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ITpoAoyog

ITpwv amo teooepa mepimov Ypovia ApYLoa va KataPale pia npoomdabeia mov néepa
amo v apyn ot Oa frav SVoKoAr). AVOKOA ylati fepa OTL Ba «EmAea» oe AyvoOOTA
vepd. Nepd oo nepteAappavayv t) ovvOeon) g PLoAoyixrg Keavoypapiag pe v
olKoAoYld TV Yaplmv. Lotooo, de OTAPATHOA OTLYHr) va moted® ot Ha ta
Katapépw. Pravovtag oto onpepa kottdlm miom pov Kat PALI® OTL Ol OIIOLEg
(POLPTOLVEG HOVO Og KAANO Hov PynKav...

O x0plog AOyog yia Vv emroyia avtrg g dtdaktopixrg datpiPrg dev etvat
alog amo v kabodrjynon too Ap. ZtoAtavov Zepapdkr), Koploo Epeovnt) oto
Ivotttovto @alacoiv Biohoywkev [Topev too EAAnvikod Kévtpoo @alacoimv
Epeovev (EAKE®E). O Ap. Zepapdkng etvat o avlpmiog 1mov yia moAAd xpovia pe
TIPA PE TV EPITOTOoLV) Tov, TV Kabodr)ynor) Tovg Kat v aydrr Tov. Moo napéyet
AOLANEITT®MG «DIIEPOVPITVKVOPEVT)» YV®OT] (A0XETOG av eym Oev elpat mavta oe 0o
Va TV d@QOHOI®Oon...) KAt pe otnpilet oe OAeg Tig SOOKOAEG OTLypég prov. Tov
ELYAPLOT® IOV VAl IIAVTOTE SIIAA POV...

Ta ayveota yia péva «vepd» g PLoAoyikrg wkeavoypagiag avélape va poo
ta Owdadel n Ap. IT. I tta, Evietalpévn Epevvrtpia tov Ivotitovtov Qxeavoypagiag
tov EAKE®E. Xwpig tnv xaboptotikr) copfoAr) g, 10 éva aro ta 000 OLOTATIKA
pépn avtrg g StatpiPrg Oe Oa eiye mpaypatonowmbet. @a ndeha péoa amnod avtd ta
Alya Aoyia va TV evyapiloTron yid Ti§ YVOOELG ITOL 1oL petedmoe OAO avtov Tov
Kapo Kabmg Kat yid TV DIOPOVE] TNG P TG ENAIELS YVMOELS 10V Og OXE0T) € TO
YVOOTIKO TNG AVTIKEIPEVO. OEN® Va MOTeD® OTL TO TEMKO AIIOTENEOPA T1) XAPOIIOoiNoe
000 K1 epéva Kat eAmde 1 ouvepyaoia pag va ovoveyioel va opiotatat Kat oto
PENOV.

Oa 1)0ela eriong va evyapiotrjon tov Kabnynt) I. Kapaxdaon yia v tpr)
IOV P10V éKaVve vd eivat o emPAEn®V g mapovoag otatpiPrs. H mapovoia tov
11poodidet d1aitepo KVPog otV datpiPry avtr), OI®G KAl Ol XpHoLpeg Iapep Pdaoetg
TOL OTNV TEAIKI] LOPP1] TOL IIAPOVTOG KEWEVOD.

IStattepeg evyapiotieg Oa rjfela emiong va arreobove ota vrooura péAn g
errtape ovg eSetaotikn)g enttporr)g. O opotpog Kadnynrrg N. Totpeviong pe tipnoe
€ TNV OOPHETOXT) TOL OVTAG EVAG AIIO TOVG PO TEPYATEG TI)G ANLEVTIKIIG EPEVVAG OTIV
ENdada. Ztov Kabnynt K. KovtowonooAo, o onoiog rjtav o avlpaIog rmov pe
IIPOOEAKDOE OTO XWPO THG OaNdooLag O1KOANOYIaG ATIO TA IPOIITLYLAKA POV AKOPA
XPOVia Kat aro Tote pe ovpBovAevet Kat pe Pondd omote Kt av to ey {ntrjoet. ZTov
Avam\npaetr) Kabnyn) I. Koopoovdovpo, Tov omoiov o evBovotaopog kat iy foridetc
TODL OTV EPEVVITIKI|] HOL HOPELd arId TNV PETAIITUXLAKT] Pov Statpifr] akopd, oo
IIAPEYOLY OLVEX®DG pla Snpovpyikn véa patid. Téog, biattepeg evyapiotieg Oa
n0ela va amevbdvve oty Enikovpn Kabnyrtpia A. paykorodlov, 1 onoia edo Kat



Xpovia pe oopPovledet, pe otnpilet Kat EPPeomS COVEPAAE Ta PEYLOTA OTHV
OAOKAIp®OT| avTr|g TG dratpiPr|s.

Agbopevoo ot 1) Tapovoa datpiPr) mpayparonouwidnke, 0to IAAioo Tov
E0PHOIATKOL epevVITIKOL Hpoypdppatog SARDONE (“Improving assessment and
management of small pelagic species in the Mediterranean” FP6-44294), to omotio ev
Pépet pe otr)P1Se OLKOVOPIKA, Oa I)TaV TPORAKTIKY] IAPUAEWYD VA PV AVAYVOPLIo®
v moAvtipn PorBeta tov Ap. A. Mayid, Atevbovtr) Epeoveov oto EAKE®E. H
ovpPoA1) To Wiaitepa 010 KOPPATL TOV SetypatoAnyov mediov (0nwmg Kat
orovdnIote aAAov tov {ftnoa T Porfetd Tov) rtav kaboploTik Kat Yopig v
epImelpla TOL KAl TI§ YVAOOELG TOL, Ta Oetypata avtg tng dtatpiPrg Oa frav
mbavotara avodnapkd...

H obvdeon g dopr)g kat Aettovpyiag g dopr)g Tov mEAayIKOD TPOPIKOD
IAEYHATOG HE TNV TPOPIKI) OLKOAOYI T®V HIKP®V MEAAYIK®V Yapiov Oe Oa eiye yivel
IOTE MPAYPATIKOTNTA OtV ITapovoa dtatpPr), av dev eiya t) Porjfeia tng Ap. 2.
Toapr. Ot yvaoelg g eIt TG COOTNHATIKIG AVAYV®OPLONG TOL PeCO(DOIAAYKTOD
ntav 1o onpeto-kAeldt avtrg g StatpiPrg Kat TNy EDXAPLOT® IOV APEVOG PE
Porfnoe oe OAa Ta oTASLA NG EPELVAG AVTIG KA APETEPOD IOV HE TLHAEL PE T QUAia
Kat v aydarr) g £d® Kat MoANa xpovia. Exoope moAd SovAetd pripootd pag akopa
ot 6vo pag...

Eivat 6edopévo 0Tt pia epeuVITIKT] IIPOCEYYLOT TIOL IePNapPdvel
detypatoAnyieg mediov pe epeLVNTIKO OKAPOG, O propel va mpayparomnowdet xopig
Vv vIIapdn Tov KATAANA oL MANPOPATOG. e avTo To Bépa fpovy Wiaitepa ToxePOAg,
kabwg etya ) dvvatotnta va exe T Pordeta tov E. Kokov, Kametdavioo too
gpeovnTKoL 0KdAPovg «PIAIA» Tov EAKE®E Kkat Tov IAnp@patog tov, oo 1)
JUTATICPVIOT] TOVG KATA Tr) S1dpKeld TV SelypatoAnyi®V arrodekvet 0Tt o
avipwrot avtot etvat 1o 1010 «gpaoTeg» TG EPELVAS, OIIMG epelg O1 LIIOAOUIOL
«TPENOD» EPELVITEG IOV TTOAAEG POPEG «OKLAOIIVIYOpAOoTe» 0To meAayos. Koot
Avyepakn), Maveln [Tapaoydaxn, Muxahn ZoopAda, Kokko Matoo, Koot
IMapaokeovd, Anprjtpn Avogavtdaxn kat Niko Mmhdado oag evyaptotem Oeppd yia OAa
KAl QVOIIOPOV® va IApe Tadiot maht. ...

Ot derypatoAnyieg eKTOG ATIO TO EUIIELPO VADTIKO MPOOMIIKO XPetadovTat Kat
avBpmmovg oo ave arod OAd etvat Stabeotpot va Kavoov OTL Iepvdet Ao To Xept
TOVLG y1d va og G1eDKOALVOLY 011 SOVLAELT 0OL. OEA® AOUIOV VA ELXAPIOTIOWM PEOA
amno avtég g ypappég  Ap. M. IavvovAdaxn, to Ap. K. Toaykapdxn kat v
(oovtopa Ap....unv Sexviopaote geg;;;) E. Zxtopévoo yia ) Poryfeta kat ) ghia tovg
eIl TOL OKAPOVG, ANAA KAl EKTOG aLTOV. OEA® va motede Ot padi oag (Kat QuOLKd pe
ToLg ZTéA0 Kat Oavdaor)) éxovpe OAA eVOLAPEPOVTA IPAYHATA VA KAVOVHE OTO
pENOV...

[ToAbtipn fTayv emiong i Porbeta xat 1) @uAia mov pov IPooEPepe Oe PEYANO
pépog g dratpifPrig avtrg 1 (emmiong ovvtopa Ap.) T. Toaykapdxn. EAmilwm oto
PeMNoV ...



Oa 1)0ela emiong va evyaplotr)om OAOLG TOL CLVEPYUTEG OTA EPYAOCTIPLO
AMetag, Xnpeiag kot Qkeavoypagiag mov oovéPalayv e Tov TPOIIo Tovg OtV
OAOKAI)p®OT avTr|g TG dratpiPris.

Oa 1n0ela va evyaplot)om OAovG TOLG PLIAOLG POV TTOL OAA ALTA TA XPOVIA PE
otnpifovy Kat pe aveyovtdat....1Wdtattepa avtovg mov Pplokovrat edwm otnv Kpnn.
(EAévn, Mupte, Koota yia oag ytondet n Kapmoava...)

Téhog, 1) oT1)P1EN TOV YOVIOV POV OAA aLTA TA XPOVLA ELVAL AVTE] IO OV
emTpérnetl va oovexilm va KAavm anTo oL POL apEoel YOPig IEPLOPLOHRONG. Ze aDTOLG
aglepwve T datpiPry avt)...

HpdxAeto, 29 Oxtoppiov 2011
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MepiAnym

210%0¢ ™G Tapovoag dTpng ftav va pehetndel  TpoeIKn okoloyia TV
000 Kuplapy®V VOV KPOV TEAAYIKOV Yopidv 6to Bopelo Atyaio, Tov Evponaikov
yavpov (Engraulis encrasicolus) kot g Evponaikhg capdérag (Sardina pilchardus).
To Bopewo Aryaio amotedel éva amd To ONUOVTIKOTEPO OMELTIKE 7edio NG
Meooyeiov ®dhaccag 66OV aopd oto UIKPE TEAAYIKO WYAPLlo, OESOUEVNG TNG
VYNAOTEPNC TOPOYOYIKOTNTOS TOV TOPOTNPEITAL GTNV TTEPLOYN OVTY] GLYKPITIKA UE
™MV oMyoTpo@ikn AvatoMkn Mecsoyelo. Xto MAGIGIO NG HEAETNG NG TPOPIKNG
01KOAOYI0G TV V0 0OV EEETAGTNKE 1 TEPLOOIKOTNTA, 1] EVTOCT] KOl 1] KATOVAAMOT)
TPOPNG Od Oetypata Tov GLAAEXOMNKOY KOTA TN SIIPKELD TEGGAP®V WKEAVOYPOUPIKDY
anoctol®v (IovAwog 2007, AskéuPprog 2007, Ioviog 2008, deBpovapiog 2009).
MelemOnke eniong 1 obvBeon TV GTOpAY KOV TEPIEXOUEVAOV KAOE €100V, [le GKOTO
va. oavoALOOUY Ol STPOPIKEG TOVG TMPOTIUNCELS Kot vo €E€TaOTEL oV 1 EMAOYN
Onpapdtov oxetiCetor pe TV OOW| Kol OPYAvVMOT TOL TEANYIKOD TPOPIKOV
mAéypotog. ['a 1o okomd avtd, cuALEXONKE 6TO EdiO0 PEYANOS aplOUOS TOPAUETPOV,
1660 TEPPAALOVTIKOV 0G0 Kot OYeTILOMEVOV e TO TAAYKTO (amd Poktiplo €mg

HecolmomANYKTO).

Ta omoteAéopata TG HeAETng €deiEov OTL Tl dVO €10Mm €Youv TOAAGL KOWd
YOPOKTNPLOTIKA GYETIKA LE TV TPOPIKT) OIKOAOYIO TOVG. LVYKEKPUEVO, TAPOVGIUGAY
KOwd TPOTLTO OTNV MUEPNOLN OWTPOPY] TOVG, TO Omoio Mrav aveEdpTNTo TOL
OVTOYEVETIKOV GTad{0V. TG KOAOKUPVES TEPLOJOVS BEPLO-GTPOUATOCNS, TO YApLo
TPEPOVTOV KOTA TN SIPKELN TNG NUEPAS, LUE TNV EVTIOOCT] TNG TPOCANYNG TPOPYS VoL
KOPLPAOVETOL KOTE TN OWIPKEW TNG OVOOOL TMOV WOPUDV TPOG TO EMUPOVELNKA
OTPAOLOTO GTO TAMIGLO TNG NUEPNOLOG KATAKOPLONG HETOVATTELONG. AvTiBeTa, KoTd
TN SLAPKELL TOV YEWUEPWVAOV TEPLOOMV AVAUELENG, 1] EVTOVOTEPT) KATOVOIAMGN TPOPNG
KATOYPAPNKE KOTO TNV OGPKEW TNG HETOVOCTELONG TPOG TNV EMPAVELDL KOl
ouveyloTke 6€ VYNAL emimeda PEXPL TIC TPMTEG PETAPEGOVUKTIEG MPeS. H nuepnola
KOTOVOA®GT TPOPNG OTTmG eKTUiONKe amd v epapproyn tov povtédov tov Elliott -
Persson kot tov povtélov tov Eggers yio v evilikn capdéia kopdvonke amd 2.02 -
3.67% tov copotikob Bapovg (TW), eved tov evidikov yavpov and 1.50 - 4.30% TW.
Avtifeta, ta 1BV Tov KhBE £1d0VG Elyov LYNAOTEPEG NUEPNOLES KATUVOADGELS OO

T0. eVAAIKO o€ kG mepiodo derypatoAnyiog, pe Tég mov kopdvinkav and 4.18 -
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5.36% TW v ) copdéha kot 1.84 - 4.74% TW yio 10 yovpo. O puOudc yootpikng
kévoong (R) peta&d ybvdiov kot evnhikov kdbe eidovg NMtav mopouolog, Onote
cvvumpyav. Katd tig Oepvég meplodovg detypatonyiog, o yoapog (téco ta 1yfudia
060 Kol To eviAMKa) elxe mepimov OmAdGlo puBud YOoTpIKNG KEveong amd
copdéra, ~0.4 h? ko ~0.2 h? avtiotoryo. H 10w tdon moapatnpnibnke kor og
evouapeoeg Oeppokpacieg (AeképuPprog 2007: Ryaspor ~ 0.2 h'l, Roapsirac ~ 0.1 h'l, EVO
oTlg YounAotepeg Beppokpacieg tov yewwava (Pefpovdplog 2009) or pvbhuoi
YOOTPIKNG KEVOONG fTav 10101 Kot yia to dvo €iom (R ~ 0.13). EmutAéov, kataypdoenke
Ht ONUOVTIK oxéon Hetald Tng MUEPNOLIS KOTAVAAMONG TPOPNG Kol TNG KATA
KepoAv owbéoung tpoeng (pecolmomhiayktol) 610 medio kol yio to. dVo €idn, M
omoio. LVTOONAMVEL TNV VTAPEN EVOC UNYAVICHOD TUKVO-EEAPTNONG OTNV KATAVAAMON

TPOPYG.

2HeTIKA PE TIC SWTPOPIKES TPOTIUNGELS TV OO0 €MV, BpédnKe OTL 1| VKN
cOPOEAD KOTAVOAMVEL VYNAEC TOGOTNTEG PUTOTAAYKTOV, o€ oavtifeon TOCO pe TO
1BvO10 TOV 1010V €idoVG 0G0 Kal pE TO YoOPo. Q6TOGO, TOGO Yo TN capdEAN OGO Kol
TO YOUPO, GYEOOGV TO GUVOAO TOV OTPOPIKOV GvBpaka mpogpydtay omd TNV
Katavolmon  {oomAoyKTtod KOl  GUYKEKPIUEVA OYETIKA peydAov (>1  mm)
Kohavoedmv  komnmodwv  (Acartia, Temora «oi Centropages), to omoio
ocvAhapfavovtay  katd maco mOavotnTo  atopuikd Kot Oyt pe  mOpoeayio
(«piitpapopor). H odvBeon g olatag ¢@dvnke va kabBopileton amd v
dwbeopdTnTo/KOTOAANAOTTO TV peYdAmv Onpapdtov. Katd tig mepiddovg Oeppio-
OTPOUATOONG, OTO0 TEAAYIKO TPOOWKO TAEYUO EMKPATOVCOV Ol  UIKPOPLoKkég
depyacieg (avoroyio avtdTpoe®V KuTTapV <20 pum : >20 pm = 13-15, avaioyia
Bropdlog etepdTPOO®V : AVTOTPOP®V TIKO- KOl VOVOTAQYKTIKYG Kuttdpwv <0.5), 10
otafopuévo péco péyefog Tov HeGol®OTANYKTOV GTO TEHI0 NTAV HUKPOTEPO KOl OL
NOLoeayotl opyavicpol, OTMG To KAASOKEPAUIMTA KOl 01 KOTNAATES, NTav dobovor. To
dePpovapo tov 2009, ta peydio avtdtpoeo kvtTapa >20 um (kuping diTop)
Kuplapyovoav Kot n apbovia Tov peyaAdtepmv kommmoddwy (m.y. Centropages) nrov
vynA. To Aexéufpo tov 2007, 6tov n oA oL vePoL eiye avaperyBel aAld n
Oepurokpacio NTav aKOUa GYETIKA LYNAY, TG0 ot pukpoflakés diepyacieg 660 kot M
KAOOIKN  TPOQIKY] oAvcida cvppeteiyov ot por evépyelag. H agbBovia twv
JTOH®V, EAVNKE VO GLOYETICETOL ONUOVTIKA Kot BeTikd pe to péso péyebog tov

pecolwonmAayktod (Kommmoda kot kKAadokepoaumtd) oto medio. Me ) oepd tov, M



avEnomn Tov pécov peyEBovg Tov Hecol®OTAAYKTOD GTO TEHIO OVTIKATOTTPIGTNKE GTA
oTopdy o Tov Yavpov kot tng capdérag. Otav ta peyodvtepa peyébovg Onpduata
ntav Ayotepo debovo oto medio (mepiodor Beppo-oTpopdtmong), tote kot ta 600
€ldn dtevpvvay T dloTd TOVS, KATOVOAMVOVTOG KOl GAAEG {OOTANYKTIKEG OUASEC.
Avtifeta dtav oto medio kvuplapyovoav peyarvtepa Onpdpato (rtepiodot avapuetng)
Kol To. OVo €idn €0e1&av (ol copn TPOTIUNGCT TPOg avTd Ta. peyédn, pe to yovpo
®OTO00 VO GTPEPETOL TTPOC T peyaddtepa dwbéoo Onpdapoto (my. Candacia,
Eucalanus) oe oyéon pe ™ ocopdéro. Avtdc o katd péyeboc daympiopoc twv
dwbéopuav tpoeikav moOpwv emPePoarmdnke amd TIC Kotavoués peyebov Ttov

OnpapdTov 610 TEdiO KO 6TO GTORAYLN TOV KAOE gldovC.

H pelét mg tpoiknc oworoyiog TV HKPOV TEAAYIKOV YOPlOV OTOTEAEL
oNUOVTIKO 7edio €pevvoc, O0edoUEVNG TNG TPOCTAOES TOL YIVETOL OYUEPO GE
TOYKOGO EMmed0, va ouvdefolv HOVTELN KATMOTEP®OV TPOPIKMOV emmeédwv (Lower
Trophic Level models) pe Proevepyntikd poviéda wopuov. H obdvdeon avty
OMOGKOTEL GTO VO EMITOYEL TNV OKPPT TPOCOUOIMOT TV GYECEDV Kol OEPYICTUDY
Tov AaUPAvVOLV Y®PO GTO OIKOCLOTNUO, T OTolo, HE TN OePpd NG, Umopel va

ypnoorombetl mg epyareio mpoPAreyng kot dworyeipiong.

A€Ee1c KAed1d: TPOQIKN OlKOoAOYio, MKPE TEAQYIKE Wapla, YoOpos, GopdEla,
dTpoPn



Abstract

The main aim of the present dissertation was to study the trophic ecology of
two of the most abundant small pelagic fish species in the North Aegean Sea, i.e., the
European anchovy (Engraulis encrasicolus) and the European sardine (Sardina
pilchardus). The North Aegean Sea is one of the most important fishing grounds for
small pelagic fishes in the Mediterranean Sea, largely owed to the enhanced
productivity of this area compared to the generally oligotrophic Eastern
Mediterranean. Regarding the trophic ecology of the two species, the feeding
periodicity, feeding intensity and daily ration was studied in fish collected during four
oceanographic cruises (July 2007, December 2007, July 2008 and February 2009).
The prey composition of the stomach contents was also analyzed in an attempt to
define dietary preferences for each species and subsequently relate them with the
structure and function of the pelagic food web. To achieve this, concurrent
measurements of environmental and plankton variables (from bacteria to
mesozooplankton) were also carried out in an effort to infer major trophic pathways in
the pelagic food web and how these are related with prey selection in sardine and

anchovy.

The trophic ecology of the two species studied was quite similar. Specifically,
the feeding periodicity and intensity was similar for the two species in each sampling
period, irrespectively of the ontogenetic stage (juveniles or adults). During summer,
both species fed consistently during daytime, with a prominent peak at around sunset,
i.e. when the vertical migration towards surface is taking place. In winter, high
feeding rates were recorded in the early night (first 6 h after sunset) but not in the
second half of the night. Daily rations were estimated by applying the Elliott-Persson
and the Eggers models and varied from 2.02 to 3.67% total weight (TW) in adult
sardines and 4.18 to 5.36% TW in juveniles. For anchovy, the respective rations were
1.50 to 4.30% TW for adults and 1.84 to 4.74% TW for juveniles. The instantaneous
gastric evacuation rate (R) was similar in those periods that juveniles and adults of
each species co-existed. In summer, anchovy juveniles and adults had almost double
R values compared with sardine (Ranchovy ~0.4 h ; Reargine ~0.2 h™). The same pattern
was noted in December 2007 (Ranchovy ~0.2 h™ ; Rexaine ~0.1 h™). In February 2009,
when temperature was lower, R was the similar for the two species (R ~ 0.13 h). A

6



significant positive relationship emerged when daily ration was regressed against the
ratio of mesozooplankton biomass to fish catch per unit effort (CPUE), implying a
density-dependent rate of food consumption in both anchovy and sardine.

Regarding the dietary preferences of each species, adult sardines consumed
large amounts of phytoplankton, in contrast to both juveniles of the same species and
anchovy. However, for both species, the bulk of the dietary carbon derived from
calanoid copepods, >1 mm total length (Acartia, Temora, Centropages), most likely
captured by particulate feeding. Diet composition and prey selection seemed to be
driven by the availability of large/suitable prey. During summer, microbial processes
prevailed (ratio of autotrophs <20 pum: >20 pum = 13-15, ratio of
heterotrophic:autotrophic pico- and nanoplankton biomass <0.5), the mean size of
mesozooplankton was smaller and filter-feeding cladocerans and appendicularians
were very abundant. In February 2009, autotrophs >20 pum dominated the carbon
budget and the abundance of larger sized copepods (e.g. Centropages) was high. In
December 2007, when waters were mixed but yet relatively warm, both the
‘microbial’ and ‘classical’ (herbivorous) trophic pathways seemed to be important.
The mean size of mesozooplankton (copepods+cladocerans) in fish stomachs was
highly correlated with their mean size in the field, the latter being in turn highly and
positively correlated with the concentration of diatoms. When larger-sized preys were
less abundant in the field, both species broadened their trophic niche, turning towards
other zooplankton preys as well. On the contrary, when larger-sized preys were
dominating the plankton (mixing periods) both species preferred such preys, with
anchovy consuming the largest available copepods (e.g., Candacia, Eucalanus). This
size-based partitioning of food resources was confirmed by examining the size

frequency distributions of preys in both the stomachs and the field.

The study of the trophic ecology of small pelagic fish is an expanding
research field, given the increasing effort worldwide to couple Lower Trophic Level
(LTL) models with fish bioenergetic models. The linking of LTL with higher trophic
level models aims at accurately simulating the functional relationships in marine

ecosystems, providing a powerful tool for fisheries management.

Keywords: trophic ecology, small pelagic fish, anchovy, sardine, diet



1. Eloaywyn
1.1 T'svika

Mwkpa tedayka Papra

Q¢ wkpd meraywa yapw (MITY) Aoyilovior to dbpopa €ldn yovpov
(anchovy), capdérag (sardine), péyyag (herring) kou mamalivag (sprat) kot amoteAovv
nepimov 10 30% g maykdouag aAevtikng mopoyoyng (FAO 2011). Eivou
opyovicpol pe pkpn owpkel {ong, tayxd pubud avénong Kot vymAn yovipoTnto
(Blaxter & Hunter 1982). ‘Exovuv moAd vynAég agboviec maykoopuimg, ot omoieg
amodidoviol Kupiwg oV KOVOTNTA TOVG VO EKUETOAAEDOVTOL OTOTEAEGHOTIKA
0PYAVIGHOVE YAUNAOTEP®V TPOPIKOV eMTEdWV, dnAadn To miayktd (van der Lingen
et al. 2009). Ta MIT¥ dwdpapatifovv Kvpiapyo pOAO GTO OIKOGLOTHUATE TOV Eivat
napovta (Fréon et al 2009), Loywm tov 0Tt pecoAafodv 6T HETOPOPE EVEPYELNS OO
To YOUNAOTEPO. TPOG Ta. VYNAOTEPO Tpo@Ka emineda (van der Lingen et al. 2009),
OTOTEAMVTOG TPOPN Yo Yapla, Barldooio ONAacTIKA, TTVE Kot QLGIKA TOV GvOpwTo.
[Tépav TG TPOEAVOVE OIKOAOYIKNG TOVG ONUOGIOG, M OIKOVOLIKY TOVLG OTNuocia,
Wwaitepa otor TOAD Tapaywyka cvotiuata avoprdcswnv (upwelling systems), sivor
tepdotio. H oleio tov MITY (pe T emaxoiovbeg peTOmomTIKEG dPASTNPIOTNTES)
ompilel Wwitepa TG OKOVOUIEG OPICUEVOV KPOTMOV G TTEPLOYES avaPAOcE®V (TT.).
X, Ilepov), pe omotéhespo ot peydhes owakvpdvoels otn Popalo tovg va
amoBoivouy KATOGTPOPIKES Y0l TIS TOMKES OIKOVOpies (.. Katdppevor anofEpnatog

70V Yawpov tov ITepod to 1972) (Alheit et al. 2009).

Yt mepocOTEPO cvotnuata (mepoyés ovoPidcewv 1 un), to MITY
amovioviot o¢ Cevyn €wov (my. yoavpoc/capdéla) kot KAbe €id0C KOTAVOAMDVEL
dwpopetikd peyédn (womiayktov (James 1988, van der Lingen et al. 2009). Xtig
eMdiyloteg peAéteg vd cvvinkeg aypoimaoiog, £xel Ppedel TG 1060 1 GoPdELA 0G0
Kot 0 YoHpog eMAEKVOOLV EMAEKTIKOTNTA L BAomn To péyeBog 1/Kot Tov TOTO TOV
Onpauatog, Wwitepo de Otav cvAlopPdvovy dwaxpitd Onpdpoata  (“particulate
feeding” n “biting”) (James & Findlay 1989, van der Lingen 1994, Garrido et al.
2007a). Ot acvyypoveg (out-of-phase) dwaxvpdavoelg ot Propdalo tov MITY, nov



TOPOTNPOVVIOL OTIS TEPLGCOTEPES TEPLOYEG OVOPADGE®V, £XOVV, TOVAYYIGTOV €V
pépel, Bewpnbel mwg oyetilovror pe TG Sweopég ot dwtpoen Tov MITY
(Schwartzlose et al. 1999, van der Lingen et al. 2006a). Mw. mpdceotn peAET)
pdaoto (Ayon et al. 2011), €de1&e v woyvpPN cvoy€Tion peta&hd TG SUKVILOVONG TNG
Bopdloc tov yavpov kot TG ocopdéiag oto Ilepod pe 1 petoforn TV
EMIKPATOVVIMV OPYAVICU®OV (Kol GUVET®MG HEYEODV) TOL TAUYKTOV, TOPEYOVTOS

woyvpn otpEn otV Tapomdveo Bewpio.

Meodyelog Oadacoa kot MITY

Ta onuavtikdtepa ybvoomobinata ocapdérog (Sardina pilchardus «on
Sardinops sagax) kat yovpov (Engraulis spp.) evtomiCovtol Kupimwg & TapaymYIKES
TEPLOYEG avaPADCEMY KOTO PUNKOG TV OVOTOAIKAOV OKTMOV TOV ATANVTIKOD KOl TOV
Eipnvikod Qkeavov. v oAtyotpopiky Mecdyelo ®ahacoa to KOPLo TAYKTOQAya.
yapa givon  capdéra (Sardina pilchardus) ko o yavpog (Engraulis encrasicolus)
(Palomera et al. 2007), to omoia evromiCovtol KLPIMG G TOPAKTIEG TEPLOYEG UE
oyetikd avénuévn mapayoywkodtnta (Somarakis et al. 2004a, Tsagarakis et al. 2008,
Giannoulaki et al. 2011). H vynAdtepn mopoayoyikdTNTO. TOV TEPIOYDOV CVTMOV
opeiletal Katd KO0 AOY0 6TV eMidpaoN VEPOV YAUNANG aAaTdTNTOS (7., 1| TEPLOYN
YOpw amd 10 0éATa Tov motapov Ebro otnv Katahovia, o KoAmog tov Agdvimv ot
FoaAMio, n mepoyn tov motapod Po otmv Adplatikn kot 1 mepoyr] tov Bopeiov
Avyaiov). H waitepn oworoywkn onuacio tov MIIY cg 6Aa ta mpoavapepOévta
owoovotiuata g Mecoyeiov €xer deyybel mpocpdtmg péca amd v avamtuén
OWOGVOTNUKAV povtédwv oolvylov palag (poviéha ECOPATH) [@dlocca tng
Kotoroviag (Coll et al. 2006), Adpatikry @dracca (Coll et al. 2007) kot Bopeto
Auvyaio (Tsagarakis et al. 2010)].



1.2 Tpo@ikn OwkoAoyia Mikpwv Iedayikwv YapiLav

Hpeprowx katavaiwaon Tpo@ng

Onwg oto vToAouta YapLa, £TCT KoL 6TO LIKPA TEAAYIKA Waplo 1] KATOVAA®GT
TPOoPNG, e€aptdror Kupimg amd 10 copatikd péyebog kot tn Beppokpacio Tov vepov
(Jobling 1998). H mocdtta mpociapfavopuevne tpoeng avéavetar pe to uéyebog tov
yaplon, akorovdavtag odlopetpikn oyéon (Jobling 1998). Xvvhbwg de, exppdletal
®G MOCOCTO €Ml TOL COUATIKOV PAPOVE TOV KOTAVOAMVETOL OTN OPKEWD €VOG
nuepnolov kKukAov [nuepnotla pepida (daily ration): ypouudpia kotavolwbeioog

TPOPNG VAL YPOUUEPIO COUOTIKOV BAPOVS ava NUEPQ].

H oyéon g xoatavdimong tpoenc pe tn Bepuoxpacio eivar mapafoAiikng
HopONG: 0 pLOUGS KaTavaAwong avédvetor 660 avéaveton 1 Oeppokpacia, TAVEL TO
péyioto o evoldpecsg Oepprokpocie Ko katdmy apyilel vo LEWOVETOL OPUCTIKA OTIC
vyniotepeg Bepuokpacieg (Jobling 1998). H e&dptmon tng katavdimong tpoeng
(mAaryktov), 1660 amd to péyebog Tov YyaploH 0co Kot and T Beppokpacio Tov vepo,
elval mopdyovieg mov YEVIKOS Aoupdvovior vmoyn oto Ploevepyntikd HovTEAQ
YOpLOV Kol, TO CLUYKEKPUYEVO, GE TPOCPATMS OVETTLYUEVA PlOEVEPYNTIKA LOVTEAQ
UIKPOV TEAAYIKOV YOPLOV 7OV CLVOEOVTOL UE HOVIEAN KOTOTEP®V TPOPIKOV
emmédwv (m.y. Politikos et al. 2011). Qot6c0, GAAOL TOPAyOVTEG OV dHVOVTOL VL
emmpedlovv emmpocheta 10 pLOUO KotavdAmong TpogPng (Ty. ewTOTEPI00G,
VOTOPUYMYIKT dpacTNPOTNTE, TPOCPUTN KATOAVAAMOT] TPOPNG), £xovv peAetnOel

erdyiota ota, yapa (Jobling 1998 kat avapopég evtog).
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TUTOL N PANAT WV KAL GTPATNYIKEG GUAANYING TG TPOPIGS

Kotd to maperbov, ot vymiég apboviec tov MITY, witepa 6e meployég
avafivcewv, anodidoviav otn dvvatdotnta twv MITY va tpépovtar amevbeiog pe
evtomhayktov (King & Macleod 1976), kabiotdviog Tig andieleg evépyetog petaly
TPOPIKOV EMITEI®MV TOAD Tepropiopéves. Qotdc0, o James (1988) oty avaivtikn
peAén mov €kave oyetikd pe ™ dlouta twv MITY avd tov kOG0, avESEIEE TO YEYOVOG
0Tl eAdytota €idn otnpilovv ™ SOTPOPY) TOVG OMOKAEIGTIKA GTO PLTOTAAYKTO (7).
Brevoortia tyrannus) 1 povo oto {womhaykto (Cetengraulis mysticetus). Tiuepa, ot
oVVIPWMTIKY TAEOVOTNTA TOovg, Too MIIY Oewpovvion mopedyol, HIKPOPAyOl
opyavicpoi (James 1988), mov KaAOTTOVV TIG EVEPYEINKES TOVS OTOUTIGELS KOTA KOPLO
AOyo amd to Lwomhaykto (w.y. James 1987, van der Lingen 2002, Garrido et al. 2008a,
Espinoza & Bertrand 2008, Espinoza et al. 2009). Qot6co, m onuocio OV
QULTOTAQYKTOV €ivan emiong HeYAAN ywo ) dwTpogn opopéveov MITY mov, wg eni to
TAEloTOV, avTAOOV TNV evépyeld Toug amd to {womlaykto [m.y. Engraulis encrasicolus
ot Notio Aepikn (James 1987) kar T Mavpn Odracoa (Bulgakova 1993), Sardina

pilchardus otic moptoyahikéc aktég Tov Athavtikov (Garrido et al. 2008a)].

Ta MIIY emdewviovy 1dwitepo €uKoploky (Katovoldvovuy To Omolo
owbéopa Onpdpata) Kol TAAGTIK] COUTEPIPOPE OGOV APOPA OTN OTPOPT TOVG
(James 1988, Garrido et al. 2008, van der Lingen et al. 2009). Awbétovv dVo KOpLovE
tpomovg mpdoAnyne e tpoenc (feeding modes): v mOpoeayia ! (mabnriy
TPOGANYT TPOPNG) Kol TNV OTOUKY] GOAANYM anoq.tdr(ovz (evepyntikn mpdGANYN
popnc) (van der Lingen et al. 2006a). H nOpoeayia ypnoyomnotgitotl katd KOpo Aoyo
Y. TNV TPOGANYN TAOYKTOVIKOV OPYOVIGU®V HKpol peyéboue, oe avtiBeon pe to
peyoAvtepa Onpapota, to omoio mpocAauPdvoviar pe evepynTikd TPOTO (OTOIKY
cOAMnyn) (van der Lingen et al. 2009). Ou capdéreg Oewpovvtor Kvpiwg un
emhextikoi nOpoedyotr opyavicpoi (filter-feeders) (van der Lingen 1994, Garrido et
al. 2007a), evd ot yovpor éviovo emAekTIKOL Onpevtég, mov katd KvpPlo Adyo
ocvAopPavouv ta Onpapatd tovg otopkd (James et al. 1988). Qotdco, 1600 0

YOOPOG OGO Kol 1 GOPOEAN UTOPOVV VO EVOALACCOVV TPOTOVS STPOPNG ULETAED TNG

! EAeBepn andSoon tou dpou “filter feeding”. Sto Keipevo xpnowponoLeitat emionc o 6pog
«PNTpApLOPO» PE TAUTOONUN Evvola

? EAeVBepn andSoon tou 6pou “particulate feeding” o omoiog ivat TAUTAONOC E TOUC OPOUC
“raptorial feeding” kat “bitting”.
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nOpoeayiog Kol ™G ATOUKNAG CLAANYNG Onpapdtov avoAdY®OS TOV TOTOL KOl TNG
ovykévipwong ¢ Aeiag (James & Findlay 1989, van der Lingen 1994, Garrido et al.
2007a). Avti axpi®g, 1 OTOTEAEGLOTIKY EKUETAAAEVOT) EVPEWMS PAGOTOG HeYEDDV
TOL TTAAYKTOV €xel TPoTadel g 0 AOYOG Yo TOV OTOI0 KATOPEPVOLV VO GUVTNPOVV

1660 vynAéc apbovieg, Wwitepa oe meployég avaPfivcewv (van der Lingen et al.
2006a).

