
puébodor mov ypnowomowvviow eivar 1 MéBodog Amdotaong IIpokpovon
(Generalized Procrustes Analysis, GPA) kot 1 MéBodog Thin-Plate Spline (TPS)
(Rohlf & Slice, 1990, Bookstein, 1991, Goodall, 1991, O’Higgins, 2000, Zelditch et
al., 2004). To amoTEAEGLOTO AVTOV TOV S10POPOTOINCEMY OVAADOVTOL UE CTAUTIOTIKEG

neBOO0VG TOAVUETAPANTDOV OESOUEVOV.

To SLPOPETIKA TPOTLTTAL TOV TPOKVATOVLV OO TIC LETPNGELS GTO GYNUO TOV
OONOTOC TOV 1YBVOV LTOONADVOLVY 0109p0pEG 6To PLOUO avEnomng Kot to eminedo
YEVETIKNG opitovons tov e€etaldpevov atopmy, KoOMOG T0 GYNLO TOV GAOUATOS TMV
YOV elvan amotérecpa g avénong tov opyavicpov. Eropévac, kabictator gk
N S1dKpLoN €1TE UPOPETIKAOV YEVEOAOYIKDOV GEPDV TNG 1p1dilovcag mEoTpoPag gite
KON KOl M S1UKPIoN TOV ATOUMV TOL OVIKOLV GTNV 1010 YEVEAAOYIKT CEPE, QALY

EYoLV ekTpaPel VIO dloPopeTikég mepIParlovTikéc cuvOnkeg (Hard et al., 2000).
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5.2 Yiukéa kon M£0odor

To mAdvo derypatonyiog mov akolovdnOnke avaeépOnke Aemtopepmg otV
napdypoeo 4.2.2. Tuvolkd emAéydnkov 264 deiypato 1pdilovocag TEGTPOPUS TOV
npoépyovtoy omd 10 S1apopeTIKEG eVTATIKEG EKTPOPES Ko eEeTdotnKay pe TN nébodo
™G YEOUETPIKNG popeoupetpiag. Ewdwkdtepa, mptv 1 @uketomoinon kot v
anobnkevon tov deypdtov otovg -80°C, 264 ynoewkéc @oToypopicc mov
aneioOViLoy TV oploTepT] TAELPA TV YOOV eEANEONcaY Le TN XpPNoN TS YNOLOKTG
kauepag Nikon Coolpix 4100 4MP mov Bpickovtoav otepempévn o€ tpinoda. Xe Kabe
eotoypapia to péyedog tv ybHoV daxkpivovtay and v vrapén Pabuovounuévov
YOPOKO KOl TPV TNV QOTOYPAPIST TPONYNONKE QmOopdKpLVOT NG EVATOUEVOLGOG
TOCOTNTOG VEPOL TOL VLANPYXE OTO COUN TV YOOV, ®cote va amo@evyBodv
avemBounteg  avtavakAdoels. ‘Emewta, oe  apyikd otadio  Ehafe  yopa 1
TPOETICKOTNOT TOV POTOYPAPIDV Y10, TNV ETA0YN TOV THOVOV GNUEI®V-0POCT|LOV.
Ta onueia-opoonua emA&ydnkav va Bpiokovtol 6e guotdKpLTa, KOPLOL LOPPOAOYIKA
YOPOKTNPOTIKE TV OOV Kol Nrov Opolo yuoo 10 cvvolo tev efetalouevov
derypatov. Avaroutikotepa, 15 opdroyo opdonua (Ew. 8) emiéydnkav ce kabe 100
ue t Ponbeia tov Aoywopkov TPSdig2 (Sbéopo otnv niektpoviky dievbuvon
http://life.bio.sunysb.edu/morph/) kot pe avtéov tov TpoOTO SNOLVPYHONKAY T

oynuata TV copatomv Tov yvov (Rohlf, 2006).
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Ewéva 8. Emioyn tov opdonuov (kdkAot Agvkod ypOUATOC) GTO COUO TG
pdilovoag méotpopag Oncorhynchus mykiss: 1. TIpdécbio dkpo g yvabov, 2.
Omicbio dkpo ¢ yvabov, 3. Ewcaymyn tov KoAOUHOTOC Tov Bpayyiov 6To KATm
puépog tov mpoeiA, 4. Onicbo dxpo tov KaAdUpatog Tov Bpayyiov, 5. IIpofoin Tov
KaAoppatog tov Ppayyiov oto poywio mpoeid, 6. Ilpdcba Pdon tov poyaiov
ntepovyiov, 7. OmicOia Bdom tov paylaiov mrepuyiov, 8. [Ipdcbia Pdon tov Mmddovg
ntepvyiov, 9. Tlpdcoba dkpn g poyaiog pepPpdvng tov ovpaiov mrepvyiov, 10.
Bdon oto pécov tov ovpaiov mrepuyiov, 11. Ipdcbia dipn g KotAokg pepppavng
0V ovpaiov repuvyiov, 12. TIpdcbia Paon Tov edpikov wtepvyiov, 13. Onicbio Pdon

TOV €0p1KOV TrEpLYiov, 14.'Edpa, 15. Apyn Tov aptotepo KOTAMAKOD TTEPLYIOV.
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5.2.1 ZroatioTikn enelepyacio H£00uEVOV

21 ovvéyewn eAéyynke TO GUVOAO T®V OPOCHUMV YL EVOEXOUEVT] VTTOPEN
akpoiov TwoOv pe T Aettovpyion “Find outliers” tov Aoywouwod Morphol
(Klingenberg, 2011). AkoAiovBwc, To Morphod ypnoomomnke ywo ) dievépyeia
™m¢ MeBodov Andotaonc Ipokpovotn (Generalized Procrustes Analysis — GPA) ota
OYNUOTA TOV COUATOV TOV Bvwv, o0mov eEaieipOnke 1 enidpaon g B€omg, Tov
TPOGAVOTOAMGHOD Kot TG KAinakag omd 1o ocvvoro tov detypdtov (Rohlf & Slice
1990). Ot amootdoel; mPOoKPovVoTH ToL TPoskvyay amd ™ MéBodo Amndotaong
ITpokpovotn (Generalized Procrustes Analysis — GPA) enefepydotnkav pe
Mébodo Thin Plate Spline (TPS) (http://life.bio.sunysb.edu/morph/) (Bookstein,
1991).

MMopdAinia, péoo 10V  Aoyiopukov  MorphoJ  (Klingenberg, 2011)
npaypotonomdnke n Avalvon Koavovikdv Metafintov (Canonical Variate Analysis
— CVA), dote va emtevybel 1 ameovion Tov YPoUpKoD Slo®piopod avapeco,
OTOVG EVTOTIKA EKTPEPOUEVOLS TANOLGHOVS 1p131{ovcag TESTPOPUS OLOUPOPETIKNG
YE@YPOUPIKNG TPOEAEVONG KOl O VITOAOYICUOS TOV OTOCTAGEMY TPOKPOVGTY UETAED
OV GLVOLOL TV derypdtwv. Emmpdcberta, ta potifa tov petafordv 6To oYNUo TOV
yOdwv otov dEova CV1 amewoviotnkov ypNOUOTOLOVING TNV  avdivon
neprypappotog (wireframe graphs). Opoiwg, n Awympiotiky Avalvon (Discriminant
Function Analysis - DFA) dievepynOnke pe ) ypnon tov MorphoJ (Klingenberg,
2011), dote vo e&etacBohv o1 SaPopEC OVANESH GTA OEIYILOTO TTOV TPOEPYOVTAV ATtd
PO PETIKES EVTATIKEG EKTPOOES epaprolovtag cuykpioelg ava (evyn. Térog, yio v
emPePainon g emTLYOVG KOTAVOUNG TV €EETALOUEVOV OEIYUATOV GTIG EVTATIKES
EKTPOQPEG TOVG ypnoomomdnke 1 dactadpwon leave-one-out cross-validation

(Weiss & Kulikowski, 1991).
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5.3 Anoterléoparta

2TIC TEPIGGOTEPEG MEPUTMGELS TOPATNPNONKOY ONUAVTIKEG S1LPOPES OTO LEGO
oynuo tov ompatog Tov pwilovcwv meotpdéewv (Ilivakag 5). Emumpodcbeta,
Aappdvovtag veoym to ypaenuo g Avdivong Kavovikeov Metafintov CVA (Ew.
90) g mpoc tov GEova CV1 (44,5%) emutedhyfnke o ca@fg Sloy®PIoHO; TOV
detypdtov pwiCovoag méotpopag o€ 600 ouddeg PAcEL TG YEWYPOPIKNG TOVG
npoéhevonc. H mpd™ opdda amoteAovviay amd tovg TANBVGUOVS TOV EVTOTIKMOV
eKTPoP®V Aykiotpo — Ayog lodvvng — Apamitoa — Tpurdtapog — MéydoPag mov
Bpiokovtav oto Betikd TpuMquo tov CV1, evd m devtepn oudda Ppickoviav 610
apVNTIKO TUNHO KOl OTOTEAOVVTOV LE TN GEWPE TS amd Tovg TANBvouovg Aovpog —
Kpdébnc — Mmovpvid — Edeccaiogl— Edeocaioc2, avtictorya. Emmpdoheta, coppmva
pe ta potifa tov meprypoppdtov (Ew. 9B), ot eviatikd ektpe@Opeves 1p1dilovceg
TEGTPOPES TOAPOLGIOGOV GYETIKO HKPOTEPO KPOVIO KOl AETTO COUN MG TPOG TOV
a&ova CV1. Opoimg, n ovvipurtiki mAsloyneio tov ovykpicemv ava (edyn mov
dtevepynnke pe 1 Aloympiotikny AvAALGY| ELQAVICTNKAY GTOTIGTIKMG CNUOVTIKEG
(P<0,001) extoc amd ta Levyn tov mAnbvopmv Mrovpvid — Kpdbng, Mrovpvid —
Aovpog ko Kpdbng — Aovpoc. Ocov agopd v a&lomotio Tng EXTLYOVS KATAVOUNG
TOV OEYUATMOV OTIC EVIOTIKEG EKTPOPES TOVGC, 1) SIEVEPYELDL OCTAVPMOONC ATOKAAVYE
OTL MTOV ONUOVTIKOG LYNAN. XTI TMEPLGGOTEPES TMEPMTAGELS, TO TOGOGTO TNG
JOTAVPMONG Y10 TOV EAEYYO TNG EMTVYOVS KOTAVOUNG TOV OEIYUATOV OTIG EVIOTIKES
EKTPOOES amod TIG omoieg mpoépyovtav Ntav vymidtepo amd 90%. Evtovtolg, povo ta
Cevyn tov mAnfucpudv Mrovpvid — Kpdbng (58%), Kpdbng — Aobvpog (56,5%) wan

Mmnovpvid — Aovpog (54%) epopdvicay AavBacuévn Katavoun.
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IMivaxkag 5. Amootdoelg mpokpoHotn HeTaE) TOV HEGMY GYNUATOV TOL GOUATOG TOV
OéKa evtaTikd exTpe@OEVOV TANBuouoV 1pilovoag méoTpopag mov Ppickovtay
EYKATECTNUEVOL GE OPOPETIKES YEMYPOUPIKEG TTEPLOYES KO Ol avTioToryeg Tiég P
(éviovo povpo ypopo) mov mpoékvyov omd dokég petdbeonc (10.000 kdxAot

doKIU®OV petdbeonc)

AlO AGS ED1 ED2 ARA TRI LOU MEG KRA
AGS 0,026
<0,001
ED1 0,047 0,042
<0,001 <0,001
ED2 0,046 0,040 0,030
<0,001 <0,001 0,001
ARA 0,019 0,024 0,040 0,037
0,015 0,002 <0,001 <0,001
TRI 0,031 0,033 0,038 0,034 0,024
<0,001 <0,001 <0,001 0,001 0,009
LOU 0,043 0,048 0,032 0,035 0,039 0,032
<0,001 <0,001 <0,001 <0,001 <0,001 0,001
MEG 0,038 0,025 0,036 0,038 0,028 0,031 0,039
<0,001 0,001 <0,001 <0,0010 0,001 <0,001 <0,001
KRA 0,042 0,041 0,021 0,026 0,036 0,031 0,018 0,033
<0,001 <0,001 0,054 0,034 0,001 0,010 0,212 0,002
BOU 0,038 0,042 0,020 0,028 0,033 0,030 0,018 0,036 0,011
<0,001 <0,001 0,052 0,008 0,001 0,008 0,178 0,001 0,776
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Ewéva 9. a: I'paonua dracmopdg tg Avaivong Kavovikeov Metapintov (CVA) mov
TaPOoVCIALEL TN SPOPOTOINGTN TOL GYNLOTOG TOV GMOUATOS TV YDV HETOED T®V
EVIOTIKA  eKTPEPOUEVOY  TANOvoumv  1pilovcoc TESTPOPAS  OLOPOPETIKNG
npoéhevone, b: Metaforés oto mhaiclo TV opoonumv  (okoOpo  ypdUQ)
KOTOOEIKVVOVTOG T O10PpOPOTOINGT TOV GYNLOTOS TOL GMUATOS TV YOOV 1 TPOg
tov aova ¢ Kavovikriic Metafintig 1 (CV1) oe oyéon pe 10 uéso oyfuo (avoikto

APOU).