H yvdon mg tpogikng owkoAoyiog tov MITY kot wdwitepa N emAekTikoOTTO
ocov agopd ota Onpapota (gite oe eminedo tavoyukne opddag site oe eminedo
peyéBovg) tvorl onUAVTIKY Yo TNV TOGOTIKOTOINGT TOV TPOPIKMOV GYECEDV KO TNG
PONG EVEPYEWNG OTAU TEANYIKG OTKOGUGTHIATO KOl WO10ATEP PN OTNV OVATTUEN
OKOGUOTNIK®V HOVTEA®V OV KAAVTTTOLV OA0 TO TpoPikd mAEypo (“‘end-to-end”
models) (Rose et al. 2010). T'w to. MIT¥Y mov Svvavtar va. eVOALACGOVY TNV
TPOPOANTTIKY] TOLG SLVATOTNTA HETOED NOUOPAYInG Kot OTOMKNG GOAANYNG, 1| doun
Kol 1 AEITovpyiot TOL TEAAYIKOD TPOPIKOD TAEYLOTOG TOOVAOC EMNPEGLEL ONUOVTIKA
MV EMAEKTIKOTNTA  Onpopdtov, péEcm ToL  KaBOPIGHOL TV pHeyebdv NG
Hecol®OTANYKTIKNG PlokotvOTnTag, OnAaon TG S1BESILOTNTAG KOTNTOOMV LEYOAOV
peyébovc. H vmoBeon mov €xet dotvnwbel mpoéoeata (Zynua 1.1) vrootpilel mog ot
nepPdAiovia pe kpHo vepd, TAOVGI0 6€ BpenTiKd dAata (7., TEPLOYES AVOPAVCEWDV),
TOL ELVOOLV TNV EMKPATNOTN HEYAAW®V (QLTOTANYKTOVIK®V KLTTAPWOV (Kupiwg
SlITOU®V), KUPLOPYOVV TO. LEYOADTEPOVL WEYEDOVG KMOMNTOOO, TO OTMOid OTOTEAOVV
wovikn tpoen Yo o yavpo (van der Lingen et al 2006a; 2009). Avtifeta, o Bepuég
voatves nales, ol onoieg mapovstalovy oTabepdTra (TEPLOYEG N EMOYES LE EVIOVN
OTPOUATOOT)), 1 EMKPATNOT HWKPAOV HOCTIYOTOV (VOVO- Kol HKPOUAGTIYOTOV)
EVVOEL TNV EMKPATNON TOV MWKPOV HEYEBOVG KOMNTOOWV, TO OTOl0 EKUETAALEVDETOL
OmOTEAEGLOTIKOTEPO 1 GOpdéAa (Lo NG dMONTIKNAG GLOKELNG NG TOL Elvar
KATOAANAOTEPN Y10 GUYKPATNOT WKPOTEPOV COUATIOIMV). XTI Bahdooieg Aekdveg
TOV €OKPATOV TEPLOYDV, N OOUN KOl 1 AEITOLPYID TOL TACYKTOVIKOV TPOPMIKOV
TAEYHOTOG  PETAPOAAOVTOL EMOYIKE, HETOEL TG TEPLOOOVL BEPULO-GTPOUATMOONG
(stratification) (kadoxaipt) kon g meptdSov avapeEns (mixing) (xewwovog) (Cushing
1978). Xvvenmg, n emhoyn Onpapdtov ard toa MITY pmopel va aAhaler emiong, wg

EMOKOAOVOO TOV EMOYIKOV OAAAYDV GTN] SOUT| TOV TEAAYIKOD TPOPIKOV TAEYUOTOC.
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Puoikoi TTapayovTeg

AVEUOG, KATT
OUVEXAG avApeIgn eviovn
(avaBAucn BpeTTTIKWY, KPUO) cva&céx;c:g)o non
' Aopn KoivoTnTag
QUTOTTAQYKTOU
Kupiapyia peyaiwv AiégropaMaoTiywTd Kupiapxia pikpuwv
KUTTapwv (didtoua), KUTTApwY (HaoTiywTd),
uynAn Blopdda XapunAn Blopada
3.
<
O N
® °.. °
L] ® o
X

I S

) Aopn koivéTnTag
guvoouvTtal Kw“-n'n'ébwv
MeyGAa KWTTATTOdA

guvoouvTal
MIKPG KwTTATTOda

B Meydha kwrimoda
] Mikpd kwrrTroda

MéyeBog kwTTNTTOdWV

guvoEiTal €UVOEITal
0 ETTIAEKTIKOG 0 MN-ETTIAEKTIKOG
(wg TTPOG TO PEYEBOG) (wg POg TO PEyEBOG)
Bnpeutrig Bnpeutrig

Madpog

Noéyog /B

2apdéia

IxAua 1.1. Ixnuatikd Staypappa tng dtadikaoiag pe tnv omoia n enidpacn twv GuUCIKWY
TapayovTwy propel va odnynost os eptPaANOVTIKEG CUVONRKEG TTOU EUVOOUV TO YaUpo i TN
copbéla oto cuotnua tou Peupartog tng Notwog Benguela [avaoyxedlaopévo amo van der

Lingen et al. (2006a)1.
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Tpo@wkn owtkoroyia Twv MII¥Y ot MecoyeLo

[Tapd v LYNAN OTKOVOUIKT] KOl OIKOAOYIKY] GTLLOGI0 TOVG, O1 LEAETEG OYETIKA
pe v tpoeikn otkoAroyia twv MITY kot cuykekpyéva g capdELNS Kot TOV YoHpov,
nov givor To kupiapyo amobépata otn Meodyeio (FAO 2011), eivan Ayec. EmmAéov,
Kanoteg peAéteg mov oyetiCovratl pe v Tpoeikn owoioyia g Sardina pilchardus,
éaPav yodpa otnv Iloptoyorioa (Garrido et al. 2007a, 2008a) xoi, GLVeER®G,
YE@YPOUPIKA dev Kataywpovvtal ot Mecdyelo. Qotdc0, dedopuévou OTL 11 GapdEAQ
tov B.A. AtAavtikod avrkel 6to 1010 €100¢ pe ) capdéra g Mecoyeiov, ot peréteg
omv IloptoyoMa mpoc@épovv TV KOADTEPT VEIGTAUEVY] TANPoeopic ywoo TNV
TPOPIKN owoAoyia Tov eidovg. Emiong, évag onuavtikdg aptOpoc LEAETOV GYETIKA pe
™V TPOPIKN owoAoyior Tov yavpov, Engraulis encrasicolus, éyer cvvteleotel ot
Noto Appikn (.. King & Macleod 1976, James 1987, 1988, James & Probyn 1989,
van der Lingen et al. 2006a), 6tav akoua o yovpog tng mEPLOYNS Bempovtav OTL
avikel oto €idoc Engraulis capensis. Qotdc0, yevetikég Heléteg Exovv anodeifel 0T
o minbvopog e Notwg Aepikng avikel oto Engraulis encrasicolus (Grant &
Bowen 1998) «kat, yU' avtd 10 AOY0, Ol UEAETEC TPOPIKNG OtkoAoyiog otn NOTIo

Appikn umopovv va 0empnBovv avTImPocOTEVTIKES TOVL £100VG.

Kdamoteg Baocikég mAnpogopieg, mov oyetiCovtal Le TNV TPOPIKN OKoAoyio TG
ocapdélag ot Meodyelo, Tpospyoviol amd TIC HOPPOAOYIKEG peAéteg tov Andreu
(1953, 1960, 1969) mévew otn doun Kot T HOPPOAOYia TNG dMONTIKNAG CLGKEVTG TG
OGTOMOTIKNG KOWMOTNTAG, OTIS 0Toieg mopatiBeviot Kot KATOEG CLUYKPLTIKEG OVOIPOPES
v o yoopo. [IAnpogopiec vdpyovv emiong oyetikd pe tn cHvOEoN TOV GTOUOYIKOV
neplEyopEVaV tov ybvovopedv (Conway et al. 1994, Fernandez & Gonzalez-Quirds
2006) kot v evidikov otadiov tov gidovg (Massuti & Oliver 1948, Varela et al.
1988; 1990, Garrido 2002; 2008a, Cunha et al. 2005, Sever et al. 2005). Té\og, 6cov
aQOPA GTNV MUEPNGLU SKVUAVOT Kol £VTOCT TG TPOGANYNG TPOPNGS, To dafécia
dedopéva etvar avTIpaTIKG KOl £X0VV TPOKVYEL MG «TUPATAELPO» VAIKO GTO TAAIGLO
AoV peretdv Yoo 0 €100¢. Xvykekpuévo o Andreu (1969) vmootnpiler 611 n
capdéla TpEPeTaL KATA TN OdpKewn g Nuépag, ahia o Gomez-Larrafieta (1960)
avagépel 0Tl M TpoeoAnyic cvveyiletor kol Katd TN OPKEW NG VOYTAG. XTIG
TEPLOYES AVOPAVGE®V, 1 GOPOEAN TPEPETAL ElTE GLUVEYMG gite HOVO KOTA TN dLpKELN

e nuépag (van del Lingen et al 2009 kat avagpopéc eviog).
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Mo 1o yadpo, mAnNpoeopieg oyYeTiKd pe TN oLVOECN TOV CTOUAYIKAOV
TEPLEYOUEVOV TOV EVNMK®V VTAPYOLV Yoo TN OvTikn Meosdyelo [Odhacca g
Kataroviag (Tudela & Palomera 1997), Koinog Agévtav (Plounevez & Champalbert
2000)] kot kevrpikny Mecdyeo (Adpuotiky Odhacca, Borme et al. 2009), kabmbg
emiong kot yioo tig axktéc g Alyepiag (Bacha et al. 2009). Ocov agopd otnv
NUEPNOL TEPLOSIKOTNTA, O YOOPOG TPEPETOL KATA TN OAPKELN TNG NMUEPOS UE UEYIOTN
évtaon katd t dvon tov niiov (Tudela & Palomera 1995; 1997, Borme et al. 2009).
Oocov apopd otig 1Bvovoueec Tov €100VC, TANPOPOPieg GYETIKEG He T ovvOeoT TG
diartag vapyovv yuo. OAn ™ Meodyeio [@dhaooa Kataroviag (Tudela et al. 2002),
Adprotikn Odlacoa (Conway et al 1998), Bopeio Aryaio (Catalan et al. 2010)].

1.3 To meAayiko TPOoPIKO MAEyua oatnv Meadyetlo OcAaocoa

H Meooyelog eivon piol amd T1g o 0OAyOTPOPIKEG TEPLOYEG GTOV TAAVITY, UE
TOAD LUKPEG CLYKEVIPMOELS OpemTIK®V Kot €viovn OeplLo-GTPOUAT®OTN KOTA TOVG
Bepwvovg punveg (Siokou-Frangou et al. 2010). ‘Exst yapaktnpiotei o¢ évo poooiko
VTOTEPLOYDV, OTOV 1 VOPOAOYIKN ETEPOYEVELN KOl TOAVTAOKOTNTO, OVTAVOKAATOL
TEMKA 07O EMIMESO TOPUYOYIKOTNTOS TOV pecolmomiayktod (Scotto di Carlo &
lanora 1983). H etepoyévela avtn ekepaleton pHEcm €vOC TOADTAOKOL TEAAYIKOD
TPOPIKOV TAEYUOTOG, HE TOAAOTAG HOVOTATIOL UETOPOPAS TNG EVEPYEWS OO TO
KATOTEPO OTO OVOTEPA TPOPIKA emimeda. Ta povomdtio owtd teptlapfavovy amd v
OTAY], «KAOGGIKT» TPOPIKN 0ALGION £0G TG TOAOTAOKES 000VG PONG EVEPYELNS, LE
TOVG OPYAVIGUOVG OV omoptilovy T0 Agydpevo pikpoPiakd Bpoyxo (microbial loop)
Eymua 1.2). 10 «kAaco1KoO» TPOPIKO HOVOTATL, T KOTHTOod0 HeGoAaPfovv peta&d
TOV TOPAYOYOV (Kupimg OTOUM) Kol TOV AVAOTEP®OV TPOPIK®OV emmEdmv (Whpa),
Yopig onuavtiKés andieeg otn petaeopd evépyewag (Cushing 1989). Avtd kvpimg
wyveL otV mepinTtmon TtV peYdAwv oe péyeBoc komMmOdwv (m.y. NEYAA
KOAOVOEWN), €V To HIKpd komnmodo (puikovg <1 mm) eivor wavd va
EKUETOAAEDOVTOL LE 1010UTEPA ATOSOTIKO TPOTO GLGTATIKA TOV HKPOPLIKOD TPOPIKOV

mAéypatog (Turner 2004).

ZNUHoVTIKOTOTO POAO GTO TEAAYIKO TPOPIKO TAEY O Stadpapatilovy ekTO and

T0. KOTHTOd0 Kot GAAa taxa OTmg o KAadoKepalmTd Kot To. CEAATIVMOT 0VpOoYOPdIMTA
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(komAdteg kot Putiogdn). Ot opddeg avtég mapovotalovy évitoves TANOLGHIOKES
eapoelg oe ovykekpyéveg mePLOdovg tov ypdvov (Isari et al. 2006) o
yopoaktnpilovior amd vynAovg pvopove avénong (Hoperoft & Roff 1995, Rose et al.
2004). Ta Boldooio ovpoyopdmTd eivor Yvootd 0Tt 0&l0TO100V ATOTELEGLOTIKA TO,
wkpa oe péyeboc copartidw (Fortier et al. 1994), coufdilovtog otn UETAPOPE TOV
pikpng oapkelag (ong Proyevoig avBpoka (cvotatikd Tov UIKPOPaKoy TPOPKO
TAEYLOTOG) TTPOG TIG HeYAANg owdpketag Cong deCapeveg avlpaka (m.y. tyBvoviopeeg

KoL EVIAIKO yapla) 1/Kon Tpog ta fabitepa oTpOUOTA.

Opemrmika dhata  PCO,, T °C QUEAVOLEVN
(N, P, Si) BEPUOOTPWHATWON

\

OpeTTTIKG AAaTA
+

CO;
3 ~poe - )
| q@uromAaykTév —3 / 1
B |detr|tus| Etepotpoga | °
(won)\ayxrov TPOKAPULITIKG I
KUTTapa .
/ .
Ae(paplawra EtepbTpoga O‘f"
HOCTIYWTA QQ'O*
*0
: K
MIKpA - \,«Q
TTEAQYIKA T
papia

IxApa 1.2. ZxnuaTmikd Oldypauua Twv OU0 KUPIWV TPOQPIKWVY HOVOTIATILV OTO
eAayikd TePIBAAAOV. To KAGCGOIKO TPOPIKO JOVOTTATI TTEPIAAUBAVEI TN PON EVEPYEIQG
armd TO QUTOTTAQYKTO OTA MIKPA TTEAAyIKG Wwdpla PJECwW TOU CWOTTAQYKTOU, EVW O
MIKPOBIOKOG Bpoxog TrepIAappBavel €va eVOAOKTIKO TTIO OUVOETO POVOTTIATI PONG
evépyelag. DOC: diaAupévog opyavikdg avBpakag. detritus: cwpuamdiaokd UAIKO Ot
Hop®n BpupPaTWY.
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MMeployn peAéTng

To Bopewo Aryaio, pe v ektetopuévn veolokpnmida tov (yio ta dedopéva tng
avatolMkng Mecoyeiov), eivar 10 onNUAVTIKOTEPO OMEVLTIKO Tedio Yo To. uKpd
nehoyikd yapoa otmv EALGda (Stergiou et al. 1997, Somarakis et al. 2006). Ot
avénuéveg ovykevipmoelg yapuov (kupiog MITY) oty meproym, o€ oyéon pe To VOTIO
Avyaio ko 10 I6vio, oyetiCovtarl pe ™V cLYKPITIKA ALENUEVN TOPAYOYIKOTNTO TNG
nepoyne. H tedevtaio amodideton xvpiwg oty emidpacn tov vepov g Mavpng
Odrlaccag kal, oe HIKPOTEPO Pabrd, otV amoppon TV HEYAA®V TOTOUMV TOV
ekParrovv ot mepoyn (EPpog, Néotog, Ztpouovag) (Stergiou et al. 1997, Siokou-
Frangou et al. 2002; 2010, Isari et al. 2006). Xvykekpipéva, o1 VYNAEG GLYKEVTIPDOGOELG
avopyovav OpenTik®V aAdTomv Tov vepol ¢ Mavpng Odraccag (NMO) peidvovion
évtova petd v elopon tov 6to BA. Atyaio and ta tevd tov AapdoaverMmv, YEYOVOGS
7oV €xetl amodobel oty Katavalmon Tovg Katd tn didpkeia ¢ mopeiog (advection)
tov NMO oto Awyaio (Polat & Tugrul 1996). Qot6co, to NMO o0dnyei otov
eUmAOVTIGHO TV vepdv Tov B. Atyaiov pe daivpévo opyovikd avOpaxa (dissolved
organic carbon) (Sempéré et al. 2002). O SwAvuévog opyavikog GvBpokac eivar
KaBOPIoTIKNG ONUOGTIOG Yo TIG, WOUTEPO EVIOYVLUEVES GTNV TEPLOYN], WKPOPLOKEG
Ol0IKOGiEC 6TO TPOPIKO TAEYHQ, €WOWKE TN pon GvOpoka HEGH NG WIKPOPLOKNG
Bropalag (Siokou-Frangou et al. 2002) otovg MOUOEAYOVE OPYOVIGHOVS TOV
pecolwomAayktod (m.y. Khodokepouwtd ko komnAdtec) (Isari et al. 2006; 2007).
Emmiéov, ta pikpd kommoda (<1 mm olkd pPNKOG) TOL EKUETOAAEDOVTOL
OMOTEAECUOTIKA TG OULVONKEG TOL TPOKOAOLVTOL Ond TNV  EMKPATNGCT TOV
wikpoBrakov depyacimv (Calbet & Saiz 2005), kvpropyovv 610 HEGOLMOTANYKTO TOV
B. Awoaiov, og 6povg 1060 apboviag 6co kot Popalog (Isari et al. 2006; 2011,
Zervoudaki et al. 2007).
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1.4 Xtoyoc ueAétng

H mopovoa dwtpify mpaypotomombnke o610 MANIGIO TOVL  EPEVVNTIKOV
npoypdauporogc SARDONE (‘Improving assessment and management of small pelagic
species in the Mediterranean’, FP6-44294). Ot avaAbdoelg Paciotnkay o€ detypoto
and o Topakti mepoyn tov B.A. Atyaiov mov KOAVLTTOV TOV EKOGITETPA®PO
KOKAO, TOGO TO KOAOKOIPL OGO KOl TO YEWUDVA, LE GKOTO, OPEVOS VO GLAAEYOOVV Ko
va. cuykplBovv 1660 evidiko dtopo 0G0 kol 1yB0d capdélac Kot yavpov Kot
AQETEPOL VO, EKTIUNOOVV 01 TAPAUETPOL TNG TPOPIKNG OIKOAOYIOG T®V VO EDDV GE

EMOYIKO EMIMEDO.

O K0p10g GKOTOG TNG TOPOVGOS dTPPrS NTAV 1 AvAALGT TNG cVGTACNG TOV
OTOLOYIK®DV TEPIEXOUEVAOV TNG CAPOEANG KOL TOL YOOPOL GE GYECT LE TN SOUN KO TN
Aertovpyion TOv TAAYKTIKOD TPOPIKOD TAEYMATOS, KAOMG Kol 1 GLOYETION TOV
TOPATNPOVUEVOV TPOTOHT®V HE TOLG OfloTIKOVG Kot PloTikog mePPBaArovTIKOVG
TOPAYOVTEG.  XVYKEKPWEVE, TO  Oglypato  mov  ocLAAEyOnkav oto  medio,
YPNOWoTOMmONKOY Yoo TNV EKTIUNGN TNG MUEPNOLL TEPLOIIKOTNTAG KOl EVTOONG
TPOGANYNG TPOPNG, KOOMDS Kot TG MUEPNOL0g Katavaiwong mhayktov. [Tapdiinia
eCeTAOTNKE N OVVOEST TOV GTOUOYIKOV TEPIEYOUEVOV GE OYECT WE TOV TOTO, TO
péyebog Kot v TEPLEKTIKOTNTA TV Onpapdtov o dvBpaxa e 6Komd va cuykpliovv
T 000 €101 GAAG Kol 1] CVLGTOCT TNG HlOUTAG TOVG GE GYECT LE TOVG OLOEGLOVS GTO

TEd10 TPOPIKOVE TOPOLG.
Ta epompota Tov €dnKav Nrov:

() Eivaw m mpdoAnyn Tpogng ToL Yavpov Kot TG GapdEAag cLVEXNS, M

napovctdlel KAmolo/o LEYIeTo/o EVTOS TOV NUEPNGIOV KOKAOV;

(B) Awgépel, yioo kGOe eEetalopevo €id0g, M MUEPTIOLN KOTOVAAMGT TPOPNS

n/ka1 1 oHvOESN TOV GTOPAYIKAOV TEPLEYOUEVOV PETAED 1yBLdimY Kot evnAikov;

(y) AMGCel, Yo kGOe eetaldpevo €100¢, M MUEPNOLO KATAVOA®GT TPOPTG
1/Ka1 1 GOVOEST) TOV CTOUAYIKOV TEPIEXOUEVMV KOTA TNV AVATOPUY®YIKT TEPI000 GE

oxéon pe Vv mepiodo avénomng/anobnkevong evépyelog;
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(0) Emmpedloviar, yoo kabe eEetalopevo €idog, ot pvOupoi Koatavaiwong
TPOPNG M/kar M ohvOeon TV GTOHOYIK®V TEPIEYOUEVOV amd TN dwbeoudtnTo

Onpapdtov Koun Tig aflotikéc cuVONKeG;

(e) Awpépel 1 60VOEGN TOV GTOUAYIKOV TEPIEXOUEVOV TMV dVO EOMV UETOED

TOVG KO, OV VL, TO101 01 TopayovTec mov Kadopilovv Tig S10popEc;

(o1) g n doun oV TEAAYIKOV TPOPIKOV TAEYHOTOG EMNPEGLeL TNV EMAOYN

Onpapdrov;

Meléteg mediov mov va, €EETALOVYV TAVTOYPOVO TO SLOPOPETIKG GLGTATIKG TOV
TAQYKTIKOV GLUGTHUOTOG, amd Paxtiplo MG Hecol{®OomTAayKTO Kot va. oXeTilovv 10
Blotikd xoppdtt pe T1g 0PloTIKEG TAPAUETPOLS, LITEPYOVY EAdYIoTEG 01T BiPAoypapia
(Isari et al. 2007, Fileman et al. 2011). Qotdc0, o€ Kapio TOPOUOLO LEAETN TTESIOV dEV
&xel \NeBel vtoyn o apEow YNAGTEPO TPOPIKO EMIMEDD, ONANOT TA TAAYKTOPAYQ
yape. H oMlotiky (end-to-end) mpocéyyion NG TPOPIKAG OIKOAOYiOG 7OV
aKoAovOnOnke otnv moapovco OTPIPn, OTOYELE OTNV KOAVTEPN KATOVONOCT TV
unyaviocumv mov kabopilovv TV KOTAVAA®GT TPOENG KOl TNV EMA0YN Onpapdtwv

OTO LUKPE TEAQYIKA YaploL.
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2. MgOodoAoyia

2.1 Asiypnatoinypia Ppapiov

H derypatonyia éhaPe yopa oe po pnyn (néco Pébog = 30m), mopdktio
nepoyn tov Bopeiov Atryaiov, mAinciov tov exfoldv tov motapovd Néotov (Zynuo
2.1). lpaypoatomomOnke pe 1o Epeovnrikd Zxdeog «DIAIAY» katd T1g TEPLOdoVG: ()
TovAog 2007 (S07), (B) Aekéupprog 2007 (WO07), (y) TodvAiog 2008 (SO8) xot (J)
deBpovdprog 2009 (W09) (TTapdptnua I, Tivaxag I11).

end
40°33'N
25°22'E Norapéc
NéoTog
e
e O
..({2.9‘““' ‘
Bopeio Alyaio
N. @doog P Y
; 41°06' N
{'}} 24°24'E

Yyqpoe 2.1, Tlepoyn oAieiog yodpov Kol copdélag. XMUEIDOVOVIOL Ol TPELS
otofpol derypatoAnyiog Tov PloTikdv Kot afloTik@V TapapéTpmy.

Ot GLAMYELS YopLOV TpaypoTonomOnKay e GUPGELS UG IIKPTG TEAQYIKNG
Tpdrtac (Katakdpveo Gvorypa: 7m, Gvolypo Hotiod 6To 6dko: 8mm). Zvvolkd
npaypatoromOnkav 58 ovpoeg (Ilapaptmpa I, IMivaxog I11). H ddpkew «ébe
ovpong NTav WkpoOTEPN TV 45 Aemtdv, ywo €laylotomoinoyn TG TPOKANGMG
KOTOTOVIONG OTO YAPLHL KOl TV OTOQLYN TPOPOANYING KOTA TN SIIpKELR TOV OVTE
Bpiockovtav 610 cdko (cod-end) tng tparog. Katd ) didpkelo g aAteiog, to Pabog
ovpong GAhale ovoldyog G 0€omg TOV  Wopudv ot GTAAN TOV  VEPOU.
Yuykekpyéva, katd ) ddpkew ™ nuépag, to Pabog wapépatog driale (Step-
oblique tow) ®ote vo cGuAAapPAvovTaL TOGO TO, KOS TV EVNAIK®V (eviomilopeva

Kovtd oto PvBd) 660 Kot TV ybvdiwv (mepimov 6to PECO NG GTHANG TOVL VEPOD)
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(Toaykapdaxng 2011). Koatd t didpkelo g vOyXTaG, 0l GOPOELS TPOAYUATOTOLOVV TV
KOVTQ 0TNV eMPAveLD KaBDGS, Alyo Tptv T 6061 TOL NAOV, TA YAPLO TPOLYLOTOTOOVY
KOTOKOPLPY UETAVAGTEVOT TPOG TNV MPavela. Omov kot dwnoneipovron (Giannoulaki
et al. 1999). Agdouévov 1OV TPUKTIKOV OSVOKOMOV OTNV TPAYUOTOTOINoN
ewootteTpdopng  derypotolnyiog  emi  tov  E/A «®IAIA», o1 olpoelg
TPOYUATOTOWONKOY GE O1000YIKEG NUEPES, OALL OLOPOPETIKES DPES, HE OKOTMO Vo
KaAVPOel, 660 TO SLVATOV KAAVTEPQ, O NUEPNOLOG KOKAOC. L€ OPIGUEVES TEPIMTMGELS,
elte MOy®m OvoUEVOV KOUPIKOV ouvOnkdv, €ite AOy® aveEMITLXOVS GUPONG, Ol
CUAMYELS YOOPOU Kol GOPIEANG NTAV UNOEVIKEG. ZUVEMMG, YL TNV EKTIUNOM NG
NUEPNOUG TOGOTNTOS KATOVOA®OEIGOS TPOPNG KOOMS Kol TN TEPLOIKOTNTAG GTNV
TpooANYia, evomomOnkav to Ogtypoto omd TG OWPOPETIKEG MUEPES Kot
KatotdyOnkav oe 8 ddoykd daoTNUATO EVPOVS 3 MPAOV £KAGTO, OVOTUPIGTOVTOG
pe avtdV ToV TPOTO £vay 0AOKAN PO NpepNoo kKuKAO (dnAadn 23:00 £wg 02:00, 02:00
¢m¢ 05:00, ..., 20:00 émw¢ 23:00 h).

Metd oand «dbe ovpom, To Yaplo TOTOOETOVVIOV AUECOH GE TOYMUEVO
Bodacovd vepd («maydvepo») ywoo vo dtakomel 1 dpdon TV TENTIKOV eVIOU®V.
AxolovOnoe dSwwAoyn oe 4 khdoelg olkolh pnkovg (capdéia: 40—80, 81—-100,
101-120 wor >120 mm; yavpoc: 35—80, 81—-100, 101-120 xor >120 mm) ko
tovAdyotov 40 yhaplo avd KAdon pnkovg (6mote avtd MoV £PIKTd) KotayHovTay
aueca otovg -35°C. T 11 oyetilOpeveg Pe TNV TPOPIKN OKOAOYioL emaKOAOVOEC
OVOAVGELS, TO Yaplo Katnyoplomomdnkay TeAkd oe 0V0 6Tddo: oVTO TV 1OLdimV
(juveniles,<100 mm) kat avtd TV evnAikov (adults, >100 mm ), kotémy evomoinomng
TV 000 pkpdtepwv (40—80/81-100 1 35—80/81—-100 mm) kot TV dV0 peyaAdTEP®V
(101-120/>120 mm) apyikdv kKAacewv peyébovs. H véa katnyoplomoinon £yve Aoy
TOV HIKPOU aptBpov yopidv oe KAmoleg amd TS apykés kKAdoelg peyéboug yuo kaOe

tpiwpo ddotnua derypatoinyiog (PA. «AmoteléopaToy).

Téhog, emmAiéov Odelypota yopldv omd TS GUPCES GLAAEYOMKAV Kot
xpnowomomOnkav ce cuvdvacpd pe T detypota mov ypnoyomomonkay yo Tic
oXeTIOUEVEG UE TNV TPOPIKY OIKOAOYIOL OVOADGCELS, YO TNV EKTIUNGCT TOV GYECEMV

puKovs-Papovg avd derypatonmrikny nepiodo.
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2.2 Asiyuatoinypia BLotikav kat aflotikwv mePIBairovTIKwV
TapauéTPwv

Mo v kataypaen TOV QUOIKOYNUK®OV TAPAUETP®Y TNG CTHANG TOL VEPOD
ypnoonomdnke Pabvbeppoypdpoc (SBE 25 CTD profiler) oe 3 otabupodg mov
OVTIOTOYOVGOV TTEPITOV GTNV OPYY], LECT KOl TEAOG TNG UEOTG TTOPEiNG TV GUPGEMV
g mehaywkng tpatag (Zynuo 2.1). Hpaypoatomombnke emiong oTpOUATOTOWUEV
derypotonyio pe eradeg Niskin tov 5 |, ota 0, 7, 14, 21 kot 28 m Babog, ywo v
EKTIUNON TNG GLYKEVTIPMONG TOV SloAVvpEVEDVY avopyavov Bperntikov oldtov (NO2,
NOs5’, PO4>, SiO2) kot g yhopoedAing a (Chla), kabdc kat tne aphoviag Tov miKo-,

VOVO-KOIl LIKPO-TIAYKTOV.

I'o tov pocdopiopd g Chla, vepd (0.5 1) piktpapiotke o @idtpa GF/F
(47 mm, Whatman). Téco ta ¢iltpa GF/F 660 kot to dmbnua kataydydnkav dueca
otovg -35°C. Xt0 egpyacthplo, mpocdopictnke N  ovykévipmon  Chla
ypnoporowwvtag ehopiopopetpo Turner TD-700 (Yentsch & Menzel 1963), evd 1o
omonua (PA. avetépm) avaidbOnKe yio To OOPOPIKA, TO TUPITIKE, TO VITPOON KOl TO.
VITpIKa dAato, copeovo pe T pefddovg mov meprypdpovtal amd tovg Strickland &
Parsons (1972).

Empépovg detypota vepod amd t1g eraieg Niskin, ypnoyomomdnkay yio tnv
EKTIUNON TNG GLYKEVTIPMONG TOV TIKO- [anTOTPOPmV KvavoPaktnpiowv Synechococcus
spp. (Syn) kot etepotpomv Paktnpinv (HB)] kot vavomlayktov [avtdotpopmv (ANF)
kot etepoTpov (HNF) vavopoostiyotov]. Ta detypota avtd cvvinpribnkav ce
dwlvpa opproAdElONG puBcuévov pe Bopaka (tedkn ovykévipmon 2%). Zn
ouvéyela, axkorovBnoe ypmon pe DAPI, guiktpdpicpa ce povpo moiv-ovOpokikd
oidtpa (25 mm, Poretics) mopov 0.2 um (10 ml t6c0 yo ta HB 660 kot yio ta Syn)
kot Topov 0.6 pm (30 ml 1660 yw Too ANF 660 kan yio too HNF), ko o1 opyovicpol

Katapetpnnkay pe pikpookonio empbopiopot (Porter & Feig 1980).

Ta ANF kot too HNF dwyopiomkav og ta&eig peyébovg, dniadn <5 pum, 5-10
pm kot 10-20 pm. Ot agBovieg Tov mKomlayktov petatpdnankay o€ Propdalo davipaka
ypnoonowwvtag ) petatponn 20 fg C ava kotrapo ywo o HB (Lee ko Fuhrman
1987) ko 250 fg C avd kottapo yuo to Syn (Kana & Glibert 1987). Ot apbovieg tov
ANF xow HNF oapywcd petatpdnnkav oe Pro-oykovg (uetd t pétpnon oAwv tov
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SOTAGEMV Kot TN XPNOTN OTADV YEOUETPIKAOV TOTMV) KOl 6T GLVEXEW. o€ Propdla
avOpoka, Bsopdvioc 183 fg C avé pm™ (Caron et al. 1995). To Seiypora
SWVOLACTIYOTAOV, STOU®V Kol PAEQPAPO®TOV dtatnpnnkay o 6&wvo didlopa Lugol
(2%) ko avarOOnKay pe avaotpoen pikpookomio petd amd kabilnon 10 éog 100 ml,
avdAoya pe TNV TukvoTNTa T0L deiypatog. Ot Tpocsdlopiopol TpaypaToTomdnKay 6to
YopunAoTeEPpo duvatd toSvopukd eminedo. H didkpion TV SVOHOCTIY®T®V OF
avTOTpOPO KL €TEPOTPOPa.  (oWTOTpOPO  dtvopootiywtd: AD,  etepdTpoa
dwopaotiyotd: HD) éywve PBacer Piproypaeiog, oyetildpuevng He TOVG TPOTOVG
datpoPng ¢ kabe avayvopiopévng tavopkng opdoag (Tomas 1996). Ot apBovieg
TV JSTopemy Kou tov AD petatpdmnkay apyikd o€ Plo-0ykovg yp1CILOTOIDOVTOG
eClowoelc and tovg Hillebrand et al. (1999) kot ot cvvéyeln peTatplnnkoy oe

Bropala avBpaka pe tn ypron eélocmoemv amd toug Menden-Deuer & Lessard (2000).

Agtypoto pecol®omAayktoh Kol HKPOTAAYKTOU GULAAEYOMKav pe kdBeteg
ovpoelg evog oetypatonmmn WP2 (Sidpetpog 58 cm, mwopog dtytvov: 200 um) won
wog pkpoypagiog tov WP2 (diduetpog 25 cm, mopog yalag: 50 um), avtiotouyo.
Metd v avéxtnon tov d1ytvov, 1o detypa ywpiomke ota dvo. To TpdTo VIOdElypa
xpnowonomdnke yw tig ektyunoetg g Propdloc. To devtepo, cuvinpndnke oe 4%
StdAvpa popuardetong pvbuiocuévou pe Bopoka. to epyactnplo, o kKAaopa 50-200
pum (Tov TPOEKLYE PETH TO TEPUGLO TOV JEIYUOTOG KPOTAQYKTOV amd kooKivo 200
pm) ypNoHoTOmONKeE Yoo TV eKTipnomn g agboviog Tov vaurMov Tov Komnroddwy,
evd 10 KAdopa >200 pum (detypo pecolmomhiayktov), ypnoomomdnke yio v
avayvoplon Kol Ty ToSvopukn ektipnon mg agboviag tov peyoldtepov peyEBouvg
taxa tov pecolmomiayktoy (T.y. KOMMmodd, KAASOKEPUIMTA, PUTIOEWDN, KOTNAALTES,
KAr.). Ta Kommoda kot To KAASOKEPUIWTE TPOGIOPIGTNKAY GE EMINEdO TOVL €100VC,
o6tov avtd Nrov dvvordv. H extipnon tg Poopdloc tov pkpomAloyktod Kot TOL
pesolwomAayktol mpaypatomomonke yo to KAdopato 50-200 pm kot 200-2000 um
avtictorya, petd amd v amoppwyn tov opyavicpav >200 um kot >2000 um. To
Kdbe KAhdopo outpopiotnke oe mpolvywopéve @idtpa (Whatman, GF/C) ko
EnpavOnke otovg 60°C péypt ) otabeponoinon tov BApovg tov.
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2.3 Enséspyaocia kat avadvosis ota papia

210 gpyaoTtnplo, To yaplo amoyHydnkav kol petprinke 1o olkd pnkog (TL,
mm), 1o oAwkd Papog (TW, 0.01 g) kot to PBapog Gvev eviocHiov kol yovadwv
(eviscerated weight, EW, 0.01 g) yio kabe dtopo yopiotd. Katayphonke emniong to
(@ULO, TO LOKPOGKOTIKO GTAOI0 YEVETIKNG mpitovong katl To Bapog g yovadag (GW,
0.1 mg), 6mov avtd ftav epiktd. H katdtaén oe HOKPOGKOTIKG GTASIO YEVETIKNG
opipovong Tpaypoatomotdnke akoAovdmVToS To YOPUKTNPIGTIKE TOV POIVOVTOL GTOV
[Mivaxa 2.1 yuw xaBe otdoo. o ™ peyoddtepn axpifelon TOV HOKPOSKOTIKOV
otadiwv, N mopovsios AEKIOKOV 1 KOl EVLOATOUEVOV MOKLTTAP®Y emaAnBevdnke
emmpociTmg pe mapatpnon oto otepeockoOmo. To pukog oto omoio to 50% TtV
aTOH®V TV YEVETIKA Opipa (Lsp) extiundnke amd 10 1060010 TOV ATOUOY TOV NTAV
YEVETIKA OPYO CE GYECN LE TO TOCOGTO OVTAOV TOV OEV NTOV, GUUP®VO HE TN

AOY1GTIKY| GYéon:
P=¢e v1+v2XL/ 1+ e vi+v2xL (l)

Kot M Ty Tov Lsp (kaBag kot ta 95% opia epmictochivig) extiundnke and v oyéon:

L50 = -V1/V2 (2)

, OOV 01 TOPAUETPOL V1 KOl V2 VITOAOYIGTNKOV YPNOILOTOIOVTOS TOV OAYOPIOHo TOL
Fryer (1980) péow g upeyworomoinong g log-likelihood ypnowomoidvtag Tig
dwdikaoiec tov Petrakis & Stergiou (1997).

2T oLVEXEW, YO TNV EKTIUMOM NG MUEPNOWS KATAVAAW®GONG, TO TEMTIKO
cvoTpa aPalpEdnke, To oTopdyl ovoiydnke Kot Ta TepLEYOLEVA, 0POoV KabapioTnKay
ue aneotaypévo vepo, euiktpapiotkav oe mpolvywopéva eiktpo (Whatman, GF/C)
kot Enpavinkav otovg 60°C €wg otabepod Papovs. Movo 10 mepPlEXOUEVO TOL
OTOUOXOV YPNOWOTOMONKE OTIC OVOADCELS, EVAD TO TEPLEYOUEVO TOVL EVIEPOL
amoppipdnke v vo peiwbel 10 cOAAUN TOV TPOKAAEITOL OO TOLG JLAPOPETIKOVGS
puOuovg mEYNg ota dVo avTd Opyave KAODSG Kot TOVG SPOPETIKOVS YPOVOLG
TOPOALOVAG TV O10popmv Tomeov Agiag oto éviepo (Hyslop 1980). Xtnv mapovoa
dwTpiPn, 10 ENPo PAPOg TOV CTOUAYIKOV TEPLEXOUEVOV XPNCILOTOMONKE OC HETPO

NG TOGOTNTOG TPOPTG TOV VITAPYEL GTO GTOLAYL.
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Mivakag 2.1. Mepiypa®r Twv JOKPOOKOTTIKWY OTAdIWY YEVETIKAG WEIKAVONG.

21adio Mepiypagn atéouwv Mepiypagn yovadwyv

I Avwpipa (immature) Movadeg pn opatég A Tmou KataAappBavouv péxpr 1/3
TNG CWUATIKAG KOIANGTNTAG. Ald@aveg 1 TTOAU apudpd
XPWHATIOPEVEG YOVADEG, XWPIG EPPAVH woKUTTAPA.

Il Qpipa R PePIKWG
woevatroBéoavta
(mature or partially spent)

Novadeg TTou KataAaudavouv atmd 3/4 wg oAGKANPN TN
owaTIKA KOIAGTATA. Epgavi AekiBIkd wokUuTTapa

" QotokouvTa (running) Movadeg Tmou kataAauBdavouv atrd 3/4 wg oAdKAnpn Tn
owpatikA KoIAGTNTa. Epgavi evudatwuéva wokUuTTapa

% QoevarmroBéoavta (spent) Tovadeg Tou KaToAapfdavouv < 2/3 Tng KOINIOKNAG
KOINOTNTAG.  SUPPIKVWUEVEG YOVAdEG HE TTApoudia
OPICUEVWV  HIKPWYV  AEKIBIKWV  KUTTApWVY  (KUpiwg
ATPNTIKWYV)

H oyéon unxovg-Papovg (EW) tov yapidv mov cuAliednkay, 6tav 6to mtedio
CUVLTINPYAY UIKPOV Kol peyaAov punkovg yapta tavtodypove (Tlapapmua I, Tivoakag
I11; Hopdapmuo II, Zynua X1), eréyyOnke yo va dwomotobel v vanipye Kamoa,
OAAOYY] TNV GAAOUETPIKY abENon TV yapldv Tov Ba pmopovoe va ypnoipomonel
010 daympiopd ybvdiov amd eviiko (Nikolioudakis et al. 2010). T 0 okomod
avtod, ypnowomominke o tTuNUoTiky (Piece-wise) ypapuky moAvdpounon g
HOPONC:

log(EW) = bo + by x log(TL) + bz x {[log(TL) — bs] x [log(TL) > bs]}  (3)

6mov bo: to onueio toung pe tov afova Y, bi: m khion g evbeiog 610 GTASW0O TOV
Ovdiov, by: n petaPorn g Khiong mov odnyel oty Khion g evbeiog TG oyéong
KOTA TO EVIIAMKO 6TAd10, Kat D3, To punkog alhoyfg ™G AALOUETPIKNG oyEong omd To

10V ota evijika (Nikolioudakis et al. 2010).