5.4 Xvintnon

H mopovoa perétn katéoeile Ott ot evtatikd ekTpe@opevol mAnBuopoi
1p1¥ifovcag TEGTPOPUS TOL TPOEPYOVIAV ONO EVIUTIKEG EKTPOPES TOV Ppiokovtav
EYKATECTNUEVEG OE OLOPOPETIKES YEMYPAUPIKES TEPLOYES KOl EKTPEPOVTAY VIO TOKIAES
ocuvOnkeg eivor dvvatd va OlakplBody ®G TPOG TNV TPOEAELOT TOVG, PACEL NG
YEOUETPIKNG TOVG HOPPOUETPIRG Kot TOL TPOPIA TV eAebBepwV apvo&émv TOL

poikob toug 16700.
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ZNUOVTIKY dpOopPOTOINGT TOL GYNUOTOS TV 1BVV aviyvedbnke petald tomv
eetalopevov  eVIOTIKO EKTPEPOUEVOV TANOVOUDV  JPOPETIKNG  YEOYPOUPIKNG
npoélevonc. Ewdwotepa, 10 ypdonuo tng devepynbeicoc Avaivong Kavovikov
Metapintov (CVA) anokdAvye tov 6opn Soy®PIoHO TOV EVIOTIKOV EKTPOPOV OE
d00 opddec, (1" Opdda: Aykiorpo — Ayioc Iodvvne — Apdmitco — Tpurdtopog —
MéydoBag) kar (2" Opdda: Aodpog — Kpdbng — Mmovpvid — Edeooaiogl —
Edeccaioc?), avrictoya (Ew. 9a). EmmAéov, o petaforés oto oynua tov tyydvwv
katd tov d&ova CV1 amoxdAlvyav v dmapén PKPOTEPOL KPAVIOv KOl AETTOTEPOV
KOPHOU COUOTOG, YOPOKTNPICTIKA OV Kot To 00 cupfdilovy otn BerticTonoinon
™mg ypnyopns ekkivnong tov ybvov (Ew. 9B). Ot cuykekpluéveg dopopomomacelg
o1t popopetpia TV OOV puropel vo oxetiCovtol TOGO LE TN YEWYPAPIKT TEPLOYN
eCaptopeves and TG Wwitepeg MEPPAALOVTIKEG GLVONKEG OV EMKPATOVV KOTA
TOTOVG, KabMG Kol amd TS ToKileg cuvONKeS ekTpoPNC OV ePopudlovion oe KAOe
Bvokariiépyeia (Taylor, 1986, Fleming et al., 1994, Hedenskog et al., 1997, Hard et
al., 2000, Peres-Neto & Magnan, 2004, von Cramon-Taubadel et al., 2005, Pulcini et
al., 2013, Pulcini et al., 2014), 660 kot pe YeEVETIKOVG TOPAYOVTES EEAPTMOUEVEG QO
™mv mpoéhevon tov yovov (Swain et al.,1991, Hard et al., 1999, Pakkasmaa &

Piironen, 2001, Wessel et al., 2006).

Evtovtoig, e€artiag tov yeyovdtog OTL Ol AmAGTLTOL KOl TO GO TOV CAOUOTOS
TV YOOV dev ELEAVICAV GLOYETION, COUEMOVO LE TO ATOTEAECUATO TOV [evik®v
Ipoppikdv Moviéhmv, ot aviyvevbeioeg LopPOAOYIKES O10POPOTOGELS dSVVAVTOL VO
VTOVOKAOOV TNV Tpocapuoyn Tov yhdov ot katd TOmovg TEPPUAAOVTIKEG
oLVONKeS, OTMG EMioNG Kol GTIS £O1KEG GLVONKEG EKTPOPNS TOV EMKPATOVV GE KAOE
EVTOTIKY] EKTPOQT]. AVTN N VIOOEST eVIGYVETAL OO TO YEYOVOG OTL O TOPATETAUEVOS

SOPIoUOG TV veapdv 1yBudinv oe SoPOoPETIK EVOLOLTALATO, OTTOV ETIKPATOVV
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JpopeTIKEG TEPIPAALOVTIKEG CULVONKEG UTMOPEL VO OOMNYNOEL GTY QALVOTLTIKN
dwapopomoinon peta&d tov minbvopov (Campana et al., 1995). Ewdwodtepa, ot
avaivoelg tov 'evikov Tpoppikdv Moviéhov (GLM) oamokdAvyay onuoviikn
OLGYETION TOV GYNMUOTOG TOL OGMUOTOS TOV YOOV pHe TV YEOYPOQIKN TOVG
npoéhevon, ™ Beppokpacio vepod, Tig {dveg Kot ta erebbepa apvoé&éa His kar Arg.
2OUQOVE PE TNV KATNYOPOTOINGN TOV EAANVIKOV PEOVIOV GUGTNUAT®OV GE TPELS
Caoveg Aappdvoviag vawoyn To VIPOAOYIKA, YNUIKE, YEOAOYIKE Kol KAWLATIKE TOVG
yapaxmmplotikd (Skoulikidis, 1993, Skoulikidis et al., 2004, Skoulikidis et al., 2006)
KOl L€ TOV GOPY| Oo®PIGUO TOVG 6 OVO OUAdES, OIS TPOEKVYE amd TV AvAAvon
Kavovikov Metapintov (CVA), arokaldebnke 0Tt 11 Tp®dTN Ouddo amoTteAovvVTaY
and TANBvoUoVG OV TTPoépPYovTaY amd TIC POPEIO-AVATOMKEG Kot POPEIO-KEVTPIKES
neployés (Zaveg 1 & 2), oe avtifeon pe 1 0edtepn opdoa ot tAnBuopoi g omoiog
wpoépyovioy amd TG Popelo-avatoMkés kol SvTkéG meployés (Zoveg 1 & 3),
avtiotorya. Emopéveg, o mbavn e€fynon Bo propovce va givar to yeyovag OTL
HOPPOAOYIKT d10(pOPOTOiNCT OQEIAOVTOV KUPIG 6€ O1PopEg oTIC TEPPAAAOVTIKES
ouvOnkeg mov amavidvtol  UETAED TV EVOIUTNUATOV TV  O00V0  OUAd®V
yBvomAnbuoumv, evioydovtag TV mOAVOTNTA VO VoL TO ATOTEAECUO, POIVOTLTTIKNG

mAaotikotntog (Swain & Foote, 1999).

Evtovtolg, to amotedéopato avtd Oa mpémer va gpunvevboiv pe empLAAdn,
KaODG mapdyovies OTMG N NAKio, gite 1 IKOVATNTA TNG GLALOYNG OVTUTPOCMOTEVTIKMV
detypdtov and xouning otdbunc opboymvies deapevég amd GKLUPOOELD GE GUYKPLON
Le TN gpnon omdyns N kO Kot €6v ta detypota eAednoay mpv 1 HETA TNV Topoyn
yBvotpoeng dadpapatilovv Kabopiotikd poio kot eivor eEapetikng onuaciog. H

LOPQOAOYiD. TOV CAOUATOG TOV YOV®V SPOPETIKNG YEWYPOAPIKNG TPOEAEVONG dEV
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empedletar oe peyddo Pabud amd TETOWLG TAPAYOVTEG, ONMMOC EVOEXOUEVAS

emnpedletal To TPOoEiA Twv eEAeH0epV apIvoEEmv 610 PLIKO 1616 TV YBV®V.

Aopupdvovtag vmOYn  TPONYOVUEVES — EMGTNUOVIKEG UEAETEG,  KPIOIUOG
TOPAYoVTOG TOL dVVATOL VO LETOPAAEL TO GYNLO TOL CAOUATOG TV 1YBVOV NTOV 1
Beppokpacio. VEPOD OTOTELDVTOC TOV TPOTUPYIKO unyavicpd emidpaong (Beacham,
1990, Brannon et al., 2004, Lohmus et al. 2010). Ta colopoedn Ppébnke 0Tt givan
evaiocOnto axoun kot oe pkpég petaforég g Bepuokpacioc vepold ava@opikd pe
™mv avénon kot v vyeia tovg (Brannon et al., 2004). Opoimg, n pueAétn tov Lohmus
et al. (2010) mopotnpnoe OTL S10POPETIKEG Deprokpacies vepoh KOTA TNV EKTPOPN
1660 Quok®dv TAnbvoudv, 6co kot GH-enhanced coho coloudv eiyav onuavtiky
EMIOPOOT GTN LOPPOAOYiO TOL GOUATOS TOV Y OLOIY, CNUEIDMVOVTAG OTL VITPYE TAGN
YL GTEVOTEPOL KOl LEYAADTEPOL HKOLG oMU 6 LYNAdTEPES Bepprokpacies. Eivar
yeyovog 6t 1 Bepprokpocio vepod Tapovctdlel onUAVTIKY OIOKOUOVOT aKOUN Kol GE
UIKPEG AMOCTACELS, AOY® NG KATA KOPOL VTAPENG UOCUIKMOV TEPIPAAALOVI®OV GTOV
eMadiko yopo (Tzedakis et al., 2002b, Medail & Diadema, 2009) cvupdiiovtag
otV aviyvevbnoa d1popomoincn NG HOPPOAOYING TOL COUATOS TV 1Bd®V
OVOUESOH OTIG OWIPOPES EVTOTIKEG EKTPOPEG OTIC OMOIEC TPoyUoTOmoOmOnKe 1
derypotoAnyia. Ewwotepa, Aopupdvovioc vrdym Tig cuvOnkeg eKTpoPng o€ KAOe
yOvokoAmépyewn (Ilivakag 4) to péovia CLGTAUOTO TNG TPMOTNG OUAdAG Elyov
HkpoTepn péon Oepuokpacio vepov (12,0°C) oe chykpion pe g devtepng opddog
(13,8°C) oamotehdvtog TN YEVESIOLPYO auTion TNG  EUPAVIONG  SLOQOPETIKOV

(QOLVOTUTIMV.

[Topd to yeyovdg 0Tt apketés LEAETEG AVEPEPOV LLOPPOAOYIKES SLOPOPOTOMGELG
mov o@eilovtay og O0QOPEG GTN GUGTACT NG YOPNYOLUEVNS 1YBLOTPOPNS,

KOTAOEIKVOOVTOG OTL SLOPOPETIKA GLTNPEGLO, LTTOPOVV VAL TPOKAAEGOVV PETAPOAEG OTN
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pnopporoyic tov 1yOdwv (Robinson & Wilson, 1995, Day & McPhail, 1996,
Mittelbach et al., 1999, Hegrenes, 2001, Andersson, 2003, Proulx & Magnan, 2004,
Ollson & EKI6v, 2005), ot avaidoelg tov [Nevikav I'pappukdv Moviédov Katédei&av
TG OV VINPYE GLGYETION TNG LOPPOAOYIOG TOV EVIOTIKG EKTPEPOUEVOV 1p1dilovcmv
TESTPOPMV LLE TN cVOTACT TNG XOpMNYoVUEVNS tyBvoTpognc. Emopévac, to oynua tov
oONOTOC TV BvV emnpedloviav Kupimg and tn OBeppokpacio Tov vepov, KabmOS
KOl TIG KAMUOTIKEG OLUKVULAVOELS OVALEGO GTO, EAANVIKA PEOVTO GLGTNUATO, TOPE OO
T1G OPOPETIKES 1Y OLOTPOPES OV YopNyoUVTAY GE KAOE EVTATIKY EKTPOPT). X TANPM
CLUEOVIO e TN HEAETN HOG KO avapOPIKA LE GAAL €101 COAOUOEWDYV, OTWG ivat O
Apktikdc coropdg Salvelinus alpinus (Linnaeus, 1758), n peiétn tov Andersson
(2003) avipepe 0TL N GVGTAGCT TNG YOLOTPOPNC W HOVASIKOC TaPAyOVTOG dEV TTOV
OPKETOC DOTE VO TPOKAAECEL TNV EUPAVIOT OLOLPOPETIKAOV QUIVOTOHT®V Kol OTL M
avATTLEN TOAVHOPPICUMV NTOV ATOTEAECHO EMIOPAONG GAL®Y TOPAYOVTI®V, OTMG
elvai n dvvapkn tov TANBvopod N o0 Kivovvog vapéng Onpevtdv. Avtibeta, n peAét
tov Hegrenes (2001) e&étooe v €midpact TPUOV SLOPOPETIKOV 1BVOTPOPOV oTa.
HOPPOAOYIKA YOPOKTNPIOTIKG TTOL CLVOEOVTIOL HE TNV TPOSANYN TPOPNG OTo
exktpepopeva nudyoapo Lepomis humilis (Girard, 1858) ocvumepaivovtag mwg M
ovotaon TG YyOvoTpoPNg elxe KOBOPIOTIKN EMOPACT OTNV EUPAVIOT) LOPPOAOYIKDOV

JLPOPOTTOMGEWV.

5.5 Zvpnépaopa

Enopévag, n ypion g YEOUETPIKNG HopPoUeTpiag omoTeAel £val oNUAVTIKO
gpyareio to omoio dvvaTon vor GUUPEALEL ATOTEAECUATIKA GTNV WYVNAAGILOTNTO TMV

EVTOTIKE ekTpe@OpEVOV TANBLoU®V 1pdilovcas méoTpoPag, Kabmg T0 GYNUL TOV
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oONOTOC TV YOOvOV dtupaiveTtar T ennpedleTol and TV YEWYPUOIKN TPOEAELGN
TOV EVTATIKOV ekTpo@v. H pébodog avty umopei va cuvopduet otnv a&loldoynon
TEPPOALOVTIKOV — KIVOOV@OV KOl OTNV  EKTIUNOTN  eVOEYOUEVMY  OIKOAOYIKMV
EMNTOCE®V, TPOAYOVIOS TNV EMICTNUOVIKN £PELVA, AVAPOPIKA HE TO TESIO TNG

AELPOPIKNG OOYEIPLONG TWV VIUTOKUAALEPYELDV.

6 XYZHTHXH

H odwevepynbeica minbuopioxn yevetikny peAétn mov mephaupove to idw
delypoto amd Tovg eVTATIKA EKTPEPOUEVOLS TANBVGLOVG 1p1difovcag TEGTPOPAS TOV
eEetdonKaY, TOGO GTNV HOPPOUETPIKT OVAALGT, OGO KOl GTNV OVAALGT TV TPOPIA
TOV eAeVBepOV OUIVOEEDV TOV PLTKOD 16TOD, KOTEOEIEE TOV GOPN J(WPICUO TMV
yOvomAnBuoudv oe dVo opddec (1" Oudda: Aykiotpo — Ayrog Iwdvvng — TpudTopog
— Edeocaiog?) ko (2" Oudda: Aovpog — Kpdbne — Mrovpvid — Edeooaiogl —
Apamrca — Méyoofac) g mpog tov d&ova 1 (77,64%), cdpemva pe v Avdivon
Kbopiov Zvvtetayuévov (Principal Coordinates Analysis — PCo0A). Avtoc o
S ®PIoHAG o€ 000 OPAOEC TV GE HEYAAO PaBUO TOVTOGNUOG LE TOV o ®PIGUO GE
d00 opadec oL aviyvebONKe pe TN XPNON NG YEOUETPIKNG LOPPOUETPIOG KOl TWV

TPOoPiL TV EAEVBEPOV aUIVOEEMY GTO HVTKO 16TO TOV 1YOVM®V.

2uykpivoviog to amoTEAEGHOTA NG TANOVGLIOKNG YEVETIKNG UEAETNG LE TO
avTIoTOYO 1TNG YEOUETPIKNG HOPPOUETPIKNG avdAvong, ot KOPleg dpopEg
ocvvoyilovtal 610 yeyovog 6Tt 0 mAnBuoudg tov Edeccaiov? katoavepndnke otnv
np®OTN opdoda, evd ot mAnbvopol Apdmitcoac ko MéydoPa otn dgbtepn opdoa,
avtiotoyo. EEautiog Tov yeyovatog 0Tt 0 d1Y®PIGHOG TV tyBuomAnbuoudv 6e dVo
opddeg MTav TAVTOCTUOS GLYKPIVOVTOG To OmOTEAEGHOTE PETAED TNG YEMUETPIKNG

LOPQOLETPIKNG OVAALONG KOl TV TPOPiA TV ehevBepmv apvoléwv, ot KLPlEg
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Jpopég HETOEL TV TPOPiL TV eAevbepwV apvOEE®V Kol TNG TPOTYOVUEVNG
TANOVGUIOKNG YEVETIKNG HEAETNG NTOV OUHOlEG ME TIG TPoovapepOeioes dapopEg
HETOED TNG YEWUETPIKNG LOPPOUETPIKNG OVOADONG KO TNG YEVETIKNG TANOLGLUAKNG

peAETNG.

EmnpocOeta, n nAnBucokn yevetiky] HEALT OmOKAALYE TG 1 GLVOMKN
YEVETIKN TOKIAOTNTA. 0QeiAovTay Kuplwg oe dapopég evoominbucpiokd, mopd ce
dwpopéc petald twv mAnbvcpav. IlopdAinio, pe ™ ypMoN TOL AOYIGUIKOV
npoypaupotoc STRUCTURE v. 2.3 anokaldgOnke 1 vmapén dVo mhovov opddmv
HETOED TMV EVIOTIKA EKTPEQPOUEVOV TANOLGUAOV Kol OAEG Ol EVTATIKEG EKTPOPEC
piovcag méotpoag mov eEetdotnroy amaptTilovtay amd ATOWNN TOL VKOV Kot
oT1G 600 opddes. Eviovtoig, ot avarvoelg towv IN'evikdv I'poppikdv Movtélmv £de1&av
0Tl ol oamAdTLTOL O&v &YV  EMOPACT) OTNV  TOPATNPOVUEV] HOPPOAOYIKN
dwapopomoinon  (GLM, P>0,05), «kotodeikvboviog 7TmG TO  HOPPOUETPIKA
YOPOKTNPIOTIKE  emnpedotnkay Katd kOpo Adyo omd Tovg mePPaAlovTikong
TOPAYOVTEG KOl TIG GLUVONKES EKTPOPNG, G CUYKPIOT UE TN CLUPOAT TOL YEVETIKOV

Topdyovta.
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Abstract

The rainbow trout, Oncorhynchus mykiss, comprises a non-indigenous species of the European freshwater ecosystem.
Due to its remarkable advantages of fast-growing and facultative adaptability in various habitats under different conditions, it
has become the most dominant commercially reared species of freshwater aquaculture in Greece. Despite its economic
importance, there is a dearth of population genetic studies regarding the origin of any posterior introduction by the private
aquaculture sector. In this study, a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay
was used, in order to assess variation in five mitochondrial DNA protein-encoding regions and the control region, covering
more than 5,500 bp of the 16,600 bp total mitochondrial genome size. The samples derived from 10 rainbow trout farms
throughout Greece representative of the freshwater aquaculture sector. The conducted population structure analysis revealed
two major clusters among the farmed-rainbow trout populations. Moreover, the overall genetic diversity was substantially
attributed to the diversity within populations rather than among them. In any case, both factors obtained from AMOVA
analysis were statistically significant. The obtained haplotype network reinforced the existence of two central haplotype

clusters among the farmed-rainbow trout populations in the Greek freshwater aquaculture sector.

Keywords: Oncorhynchus mykiss, freshwater aquaculture, genetic structure, founder populations.

Introduction

The rainbow trout, Oncorhynchus mykiss, has a
worldwide distribution, fact that is strongly related to
its remarkable fast-growing and facultative
adaptability in various habitats, under different
conditions. The commercial aquaculture took
advantage of these attributes and in 2012 its global
production reached a total of 732,432 tons, rendering
it among the most dominant reared commercial
species of freshwater aquaculture with an estimated
economic value of 2.6 billion Euros (FAO, 2013).

The native range of the rainbow trout includes
south-western Alaska to the Sierra Madre Occidental
in Mexico and tributaries of the Pacific Ocean in Asia
(Behnke, 2002). As far as its naturalized range is
concerned, it is currently distributed throughout the
eastern coast of North America where self-sustaining
populations have proliferated (Behnke, 2002). It
comprises a non-indigenous species of the Greek
freshwater ecosystem (Economidis et al., 2000). Since
its deliberate introduction as eggs from Switzerland in
the early 1950s, focusing primarily on the
enhancement of the domestic freshwater fish

production and the economic growth of the sector, it
inhabits in aquaculture facilities. These are
established mainly in rivers, streams and lakes
throughout Greece (Economidis et al., 2000). Since
the 1950s, the origin of any posterior introduction by
the private aquaculture sector has not been
documented. Particularly, there are 94 producers in
total, of which only 6 major companies produce more
than 100 tons, 14 medium ones produce from 50 to
100 tons and 74 small establishments produce less
than 50 tons (Framian, 2009; Anonymous, 2009). In
2006, the total production of rainbow trout in Greece
accounted for 3,643 tons, contributing to a value of 10
million Euros to Gross National Income (GNI)
(Framian, 2009).

Despite the fact that rainbow trout comprises the
major freshwater reared species in Greece, literature
review revealed a dearth of population genetic
studies. Likewise, only two population genetic studies
of reared O. mykiss have been conducted in Europe,
the first referred to northern and eastern Europe
(Finland, Denmark, Sweden, Norway, Estonia and
Poland) (Gross et al., 2007) and the second regarding
to Norwegian fjords (Glover, 2008). Particularly,
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according to Gross et al. (2007) the majority of
European strains presented similar levels of variation
with Shasta strain derived from California, USA,
apart from two Polish strains. In contrast, Glover’s
(2008) study revealed a considerable genetic variation
within and among rainbow trout strains farmed in
Norway, a fact that enabled management authorities
to identify the farm of origin for escapees.

On the contrary, in other continents and mainly
in northern America several population genetic
studies have been conducted for natural stocks
(McCusker et al., 2000; Narum et al., 2004; Deiner et
al., 2007; Williams et al., 2007; Heath et al., 2008)
and reared rainbow trout (Sajedi et al., 2003;
Silverstein et al., 2004; Johnson et al., 2007;
Camarena-Rosales et al., 2008; Zhao et al., 2008).
Briefly, concerning the natural rainbow trout
populations, McCusker et al. (2000) assessed mtDNA
variation of O. mykiss in northern America by means
of RFLPs, revealing two phylogenetically distinct
mitochondrial lineages (resident and anadromous).
Likewise, Narum et al. (2004) wusing six
microsatellites detected a genetic structure between
the two major drainages, Walla Walla River and
Touchet River, regarding the anadromous and resident
trout forms. Heath’s et al. (2008) study, by means of
three types of genetic markers (microsatellites, major
histocompatibility complex - MHC, RFLPs), revealed
that the migratory and resident forms of O. mykiss
were genetically differentiated in two different
groups. On the other hand, concerning reared rainbow
trout, Silverstein’s et al. (2004) study results, by
means of nine microsatellites, implied that three
examined domesticated strains (Clear Springs,
Troutlodge and University of Washington) were
differentiated. Moreover, Johnson et al. (2007), using
twelve microsatellites studied genetic structure among
annual broodstocks, revealing substructure for many
generations. Finally, Camarena-Rosales et al. (2008)
studied the variation and composition of mtDNA
haplotypes of four hatcheries from northwestern
Mexico, focusing on the mtDNA region between Cyth
and D-loop by means of RFLPs. The obtained results
showed that trout hatcheries presented more unique
haplotypes in comparison with the native populations.