YrnoAoylotnke emiong n péom Poopdlo culinedéviov atdpov ovd povéoo
aAevtikng mpoonabeiag (CPUE) vy 1o kdOe €idog (kg/didpkela ovpong [oe h]), yu
TIg OUPOELS TOL TPUYHOTOTOWONKOV KaTd TN Odpkel g VOYTOG, Kot
ypnowonombnke ocoav deiktng ¢ oaeboviog tov KABe €ldovg oV TEPLOYN

detypatonpiog. Ot voytepwvéc chpoelg Bewpnnikay mo AvVIITPOCOTEVTIKEG OO
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OUTEG NG MUEPOS, OEOOUEVIG TNG MUEPNOLOG SOKVUAVOTNG GTI GLUVOOPOIGTIKOTNTO
TOV Yopldv (GYNUOTICHOS KOTOSMV KATA TN SIPKEL TG NUEPNS), TOV d0POopOV
oV KotokOpvuen katovou ybvdiov kot evniikov kol Tov oAAaydv oto Babog
obpong (PA. mopomdvem) katd ™ ddpketa g nuépag (Koeller et al. 1986, Wilson et
al. 1996).

To otabuopévo copatikd Bapog (SC) tov evniikwv 1 TV 1dudiov oe Kabe
detypotonmtiky mepiodo (SP), ektiunuévo pe avaivon cvvdotakvpovong (Analysis of
Covariance, ANCOVA), ypnowonmomdnke ¢ Ogiktng upmoTtiog TV yopidv
(Somarakis et al. 2011):

log(SC) = a + by x log(TL) + by x (SP) + bs x log(TL) x (SP) (4)

6mov a 1o onueio Topung pe tov dova y kot by, by bs o1 cvvieleotég Tov yeviko
ypapukod poviédov. O otabuicpévog uécog 6pog (adjusted mean) omd 1o povtéro
™G ANCOVA 7y kd0e deryplatoANTTikn mepiodo avTmpoo®neDEL TN HEGT) COUATIKN
evpwotia (Patterson 1992). A posteriori cvykpicelg g gvpwotiog peTald ToV
OEYHOTOANTTIKOV TTEPLOd®MV TTpoypotomomOnkay petd and 010pbwon tov emmédov

onuovtikdétTTag pe t uébodo Bonferroni.

Huepnowa meplodikotnTa, £VTaot) Kot NUEPNOLA TOGOTITA
KATAVaAwOeloag TPo@1G

Yvvolkd 1934 ctopdyia capoérag kot 1698 yadpov ypnoipomombnkay yio
™V avdALoN NG MUEPNOLUG TEPLOOKOTNTAS, £VIOONG KO MUEPNOWG TOGOHTNTOGC
katavaiwbeicog tpoeng. Ta ddela otopdyto dev ANEONKAY VoY, OTMG TPoTEivETOL
and tovg Bromley (1994) ko Rindorf (2004). I'a kG0e wapt, vroroyiotke emiong o
deiktng otopaykng TAnpotntag (SFI):

SFI = DW x 1000/EW (5)

6mov DW (0.1 mg) to &npod PBapog tov otopayikmv mepleyopévov. O SFI (ko
dpopeg mapardayég TOov) omoteAel éva OgikTn OV YPNOIUOTOIEITOL EVPEMS OF
HEAETEG EKTIUNGNG TG NUEPNOLOG TOGOTNTOG KaTtavarmnbeicog tpoenc (m.y. Tudela &
Palomera 1995, Héroux & Magnan 1996, van der Lingen 1998, Plounevez &
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Champalbert 2000). Qot660, N €€€toon TV 1B10THTOV Tov SFI KOt GTaL dVO €idN TOL
avoALONKOY aTOKAAVYE oL 1GYVPY] CLGYETION TOV OEIKTN UE TO COUOTIKO néyeBog

(BA. «Amotedécpatay).

Yvvenmg o SFI dg ypnoywomomOnke o€ Kapio omd TG akOAoLOES avaADGELC.
Avtifeta, ypnowomombnke 1o Enpod Papog tov ctopayikdv mEpEyouéveay (DW)
UETE amd GTAOUIGT TOV Yo TNV EMOPACT TOV UEYEHOLE TOV YOPLOV, YPTCILOTOLDVTOG
vevikevpéva ypapukd povtého (GLMs; McCullagh & Nelder 1989). H e€aptnuévn
petafAnti ntav 1o DW, evd ot emeEnynpatikég petaAnTEC Tav 1 OEYUATOANTTIKN
nepiodog (SP), to ypovikd dotnua derypatoinyiog (TIME), to Bdpog tov yopiov
(EW) ko1 oty mepintwon tov evniikov, to @OAo (G). H kotolnlotepn cuvOeTIKn
ovvaptnon (link function) kot oTATIOTIKY KOTAVOUTY TMOV VTOAEWUOTIKOV TULOV
emAéyOnkav pe Paon v e€éraon tov vrolewpotikov twov (residual plots). H
katavoun [dupo oe cuvovLAGUO PE TN AOYOPIOIKY] GUVOETIKT GLVAPTNON KpiOnKav
o¢ emapkelc ko ypnowomombOnkoav. Ot avoldoelg  mpoypoTomomonKav
YPNOoonoLdVTaS TN YA®coa tpoypappatiopod R (R Development Core Team 2009).
To minpec povtéro e€etdotnke apyikd (OAeg ot Kopieg emdpdoelc [main effects] xat
ol aAAnAemidpaoelg [interactions]) kot ypnoponomdnke to kpirrnpro AlC kot omicHia
amoppyn (backward elimination) (stepAIC function, R package ‘MASS’, V7.3-5;
Venables & Ripley 2002) yia vo. emtleyovv ot telikoi Opot (terms) Kot ot GLVIELECTEG
oV poviélov. To minpogopraxod kprripro tov Akaike (AIC; Akaike 1974) otaBuilet
10 BaBud mpooappoyng evog LOVTELOL pe ToV apliud Tov PETAPANTOV, LE OKOTO v
emkeyel 10 MO QWA povtédo. MoOvo ot dpor gkeivor mov GuVEIGEPEPAV
OTOTICTIKOG ONUAVTIKO 6T0 poviédo odwtnpndnkav. Ot otobuiopéves tipuéc DW
(marginal means) vy k@Oe derypatoAnmTK TEPIOSO KOl YPOVIKO SdoTnua
derypatonyiog (‘effects’ package; Fox 2003) ypnoponomnkoy tedkd g dedopéva

Y10L TOL LOVTEAQ KOTOVAAMOTG TTOL TEPTYPAPOVTAL TOPUKATO.

H extiunon g nuepnowg mocodmtoag Katavoimbeicag tpoeng, £ywve pe 2

EVPEMG YPNOYLOTOOVUEVO LOVTELD KOTOVAAWDOTG:
(1) to povtéro twv Elliott & Persson (E-P) (Elliott & Persson 1978) kot

(2) o povtéro tov Eggers (Eggers 1979)
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10 povtédo tov Eggers, n mpdsinym tpoepng Bewmpeiton cuveyng kot otabepn
KATé TN GLVOAIKN S1apKELL TG TEPLOdOV TPOSANYNG TPOoPNS (Tt), v 6TO HOVTELD
tov Elliott & Persson n tpdoinym tpoeng Bempeital cuveyng Kot otadepn Lovo eviog
K@Oe Sadoykoh ypovikov Jdwaocthuatog dstypotoinyiog. H ekbetikny peioon g
TOGOTNTOG TV GTOUAYIKAOV TEPLEYOUEVOV LE TO XPpOVO givar Pfactkn tpoimdbeon Kot
v, ta 600 povtéda. Emmdéov, yio va amodmoet pe akpifeia, to povtéro tov Elliott &
Persson amattei daotpoto dsrypotoinyiog < omd 3 h (Elliott & Persson 1978). T'a
10 povtého tov Elliott & Persson, n xotavdiwon (Ct) ywo kdbe dSidotnuo
derypotonyiog (t = 3 h) extundnke og akorovOwg:

Ct = [(St— Soxe V) xRxt] /(1 —e Y (4)

omov Sp kot S; eivan to otabuicuévo ENpd PAPOC GTOUOYIKOV TEPIEXOUEVOV GTNV
apyn kol to T€Ao¢ kbe 3wpov OloTAHOTOG detypatoinyiog kot R o otiypiaiog
puBude yootpikng kévmong (instantaneous gastric evacuation rate). H nmuepro
katavaioon tpoepnc (Cegp) vmoloylommke g tO0 dBpolcpa TV ETMPEPOLS
KATOVOADGE®V Yo OAN TN SWIPKELD TNG TEPLOOOV TPOGANYNG TpoPNG. H didpreia g
TEPLOOOV TPOCANYNG TPOPNG VIOAOYIGTNKE MG 1 TEPi0d0g amd T0 €AAYIOTO ®G TO
uéyiotro otobuiopévo Enpd PBapog otouayikov mepieyopévov (Tudela & Palomera
1995). T'a to povtédo tov EQQers, m muepnoll KATOVAA®ON EKTIUNONKE ©C

aKoAoVOmC:
Ce=Sag X RxTs+ (Sb—Se) (6)

0mov Sayg elvar 0 pé€cog Opog TtV oTOOUICHEVOV TIUOV PAPOVS GTOUAYIK®OV
TEPLEYOUEVOV KT TN dbpKeELn TG TEPLOdOL TPOSANYNG TpoPnG (Tr), kot Se ko Sp
etvar to otopoyo mepexdpevo (DW) oo téhog kar v apyn ™g Ts, avtictoya. To
LOVTEAD anTO TPOoHTOOETEL OTL TO PAPOS TV CTOUOYIKMV TEPLEYOUEVOV LETOPAAAETOL
ONUOVTIKA amd TV apyn ©¢ 10 TéAog TG T+. To tumikd cedipa yio v Katoviilmon
(Cep) mpooeyyiotnke pe tn pébodo 6 (Delta method) 6mwg mpoteiverar amd v
Worobec (1984).

O otypoiog pvBudg yootpikng kévmong (R) extyundnke 60nwg mpoteiveton
ar6 tovg Héroux & Magnan (1996). T'w 6Aa ta dwdoykd Levyn cVLPGE®V TOL

TpaypatoromOnkav v ida nuépa, vroroyiomke o R pe Pdon ) oyéon:

R=(InS;— InSp)/ti  (7)
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omov t; etvar 10 mpaypoTIKd Ypovikd ddotnuo petald tov ocvpoewv. O otiypiaiog
PLOUOG YOOTPIKNG KEVMOOTG TOV YPTGLOTOWONKE Y10l TOV VITOAOYIGHO TNG NUEPNOLOG
Katavaiwong Nrav n péyotn i R mov Ppébnke (Rmax). O R exktiunnke yuo kéOe
detypatoMmtiky mepiodo yopotd Yoo to. yOvdl kot To eviako drtopa. Ot
TpoHToBEGELS Yo TN YPNOYWOTOINGCT) TOV Riax €ivat 0Tt Katd T didpkela TG TEPLOSOV
peimong tov PAPove TOV GTOUOYIK®Y TEPIEXOUEVOVY, 1| Heiwon sivarl ekBeTiKn, KaOmG

Kol OTL T WYAPLa OEV TPEPOVTOL KATA TNV TEPI000 OLTY.

IMa Adyovg oOyKplong pe TopeU@ePElG HEAETEG, M MUEPN OO KATAVAAMON
TPOPNG LVTOAOYIoTNKE €MiONG WG MTOCOGTO TOL VOTOL OAKOV Bapovg TOv Yaplov
petoatpénovrog 10 DW oe vord Bapog. o v petatpom avth xpnoipomomonke to
T0G00TO VvEPOL koTNmddmv tov yévoug Acartia (87% vepo, Borme 2006). To
KOTNTOO €IvVOl TO GNUOVTIKOTEPO KAACUO TWV GTOUAYIK®OV TEPIEYOUEVAOV [TOGO GE
6povc Papovg 600 Kot oe cvveloEopd oe dvOpaka (C)] kot yio Too dVo €idN TOL
eetdonkov oty mapovoa dwatpiPr] (PAéne «Amoteléopata» kor Tudela &

Palomera 1997, Plounevez & Champalbert 2000).

AVaAVGELG TG GVUVOEOTC TMV CTOUAY LKWV TIEPLEXOUEVOV

INa v mwepypaprn ™G oVVOEONC TOV  CTOHOYIKOV — TEPLEXOUEVOV
ypnoporombnkay detypato yopidv mov giyov cuAlexDel 6e d1OPOPETIKES YPOVIKES
TEPLOOOVS GTN OLAPKELD TOV NUEPTGIOV KUKAOL, ONAMOTN TNV NUEPD, TO GOVPOVTO KOl

™ voyTo.

[Noa v mapodoa avaivon, To GTOMHOYIKA TEPEXOUEVO YOpLOV NG 10106
KAGoNG UMKOVS, cVPONG Kol SEIYUATOANTTIKNG TTEPLOOOV GLYKEVIpOONKay Olo poll
Kot apodnkoy 6e YvooTtd 0YKo QIATPAPIGUEVOL Balacstvolh vepol (GIATPAPIGUEVO
og @iktpo wopov 0.2 um). H ocvykévipwon (pooling) tov cTtopayik®v TEPIEXOUEVOV
oo SLPOPETIKA ATOLO TOV CLAANPONKAY GTNV 1310 GVPCN, YO TNV TEPLYPOAPT| TNG
oLVOEON G TOV GTOUOYIKAOV TTEPLEYOUEVAV, EIVOL KOV TPOKTIKY OTA HKPE TEAUYUKA
yapa (.. Louw et al. 1998, van der Lingen 2002), kaOd¢ ot dtapopég otn cvvheon
g oloutag avapeoa ota dropa givar pkpés. o ta Onpdpota mov avikoav cto

pecolwomhoyktd (>200 um), vmodetypata twv 5 ml mov enebnoav pe mmétta
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Stempel, e&etdomkav o otEPEOGKONIO G OTOL OvaALOTAY TOVAd)eTOV T0 10%
oV apywkov delypatog. Ta Onpduato ovayvopiloviav o©T0 KOTOTEPO dVVATO
talivopkd  emimedo. ' Onpdpoto TOL  PKPO-QLTOTAAYKTOD KOl TOL  [UKPO-
Cwomhayktod (20-200 pum), tpio. vrodeiypoto tov 1-ml (3% cvvolikod delypotog)
e€etdoTnKaY 0T0 AVACTPOPO KPookOTo. Ot apBpoi OAwv tev avayvoplodévimv

taxa avayOnkav o apBpovg ava ctopdyt.

Mo mmv petatpomy tov peyéBovg tov Onpopdtov ce povddeg avOpoka
ypnoportombnkay elowaoelg and t PProypagio. Tpidva toyaio emdeyuéva dropa
(6mote MTav  €QIKTO) amd v kdOBe avayvopiopévn  taSivopikny  opdoo
eoToypaenOnKav kot petpiOnKav ot OoTAGES TOLG. XULVOAIKA, 36 Jelyuata
capodérag (Ioviog 2007: 12, Aexéupprog 2007: 6, Toviog 2008: 12, defpovdprog
2009: 6) xon 30 detypota yovpov (Ioviog 2007: 6, AskéuPprog 2007: 9, TovArog 2008:
6, Defpovdproc 2009: 9) emdéybnkav Yo v avdivon g obvvbeong TV

GTOUOYIKDV TEPLEYOUEVMOV TOV YOPUDV.

2V TAEOVOTNTO TOV GTOUOYIOV CopdEAag Tov eEetdotnkay Ppédnkav
TOCOTNTEG U1 OVOYVEOPIGIHOV DAMKOV (Kuplog omacpéva TUpato (oomAayKToy Kot
QLTOTAYKTOV), OAAG awTd de ANPONKe vIEOYN otV avdivon (van der Lingen 2002).

210 Yopo, 0ev mopatnpOnKe TET010 PAVOUEVO.

Ta dedopéva TG cVLVOESC TOV GTOUOYIKOV TEPIEXOUEVOV TOV KAOE €100VG
vroPAnOnkav oce avaivon moAvpETOPANTOV. Xpnolomomdnke TO  AOYIGUIKO
PRIMER v6 (Clarke & Gorley 2006) pe v enéktoon PERMANOVA+ PRIMER
(Anderson et al. 2008). H c0vBeon tov ctopoayikdv mepieyopévov (aptbpoi atopuwmv
Kké0e Ta&vopkng opddag ova otopdyl) avd ocbvpor, kKAdon peyéBovg kot mepiodo
detypotoyiog yw kébe €idog exppdotnkav cov % TOGOGTO KOl GTN GLVEXELD
petaoynuatiomkay (tetpayoviky piCe) mpwv amd v avaivon (Clarke & Gorley
2006). Axolo¥VBwc, dnpovpYNONKAY TPLYOVIKEG UNTPEG OUOWTHTOV, pe Pdon o
deiktn opowdttag Bray-Curtis ko mpoypotomomnke: (o) ovaivon epapyikng
opadomoinong (pe ypMom g TEYVIKNG GVVIESTS TV HEcwv Opwv “group average
linkage”) ko (B) un petpikn moAivdidotatn kKipdkwoorn (NMDS ordination) (Field et
al. 1982, Clarke & Warwick 1994).

H pndevikn vrdBeon g un dmopéng oTATICTIKG CNUOVIIKOV S0(pOopdV

petaéld Tmv opddmv mov TPoEKLYOY Amd TV AVAALGN 1EPUPYIKNG OLOOOTTOINCNG Kot

30



™V avdALeN U UETPIKNG TOALIIOTOTNG KAMUAK®ONG eAéyyOnkav upe ypnon
PERMANOVA (Permutational Multivariate Analysis of Variance) (Anderson et al.
2008). IIpaypotomombnkav 9999 oaveumddiotec avtipetobéosc  (unrestricted
permutations) tov dedouévev kabmc Kot erakolovdeg katd (edyn cLYKPIGELS, OTIg
TEPIMTAOGELS TOL NTAV Omopaitnto. Xe kdbe €leyyo, n undevikn vmdbeon tov un
OTOTIOTIKA  ONUOVTIKOV  OlPop®dV  HETAED TV OHAd®V 7OV  GLYKPIVOVTOV

aroppipOnke dtav N mBavdéTTa NTav <0.05.

Yt mepmtwoelg mov oamd v PERMANOVA mpoékvntav ototioTikd
ONUOVTIKEG  dlopopég,  ypnowomombnke 1 dwdwacio. SIMPER  (Similarity
Percentages) yw va avayvopioBodv ol ToEVOUIKEG OUAOES TOV GULVEIGEQPEPOV TO

uéyloto, otig Topotnpovueveg dapopés (Clarke & Warwick 1994).

O Pobudg emwdroyne (diet overlap) g oldvBeong TV oTOROYIKOV
nepleyopévav (S) petadd 1ybuvdiov kot evnhikov, petaéd evnAikmv kabe gidovg kot
HETOED YOHPOL Kol oapdEANC, TOGOTIKOTOMONKE YPNOILOTOLDVTIOG TNV £IGMOT TOL
Schoener: S=1-0.5Y I1Px;-Pyil, 6mov Px; kot Py; givai To 1060616 00 Onpdpatog i mov
Bpioketal oto oTOopOyIKA TEPIEXOUEVA TV Opadwv X kot Y (Schoener 1970). O
detkng avtog €xel e0pog TIMV omd 0 (Undevikn| emkdAvyr ot dlaita) €mg 1 (0Aa Ta
Onpduata evromiCovtar oe ioeg avaroyieg péca oto otopdyla). Tiuég Tov deikn
<0.33 vodekvOovy YounAn emkdAvyn eved Tuég >0.67, vynin emtkdioyn (Moyle &
Senanayake 1984). O deiktng S vroloyiotnke 1060 eni TV APOUNTIKOV dES0UEVOV
000 Kot eni TV dedouévav GvBpako TV ONPOUATOV TOL AVOYVEOPICTNKAY OTO

GTOUAY L.

H emdexticomra yo ovykekpyéva Onpduota, o€ oyéon He ovtd mov
Bpiokovtav oto mepPariov, ektyundnke pe to deiktn emiektikdTnTag Tov lvlev: E =
(ri—p)(ri+p) %, 6mov i givor n oyeTky cvykévipmon Tov Onpapatog i (%n) oTo
OTOMAYL TOV YaploD Kol Pi 1| OXETIKN GLYKEVIP®ON TOV ONpdpatog 610 medio OmmG
ektiunOnke and T1g derypatornyieg mhayktod (lvlev 1961). O deiktng €xer evpog
TV and —1 1o +1; o1 apyNTIKES TYWES VTOSEIKVVOVY OmOELYN 1} U TPdSPacT TPOg
éva Onpapa Kot ot BeTIKEG TIHES, EMAOYT| TOV GuYKeKPIEVOL Onpapatoc. Tiuég Kovtd
0TO UNOEV LILOJEKVHOLV 0VOETEPT EMAEKTIKOTNTA. MOV Onpdpata g Katnyopiog
TOV UECOL®OTAMYKTOV HE TOGOCTO OPOUNTIKAG GULUUETOYNG OTO  GTOUOYIKO

nePlEXOeEVo >1% cuumeptAneOnKay 6Ty avaAvoY| ETMAEKTIKOTNTOG.
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2.4 Katavouéc ueys0av Onpaudtwy ota cTOUXXIX KXl OTO
medio

[otoypapupota cvoyvotitov oe oyéon pe to péyebog tv Onpopdtov
KOTOOKELAOTNKAY HE Pdaon 1660 v oapluntiky ovvOeon TOV  GTOUOYIK®V
TEPEYOUEVAOV OCO KOl TOL TEPIEYOUEVOD vBpaka Tov Onpapdtov. Ta didtopo Tov
oynpotilouv aivcideg Bempnnke 6Tt €xovv péyebog mov avtiotoyel ot péylo
O1d0TAoT TOV OTA®V KLTTAPOV, KOODS TO TPAYUOTIKO UNKOS TNG aALGidas Mtav

dyvmoTo.

HEeyxoplotd 10ToYpAppaTo cLuXvoTHTOV neyédovg vroloyiotnkay emiong udvo
Yo TO, KOTATOON Kol TO KAAOOKEPULMOTA, TOGO HEGH GTO. GTOUAYIO TV YapudV OGO
Kol 010 medio. Ot dV0 avtég HeECOLMOMANYKTIKEG OUAOEG OMOTEAOVGAV TO KLPLO
OLOTATIKA TOV LECOLMOMANYKTOV 0TO TEdI0 G€ OAEG TIC OEIYUATOANTTIKES TEPLOOOVG
(BA. «Amoteléopatan), NTAV TAVTOTE TOPOVIO GTO CTOUAYIO TOV YOPlDOV Kol TEAOG,
elyav ovvelwspopd >1% oto datpopcd avBpoka. To otabuopévo péco péyebog
(Sizegie) TOV KATAVOAMOEVTOV KOTNTOO®V Kol  KAASOKEPAIMTOV G€ KOOE
OEYHOTOANTTIKY] TEPT0O0 VITOAOYIOTNKE G TO GOPOICUA TV YIVOUEVEOV TOV apPlOoD
TOV KOMNTOOwV evidg Kabe kAdong peyébouvg emi 10 péco péyebog g KAdong,
OLUPEUEVOD e TO GUVOAKO aplBud Onpapdtov (OAov tov Khdoewv peyébovg). To
avtiototryo uéyefog vTOAOYICTNKE Y10 TOL KOTNTOON KOl TO KAASOKEPALWTE TOV TESIOV
(Sizefield). Téhog, vmoAoyiotnke o deiktng mowhotntag Shannon-Wiener (H") ya ta

KOTTOO0, KOl T0. KAAOOKEPOUIWTE LEGH GTO GTOUAYLO TOV YOPLADV.

2.5 XvoxéTion TPOQIKIC OIKOAOYia¢ Ue TEPLPAALAOVTIKES
UETAPANTES

Ot dwpopég otig TePPUAAOVTIKES PETAPANTEG LETAED TOV OEYLATOANTTIKAOV
TePOO®V eAEyyOnkav pe Avédivon Aaxvpaveong (ANOVA) 1, 6mov ot tpoimobicelg
™c ANOVA dev minpodvtav, pe tov avtictoyo un mapapetpikd éleyyo Kruskal-
Wallis. O éheyyor Bonferroni 1 Dunn’s ypnoipomomdnkay yio. Tovg mopapeTptkons
KOl TOVG UM TOPOUETPIKOVG & posteriori katd (evyn eAéyyovg avtiotoya petal&d tov

TE600POV SEYHOTOMTTIKGOV TTepodmv (Zar 1999). Mg 1o 610 tpomO eAEyYOnKe O
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yovadocouatikdg osiktng (GSI) xotr ot cvAMyelg avd  povéda  aAMEVTIKNAG

npoonddeiog (CPUE) yia kéBe £160¢ PeTaED Sty LATOANTITIKOV TEPLOSMV.

Ov extyunbBeioeg twéc watovolmong kot pécov peyébovg Aelag otig
OPOPETIKEG  TEPLOdOVS  detypatoAnyiog ocvykpidnkoav pe TG mEPPAALOVTIKEG
TOPOUETPOVG KOODG kou pe TG oxeTllOMEVEG HE TO  WOPLOL  TOPAUETPOVG,
YPNOWOTOLDVTOG KATAAANAQ HOVTEAD YPOUUKNG ToAvOpoUNnong Kovn Avaivong
Yvvookvpovone (ANCOVA). H mifavn mokvo-gEdptnon g KoTavaAmong TPoens
a&loroynOnke cvykpivovtdg v e 10 Adyo g Propalog Tov pecol®OTANYKTOD TPOG

™ Propdlo ava ahevtikn tpoonddeia (CPUE).
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3. AmotsAfopata

3.1 JviAANYeis KalL TapaUETPOL YapPLOV

Ocov agopd oto yavpo, dropo <100 MM oAedTnKov o€ OAEG TIG
OEYHATOMTITIKEG TTEPLOOOVE OT®G Paivetal amd TIG KATO HAKOG GLVOECES T®V
atopwv (Zymua 3.1). Avtifeta, droua capdéiag <100 mm aiedTnrKoy HOVO KOTA TIC
Oepvéc meprodovg derypotoinyiag, eved o AskéuPpio kat to Pefpovdplo ot apdELES
Ntav otn cuvrputiky tovg mAsoyneioc =100 mm. I'oa avaivtkés mAnpogopies yia
TIG GUPGEIS TTOV TPAYHATOTOWONKaY avd Tepiodo derypatoAnyiog, O avayvedoTNG
umopel va avatpééet otov Iivaxa I11 tov [Hapaptipatoc I. Avarvtikéc mAnpopopieg
OYETIKA pe TO péEYeBoc TV yopldv avd cvpon divoviar ota Zynuota X1 kot X2 tov
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ZyxAua 3.1. Kara prikog ouvBeon Twv SeIyUATWY TTOU XpNOIYoTToIenkav ya Tnv avaAuon Tng
TPOPIKAG OIKOAOYIOG TOU yaupou Kal capdEAag ava dEIYUATOANTTTIKN TTEPIODO.
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Ot Tyég oA Ye®V avd povada aievtikng tpoonddelag (CPUE) tov yavpov
NTav onuovtikd vymiotepeg 10 AekéuPplo tov 2007 o oxéon pe TG GALEG TEPLOSOVE
(ITivaxag 3.1). Avtifeta, yoo ™ capdéra n younrotepn CPUE xotaypdonke tov
IovAo tov 2008. H egvpwotio toov evAAMK®V oTOp®mv Yodpov Kol GopdEAag MTav
onuovtikd vyniotepn tov lodho tov 2008 oe oyéon pe TG GAAEC TEPLOOOVC
(ITivaxag 3.1). H copatikny gvpwotio. tov 1y0udiov tov yadpov NToV CNUOVTIKA
YOUNAOTEPN KATA TIG YEWWEPIVES detypatonTTikég eptodovg (IMivakag 3.1). Avtifeta,
n evpwotio Tov 1YBLdlwV capdélag dev mapovcioce OPopEg HETAED TV OO
Bepvorv derypotoAnmrikov meplddowv (Ilivaxag 3.1). O yovadocopotikog 0EIKTNG TOL
YOOPOL NTOV GNUOVTIKG VYNAOTEPOS To. Kalokaipla (SO7: 3.06%, S08: 2.29%) wot
¢ capdérac, Toug yetnmves (W07:3.91%, WO09: 4.30%) (ITivaxag 3.1).
Mivakag 3.1. ZUyKpION TTOPOPETPWY TWV WOPIWV PETALU TwV OEIYUATOANTITIKWY TTEPIOOWV.
Mapouoidlovtal oI aplBunTikoi péool Kal N OTATIOTIKA ouvdpTnon eAéyxou F, TTAnV Twv
TTEPITITWOEWY TTOU YIA TIG OUYKpPioeIg dev TTAnpouvTav o1 TpouTtroBéaclg Tng ANOVA yia Tig
oTToieg TTapouaidlovtal ol diduecol (medians) kal n oTaTioTIK) cuvdapTnaon eAéyxou H (EAeyxog
Kruscal-Wallis). S07: louAhiog 2007. WO7: Aekéuppiog 2007. SO08: louhiog 2008. WO09:

deBpoudpiog 2009. CPUE: ZuAAyeig avd povada alleuTikAg TTpooTradeiag. J: wapia <100
mm. A: ydpia 2100 mm. GSI: NovadoowpaTikdg O€iKTNG.

S07 wo7 S08 w09

2TATIOTIKF) guvdpTtnon

eAEyxou
CPUE (kg h™) 25.46° 216.29° 12.82° 59.26° F=19.97*
g Eupworia A 0.906° 0.901° 0.934> 0.900" F = 4331.79**
§ Eupworia J 0.458% 0.418° 0.454* 0.414° F = 18052.21**
GSI (%) 3.06% 0.61° 2.29° 0.45° F = 24.17**
5 CPUE (kg h™) 47.45% 26.45*° 527° 7.68*° F=3.40*
g EupwoTia A 1.07° 1.03° 1.09°  1.02° F=4517.40%**
S EupworTia J 0.616 0.613 F=1.49
W GSI (%) 0.21° 3.91° 023 4.30° H=338.30***

O1 aaTepiokor utTtodnAwvouy mmoavoTnra: * p <0.05, ** p <0.01, *** p <0.001

¥4 Opoyeveig opddeg (Homogenous groups)
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OVTOYEVETIKEG AAAQYEG

Ot VTTOAEWLUOTIKEG TIES
(residuals) g oyéonc pMKovG-PBapovg
armdé OAa  Ta  Atopo  capdEAaG OV

cLAAEYON KAV Ta Kadokaipla (Zynua 3.2A)
EUPAVICOV GLYKEKPIULEVT TAGT (Un TVYOioL
KOTOVOUN), YEYOVOG TOL  VTOOEIKVVEL

OVIOYEVETIKY]  OAAOY] ©TO  onueio

petafoAng g KAiong g depyOuevng
evbeiac (Nikolioudakis et al. 2010). H
Tunuata  (Piece-wise)  ypoupiky
TOAVOPOUNGTN 7OV TPOGAPUOCTNKE OTA
dedopéva (logEW = -12.12 + 3.05*logTL
+ 0.343*logTL - 4.62]*[logTL >4.62], r?
= 0.988, p<0.0001, n=3041) eppdvice é&va

Katd

oTatoTikA onuovtikd (P<0.0001) onpeio
petofoAng ¢ KAoMng o€ OMKO UNKOG
101.43 mm (95% Opa eumoTocLVNG:
99.03 - 103.90 mm) (Zynuo 3.2B) ko
TUYOHO0l  KOTOVEUNUEVEG  VTOAEWLUOTIKEG
Tiwés  (0ev  amewovifovra).

Kotd 11

YEWePWVEG  OetypotoAnyieg  OAeg ot
capdéieg elyav pnkog =100 mm TL
Zyua 3.1) kot ot yovadeg TOvG
KOTNYOPomomonKay  LoKpOGKOTIKA MG
OVOTTUGGOLEVES 1) OVETTUYUEVEG (dNAON
Ol TO. dTOopO MTOV  OVOTTOPOY®OYUKH
oppa) (Zmua 3.3) [PA. emiong Ttovg

pécovg yovadocopatikog deikteg (GSI)

logEW = 3.22%logTL - 12.89

41A
r=0.988, p < 0.0001, n=3041

Studentized residuals
o

. 5101.43 mm
400 425 45 475 5.00
logTL (mm)

5.25

IxApa 3.2. (A) YTTOAAEINPATIKEG TIMEG
(studentized residuals) Tng oxéong
MAKOUG-Bdapoug ammd OAeg TIG CapOEAEG
TTOU OUAAEXBNKav KOTA TIG KAAOKQIPIVEG
mepIddoug. (B) Kard TtuAuara ypauuikn
TTaAIvOpOUNON TTIPOCOPUOCHEVN oTa idla
O0edopéva. Me BEAog utTodEIKVUETAI TO
EKTIUNUEVO  HPECO  MNKOG  OVTOYEVETIKAG
aAMayng (uéoo pnAkog  PETABOARG TG
KAiong).

otov Ilivaxa 3.1]. H oyéon ukovg-Bapoug yuo Tic copdéieg mov cuAAEXONKaY Katd
TIG XEWEPWVES dEIYHATOANYIEG ELPAVIGE TV KATAVEUNUEVEG VITOAEYLUOTIKES TULES

(0ev amewoviCovtan).
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ZxApa 3.3. (A) ApiBuog atéuwv ava kAdon peyéBoug yia 1o KABe €idog katd TNV
avaTTapaywylIkr TTEPiodo  (yaupog: KoAokaipl, CapdéAa: Xelpwvag) Avwpiya AToua
Bewpnbnkav autd pE MPOKPOOKOTTIKO OTAdI0O yovdadag «1» evwd wpIiga autd  Je

MOKPOOKOTTIKG OTAdIO yovadag «2», «3» Kal «4». Toug xelpwveg 0 GUAAEXONKav dTopa
<100 mm.

O1 VTOAEPOTIKEG TIES TNG OYXEONG UNKOVG-PBapovg omd OAa T GToLa Yo pov
mov cVAAEYONKav gite Tov IovA10 ToL 2007 ite To AeképuPpro tov 2007 (mepiodot mov
ocLAAEXONKaY TOcO 1BVAL 0G0 Kot eViAAIKA) Oev Tapovsiacay Kapio taon (OTmg
otV mepintwon g ocapdérag) (0ev amewoviCovtal). Qotdc0, OTWG Kol GTNV
TEPIMTMOOTN TNG COPOEANC, TO OVOTAPOUYMYIKA MPIU ATOUO NTOV OC ML TO TAEIGTOV
dropo =100 mm oAwco¥ pnrovg (Zynpa 3.3). Eniong, to pfkog katd to omoio to 50%
TOV OTOU®V GAPOELNS NTOV OVOTOPAYOYIKO MPLO VITOAOYIGTNKE Omd TN AOYIOTIKY

oyéon ota 99.92 mm (95% opia epmiotoodvnc: 98.19-101.60 mm, r?= 0.91).
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3.2 Tpo@ikn otkoAoyia capSéiacg

MMeplodikoTNTA, £VTAGT SLATPOPNG KAL IHEPNOLA KATAVAA®WGT)

O deikng otopoykng mAnpottoag epeavile e&dptnon and to Papog TV
YopLdVY, E0IKA TNV KOAOKApV TEPiodo, 6tav GLAAEYONKaV 1060 1Bvd 0G0 Kot
eviAka dropa capdérag (m.y. lovAog 2007: Zyfua 3.4). Xvvenmg n xpnon tov SFI
amodelydnke axatdAAnAn yu cvykpicelg delyudtomv mov anaptilovial and dpopo
peyetn wopldv. AmotéAEGHO TOOTOL MTOV 1 ETAOYN TNG TPOGOAPUOYNG EVOC
YEVIKELUEVOL  ypappkod poviédov (GLM) ywr ™ otdbuion tov Papovg tov

OTOLOYIK®V TEPIEYOUEVDV e Bdom To fApog Tov yaplov.

Ta mo @edorld GLM yio ta y@vdw (<100 mm TL) ko tor eviAiko dtopa
(>100 mm TL) e&nyovoav 91.12% kor 75.05% tng andxiong (deviance), avtiotouyo
(ITivaxag 3.2). Kot ot1g 600 meputtdoetg, 1 petapintn tov xpdvov (TIME) ftav avty
nov e&nyovoe 10 PeYOADTEPO TOGOGTO TG amOKAonG (~77% ota ybvdw ko ~42%
oto evidika). Ot adAnAemidpdoelc (interactions) tng mepidodov derypatoinyiog (SP)
kot tov xpovov (TIME) pe 1o Bdpog tov woapod (EW) frav onuovtikés wot
UTOPOVGAV VO EPUNVEVTOVV G OALIYEG TNG KAIoN G TNG oxéomg Tov Enpov Papovg Twv
otopayikov mepleyopuévoyv (DW) pe to Bapog toov yopiov (EW) petoadd
OEYHOTOANTTIKOV TTEPLOd®V (SP) Kol TV ¥poviIKOV SGTNUATOV Oty atoAnyiog
evioc tov muepnotov kokiov (TIME) (BA. emiong Zynua 3.4). Ocov agopd ota

eViAIKa, T0 VA0 (G) dev NTav SNUAVTIKY LETAPANTA Y10 TO LOVTEAO.
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IxAua 3.4. Zopdéha. Xxéon Aeiktn ZTopaxikng lMAnpotntag (SFI) kai
Bapoug (EW) yia kGBe éva atmd Ta TPiwpa XPOVIKG dlaoTAPaTa Tov louAio
Tou 2007. MNapoucidgovTal TTIONG Ol OTATICTIKA ONUAVTIKEG OXETEIG.
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Mivakag 3.2. AvdAuon Tng atrékAiong (deviance) Twv YEVIKEUPEVWY YPAUUIKWY HOVTEAWV
(GLM) 10U TTPOCOPPOCTNKAV yIia TO Enpd PBAPOG TWV OTOUOXIKWY TTEPIEXOMEVWY TNG
oapdélag. df: Babuoi eAeubepiag. Res. df: YtroAerréuevol Babuoi eAeubepiag. SP: trepiodog
ociydatoAnyiag, TIME: xpovikr Trepiodog OeiypaToAnyiag, EW: Bdpog wapiol Xwpig
evtoo0ia.