Despite the fact that worldwide aquaculture is
the fastest growing animal food-producing sector, the
used aquaculture broodstocks are yet to be genetically
adequately characterized. Population genetic research
using mtDNA markers has contributed substantially
to aquaculture management (Billington, 2003) and to
the elucidation of genetic relationship among
aquaculture strains. Among other advantages (Benzie
et al., 2002), their use became quite popular among
aquaculture geneticists due to the fact that they
successfully revealed significant genetic differences
among reared populations (Sajedi et al., 2003;
Camarena-Rosales et al., 2008).

The aim of the present study is (1) to evaluate

the specific genetic variation of the mtDNA using
PCR-RFLP within and among populations of O.
mykiss derived from different freshwater aquacultures
throughout Greece; (2) to document the current
mtDNA composite haplotypes of each aquaculture
unit/farm. Both these aims are putting the
underpinning stone for future development of
selection breeding programs, which would in the long
term increase the domestic production, in the
framework of the implementation of a sustainable
ecosystem conservation management plan.

Materials and Methods

According to the sampling procedure, a total of
564 Oncorhynchus mykiss specimens were collected.
The samples derived from 10 rainbow trout farms
sited in six rivers, two streams and one spring
throughout Greece, representative of the freshwater
aquaculture sector. Fish were stunned and transported
to Aquatic Animal Genetics Lab in UTh according to
the Council Regulation (EC) No 1/2005 that sets the
framework for the protection and welfare of farmed
fish in Hellas. Concerning the infrastructure facilities
of each aquaculture, these consisted of raceways
adjacent to rivers, streams and springs. The majority
of aquaculture enterprises use broodstocks which are
mostly derived from the local State Aquaculture
Institutes with an inner replenishment every three
years, but there are also reported occasional imports
of fry fish from abroad. In Figure 1 details concerning
the sampling procedure are presented and the
coordinates of the sampling sites are indicated.

Total DNA was extracted from muscle tissue,
using phenol-chloroform protocol of Taggart et al.
(1992). Taking into account the study design, all
samples were included in the composite RFLP
analysis of five mitochondrial DNA protein-encoding
regions (including the whole control region and two
tRNA genes), covering approximately more than
5,500 bp of the 16,600 bp total mitochondrial genome
size. Specifically, a segment consisting of the entire
Control Region-Cytb gene (2,096 bp) was amplified
using the newly designed forward CRy-(5'-
CAACTACAAGAACCTAAT-3") and reverse CR,-(5'-
TAACAGGAACATAAGGAT-3") primers, taking into
account the GenBank O. mykiss sequences. Moreover,
the amplification of the entire NADH dehydrogenase
subunits 5 and 6 (ND5/6) segment (2,500 bp) was
applied, using the primers ND, and NDg (Sajedi et
al.,, 2003). Likewise, a fragment of 948 bp, which
comprises a part of ATPase-VI and COIlIll, was
amplified using the newly designed forward AT;-(5'-
GCAGGYATTACTACTCTA -3°) and reverse AT,-(5'-
AGGTAAAGCTGAAGTGTA-3") primers based on O.
mykiss sequences from GenBank.

In all cases, DNA amplification reaction
mixtures consisted of approximately 100 ng template
DNA, 10 ul 5x PCR Buffer, 2.5 mM MgCl,, 200 uM
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Figure 1. Map of Greece showing sampling sites of farmed-rainbow trout. Each freshwater aquaculture population is coded
with rhombus [1. Agistro (N = 59), 41°22'50.39"'N 23°26'18.15"'E; 2. Agios Ioannis (N = 57), 41°5'57.30"'N 23°35'15.15"E; 3.
Edesseos 1 (N = 59), 40°48°30.94"'N 22°0'57.25"'E; 4. Edesseos 2 (N = 57), 40°48°25.00"'N 22°1°19.12"'E; 5. Arapitsa (N = 55),
40°36'47.46"'N 22°2°49.15"'E; 6. Tripotamos (N = 55) 40°28726.68"'N 22°10'37.37"'E; 7. Louros (N = 54), 39°25'39.82"'N
20°50°43.41"'E; 8. Megdovas (N = 57), 39°131.53"'N 21°44°43.74"'E; 9. Krathes (N = 54), 38°1°4.07"'N 22°15°5.36"'E; 10. Bournia (N
= 57), 37°19°54.77"'N 21°55'53.43"'E.] Pies denote the presence of two putative clusters K (white, grey color) in each

population revealed by STRUCTURE analysis.

of each dNTP, 30 pmol of each primer, 1.2 units of
Taq Polymerase (Kapa Biosystems, USA) and
sterilized water was added to a final volume of 50 pl.
The optimized amplification conditions performed in
the MJ Research PTC-200 Gradient Thermal Cycler
(BIO-RAD, USA) were an initial denaturation at
95°C for 5 min, a strand denaturation at 95°C for 1
min, annealing at 56.2°C (for CR; and CR,) or 60°C
(for ND_ and NDg) or 62°C (for AT, and AT,) for 1
min, a primer extension step at 72°C for 1.30 min,
repeated for 34 cycles and a final extension step at
72°C for 10 min. The length of PCR products was
verified by electrophoresis on 1.5 % agarose gel
containing 0.5 pg ml™ ethidium bromide.

Initially, a preliminary screening of a
representative sample of PCR products with 10
restriction endonucleases (Alul, Avall, EcoRlI, Haelll,
Hinfl, Hpall, Mspl, Ncil, Rsal, Tag"l) was conducted.
The representative sample consisted of 5 individuals
per population, focusing on the detection of at least
two restriction patterns for each enzyme. Digestions
were performed by incubation in 10 pL reaction
volumes according to manufacture instructions (New
England Biolabs Inc., USA). Afterwards, the
separation of the PCR products digested fragments
was accomplished by electrophoresis on agarose gel 2
% stained with ethidium bromide and immersed in 1x

TAE (Tris base-acetic acid-EDTA) buffer. The
restriction patterns on stained gel were visualized
under UV light and photographs were taken using the
MiniBIS Pro  gel documentation  system
(BioSystematica, United Kingdom).

Data Analysis

Initially, the obtained distinct restriction patterns
were coded with capital letters, generating composite
haplotypes (genotypes) consisting of 10 capital letters,
one for each restriction enzyme (Table 1). Moreover,
genotypic richness, R (G/N ratio), per population was
estimated, where G denotes the number of different
observed composite genotypes and N denotes the
number of the tested individuals. ARLEQUIN 3.5
software (Excoffier and Lischer, 2010) was used for
the estimation of fixation index Fsy (Wright, 1951), as
a measure of genetic differentiation, in parallel with
haplotype diversity h (Nei 1987), nucleotide diversity
7 (Nei and Tajima, 1981) and Tajima’s D index
(Tajima, 1989). Tajima’s D index was estimated in
order to identify deviations from the neutral theory of
mutation drift equilibrium. ARLEQUIN 3.5 software
(Excoffier and Lischer, 2010) was also used for the
estimation of statistical significance of pairwise
differentiation, taking into account the composite
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Table 1. Twenty-four composite genotypes (haplotypes-denoted with capital letters) based on RFLP digests of six restriction
endonucleases (Alul, Avall, Haelll, Hinfl, Rsal, Tag®l) in ND5/6, one restriction enzyme (Haelll) in ATPase VI-COIIl and
three restriction enzymes (Avall, Hinfl, Tag“l) in Control Region - Cytb fragments of mtDNA,; relative frequencies of
haplotypes per population, sample size (N), genotypic richness (R), haplotype diversity (h) and nucleotide diversity (),
including standard deviation (SD) and Tajima’s D index (ns = non-significant)

g g e g 2 2 g g g g 8 g

£ 8 S < = = =z < E - § X o

1 BBBBBAABBB 0.04 0.04

2 BBBBABABAB 0.04 0.04

3 BBBBAAACAB 0.04

4 BBBBAAABAB 0.04

5 BABBBAABAB 0.04 0.12

6 BABABABBBB 0.03

7 BABABAABBB 0.07 0.45 0.26 0.32 0.04 0.09 0.07 0.17 0.15

8 BABABAABAB 0.45 0.22 0.15 0.07 0.08 0.40 0.25 0.44 0.46 0.19

9 BABABAABAA 0.03

10 BABAABABAB 0.04

11 BABAAAABAB 0.04 0.04

12 BABAAAAAAB 0.04 0.04 0.07 0.17 0.25

13 ABBBBAABBB 0.07

14 ABBBABABAB 0.32 0.19 0.25 0.26 0.24 0.04 0.04 0.19 0.15

15 ABBBAAACAB 0.11 0.03 0.08

16 ABBBAAACAA 0.03

17 ABBBAAABAB 0.07 0.30 0.03 0.10 0.04 0.52 05 0.04 0.07

18 ABBAABABAB 0.07 0.04

19 ABBAAAABAB 0.04

20 ABABAABBAB 0.07

21 ABABAABBAA 0.03 0.03 0.04 0.11 0.08 0.15

22 ABABAAABAA 0.03 0.04

23 AABABAABAB 0.04 0.04

24 AABAABABAB 0.04
N 59 57 59 57 55 55 54 57 54 57
R=G/N 0.119 0.123 0.136 0.193 0.200 0.073 0.130 0.140 0.093 0.123
h 0.71+£0.06  0.83+0.04 0.74+0.06 0.87+0.04 0.85+£0.05 0.59+0.06  0.7+0.08  0.77+0.07  0.74+0.07 0.86+0.03
T 0.32+0.17 0.26+0.14 0.31£0.17 0.31+0.17 0.31+0.17 0.21+0.12  0.2240.12  0.32+0.17 0.18+0.10  0.36+0.19
Tajima’s D 1.40™ 1.76"™ 0.96"™ 1.27™ 2.34"™ 1.49™ 0.97™ 1.04™ -0.73" 1.64™

haplotype frequencies (Raymond and Rousset, 1995).
Analysis of molecular variance (AMOVA) (Excoffier
and Lischer, 2010) was applied on restriction sites
using the ARLEQUIN 3.5 software (Excoffier and
Lischer, 2010). Fixation index and variance
components were permutated 10,000 times using a
Bonferroni correction (Rice, 1989).

Additionally, the Bayesian cluster analysis was
implemented using STRUCTURE 2.3 software
(Pritchard et al., 2000), enabling the classification of
individuals of each population into K clusters
according to their membership coefficients. The
parameters burn-in length and simulation length were
finally set at 500,000 and 1,000,000 repetitions
respectively after the conduction of a preliminary test,
where three independent repeats were run for each
value of K (1 £ K < 14). The adequate value for K
was chosen, taking into account the HARVESTER
online software, which provided the likelihood value
for each K value (Earl and Von Holdt, 2012).

The visualization of the genetic relationships
among the farmed-rainbow trout populations was
applied through the conduction of Principal
Coordinates Analysis (PCoA) (Jombart et al., 2009)
with Nei’s standard genetic pairwise distances by

means of GenAlex 6.5 (Peakall and Smouse, 2012).
Pairwise geographic distances among freshwater
farmed-rainbow trout aquacultures were calculated as
Euclidean distances in kilometers (km). A Mantel’s
Test (Mantel, 1967; Mantel and Valand, 1970) (1,000
permutations) was applied to test the relationship
between matrices of geographical distance and Nei’s
genetic distance using GenAlex 6.5 (Peakall and
Smouse, 2012). Phylogenetic relationships among the
generated composite haplotypes were examined by
calculating an unrooted haplotype network by means
of NETWORK 4.6.1.2 (Fluxus Technology Ltd;
www.fluxus-engineering.com). The Median Joining
(MJ) and Maximum Parsimony (MP) algorithms were
used in order to calculate the adequate haplotype
network (Bandelt et al., 1999).

Results

According to the obtained restriction patterns,
six enzymes (Alul, Avall, Haelll, Hinfl, Rsal, Tagl)
presented polymorphism in ND5/6 region; three
enzymes (Avall, Hinfl, Tag"l) in CR - Cytb region
and one enzyme (Haelll) in ATPase-VI-COllI region,
respectively. Four restriction endonucleases (Alul,

Institutional Repository - Library & Information Centre - University of Thessaly
13/07/2024 01:44:47 EEST - 18.119.115.201



P. Martsikalis et al. / Turk. J. Fish. Aquat. Sci. 14: 749-757 (2014)

753

Haelll, Rsal, Tag’l) recognize tetranucleotide
sequences and two enzymes (Avall and Hinfl)
recognize pentanucleotide sequences. The composite
haplotypes consisted of 10 restriction endonucleases,
generating a total of 23 restriction sites. The
restriction sites analysis showed 24 different
haplotypes among the screened individuals and the
relative haplotype frequencies of the 10 populations
are presented in Table 1. The relative haplotype
frequencies ranged from 0.03 to 0.52 among the
different populations of freshwater aquacultures.
Taking into account the relative haplotype
frequencies, it seemed that the different composite
genotypes within populations ranged between 4 and
11. Additionally, it is worth noting that only the
composite genotype 8 (4.17%) was presented in all
rainbow trout aquacultures. In contrast, among the 24
different composite genotypes, three were detected
solely in populations of Agistro and Edesseos-2
rivers; two haplotypes in Arapitsa population and one
haplotype in Edesseos-1 and Louros populations,
respectively. Furthermore, the highest average
haplotype diversity (h = 0.87+0.04) was presented in
Edesseos-2 population and the highest nucleotide
diversity (z 0.36+0.19) was presented in the
population of Bournia spring. As far as the genotypic
richness R is concerned, the lowest value R = 0.16
was presented in the population of Tripotamos river
and the highest value R = 0.44 was presented in the
population of Arapitsa river. Tajima’s D index was
non-significant for all populations (Table 1).
Regarding the pairwise Fsr values, it was
revealed that the highest value 0.3496 was presented

between Agios loannis stream and Krathes river
populations (P<0.001; Table 2), with a significant
(P<0.001) average Fsr value 0.056 (Table 3).The
global exact test of sample differentiation based on
haplotype frequencies was statistically significant
(P<0.0001). Taking into account the differentiation
tests among all pairs of samples, it seems that the
majority of population pairs present haplotype
frequency distribution that differs with highly
significant probability (Table 2). According to the
AMOVA results obtained, only 5.65% of the overall
genetic diversity was attributed to be among
populations and the substantial 94.35% of variation
exists within populations (Table 3).

The wuse of software STRUCTURE 2.3
unraveled two putative clusters (K = 2; Figure 2)
among the 10 populations considering the
membership coefficients which sum to 1 for each
individual. The vast majority of populations appeared
to have individuals in both clusters. Nevertheless, the
percentages of the two clusters in the examined
populations varied considerably (Figure 1). Similarly
to the results of STRUCTURE 2.3 software, the use
of NETWORK 4.6.1.2 indicated that all the examined
farmed-rainbow trout populations derived from two
founder nodes (Figure 3).

According to PCoA, the genetic differences
among the 10 populations were visualized and each
population assigned a location in a low-dimensional
space (Figure 4). The obtained results showed that the
first axis revealed a higher percentage of variation
77.64 %, in comparison with the low percentage of
variation of the second and third axes 13.82 % and

Table 2. Pairwise differentiation exact tests of farmed-rainbow trout is presented below diagonal, and population pairwise
(Fst) values (after Bonferroni correction) are presented above diagonal

AGS AlO 1ED 2ED ARA TRI LOU MEG KRA BOU

AGS - 0.0102 0.0235 -0.0116 -0.0018 0.0125 0.0164 -0.0090 0.2026"  0.0125
AlO 0.0063"™ - 0.1008" 0.0117 0.0139 0.0130 0.0045 0.0799  0.3496™  0.0688"
1ED  0.0001™  0.0019™ - 0.0006 0.0017 0.0643 0.0695 -0.0085 0.1076" 0.0285
2ED  0.0004™  0.0335 0.4279 - -0.0246 0.0251 0.0249 0.0150  0.2316™  0.0359
ARA  0.0003™  0.0341" 0.8031 0.6936 - 0.0306 0.0240 0.0141  0.2143™  0.0269
TRI 0.0001™  0.0674 0.0001™  0.0001™"  0.0001™" - -0.0381 0.0370  0.2641™"  0.0445
LOU 0.0001™  0.1512 0.0001™  0.0010™  0.0001™  0.7687 - 0.0443  0.2742™  0.0375
MEG  0.2641 0.0077  0.0029™  0.0124™  0.00777  0.0004™  0.0006™" - 0.0860™  -0.0084
KRA  0.0001™  0.0001™  0.0001™  0.0001™  0.0003”  0.0001™  0.0005™  0.0935 - 0.1252"
BOU  0.0009™  0.002" 0.0083™  0.0211 0.0257" 0.0001™  0.001™ 0.2283  0.0475" -

“P<0.001, " P<0.01, " P<0.05. Abbreviations - AGS: Agistro, AlO: Ag. loannis, 1ED: Edesseosl, 2ED: Edesseos 2, ARA: Arapitsa, TRI:
Tripotamos, LOU: Louros, MEG: Megdovas, KRA: Krathes, BOU: Bournia.

Table 3. Analysis of molecular variance (AMOVA) among and within populations. Fsr index represented the sum of
variation among populations and variation within populations divided by total variation

Variance Percentage of Fixation
df Sum of squares L
components variation Index
Among 9 75.453 0.19456 Va 5.65
populations Fe = 0.056™
ithi sT=U.
Within _ 554 825.422 3.24969 Vb 94.35
populations
Total 563 900.875 3.44426
(" P<0.001)

Institutional Repository - Library & Information Centre - University of Thessaly
13/07/2024 01:44:47 EEST - 18.119.115.201



754

P. Martsikalis et al. / Turk. J. Fish. Aquat. Sci. 14: 749-757 (2014)

8.54 %, respectively. The Eigenvalues were 0.608 for
the first axis, 0.108 for the second axis and 0.067 for
the third axis, expressing the level of variation on
each axis. Taking into account the bi-dimensional
scatter-plot of PCoA, the farmed-rainbow trout
populations were clearly separated into four groups
along coordinates 1 and 2. The discriminated groups
were  Arapitsa-Megdovas-Bournia / Edesseosl-
Louros-Krathes / Agistro-Tripotamos-Edesseos2 /
Agios Toannis. Nevertheless, Mantel’s Test resulted in
a non-significant correlation between genetic and
geographical distances (R? = 0.1891, P>0.05).

Discussion

In the present study, more than 5,500 bp of the
16,600 bp total mitochondrial genome size were

4000

3000 4

DELTAK

2000 4

1000 9

1 2 3 45 6

assessed using PCR-RFLP, in order to evaluate the
specific genetic variation within and among
populations of rainbow trout derived from different
farms throughout Greece. Particularly, apart from the
ND5/6 and the Control Region-Cytb entire regions,
the 948 bp fragment of ATPase VI-COIlIl protein-
encoding regions of O. mykiss had never been
assessed by means of restriction endonucleases prior
to this study. However, the study of these protein-
encoding regions in various aquatic animals (Katsares
et al., 2003) and relative species, such as S. trutta
(Giuffra et al., 1994; Apostolidis et al., 2008)
confirmed the existence of polymorphism.

The conducted population structure analysis
revealed the presence of two central haplotype
clusters among the farmed-rainbow trout populations
in the Greek freshwater aquaculture sector (Figure 1;

Delta K=mean(|L"(K)|) / sd(L(K))

7 8 9 10 11 12 13 14

K

Figure 2. Selection of the adequate number of clusters (K) taking into consideration the highest peak, which represents the
most likely number of clusters (K = 2) according to the Pritchard Bayes Formula.

Figure 3. Median-joining network indicating the phylogenetic relationships among mtDNA haplotypes of the 10 farmed-
rainbow trout populations. Each haplotype (H1-H24) is represented by a yellow circle, while the missing intermediate
haplotype (MIH) is represented by a red circle. The mutational step between haplotypes is indicated by italicized numerals.
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Figure 4. Principal Coordinates Analysis (PCoA) of farm

ed-rainbow trout populations. The amount of variation explained

by each axis is 77.64 % for Coordinate 1 and 13.82% for Coordinate 2.

Figure 3). The coexistence of haplotypes from both
clusters in all populations might denote the common
broodstock gene pool. Only the population of Krathes
River appeared to have an extremely high percentage
of individuals belonging to the 1% cluster, in contrast
to the others which have an admixture of both clusters
revealed from the structure analysis. Moreover, the
extent of polymorphism was, as expected, lower
compared to the diversity recorded for natural
populations. Such levels of genetic variability in
reared populations comparatively to the natural
populations is a common phenomenon, taking into
account a considerable number of conducted
population genetic studies regarding reared and
natural populations of other aquatic species, such as
common carp (Cyprinus carpio) (Zhou et al., 2004;
Kohlmann et al., 2005) and Atlantic salmon (Salmo
salar) (Norris et al., 1999).

Apart from Tripotamos population, the vast
majority of the examined reared populations
presented substantial high haplotype diversity and a
relatively low nucleotide diversity, implying that
nearly all haplotypes were related to each other. This
may be typical of diversity from former source
populations. This fact might reinforce the potential
common broodstock gene pool of the studied strains.
Specifically, in the case of Tripotamos population, the
haplotype diversity was quite low relative to
nucleotide diversity, denoting the existence of few
haplotypes which presented high divergence among
them. This may be characteristic of divergent
haplotypes from multiple source regions. In the
present study, the majority of Tajima’s D (Tajima,
1989) values were non-significantly positive,
implying that there is a deficit of low-frequency
mutations compared to our expectations under neutral
theory. On the contrary, only Krathes River showed a
non-significantly negative Tajima’s D value denoting
an excess of low-frequency mutations compared to
our expectations under neutral theory.

The results of AMOVA analysis indicated that
only 5.65% of the total genetic diversity accounted for
the detected variance among populations. However, a
substantial variance of 94.35% was detected within
populations. Moreover, the level of differentiation
among the farmed O. mykiss populations ranged from
-0.0381 to a substantial high value of 0.3496 with an
average Fsr value of 0.056. In other European studies,
such as the study among 12 European farmed rainbow
trout strains (Gross et al., 2007) and the study of nine
rainbow trout farms in Norway (Glover, 2008), the
reported pairwise Fsr values ranged from 0.04 to 0.36
with an average Fst value equal to 0.14 and from
0.001 to 0.127 with an average Fst value equal to
0.053, respectively. It seems that the obtained values
from the present study were within the range of the
observed values in other European countries.
Furthermore, in Western Australia the introduced
farmed-rainbow trout presented a similar range of Fgr
values with European countries (Gross et al., 2007),
ranging from 0.016 to 0.404 with an average Fsr
value equal to 0.19 (Ward et al., 2003). On the
contrary, both in the USA and in northern Iran the
range of Fsr values reported for the reared rainbow
trout was low, ranging from 0 to 0.048 with an
average Fsrvalue 0.028 in the USA (Silverstein et al.,
2004; Johnson et al., 2007) and from 0.062 to 0.080
with an average Fst value 0.072 in northern Iran,
respectively (Yousefian et al., 2012).

Although  genetic  differentiation  among
populations was statistically significant (after
Bonferroni correction) for most of the pairwise
comparisons, either for haplotype frequencies
distributions (exact tests) or pairwise Fsr values, the
overall genetic diversity was substantially attributed
to the diversity within populations rather than among
them. Thus, taking into account the reported average
Fsr values of farmed populations in Norway and Iran,
in comparison with the obtained Fgs; values of Greek
farmed-rainbow trout populations, it can be inferred
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that farmed-rainbow trout populations in Greece
possess similar levels of polymorphism. However, it
seems that the domesticated populations of Western
Australia and those in northern and eastern European
countries presented a substantially higher divergence
in comparison with Greek farmed-rainbow trout
populations.

According to PCoA results, the first two
coordinates explained 81.2% of the variation revealed
by the distance matrix. The bi-dimensional scatter-
plot does not reveal a discrimination of populations
according to their geographical distance. In
accordance with the latter, the Mantel’s Test results
indicated a non-significant relationship between
geographic distance and Nei’s genetic distance
matrices.