Mnyn df E&nyouuevn E&nyolpevn Res.  YTtroAermmouevn p-
dlakupavong atrékAion artrékAhion (%) df atrékAion value
NULL 516 374.16
SP 1 13.63 3.65 515 360.52 ok
% TIME 7 288.22 77.03 508 72.31 ok
2 Ew 1 16.06 4.29 507 56.24 ok
=< SPxTIME 7 20.02 5.35 500 36.22 ok
TIMExXEW 7 3.00 0.80 493 33.22 ok
2UvoAo 91.12
NULL 1416 1149.76
s SP 3 105.07 9.14 1413 1044.68 ok
Z TIME 7 486.16 42.28 1406 558.52 ok
S EW 1 59.68 5.19 1405 498.85 ok
W SpxTIME 2 206.98 18.00 1384 291.87 ok
SPxEW 3 5.02 0.44 1381 286.85 ok
>Uvolo 75.05

***p <0.0001

Ot otaBuicpévor pécot Opor pe ta 95% Opwn gumioroovvng Yy TNV
aAAnAeniopaon SP x TIME divovtar oto Zynua 3.5. To Bapog tov yapiov (EW) ya
10 omoio e&nyOnoav ot otaducuévol pécot 6pot frav ta 4.43 g yio o 1 Bvdo Ko to
11.58 g ywo ta evidika dropo. TOco to 1yBvd10 0G0 Kol To EVAAIKO EULPAVIGOV £Vl
copég mPOTLTO  TpoPoANyiag oTlg Oepvég  derypoTOoANTTIKEG TEPLOdove. Ot
younAotepes twég DW kotaypdenkov Katd v ovatoAnl Tov mAov, otodlokd
avEAVOVTOV OTN SLIPKELD TNG MUEPAS KOl KOPLPAOVOVTOV Katd tn 60on tov MAiov
Emuota 3.5A, B, T’ kot E). Ola ta otopdyio mov cuAAéxOnkov katd tig Oepiveg
detypatonyieg NTov TANPN GTIS GUPGELS oL EAaPay Ydpa Alyo LETA TN V0T TOL
nAiov kot ta Onpapato NTov o €EMPETIKY KATAOTOON (OYedOV UNndevikdg Pabuog
néymc). Kotd tig yeyepwvéc derypotoinyieg, ot capdéieg tpépovtay kab’ OAn
SugpKeELD TNG NUEPOS KOl GLVENILOV KOl MG TIG TPATES UETAUECOVOYTIEG DPES (Zym Lo
3.5) og avtiBeon pe 115 Bepivég derypatoAnyieg mov 1 TPOPOANYiN GTOUATOVGE KOTA
™ Jdpkelr ™G voytag. H moocdtta TV CTOHOYIKOV TEPEYOUEVOV UEUOVOTOV
OPACTIKA HETA TNV KOPVO®ST TG (ONAadT LETA T OGN TOL NAIOL TO KOAOKAIPL Kot
petd o pesavuyto to yelwova (Zynua 3.5). O Babudg méyng tov Onpopdtov ota
oTopdy o aEAVATAY OGO TPOYWPOVSE 1 VOYTO, YEYOVOS oL oThpile TV Gmoyn OTL

Kot TNV TEPI0d0 AT 01 GOPIEAEG DEV TPEPOVTAV.
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xAua 3.5. ZtaBuiopévor pécol Opol (marginal means) Tou &npou BAPOUG GTOUAXIKWV
mepiexopévwy DW (g) pe 1a 95% Opia gutmoTooldvng Toug yia Ta 1X0udia (A-B) kai TIg
evidikeg (M-ZT) ocapdéAeg. Zmig TrapevBéoelg @aivetal o aplBudg Twv atdpwv  TTou
Xpnoiyotroinénkav yia Tnv avadAuon. To vauTikd )\UKécpwg3 (ykp! ypappn otov agova x) kai n
di1dpkela TNG VUXTAG (UaUpn ypapur oTov Géova x) eaivovTal ETiong.

* H noodtnTa dwTdC IOV EKTEUTETOL KATA TO AUKOGWE LELWVETAL HE TV AVENON TOU 0PVATLKOU
UYPoug Ttou HAlou (6nAadr Tou U oug Tou KATW amod tov opiovta). Avahoya Tou apvnTikol Uoug
tou HAlou Sakpivoupe tpia l6n AukodwTtog:

1) NoAttikd Aukddwg (Civil): Otav aAnBég U og HAlou,HA HAlou elvarl -6°. (gumetpikd oALg SUoeL
teleiwg o HAakog biokog)

2) Nautiko Aukodwg (Nautical): Otav HA HAlou eivar -12° ko

3) Aotpovopko Aukodwg (Astronomical): Otav HA ¢pBdoel -18° (epmelpikd otav £xel TeAeiwg
OKOTELVIAOEL)

I UeNETEG OXETI{OMEVEG Ue T Bdlaooa xpnotpomnoteital to NauTtiko Aukodwg
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Tig Bepwvéc mepiddovg derypatoinyiog ot ekTyunBéviec pvOpoi yooTpikng
KEVoOoNG (Rmax) NTav Topepeepels yio ta ybvdo kot Ta ViAo dtopa, pe i ~0.2
(ITivokag  3.3). Tig mepiddovg avapeEng (mixing), ot Rmax Mtav yauniotepot
(Aexépupprog 2007: 0.101£0.038, Defpovdprog 2009: 0.139+0.060) (ITivaxag 3.3).

O1 eKTNGELG TNG NUEPNOLOG KOTOVAA®ONG TPOPS ard To povtéro tav Elliot-
Persson (E-P) ka1 amtd avto tov Eggers (Tlivaxog 3.3) eppavicay vynin cucyétion (r
=0.999, p<0.001). H nuepnota kotavalmon tov 1ydudiov ®g Toc0oTd ML TOV 0AKOD
copatikoV Bapovg (TW) Arav vyniotepn (4.25 % kot 5.36 %, pe Bdon to povtédo
E-P) and ovty tov evidikov (2.05 % and 3.14 %, ue PBdon to povtéro E-P) ta
rkarokaipto (IovAtog 2007 ko TovAog 2008, avtictoya) (ITivaxag 3.3). Meta&d tov
EVIMK®V, 1N MUEPN OO KOTAVAA®GT TPOPNG NTAV LYNAITEPN TO Kalokaipt tov 2008
(3.14%) xor 10 Yewova tov 2009 (3.67%), evd M younAdOTEPN KoTavAA®ON
extiunOnke tov IovAo tov 2007 (ITivaxag 3.3). Téhog, n katavaiwon 1o Aeképppilo
2007 Arav vynAotepn amod tov lovio 2007.

Mivakag 3.3. TIHEC TWV EKTIMNPEVWY PUBPWY YaoTPIKAC KEVWONCS (Rmax h™) Kal KATAVEAWONS
(DW ava nuépa) yia 1n capdéAa. O1 katavaAwaoelg ekppalovTal €TTioNG Kal ws % owpaTiKou
Bapoug (% TW). A: Evijlika wdpia. J: 1XOUdIa. Ryax: pUBPOG yaoTpikng kévwaong. DW: Méon
TIUA OTABUICUEVOU OTOPOXIKOU TTEPIEXOMEVOU KATA Tnv Trepiodo  TpogoAnwiag. Cep:
karav@Awon pe Bdaon 10 poviéAo Elliott-Persson. Cg: katavdAwon pe BAcn 1o POVTEAO
Eggers. S07: louhiog 2007. WO7: AeképBpiog 2007. S08: louAhiog 2008, W09: deBpoudpiog
20009.

nEpiOéOg Rmax (i SE) DW Cep (i SE) Cep Ce Ce

oelypaToAnyia %TW %TW

o S07 0.197 (0.053) 0.0054 0.0266 (0.0029) 4.25 0.0262 4.18
o]

3 S08 0.215 (0.099) 0.0065 0.0335(0.0053) 5.36 0.0332  5.31

S07 0.196 (0.042) 0.0071 0.0342(0.0031) 2.05 0.0337 2.02

5 W07 0.101 (0.038) 0.0181 0.0426 (0.0015) 2.56 0.0443  2.66
=<

S S08 0.225 (0.026) 0.0098 0.0524 (0.0053) 3.14 0.0520 3.12
L

W09 0.139 (0.060) 0.0145 0.0611 (0.0532) 3.67 0.0603 3.62
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TUVOECT) CTONAXLKWV TIEPLEXOUEVDV

AvoloOnkov cvvolikd 603 otopdylo ybvdiov Kol EVAAMK®V  aTOU®V
ocapdérag, ota omoia avayvopiomkay 47 TaSvopukés OUdoES, Ol OTOlEC e TN GEPA
Tou¢ yopiomkav ce 11 kartnyopieg Onpapdtov (livakag 3.4). H % ovvBeon twv
OTOLOYIKOV TEPLEXOUEVOVY PBaciopévn otov aplBpd tov Onpopdtov (%n) kot o
GUULETOYN TOVG GOV dTpoPikd dvBpaka (%C) yia kabe derypotonmtikny mepiodo
Kol OVTOYEVETIKO oTddo (1Bvdw 1 evidika) didovtar otov Ilivaka 3.4. O péoog
apOuog Onpapdtov ota cTopdyo Tapovsioce peydio €bpog dtaxkvuavons (amd 83
g ko 3334 Onpdauata avd otopdyl). Ot TPOKATAPKTIKEG OVOADGEIS LEPAPYIKNG
opadomoinong (CLUSTER) kot pn petpikng moAvdidotatng khudkwong (nMDS),
Baciopéveg otovg apBpove tov Onpapdtov, £0eiav Eva caen JSY®PICHO TN
oUVOES TV OCTOUOYIKAOV TEPIEYOUEVAOV TOV OEYHAT®V TOL KoAokoplov (24

detypota) petacd tov yoapiov <100 mm TL kot >100 mm TL o€ eninedo opotdtntog

2D Stress: 0.09]

2D Stress: 0.08 =]

: S07 &
: s08 S08 ;
i Osos  *
H *

“Osos ¥ 7 |A 40-80 A 507

Ouoidrnra A 81-100 |Ouoiérnra Ng v W07
—30 < 101-1200 — 30 2. B S08
————————— 50 ® >120 [ o O wo9

ZxAua 3.6. Mn petpikf ToAudidoTtatn kKAidkwon (nMDS) (A) Twv OelyudTwy TTou
Xpnoigotroinenkav yia Tnv avaAuon Tng oUvBeong Twv OTOHAXIKWY TTEPIEXOMEVWV TNG
oapdéhag Ta kahokaipia (louhiog 2007 kai louAiog 2008) pe Ta cUPPBOAA va UTTOSNAWVOUV TIG
OIaPOPETIKEG KAaOEIG pEyEBoug, kal (B) Twv deyudtwy Twv evnAikwv oTtopwyv (=100 mm)
oapdéAag pe Ta oUPBoAa va uttodnAwvouv Tig delyPaToAnTITIKEG TTEPIOOOUG. MapouaidlovTal
€miong ol opdadeg (clusters) Tmou TTPOéKUWOV aTTO TIG OVTIOTOIXEG OVOAUCEIG 1EPAPXIKAG
opadotroinong (o€ emimedo opoidTnTag 30% Ko 50%). SO7: louhiog 2007. WO7: Aekéuppiog
2007. S08: louAiog 2008, W09: deBpoudpiog 2009.

38% (Zymuo 3.6A).
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Mivakag 3.4. MoocooTiaia apiBunTikA (% n) kai kar’ dvBpaka (% C) oCUuPPETOXH TwV BNPAPdTwy oTh GUVBECN TWV CTONAXIKWY TTEPIEXOMEVWV TNG OapdEéAaG. J:
IxB0dia. A: EvAAika.

Katnyopia Ta&ivopikA opdda louAiog 2007 Aegsgé%g 106 louAiog 2008 d)nggggpmg
J A A J A A
% n % C % n % C % n % C % n % C % n % C % n % C
KwtrnAdTeg KwtrnAdTeg 0.92 0.25 0.21 0.24 7.07 2.37 3.77 3.25
AiBupa EAaouartofpdyxia 1.06 067 073 194 130 103 0.17 034
(TTPOVUpPEQ)
BAegpapidwrd Eutintinnus tubulosus 9.28 0.14 2.69 0.03 437 005 7.21 0.11
(Téén Tintinnida)
Ouooavotroda Ouooavotroda 115 516 011 217 034 190 037 536 0.04 0.75
(TTPOVUNPEQ)
KAadokepaiwTd Evadne spinifera 0.35 057 0.01 0.02
Penilia avirostris 0.07 0.04 0.02 0.05 268 1.86 199 3.55
Podon intermedius 332 376 032 154 0.30 1.08 301 426 109 396 053 2.08
Pseudoevadne 0.33 0.11 1.86 2.00
tergestina
KAadokepaiwto 0.07 0.04 009 0.90 230 1.57
(MN avayvwpiouévo)
KwTAtroda Acartia clausi 17.72 1264 219 861 0.14 0.36 9.43 11.09 097 294 0.30 1.21
Calanus spp. 0.33 9.09 033 409 004 127 0.09 3.38
Calocalanus spp. 020 021 013 0.35
Candacia spp. 0.03 1.13 0.01 0.29
Centropages spp. 406 17.71 0.48 9.45 5.92 74.52 1.28 7.76 0.51 7.63 3.69 76.8
Clauso-Paracalanidae 986 9.67 270 10.16 0.43 1.15 4.4 5.38 1.78 557 232 8.76
Clytemnestra spp. 0.07 0.06 1.17 138 0.64 1.96
NdautTAiol KwTtnmrédwv 275 026 072 029 0.05 0.01 723 08 234 071 0.05 0.02
Corycaeidae 1.00 1.06 0.67 3.03 0.05 0.15 280 371 108 366 0.24 1.08
Euchaeta spp. 0.02 2.11
Euterpina acutifrons 1422 578 118 237 0.05 0.06 1095 6.53 355 544 0.05 0.11
ApPTTOKTIKOEIONA 051 018 036 054 0.02 0.02 085 037 0.04 0.04
Microsetella rosea 112 075 0.16 045 0.03 0.06 1.73 1.46 151 3.25 0.08 0.24

Oithona spp. 277 086 0.76 1.00 0.17 0.15 230 090 046 046 0.05 0.06



Agkatroda
loaoTtepdTOdA
AwvopaoTiywTd
(eTEPOTPOGQ)

AwvopaoTiywTd
(autdTpOPQ)

Aidropa

Oncaea spp.
Pontellidae

Temora stylifera
KwTritrodo

(Mn avayvwpiopévo)
ZwA kaBoupiol
Muoig yapidag
MaoTtepdmToda
(TTPOVUNPEQ)
MrepdtToda

Protoperidinium spp.

Neoceratium spp.

Dinophysis spp.
Ornithocercus spp.
Prorocentrum spp.
Asteriolenopsis spp.
Bacteriastrum spp.
Chaetocerus spp.
Coscinodiscus spp.
Guinardia spp.
Hemiaulus spp.
Navicula spp.
Plagiotropis spp.
Pleurosigma spp.
Pleurosira spp.

Pseudo-nitzchia spp.

Rhizosolenia spp.
Thalassiosira spp.

1292 4.19
10.06 25.12
9.39 9.02
001 0.24
001 186
0.07 054
3.78 0.02
276 0.01

1.39

3.39
1.53

0.23

0.03
14.6

5.19

2.52
2.52
8.26
1.44

5.32
13.45
1.44
1.44
1.36

5.26
3.96
6.69

1.91

37.71
2.51

0.35
3.98
7.50

2.27
0.31

0.04
0.02

0.02
0.03

0.08
0.27
0.01

0.11

0.22
0.03
0.79
0.27

6.00

10.26

2.47
3.17
5.80

2.66
16.09
6.00
2.35
3.57

1.67

17.52

4.10
6.80

0.20
0.23
5.90
3.20

0.08

0.05

0.01
0.02
0.01

0.03
0.01
0.06
0.03
0.01

0.01

0.02

0.04
0.01

23.25 8.99
10.20 31.00
3.02 252

0.18

0.78
124 0.01
119 0.01
1.73 0.01

6.94

3.94
1.01

0.04
14.44

9.44

0.47
2.43
3.73

0.94
112
8.51
8.09
4.49

0.94
1.25
0.47
2.72
1.12
0.89

7.23

32.13
231

0.26
2.65
2.49
0.23
0.06
0.02
0.01
0.01
0.09

0.12
0.01

0.01

0.01

0.86

0.14

10.6

9.15

6.45

14.95
454
11.92

11.34
15.38

1.20

2.34

0.08
0.55

0.23

0.08

0.02

0.02
0.07
0.24

0.01
0.25

*Atopa Twv yevwy Clausocalanus kai Paracalanus kai 1o €idog Ctenocalanus vanus karnyopiotroifenkav wg ‘Clauso-Paracalanidae’.



O ékeyyoc PERMANOVA (F=22.28, p=0.0001) kobmg kot ot emakdAovdeg
Katd Cevyn ovykpicelg (a posteriori pairwise comparisons) (ITivaxag 3.5) katédei&ov
OTATIOTIKA CNUAVTIKEG SL0POPEG OTN GUVOEST] TOV GTOUAYIK®V TEPLEYOUEVOV UETOED
yoOvoiov (<100mm TL) wor eviiikov (=100 mm TL) atdépov 10 karokaipt. Ot
OLYKPIoEIS HETOED TOV KAAGE®V UNKOVG Yo T JElypaTo TV TEPOdMV avAUeEng
(AexépuPprog 2007 kar DePpovapiog 2009) (12 detypata) dev Katédel&ov GTATIOTIKA
ONUOVTIKES Sopopég petald tov khdcewv peyédovg 101-120 mm ko >120 mm
(PERMANOVA: F=0.066, p=0.969).
Mivakag 3.5. Katd {euyn ouykpioelg petd tov éAeyxo PERMANOVA T1ng ouvBeong Twv

OTOMAXIKWY TTEPIEXOUEVWV PETAEU Twv KAAOEWwV HEYEBOUG TO KOAOKaQipI, Kol METAEU Twv
OEIYMOTOANTITIKWYV TTEPIOOWV YIa T EVAAIKA ATOUA 0apdEAAG.

ApIBUGG povadikwy

Zelyn a posteriori ouyKpiogwv t p METOBETEWV
(permutations)

40-80 vs 81-100 1.30 0.116 462
«w  40-80vs 101-120 3.32 0.002 462
§3 40-80vs>120 4.44  0.002 462
S % 81-100 vs 101-120 2.87 0.002 462
< 81-100vs >120 3.57 0.002 462
101-120 vs >120 112 0.257 462
I loohiog 2007 vs Aeképppioc 2007 422 0.002 461
§ % louAiog 2007 vs loUAiog 2008 2.33 0.003 462
g_ o louhiog 2007 vs ®eBpoudpiog 2009 3.05 0.002 462
o~ % AeképPBpiog 2007 vs louhiog 2008 5.35 0.002 462
8 AeképBpiog 2007 vs Oefpoudpiog 2009  5.42 0.001 461
louhiog 2008 vs deBpoudpiog 2009 5.26  0.002 462

Ta 1B capdérag TpEPovTay GYedOV OMOKAEICTIKA e KOTHTOJO KOl TIG
dvo Bepvéc meprodovg (H€cog 0pog: 83%), KATAVOAMDVOVTOS WHOVO  EAGYIOTEG
TOGOTNTEG PLTOTANYKTOV (LEGOS Opog: ~5%) (Zynua 3.7). AvrtiBeta, otn cvvleon
TOV GTOLOYIKAOV TEPIEXOUEVOV TMV EVIAIK®OV OTOUOV KLuplapyovsov apliuntikd to
dwdtopa kot o avtdtpoa dwvopaotywtd (ADS). H avéivon SIMPER ¢@avépmoe 611
0 010 ®PICUOG TNG GVVOESTG TMOV GTOUAYIKAOV TEPIEYOUEVOV HETAED EVIAMK®OV OTOU®V
Kot yBvdiov oeeslotay ota didtopa tov yevev Guinardia kor Coscinodicus, ota
dwopootyotd Tov yevov Protoperidinium kou Neoceratium kot 610 BAe@opdmTo
Eutintinnus tubulosus (taén Tintinnida), dnAadn ta kupiapyo Onpapate 6to GToud) Lo

TV evijAikov atopmv (Mapaptnua I, Hivaxog I12).
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M Kwninoda [] Khadokepowwtd Ml AiBupa I Maotepénoda [l Kwnnddateg [l Aekanoda
(mpovipdeg)
[l Ouoocavénoda [] BAedapbwrd M Awopaotiywrtd Awopaotywrd [l Audtopa
(mpoviudec) (etepotpoda) (autodtpoda)

ZxAua 3.7. MNoocooTd Twv KatTnyopiwv Bnpapdrwv avd oTtoudyxl ocapdéAag pe Pdaon Toug
ap1Buoug (n) kai Tov avBpaka (C) Twv Bnpapdrtwy. SO07: louhiog 2007. WO7: Aekéuppiog 2007.
S08: louAiog 2008, W09: deBpoudpiog 2009.

Ta 1BV TpEPovTay Kupimg [Le GYETIKE LeYAA KAAAVOEWD KOTNTOOO OGS
toa Temora styifera xou Acartia clausi, to aproaktikogdég komimodo Euterpina
acutifrons kot 10 kvKAOTOEWEG Yévog komnmdédwv Oncaea (Ilivaxag 3.4),
emdekvoovtag eniong vynin emiextikoma (E) yio ovykexpyéva taxa pe wuwitepa
youniég apbovieg oto medio (m.y. Microsetella rosea, Tpovopeesg Bucavonodwv, K.a.,
[Tivaxkag 3.6). H emucdioyn mg obvBeong TV GTOLONIKOV TEPEYOUEVOV UETAED
yOvdiwv Kot evilikov pe Bdon v aplBuntikny cvppetoyn tov Onpapdtov o
waitepol YA (S(n) tosrioc 2007 = 0.23, Stn) 1ovm0c 2008 = 0.35). Qotdc0, dtav o deiktng
eMKAALYNG LROAOYioTNKE pe Pdaon TN cvvelseopd Tewv Onpopdtov ot avBpoka
(Emua 3.7, Iivaxag 3.4), n enuwcdioyn Ntav wWwitepa vynAn [Scc) tosroe 2007 = 0.73,
S©) 1otmoc 2008 = 0.86]. Xe opovg avbpaxa, Ta kokavoewdn komymoda A. clausi, T.
stylifera, Centropages spp. kot 1 ouddo Clauso-Paracalanidae fjtav ta wo onpovtikd
Onpdpota T6c0 Yo To yBvA 6c0 Kot Yo To EVAAIKA dtopa o Kahokaipa (ITivaxog

3.4).
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Mivakag 3.6. Aciktng €mMAEKTIKOTATAG TOU lvlev yia Ta taxa Tou pecolwotrAaykTou e >1%
apIOUNTIKI) CUMMETOXA OTN OUVOEDN TWV CTONAXIKWY TTEPIEXOMEVWY TNG 0apdEAag. TIUEG Tou
ociktn £ -0.5 4 = 0.5 @aivovtal pe évrovn ypauuatooelpd. SO07: louAhiog 2007. WO7:
AeképBpiog 2007. S08: louhiog 2008, W09: deBpoudipiog 2009. J: IxBUdIa. A: EvAAika.

TavopIkA odda S07 W07 S08 W09
J A A J A A

Acartia clausi 0.734 0.623  0.045 0.120 -0.477 -0.288
KwTrnAdreg -0.756 -0.711 0.185 0.353
Calanus spp. 0.097
Centropages spp. 0.141 -0.082 0.834 0.034 0.067 0.196
OuooavoTroda (TTPOoVUPYEG) 0.952 0.829
Clytemnestera spp. 0.986 0.956 0.970
NauTTAiol KwTTNTTOd WV 0.894 0.699 0.663
Corycaeidae 0.264 0.722 0.870 0.874  0.587
Euterpina acutifrons 0.971 0.935 0.967 0.963
Evadne spinifera -0.773
MaoTtepdmoda (TTPovUUQES) 0.539
ApTTOKTIKOEI® KWTTHTTOdA 0.877
EAacpuatofpayxia (TTpovUE@EQ) 0.881 0.966 0.741
Microsetella rosea 0.982 0.976 0.950 0.978
Oithona spp. 0.151 0.330 -0.437 0.073 -0.230
Oncaea spp. 0.881 0.802 0.201 0.953 0.942 0.761
Clauso-Paracalanidae* -0.601 -0.467 -0.797 -0.699 -0.677 -0.043
Penilia avirostris -0.793 -0.625
Podon spp. 0.559 0.293 0.714 0.709 0.755
Pseudoevadne tergestina -0.066
Temora stylifera 0.612 0.764  0.375 0.45 0.466

*Atopa Twv yevwv Clausocalanus kai Paracalanus kai 1o €idog Ctenocalanus vanus
karnyopiotroindnkav wg ‘Clauso-Paracalanidae’.

Oocov apopd otig evilikeg copdéres (Zynua 3.6), n KupLa d10popOToincT oI
oLVOEON TV CTOUAYIKOV TEPIEXOUEVOV EVTOTIGTNKE UETAED TV TEPLOO®V Beplio-
otpopdtoong (IovAog 2007 wor 2008) ko avdapeEng (AexéuPprog 2007 xon
dePpovaplog 2009). O éreyyoc PERMANOVA (F=16.02, p=0.0001) xabmg kot ot
enakolovbeg katd (evyn cvykpicelg (a posteriori pairwise comparisons) koatédei&ay
ONUOVTIKES OUPOPESG GTN GUVOEST] TV GTOUOYIKMV TEPLEYOUEVOV UETAED OAMV TMV
detypotomrikdv mepddwv (Ilivakag 3.5). H avédivon SIMPER £6eiée 6tL ot
Jwpopég oTN GVUVOEST TOV GTOUOYIKAOV TEPEXOUEVOV opeiloviay 1060 oe €idn
Kornroédov (kvpiog A. clausi, Oncaea spp., E. acutifrons, T. stylifera o
Centropages spp.) 6co kot og yévn eutomhoyktov (Chaetoceros, Pseudo-nitzchia kot
Neoceratium) (ITopaptnuo I, Ilivakog T13). Koatd tig meptddovg avapeEng, M
apOUNTIKY GLUUETOY] TOL GLTOTANYKTOV MoV VyNAdTEPN (HEGOg Gpog: 78%) amd
OTL Katd TG TEPLOdoVG avdpelEns (Léocog 6pog: 54%) (Zympa 3.7, ivaxag 3.4). Ta
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KOTTOO0, GUUUETEIYOV AYOTEPO GTO SATPOPIKO AvOpaKa TIG TEPLOSOVS TNG BepLo-
otpopdtoong (76.5%) amd OtL otig mepodovg avauelEng (97.4%) (Eynpa 3.7,
[Tivakag 3.4). Ta kodokaipta, {OOTAAYKTIKEG OUAOES TEPAY TOV KOTNTOS®V giyav
EMIONG ONUAVTIKY] GUVEIGPOPA GTO JTPOPIKO GvOpaka (). To KLOSOKEPOLMTH Kot
01 TPOVOUQES YaoTepomOdwv, Zynua 3.7, ITivakag 3.4). To onpoviikdtepo KOTATOS
OGOV a@QOpd GTN CLVEICPOPA GE AVOPOKO MTOV TO CYETIKA HEYOAO KOAOVOELN|

koriroda (A. clausi, T. stylifera xou C. typicus) (ITivaxag 3.4).

Meta&d tov mepiddwv lovAiov 2007 ko IovAiov 2008 kabBmg ko petacd
Agxepfpiov 2007 kol PePpovapiov 2009 1 emucdivyn g 6OVOEGNS TOV GTOUAYIKDV
TEPIEYOUEVOV TMV EVIIMKOV MTav VYN (mdvta o Sc) elxe Tywég >0.67), oe avtiBeon
pe Vv younAn emkdaivyn (<0.33) mov mopatnprinke pETOED OMOLNGONTOTE
JELYHATOAMNTTIKNG TTEPLOS0V Beppo-oTpOUATOONG Kot avAREEnNs (T, Sc) uly 2007-
December 2007 = 0.19). EmumAéov, o deiktng emlextikdtnrag tov Ivlev (E) giye moAd
VYNAEG BeTikég TIHES Yo TEPLGGOTEPQ €101 OTIC BepivéC detypatoAnyieg and Ot oTIg
neprodovg avapeEns (Ilivakag 3.6). o v apbBovotepn oudda KOTNTOSWV GTO
nedio (Clauso-Paracalanidae) ot tyuég E tov mévtote dwitepa apvntikég, TAnV tov
deBpovapiov 2009 (Tipég kovtd oto 0, 0VOETEPN EMAEKTIKOTNTA), VITOVODVTOGC
OmTOPLYY] KOUM HEIWUEVT] KAVOTNTO GOUAAYNG TOV GLYKEKPIUEVOL Onpapatog
(ITivokag 3.6).

Katavoun peyedwv 0npapudtowyv 6Ta 6TopayLa tTne capdeiag

Ot eviilikeg oapdEAES CLYKPATOVGOV HKPOTEPOVS OPYOVICLOVS amd OTL To
BV Ko oTig dvo Bepvég meprodovg detypatoinyiog (Ilivaxog 3.7). Me Baon v
apluNTIKY GLUUETOYT TOV ONpapdtev 6T GOVOEST] TOV GTOUAYIKAOV TEPLEXOUEVMV,
To VIAMIKOL Yapla Topovsiocay dVo kvpleg kopveEg (1-200 pm kot 401-1000 pm) pe
mv KAdon 1-200 pm va givorl wWwitepo onUovTiKy o€ OAES TIG OEUYUAUTOANTTIKES
neprooovg (ITivaxoag 3.7, Zyfua 3.8). H xhdon 1-200 pm meprrappdver dudtopa,
dvopaoTy®Td, BAEQUPO®TE KOOMG Kot vouTAiovg komnmodmv. Avtifeta, 0 €0pog
peyebov and 401 éwg 1000 pm meptlopfavel KOTATOSO HKPOV Kot HEGoL peyébovug,
KAOOKEPALMTA, TPOVOUPESG BUCAVOTOS®MV, TPOVOLPES YOGTEPOTOOWY KOl TTEPOTOON,
(ITapdaptpa 1, Hivakag I14). H katavoun cvyvomtov ota 1y00d1a (% n) epepdvice
emiong dvo kvpleg kopveés (400-600 um kot 800-1000 pum).
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Mivakag 3.7. MNocooTiaia apiBunTikn (% n) kai kat’ avepaka (% C) CUPUETOXA TWV CUVOAIKWY BNPpaudTwy OTn cUVOECN TwV OTOUAXIKWY TTEPIEXOUEVWV Th
oapdéAag avd KAAon peyEBoug Bnpapdatwy. J: 1xB0dia. A: EvAAIKa.

KAdon peyéBoug

(um) louAiog 2007 Aeképppiog 2007 louAiog 2008 deBpoudipiog 2009
J A A J A A
%n % C %n % C %n % C %n % C %n % C %n % C
001-200 10.25 0.26 77.99 1.04 87.59 0.38 12.02 0.76 68.24 117 76.32 0.79
201-400 2.19 0.82 0.95 1.87 0 0 8.84 2.97 3.87 3.14 0 0
401-600 35.37 16.01 417 14.05 0.46 0.42 42.85 18.49 15.4 21.83 1.01 2.15
601-800 15.9 12.78 10.05 13.35 4.6 13 10.89 10.89 6.06 15.07 18.33 12.83
801-1000 31.78 50.58 6.34 57.43 0.99 8.7 23.69 55.71 5.88 48.23 0.53 2.28
1001-1200 4.49 17.67 0.49 8.55 5.93 76.96 1.35 6.77 05 6.91 3.7 77.18
1201-1400 0 0 0 0 0.34 8.86 0.35 3.57 0.04 1.11 0.09 3.86
1401-1600 0.01 0.21 0 0.3 0.04 11 0 0.16 0 0.23 0.01 0.37
1601-1800 0 0 0 0 0.03 0.23 0 0 0 0 0 0
1801-2000 0 0 0 0 0.02 2.05 0 0 0 0 0 0
2001-2200 0.01 1.67 0.01 3.41 0 0 0.01 0.68 0.01 2.31 0.01 0.54
Z1aBpiopEvo 683 856 471 857 801 1121 583 805 507 791 512 1045

péoo pEyebog




Ye opovg GvBpaka (%C), mwotéco, n kAdon 801-1000 um cvppeteiye ta
péyota 1600 ota yBvdl 060 Kol oTa EVAAIKO dTopa Tovg Bepvodg pnveg
detypatoyiog (~48-57 % C). v «hdon ovt Kvplopyodoav To KOAKVOELT|
korrodo Temora stylifera xou Acartia clausi. Mpotepeg khdoeig peyébovg (401-
600 ko 601-800 um) eiyav emiong KAmOW GLUUETOYN OTO SATPOPIKO AvOpaKa,
opeduevn kuping ota pikpov peyébovg komimoda (Euterpina acutifrons, Oncaea
spp., Clauso-Paracalanidae) xofdc wor o©TIC TPOVOUPEC YOOTEPOTOIWV KL

Bucavomodwv (BA. TTapdaptnua I, Mivaka 14 yio ta péoa peyébn tov Onpapdtov)

O1 dwpopég peta&d e % n kot e % C ovppetoxns tov Onpapdtov om
oVVOEGT TOV GTOUAYIK®V TEPLEYOUEVOV NTAV EVIOVOTEPES OTIC TEPIOSOVS UVAUEIENC.
(ITivaxkag 3.7, ZyMua 3.8). H % n ¢ pkpdtepng kAdong peyébovg (1-200 pm) mov
amotelobtay Kupiwg amd uToTAayKTo, Ntav Kotd péco o6po 78% (Ilivaxag 3.7,
Yymua 3.8) evd ot TV KOmroddwv, mepinov 8%. LTic mePLOS0LS avAUEENS M
CUVIPIITIKN TOGOTNTO TOL JATPOPIKOV AvOpaxa wpoepydtav and v KAdon 1001-
1200 um (~77%, Iivaxag 3.7, Zyfua 3.8), OnAaor, Kupiowg T0 KOAOVOEWES KOTNTOJO0
C. typicus. Télog, M ovupetoy ¢ ueyolvtepng kidong peyébovg (>2000 pm),
ONAadN TV TPOVLUE®V TV deKOTOdMV Ntov mhvto moAd younAn (<3.5 % C,

[Tivaxag 3.7, Zynua 3.8).
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3.3 Tpo@ikn otkoAoyia yavpov

MMeplodikoTNTA, £VTAGT SLATPOPNG KAL IHEPNOLA KATAVAA®WOT)

O deiktng otopoyikng mAnpotrag (SFI), 6mwg kot oty mepintwon g
copdélac, eueavice €€dptnon amd 10 PApog TOV Yapudv, Wloitepa Kotd TIg
TEPLOOOVG OV GLAAEYOMKOV TOGO 1X0VO1 Oc0 Ko eviAika dropa (.. AeképPplog
2007, Zymua 3.9). Xuvendc, Kol otV MEPITT®ON TOv Yavpov M ypron tov SFI
amodeiydnke axotdAAnAn. o tov mopomdve AOYO TPOCHPUOGTNKOV KOl GTNV
TEPITTOGT TOV YOPOL yeVIKELUEVA Ypappukd poviéda (GLM) yio ) otdbuion tov

Bapovg TV cTOMOYIKOV TEPLEYOUEVOV LE BAcn To BApoc Tov yoap1lov.

Ta mo @edorld GLM yio ta y@vdw (<100 mm TL) ko tor evijAiko dtopa
(>100 mm TL) e&nyovcav 66.43% kot 60.95% g andxkiong (deviance), avtiotouyo
(ITivaxkag 3.8). Kat otig 2 meputtdoeic, n petofAnt tov ypdévov (TIME) frav avty
nov e€nyovoe 10 PEYOADTEPO TOGOGTO TG amOKAoNG (~25% ota 1ybvdw ko ~36%
oto. evidika). Ot onuovtikés orniemdpdoec (interactions) g meptddov
derypotoAnyiag (SP) kat tov ypovov (TIME) pe to Bapoc tov yaprov (EW) pmopovv
Vo, EpUNVELTOOV MG OAAAYEG NG KAlong g oyxéong tov &Enpov Papove TV
otopayikov mepleyopuévoyv (DW) pe to Bapog toov wopiov (EW) petadd
OEYHOTOANTTIKOV TTEPOd®V (SP) Kot ¥povikdv StoeTtnudtmv detypotonyiog eviog
tov nuepnotov koxiov (TIME) (BA. eniong Zynua 3.9). Ocov agopd ota eviiika, T0
@OLo (G) dev MTav oNUOVTIKY EreENYNUATIKY] LETAPANTA Yol TO LOVTEAO.
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xAua 3.9. Navpog. Zxéon Aciktn Ztopayikng MNAnpoétnTag (SFI) kai
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Aeképppio Tou 2007. MapouaiddovTal €TTIONG O OTATIOTIKA ONPOVTIKEG
OXEOEIG.
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Mivakag 3.8. AvdAuon Tng atokAiong (deviance) Twv YEVIKEUPEVWY YPAUUIKWY HOVTEAWV
(GLM) 110U TTPOCAPUGCTNKAY VIO TO ENPO BAPOG TWV CTOPAXIKWY TTEPIEXOUEVWV TOU YaUpOoU.
df: PBoBuoi eAeuBepiag. Res. df: YmoAermmouevor BoBuoi eAeuBepiag. SP:  mrepiodog
ociydatoAnyiag, TIME: xpovikr, Trepiodog OciypatoAnyiag, EW: Bdpog wapioU Xwpig
evtoo0ia.

Mnyn E&nyolpevn E¢nyolpevn  Res.  YTroAemréuevn p-
dlakupavong f atrékAion atrékhion % df atrékAion value
NULL 1268 902.34
SP 3 175.756 19.48 1265 726.58 ok
TIME 7 224.054 24.83 1258 502.53 ok
s EW 1 74.33 8.24 1257 428.2 ok
S SPxTIME 21 105.016 11.64 1236 323.19 ok
% TIMExXEW 7 4.051 0.45 1229 319.14 *
SPxEW 3 2.876 0.32 1226 316.26 i
SPxEWxTIME 20 13.333 1.48 1206 302.93 ok
>uUvoho 66.43
NULL 1191 702.58
CRUISE 3 55.44 7.89 1188 647.14 ok
g TIME 7 252.96 36.01 1181 394.17 ok
S EW 1 12.08 1.72 1180 382.10 ok
Y SPxTIME 21 103.57 14.74 1159 278.53 ok
SPxEW 3 4.19 0.60 1152 274.34 *
>uvoho 60.95

% <0.0001

Ot otafuopévor pécotr O6pot pe ta 95% Oplo EUMGTOGVUVNG TOLG YO TNV
aAnienidpaocn SP x TIME ¢aivovtatl oto Zyfua 3.10. To Bdpog tov yopiuov (EW)
Yy T0 omoio ekTiunOnKay ot otabuicuévol pésot dpot rav ta 3.18 g yo Ta 1ybvd
kot T 8.36 g ywo ta evijlika dtopa. Toco ta ybvdw 660 Kot Ta EVAMKA ELPAVICOV
éva EexdBapo mpodTLIIO TpoPoANYing ot Bepvég detypatoAnmikég meptodove. Ot
xopnAotepes e DW kataypdenkav katd tnv ovotoAn tov MAiov, oTodlokd
avEAvVOVTOV TN SLIPKELD TNG NUEPAS KOl KOPLOOVOVTAV KATO T dVGN Tov NAlov
Eympata 3.10A, T, E xor Z). Ok 100 otopdyloa mov cuAAEyOnkav otig Bepivég
detypatonyieg NTov TANPN TS GVUPGELS oL EAaPay Ydpa Alyo LETA TN V0T TOL
nAiov kot ta Onpapato NTov oe eEAPETIKY KATAGTAON (0Yed0V UNdevikog Babuog

TEYNG).
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Katd tig yewpwepwvég derypatonyieg, ot yavpor tpépovtav kob’ OAn
JUIPKELD TNG NUEPOS KO GLVEXILOV KOl MG TIG TPATES UETAUECOVOYTIEG DPEG (XM Lo
3.10) og avtiBeon pe Tig Oeptvég dEYLATOANYIES TTOV 1) TPOPOANYIN GTAUATOVCE KOTA
m Odpkeln g vOytag. H mocdmto TV GTOHOYIK®OV TEPIEYOUEVOV UEIOVOTAV
OPUCTIKA HETA TNV KOPVO®ST TNG (ONAadT] LETA TN dVGT TOL NAIOV TO KOAOKAIPL Kot
peTd o pechvoyta 1o xelpnava) (Zynua 3.10). O Babuog méyng tov Onpapdtov ota

oTopdylo avEavotay OG0 TPOYMPOVSE 1 VUYTA.

Kotd tic meprodovg Oeppo-otpopdrmong, ot ektiunbévteg otrypaior pvbpoi
yootpikng ké€vmons (Rmax) Mrav mapopotlor yoo to 1yfvdwe Kot tor eVAAIKO GTOpO
(ITivaxkag 3.9). Emiong, ot Rmax NTav vynAotepol 1600 oto 1xfvd 660 kot oTo
eviAka yaplo Kotd TIc TEP1O00VE BEPLO-CTPOUATMONG GE GVYKPILON LE TIG TEPLOOOVS

avapeitng (ITivaxkag 3.9).