Conclusions

The current study comprises the first attempt to
assess the genetic variation among and within farmed
rainbow trout populations throughout Greece. The
obtained percentage of overall genetic variation that
was observed, was assumed to be within populations
rather than among populations. The percentage of
genetic variation among populations to the overall
reported variation reflected the admixture of the two
founder populations (strains), pinpointing a common
gene pool broodstock for all freshwater aquacultures
throughout Greece. This fact was reinforced by the
obtained haplotype network, which clearly revealed
the existence of two founder nodes throughout Greek
farms. Finally, this effort could act as the foundation
for further experiments in the molecular genetics
characterization of rainbow trout (i.e. Heterozygosity
Fitness Correlation-HFC), contributing to the
adoption of sophisticated rearing programs by the
freshwater aquaculture companies.
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Abstract

As a tool for stock identification the body morphology and the free amino acid
(FAA) profile variability were determined among farmed rainbow trout Oncorhynchus
mykiss (Walbaum 1792) from different geographical areas throughout Greece, using
geometric morphometrics and Reversed Phase-High-Performance Liquid Chromatog-
raphy. Significant intraspecific body shape variation was detected among the fish
stocks of different origin. Canonical Variate Analysis distinguished populations into
two groups being consistent to a great extent with a previous population genetics
study. General linear models did not support an association of haplotypes and diet
with shape. However, shape was significantly correlated with origin, water tempera-
ture, geological-chemical-climatic zones, histidine and arginine. Therefore, morpho-
logical variation was primarily driven by environmentally induced differences among
these zones being the result of phenotypic plasticity. Environmental cues and rear-
ing conditions played the pivotal role in comparison to broodstock origin. Specimens
presented different FAA profiles depending on their geographical origin. Principal
Component Analysis showed a division between eastern and western Greece which
might be owed to the existence of climatic fluctuations affecting the abiotic factors.
This combined approach offers an important tool for stock identification thus assist-
ing environmental risk assessments in evaluation of potential ecological effects and

fostering research excellence in sustainable aquaculture management.

KEYWORDS
freshwater aquaculture, geometric morphometrics, phenotypic plasticity, population structure,
reversed-phase high-performance liquid chromatography

imported more than three million eggs from the US Fish Commission
(Stankovi¢, Stephens & Snoj, 2016). According to the available data

In the European Union (EU) the aquaculture production of rainbow
trout Oncorhynchus mykiss (Walbaum 1792), is disaggregated to large
(>1.2 kg) and portion-size (<1.2 kg) rainbow trout, with the latter
being the dominant among the vast majority of Member States.

Since the 1940s, hatcheries located in 13 European countries

derived from the Data Collection Framework (DCF) in 2011 the total
production of rainbow trout in EU reached the amount of 179,000
tons in weight and 507 million Euro in value comprising 15% of the
EU aquaculture sector. Particularly, freshwater aquaculture in Greece

is orientated mainly to the production of portion-size rainbow trout
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and in 2014 their total production accounted 1,611.4 tons (ELSTAT
2014).

In EU fish market, rainbow trout can be sold either as a whole or
fillets depending on the consumer preferences. Recently, however,
there was an increment trend from 9% to 65% in France for slaugh-
tered rainbow trout weighing more than 300 g due to the remark-
able increase in marketability of rainbow trout fillets (Agreste 2009)
implying that they comprise products of great interest for the con-
sumer. Their quality could be affected by farming practices and envi-
ronmental characteristics of each aquaculture site (Pottinger, 2001)
and hence geometric morphometrics and free amino acids (FAAs)
profile could shed light on diversity among farmed-rainbow trout of
different origin.

Both broodstock origin (Hard, Winans & Richardson, 1999;
Pakkasmaa & Piironen, 2001; Swain, Riddell & Murray, 1991; Wes-
sel, Smoker & Joyce, 2006) and rearing environment (von Cramon-
Taubadel, Ling, Cotter & Wilkins, 2005; Fleming, Jonsson & Gross,
1994; Hard et al., 2000; Hedenskog, Petersson, Jarvi & Khamis,
1997; Lohmus, Sundstrom, Bjorklund & Devlin, 2010; Peres-Neto &
Magnan, 2004; Pulcini, Wheeler, Cataudella, Russo & Thorgaard,
2013; Pulcini et al., 2014; Taylor, 1986) seem to have a substantial
contribution to the occurrence of morphometric variation among fish
populations. Geometric morphometrics comprise a state-of-the-art
method for the quantitative representation and analysis of morpho-
logical shape of organisms (Bookstein, 1991). Therefore, this method
could be used for the elucidation of stock identification among
reared rainbow trout of different origin (Cadrin, 2000; Cadrin &
Friedland, 1999). The main difference between “traditional” morpho-
metrics and geometric morphometrics is that the latter use landmark
configurations, which are translated and rotated into a common posi-
tion removing any size differences between them and as a result,
shape is totally dissociated from size allowing their distinct analysis
(Kendall, 1986). Landmarks selected are homologous anatomical loci
recognizable in each specimen providing a sufficient summary of
morphology. Moreover, the application of Procrustes-based geomet-
ric morphometrics (Bookstein, 1991; Goodall, 1991; O’Higgins, 2000;
Rohlf & Slice, 1990; Zelditch, Swiderski, Sheets & Fink, 2004)
through the Procrustes Superimposition could contribute to the
removal of variation regarding location, size and orientation. Thus,
the remaining variation corresponds to differences in shape between
landmark configurations which are analysed by multivariate statistical
methods.

According to the literature review, geometric morphometrics
have been used for other salmonid species such as Coho salmon
Oncorhynchus kisutch (Walbaum 1792), (Hard et al., 2000; Lohmus
et al., 2010) Chinook salmon Oncorhynchus tschawytscha (Walbaum
1792) (Hard et al.,, 1999; Wessel et al., 2006) and Atlantic salmon
Salmo salar (Linnaeus 1758) (von Cramon-Taubadel et al., 2005)
focusing mainly on the body shape differences between wild and
reared populations. Nevertheless, geometric morphometric studies
regarding rainbow trout populations are limited. Particularly, Seiler
and Keeley (2007) examined the differences in body shape between
cutthroat trout Oncorhynchus clarkii bouvieri (Richardson 1836),

rainbow trout (O. mykiss) and their hybrids revealing that cutthroat
trout had slender bodies and small caudal peduncles, in contrast to
rainbow trout which presented deep bodies and long caudal pedun-
cles respectively. Moreover, Nichols, Edo, Wheeler and Thorgaard
(2008) applied geometric morphometric shape analysis to quantify
the variability in body shape among phenotypically divergent dou-
bled-haploid progeny of O. mykiss. Significant variation was revealed
in body morphology and the application of thin-plate spline analysis
showed that the first six relative warps explained 77% of body shape
variation. On the other hand, Fischer-Rousseau, Chu and Cloutier
(2010) assessed by means of geometric morphometrics the early
developmental changes in body shape of O. mykiss induced by vari-
ous levels of water velocity. The geometric analyses identified signif-
icant differences in mean shapes (p < .0083) among different
treatments. Furthermore, Pulcini et al. (2013) analysed six rainbow
trout clonal lines unravelling significant body shape variation
between wild and captive clonal lines and between resident and
migratory ones. Specifically, the overall body shape was deeper in
captive lines, with longer dorsal and anal fins and shorter and deeper
caudal peduncles. Finally, Pulcini et al. (2014) examined the potential
differences in shape between intensive and organic aquacultures of
reared rainbow trout populations. The rearing method had a signifi-
cant effect on rainbow trout shape as organically reared trout
showed a higher body profile mainly in the head and trunk regions,
shorter median fins and a deeper caudal peduncle.

In parallel, apart from the use of geometric morphometrics, the
free amino acids (FAAs) profile of white muscle tissue could substan-
tially contribute to the identification of farm origin for reared rain-
bow trout populations. FAAs concentration might be site-specific as
it is affected by different environmental and nutritional conditions at
each farm site (Hwang, Chen, Shiau & Jeng, 2000). This is also sup-
ported by a recent study which confirmed significant differences in
FAA profiles of reared mussels according to their origin (Fuentes,
Fernandez-Segovia, Escriche & Serra, 2009).

The role of FAAs is crucial in osmoregulation and buffering
capacity of fish muscle (Suyama, Hirano & Suzuki, 1986; Van
Waarde, 1988). Their role in the proper function of nervous system
is of utmost importance implicating as substrates for key enzymatic
reaction and regulating the volume of nitrogen compounds (Anaya &
D’Aniello, 2006). Furthermore, not only do they comprise a signifi-
cant energy source (Van Marrewijk & Ravestein, 1974), but they are
also responsible for the characteristic taste of seafood, a fact that
enables their use as indicators for the evaluation of fish taste (Fuke,
1994).

Although many studies have focused on the measurement of
FAAs in plasma of O. mykiss (Cleveland & Burr, 2011; Karlsson, Elia-
son, Mydland, Farrell & Kiessling, 2006; Ok, Bai, Park, Choi & Kim,
2001; Robinson, Yanke, Mizra & Ballantyne, 2011; Schumacher, Wax
& Gropp, 1997; Tantikitti & March, 1995), few previous studies have
been conducted in white muscle tissue of O. mykiss (Carter, Hel,
Houlihan, McCarthy & Davidson, 1995; Yamamoto, Unuma &
Akiyama, 2000), despite the fact that it presents the highest rate of
protein accretion (Carter & Houlihan, 2001). Specifically, Carter et al.
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(1995) using a single diet investigated the impact of feeding in FAA
concentration of white muscle tissue after different time intervals,
revealing that only the essential FAA concentrations of valine, leu-
cine and isoleucine were reduced in contrast to total FAA concentra-
tions which were altered slightly. On the other hand, Yamamoto
et al. (2000) examined the influence of six different experimental
diets on the FAA concentrations of white muscle tissue inferring that
higher protein levels in diet provoke an increase in both total essen-
tial FAA and total non-essential FAA levels.

The aim of this study was the stock identification of reared rain-
bow trout of different origin by means of a combined geometric
morphometrics - FAAs profile approach. This innovative “cross-curri-
cular” approach that integrates geometric morphometrics and FAA
profiles comprises the next step following a previous population
genetics study of these reared rainbow trout populations and they
seem to act complementary to each other (Martsikalis, Gkafas, Apos-
tolidis & Exadactylos, 2014). Hence, geometric morphometrics - FAA
profiles and genetics are the interrelated “cross-curricular’ dimen-
sions of this approach articulating its benefits to tackle successfully
the key issue of stock identification. The adoption of this approach
was based on the intention to support and to raise standards in the

field of stock identification of aquaculture species worldwide.

2 | MATERIALS AND METHODS

2.1 | Sampling

The spatial selection planning process of the examined farmed-rain-
bow trout aquaculture sites was based on geographical criteria pro-
viding a wide spectrum covering six rivers, two streams and one
spring throughout Greece, representative of the entire freshwater
aquaculture sector, varying in several features such as location, geo-
logical-chemical-climatic zone, water temperature and diet composi-
tion (Table 1). According to the planning process 10 rainbow trout
farms located at different geographical areas were chosen and a
total number of 264 O. mykiss specimens were selected via dip-net

collection. All selected samples were of similar portion size adult

TABLE 1 Specific rearing conditions of each aquaculture site

Water

temperature Protein
Location Zone °C Diet (%) Fat (%)
Agistro 1 12.5 Koppens NL 42 30
Ag.loannis 1 16.0 Skretting NL  42-45 21-25
Edesseos 1 1 120 Trouvit 47 9
Edesseos 2 1 120 Biomar 42-45 25-28
Arapitsa 1 9.5 Skretting NL  42-45 21-25
Tripotamos 1 13.0 Biomar 42-45 25-28
Louros 3 14.0 Skretting NL  42-45 21-25
Megdovas 2 9.0 Skretting NL  42-45 21-25
Krathes 3 16.0 Skretting NL  42-45 21-25
Bournia 3 15.0 Skretting NL  42-45 21-25

C R

individuals of about equal weight 250 + 20 g and 20 months of age
(Agistro n = 29, Agios loannis n = 27, Edesseosl n = 29, Edesseos2
n = 27, Arapitsa n = 25, Tripotamos n = 25, Louros n = 24, Meg-
dovas n = 27, Krathes n = 24, Bournia n = 27) (Figure 1). Through-
out the different aquaculture sites the farmed specimens were
reared in concrete flow-through raceways of 1.0 m depth and prior
to their collection the fish were starved for one day. A single sam-
pling procedure was conducted when visiting each aquaculture site
at 10.00 am in a non-reproductive period during May of 2013. The
specimens were immediately killed using the semi-automatic percus-
sive stunning method, then transported under refrigeration in the
University facilities, photographed, filleted and stored at —80°C until
the conduction of analyses. Throughout the sampling procedure, pri-

ority was given to fish welfare and maintenance of flesh quality.

2.2 | Geometric morphometrics

Initially, prior to filleting and storage at —80°C, lateral digital pho-
tographs of the left side of O. mykiss specimens were taken using a
Nikon Coolpix 4500 camera mounted on a tripod. The fish size was

]

FIGURE 1 Map of Greece showing the sampling sites of farmed-
rainbow trout, the three core geological-chemical-climatic zones
(Skoulikidis, 1993; Skoulikidis et al., 2004, 2006) and the two groups
of fish populations according to geometric morphometrics and free
amino acid profile analyses. The unhatched portion corresponds to
the first group and the hatched portion to the second group. Each
freshwater aquaculture population is coded with rhombus [1. Agistro
(n = 29), 41°22'50.39"N 23726'18.15"E/ 2. Agios loannis (n = 27),
41°5'57.30'N 23°35'15.15"E/ 3. Edesseos 1 (n = 29), 40°48'30.94'N
22°0'57.25"E/ 4. Edesseos 2 (n = 27), 40°48'25.00'N 22°1'19.12"E/
5. Arapitsa (n = 25), 40°36'47.46"N 22°2'49.15"E/ 6. Tripotamos

(n = 25) 40°28'26.68'N 22°10'37.37E/ 7. Louros (n = 24),
39725'39.82"N 20°5043.41"E/ 8. Megdovas (n = 27), 39"13'1.53'N
21°44'43.74"E/ 9. Krathes (n = 24), 38°1'4.07'N 22°15'5.36E/ 10.
Bournia (n = 27), 37°19'54.77'N 21°55'53.43"E]

Institutional Repository - Library & Information Centre - University of Thessaly
13/07/2024 01:44:47 EEST - 18.119.115.201



MARTSIKALIS et AL

Lwiey- S

denoted in each photo by a ruler and prior to imaging the excessive
water on the fish skin was removed to eliminate any detrimental
reflections. In total, 15 landmarks (Figure 2) were identified in the
lateral aspect of rainbow trout and were digitized by Tpspic2 soft-
ware (free available at http://life.bio.sunysb.edu/morph/) to set land-
mark coordinates which are forming landmark configurations (Rohlf,
2006). All the selected digitized landmarks were well defined and
homologous across specimens. The identification of potential outliers
was checked using the function “Find outliers” of the software mor-
pHos (Klingenberg, 2011). In addition, a generalized least squares
(Procrustes) superimposition was applied on the formed landmark
configurations (Rohlf & Slice, 1990). Procrustes residuals derived
from Generalized Procrustes Analysis (GPA) were processed by
means of Thin-plate spline (TPS) (http://life.bio.sunysb.edu/morph/)
interpolating function (Bookstein, 1991). On the other hand, by
means of the free available MorpHOs software (Klingenberg, 2011) a
Canonical Variate Analysis (CVA) was used to display the linear sepa-
ration among the farmed fish of different origin and to calculate the
Procrustes distances between all samples. In addition, patterns of
shape change along CV1 were visualized using wireframe graphs.
Similarly, a Discriminant Function Analysis (DFA) was performed
using morpHoJ (Klingenberg, 2011) to examine the differences
between specimens derived from different aquaculture sites imple-
menting pairwise comparisons. Finally, the correct assignment of the
examined specimens was evaluated by leave-one-out cross-validation
(Weiss & Kulikowski, 1991).

2.3 | FAAs profile

The separation and quantitative analysis of FAAs was conducted by
Reversed Phase-High-Performance Liquid Chromatography (RP-
HPLC) technique using o-phthaldialdehyde (OPA) pre-column deriva-
tization. FAAs were extracted from fish white muscle tissue using
the protocol of Antoine et al. (2001) with minor modifications.

Specifically, ten grams of white muscle tissue from each sample were

%
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1° o 4° 100
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2 3 o M 12
15

FIGURE 2 Selection of landmarks (white circles) on body of
Oncorhynchus mykiss: 1. Anterior tip of premaxilla; 2. Most posterior
point of maxilla; 3. Insertion of the operculum on the ventral profile;
4. Most posterior point of the operculum; 5. Projection of the
operculum on the dorsal profile; 6. Anterior of base of the dorsal fin;
7. Posterior of base of the dorsal fin; 8. Anterior of base of adipose
fin; 9. Anterior attachment of dorsal membrane from caudal fin; 10.
Base of middle caudal rays; 11. Anterior attachment of ventral
membrane from caudal fin; 12. Anterior of base of anal fin; 13.
Posterior of base of anal fin; 14. Anus; 15. Origin of the left pelvic fin

weighed and homogenized with 40 ml 75% (v/v) Methanol, HPLC
grade for 2 min by means of Ultra-Turrax T 25 model (IKA-Labor-
technik, Staufen, Germany). In all cases, solely Milli-Q ultrapure
water (Fisher Scientific International Inc., New Hampshire, USA) was
used for the preparation of chemical solutions and their dilutions.
The extract was transferred to a 100 ml volumetric flask and 75%
(v/v) Methanol was added up to the standard volume of 100 ml.
Afterwards, the extract was stored at +4°C for 60 min and then was
centrifuged at 14,000 g for 40 min using the refrigerated centrifuge
apparatus 5810R (Eppendorf, Hamburg, Germany). The supernatant
was filtered by Whatman Puradisc syringe filters 0.2 um PTFE (GE
Healthcare Life Sciences, Buckinghamshire, UK), diluted adequately
and derivatized precisely for 2 min using OPA reagent. Likewise, the
preparation of OPA solution and the derivatization process were
applied according to Antoine et al. (2001) protocol.

The analysis of the derivatized FAAs was conducted by the injec-
tion of extract samples in a Perkin-Elmer 200 series HPLC instru-
ment equipped with a series 200 micro pump, autosampler, column
oven, degasser and fluorescence detector (Perkin Elmer, Norwalk,
CT, USA). The separation was accomplished by binary gradient elu-
tion via a Brownlee Pecosphere 3 um C18 (84 x 4.6 mm) column
(Perkin Elmer, Norwalk, CT, USA). Particularly, Mobile Phase A con-
sisted of Methanol and Mobile Phase B consisted of 1.5% (v/v)
Tetrahydrofuran in 50 mM Sodium acetate adjusted to pH 5.9.
Moreover, a linear gradient elution program of 5% Mobile phase A
to 80% Mobile phase A in 15 min was performed and the total time
of each run was 25 min. The injection of samples was applied using
a 20 pl sample loop. Throughout the linear gradient elution program
both the temperature of column oven and the flow rate remained
stable at 35°C + 1°C and 1.5 ml/min respectively. As far as the flu-
orescence detector settings are concerned, the excitation
monochrometer set at 340 nm and the emission monochrometer set
at 450 nm. Instrument parameters adjustment and analysis of the
obtained data were performed using TOTALCHROM NAVIGATOR Version
6.3. |dentification of FAAs was achieved by comparison of retention
times between the chromatograms derived from the known standard
solutions and the sample extract. An external calibration curve was
used for the quantitation of each FAA.

The statistical analysis of the obtained data was performed by
means of MINITAB 17 Statistical software (Minitab 17 Statistical Soft-
ware, 2010). Initially, an analysis of variance (one-way ANova) was
applied assessing the potential existence of significant differences
between the different farmed rainbow trout aquaculture sites. In
addition, a Principal Component Analysis (PCA) was performed indi-
cating the relationships among the examined fish populations in a
multidimensional space.

2.4 | Association of genetic data with shape data,
FAA profiles, water temperature, diet, zones, clusters
and aquaculture origin

To assess any potential association, general linear models (GLM)
were conducted among the dominant haplotype variate of genetic
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data as dependent variable and shape data, FAA profiles, water tem-
perature, diet, zones, clusters and aquaculture origin as independent
variables. The use of GLM revealed whether the haplotypes, shape
and FAA profiles differed among the aquaculture sites and their contri-
bution to this differentiation. A Bonferroni correction for multiple tests
for an experiment-wise error rate of 0.05 was used. GLM analyses

were conducted in r version 2.15.1 (R Development Core Team 2012).

3 | RESULTS

3.1 | Morphological variability

In most cases, significant differences in mean body shape of farmed-
rainbow trout of different origin were detected (Table 2). In addition,
taking into account the CVA scatter-plot (Figure 3a), the separation of
farmed-rainbow trout specimens in two groups according to their ori-
gin along CV1 (44.5%) was accomplished. These two groups consisted
of (Agistro-Ag.loannis-Arapitsa-Tripotamos-Megdovas) which were
located in the positive portion of CV1 and (Louros-Krathes-Bournia-
Edesseos1-Edesseos?2) in the negative portion respectively. Moreover,
according to the wireframe patterns (Figure 3b), the farmed-rainbow
trouts seem to present a relatively smaller cranial region and slender
body profile along CV1. Similarly, the vast majority of pairwise com-
parisons performed by DFA was statistically significant (p < .001)
apart from the population pairs of Bournia-Krathes, Bournia-Louros
and Krathes-Louros. As far as the reliability of the relative classifica-
tions is concerned, cross-validation revealed that it was substantially

high. In most cases, the cross-validation rate of correct specimen

TABLE 2 Procrustes distances

AlO AGS
between mean body shapes of ten
farmed-rainbow trout populations AGS 0.026
established in different <.001
geographical areas and the ED1 0.047 0.042
correspor)dent p values (bold) from T i
permutation tests (10,000
permutation rounds) ED2 0046  0.040
<.001 <.001
ARA 0.019 0.024
.015 .002
TRI 0.031 0.033
<.001 <.001
LOU 0.043 0.048
<.001 <.001
MEG 0.038 0.025
<.001 .001
KRA 0.042 0.041
<.001 <.001
BOU 0.038 0.042
<.001 <.001

C RwhaE

assignment was higher than 90%. However, there was an inaccuracy
of classification regarding the population pairs of Bournia-Krathes
(58%), Krathes-Louros (56.5%) and Bournia-Louros (54%).

3.2 | FAAs profile variability

The identification and quantitation of fifteen FAAs (Asp: Aspartic
Acid, Glu: Glutamic acid, Asn: Asparagine, His: Histidine, GIn: Glu-
tamine, Gly: Glycine, Arg: Arginine, Thr: Threonine, Ala: Alanine, Tyr:
Tyrosine, Phe: Phenylalanine, lle: Isoleucine, Leu: Leucine, Orn:
Ornithine & Lys: Lysine) in fish white muscle tissue was accom-
plished during the analysis of the examined specimens. It is worth
noting that the results showed remarkable reproducibility. Total FAA
values in farmed-rainbow trout populations ranged from 30.38 to
59.54 pumol g~1. Particularly, the lowest and the highest total FAA
values were presented in fish populations derived from Edesseos 1
and Arapitsa respectively. On the other hand, Gly was the most
abundant FAA in white muscle tissue throughout the fish popula-
tions of different aquaculture sites. It was followed by Ala which
presented the second highest concentration in all samples. More-
over, ANovA revealed that the majority of FAA concentrations
(p < .05)
farmed-rainbow trout origin, apart from GIn. Furthermore, according

showed significantly different profiles depending on
to the PCA results of FAA profile mean values per population (Fig-
ure 4), the existence of two groups was observed along PC1. The
first group (Agistro-Ag.loannis-Arapitsa-Tripotamos-Megdovas) solely
consisted of fish populations situated in the east of the country
(Zones 1 and 2). On the contrary, the second group consisted of the

ED1 ED2 ARA TRI LOuU MEG KRA
0.030
.001
0.040 0.037
<.001 <.001
0.038 0.034 0.024
<.001 .001 .009
0.032 0.035 0.039 0.032
<.001 <.001 <.001 .001
0.036 0.038 0.028 0.031 0.039
<.001 <.001 .001 <.001 <.001
0.021 0.026 0.036 0.031 0.018 0.033
.054 .034 .001 .010 212 .002
0.020 0.028 0.033 0.030 0.018 0.036 0.011
.052 .008 .001 .008 178 .001 776

AGS, Agistro; AlO, Agios loannis; EDI, Edesseos1; ED2, Edesseos2; ARA, Arapitsa; TRI, Tripotamos; LOU,
Louros; MEG, Megdovas; KRA, Krathes; BOU, Bournia.
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farmed-rainbow trout populations (Louros-Krathes-Bournia-Edes-
seos1-Edesseos2), which are mainly located in the western part of
Greece (Zone3) apart from Edesseosl and Edesseos2 which are
located in Zonel (Figure 1). Specifically, PC1 explained 56.3% of the
total variance of the examined farmed rainbow trout populations
and PC2 explained 21% respectively. Finally, the PCA ordination plot
showed a division of FAA profiles between specimens located in the
eastern and western part of Greece (Figure 5).