Ot nuepfoteg KatavaAmoels tpoeng and 1o povtého tov Elliot-Persson ot
and avtd tov Eggers (Tlivaxag 3.9) siyov vynAn cvoyétion (r = 0.986, p<0.001). H
NUEPNOL0 KATOVAA®GT TPOPNS TV tBudinv wg % el Tov oAkov tovg Papovg (TW)
ntav vymidtepn omd avty tov evidikov (ITivakag 3.9). Zto eviiika, n nuepniola
KatavdAwon tpoeng Mtav vyniotepn ta korokaipia (IodvAtog 2007: 2.92%, lodviog
2008: 4.30%) oe oyéon e Tic meprodovg avhpeEng (Iivaxoag 3.9).
Mivakag 3.9. TIHEC TWV EKTIMNPEVWY PUBPWY YaOTPIKAC KEVWONCS (Rmax h™) Kal KATAVEAWONS
(DW avd nuépa) yia 10 yaupo. O1 KaTavaAwoelg ekppalovTal €mmiong Kar wg % OAIKou
owaTIKoU Bapoug (% TW). A: EvAAika wapia. J: [xB081a. Rya pUBUOG YOOTPIKAG KEVWONG.
DW: Méon Tiur oTaBICPEVOU OTOUAXIKOU TTEPIEXOUEVOU KOTA TNV TTEPiI0dO Tpo@oAnyiag. Ce.p:

katava@Awon pe Bdaon 1o poviéAo Elliott-Persson. Cg: katavdAwon pe BAcn 1O POVTEAO
Eggers.

68;‘:&;@?3@ ac Rmax(+ S.E.)  DW Cer(x S.E.) (%\7\/ Ce %%v
S07 0.389 (0.054) 0.0024 0.0200 (0.0041) 4.38 0.0205  4.50

= W07 0.189 (0.038) 0.0027 0.0106 (0.0010) 2.33 0.0084  1.84
2 S08 0.402 (0.085) 0.0028 0.0215 (0.0102) 4.71 0.0216 4.74
B W09 0.138 (0.070) 0.0044 0.0177 (0.0041) 3.87 0.0114 3.54
S07 0.364 (0.080) 0.0048 0.0350 (0.0039) 2.92 0.0340 2.83

g Wo7 0.180 (0.052) 0.0071 0.0157 (0.0025) 1.50 0.0152 1.56
< S08 0.423 (0.068) 0.0062 0.0515(0.0042) 4.30 0.0510 4.25
" W09 0.135 (0.060) 0.0067 0.0260 (0.0016) 2.30 0.0264  2.28
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TUVOECT) CTONAXLKWV TIEPLEXOUEVDV

AvoloOnkav cuvolkd 589 ctoudyto ybvudimv Kot EVAIMK®OV 0TOU®mY YOpOoL
oto omoio avoyvopiomnkav 29 taxa ko yopiotnkov oe 7 katnyopieg Onpapdrtov
(ITivaxag 3.10). O péoog apBudg Onpapdtov oto octopdylo eiye peydAo 0pog
dwkopavong (amd 101 éog ko 1516 Onpdaupoto avd otoudyt). IIpoxotopKTiKég
avaivoelg epapyikng opadonoinong (CLUSTER) kot un petpiknig moAvdidototng
Khpakoong (NMDS), Baciopévn otovg apbpodc tov Onpapdtov, dev £6ei&av
KOO0 Joy®PoHd ™G oOVOEONS TOV GTOHOYIKOV TEPLEYOUEVOV UETOED TMV
derypatov <100 mm TL wor >100 mm TL (Zynua 3.11A). AvtiBeta, onpovtikés
dwpopég (F=35.89, p=0.0001) moapatnpnbnkav peta&d TtV mEPLOO®V Ogppo-
otpopdtoong kot avapeidng (Zymuo 3.11A). H % obdvBeon tov otopayikodv
nepleyoévav Paciopévn otov apdud tov Onpapdtov (% N) Kot 6TN GLUUETOYN TOVS
otov dlatpokd avOpaka (% C) yuo kdbe derypatoAnmtikn mepiodo Kol OVIOYEVETIKO

01010 (1BHOK 1 eviAika) didovtar otov [Mivaka 3.10.

A 2D Stress: 0.07 | B 2D Stress: 0.01

v R wod YT Rog
soso’-\ H ., W09

A 35-80 Opo:o%a A S07
Ouoibmra A 80100 50 v Wo7
—30 © 100-120 75 B S08
.......... 50 * >120 O Wo9

IxAua 3.11. Mn perpiknp moAudidotatn kAiydkwon (NMDS) (A) Twv delyudtwy  TTOU
xpnoigotroinBnkav yia tnv avalucon tng oulvBeong Twv OTOUAXIKWY TTEPIEXOPEVWY TOU
yaupou pe Ta oUPPBoAa va utmodnAwvouv Tig SIaQopeTIKEG KAaoelg peyéBoug, kai (B) Twv
OEIYUATWY TWV evNAIKwv oTOPwv (=100 mm) yalpou pe Ta cUPBOAa va uTTodnAwvouv Tig
oeryparoAnTITikég TTEPIOdouG. MapouaidlovTal €TTiong o1 ouddeg (clusters) ou TTpoékuywav
aTTd TIG AVTIOTOIXEG AVOAUCEIG IEPAPXIKAG opadotroinong (o€ emimedo opoidoTnTag 30%, 50%
Kal 75%). SO07: louAiog 2007. WO7: Aekéuppiog 2007. S08: loUAiog 2008. W09: defpoudpiog
2009.
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Mivakag 3.10. NoocooTiaia apiBunTIKr (% n) Kai kKat’ dvBpaka (% C) cuppeTox Twv BnpaudTwy oTn oUvBEOoT TwV CTOPAXIKWY TTEPIEXOUEVWY TOU yaupou. J: 1xBudia.

A: EviAika.
louAiog 2007 Aeképpplog 2007 louAiog 2008 PeBpoudpiog 2009
Katnyopia Tagivouikr) oudda J J A J J A
%n % C %n % C %n % C % n % C % n % C % n % C % n % C % n % C

KwtrnAdreg KwtrnAdTeg 048 0.06 0.66 0.08 9.59 0.48 2059 1.15 1.06 0.09 0.46 0.04 0.51 0.02 0.64 0.03
AiBupa EAacpatoBpayxia 9.15 161 4.68 0.55 1.21 0.06 0.45 0.03 0.36 0.04 0.50 0.05

(TrPOVUHQEG)
OuooavéToda OuooavéToda 0.25 0.41 2.55 1.72 0.24 0.26

(TTPOVUHYEG)
KAadokepaiwtd  Evadne spinifera 0.48 0.11 0.74 0.07

Penilia avirostris 218 063 1.67 0.51 0.56 0.08 1.10 0.27 0.98 0.25

Podon intermedius 6.33 4.33 2.00 1.86 0.14 0.04 0.66 0.22

KAadokepaiwTd 1.00 0.58 0.43 0.65

(MN avayvwpIoPEVO)
KwTrrroda Acatrtia clausi 20.36 2298 37.70 4521 4.8 1.36 2.06 0.82 1134 829 1221 9.74

Calanus spp. 597 1547 2.58 9.20

Calocalanus spp. 0.14 0.02 0.49 0.09

Candacia spp. 3.96 11.3 1.78 7.63

Centropages spp. 0.97 2.99 2.61 729 38.16 53.75 37.75 69.29 65.00 9440 67.00 91.53

Clauso- 3.7 469 201 1.49 9.12 3.00 10.62 4.32 4.68 3.10 4.52 3.06 10.38 3.57 5.46 1.82

Paracalanidae

Clytemnestra spp. 0.30 0.20

NauTTAiol 144 037 0.50 0.13 1.38 0.16 0.98 0.13 0.36 0.08 0.50 0.11

Kwtnmédwv

Corycaeidae 263 276 3.42 2.68 4.94 1.66 2.65 1.06 2.04 1.33 0.91 0.61 3.09 1.05 5.65 1.84

Eucalanus spp. 0.09 2.04

Euterpina acutifrons 6.74 1.83 1345 276 1.40 0.11 0.28 0.03 1540 264 13.01 2.29 0.71 0.06 0.26 0.02



Aekdmroda

lFaoTepoTTOdA

ApTTaKTIKOEION
Isias clavipes
Microsetella rosea
Oithona spp.
Oncaea spp.
Pontellidae
Sapphirina spp.
Temora stylifera
KwtrAmodo

(MN avayvwpIoPEVO)
Zwn kaBoupiol
Muoig yapidag
FaoTepoTTOdO

(TTPOVUHQEG)
Mrepdmoda
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0.49

0.17
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2.89
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0.03

0.02

3.61
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0.07

0.34

1.80

13.84

0.56

2.07

11.25

6.17

0.25

0.39

0.19

0.91

7.10

0.32

2.82

3.64

0.01

0.05

0.19

0.03

0.38

0.04

0.05

0.30

0.20

4.82

0.10

2.50

0.26

0.28

0.70

0.76

10.96

0.24

1.33

4.58

0.01

0.01

0.03

0.77

0.05

0.63

0.19

3.36

0.09

0.65

1.91

5.68

35.77

18.54

1.24

0.08

0.03

0.41

0.74

0.60

3.38

74.04

1.09

3.29

1.02

2.22

5.48

38.40

18.34

2.13

0.07

0.02

0.25

0.87
0.58
3.71

1719 0.85

74.96

3.11
0.93 0.01 0.05
2.16

0.64

0.18

17.23

1.24

2.30

0.01

0.03

0.02

0.81

2.35

0.08

1.50
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B povoudeq) B Kumnhdres (rpovoudeq)

ZxAua 3.12. MNoocooTd Twv KaTnyopiwv Onpaudtwyv avd oToudyl yaupou pe Pdon Toug
apiBuoug (n) kai Tov dvBpaka (C). SO7: louhiog 2007. WO7: AekéuPpiog 2007. S08: loUAiog
2008. W09: deBpoudpiog 2009.

Ta yBHO1 yavpov TpEéPovIav GYedOV AMOKAEIGTIKA LE KOMNTOOO OAES TIG
detypatomtikéc meplodovg (katd péco O6po 90%), 6cov agopd OTIG KOPLES
Katnyopieg opyavicpdv, Yopig va KATovaA®VOLY @LTOTAAYKTO (Zymua 3.12). Tow
Tdon Kotaypdenke Kot o1 cOHVOESN TOV GTOUUNIKOV TEPIEXOUEVOV TOV EVIAIK®OV

atOp®V (GLUUETOYN KOTNTOdWY Kata péco 6po 87%) (TTapapmua I, yfua X3).

O éleyyog PERMANOVA (F=0.71, p>0.10) dev £0€1E€ 0TOTIOTIKG OTUOVTIKEG
PO pEG 0T GVUVOEST TV GTOUAYIK®V TEPLEXOUEVOV HETAED 1Bvdimy (<100mm TL)
Kot eviAkov (=100 mm TL) atépmv. H chvBeon tov otopayik®V TepleEfopévey Tmv
EVIIAIK®V yopldv Bpédnke va dtapopomoteitan HeTaED TV TEPIOOWV OEYLOTOANYING
omwg doedvnke and v avaivon CLUSTER kot nMDS (Zyiuo 3.11B). O éheyyog
PERMANOVA (F=38.82, p=0.0001) kafd¢ kat ot akdlovbeg kotd (edyn cvykpioelg
(a posteriori pairwise comparisons) katédel&ov GTUTIOTIKA CNUAVTIKEG dLOPOPES OTN
obvleon TOV OTOUAYIKOV TEPEYOUEVOV  UETAED  OEIYUATOANTTIKOV  TEPLOO®V

(ITivaxag 3.11).
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Mivakag 3.11. Kata {euyn ouykpioeig perd tov éAeyxo PERMANOVA T1nGg ouvBeong Twv
OTOMOXIKWY TTEPIEXOMEVWY HETALU Twv OEIYUATOANTITIKWY TEPIOdWV yia Ta €VAAIKO GTOMA
yaupou.

ApiBuég 0
, . ] p MOVOBIKWY

Zeuyn a posteriori GuykpicEwv t (PERMANOVA) UETABECEWY (Monte

. Carlo)

(permutations)

louhiog 2007 vs Aeképpplog 2007 4.54 0.1053 10 0.0018
louAiog 2007 vs louAiog 2008 3.35 0.1019 10 0.0051
loUMIoG 2007 vs DeBpoudpiog 2009 8.17 0.0133 84 0.0001
Aeképppiog 2007 vs louAiog 2008 5.67 0.0971 10 0.0012
AekéuPpiog 2007 vs Pefpoudpiog 2009  4.76 0.0121 84 0.0006
louAiog 2008 vs dPefpoudpiog 2009 9.43 0.0118 84 0.0001

H avdivon SIMPER £6gi&e 0Tt 0 Staympiopog g ohvOeonc TdV CTOUAYIKOV
TEPLEYOUEVOV HETOED BEPIVAOV KOl YEYWEPIVAOV OEIYUATOANTTIK®OV TEPLOOMV 0PENITAV
G €Ml TO TAEIGTOV GTO KLPLOPYOVVTO KOTNTOOO, GTO GTOUAYLOL TV YOPIDV KOTE TIG 2
enoyéc (ITapapmmua I, IMivaxag I15). Koatd xopro Adyo, avtd Ntov T KOAOVOELN
Centropages spp. xou Acartia clausi, 1o oproaktikoeldéc kommodo Euterpina
acutifrons kot 1o kukAoTOEBEC Yévog komnmodwy Oncaea (ITapdaptnua I, TTivokog
I15). e oplopéveg TEPMTMOELS, O YOOPOS €deve vyYNAN emkektikoOTnTa (E) v
ovykekpuévo taxa pe waitepa yauniés agpboviec oto medio (m.y. Candacia spp.,

Microsetella rosea, «.a., ITivaxog 3.12).

H emwdAloyn tg obvBeonc T@vV GTopa KOV TEPIEXOUEVOV HETAED 1BudimV
Kol eVAAIK®V pe Bdon v aplOuntikn GLUUETOYN TOV Onpopdtov fTov HETpla Mg
VYN og OAeg Tig dstypatonmrikés meprodovg (Ilivakag 3.13). Otav o deiking
EMKAALYNG TNG GLVOESTG TOV CTOUAYIKOV TEPLEXOUEVOV VITOAOYIoTNKE e PAon ™
ouvelsPopd twv Inpapdrov ce avlpaka (ITivaxog 3.13), n enucdAloyn Nrav Wwitepa
VYN o€ OAeg TG TEPLOdOLG, ANV Tov lovAiov 2007 mov N emkdAvyn Moy PETPLL
(TTivaxag 3.13). Xg 0povg GvOpaka, to kadavoedn kornrodo A. clausi, T. stylifera,
Centropages spp., Calanus spp., ka1 Candacia armata fMtav ta Onpdauata pe
avEnpévn cupPfoln otn S1aTPoPY| TOGO Yo T BV OGO Kot Y1l TO. EVIALKO dTopa

ta kadoxaipla (ITivaxag 3.10).
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Mivakag 3.12. AgikTng €MAEKTIKOTNTAG TOU Ivlev yia Ta taxa Tou PecolwoTTAaykToU Pe >1%
apIOUNTIKI) CUMPMETOXA OTN OUVOEON Twv CTOMAXIKWY TTEPIEXOMEVWY TOU yaupou. TIYEG Tou
ociktn <-0.5 4 0.5 @aivovTal pe évtovn ypauuatooeipd. SO07: louhiog 2007. WO7: AekéuBpiog
2007. S08: louAiog 2008. W09: deBpoudpiog 2009. J: IxB0dIa. A: EVAAIKa.

Ta&vopikA opéda S07 wo7 S08 W09

J A J A J A J A
Acartia clausi 0.997 0.848 0.499 0.09 0.208 0.247 0 0
KwTtrnAdreg 0 0 0.586 0.721 0 0 0 0
Calanus spp. 0 0 0.089 -0.296 0 0 0 0
Candacia spp. 0 0 0.832 0.739 0 0 0 0
Centropages spp. -0.445 -0.086 0.725 0.743 0 0 0.396  0.397
Ouooavormoda 0 0 0.258 0 0 0 0 0
(TTPOVUNPEQ)
NauTrAiol 0.829 0 -0.105 0 0 0 0 0
KWTTNTTOdWV
Corycaeidae 0.597 0.651 0377 -0.104 0802 0.659 0.579 0.751
Euterpina 0.925 0.961 0.554 0 0.974 0.97 0 0
acutifrons
Evadne spinifera 0 0 -0.172 0 0 0 0 0
MaoTtepdmoda 0.644 0.894 0 0 0 0 0 0
(TTPOVUpPEQ)
ApTTOKTIKOEION 0.762 0 0 0 0 0 0 0
KWTTATTO00
EAaocuatoppdyxia 0.980 0.964 0.885 0 0 0 0 0
(TTPOVUpPEQ)
Microsetella rosea 0 0 0 0 0.95 0.958 0 0
Oithona spp. 0.814 0.134 0 0 0.456 0.43 0 0
Oncaea spp. 0.815 0.862 0.55 0.771 0966 0.968 0.837 0.851
Clauso- -0.883 -0.912 -0.637 -0.695 -0.715 -0.715 -0.459 -0.663
Paracalanidae
Penilia avirostris -0.563 -0.767 0 0 -0.924 -0.92 0 0
Podon spp. 0.723  0.329 0 0 0 0 0 0
MrepoTTOda 0 0.778 0 0 0 0 0 0
Temora stylifera 0.414 0.006 -0.436 -0.493 0.626 0.623 0 0

63



Mivakag 3.13. Emk&dAuwn TN oUvBeONG TwV OTOPOXIKWY TTEPIEXOMEVWY PETAEU 1XBUdIWV Kal
EVAANKWVY yaupou avda OelyUOTOANTITIKN TTEPiIOdO, KaBwWG Kal KABe ovToyeveTIkKoU aoTadiou
METAEU OEIYHOTOANTITIKWY TTEPIGdWV We BAan To Ogiktn Tou Schoener. J: IxBuUdia. A: EvAAIKa.
S () AgiKTNG £MKAAUYNG BACIOPEVOG OTNV % N CUPMETOXN Twv Bnpapdrwyv atn diarpodr). S
©): AgikTNG EMKAAUWNG Baciopévog oTnv % C ouppeToxn Twv Bnpapdrtwy oTn dIaTPo@n.

Mepiodog delyuaroAnyiag OvToyeveTIKO OTAdIO S S(o)

loUAIog 2007 JVvsA 0.607 0.543
AekéuPBpiog 2007 JvsA 0.801 0.825
louAiog 2008 JvsA 0.957 0.976
deBpoudpiog 2009 JvsA 0.947 0.958
louhiog 2007- louhiog 2008 A 0.517 0.317
louhiog 2007- louhiog 2008 J 0.495 0.553
AekéuPpiog 2007 vs Defpoudplog J 0.605 0.603
Aekéuppiog 2007 vs Defpoudplog A 0.676 0.782
louhiog 2007 vs Aeképppiog 2007 A 0.272 0.188
loUMI0G 2007 vs PeBpoudpiog 2009 A 0.237 0.163
AekéuPBpiog 2007 vs louhiog 2008 A 0.246 0.105
loUMI0G 2008 vs PeBpoudpiog 2009 A 0.249 0.070

Katavoun peyedmwv 0npapudtmv 6T 6TORAYLE TOV YAUPOU

Toco 1o yBOOW OCO KOl Ta EVAMKA GTOMO. YOOPOL GLYKPATOVCOV
opyovIGHOUC 1010V peyébovg o Kabe mepiodo detypatoinyiog (Ilivaxkog 3.14, Zynua
3.13). Me Bdon Vv aplBuntikn cvppetoyn tov Onpapdtov ot ocvvbeon Tov
OTOLOYIK®V TEPLEYOUEV®DV, T Yapla mopovsiolav 600 kvupieg kopveés (401-800 um
kot 1201-1400 um) oe 6Aeg Tig derypotoAnmikég meprodovg (Ilivaxog 3.14, Zynua
3.13). Qot660, T0 TPHTLO NTAV AVTICTPOPO UETOED TEPLOd®V BEPLO-CTPOUATMOONS
Kol ovapeng, pe tovg opyoviopovs peyébovg amd 401-800 pum va xvplopyovv
apluntikd to Kodokaipla, evd o Onpdpata pe péyebog 1201-1400 pm
Kuplapyovoav apuntikd otig meptodovs avdpeEng (Ilivaxag 3.14, Eyua 3.13). Ta
pey€dn amd 401 émg 800 um meptrlopfavouy KOTATOd0 KPOV Kol LEGOV HeYEBoLC,
KAOOOKEPALMTA, TPOVOUPESG BLCAVOTOS®MV, TPOVOLPES YOGTEPOTOOWY KOl TTEPOTOON,

(ITapdaptnpa I, Mivaxag I16).

e 0povg avBpaka (% C), n kAdon 1201-1400 pm cvppeteiye ta pé€yioto 1060
oTa yBvd 660 Kot 6T EVAAKA ATopa 68 OAES TIG TEP1OdOVS, TANV Tov lovAiiov 2007
omov M KAdorm 401-800 um cvppeteiye emiong apkeTd 610 SlOTPOEKS AVOpOKOL

(ITivoxkag 3.14, Zynua 3.13).
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xAua 3.13. Karavouég ouyxvotAtwy TG % apiBunTtikAg (% n) kai kar’ avBpaka (% C)
OUMPMETOXNG TWV CUVOAIKWY Bnpapdtwy aTta atoudyia Tou yaupou. SO7: louAiog 2007. WO7:
Aeképppiog 2007. S08: louhiog 2008. W09: defpoudpiog 2009. J: IxBUdIa. A: EvAAika.

Ot d10popég PeTaEy TG oPOUNTIKNG Kot TG 6€ AvOpaKH GLUUETOYNG TOV
Onpopdtov ot obvOeon TOV GTOHOYIKOV TEPIEXOUEVOV NTOV EVIOVOTEPEG OTIC
nepooovg avapeing (Ilivaxag 3.14, Zymua 3.13). H kidon 1201-1400 pm fjtav avt
amd v omoia mpoegpydTOV M KOPL TocdTNTO TOL drTpoPikov avOpaxka (ITivaxog
3.14, ZyAuo 3.13), dniadt], kupimg ta kodavoewn komnmoda C. typicus (mepiodot
avaueEnc) kou T. stylifera (mepiodor Bepuo-otpoudtoong). Avtibeta, n avEnuévn
ouvelsPopd tov KAdoemv 401-600 xar 601-800 pm xotd KOplo Adyo oTig Bepivég
eP1OO0VS (Kot Wintépmg Tov IovAlo tov 2007) opelrdtay ce piKpd kKoOTHTOdN (TT.X.
Oithona spp. kot Oncaea spp.), KAASOKEPUIOTA Kot TPOVOUPES YO.oTEPOTOdWY. TENOG,
1 GUUUETOYN LEYOADTEPOV OpYOVIGU®V peyEéBovg >2000 um, SnAadn T®V TPOVLUE®OV
TV dekamddmv N peydlov peyébovg komnmodwv (w.y. Calanus spp., Candacia spp.,
Eucalanus spp., Mapdpmua II, Zynua X4) ftav oe opioHEVEG TEPMTOCELS (TT.).
Aexépupprog 2007) Waitepa onuavtiky (Mivaxog 3.14, Zyfuo 3.13).

65



Mivakag 3.14. MooooTiaia aplBunTIKA (% n) kai Kat’ dvBpaka (% C) CUUUETOXH TwV CUVONKWY BnpapdTwy oTn oUvBECN TWV OTOUAXIKWY TTEPIEXOUEVWY TOU
yaupou avd KAGon hey€Boug Bnpapdtwy. J: 1xB0dia. A: Evilika.

Kdon TovAtog 2007 Agxéufpiog 2007 TovAloc 2008 DdePpovapiog 2009
peyébovug
(um) J A J A J A J A

%n % C %n % C %n % C %n % C %n % C %n %C %n %C %n %C

001-200
201-400 10.32 1.55 5.32 0.62 1571 0.83  22.09 1.27 1.75 0.21 1.27 0.17 0.36 0.02 047  0.02

401-600 3591 1090 2473 2411 10.06 2.16 14.8 1.10 4216 5.04 44.3 4.85 1581  0.76 17.38 0.82
601-800 4195 28115 6035 4819 17.74 539 10.95 432 3548 1506 3489 1587 1199 3091 6.82 2.11
801-1000 2.75 2.25 3.29 2.30 5.63 1.89 2.07 0.83 1.96 1.29 1.05 0.70 2.77 0.93 5.18 1.69

1001-1200
12011400 851 39.71  6.27 21.81 42.64 5946 4591 7559 1854 7435 1841 7524 69.07 9435 7011 93.9

1401-1600

1601-1800 0.04 0.68 0.02 0.36 479 1453 219 7.94 0.07 1.03 0.06 0.87 0.01 0.04 0.01 0.06
1801-2000 0.39 0.58 0.38 0.23 0.21 0.15

2001-2200 012 16.17  0.02 2.60 292 1273 178 8.79 0.03 3.02 0.02 2.29 003 141

2201-2400
2401-2600
2601-2800
2801-3000
3001-3200
3201-3400
3401-3600 0.14 2.78

Ttofuiopévo 650 1155 674 825 981 1457 911 1352 725 1190 720 1183 1087 1267 1095 1285
péco péyebog




3.4 APBLoTikO TEPIPAALOV Kl TEAQYIKO TPOPLKO TTASYUQ

Ot péoec tpég T@v PloTIKOV Kol afOTIKOV HETOPANTOV TOL GLAAEYOMKOV Kol Ot
OTOTIOTIKA  ONUOVTIKEG  OQopEg  HeTald TV TECCApOV  TEPLOS®OV  SerypaToOANYing
napovotdlovtar otov Ilivaka 3.15. H dwakdpavon g Beppokpaciog Ko g aAatdtTnTog, M
dlakvpavo” EMAEYUEVOV PETAPANTOV KaO®G KOl TO. KUPLOL TPOPIKA LOVOTATIOL GTO TEANYIKO
Tpoikd mAéyua (Siokou-Frangou et al. 2010), ocvvoyilovtar oto Zyfuo 3.14. H Beppo-
otpopdtoon ntav Evtovn tov lovAo tov 2007 ko tov Iodho tov 2008, oe avtiBeon pe 1o
Aexéupplo tov 2007 dmov n oA T0VL VEPOU glxe avoaperdel aAld n Oeppokpacio NTav

vynAdtepn amd 6TL t0 Defpovdpro Tov 2009 (Eynua 3.14, Tlivaxag 3.15).

O JSwAvuévog avopyovog GOOEOPOS Kol TO OlALHEVO avopyovo alwto elyav
YOUNAOTEPES TIHEG KO OTIG OV0 TEPLOO0VS BEPLO-CTPOUATOONS GE GYECN LE TIG TEPLOOOVG
avapetng (Eymua 3.14, Tlivaxoag 3.15). Ta dSwivpéva mopitikd GAaTo MTOV CNUOVTIKA
Mydtepa povo katd 1o Defpovdplo tov 2009 (Zymua 3.14, Iivaxkag 3.15). H yAopo@OAiin o
elye oNUOVTIKA LYNAOTEPT CLYKEVIPMOT KOTA TIC TEPLOOOVE OVAUEIENS KUPIOG AdY® NG
VYNNG apboviog Tov d1aTOU®V (CLVTEAESTNG cuoYETiong Pearson peta&d yYAmpoeOAANG o Kot

apBoviag dworouwv: r=0.999, p<0.0001).

H oapbBovio tov avtdtpo@wv OvopacTIY®T®V MTOV ONUOVTIKA VYNAOTEPT TOV
deBpovdpro Tov 2009. O apbovieg Tov TKO- KOl VOVOTAXYKTOU OEV €050V KATO0 KOO
TPOTLTO JAKVUOVONG 1] GUYKEKPIUEVT] TAOT UETOEL TOV TEPLOOMV BEPUO-CTPOUATOONG Kot
avipeEng (Zymua 3.14, Iivaxog 3.15). Ot agBovieg TV PAEPAPIOOTOV Kol TOV ETEPOTPOP®V
SWOLACTIYOTAOV, ONANON TOV KOPUwV OPAd®V TOL UIKPOL®OTAMYKTOV, NMTOV OMUOVTIKA

VYNAOTEPES KATh TNG TEPLOOOVG avapeEng (Zynpa 3.14, Iivaxag 3.15).

Katd tic mepiodovg Beppo-otpopdroong (IodAtog 2007 kot lodAtog 2008), o avBpakag
TOV VTOTPOP®V KVTTApV <20 um ftav 13-15 eopéc vynAdTEPOG Amd AVTOHV TOV AVTHTPOP®V
KUTTAp®V >20 pum (Kuping omoTeEAOVUEVA 0O SIATOUA KAl AVTOTPOPO SVOUACTIY®TA) (Tymua
3.15). Tov ®ePpovdpo tov 2009, dtav m oTHAN TOL vEPOD MTAV OVOLEUEIYHEVN KOl 1|
Oepuokpacio youniotepn oe oyéon pe TG GAAeG mePlOOOVG detypatoAnyiog, To HEYOAQ

eLTOTAAYKTOVIKA KOTTOpO (>20 Um) Kuplapyovoav TNV TEPLOYN UEAETNG, LE TO TEPIEXOUEVO
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Tou¢ o GvBpaka va etvar ~60 @opég LYNAOTEPO amd CLTO TOV OVTOTPOPOVL TIKO- KOl
vavomlayktoy (Zynua 3.15). To AekéuPpro tov 2007, 6tav 1 otHAN eixe avopeydel aAld n
Bepuoxpacio Tov vepob fTav VYNAOTEPT (apP)IK GACT TNG TEPLOdOL avapeltng) amd Ot Tov
deBpovaplo Tov 2009, n avoroyio dvOpaka petald TV ALTOTPOP®V KLTTAPOY >20 Kot <20
um ntov 1.2 (Zymuo 3.15). Emmthéov, n avaroyio avBpaka tov gtepdtpopov (HB kaw HNF)
1pog 10 avtdTpoPo (Syn kot ANF) kAdopo tov mmko- kot vovorAayktod frav >1 Kot 611G 600
neprodovg Beppo-otpopdtoons (0.439 xor 0.472 tov IovAwo 2007 wou tov Ioviwo 2008,
avtiotorya), o avtifeon pe 10 AgkéuPpro 2007 ko to Defpovdpro 2009 mov 1 avaroyio av

nrav 2.07 ko 0.828, avtictoya (Mapdaptmua 11, Zynua X5).

Ta kommoda NTav 1 Kupiapyn opdda HeGol®OTAAYKTOD 0€ OAEC TIG OEYLATOANTTIKESG
neprodovg (IMivaxag 3.16), pe apbovieg mov kopoaivoviav amd 1040 (PePpovaprog 2009) Emg
2170 (IovAwog 2007) Gropa avé koPikd pétpo (Zynue 3.14, IMivakag 3.15). To avtictpopo
mpdtTLTO  mopATNPNONKE Yo TOLG VOLTAOVG TV KOTMTOd®vV. Ot  aebovieg TV
KAOOOKEPOUUMTMOV Kol KOTNAATOV MTOV VYNAOTEPEG KATA TIG Oeptvég mep1ddovg Kat, €miong,
oNUOVTIKA VYNAOTEPEG TO AgkéuPpro (vymidtepn Bepuokpacia vepov) e oyéon HE TO
dePpovdpo (Zynuo 3.14, ITivakeg 3.15 o 3.16). Téhog, n Propdla Tov pecol®OTAAYKTOV
nrtav  onuovtikd vynAotepn 10 Aekéupplio tov 2007 o€ oVYKpPON HE TIG GAAEG
OEYHOTOANTTIKEG TEPLOOOVG, 6€ avtiBeon pe ™ Proudla Tov pikpolwomAayktov, 1 omoio HTov
ONUOVTIKA VYNAOTEPT OTIC TEPOOVS avdapeling oe oyéon He TG mepldoovg Oeppo-

otpoudroong (Ilivakag 3.15).

68



OTTA
Q,OOLU) Qy kroo

<

¢
=3
@

>apdéAa

WN-[NO, +NO, ]
*P-{PO,"]  @Si{si0,]

xAua 3.14. Méoeg mipég kal 95% Opia egumoToouvng (ue d16pBwan Bonferroni) emAeypévwv
BioTikwv Kal aploTikwv PeTaBANTWY Katd Tn OIAPKEIA TWV TECOAPWY OEIYMATOANTITIKWY TTEPIGOWV.
Mapouoialovtal €mmiong 1o KGBeTa TPoPiA TNg Bepuokpaciag kai Tng aharotnrag. Ta BEAn
UTTOOEIKVUOUV TIG KUPIEG POEG EVEPYEIOG PETAEU TWV OPAdWY TOU TTEAQYIKOU TPOPIKOU TTAEYHaTOG. TO
péyeBog Twv PeAwv Oev TTOOOTIKOTIOIEI TN por] evépyelag. Syn: Synechococcus (autotpoga
BakTApia). ANF: autotpoga vavopaoTiywtd. HNF: erepdtpo@a vavouooTiywtd. AD: autotpoga
OivopaoTiywtd. HD: etepdTpopa divopaoTiywTd. S07: louAiog 2007. WO7: AekéuPpiog 2007. S08:
loUAIoG 2008. W09: defpoudpiog 2009.
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Mivakag 3.15. Zuykpion afIOTIKWVY Kal BIOTIKWY PETARBANTWY HETAEU TwV OLIYHATOANTITIKWY TTEPIOdWV.
MapouaoialovTal o apIBPNTIKOI JECOI Kal n aTATIOTIKA ouvapTtnon eAéyxou F, TTANV Twv TTEPITITWOEWYV
TTOU YIQ TIG OUYKpPioeIg dev TTAnpouvTav ol TrpoltroBéoelig Tng ANOVA, yia TIG 0TT0ieg TTapouaiadovTal ol
OIdpecol Kal n OTaTIOTIKY ouvapTnon eAéyxou H (EAeyxog Kruscal-Wallis). SO7: loOMog 2007. WO7:
AeképBpiog 2007. S08: louAiog 2008. W09: deBpoudpiog 2009.

2TATIOTIKA
S07 wWQ07 S08 W09 ouvapTtnon
eAEyyou

Bakripia (erepotpoga, HE) 14.82° 6.96" 2.31° 6.96° F=1694.18"
(x10™" kUTTOPa M™)
Bakrrpia (aurotpoga, Syn) 3.48" 0.894° 1.56° 402°  F=590.36"
(x10™" kUTTOPa M™)
NavopaoTiywrd (autotpoga, ANF) 19.01° 69.45° 9.44° 5250 F=121.56"
(x10” kUTTOPO M™)
Navopaomywrd (erepotpoga, HNF) 22.43° 1450°  1850*°  6.33° F=36.13"
(x10” kUTTOPO M™)
BAepapidwrtd (x10° kutrapa m™) 0.170° 1.57° 0.276° 1.51* F=131.38"
Aiaropa (x10° kuTTapa m™) 0.484° 134.18° 1.58° 65.77° F=448.76
AwopaoTiywrd (erepoTpoea, HD) 0.533° 6.07° 0.677° 570° F=5652"
(x10° kUTTOPO M™)
AvopaoTiywrd (auroTpoga, AD) 0.870° 1.53° 1.62° 387°  F=13.70"
(x10°kOTTOPO M™)
Nagrrhior kwmmmodwy 9.46" 838  1561*"  17.20° F=6.84'
(x10” kOTTOPO M™)
KwTmmoda (x10° kiTrapa m™) 2.17% 1.59*° 1.08° 1.04°  F=7.40
KwTtnAdaTeC (KOTTapa m™) 137.89*°  218.41*  237.82° 35.73°  F=7.03
KAadokepaiwTd (x10° kutTapa m™) 0.333° 0.247° 1.47° 0.005° F=4951"
Méon xAwpo@UAAN o aTn oTAAN (g ™) 0.140° 1.36° 0.126° 0.758° F=98.89"
Méon Beppokpacia otn othAn (°C) 17.86° 14.72° 18.90° 11.36° H=90.00"
Méon ahatoéTnTa TN OTAAN 38.02 37.18 37.85 36.74 H=5.30
Biopaga pecogworrhaykrou 29.02" 36.40°  2470°  28.05° F=754"
(mgm™)
(Br;og“gf_?) HikpogwoTTAaykToy 32.18° 91.04°  2270°  130.73* F=76.43"
dwogopog P-PO,* (UM) 0.035° 0.088% 0.017° 0.075* F=13.74"
Mupitio Si-SiO, (UM) 3.30° 4.17% 3.08% 1.25° F=14.15"
AZwTo N-(NO, +NO3) (uM) 0.370° 2.28° 0.821° 2.15°  F=27.46

O1 aaTepiokor uttodnAwvouy moavoTnra: * p <0.05, ** p <0.01, *** p <0.001

#b>e>d 5 1oyeveic opadec (Homogenous groups)
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ZxAua 3.15. Mepiexduevo 157 A

o€ avbpaka g v
auTOTPOPNG  KOIVOTNTOG S
<20 pm kar >20 pm o€ 1.2 4
oxéon ME TNV

XAWPOQUAAN a (Chla) kai

™ Ogpuokpacia. H 094 “\
EM@EAVEID  TWV  KUKAWV
gival avdAoyn TTpog TO
TEPIEXOPEVO OE AvBpaKa
(n em@dveia Twv KUKAWV
otn  Aefdvia  QVTIOTOIXE O Autotrophs <20um

3
oe5mg Cm?, &aom) 031 & Autotrophs >20pm

Chla

06 4 o .’

Mivakag 3.16. ZxeTikA agOovia Twv KUPIWV PEGTOCWOTTAQYKTIKWY OUAdwY aTo TTEdIO.

OUGBa PECOZWOTTAYKTOU loGhiog 2007 AexépBpiog 2007 100NOS - Pefpoudpiog

2008 2009
AuoitToda 0.06 0 0.08 0
KwtrnAdreg 7.90 3.47 5.45 0.25
Xaitéyvaba 0.73 2.40 0.54 0.25
Ouooavotmoda (TTPOVUNEPEG) 0.03 0.96 0.11 0.18
KAadokepaiwTd 24.81 7.12 35.54 1.10
KwTtrAmoda 63.43 80.57 54.34 96.07
AekatToda (TTpovUNEPEG) 0.31 0.32 0.26 0.08
BuTiocidn 1.47 1.24 0.75 0.32
Exivédepua (TrpovUugeg) 0.14 1.12 0.04 0.05
Eugauoewdn 0.10 0.03 0.02 0.01
FaoTtepdTTOdA (TTPOVUHQPES) 0.45 0.59 2.35 0.69
lootmoda 0.01 0.02 0 0
EAacpatofpdyxia (TrpovUugeg) 0.08 0.07 0.22 0.16
Médouoeg 0.18 0.32 0.12 0.47
Muoi1dwdn 0 <0.01 0 0
OoT1pakwodn 0 0.2 0 0.08
MoAuxaitor (TTPovVUNPEG) 0.03 1.35 0.05 0.17
MrepdTToda 0.26 0.18 0.11 0.04
21pWvoPopa 0.01 0.04 0.02 0.08

H oupddo Clauso-Paracalanidae fjtav mévta n wo debovn petaé&d tov konmmodwv 6To
nedio (IMapdpmmua I, Zynpa £6), Wwitepa kot t1g Bepvég meprodove. To DePpovdpro tov
2009, 10 oyetkd peydAo (yio Ta 0edopévVaL TG TEPLOYNG) Kalovoewés kommodo Centropages
typicus eiye mopopolo apbovia (~30%) pe v oudda twv Clauso-Paracalanidae (ITapdaptmuo
I, Zynua X6). AAlo KOTATOd0, UE CYETIKA LVYNAN oYeTiKn a@Bovia, NTov To KOAKVOELN

71



Temora stylifera kot Acartia clausi ta kolokaiplo kat dtopa tov yévovg Oithona kot
Komnroditeg Tov yévoug Calanus tovg yeuoveg (Iapdaptnua I, Zyque £6). Ocov agopd oto
KAadokepaimtd, 1 apbovio tov Penilia avirostris ntav woAd vynAn ta Kolokaipto,
akolovBovuevn and to Evadne spinifera xar Pseudoevadne tergestina (ITapaptnpa I, Zyfuo
>6).

3.5 JvoxETIion TapauéTPwV TS TPOPLKIC OLKOAOYIa¢ TwV PapLwv ue
TI¢ TEPLPAALOVTIKES GUVONKES

Oepuokpacia KaL puOUOC YAGTPLKNG KEVOWONG

H oyéon peta&d tov otypoiov puvBpov yaotpikng kévoone (Rmax) kor g
Oepuoxpacioc (T) Ntav ekbetikn Kol GTOTIOTIKA CNUOVTIKN] TOGO GTO YOWPo OGO Kol OTY
capdéra (Zynua 3.16). Qot6c0, N avEnon tov Rmax e v avénon g Beppokpaciog nrav
VYNAGTEPN Y10 TO YOOPO amd OTL Yo T capdéra (Zynua 3.15).

0.45 -
. <
0401 R ... =0069%
— 0.35 4 r=0.988, n=8, p<0.0001
< 0.30 1
E 0.25 1
o
0.20 4
0.15
R... ., =0.075%
0.10 4
r=0.785, n=6, p<0.05
0.05 -
0 v , . ,
10 15 20 25 30
T(C)

yxAua 3.16. 2xéon oTiyuiaiou pubpou yaoTPIKAG KEVWONG
(Rmax) ka1 Bepuokpaaiag (T) Tou vepou (ota 5 m Babog).
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3.5.2. IleprodikotTnTa £vraons oleTpoPns

To nuepnoro TpdTLTO TPOoPOANYiog (ZyMua 3.5 kat 3.10) NTav 0VGLUCTIKG KOO Yid T
dvo €idn oe kdBe derypatoAnmTiky mEPiodo kol aveEAPTNTO TOL OVIOYEVETIKOD GTASIOV.
Yvykekpyéva, petaoynuotifoviag 1o Papog twv otopoyikodv mepeyopévov (DW) tov
Yymuatov 3.5 ko 3.10 og KAdopa tov péyistov DW og kdbe mepiodo derypotoinyiog, o
ouvieheot)c  ovoyétiong  Pearson petald  tov  avtictoyyov  DW  (AoyopiOpud
UETAGYNUOTIOUEVEG TIES) TV 0vo eddv Ntov ¢ = 0.822, p=0.0001, n=48 (ITapdpmmuo II,
Zyuo 7).

Huepnolax KatavaAmwaon Tpoeng

Ot VYNAOTEPEC NUEPNOIEG KOTAVAADGELS TNG capdérag Katd tov Iovio tov 2008 Ko
deBpovdpo tov 2009 cvvodevovtayv omd younAoTepeg TWEG Propdlog ova aAELTIKN
npoondbeio (CPUE) v to €idog (ITivaxeg 3.1 won 3.3). To 1010 mapatnpnbnke kot oty
TEPIMTMOOT TOL YAPOV, OOV 01 VYNAOTEPEG NUEPNOLEG KATAVOADGELS TOV IovAto tov 2007 kot
IovMo tov 2008, cvuvodevovtayv eniong amd younAotepeg Tinég CPUE yw to gidog (TTivaxeg 3.1

Kot 3.3).

O AOyog ¢ Propdloag tov pecolmomhayktol mpog T Popdlo capdEAag ava AAEVTIKN
npoondfeta [dNAadN Bresapserag) = 109 (Bropdlag pecolmoniayktod /CPUE sapsinag)] oxeTICOTOV
WGYLPA LE TNV NUEPNOLOL KOTOVAAMGN TPOPNG. ZVYKEKPIUEVA, 1| NUEPNOLOL KOTAVAAMGT TPOPTG
(Cep, %TW) oyetildtov Ypoppikd kot onUovTike pe to Aoyo Br otav Aappavotav vadyn o
TOPAYOVTOG TOV OVTOYEVETIKOV oTadiov (ybvdw M evilka) (Ilivakag 3.17, Zynua 3.17A).
[Mopatpndnke enione, mwg to péco Papog v ybvdiov N tv eviMkov (B3 capoélag:
4.82 g TW, evihika capdérag: 12.81 g TW) eioepydtav onUavTiKd ®G GUUUETAPANTA GtV
YPOUUIKT TOAWVOPOUNON UETAED TNG MUEPNOLOG KATAVAA®GNS TPOPNG KOl TG KATO KEPUANV
dwbeodTog TpoPns (ZyMua 3.17B). H oxéon avt) vrodeikvoue 611, vmobétovtag o oyéon
YPOUKNG Helwong oV KatavdAwon Tpoeng pe to péyeBoc g copdéhag, N Katavaiwmon
TPOPNG GOV TOGOGTO €L TOV OAMKOV GOUATIKOV Bapovg petdveror katd 0.255 avd ypoppdaplo

avEnong oAkov Bépovug.
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Mivakag 3.17. Mivakag AvaAuong AliakUpavong yia 1o povriéAo ANCOVA yia TV nUEPROIa KaTavaAwaon
TPoPNG NG capdéhag (Cep, WG TTOOOCOTO TOUu OAIKOU Bdpoug, TW). df: BaBuoi eAeuBepiag: Br:
log(Bropaga pecolwotrAayKToU /CPUEuserac). Ad). r’ = 0.936.

S df MS F p
MovTého 6.892 2 3.446 37.647 0.008
Intercept 45.372 1 45.372 495.689 0.000
Br 1.822 1 1.822 19.905 0.021
OvTOYEeVETIKO OTAdIO 5.509 1 5.509 60.189 0.004
SpdAua 0.275 3 0.092
>0voho 80.877 6
AlopBwpévo ouvoAo 7.167 5
A 6 B 6
C.,=5.71+0.623"B,.-0.225*TW
*S08 p<0.01, adj. r=0.936

5
= o
|2 S
X 4 @
e W09 2
5 S

’ S08
3
=" TWO7 * |x00dIa
Lo EviAika
o 12 S07 _ _ _ |
-05-0.103 0.7 11 15 19 2 3 4 5 6
B. Predicted

ZxAua 3.17. (A) AvdAuon Zuvdiakupavong (ANCOVA) yetagu Tng nuepnolag katavalwong Tpo®ng (Ce.
p) Kal Tou Adyou Tng PBiopdlag Tou pecolwoTrAaykToUu Tpog Tn PBiopdla avda povada aAIEUTIKAG
mpooTradelag TNg capdéhag (Br). (B) MaparnpnBeioeg (observed) kai TpofAe@Beioeg (predicted) TipEG
aTTé TO HOVTEAO TTOAAATTARG YPOUUIKAG TTAAIVOPOUIONG TNG NHEPAOIAG KATAVAAWGCNG TPOPNG GE GXEON UE
T0 Br KaI TO OAIKO Bdpog (TW) Twv Wapiwv.
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[Mopdpota onuavtiky oxéon Ppébnke peta&d ™G KATOVAAWOONG TPOPNG Kol TOL
avtiotoyyov Adyov Br yia 10 yavpo (IMivaxag 3.18, Tyqua 3.18A). To péco Pdapog twv
yBvdiov N tov evilikov (ybvdia yodpov: 3.18 g TW, evijika yavpov: 8.36 g TW) emiong
€16EpYOTAV CNUOVTIKO MG CUUUETOPANT OTN YPOUMUKN ToAvOpOunon Hetald g nUepnolog
KOTOVAA®ONG TPOPNG KOl TNG KOTd KEQOANV oabecipudtrag tpoeng (Zynuo 3.18B).
YrnoBétovtag o oxéon yYpPOpMKIG UEl®OoNG otV KATAVAA®GOT TPOeNS pe 10 péyebog Tov
YOOPOV, M KOTAVAAMGT] TPOPNG GOV TOGOGTO £ TOL OAMKOV COUATIKOD PAPOVS HEIDVETOL KOTA
0.222 ava ypappdpro adénong oAkov Bapovuc.

Mivakag 3.18. Mivakag AvaAluong AiakUpavong yia 1o govtého ANCOVA yia Thv nUEPROIa KaTavaAwon

TPOPNG Tou yaupou (Cep, WG TTOCOOTO TOU OAIKOU Bdapoug, TW). df: BaBuoi eAcuBepiag: Bg: log(Biopdla
HETOZWOTTAQYKTOU /CPUE 44000). Adj. I* = 0.896.

SS df MS F p

MovTéAo 10.299 4 2.575 16.041 0.023
Intercept 27.462 1 27.462 171.087 0.001
Br 7.666 3 2.555 15.919 0.024
OvToyeveTIKO OTABIO 2.634 1 2.634 16.407 0.027
2pdAua 0.482 3 0.161

2uvoho 95.216 8

AlopBwpévo alvolo 10.781 7

Be
C..=4.99+1.050"B,-0.222"TW
p<0.001, adj. r=0.922
R 5 :
?
> 4
®
83
> @)
O 2 W09 * IxBudia 2
I EviAika
1 W07 1
18 -08 02 12 22 1 2 3 4 5 6
B. Predicted

xAua 3.17. (A) AvaAuon Zuvdlokupavong (ANCOVA) petagl Tng nuepnolag karavaAwong
TPo®NG (Cep) Kal TOU AOyou TNG BIopdalag Tou peagolwoTtAaykToU TTpog TN Biopdla avda povada
aAIEUTIKNG TTpooTTaBeiag Tou yaupou (Bg). (B) MaparnpnBeioeg (observed) kai TpoBAe@beioeg
(predicted) TIHEG TOU pOVTEAOU TTOAAOTTAAG YPOPMIKAG TTAAIVOPOUIONG TNG NUEPAOIAG KAaTavaAwong
TPOYNG o€ oxEon e To Br kal To 0Aik6 Bdpog (TW) Twv wapiwy.
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ALa@OpPEG 6T GVVOEST) TWV CTOUAX LKWV TIEPLEXOUEVOV

H xown avdivon tov Setypdtmv youpov Kot GOpOEANS LE LEPAPYIKT] OUAOOTTOINGT Kot
un HeTpKn moAvdidotatn KAMpudkmon £6e1Ee v évtovn dopopomoinon peta&d twv dVo E10MV
(Zynua 3.18). Emumdéov, ta 1yBvoa capdéiag opadomoodvtay pe o ydudia Kot to eviiiko
dropa Tov Yapov kaTd TS TEPLOS0VS Oepuo-oTpopdtoong (Zynua 3.18). Télog, sppavig ftav
Kol 1 O10popomoinon HeTald TV TEPLOd®V BEpUO-CTPOUATOONG Kol avapeltng, 1060 Yo )

oapdéla 660 Kot yio o yoopo (Zynuo 3.18).

Quoiérnra 2D Stress: 0.07

seve
........
. ..
.
.
‘e
-

A aipog (Ix8odia)
A Tatpog (EviAika)

B ZapdéAa (IxBudia)
0O Zapdéia (EvhAika)

ZxAua 3.18. Mn petpiki ToAudidoTtatn kKAlpakwon (NMDS) Twv  Selypdtwv  TTou
xpnoigotroinenkav yia v avaAuon Tng oUvBeong Twv CTONAXIKWY TTEPIEXOPEVWY TOU
yaupou kal TG oapdéAag pe Ta oUuBoAa va utmrodnAwvouv Ta dU0 OVTOYEVETIKA OTAdIA.
MapouaoialovTal eTTiong ol opadoTToINoelg (clusters) TTou TTpoékuywav atod TIG aVTiIOTOIXEG
avaAuoelg IEpapXIKnG opadoTtroinong (o€ emitedo opoidTnTag 20%, 30% kai 50%). SO7:
louAiog 2007. WO7: AeképBpiog 2007. S08: loUAiog 2008. W09: deBpoudpiog 2009.
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Mey£6n ONpapATOV 6TA GTOUAXLA, GTO TTESIO KAl GUGXETLON IE
TEPLRAALOVTIKOVG TTAPAYOVTES

To octofuopévo péco péyeboc Tmv KOMNTOSMV Kot KAUSOKEPAULOTAOV GTO GTOUAYLOL TG
capdérag (% N), EKPPACUEVO GOV TOGOGTO TOL AvTIoTOL OV HEYEBoVG TOV Yavpov, €de1Ee OTL O
EVIIMKOG YaOpog KaTavaAmve Tavta peyaidtepa Onpdpoto and ot n capdéia (kotd 12-53%)
Eyuo 3.19).

2V TEPINTOON TOV EVIMK®OV GAPOEANS, Ol KOTAVOUES GLYVOTHTOV TOV HEYEODV TmV
KOTNTOOWV Kol TOV KAAOOKEPUIWTOV GTO CTOUM(O KOt 6TO TEdIo €lyav LYNAN emkdAvY™
KOTA TS TEPLOOOVS BEPUO-GTPOUATOONS, TOGO GE OPOLG UPOUNTIKNG GLVEIGPOPAS OGO KOl GE
6povc cuvelspopdg o avpaka (Zynua 3.19). Téoco tov Iovio tov 2007 dco kot Tov IovAlo
tov 2008, 1 KAdon 801-1000 um, cvveéPare 55-70% oto dwutpoeikd dvBpaka, oe avtiBeon pe
10 1edio, 6mov M KAGom mov cuveiceepe To péytota Nrav avty tov 601-800 um (Zynua 3.19).
Avrtifeta, 1600 10 AgkéuPpro tov 2007 600 kot o PePpovdpro tov 2009, o1 KoTOVOUESG
CLYVOTNTOV TOV ONpapdTov EUEAVIGOV UIKPOTEPT EMKOALYN HE OLTEG TOV TESIOL e
peyoAvtepn mocoOtnTa dvOpoka vo Aappdvetonr amd v kAdon towv 1001-1200 pm (Zymuo
3.19).

XMV TEPINTOON TOV EVAMK®OV YOUPOL KOTA TIG TEPLOO0VS OEPLO-GTPOUATOONS, N
EMKAAVYT HETOED HeYeBdV OTO GTOUAYLO Kot 6TO TESo Ntav emiong HeydAn o€ aptOuntikoig
Opovg, OAAG 0 Yahpog KaTovalmVE Kal peyaAvtepa Onpdpato (Zyua 3.19). Qot660, o€ dpovg
avOpoka, 1 emKAALYN pE TO TEGIO MNTAV EUPOVOG HKPITEPT GE GUYKPIOT UE TN COPOEACL.
YuyKekpyéva, Katd T TePLOO0Vs BepUo-CTPOUAT®OONG, 1| GLVEICEOPA NG KAdong 601-800
um oto dtatpoekd avBpaka frav ~17-55% evad g khdong 1201-400 pm xopovotav and 35-
78% (Zympa 3.19). Avtibeta, otig idteg meptdoovg, 1 KAAOT OV GLVEIGPEPE TOL UEYIOTO OF
opovg GdvBpaka oto medio NTav avty tov 601-800 um (ExMue 3.19). Katd tig mepiddovg
avépeEng 1o ~80-95% tov dwtpoPikov avBpaka mpoepydTav and v kAdon 1201-1400 pum,

pe akopo pikpdtepn emkaivymn peyebov pe to medio (o€ GVYKPIoN He TN COpOEAD).
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Zuxvornra (%) Zuxvormnra (%) Zuxvornra (%)

Zuxvornra (%)
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W lalpog (1274)

B Zapdéla (1044)
W nedio (877)
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yxAua 3.19. Katavopég ouyxvorATwy NG % apiBunTikng (% n) kai kat' avBpaka (% C) ouppeToxXnS
TWV KWTTNTTOdWV Kal KAAOOKEPAIWTWY OTA OTOPAXIA eVNAIKWY yaupou Kal capdEéAag Kabwg Kal OTo
edio yia kGBe Tepiodo delypaTtoAnyiag. SO7: louhiog 2007. WO7: AekéuBpiog 2007. S08: loUAiog
2008. W09: ®efpoudpiog 2009. Ta avrioToixa oTtoBuiopéva péca peyeéBn oe pym Oivovtal O€
TTapevOETEIG.



To otofuopévo péco péyeboc TV KOTNTOS®MV Kol KAOSOKEPUMOT®V ©T0 Tedio
oxeTllOTaV ONUOVTIKG pe TNV GVYKEVIpWON TV datdpov (Zymua 3.20A). H cvoyétion avt)
VIOJEIKVLE OTL 1 EMKPATNON TN KAAGGIKNAG TPOPIKNG oAvcidag (didtopo =2 KoOTHmOdH —>
yapt) avEdvel 1o péoo péyebog tv Kupiwv Onpapdtov oto nedio. EmmAéov, dtav Onpduata
(kommoda Kot KAASOKEPUIMTA) peyolvTEPOL HEYEBOVG NTav apbovotepa 610 mEdio, avTO
ATOTLTOVOTOV KOl 6T GUVOEST] TOV GTOUAYIKMV TEPLEXOUEVOV TOV YOPUDV. LVYKEKPIUEVA, TO
otafuiopévo péco pEyefog KOMNTOOWMV Kol KAOUOOKEPULOTAOV GTA GTOUAYLO TG GOpdEANS (o€
opovg GvOpaka) kot 10 otabpicpévo péco peéyehoc TV 0PYOVIGUAOV OVTOV GTO TESIO
oyetiCovtav woyvupd (Zynuo 3.20B). Avtifeta, otav ta 010 péco peyédn vroloyiloviov pe
Baon Vv aplBuntikn cLVEIGPOPE N GLOYETION NTOV CNUAVTIKA HUOVO Yol TO YOOPOo (Zyruo
3.20T"). Téhoc, vanpye o woyvpn opvnTikn cvoyétion petaéy g mowomrag (H’) tov
KOTNTOOWV Kol KAUGOKEPUIMTMOV GTA GTOUAYI TNG GOPOEANS Kol 6TO HEGO HEyeBog auTdv,

aALG M avTioToyn oYEon dEV NTAV GNUAVTIKY 6To Yovpo (Zynua 3.20A).

79



298 + A . ) 3.15 4 B rGUp(}Q [q-"c)
log,.(size,..) = 0.047"log,.(diatoms)+2.86 log..(size,.)=1.55"l0g..(size..)-1.47
206 A r=0989,p=0.002 © 220 ) F=0586.ns O o)
%) %)
X 294 - 32 3.05 .0
o 292 4 ® 3.00
2 )
. 1 » 2.95 1
8 s 5’ I:I Zapdéra (%C)
o log..(size, )=1.37"log,.(size, )-1.01
2.88 2.90 4 r=0.954, p=0.023
2.86 . T v . , 2.85 . . . . r )
0 0.5 1.0 1.5 2.0 25 286 288 29 292 294 296 298
log,,(diatoms) log,.(size,..) (%C)
3109 Ca0pog (%n) 26 1A .
log..(size,.)=3.51"log..(size, . )-7.11 Zapdéia
3.05 - F=0.927, p=0.001 @ 247 O log,(size..) = -0.141*H'+3.24
—_ —_ 22 4 . rr=0.991, p=0.005
S 3.00 - Q O
o~ E;e 2.0 - "o
< S . o
3 2.95 4 3 .
¢ a 18 B
S 3
@290 A @ 16 : o
(o3 o 14 4 b
Lo 2854 Zapdéra (%n) =] Q-‘
’ log..(size,.)=3.00"log,.(size..)-5.67 1.2 4 lravupog
2.80 4 O r=0.842, ns 1.0 log,.(size,.) = -2.461"H'+9.02
rfr=0243.,ns O
2.75 ; - v - . . ) 0.8 v . . v r ,
283 284 285 286 287 288 289 29 285 290 295 300 305 310 3.15
log,.(size,...) (%n) H’

ZyxAua 3.20. (A) Zxéon petatl Tng apboviag Twv dlaTépwy (KUTTApPa m'3) Kal TO OTaBUIoUEVOU PETOU
MEYEBOUG TV KWTTNTTOdWV Kal TwV KAAOOKEPAIWTWY OTO TTEIO (Siz€fe, UM). (B) ZxEon peTALU TOU
Siz€ge (BaOIOpEVO OTNV OpIBUNTIKA CUVEICPOPA, %N) Kal TOU avTiOTOIXOU OTOBPICHEVOU HEGOU
peYEBOUG KwTTNTTOOWY Kol KAGDOKEPAIWTWV [SiZ€gier, UM] OTA OTOPAXIO TOU EVAANIKOU yaupou Kail TnG
oapdéAag. (M) Zxéon PeTaCU TOU Sizefeg (%C) Kal TOu avTioTolxou oTaBuicuévou péoou peyéBoug
KWTTNTTOOWV Kal KAGDOKEPAIWTWV (SiZ€gjet, M) OTA OTOPAXIO TOU EVAANIKOU yaUpou Kail TNG oapdEAag.
(A) Zxéon PETALU TOU Sizegier (%C) kai Tou deikTn TTOIKIANGTNTAG Shannon-Weiner (H') Twv Kwtrnmoédwyv

Kal TwV KAGOOKEPAIWTWYV OTA OTOPAXIO TOU EVAAIKOU YaUupou Kal TnG oapOEéAaG.
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4. Tvlntnon

4.1 Hepoyn SsryuatoAniag kat katavoun yavpov kat capSéiacg

Ye avtibeon pe TIc aitepa mopaywyikég meployéc avaPrvoewv (Uupwelling areas), n
Mecdyelog Odlacoa eivar dloitepa OAMYOTPOPIKY Kol €XEL XOPOUKTNPLOTEL OKOUO KOL ©C
‘Bardooia Epnuog’ (‘marine desert’, Azov 1991). Qo1660, 0ploUEVES TOPAKTIEG TTEPLOYES, LTO
MV €MOPACT VOATOV YOUNANG 0AaTOTNTOC 7oL YopokTnpilovtor cvvnlwe amd vymALg
OLYKEVTPAOOCELS OPENTIKAOV OAATOV, VOl OPKETA TIO TOPAYMOYIKES KO ATOTEAOVV GNUOVTIKG
EVOLOLTILOTOL Y100 TOL OTOOEROTA TOV LIKPOV TEAAYIKOV Yapudv TG Mecoyeiov (Palomera et al.
2007). Xmv mepoyn oetypatonyiog (Topdktio meployn kovid otig eKPOAEC TOV TOTAUOV
Néotov) &xouvv koTaypo@el SoypoviKd VYNAEG GUYKEVIPAOGCEIS TOGO EVNMK®V 0G0 Kol
yBvdiov yavpov ko capdérag (Tsagarakis et al. 2008, Giannoulaki et al. 2010, Giannoulaki et
al. 2011). To kahokaipt, ot TAnBvopoi capdérag Kuplapyovvral and 1yOvO (juveniles), mov
evtomilovtol Kupiwg oe pnyd vepd, Wiaitepa kovtd otig ekforég motaumv (Giannoulaki et al.
2011). Ocov agopd ctov TANBLGHO Tov Yopov oto B. Atyaio, pe dedopévo 4Tt TO HEYIGTO TNG
OVOTTOPOY®YIKNG TOL TEPLOO0V evtomiletan ypovikd katd tov Iovvio/ IodMo (Somarakis et al.
2006), n agbovia 1yOLOiwV TOL Eivor yevikd VYNAOTEPT KOTA TOVS @OOT®PIVOLG Kot
YEWEPIVOVE UNVEG. ZTNV TApoLSH PEAETT, 1OV Yohpov GLAANEON KOV EMITAEOV Ko KOT T
dlapKew TV 000 BeptvdV detyHaTOAMNTTIK®OV TEPLOdV (Zynua 3.1). Ot derypatonyieg ovTég
Tpaypoatoromonkay petd to péoa IovAiov kat Tic dVO YPOVIEG Ko AapPavovtag vdyn To HEGO
pLOUSG NuepnNolag avénong Tov YyBvovopeov [~0.8 mm avd nuépa] kot Tov ybvdiov [~0.7 mm
avd nuépa] (Anonymous 2010), ot nuepounviec y€vynong Tov atop®my avT®V TomofeTodvTay
YPOVIKA peTaEy Ampidiov kot Moiov, oty apyf] onAddn TG OVOTOPOY®YIKNG TEPIOOOV TOV

€loovg (Zyopnévou, adNUoGievTa dE00UEV).
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4.2 OvtoyeveTikéC aldayég

H évrovn aAlayn mov mapatnpndnke omv aAAOUETPIKN avENOT TG CapOEANS, OTMG
QAavNKe amd TN CTATICTIKA GNUOVTIKY HETABOAN TG KAlong otn oxéon unkovg — Papovg ota
nepimov 100 MM oAkov prkovg, oyetileTon mBavOTOTO LE TNV OVTOYEVETIKN HETAPaoT amd To
otad0 TV 1YOBLdélov oTo oTAd Tov evnAikov. Kotd TN ddpkeEl TOV  YEWEPVAV
SEYHOTOANYIDV, OAES 01 GapPdEAEG TOV GLAAEXONKaY ftay >100 MM Ko glyovy LOKPOGKOTIKA
OPALovces | OPYES YOVADES Kot LYNAOVS Yovadocopatikotg oeikteg (ITivakag 3.1, Zynua
3.3). Mw gmmAéov €vdelEn g dpopomoinons Tov atdpmv oe 1yfvudto Kot eviiko fTav 1
doun TV oyoreiwv. Zuykekpluéva, To oyoreio TV 1Budimv capdéiag Ta kKarokaiplo SEQepa
o€ OYNUO KOl KATOKOPLEN KOTAVOWUY] cuyKpwvopeva pe avtd tov evniikov (Toaykoapding
2011). Ta oyoleio TV evnAiK®OV capdélag eivar Kupimg Tukvol oynuaticpol kovtd oto fubo,
o€ avtiBeon pe owtd TV YOLHIWV TOL £XO0VV YU KKOPOEAOUCH WE KOTOVOUY TEPITOV GTO
puésov g omAng tov vepov (Toaykapding 2011). To péco unKog HETOPOANG TOL GYNUOTOC
TOV oYoAelov and avtd TV 1Bvdinv oe avTd TOV eVNAiK®V £xel ekTyundel kovtd ota 107 mm
(Toayxapdxng 2011), to omoio &ivar TOAD KOVTE 6TO0 PUNKOC HETOBOANG TG CAAOUETPIOG 6TN
oyéon unkovg — Papovg. AvTtég 01 TOPATNPNOELS OIKOIOAOYNGOV TO JYWPICUO TOV ATOUMV
capoélac oe 1Bvow (<100 mm) ko evidko (=100 MmmM) yo T HEAET NG TPOPIKNG

01KoAOYi0G TOL E00VG.

2V TEPIMTOGN TOL YOOPOV, OEV TPOEKVLYE KATOLOL VIOV GAANYYT] GTNV OAAOUETPIKY
avénon tov €idovg amd T oxéon pkovg — Papovs. Emiong, ta oyolieio tov ybvdinv kot tov
EVNAIK®V 1oV Yavpov de dywpilovtol pe PAcmn 1o GYNUO TOVG TOGO £VTOva OGO AVTO
ovopuPaivert e | copdéha (Kov/ivog Toaykapdkng, mpocomiky] emkowovia). Qotdco, nm
CLVTPWITIKY TAEOYN L0 TV oTopmv > 100 mm otig Oepvég detypatoinyies (avamapoywykn
nepiodog Tov €100VG) elyav YeVETIKA MPLEG YOVADES Kol VYNAOVS YOVAOOGMUATIKOVG OEIKTES.
To m060016 TV atopwv <100 MM pe yevetikd dpyieg yovadeg ftav moAd pkpo (~15%) ko
neplopllotay oe dropa petacd 85 kot 100 mm. Egopupolovtag pun ypouptky ToAvopdunon
(Petrakis & Stergiou 1997), to pnkog npdg avomapaywyns (Lsp) extundnke ota 99.92 mm
oMKkov pnkovg (95% opla eumotocvvng: 98.19-101.60, r’ = 0.91, p<0.001), TpAypo mov
emPePfordvel v Vmapén ovioyeveTtikng oArayng (amdKINGoN YEVWNTIKNG OPUOTNTOS) GTO
punkog towv ~100 mm kot 6to yowpo.
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Ta yBvOwW capdérag otn Meodyelo enevdvovy kuping oty avénon Katd ) didpkelo
TOV KoAoKoptov, 6tav Kot dev mapatnpeitar peceviepikd Aimog (Machias & Tsimenides 1995,
npoocwnikéS mapatnpnioes) Ot evihikeg capdédec avtifeta, oamobniedovv Aumidw katd ™
OlIpPKEWL TOL KOAOKOIPLOV, KLPIOS Yol VO TPOPOSOTHGOVV TNV TUPUYMYY] OVYADV KOTA TN
YEWEPVY avamapaymyiky mepiodo (Ganias et al. 2007, Garrido et al. 2008b). Xtnv mapovca
LEAETT) O1 EVIIAIKEG GOPOELEC MTAV IO EVPMOTEG TO KAAOKAIPL, KATL TOV €ivVOL GOUPOVO LE TOV
YVOOTd KOKAO amoOKELONG NG EVEPYELNG KO TNG avamapay®yng Tov eidovg (Ganias et al.
2007). Avtifeta, 0 evAKOG Yopog, akoAoLOEL SPOPETIKY GTPOTNYIKT), OLOYETEVOVTOG AUECH
NV TPOGAAUPOVOUEVT] EVEPYELD OO TV TPOPT] CTNV TOPAYWYN KOl EvamOHeon avydv Katd
dbpkela TE avamapaymyiknig tov teptodov (Somarakis et al. 2006). Ocov apopd ota 1HHo0
TOL YOOPOV, 1| COUOTIKT EVPWOTIO TOVS NTOV LYNAOTEPT KATA TIC BEPIVEG OETYUATOANTTIKEG
TEPLOOOVG GE GYéomn Me TG mePlOdovg avapeltng (Aekéupplog-dOefpovdplog), yeyovdg mov
vodNA®MvEL 0Tl T 1}YB0O1r mov GLAAEYONKav Tov lovAo (yevwnuéva Ampiiio-Mduo)
OVTILETOTIOOV EVVOIKOTEPES GULVONKEC, GE GYECN WHE TA GTOUO TOV GLAAEYOMKAYV KOTd TIG
TEPLOOOVG avAUEENS (Yevvnuéva téAog Avyovotov — pésa OxtoBpiov 2007 kot OktoPpro —
Noéuppio 2008, Evoo&io Xyiopévov, TpoomMmKN eMKOWV®VIN) Kot elyov YoUnAOTEPEG TUUES

EVPWOTIOG.

4.3 IepLodikotnTa, EVTacn SIaTpoPn¢ KaL NUEPNOLX KATAVIAWGT)

Kotd 11g Oepvég detylotoAnNmTikég meptodovs, TG0 T 1yfvdio 060 Kol To EVAAIKO
dropa Kot TV 000 WMV TPEPOVTOV KOTA TN OBPKEWL TNG NUEPAS, LLE KOPOO®OT TNG £VIOONG
TPOCANYNG TPOONS KAt TO covpovmo. Me Pdorm kdmow delypota mov GLAAEYOMKaV
gukaiplokd otn Meodyeto, o Andreu (1969), katéinée 610 GLUTEPAGHO. OTL Ol EVIHAIKEG
oapOEAES TPEPOVTAV KOTA TN OBPKELD TNG NUEPAS. ZTNV AJPLATIKY], 1] £VTOCT TNG TPOPOANYinG
Ntav vYnAOTEPN KOTA TO COVPOLTO Ge Ogtypato mov eiyav cvAheyBel amd AGvoiEn £€wg
eOwonmwpo (Vucetic 1955). Qotdéco, o Gomez-Larrafieta (1960), vmootpiée OtL N capdéia

ovveyiletl vo TpEPeTal Ko KoTd T S1dpKEL THG VOYTAS.

210 yavpo ™S Mesoyeiov, 1 NUEPNGIOL TEPLOOIKOTNTA GTN dTpoPn €xel peretnOel mo

oeEodwcd. Kotd v mepiodo 1tng avomapayoyng, 0 EVAAMKOG YOUPOG TPEPETAL GYEOOV
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OTTOKAEIGTIKA KOTH TN SLAPKEL TNG NUEPOCS, LE TIS VYNAOTEPES TIHEG CTOUAYIKNG TANPOTNTAG
va gvtomilovTol Kovid oto covpovno [Odracca Kataioviog (Tudela & Palomera 1995, 1997),
KoéAmog Agoviwv (Plounevez & Champalbert 2000)]. Xtnv Adplatikn, o tpodc@atn HeAET,
emPePaivoe 10 mpoavoeepbév mpoTLIo Kot Yoo 0 POwOTwpo (Oktdfploc) (Borme et al.
2009). H mapovoa perétn eivor m mpdTN 7OV TOPEXEL TANPOPOPIO GYETIKA UE TO MUEPTOLO
TPOTLTO TPOGANYNG TPOPNG TOL YOPOL Kot TG capdEéAag ot Meodyelo Katd tn d1dpKeELD TOV
YEWDVOL. ZVYKEKPIUEVA, KATA TIC TEPLOOOVS AVAUEIENG, O1 LEYOAVTEPES TOGOTNTES GTOLAYIKDV
TEPLEYOUEVOV KATOYPAPNKOV HETE TN dVOT TOV NMAIOV, KOTE TIG TPMOTEG MPES TNG VOYTOS, TOGO

Yo TO YOpo OGO KoL Y1l T COpOELQL.

Mapayovteg OV eMNPEG{OVV TNV TPOSANYPT) TPOPTIG EVTOC TOV NLLEPT)GLOV
KUKAOU

‘Evag mbavog unyaviopog €fynong tov SopopeTIKOV TPOTHT®V TPOCANYNG TPOPTG
TOV YopLdV Kotd TN S1apKew TV 0eptvdv Kot YEUEPIVAOV TEPLOOMV deIYHOTOANYiG, elval 1
napovoio Oeppo-orpopdtoons. H vynAn Oepuokposcio T@V EMPOVEINKOV CTPOUATOV TO
KOAOKOIpL G€ OYEOT LE TO KOTOTEPO, CTPOUOTO TNG OTNANG B pmopovoe va glval 1 attio TG
SOKOTNG TPOCANYNG TPOPNG OTAV T YApla EXovv avéPEL Kovid oty empdvela ) voyxto. H
TPOGANYT TPOPNG OTA YAPLOL ALEAVETOL PE TNV aOENOT NG OepLoKpaciog, KOPLODVETAL Kol
0T CUVEXELL LELMVETAL, TEPIGGOTEPO N AYOTEPO OPOLATIKA, OTOV 01 Oepokpacies elval Tvw
and 10 PBédtioro (Jobling 1998). Xto coloud, (sockeye salmon Oncorhynchus nerka), emi
napadetypatt, £xet Bpebel o onuavtikn peiowon g 0peéng Kot e IKovOTNTAS oPOUoimong
™mg tpoPng o€ Beppoxpooicg amd 20 éwg 24 °C (Brett & Higgs 1970). Avti 1 oamdkpion
mbavotato  ovtikatontpilel meploplopovS ot dVVATOTNTO  TOV  OVOTVELGTIKOD Kot
KUKAOQOPIKOD GUOGTHUATOS VO LETAPEPOVY 0EVYOVO GTOVG 1IGTOVG KAT® amd cuvONKeS LYNAGV
anormoemv o&uyovov (Jobling 1997). Tétoleg ovvOnkeg amavtdvTol Kotd T SIpKE TG
avalnmong, g cVAANYMG kot ¢ emeepyaciog g Tpoens. H vymAn Bgpuokpacio pe v
omoia épyovtol avTipéTono o yapla 0tav Bpickovrol méve and 10 OepluokAvéS To KaAokaipt

pmopet Aomov va eufvveTon Yo To S10KOTH TPOSANYNS TPOPNG.

2y mopovoa UEAETN, TOGO 1 Ccapdéha 0G0 Kol O YaOPOg €MEOEIEAV VYNAES TUUES

OTOUOYIKNG TANPOTNTAG KOTA TO GOVPOVTO KOl OTIG TPMTEG DPES TIS VOYTOS, OTOV TO EMIMESQ
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eOTEWOTNTOC NTov YounAotepa. H wavotta mpdoInyng tpoehg oe KabeoT®G YOUNANG
QOTEWVOTNTOG OTOTELEL YVOGTO YOPOKTNPIOTIKO TV Khovreoedmv (Blaxter & Hunter 1982).
O1 capdédeg umopohv va tpéeovial o€ eninedo potevotntag <0.2 mc (Muzinic 1964) kot vo
YPNOOTOOVY TOAD OMOTEAEGUATIKA TNV NOHo@ayio 1] TNV OTOMKY COAANYN Yo EVa LEYAAO
evpog peyebov Onpaundrov (Garrido et al. 2007a), tpomomoidvtag TOvV TPOTO TPOGANYNG
TPOPNG GOUPOVA LE TN OLYKEVIp®ON tov Onpdauatog (van der Lingen 1994). Xto yavpo
(northern anchovy, Engraulis mordax), ce cuvOnkeg younAov eoTicHov (m.y. viyta), n évioon
™m¢ dwtpoenc eivon peiwuévn (Loukashkin 1970). Qotdco, perétec tov apePAnoTpogdong
Kol OVLYKEKPEVE TV pofdiov Kot koviov tov patiod tov yavpov (E. encrasicolus,
Flamarique 2010) éyovv xotadeifer v 1dtaitepn wkavotta tov €idovg vo dtoympilet
olhovétec Inpapdtwv (101KE peyaAvtépmv Heyedav, m.y. TPOVOUQPES 0EKUTOO®V), KUPIWg AOY®
g avtifeong mov mPoKaAOVY 6TO OTTIKO eSO TOV Yaplov OKOUO KOl OTIS TOAD YOUNAES
ocvvOnkeg POTIGHOV. Xt Mecdyelo, 01 HEAETEG IOV ExovV TTpaypatorom e, xovv deiEel OTL O
Evponaikoc yavpog (Engraulis encrasicolus) tpéeetor povo evkaplokd i voyto Kot
CLYKEKPUEVO €L peydAwv Onpaudtov cuilapfavovtds ta éva tpog éva (Tudela & Palomera
1995;1997, Plounevez & Champalbert 2000, Borme et al. 2009). T6co N ctopoyiky TANPOTNT
000 KOl TO TOGOGTO AOEIMV GTOUAYIOV KOTO TN OAPKELL TNG VOXTOS OTIC SLIPOPES MEAETEC,
emPBePordvouv OTL 1) VOYTO (IO10UTEPO LETA TIC TPMTES UETAUUECOVOYTIEG DPES) Elvarl 1 TEPI0O0G
eketvn mov ta. yapla otapotovv vo tpéeovton (Tudela & Palomera 1995;1997, Plounevez &

Champalbert 2000, Borme et al. 2009, mtapovca perétn).