3.3 | Association of genetic data with shape data,
FAA profiles, water temperature, diet, zones, clusters
and aquaculture origin

According to GLM results, interactions between haplotypes, clusters
obtained from STRUCTURE 2.3 (p < .0001) and both Asp (p < .05),
Arg (p < .01) were significant. Similarly, there was a significant inter-
action between haplotypes and different types of commercial diets

AGIOS IOANNIS

BOURNIA
EDESSEOS1
KRATHES
LOUROS
MEGDOVAS
TRIPOTAMOS
FIGURE 3 (a) Canonical variate analysis
(CVA) scatter-plot illustrating shape
variance among farmed-rainbow trout of
different origin; (b) Wireframe changes
(dark colour) showing shape variation
associated with Canonical variate 1 (CV1)
in relation to the consensus configuration
(light colour)
AGIOS IOANNIS
AGISTRO
ARAPITSA
BOURNIA
EDESSEOS1
EDESSEOS2
KRATHES
LOUROS
MEGDOVAS
TRIPOTAMOS

FIGURE 4 Differentiation of mean free
amino acid profiles among farmed-rainbow
trout populations of different origin using
Principal Component Analysis (PCA)
ordination plot. The amount of variation
explained by each axis is 56.3% for the
First Component and 21.0% for the
Second Component

(p < .05). Nevertheless, haplotypes did not contribute to body shape
variations (p = .443). On the other hand, GLMs on shape (CV1) indi-
cated that it was influenced by the aquaculture origin, water temper-
ature (p < .01), zones (p <.0001) and the FAAs His (p <.001) and
Arg (p < .05). Specifically, shape significantly differed between the
aquaculture sites of Agistro (p < .001), Edesseos2 (p < .01), Louros
(p <.001), Megdovas (p <.01) and Tripotamos (p <.001). In con-
trast, haplotypes and diets had no effect on fish shape. In addition,
there was a significant interaction between water temperature and
several FAAs such as the Asp (p < .01), Asn (p < .01), GIn (p < .001),
Phe (p < .01) and Leu (p < .05).

4 | DISCUSSION

This study showed that farmed-rainbow trout populations derived
from several aquaculture sites, established in different geographical
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Second Component (12.0%)

FIGURE 5 Principal Component
Analysis (PCA) ordination plot showing the
differentiation of free amino acid profiles
among farmed-rainbow trout specimens
located in eastern and western Greece

areas, under various rearing conditions can be sufficiently distin-
guished by means of geometric morphometrics and FAA profiles.
Significant intraspecific body shape variation was detected
among the examined fish stocks of different origin. Particularly, the
performed CVA scatter-plot accomplished the separation of the
aquaculture sites in two groups, (Agistro-Ag.loannis-Arapitsa-Tripota-
mos-Megdovas) and (Louros-Krathes-Bournia-Edesseos1-Edesseos?2)
respectively (Figure 3a). Moreover, wireframe changes along CV1
revealed a relatively smaller cranial region and slender body profile,
attributes which both maximize fast starts of fish (Figure 3b). These
morphological differences could be both habitat-associated depend-
ing on the particular environmental and rearing conditions at each
farm site (von Cramon-Taubadel et al.,, 2005; Fleming et al., 1994;
Hard et al., 2000; Hedenskog et al., 1997; Peres-Neto & Magnan,
2004; Pulcini et al., 2013, 2014; Taylor, 1986) and genetics-related
depending on the broodstock origin (Hard et al., 1999; Pakkasmaa &
Piironen, 2001; Swain et al., 1991; Wessel et al., 2006).
Nevertheless, due to the fact that haplotypes and shape were
not fit-correlated according to GLM results, these morphological dif-
ferences were assumed to reflect adaptation to local environmental
cues and specific rearing conditions at each farm site. This assump-
tion was enhanced by the fact that a prolonged separation of post
larval fish in different environmental regimes could lead to pheno-
typic variation between stocks (Campana, Gagné & MclLaren, 1995).
Specifically, GLM analyses revealed a significant correlation of body
shape with aquaculture origin, water temperature, zones and the
FAAs His and Arg. According to the classification of Greek rivers in
three zones considering their hydrological, chemical, geological and
climatic features (Skoulikidis, 1993; Skoulikidis, Amaxidis, Bertahas,
Laschou & Gritzalis, 2006; Skoulikidis, Gritzalis, Kouvarda & Buffagni,
2004) and the apparent separation in two groups obtained by the
CVA analysis, it was revealed that the first group had fish stocks
which stemmed from north-eastern and north-central territories
(Zones 1 and 2) in contrast to the second group whose populations
derived from north-eastern and western territories (Zones 1 and 3)

respectively (Figure 1). Therefore, one possible explanation is that

C Rk

@EAST
= WEST

First Component (45.8%)

morphological variation was primarily driven by environmentally
induced differences among these two groups supporting the likeli-
hood of being the result of phenotypic plasticity (Swain & Foote,
1999). However, such results may be interpreted with caution since
factors like age or the ability to collect fully representative samples
from a shallow raceway versus a dip net-pen, or whether fish were
sampled prior to or after feeding are of major importance. Geo-
graphic morphology is likely not as responsive to such factors as
FAA profile could be. Taking into account previous studies, the criti-
cal factor that can alter the formation of body shape was water tem-
perature comprising the primary influencing mechanism (Beacham,
1990; Brannon, Powell, Quinn & Talbot, 2004; Lohmus et al., 2010).
Salmonids were found to be susceptible at even minor temperature
shifts regarding their development and fitness (Brannon et al., 2004).
Similarly, Lohmus et al. (2010) observed that different rearing tem-
peratures had a significant impact on the body morphology of juve-
nile wild-type and GH-enhanced coho salmon, highlighting that there
was a tendency to longer ventral and shorter arcs at higher tempera-
tures. Water temperature presents a significant fluctuation over
short distances due to the prevalence of mosaic environments in the
Greek landscape (Medail & Diadema, 2009; Tzedakis, Lawson, Frog-
ley, Hewitt & Preece, 2002b) contributing to the detected body
shape variation among the different sampled aquaculture sites. Par-
ticularly, taking into account the rearing conditions of each aquacul-
ture site (Table 1) the rivers of the first group had a lower mean of
water temperature (12.0°C) in comparison with the second group
(13.8°C) causing the generation of such different phenotypes.
Despite the fact that several studies mentioned a diet-induced
morphological divergence indicating that different diets can trigger a
morphological response (Andersson, 2003; Day & McPhail, 1996;
Hegrenes, 2001; Mittelbach, Osenberg & Wainwright, 1999; Ollson
& Eklov, 2005; Proulx & Magnan, 2004; Robinson & Wilson, 1995),
GLM analyses revealed that farmed-rainbow trout morphology was
not correlated with diet suggesting that shape variation was mainly
attributed to water temperature and climatic fluctuations among the

Greek rivers rather than the differing commercial diets administered
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to each aquaculture. Similar to our study and regarding other salmo-
nids species, such as the Arctic charr Salvelinus alpinus (Linnaeus
1758), Andersson (2003) reported that diet itself was not enough to
induce different specialists and that the development of resource
polymorphism was the result of other factors, such as population
dynamics or predation risk. On the contrary, Hegrenes (2001) study
examined the effect of three different diets on feeding morphology
body shape of reared orangespotted sunfish Lepomis humilis (Girard
1858) and it concluded that diet significantly affected it.

A previous population genetics study on the same samples of
farmed-rainbow trout populations (Martsikalis et al., 2014) showed
that fish populations were clearly separated in two groups (Agistro-
Ag.loannis-Tripotamos-Edesseos2) and  (Louros-Krathes-Bournia-
Edesseos1-Arapitsa-Megdovas), along coordinate 1 (77.64%), accord-
ing to Principal Coordinates Analysis (PCoA). This separation in two
groups was consistent to a great extent with the separation in two
groups obtained by means of geometric morphometrics and FAA
profiles analyses (Figure 1). In comparison with the geometric mor-
phometrics analysis, the main differences were the allocation of
Edesseos2 to the first group and Arapitsa and Megdovas populations
to the second respectively. Due to the fact that the separation of
fish stocks in two groups was identical comparing the results
between geometric morphometrics and FAA profile analyses, the
main differences between FAA profiles and the previous population
genetics study were similar to the aforementioned differences
between geometric morphometrics and the previous population
genetics study.

Moreover, Martsikalis et al. (2014) study reported that the over-
all genetic diversity was substantially attributed to the diversity
within populations rather than among them. In addition, using sTruc-
TURE 2.3 software (Pritchard, Stephens & Donelly, 2000) unravelled
two putative clusters among the farmed-rainbow trout populations
and all appeared to have individuals in both clusters. However, GLM
analyses in this study indicated that these haplotypes did not have
any influence on morphological variation (GLM, p > .05), suggesting
that the morphometric traits response to environmental cues and
rearing conditions was dominant in comparison to the genetic com-
ponent.

As far as the FAA profiles are concerned, aNnova showed that
the majority of the examined farmed-rainbow trout populations pre-
sented different FAA profiles (p < .05) depending on their geo-
graphical origin. In congruence with our results, a similar study in
reared mussels from three Spanish sites showed different FAA pro-
files attributed to different environmental and nutritional conditions
of each farm site (Fuentes et al., 2009). Therefore, the detected
divergence in our study may be linked to the particular local envi-
ronmental attributes (Medail & Diadema, 2009; Tzedakis et al.,
2002b) and rearing conditions (Fuentes et al., 2009; Hwang et al.,
2000) of each habitat. This fact was also enhanced by the PCA
results, which showed a division of fish populations based on their
FAA profiles between eastern and western Greece (Figure 5) taking
into account the Pindus mountain range acting as a natural bound-
ary. Given that the eastern part on the east of Pindus mountain

range is subjected to the influence of the Siberian anticyclone
receiving substantially lower amounts (380-640 mm) of rainfalls per
year in contrast to the western part which is influenced by low
pressures in the western Mediterranean leading to an increased
annual amount (780-1280 mm) of rainfalls (Kosmas, Danalatos &
Mizara, 1998a), it is evident that the existence of climatic fluctua-
tions between eastern and western Greece affects the abiotic fac-
tors of each aquaculture ecosystem playing a pivotal role to the
above mentioned divergence. This explanation could also be sup-
ported by several conducted studies concerning the taxonomy of
brown trout Salmo trutta (Linnaeus 1758) species complex, as mor-
phological divergence was detected between the native brown trout
(Salmo trutta) populations located in Louros, Agios Germanos (Lake
Prespa) and Aoos regions. According to standard morphological
methods, Louros population (Delling, 2010) has been described as
Salmo lourosensis (Delling, 2011), Agios Germanos population as
Salmo peristericus (Karaman, 1938) and Aoos population as Salmo
dentex (Pallas, 1814) (Kottelat & Freyhof, 2007).

This combined approach using geometric morphometrics and
FAA profiles, offers an important new tool for stock identification of
farmed-rainbow trout as both shape and FAA profile were affected
by origin, assisting environmental risk assessments in evaluation of
potential ecological effects and fostering research excellence in sus-
tainable aquaculture management.
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