H mepopiopévn tpoeikn dpacptdtnTo. TOL KATOYPAPNKE KATO TN OAPKEWL NG
nuépag €xet mopatnpndel kot oe GAAOL LIKPE TEAAYIKG WYAPLO TOV OPYOVOVOVTOL GE GYOAEin
(Fréon & Misund 1999 ot avagopég evtog). H dnuovpyio oyodeiov odnyel oe avEnuévn
EMOYPOTVNON OAAG Kol avAANYN PICKOV, EMTPEMOVTINS GTA ATOUN VO ETEVOVOVV TEPIGCOTEPO
YPOVO 6TV TPOSANYN TPOPNG, aKOpa Kot He TV mapovsio Onpevtov (Fréon & Misund 1999
KOl 0VOLPOPES EVTOG). TuyKekpluéva, o yavpog (Engraulis mordax) éyet Bpebel va tpépetan e
nbuopayio katd N OdpKew TG NUEPOS, OTAV PPLoKOTOV GE TLKVO GYNUOATIGUO GYoAeiwv
(Koslow 1981). Emiong, oe oyoleio tov vyévovg Harengula, tunpoato tov oyoleiov
OTOO0PYOVAOVOVTOL Y10l HKPES YPOVIKEG TEPLOSOVS LE GKOTO VO TPOUPOVV, EVAD TO VTOAOTO
oxoAelo cuveyilel TN GLYYPOVIGUEVT KOl TOA®UEVT KOAvuPNTiKn dpactnprotntd tov (Fréon et
al. 1993).
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H vymAn évtaon mpdoinyme tpoene katd tn didpkewa g avodon TV YopLudy GTo.
EMPOVEINKA VEPA QOIVETOL VO GUVOLALETOL LE TNV MUEPNOL KOATAKOPLON HETOVACTELGN.
Yndpyovv apketoi mapdyovieg mov mbavd emnpedlovv (m.y. eoTEWOTTA, Agio, TAAippoLa),
Kol vVroBEcel mov mpoomafovv vo eENyNGovy, TNV NUEPTGLO KOTAKOPLET| LETAVACTEVCT] TOV
yoplov (m.y. vrobeon Progvepyntikod mAEOVEKTNUOTOG, VITOOEST amoPLYNG TV OnpevTdY,
vobeon ¢ Pedtiotomoinong tov dapopetikdv Asttovpyudv) (Neilson & Perry 2001). To
omtikd gpébicpa, mov gival omapaitnto Yo T datrpnon tev oyoAsiov (Blaxter & Hunter
1982, Fréon & Misund 1999, Bertrand et al. 2008), peidverarl katd v mepiodo mpwv ) dvon
TOL NAMOV ¢ emakOAOVOO TG Hel®ONG TG POTEWOTNTOC. AVTO 00NYEL OTN «YAAAPWOGN» TOV
OYNUOTIGHOD OYOAEl®V Kot TNV TOPAAANAN €vapén g avodov TV YopidV TPOS TNV
empavela, n onoio AapBdvel ydpa wepimov 1 dpa TP ™ dVOT TOV NAMOV YL TN GOPIEAN OTN
Meaooyeto (Giannoulaki et al. 1999). Ta ctopdyia 1660 T GOPIELIC OGO KOt TOL YOHPOL NTAV
Tmpn (to KoAokaipia) 1 oxeddv AP (TOVG YEWMVES) KATA TN OPKE TOL GOVPOLITOL,
VTOONADVOVTOS OTL 1] GVOO0G TTPOG TOL EMPAVELNKE VOUTA Kol 01 avENUEVOL puOpOT TPOGANYMG
TpoPNg etvan mbavotata cvyypovicpévol. H peytotomoinon tg mpoOSANyMG Tpoeng Kotd
SLAPKELL TNG «YOAGPMONG» TOV GYNUATICU®OV GYOAEI®V Kol TNG AvOO0VL GTNV EMIPAVELN, EXEL
Bpebel va Aaupdvel yopo kot oe GAAo PKpA mEAAyIKO yapo, Y. oto yovpo tov [lepod
(Engraulis ringens) (Bertrand et al. 2008). O «ivévvog Bvnowodtntog Vv 16100 TEPI0dO
Bempeiton HEI®UEVOS, 0E00UEVOD OTL O1 ONPEVTEC TOV LUKPOV TEAAYIKOV Yopldv (T.). Oaldcoio
OnAaotikd, TovAd, peyodvtepo yapila) Bacilovion Kuping oe ontikd epedicpata mov arattovv
aLENUEVN POTEWVOTNTO KOt EMTIOEVTOL 6TO LIKPA TEAOYIKE Whplo Kupimg KOTd T S1dpKeLn TG
nuépag (Fréon & Misund 1999). Xvvendc, N HEWOUEVN QOTEWOTNTO KATA TO GOVPOLTO,
ONUATOO0TEL TO «YUALPOUO» TV GYOAEI®V VD TapAAANAQ HeW®VEL TOV KivOLuvo Tng Onpevong.
Yrdpyet OnAadn (o avEnpévn dSuvatdTNTa Kot TAEOVEKTNO GTHV TPOCANYT TPOPNS KATA T

SLIPKELD TOV GOVPOLTTOV KOt TNG VOYTOG.

Huepnowa katavaAwon Tpo@ng

O odeikng otopoywkng mAnpomtag (SFI) ypnowomoleitor gvpéwg oe  peréteg
TPOGOOPIGHOD TNG TMUEPNOWG KATAVAA®ONG TPOPNG oTa Waple, ®otdco, Bo mpémel va

ypnowonoteital pe tpocsoyn. Omwg kot pe dAlovg deikteg mov Pacilovrot o€ avoroyieg (ratios)
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(m.x. o yovadoowuatikog dgiktme, GSI, [Somarakis et al. 2004b] kot o deikng evpwotiog
[Bolger & Connolly 1989]), o SFI eivar cwotd va ypnoiponoteitor yioo cuykpicels petasd
derypdtv povo 0tav veictotol WopeTpion LETAED TOL PAPOVE TOV GTOUAYIKDOV TEPLEYOUEVDV
Kot Tov copatikoy Bapovg (Héroux & Magnan 1996, Somarakis et al. 2004b). v mapovca
peAétn, o SFI gppdvice eEdpnon amd 1o Papog TV yopldv yeyovog mov Bo kabictohoe
YPAON TOL TPOPANUATIKY. ZVVETMG, akolovOnOnke n mpocapuoyn Fevikevuévov I'poappikov
Movtéhwv (GLM) yia kdBe ovtoyevetikd otddo yoplotd, He oKomd T otddon tov Bapovg

TOV GTOUAYIK®V TEPIEYOUEVOV HETOED TEPLOOMV EIYUATOANYING.

Xmv mopovca  UEAETN €QUPUOCTNKAY OVO EVPEMG  YPNOUYLOTOOVUEVE  HOVTEAQ
eKTIUNONG TG NMUEPNONG KATAVAA®GNG, Tpotevopeva amd tovg Elliott & Persson (1978) ko
tov Eggers (1979), yio ovykpitikovg okomovg. To poviédo twv Elliott & Persson yevika
Bewpeitoan akpPég (Hayward 1991) kot 011 amodidel kKaAdtepa o€ nOpopayo yaplo kabmg Kot
oe Onpevtéc mov TPEPovIOL pPE TAAYKTO Kol EMOEIKVOOLV TEPLOOIKOTNTO GTNV TPOGANYM
tpopng (Richter et al. 2002). To povtédo tov Eggers, amd v dAAn mievpd, Bewpeitoan mo
KATAAANAO yio €101 oL TPEPOVTOL GE OAN TN OPKELD TNG NUEPOAGS, LE OLOUPOPETIKOVS TOHTOVS
Onpoudtov, sueaviovv mepiotaciokd peyaddtepn £viaon (peaks) kot yevikd dev éyovv
otafepn meprodikdOTNTA 0TV TPOSANYM Tpoe1|g (Héroux & Magnan 1996). Ot ektyunoelg g
NUEPNOUG KATOVAA®ONG amd To OV0 HOVTEAD NTOV TAPOUOLEG Kol oTo dVO €idm, OTmG £xel
owmiotmBel kol oe dhdeg peréteg (Boisclair & Leggett 1988, Hayward 1991, Héroux &
Magnan 1996, Richter et al. 2002). Av kot 1 Pacikny mopadoyn Tov poviédov tov Eggers,
ONAadN M cvveYNg oition, 0ev TapaTPNONKE oTNV TOPOHSU HEAETT, 0O YNOE OE EKTIUNOELS
napanAnocieg pue 1o poviého tov Elliott & Persson, yeyovog mov vrodnimvet 6Tt Bo pmopovoe
va ypnoomomBet avt 'avtov. To povtédo tov Eggers eival amAovotepo pabnpoticd, oAld to
010 axpiPés, emrpénovtag emiong WKPOTEPT CLYVOTNTA OELYLOTOANYING KOTA TN SIUPKELN TNG
nuépag oe oyéon pe 1o poviéro tov Elliott & Persson (Boisclair & Leggett 1988, Héroux &
Magnan 1996). Qotdc0, cOuewva pe tov Hayward (1991), n yprion tov povtédov tov Eggers
OTOV TO SLCTAHOTO HETAED OELYLATOANYLOV eivar peydia (>3 dpeg), EvOEYETOL VoL OONYNOEL GE

VIEPEKTIUNGT TNG NUEPNOOG KATAVAAMGNS TPOPNC.

21 Meooyeo OdAacoa, ol HOVES OBECIUES EKTIUNOGELS TNG NUEPTOLOG KOTAVIAMONG
TPOPNG TTOV VILAPYOLV Y10, T LUKPE TEAAYIKA Wdplo apopovv 6tov Evponaikd yavpo Engraulis

encrasicolus (Tudela & Palomera 1995; 1997, Plounevez & Champalbert 2000).
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XpNOIHOTOIDOVTOG OC TIUN pLOUOD YaoTpikhg kévwong 0.423 + 0.196 h* (exTiunpéVo amd Tovg
Tudela & Palomera 1995), ta evijlika dtopo yadpov giyav nuepnota katovoimon 3.4 og 3.9%
TW omv mepoyn g Kataloviag Katd tnv Kkopdemon g TePLOd0v avamapoymyns Tov £100V¢
nov eivon 10 kKohokaipt (Tudela & Palomera 1995, 1997, Plounevez & Champalbert 2000).
EmumAéov, ot pedéteg yio to yavpo otig GAAeg meployés g Mecoyeiov €xovv Katadeibel v
Omopén MUEPNOLOG TEPLOOIKOTNTAS OTNV TPOCANYTN TPOPNG TOPOUOlNG ME €KEIVI TOV
KOTOYpAONKE Yoo TN GOPOEAQ KOL TO YOOPO OTNV TOPOVGO UEAETN KOTA TN OPKEW TOV
KOAOKOIPLOV, ONANOT TPOGANYN TPOONG KATA TN OBPKELD TG NMUEPOS, HE HEYIOTN £VIOON
Kovtd ot 0von tov NAiov (Tudela & Palomera 1995, 1997, Plounevez & Champalbert 2000,
Borme et al. 2009).

[Tapd o onuavTikd poA0 OV dSLOPOUaTILOVY 6TO TEANYIKO TPOPIKO ALY To 1 OHO,
1N TPOPIKT OTKOAOYIO TOVG KOl GUYKEKPIUEVA 1) UEPT|OLO KATAVAAMOT TPOPNG Exovv pehetnOel
eMdy1oTo. TOYKOOUmG. Q0T0G0, 01 TOPOTNPOVUEVEC TAGES CLYKAIVOLV GTO OTL TOGO OTN
copdéla 000 Kol 6To Yavpo, To HKPOTEPOL peEYEBoLG/MAMKiaG Wapla £rovv LYMAOTEPES
NUEPNOIES KATUVUANDGELS OO TO EVIAIKOL, DTOVOMVTOG TS KATL TETO0 pmopel va oyetiletal pe
TIG VYNAOTEPEG EVEPYEINKES OMAITNOELS TV 1YOLdiwv o€ Gyéon pe to eviilMka. Avti 1 Taom
éyel mopatnpndei e cuvOnkeg ayyuoiwoiog yo ) capdéra (Pacific sardine, Sardinops sagax)
ot NoOTIo Agpikr, pe ta yapa pkpdtepng nhkiog (mAkiog 0+) va €yovv vymAdTepM
NUEPHOLO. KOTOVAA®ON TPOPNG amd Ta peyolvtepa yapo. (Mkioo 1+, 2+, 3+, 4+) (van der
Lingen 1998). IMapéupoia amotelécpata £xovv Ppebei yio 1o €idoc Anchoa mitchilli (bay
anchovy) otig HITA, pe ta yB0d1a va tapovsialovv €wg 2.7 opég HEYOADTEPN KATUVAAWDGT

amd ta evidika (Hartman et al. 2004).

Ot extynBeioeg Tipég nuepNoag KATAVAAMONG TPOPNG EMEGEEAV EMOYIKN KoL ETHGLOL
dwkvpavon. H éviaon mpdsinumng tpoeng omn capdéha £xel Ppebel ko oe dALeC peAétes va
EYEL EMOYIKN Kol €TNGL0L SoKOHOVET), GvTag vyYMAdTEPT OTAV N TAPOYOYIKOTNTA €vol VYNAN,
€0KA Katd TN O1dpKeEWL TG VOIENG KOl TOL YEWADVO GTO OVOIKTE TMV TOPTOYOAMKADV OKTMOV
otov Athavtiko (Garrido et al. 2008a). Xtnv mapodco HEAETN, Ol KOTOVOADGES TPOPYG TO
KaAokaipt NTov yopmAdtepeg amd OVTEG TOV EMOUEVOV YEWMDVA, OTOV 1) GLYKEVIPMON TNG
YAOPOEUAANG o Ko M Propdlo tov Cwomiayktod Mtav vynAdtepes. Tlapd Tig onpovtikés
dwpopég otig péoeg Tpég Propdlog Cwomlayktoh Kot NG GLYKEVIP®ONG YA®POPVUAANG o

petald Tov emoydv, ot pupot katavdiwong o Ppébnkav va cuoyetilovtol onuavTiKd o0VTE [
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™ Popala tov (womhayktod oVTE pE TN OLYKEVIPWOOTN YA®POEVUAANG. H muepnowa
KATOVAA®GN TPOPNG £ival YvmoTd OTL TOKIAEL avOAdY®G TOL TOTOV TG TPOPNG AdY® Tov OTL
To SPOPETIKA €10M Onpapdtov exnpedlovv to puOud yootpikng kévoong (van der Lingen
1998). X oapdéra tov Epnvikov (Sardinops sagax), ot eKTUACEIS TNG TMUEPNOLNG
KatavaAwong tpoeng and dedopéva mediov kopavinkay amd 0.99 émg 2.52 kot and 2.97 €wg
7.58% TW avd muépa yur yaplo mov katavolovoy C(OOTAAYKTOV Kol (PUTOTAAYKTOV,
avtiotorya (van der Lingen 1998). I'a to 1610 €100g capdérag, aAld Yoo TNV TEPLOY TS ATt
AvatoAg kat tov Tlepov, o1 eKTUNGELS TG NUEPNOLOG Kataviilmong Kopavinkav ond 1.73
g 5.18 won 2.31 émg 6,93% TW, avtictoyo. Xe epyactnplokd TEPAUATA, 1) MUEPNOLN
KATOVAA®ON o€ oapdéreg nAkiog evdg €tovg omd v AT AVOTOAN 7OV TPEPOVTOV LLE
Bopnyovikn tpoen wopdvinke amd 1.06 éocg 2.40% TW (Noguchi et al. 1990). Télog,
ypnoponowdvtag dedopéva and owtdoMbovg (back-calculation), ot Watanabe kot Saito (1998)
extiunoav 6T N nuepnown amaitnon o€ dvOpaka, twv YLV capdéiag Kopaivetor amd 5.6
¢og 9.6 mg C avd muépo, m omoio, SOUEMOVO HE TOVG OCULVIEAEGTEG WETOTPOTNG 7OV
YPNOWOTO0VVTAL GTI LEAETT), AVTIGTOLYOVV GE MUepNola katovarlmon 3.52 kat 5.68% TW yia

yapta ~0.83 kot ~0.30 g olko¥ Pépovg, avticTotya.

PuOnOGC YaoTPLKTG KEVWOTG KAL TTAPAYOVTEG IOV TOV EMPEAIOVV

Ymoloywopoi tov pubpod YOoTPIKNG KEVOONG GE YOOPOUG KOlU GOPOEAES LTO
eAEYYOUEVEG epYOOTNPLOKES oLVONKeS, €rouv mpaypatomombel omdvia, Kvpimg AOYy® TV
SVOKOM®DY SLTNPNONG TOV HWKPOV TEAAYIKOV yopiov ot de€auevég (Blaxter & Hunter 1982,
Bernreuther et al. 2008; 2009). Xmv mapovoa perétn, ot pvipoi yaoTpiKhig KEVEOONS TOL
YPNOWOTOMONKAV Y10 TOV VTOAOYIGUO TNG MUEPNOLOS KATOVAA®MONG MTav o1 péEyoTol pvhuoi
YOOTPIKNG KEVAOOTG OV TtopatnpnOnkay HETaED OA®V TV (EVY®V S0d0 KOV GUPGEDY EVTOG
70 {010V NUEPNOIOV KOKAOL Y1 TO KGOE €160G [0 mapepepeis Tpooeyyioelg PA., w.y. Boisclair
& Leggett (1985) kar Héroux & Magnan (1996)]. H extiunon tov puBpod yaoTpikng kEvaong
010 medio amotel TNV TANPOOT OPIGUEVOV TPOVTOBECEDV (TI.Y. OTL T YAPLOL OEV TPEPOVTOUL
Katé TNV mEPI0d0 UEIMONG TG TOGOTNTAG TV GTOUAYIKMV TEPIEXOUEVAV, OTL TO YAPLOL EXOVV
v O TPOPIKN cvumeppopd N 4Tl o1 Beppokpaciakés cuvOnkeg dev aAAGlovV péca GTov

24mpo nuepnoto koxio (Bernreuther et al. 2008). EmmAéov, o puOudc yaostpikng kévmong oto
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yaplo emnpealetarl and po TANOmpo TopayOovVTeV, CLUTEPILOUPBOVOUEVOV TOL TOTOV KOl TOV
pey€0oug Tov Onpdpatog, Tov €60Vg NG TPOPNG, TOL THTOV TOL BNpeVTN Kot TG BeppoKpaciog

(Bromley 1994).

Xmv mopovoa epyocio, o av&avopevog Pabudg méyne tov Onpapdtov pe Ty tapodo
™G VOXTOG OIKOIOAOYOVoE TNV EMAOYY OVTAG TG TEPLOOOV KOl TOV YOPUKTNPIOUO TNG ©G
nepiodo un AMYng TPoeng Kot ota dvo €idn mov eetdotnkav. Ta kaloxaipio to yaplo
Epyovtay avTHETOTO UE TOKIAEG Oeppokpacieg KaTA TN SIIPKEW TOL MUEPTGLOV KLKAOL,
AOY® NG MUEPNOLOG KATOKOPLONG HETOVAGTELONG KOl TNG OEPLO-GTPOUATOONS TOL VEPOD.
YUVEN®G, 0 PLOUOG YOOTPIKNG KEVOONG TOV LTOAOYICTNKE KATA TN SAPKELN TNG TEPLOOOV UM
Mg tpoeng (Voyta) yuo to kébe €100g, 6TaV TO Yaplo PpioKoviol KOVTE 6TV ETPAVELL TNG
OdAlacoag, Bo umopovoe va eivar vYNAOTEPOG amd TO PLOUO YUOTPIKNG KEVOONMG KOTA TN
dlapKe TG NMUEPOS oL T Wapto evromiCovtol KAt and to Beppokivéc. Avtd pe T oEpd
Tov Qo pmopovce va OONYNOEL GE VRIEPEKTIUNGYT TV PLOUDY KATOVIAOONG TPOPNG TO
kalokaipt. TTapopota ekBetikn avénorn oto pvOUd YOoTPIKNG KEVEOONG HE TNV avénon g
Oepuoxpocioc, cov avTA TOL KATOYPAPNKE OTNV TOPOVCO HEAETN, €xel moapatnpndel oe

apKeTéEC mepapatikeée pedéteg (m.y. Elliott 1972, Bernreuther et al. 2008, 2009).

IMa va gheyyBel 10 m0G00Td peimong Tov PLOUOL YAGTPIKNAG KEVOONG, 1| GYECT TOV
wpoékvye e  Beppokpacia, ypnoipomodnke yio vo emovodToroylotel o puOuUdS YOoTPIKNG
kévoong oto Pabog mov evtomilovtav to yaplo Kotd tn OdpKeld TG MUEPOS TO KOAOKOIPL
(dnhadn Katw omd to Bepporkivé). Ot pécot pvBuol YaoTpikng KEVOGNS OV TPOEKLYOV Y10l
tov lovAo 2007 kot tov IovAo 2008 tav yauniotepot katd ~23 kot ~34% yio to ybvdw Kot
T0. EVAAKO, OvTIoTOY0. XPNOYOTOIDVTOS TIC VEEG OVTEG TIUEG GTO LOVTEAX VITOAOYIGUOD TNG
NUEPNGOG KATAVAAMONG, Ol EKTIUNCELS TOV TPOEKLYAY NTAV YOUNAOTEPES KOTA ~15 Ko ~22%
v to. yBvdw Ko Ta EVIAAIKE, avticToya [HLécog 0pog TS Katavaiwong (e Pdon 1o pHoviéro
Ce-p) Tov IovA0 2007 kot Todvio 2008]. Qotoc0, oe apketég peréteg (Richter et al. 2002 kot
avaPopES evtag), €xel mopatnpndel 6TL 0 PLOUOG YOOTPIKNG KEVMDONG etvar LYNAOTEPOS KOTA
Vv 1ePiodo mov T Yhpla TpEeovtal omd OtL TV mepiodo mov dev tpépoviat. To avtifero,
wot600, £xel Ppedel oe TovAdyotov pia mepintmon [péyya (Clupea harengus), Bernreuther et
al. (2008)]. Xvvenmg, akdpa Kot av 0 puOUOS YaoTPIKNG KEvoons dtopBwbel yio tv emidpaon
¢ Bepurokpaciog To karokaipt Tnv nuépa, sivor mBavo 6Tt pa avénomn tov pLOUOY YOSTPIKNG
KEVOOTNG KOTA TNV TePiodo Tov Ta. waplo TPEEOVTOL B UTOpovsE v, e£0VOETEPDCEL TNV
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avapevopevn peimon otov R Adym g youniotepng Oepuokpaciog Kot and 10 OeppokAves.
Téhog, otnv mamaivo (Sprattus sprattus) to yevikd pHoviéAo mov TEPLYPAPEL TN GYECT HETAED
R kol Oeppoxpaciog mpoPiémer apywd avénon tov R pe m Beppoxpacia, aArld petd omd
kanowo Oeppokpacia, o R petwveton (Bernreuther et al. 2009). Av avtd 10 TpdTLTO 1GYVEL KO
Y. TO Yyopo Kot Tn copdéia 0tav Ppickovtar mave amd 1o Beppoxivég, tote 0 R mov
extyumbnke katd tn Odpkew TG VOYTOG Kot YPNCUOTOWONKE Yo TOV VTOAOYICUO TNG

nuepnotag Katovaiwons o umopovce va etvar puo opKeTd peOMSTIKY TIUT.

Yyxetikd pe dAlovg mapdyovieg mov ennpedlovv tov R, 1 emidpaon tov peyébouvg tov
yoplov givar apeiieydpevn, kabmg oe KAmoleg LEAETEG OEV TapOTNPNONKE ONUAVTIKY ENIOpaOT
(m.y. Persson 1979), eved avtiBeta oe dAheg, M enidpaoct tov peyéBovg frov onuavtikn (m.y.
Temming & Herrmann 2001, Bernreuther et al. 2009). O tomog tov Onpdauatog eivor emiong
yvooto ot emnpedlet tov R oto €idog S. sagax, pe v KatavAaAwmon @LTOTAAYKTOD Vo
yapaxtmpiletal amd vynAdTePo R amd 6t 1 katavaimon {womhayktov (van der Lingen 1998).
Av vt n emidpaon oyvel kor Yoo v Evponaikn coapdéro, Bo pmopovoe v pépel va
Sucatohoyfoel Tov vymidtepo R tov defpovdpto tov 2009 (0.139 h™h) amd 0 Aekéufpro tov
2007 (0.101 h™). Tapé to 611 1 Beppokpacio fray onpovticd youniotepn 10 PePpoviplo Tov
2009 kot o R avapevotav va givor youmAodtepog omd 10 Aekéuppio tov 2007, n apBuntikn
GLVEWGQOPE TOV PLTOTAAYKTOV GTN JTPOPN NG cupdérag Ntav ~83% 10 Defpovdplo Tov
2009, eved to Agképppro tov 2007, n avtictoyn cvvelspopd ftav ~73%. Zuvonoroyilovag Tic
wpoavapepbeiceg SLVOKOAEG MG TPOG TNV EKTIUNGON TOL PLOUOV YUOTPIKNG KEVOONG Oomd
dedopéva mediov, M TPOCEYYIGT OV YPNOCOTOMONKE TNV Tapovoa UEAETN (ONAadN TOL
Léylotov pubpov yaoTpikng kévoongc, Boisclair & Leggett 1985, Héroux & Magnan 1996) kot
ol TIéG Tov ekTNONKav Nrav ot kataAinidtepes. Ot pvOuol YooTpkng KEVMOONG OV EY0VV
exktiunOel yioo Ao kKhovmeoedn 6mwe 1 péyya tov Athavtikov (Clupea harengus), n capdéia
tov Eipnviko® (Sardinops sagax) ko 1 momodiva g Bodtikng (Sprattus sprattus) kvpaivovron
omd 0.09 ém¢ 0.56 h™* (Arrhenius & Hansson 1994, van der Lingen 1998, Darbyson et al. 2003,
Bernreuther et al. 2008, 2009). I'ta T0 Yoo, Ot EKTIUNGELS TOL PLOLOD YAGTPIKNG KEVOGNG TTOVL
&xovv ektyunBel ot Mecsoyewo (0.423+0.196) katd v avomapayoyikn mepiodo tov €ldovg
(Tudela & Palomera 1995) eivotl mapaminciotl pe avtovg mov Ppébnkov oe avty ™ Swtpipn
(0.389+0.054 o 0.402+0.085 tov IovAo tov 2007 ot 2008 oavtictoyya, Ilivokog 3.9).
Yymrotepog pudpoc yaotpicic kévaong (1.05 h) éxet kataypagei oe mepdpota oe SeEapevéc
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entvo og mhoio ot Mavpn Odracca (Bulgakova 1993), wotdéco 1 Ty avtn eivon eEopetikd
VYN cvykpwvouevn pe twég g Piploypapiog v yaplo yevikog (Durbin et al. 1983,
Worobec 1984, Brodeur & Pearcy 1987, Amundsen & Klemetsen 1988, Arrhenius & Hansson
1994, Tudela & Palomera 1995, mapovco perétn) ko mbovoTaTo, oQeiletar oe €0QUAUEVN
pebodoroyion Kol €viovo OTPECAPIGHO TV Yapudyv, ota omoic dog 000nke mepiodog
EYKAMUATIGHOV Tpv mtpoypotomotnfodv T mepdpoto. Qotdco, anevbeiog ocvykpioelg tov
PLOUDV YOOTPIKNG KEVMOTG Y10 SOPOPETIKE €101 OV £XEL WO10iTEPO VONUA AOY® TNG EEAPTNONG
oV pLOUOY YaoTPIKAG KéEvmong amd T Oepuokpacio kal tov tomo tpoeng (van der Lingen
1998) ot amd 10 av o R vmoloyiletar ypnowomoudviag 10 PAPOG TOV CTOUONIKOV

nepieyopévav (DW) 1 to deiktn otopayikng tainpodtnta (SFI) (Héroux & Magnan 1996).

4.4 Tpoémol mpbéaAnymc TPoPig

Tapdéda

H capdéha Bempeital moyKoome TAAYKTOQAYO YAPL TOL «PIATPAPEL TN GTNAN TOV
VEPOL, UE TN CVLVOEST] TV CTOUAYIKAOV TEPLEYOUEVMV TNG VO OVTIKATOTTPILEL OPKETE KAAN TNV
obvOeomn g TomikNg mAaykTikhg Prokowotnrag (m.y. Garrido et al. 2008a, van der Lingen et al.
2009). Avtd copfaivel Kupimg AOY® TOV Un EMAEKTIKOD pUNYAVIGHOD GuyKpdTnong Onpoudtov
mov 0100€tel, 0 omoiog droympilel Ta Onpapata pe Pdon to pnEyeboOC TOVG Kot Oyl TOV TOTO TOVC.
Y& ovvOnkeg ayuolwociog ota €idn Sardinops sagax (van der Lingen 1994) ka1 Sardina
pilchardus (Garrido et al. 2007a) éyel Ppebei 0Tt 01 GOPdELES UTOPOVV VO GLYKPATOVV OKOLLOL

Kot VovomAayktd, oniadn Onpdpota <20 pm.

Avti) 1006 1 IKavATNTa ATodideTal 6TIG ToALAPOLES Bpayyakés diavOec, ol omoieg, o€
CLUVOLOGUO HE TIG MIKPOOGKOMIKEG 000VToEWelG mpoeloyés mov @vovtal apeimAgvpa,
TomofeTNUEVES KOTA UNKOG TV Ppayylok®dy okavldv, eEomAMlovv TIC GopdEAeS He Ha TOAD
anoteleopoTiky ovokevny dmnong (Andreu 1969; King & Macleod 1976). H nOpogayia
®0T1dG0 dev amotedel T0 HOVO TPOTO TPOGANYNG TPOPNG 6T Gapdéia. 1o €idog S. sagax, o
TPOTOC TPOGANYNG TPOPNG aAAALEL 0md MOpOPayio 6€ ATOMKT TPOSANYT Bnpapdtov 0TV TO
uéyebog tov Onpapartog vepPaivel ta 1230um (van der Lingen 1994) (Zynua 4.1). Avtibeto,
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o710 €idog S. pilchardus otic moptoyolikéc aktég Tov ATAOVTIKOV, 1| LETABOAT VT GTOV TPOTO
TPOCANYNG TPOPNG AdpPavel yopa o€ pkpoTepo péyebog (Mbpoeayia yo Onpapato <724 um
ko particulate feeding ywo Onpdapata >780 um [Garrido et al. 2007a]). TTépa amd 0 péyebog
TOV ONPAUOTOC, Lo EMTAEOV CNUOVTIKY Sopopd HeTalDd TV OO OLTOV EW®V, OGOV aPOPE
oto Onpdapata peydhov peyébovug, givarl 6tL o tpdmog mpocinyng (feeding mode) emmpedleton
amd v aebovia tov Onpapdtov oto S. sagax (van der Lingen 1994), aAld oyt oto €idog S.
pilchardus (Garrido et al. 2007a).

A\
FcUpog «DIATpapIopar
(Engraulis encrasicolus)

2apdéAa | «DIATPGPIoUa»

(Sardinops sagax)

XaunAn ouykevrg

2apdEAa
(Sardina pilchardus)

L 1 1 1 | 1 1 1 1
U

MéyeBog Bnpauarog (mm)

ZxApa 4.1, ZxNUaATIKG OIAyPAUMa ATTEIKOVIONG TOU MEYEBOUG Twv BNpapdTwy OTO OTToi0 O
yaupog (E. encraricolus) kai n capdéAa (Sardinops sagax kai Sardina pilchardus) petaBdaAel
Tov TPOTTO OUAANWNG TG Tpo®ng. H ykpiCa Cwvn utrodeikviel 1O HeTaRaTikG pEyebog
Bnpdauartog atd 10 «PIATPAPIoUA» (NBUo®Ayia) aTNV aTOUIKA GUAANWN.

Ot capdéreg omn Mecdysio Odracca €(0vv AYOTEPES Kol KOAVTEPL OLOYWPIGHEVEG
Bpayyokég dxovOec ovykpvopeveg pe  ovtég v Athavtikov (Andreu 1969). H
dwpoponoinon avtr e€nyeitar and tov Andreu (1969) wg pia Tpocaproyn STV LYNAOTEPT
agBovio TAaykto mov evromiletal otov ATAavtikd M omoia evvoel v nOuogayia, evd GTIg
capdédeg g Meooyeiov, guvogitar  cOAANYT dokpitdv Onpapdtov (particulate feeding). Ou
KOTOVOUES GLYVOTHTOV ToV HeEYeBdv twv Onpopdtov oto Bopswo Aryaio ¢oaivetor va
ompilovv v vadBeon tov Andreu. Ot 600 KOPLPEG GTA IGTOYPAUUOTO CLUYVOTHTOV TOV

peyebmv tov Onpapdtov (e Bdon tovg apBpovg tov Inpapdtov) (Ilivaxeg 3.7, Zynuo 3.8)
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VTOOEIKVHOLV OTL 01 GaPIELES etval o€ BEom TOGO Vo «PILTPAPOVYY OGO Kol Vo GLAAAUPAVOLV
atopikd to Onpapato tovc.. H por kopven oty kidon 1-200 pm wepropPdaver pikpovg
(puTomAayKTO, HKPOLWOTANYKTO Kol VOLTAMOVG KOTNTOIMV), VM Ol KOPLYES OTIG KAAGELS
800-1000 pum 7 1000-1200 pm (avdroyo pe TV €moyn) mePAapPAveEl UEYOADTEPOLG
opyaviopovg (m.y. A. clausi, T. stylifera kot C. typicus). Qo1660, 6TIG KOTAVOUEG GUYVOTHTOV
TV LEYEDDV TV Onpapdtov pe Baon o meplexduevo Tmv Onpapndtov o dvBpaka, dtoedvnie
coQOS OTL To. LIKpOTEPO Onpduata glyav pikpn cvuPoAn oto dtpoPkd dvOpoaka (Kupimg
KaTA TIG TEPLOO0VE BEPUO-GTPOUATOCNG), EVD 01 HeYOADTEPOV LEYEDOVE OpyOVIGHOT, OV KOl GE
younAn agbovia oto medio, emAéyovrav Eviova and Tig capdéreg (Iivaxag 3.7, Zynua 3.8) ko
Nrav vrevbovvol Yo 0 peyoddtEPO UEPOG TOL OTpoPkol dvBpaxa. YmoBétovtag 6Tl M
petafoAn otov TpoOmO SOAANYNG TV Onpopdtov (amd nbuoeayio ce atopikn cOAANYM)
AapPaver yopo oe mapanincto pEyedog 0mwg yio ™ capdéia tov Athavtikov (Garrido et al.
2007a), ta pukpdtepa Onpdupato mov Ppédnkav ota GTOUd) W TOV EVAMK®OV YopldV GTNV
mePLoYN UEAETNG pag NTav mhavotato mpoidv cOAANYNG pe MOpoeayia. Avrtibeta, yw
ocOMNYN TV peyoAdtepov o péyebog Onpopdtov sivor mBavotepo 0TI €papUOCTNKE M

OTOLKT COAANYM (T.Y. LEYOADTEPOL PEYEDOVE KOTNTOJO KOl TPOVOUPES OEKATOOMV).

Avtifeta amd T oVVOEST TV GTOUAYIK®OV TEPLEYOUEVAOV TNG EVIAIKNG GOPOEANS TTOV
Kuplopyeitar apOunTikd amd euTomlayktov, ta 1ybvda, TOc0 Tov yévoug Sardina 6o Kot Tov
yévoug Sardinops, Bempovvior (womhayktopdyotl opyovicpoi (Louw et al. 1998, Watanabe &
Saito 1998, mapovoa peAéTn). TV Topovo PEAETN, TO. 1YO¥OL Kotavdlmvay eAdyloTo
(QLTOTAQYKTIKA KOTTOPO Kot 6YeOOV amokAEIoTIKG pecolmonmiayktd. H khpla eEnynon yio oot
TNV OVIOYEVETIKY SOTPOPIKN aAAayr] 0QeAeETOL GTNV ATEAT] avATTTLEN TG dMONTIKNAG GLOKELNG
ota 10vo1 (Andreu 1969, King & Macleod 1976). Toco o apBudc 660 Kot 1 ArdOGTAGT TOV
yopilel Tig Ppayytoxés dravBeg Kot Tic 0dovToeweic Tpoeloyég etvar cuvaptnomn tov peyédovg
0V chpatog oty Evponaiky capdého (S. pilchardus) (Andreu 1969). Otav ot capdéieg
@tévouv 10 TP®OTO £10¢ NG NG TOLG, M dMONTIKN cLokeLT Bewpeital TANPOS aveETTLYHEVN

KO IKOVT] VO KOTOKPOTNGEL Lkpoy peyébovg Onpdpata (Andreu 1969).

To &idog S. pilchardus mapovolalel ETAEKTIKOTNTO OG TPOC TOV TOTO TOV ETAEYOUEVDV
Onpapdtov O6tav ypnowonotei ™ pébodo atopkng cvAnyng (Garrido et al. 2007a). Xe
gpyacTnplokd mepdpato e cuvOnkeg aypuolooiag oto omoio mopacyEdnke éva pelypa
KoAMepYNUEVOVY (ONAadN Oyt CLAAEYUEVDV amtd TO Edio) Bnpapdtv, ot GapdELES TpEPovTaY
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Kot mpotipunon pe avyd yopuov (Garrido et al. 2007a). Avtibeta, ota id10 TEpdpaT, OTOV 1
TPOQN omoTeAEITO amd pelypa Onpopdtov GLAAEYUEVOV artd TO eSO, 01 CapPIELEG EMELEYAV TOL
KOTNTOd0 Kot To deKAmodo Evavtt AAlwv {owomlayktikdv opddmv (Garrido et al. 2007a). v
TEPLOYN HEAETNG HOG, oV Kot Opiopéva Onpapota nTav oAy debove oto medio (w.y. n opdda
Clauso-Paracalanidae), ota ctopdyia aviyvevdnkav oe moAD yopmiovc aptBuovg Kot ®¢ ek
TOVTOV 00N yNoav o€ TOAD yauniovg deikteg emhektikotntog (Ivlev’s Selectivity index). To
uéco péyeboc g opddag Clauso-Paracalanidae (721+135 um) vrodnAmverl 6Tl To KOTHTOSO
avtd o propovcay vo Kotavaimvovtol gite pe npoeayio 1| pe atopkny GOAANYN (COUE®VA
ue 1o omoteléopata tov Garrido et al. 2007a). Q¢ ek tovtov, TO Onpdpata avtd Oa
avapévovtav va Bpiockoviar oe peydieg apbovieg ota otopdyo. Mo mBavr eEnynon vy v
«OTOPLYNY TOLVG Ao TIG copdérec, Ba pmopovoe va eivar o Tpdmog kolvupnone. To yévog
Clausocalanus eni mapadeiyparti, emdeikviel 101aitepn KOAUPNTIKY COUTEPIPOPE, 1| OTOia
neplAapuPavel cuveyelc amoOTopec KWWNOES ©F MIKPEG KLKAMKEG Tpoyles (Mazzocchi &
Paffenhofer 1999). Avt n otpatnyikn kiviong Bewpeitor povadikny petaé&d v daedpmv
€MV PIKPOV KOTNTOOWV Kol o umopovce va enekteivetan Kot oto bTdAoTa €101 TG OpLAOG
tov Clauso-Paracalanidae. Anotéieoua avtov Ba frav o Clauso-Paracalanidae va givo «un
wpocfacyun» 1N evepyewkd Kootofopoc Aeia ywoo TG capdéhes. Avtifeta, 1 KoOALUPNTIKA
CLUTEPIPOPE TOV KOTNTOIMV TOV EUPAVICOV DYNAEC EMAEKTIKOTNTEG KATAVAA®ONG (T.)., A.
clausi, T. stylifera ka1 C. typicus) eivon meprocdtepo mpoPfréyun (w.y., Tiselius & Jonnson
1990, Hwang & Turner 1995, van Duren & Videler 1995), kobiotdvtag ta KOTHTOdA 0T
Katd mhoo mbavotnta Onpdpato €ukoAdTEPO OTN GUAANYN Ko yeplopd. Télog, GAAa
KOTMTOOo LIKPOTEPOL UEYEDOLS Yo T 0ol 01 CaPdEAEG EMOEIKVVOY «TtpoTiumon» (TT.)., TO
KUK A®TOEWEC Yévog Oncaea, kobmg kot ta aproaktikosdn M. rosea kot E. acutifrons), eivou
YVOOTE Y100 TNV TAOT TOVG Vo oyetiovtat pe compatidlokd vAko og Opduuata (detritus) kaun
Celatwvoedég (womhayktod (e.g9. Green & Dagg 1997, Diaz et al. 2003) mov Oa pmopovoe va

odnyel oe cvvabpoicels e dopbova Onpapata Yo TIC GaPOELES, EWOIKA AV QVTES ETAEYOLV TN

xpNoM TS NOropayiog ®g TPOTO GOUAANYNG TNG TPOPTG OTIG GVYKEKPUEVES TEPMTMOCELG.
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Tavpog

INa tov Evponaikd yadpo, ot mAnpoeopieg oyeTIKA He TOV TPOTO TPOGANYNG TPOPNS
etvar meplopiopéveg, 0edopévov OtL Oev €xovv mpaypotonombel mEPAUOTOH 6E GLVONKEG
aypoiooiog ot Mecsoyeo. Qot660, TETOWL €l00VE TEPALOTA EXOVV TPOYUATOTO0El OTN
Notwe Appwry oto €idog Engraulis capensis, tov omoiov m ovotnuatiky katdtoén
avabewpfdnke kot mAéov Bempeitar Tovtdonuo yevetikd pe to €idog Engraulis encrasicolus
(Grant and Bowen 1998). oupmvo pe autég Tig LEAETEG, O YOPOS YPNOUOTOLEL TNV ATOUIKN
TPOGANYN ®G TOV KUPO TPOMO GUAANYMNG Onpoapdtov (James 1987), wotdco, €xer
duvatoTnTo Vo «@IMTpapey Omoc kot 1 capdého (James & Findlay 1989). Tvykekpyéva, o
YOPOg HETOPAAEL TOV TPOTO TPOGANYNG TPOPNG A0 OTOLKT TPOCANYM 6€ NOHoayio OTav Ta
Onpauata givar <710-720 um (James & Findlay 1989). To eldyioto péyeboc mov o yopog
umopel va ovykpatnoet givor petad 200 kor 250 um, mpdypo mov onpaivel 6t éva peydao
TUNUO TOV QUTOTTAOYKTOV Ogv elval oaBéoipuo yoo to yapt. Ot HOPPOAOYIKES UEAETEG TMV
Bpayyakdv akavbmv tov yavpov, toco otn Noto Agpwkr (King & Macleod 1976) 6co ko
ot Meooyeo (Andreu 1969), cop@mvodv 6to 0Tt 01 anooTdoelg uetald Tmv akavloy givol
UEYOADTEPES OO TNG GOPIEANG Kot 6TO OTL 0 aplBdg Tovg pével otafepoc e TNV aOENCT TOV
oOUOTOS TOL Yopov, avtibeta amd 6Tt cvpPaivel otn capdéro (mov o aplBudg avEdavet
ouveymc). Amotédecua TG NG HopeoAoyiog eivar o yovpog va givor  KoAvTEPQ
TPOGOPUOCUEVOG GTNV ATOMIKY SVAANYT Onpoapdtov amd ott oty nouogayio. ‘Evag dAiog
AOYOC etvau 1 evépyela Tov TposAapPavetal amd 1o kibe €i00¢ epappolovtoc v kdbe po amd
TIG OVO SOEGIES OTPATNYIKES TPOGANYNG TPOPNG. ZVYKEKPIUEVA, O YOOPOS EXEL UIKPOTEPO
EVEPYELNKO KOGTOG 0O T GapdELD OTAV YPNGLOTOLEL TNV ATOMIKT TPOGANYN TPoPTg (James
& Probyn 1989), eved avtifeto 1 copdého  €AOIOTOTOED TIC OMIMOAEIES EVEPYELOG

ypnoomolmvtag v nopoeayio (van der Lingen 1995).

2m Meodyero, o yadhpog ypnoyomotel mbavotata Kot Tovg 000 TPOTOVS TPOCANYNG
TPOPNG, OMMG TPOKVMTEL AMO TIS GLVOECELS TOV GTOUOIK®OV TEPLEYOUEVOV amd Odelypota
nediov, mov dgiyvouv OTL 6T STPoPr TOL €IBOVLG GLUUETEYOLV TOCO IKPOL peYEBOLS
KOMToda, 660 Kol peydAa Onpapota 0nme ot mpovopees dekamOdmy. To anoTeAEGHATO TNG
TapoVGOS STPIPNG OYeTIKA He To. PeYEON Onpapdtov delyvouv 6Tt OVvImg 0 Yahpog eméleye

peyoAvTEpO Onpduota, Kot GUYKEKPWEVE, MTOV OLTE TOL GLVEPOANY TO UEYIOTO GTO
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dwrpoeikd dvOpaxa (ITivakag 2.14, Zynuata 3.13 ko 3.18). Qotdc0, ot Mavpn Odracca,
10 €id0g &yel Ppebel va katavaldvel onpovtikéc mtocotres utomiayktov (Bulgakova 1993),
yeyovog mov mlovag oyetileton pe T mOAD VYNAEC CLYKEVIPMOELS (PLTOTANYKTOVIK®V
KuTtdpwv, to. omoia eivanr mbavotata kot peyokdtepa oe péyebog, AOY® G YOUNAOTEPTG
Bepuoxpacioc kot Tov avénuévev Bpentikav. ‘Etotl, 1 nBuogayio yio 1o yovpo ™ Madpng

Odraccag elvarl mBavoTaTo TO ATOSOTIKOS TPOTOG TPOCANYNG TPOPNC.

4.5 Onpauata kaL cnuUAcla Tovg T SLaTpoPn

H onuoaocio tov {@omlayktod Kol GUYKEKPIUEVO TV KOTNTOOMV TN O0TpOPn NG
cOpOEAOG Kol TOV YOOPoL £xEl TOVIOTEL 6€ TANODPA PEAETOV, TOGO GE TEPLOYES aVAPAVGEWV
600 Ko meployég ywpic avoPAivoelg (my. Tudela & Palomera 1995, 1997, Plounevez &
Champalbert 2000, van der Lingen 2002, Garrido et al. 2008a, Borme et al. 2009, Espinoza et
al. 2009, mapovoa perén).

¥t ocapdéla, kaAavoedn komhmoda tmv yevov Acartia, Temora kou Centropages
GLUVICTOVV TNV KVUPLOL TNYN TOV STPOPIKOV AVOPOKO EVD UIKPOTEPT) GLVEICPOPH £YOVV Kol TO
KuKA®ToEW (.. Oncaea spp.) kou aproktikoewdn (w.y. Euterpina acutifrons) xemnfmoda
(Cunha et al. 2005, Garrido et al. 2008a). Zvuuetoyn 6to daTPoPIKS GvOpaka TG oapdélag (S.
pilchardus) éyovv ki1 dlec CwomAayktikéc opadeg (my. Ot TPOVOUQES OeKATOOMYV,
Y0oTEPOTOdMV Katl Bucavomodwv) toco otov Athaviikd (Garrido et al. 2008a) 600 kot ot
Meaodyeo (mapodoo peAén). Qo1060, ot duTiky Mecdyelo Kot 6TIG TAPAKEILEVES TEPLOYES
TOV TOPTOYOAMKADV OKTOV TOV ATAAVIIKOD, 1| GLVEIGPOPA G€ AvOpaKa TOV KAUGOKEPOMTMOV
Kot Tov komlatdv Bempeiton apeintéo (Massuti & Oliver 1948, Varela et al. 1990, Garrido et
al. 2008a), katt mov Epyetar oe avtibeon pe TO OTOTEAEGUATO TNG TAPOVCOS HEAETNG OTNV
avatolk] Mecdyelo. EmmAéov, eved otov ATAaviikd To avyd YopldV CULUUETEYOV ©TN
dTpoen g oapdérag oe etnota Baon and 17.4 £ 30% ce dpovg cuvelsPopds oe dvBpaxa,
ota detypata pag oev evromiomnkay kabdrov. H mpotipunon yuo {womhayktd éxel emPePforwbet
Kol pe peAéteg otabepdv 1cotoémmv (Stable isotopes) otv omoieg katadewkvoovy TG M

LEYOADTEPT TTOGOTNTA AlMTOV TOV VTAPYEL OTIS OOMKEG TPWOTEIVEG TOV LMV € EVIMKEG
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ocapdéheg mpoépyovtal amd v aeopoimorn {womlayktol, evd puévo o pkpn mocdtnta o

umopovoe va. £xel Tpoédevon to eutomhayktd (Bode et al. 2004).

H ocvpporn tov @uTOTAAYKTOO GTO S1aTpOPIKO AvOpaKO TOV EVNMK®OV ATOU®V
capdélog oto Bopeio Arvyaio Mtav acnuovin (mdvro <3% oe OAo to delypato OL
eEetdonkay), mopd To YEYOVOS OTL aplBuntikd frov 1 Koplo kotnyopio Onpapatog. Ot
EVAMIKEG OOPOEAEC TAYKOCHIOG KOTOVOADVOLV  UEYAAOVG 0apllods  QUTOTANYKTOVIK®OV
Kuttdpowv (van der Lingen et al. 2009) yeyovdg mov 001 ynoce 610 TapeAbOv 61O YOPOKTNPICUO
TOVG ®G PLTOTAAYKTOPAYOVS opyavicpovg (m.y., King & MacLeod 1976). To cvunépacua
avtd OumG Mrav AavOocpévo Kol Tpoékvye amd Tn ¥pNon oplfuNTIKOV OedoUEVOV 1|
OGO UEVOV GLYVOTNTOG ELPAVIONG, TOL OTTOL0 LEPOANTTTOVY VIEP TOV UKP®OV Kol TOAD apBovmv
Onpapdrov (James 1987). H drnoyn mepl putoayiog GAlaée dpapatikd o0tav ANednke vroyn
N TEPEKTIKOTNTO TOV Onpoapdtwv e avOpako, omokaAdTTOVTOG TOV Kupiapyo poOAO TOL
Cwomlayktod otn dlatpogn ¢ coapdéhac (van der Lingen 2002, Garrido et al. 2008a,
Espinoza et al. 2009). ITapoia avtd, N CLVEIGPOPE TOV PLTOTAAYKTOV £)XEL VITOAOYLOTEL OTL
etéver o 19% g péong etolog cuvelcPopds o dvBpaka Yo TNV eVPOTOIKN capdéra (S.
pilchardus) otic moptoyolikég axtég (Garrido et al. 2008a). H dapopd ot cvvelspopd tov
euTOTAAYKTOV cav T060oTO dvBpaka (C%) petald twv 600 meploymv, omAaor], tov Bopeiov
Atyaiov Ko T@V TOPTOYOAMKOV okTdV, Oo pumopovoe vo eEnynbel amd tov moAD HKpOTEPO
apOud Onpapdtov ota ctopdyo Tg capdéiag oto B. Aryaio (L€yiotog apBuog Onpapdtov =
3334) o ouykpion pe v [oproyaria (néyiotog apOuds =~ 7,5 x 106).

O poéXOG TOL PLTOTAAYKTOV GTN OATPOPT) GOPIEANC TaPAUEVEL LAAAOV aocapns. ‘Exet
dwrtvmwbel M dmoyn OTL TO  QUTOTANYKTOV OmOoTEAEl TNV KOplo 7nyn Amdiov
(cvumepropBavopévav TV ToA-0KOPESTOV Mmap®dv 0EEwV) yia v Evponaikn capdéia (S.
pilchardus) (Garrido et al. 2007b, 2008b). EnutAéov, n mhodolo 6€ GUTOTAAYKTO S10TPOPT TNG
ocapdéhag (oe avtiBeon e To yavpo) pmopel va oyetileton pe ) peyaAdtepn wKavoTTd TG Vo
a@opoLmdVeL Tovg vootavBpakeg (van der Lingen 1995). Téhog, éxel mpotabel 6TL 1 capdéia
evepyel ¢ ev duvapel PopEag TOEVOV TPOG OVATEPE TPOPIKE eI AOY® TNG KATAVAADGNG
HEYAA®V TOGOTHTOV datdp®v mov mapdyovy to&iveg (Pseudo-nitzchia) kavn dvopactiyotdv
(Dinophysis) (Costa & Garrido 2004, Garrido et al. 2008a). Ot opOpoi TV doTOU®Y Ko
SVOUACTIYOTAOV 7oL Tapdyovv to&ive Mtav TOAD youniol oto OEiylOTO GTOHOYUDV TNG

TOPOVCaG HEAETNG o€ cuYKplom pe v IPnpwkn copdéra (Garrido et al. 2008a), mg ek tovTov, N
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HeGOAAPNON TG GAPSEANG OTN UETAPOPE TOEWVMV GTO OVATEPO, TPOPIKA EMITEDD £ivol LAAAOV

aniBavn oto Atyaio ITé ayoc.

210 yowpo, O&V EVIOMIOTNKE QLTOTAAYKTO TPl HOVO GE EAG(IOTEG TOCOTNTEG.
(eAdyloto. KOTTOPO. GTO GLVOAO TOV OEYHATOV 7oV avoAbOnkav). H  katoviioon
QLTOTAAYKTOV UTOopovce ONAadT va amodobel oe tuyaio katdmoon. EAdyiom katovilmon
QUTOTAQYKTOU £yl mopotnpnOel kol oTig VITOAOUTEG HEAETEG TNG OITPOPNG TOV €I00VG GTN
Meooyewo (Tudela & Palomera 1997, Plounevez & Champalbert 2000, Bacha et al. 2009,
Borme et al. 2009). ¥t olOvBeon TV GTOHOYIKOV TEPIEYOUEVOY TOV EVAAIKOL YaHPOL
KLPLOPYOLV Ta Kahovoedn konnmdda tov yevav Centropages kot Temora (Tudela & Palomera
1997, mapovoa perétn). Mikpd kukA®Toed Komimodo tov yevadv Oncaea, Oithona kot
Corycaeus, kabng kot pkpd kadavoeldn komnroda twv yevov Clausocalanus, Pseudocalanus,
ko Paracalanus emiong epgavifovtar cuyvd o610 TEPIEYOUEVO TOV GTOUAYLDV TOL YOOHPOU
(Plounevez & Champalbert 2000, Borme et al. 2009). Xnopadwkd, kar GAla €idn €xovv
ovvelo@épovy otn odlarta (m.y. Candacia armata kou Microsetella rosea). Xtnv mopovco
datpiPr], oNUAVTIKY ATaV 1| GLVEICEOPA Kot TOL gidovg Acartia clausi. Tnpavtikn (1Bwitepa
T1G OepVEG SEIYUOTOANTITIKEG TEPLOAOVG) NTOAV KL 1) GUVEIGPOPA AAL®V (MOTANYKTIK®OV OUAd®V
(.. KAOOOKEPUMTA, TPOVOUPES EAAGUATOBPayYimV, YOSTEPOTOO®V Kot OEKATOOWV) OTTMG £YEL
napatnpnOel ko ot Ghdec peréteg ywo to €ido¢ otn Meodyewo (Tudela & Palomera 1997,
Plounevez & Champalbert 2000, Bacha et al. 2009, Borme et al. 2009). MeydAa Onpduarta,
OMWC TPOVOLPES YOPLDV Kot OEKATOd®mVY, EVEOVCEDAT Kol peyolvtepa kommrodo (Candacia
spp., Temora spp., Centropages spp.) cuyvd KuplapyovV GTa GTOUAYIO TV EVNAIKOV 6€ OPOLG
Bro-6yxov 1 avBpaka (Plounevez & Champalbert 2000). Avyd yopidv dev eviomicTnKay GTNV
TaPOVGO PEAETY), OVTE GTNV MEPIMTMGT TOL YAVPOL KOt YEVIKOTEPQ JEV £XOVV KOTAYPOAPEL carv
Onpapo otn Meoodyeto (Tudela & Palomera 1997, Plounevez & Champalbert 2000, Bacha et al.
2009, Borme et al. 2009). Téhoc, dev &xel KoToypagel KOVIBOAGHOG 68 VYl amd To. EVAAKOL
dropa, oe avtiBeon pe dAleg mepoyés (m.y. Biokaikdg KoAmog, Plounevez & Champalbert
1999).

O mAnpoopieg oxeTiKd e TN O10TPOPN TOV YAPOL KAl TG GOPIEANS KATAAYOUV GTO
OTL Ko ToL dVo €idN popdloviar Kowovg TPoPKovg TOpovs. Avtd cvuPaivel apevog yati to
Yaplo Kol Tov 000 €MV VOl YOPIKE KATAVEUNUEVO GTNV 10100 YEOYPOQIKY TTEPLOYN KOt

aQETEPOV YTl TO €10M TAAYKTOU OV KoTaypdpovior otn dlowtd Tovg givar oyedov ta 1ota.
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Avto €xel oav amoTELECUM, Ol EKTUNOCELS TOV TPOQEIKOV EMUEOOV WE TN YpNomn Elte TV
Onpapndtov (Froese & Pauly 2006) 1 péow Tng TEPEKTIKOTNTOG TOV LLVMOV 6 GTOOEPA 1GOTOTO
(Bode et al. 2004) vo eivor evrvnootlakd mapopoleg yio ta dvo €idn. Qotdco, N 1dlaitepn
Hop@oAOYia TNG ONONTIKNG GLOKELNG TV 6V €0V (Kot KUPImG TG GapdEAag), omoTtehel Eva
UNYOVICUO OTTOPLYNG TOL OVTOYOVICUOD HETAED TV 000 €10MV, AOY® TOV J®PIGUOD TOV

TPOPIKAOV TOpV Ue Pdon o néyebog toug.

4.6 Tpo@ikn otkoAoyla kat TEPLPAALOVTIKES GUVONKES

Hupepnowa Katavadlwot o€ ox£ot) HE TN SlabeoipdoTnTA TNG TPOPNG

‘Eva amd ta mo evolagépovta upnuoTo TG TapoLoS HeAETNG MTav 1M OeTikn
oLOYETION HETAED NG KOTAVAAMONG KOt TOV OEIKTY TNG KATA KEQUAV SBEGILOTNTOS TPOPNC,
ONAaodn Tov AOYoL TG Propdlag Tov HEGOL®OTAAYKTOV TPOG TIC CLAAWYELS YOPIDV 0VE LOVAdQL
alevtikng mpoonadelag. H oyéon avt amoteAel £voeiEn mokvo-eEAPTNONG TNG KATAVAAWDGNG
TPOPNG, OMAadn Otav M Kotd kKePoA JSwbecdTTO TPOPNG aLEAVETAL, 1 TMUEPNOLL
KATOVAA®GN TPOONG ivar vynAdTepT. [Tukvo-eEaptdpeveg amokpicelg avayvopilovior oAoéva
Kol TEPIGGOTEPO OTA LUKPE TEAayIKd ydpila kol meptlappdvouv v e£AnAmon 1 cuppikvmon
Tov evdltnudtov (wy. Somarakis et al. 2004b, Barange et al. 2009) kot petaforéc g
evpwaoTtiog, ToVv PAPoc TV YOVAd®MY KOl TOV HKOLG TPMOTNG YEVVNTIKNG wpipavong (van der
Lingen et al. 2006, Silva et al. 2006). 1o Aryaio ITéhayoc, M nuepnoto €1O01KT yovipuOTNTOL
(daily specific fecundity) Tov yodpov givar 1oyvpd kot Beticd oxetilopevn pe v avaroyio
Bropalog pecolwomiayktod mpog Popdalo tav yapuov (Somarakis et al. 2011). H oyéon
petalld e KaTd KEQPOANV O00EGILOTNTAG TPOPNG KOl TNG NUEPNOLUS KATAVIAMONG TPOPNG
KOTOOEIKVVETAL Y1Oo. TPOTY @opd amd v mapovoo perétn. H onupacio pog tétowng oyéong
etvar peydn, wiaitepa 6oV aopd oTo PLOEVEPYNTIKA LOVTEAN WYOPUDY, TO GUVOEOEUEVO LLE
Broyewynukd povtéra, oto omoio 1 KOTOVIAMGY TOV HKP®OV TEAXYIKOV Yoplov Bempeiton
amAn cuvaptnon g mTukvoTToS TV Onpapdtov (my. Politikos et al. 2011), yopic va
Aoppavovtor vaoyn TLYOV EOVOUEVE TLKVO-£EGPTNONG TOVL EAEYYOLV TNV KOTOVOAMGON

TPOPG.
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ATIOKpLOT) TNG 6APSEAAG KAL TOV YOXUPOU GTIG XAAXYEG TOV TIAXYKTLKOU
TPOPLKOV TTAEYNATOG

Ot oMyoTtpo@Kéc cLVONKES OV EMKPATOVV GTNV AVATOAIKT) MecOyEI0 NTav EUPAVEIS
KOl OTNV TOPAKTIO TEPLOYN TNG Topovoas HEAETNG, Wilaitepa Kotd TIC mEPLOdOVS Oeppo-
otpopdtoonc (lovhog), dtav kotaypaenkay mokd xauniée twée Chla (<0.2 ug Iy (Zymua
3.14). Katd 11g mep1doovg avtég, vanpyov evoeiEelg 0Tt 10 TpoPikd mAEypa Bacilotav Kupimg
oe HKpoPloxéc oOwdkacieg, OMANON KLPPYOVCOV UIKPA OoVTOTPOQO KOUTTAPO (OTTMG
dwpdvnke amd tov mepleydpevo oe avtd dvlpoka, Zynuo 3.13) ko emiong n apbovia Tov
€TEPOTPOPOL KAAGLOTOG TNG KO- Kol VOVOTAAYKTIKNG Propdlag tav vynAdtepn oe oyéon Le
10 awTOTpoPo KAdouo (TTapaptnua I, Zyua X5). Mropel va vrotebel 6T1 1| emkpdtnon tov
HIKP®OV  auTOTPOP®V  KLTTAPp®V o1 Oldpkeln Tov mepddwv  Oepuro-otpopdtoong &ixe
TpokAnOel amd 10 GLVOVOCUO TOV VYNAGV OEPLOKPOCIOV KAV TNG UEWUEVINS ONPEVTIKNG
nieong mov eaokeito and to PAePpO®TA, TV omoiwv N apbovia NTav YauUNAN o aVTEG TIG
eptodovg (Zymua 3.14). H vymAn Beppokpacia £xel Ppebdel va emdpa Betikd otnv apbovia Tov
mkomlayktov (Agawin et al. 2000), evd emiong ta PAe@opld®T €ival AmOTEAEGUATIKOL
Onpevtéc tov miko- ko vavormhayktov (Rassoulzadegan et al. 1988) dioyetevovtag evépyeia
pog ta vYNAGTEPA TPoPika eminedo (Pierce and Turner 1992). Ot youniés agboviec twv
BAePOPIO®OTOV Pmopel va. eivol amoTéAECHO TNG 1OYLPNS ONPELTIKNG TiEoNC Omd TAL KOTNTOdL.
To BAe@apd®Td OTOTEAOVY ONUOVTIKO KOUUATL TNG OWTPOPNS TOV KOTNTOI®V OTOV Ol
CVLYKEVIPOOELS TOL PuTomAaykTtoD givar yauniég (Calbet & Saiz 2005). Eivor yvootd 6t o
wkpotepo komnroda (w.y. Clauso-Paracalanidae), mov oty mapovca perétn firav apbovotepa
Katé TG TEPLOS0VG BEPLO-CTPOUATMOONG, EKUETOAAEDOVTOL TOAD OMOTEAEGUATIKG TIG OPLAOES
10V pikpoPiakov tpopkov mA&ypatoc (Turner 2004). Tlepartépm ototyeio Tov otnpilovy TV
TOPATAVE VITO0eoN amoteAovV o1 LYNAEG apBovieg TmV KAASOKEPAUMTAOV KOl TOV KOTNALTOV
T0. KOAOKaipta, mov givar emiong YvooTd 0Tl EKUETOAAEHOVTOL TOAD OTMOTEAEGUOTIKO TO TTKO-
Kot vavomAoyktod pécm npogayiog (m.y. Katechakis et al. 2004, Sommer & Sommer 2006).
[Na va avtiotaduicovy T1g yaunAés agbovieg TV gvepyelakd TAOVGIOV KOTNTOOWV (CYETIKA
peydiov peyéboug) Kotd ™ SdpKEL TOV KOAOKAPLOD, TO YAPLHL HEVPVVAY TOV TPOPIKO TOVG
Boko péom ™G mPoOCANYNG peyoAOtepng mowkidiog Onpopdtov (my. KAadokepoumTd,

KOTMAATEG Kot TPOVOUPEG BuoavOTOd®MV Kol YUGTEPOTOSMV), TO OTOI0 NTAV Kol EVKOAOTEPO V.

101



cLAAMNEOoVY péow g NOuopayiag (kpivovtag and to péyebog TV opyavicp®v avut®v) (Van
der Lingen 1995). H nOuoeayia cuvadpoicemv kOIMAOT®OV, TOL OVOTOPAYOVTAL KOVTO GTNV
empdvela, £xel Tpotadel ¢ EVOALOKTIKOG TPOTOG TPOCANYNG EVEPYELNG KOl Y10 VAL AAAO LIKPO
TeAoyko yapt, to yavpo tov Ilepov (Peruvian anchovy, Engraulis ringens) (Capitanio et al.
2005).

Avtifeta, T0 Defpovdplo Tov 2009 (Oyiun eacn TG TEPLOS0V OVAUEIENS TNG VOATIVIG
OTHANG), 0 AvOpakasc TV aVTOTPOP®V KLTTAp®V peyéBovg > 20 um (~ 300 mg C m'3) nrav
nepimov 60 @opég LYNAGTEPOS amd TOV AVOpPOKO TOV WKPOTEP®Y QVTOTPOP®V, AOY®D T®V
VYNAOV apOovidv TV STOU®Y KOl T®V aLTOTPOP®V OvopaoTiyotdv (Zynua 3.14). Avtd
Nrav €vOelEn eMKPATNONG TNG «KAOGGIKNG» TPOPIKNG OALGION, COUG®VA UE TNV OToid, TO
HEYOADTEPOV pEYEBOVG KOMNTOd HECOAUPOVV Aueso HETOED TV OOTOU®V Kol TOV
mAayktopdywv yopiodv (Cushing 1978). H peydin aebovia tov oyetikd peydlov oe péyebog
(>1 mm olkd pnkog) atdpmv tov yévovg Centropages (~30% tng ovvoAkng opBoviog
puecolwomiayktov, PA. [Hapdptnua II, Zynua. £4) oe avty ™ cvykekpévn tepiodo aiveTot
va cuUEMVEL pe TV vtobeon avtr. EmmAéov, n peyodlvtepn apbovia twv PAEQapOOTOV KOTA
v O wepiodo, Ba pmopovoe va amodobel oe mbovny peimon g OnpevTikng mieong mov
aoKeital 67 autd and To KOTATOdN, KAODS 11 GLUPBOAN TV PAEQAPIOOTOV GTNV OATPOPT TV
KOTNTOOWV ivar Katd oAy younAotepn otav 1 Propdlo tov eutomAayktol givar vynin (>50
mg C m®) (Calbet & Saiz, 2005). H Siatpog] tov yapibv 10 PePpoviplo 2009 mepeddppove
KUPimg To peyaAvTEPOL HeyEfovg Kahavoeldn komnrodo tov yévoug Centropages (75% C), ue
wkpotepn ocvpuPoin amd tnv opddo Clauso-Paracalanidae (~ 9% C). H katavdimon g
tehevtaiog opddag Oa pmopovce va etvar amotédeopa duOnong Katd tn O1dpKe TG VOYTOG,

0€d0EVOL OTL 1] GTOLOYIKY] TANPATNTA TOPEUEVE DYNAT KATA TIS TPADTES MPES TNG VOYTOGS.

Téhog, 10 AekéuPpio tov 2007 (apyknq @don g mePdO0L AVAUEIENG TG LOATIVIG
OTNANG), M KOTAGTAON NTAV EVOIIUEST, UETAED QLTAOV OV TEPLYPAPNKOV TPONYOLUEVOS Yo
tov IovAo kot tov DePpovdpro, OTmg eavnke amd tig vVynAég Tipég Chla, T Topopotleg TIES
dvBpaka TOV HIKPOV KOU TOV UEYOA®V OVTOTPOPMOV KLTTOPMOV KOl TNV EMIKPATNGN TOV
AVTOHTPOPOV KAAGLOTOS TKO- KOl VOVOTAQYKTOVD GE GYECT LE TO ETEPOTPOPO KAAGLA (ZynLo
3.13). To Aekéuppro tov 2007, eAdpuPave ydpa pio petdfoacn ond T AKP®S OAYOTPOPIKES
oLVONKESG TG TEPIOOOV BEPUO-CTPOUATMOONG TPOG TNV KKAACCIKN» TPoPiK aAvcida. Kot ta

OV0 TPOPIKE HOVOTTATIOL, «KAOCOIKO» Kol «UIKPOPLOKO», @AVINKE Vo AEITOLPYOVV TTopdAANAQL,
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TPOQUVMOG AOY® Tov OTL 1| 6TNAN &iye avaperyBei, aAld o1 Beppokpacio NTOV OKOUO CYETIKA
vynAn. To pikpoPlokd tpoekd mAEyua ntav oe Béon va ompilel Tic vynAég apbovieg mov
KOTOypaenKay yio to PAEQAPO®TA, TOVC KOTMNAATESG, To KAASOKEPUMTH KAOMS Kot TO [LKPO
peyébovg kwmnmodo. Tnv 1010 mepiodo, 1n «KAAGGIKN» TPOPIKN CALGIdO NTOV KOV V.
vrootnpi&et Ta peyolvtepov peyébovg komnmoda (w.y. C. typicus, T. stylifera ko Calanus spp.)
T omoia elyav vyNAéc apbovieg (oe ovykpion pe tov lovio, PA. Tlapaptnua II, Zxnua X6).
Qot600, TAPA TO TOAAUTAL TPOQEIKO HOVOTATIO, TOGO O YAOPOG OGO KOU 1 GOPOEAQ
TpoGAdpPovay To HEYOADTEPO UEPOG TOV OMOUTICEMV TOVS 6€ GvOpoaka amd To TAOVG GE
evépyela, peyaddtepov peyébovg Onpdapata, o6mmg to C. typicus, Calanus spp. kou Candacia

Spp., mBavétatTa HEG® TNG O1OKPITNG CLAANYNG TOV ONPAUETOV QVTOV.

Yvvoyilovtag, ol aAhayég mov mopatnpONKay 610 TPOPIKO TAELYUN (ETIKPATNON TOV
QVTOTPOP®V KLTTAP®V UIKPOU UEYEOOVLG EVOVTL TOV HEYAA®DV (PLTOTANYKTOVIK®V KLTTAP®V
(m.y. dutopa) eavnke vo, eAéyyovv to pé€co péyebog tov pecolomAaykToh OTWS VITOVOEL M
oxéon peta&d tovg (Eyquoe 3.20A). H petaforn avty tov pécov ueyébovg Tov
HEGOLMOTANYKTOV OEIKOVIGTNKE KOl 6T S10TpoPr| TV yoptodv (Zynqua 3.19B, I'). Axoun kot
oTIG TEPLOOOVG Bepro-oTpopdtoong (Zynpa 3.19), ta yapla iyav v tdon va emiéyovy ta
peyoAvtepa amd to dtbécipa/kataAinAdtepa Inpapata. H oyvpn apvnrikn oyxéon petald
toV Ogiktn mowihotrtag (H”) tov Onpopdtov ota otopdyio g capdérag Kot o péco péyeog
TV aviiotoyywv Onpapdtov (Zymua 3.20A), dsiyver 6t n nBuoeayio oto &€idog ovTO
YPNOWOTOIEITON TTEPIOGOTEPO (UEYOADTEPT TOKIAIDL Onpopdtov) 6€ OXECN LE TNV OTOUIKN
ocOMNYN Onpapdtov (EMAEKTIK S0TPOPY] TOL 00NYEl € YOUNAOTEPEG TIUEC TOTKIAOTNTAG
Onpapdtov) otav to peyoidtepov peyébouvg Ompduata eivar Aydtepo Swbécwa (Y.,
nepldoovg Bepo-otpopdtwonc). Onwg éxet mapatnpndel kot 6e AAAeg mePOYES TOL KOGLOV
(van der Lingen et al. 2009), n capdéia omnv oAryotpoikny Mecdyelo mapovcidlel vynin
TAACTIKOTNTO Kot gueEMEIL OTNV  TPOQPIKT] GLUUTEPIPOPE NG, TPAYUO TOV EMITPEMEL TNV

a&lomoinon evpémg pacpatog peyedmv OnpapdTmy.
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4.7 MeAAOVTIKESG TIPOOTITIKES

Ot minpogopiec mov e&ayovior amd avT Kol TopOUoles HeAéteg sivor 1dwaitepa
YPNOWES Yo T Aeyopeveg “end-to-end” mpooeyyicelg LOVTIEAOTTOINGNG TOV OIKOGVGTHUATOG,
€0IKA OGOV 0POPA GTNV TOPAUETPOTOINGCT TOV CAANAETOPACEDY TOL TAOYKTOV UE T WYapLo
(Rose et al. 2010). Ot mpoceyyioelg “end-to-end” meplapfdvovy OAo T0. GLOTOTIKA HEPT) TOV
TEANYIKOD O1IKOGLGTNHOTOG, 010TIKA Kot PloTikd, ektevopeva amd ta Baktiplo £0G To YApLo
(m.y. Politikos et al. 2011). H katd péyeboc ovotaon g datpoeng (m.y. Ilivakeg 3.7, 3.14)
umopel va ocoumepiineBel oe této0v €id0Vg HOVTEAQ, Yoo Vo amoTumBel pe peyoAvTepN
EMAPKELDL 1 KOTOVAAW®GON TAQYKTOD Omd TO HUKPE TEAQYIKA yapl Kol vo cuvdegbovv
akpiBéotepa o YoUNAOTEPA TPOPIKA emimeda pe To Proevepyslokd povtéda tov yoplov. Ot
HEALOVTIKEG WEALTEC SWITPOPNG YL TO UIKPA TEAywkd wape ¢ Mecoyeiov mpémer va
ovumeptLafouvv eAeyyOUEVO TEWPEIATO VIO cLVONKES ayHaAwaciog Yo va (o) emoindevtel 0TL
dfétovy Ko ¥pNooTolovy dvo Tpdmovg cvAANyNg Onpaundtov (feeding modes), (B) va
mpocdloplotel To akpiPég péyebog Onpdauatog oto omoio AapPdver yopo n oAlayr HETAED TV
d00 POV GOAANYNG Kot (y) va e&gtaotel eav N mokvotnTa Tov Onpdpatog kabopilel Tov

TPOTO GOAANYTG.

104



5. TUUTIEPAC AT

Ta pkpd melaywd ydaplo oto B. Atyaio emédeilov muepnola mePLodkdHTNTO GTNV
TPOSANYN TPoPNG. To MUEPNOO0 TPOTLTTO JAKVUAVOTG TOL PBAPOVE TOV GTOUAYIKOV
nePlEYOLEVOV MTav Koo o€ kaBe derypatonmriky mepiodo, oveEdpmra €idovg
(Yavpoc-capdéra) 1 ovtoyevetikov otadiov (1yBvdw-eviika). H péyiotn évtaon
TPOGANYNG TPOPNG GYeTILOTAY HE TNV VOO0 TOV YOPUDY GTO EMLPAVEINKA GTPOUOT
mov Aappdvel xopa Ayo mpv 10 covpovmo. Katd tic meprodovg Bepuo-orpopdtmong
(KaAoxaipia) M TPOGANYN TPOPNG CTOUOTOVCE KOTA TN OGPKEN TNG VOYXTOS, TOL TO
yapia Bpickovion Tave ond to Bepuokivég. Katd tig meptodovg avapueing (XeWmveg),
N KOTOVAA®GT TPOPNG NTAV LYNMAN UEXPL KO TIC TPMTEC UETOUECOVUKTIEG Mpec. H
NUEPNONL KATOVAA®GN TPOPNS Y10, TNV eVAAIKT Gopdéda kopavonie and 2.02 - 3.67%
oV couatikov Papovg (TW), eved tov evidikov yavpov, omd 1.50 - 4.30% TW. H

NUEPN OO KATAVAA®GOT NTay LYNAOGTEPN oTa 1YBVAI0 0 OYEOT LE TA EVIAIKOL

O puBudC YyooTpikng KéEvmong petwvotay pe TN peimon ¢ Beppokpaciog kot nTov
VYNAOTEPOG GTO Yopo amd OTL otn capdéia tov IoviAo tov 2007, ToviAo 2008 ot
Aegxéupplo 2007. To dePpovdpro tov 2009, mov n Beppokpacioc Tov vepoy NMrTav

YOUNAOTEPN, O PLOUOG YOOTPIKNG KEVMOGNG NTOV TOPOUO10G GTO OO £10M.

H nmueprola katavaioon tpoeng oxetildtov onuoviikd Kot Oetikd pe v kotd
KepoaAnv (per capita) dwbeoipuotnto tpoeng (HecolmomAayktov) 610 MEDI0, TOCO GTO
yavpo 660 Kot 61N capdéra. H koatavaimon tpoeng ftav dnAadn mukvo-eEoptdpevn

(density-dependent).

H evijlum capdéha katavarlmve VYnAég mTocOTNTEG PLTOTAAYKTOV, GE avTifeon pe ta
yBvOWL Tov 1010V €1doVG KoL TO YOPo. Q6TdG0, GYEOOV TO GUVOLO TOV OLUTPOPLKOD
dvBpaxa kot oto 0vo €l0M mpogpyotav amd TV Katavdiwon (womAayktol Kot
CULYKEKPIUEVO OXETIKA HEYOAwV (>1 mm) kolovoegdov konmmodwv (Acartia, Temora

ko Centropages).
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H ovvBeon g dlotag tov dvo €dmv @dvnke va oyetiletor pe ) doun kot
Aertovpyio TOV TEAAYIKOV TPOPIKOV TAEYLOTOS KOL TOV TPOTO OV TeMKE KabopileTan 1

dfecudTTO TOV HEYAA®V, EVEPYELNKA TAOVGIOV ONpopdTOV.

2115 mEPLOO0VS OEPLO-CTPOUATOONG, GTO TEAUYIKO TPOPIKO TAEYUA ETIKPOTOVGOV Ol
wikpoPlokéc diepyaoiec, pe vyniovg Adyovg pikpodv (<20 um) mpog peydia (>20 um)
QVTOTPOPO KLTTAPO KOL VYNAO AOY0 €TEPOTPOPNG TPOG aLTOTPOPN Propdlo miKo- Kot
VOVOTAQYKTOV. ZTIG TEPLOOOVS AVAUEIENS, KLUPLPYOVCAV TO SIUTOUO KOl EDVOOVVTAV T
KAOGIKN TPOQIKN oAvcida petapopds ¢ evépyswng (didtopo = Lwomhayktd —>

yapt).

H apBovia tov dotopmv cuoyetilotay onpaviikd kot Oetikd pe 1o péoco péyebog tov
pecolmomAayktov  (komnmodo Kot KAodokepouwtd) oto  medio, TO  omoio
avTiKoTonTplotav oto péso uéyebog Onpapdtov oto oTtopdyla, 1060 ToV Yopov 66O

KOl TG GOPOEANG.

Ortav ta peyaddtepov peyébovg Onpdpoto nrov Atydotepo dgpbova oto medio (mepiodot
OepUO-GTPOUATOONG), TO OVO €10M O1EVPLVAV TN JIUITA TOVG KATOVOADVOVTOS Kol AALES
CoomhoyKTikég opadeS (.. KAOSOKEPUIMTH, KOTNAAUTES, TPOVOUPES YUGTEPOTOOMV KoL

OeKATOOMV).

Otav 610 Tedio Kuplopyovoay HEYOADTEPN KOTATOdN (TEPI0d0l AVAUEIENG) T dVO £10M
E0ELYVOV COPN TPOTIUNGN TPOG ALTE, HE TO YOOPO, OGTOGO, VO GTPEPETAL TPOG TO

ueyaivtepa dwbéoua Onpapata (w.y. Candacia, Eucalanus) ce oyéon e t capdéra.
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7. Napaptnual

Mivakag M1. NMAnpogopieg OXETIKA PE TIG OUPOEIS TTEAQYIKAG TPATAG TTOU TTPAYUATOTTOIRNBNKAV Kal TO
OUVOAIKO apiBud Wopiwv TToU  Xpnoldotroifénkav yia TIG avaAUoEIS TIG TPOQIKAG OIKOAoyiag Tng

oapdEAag Kal Tou yaupou. AM: TTpo peonuppiog. PM: petd peonuppiog.

Méon wpa Ix8Udia EviAika 2UVOAIKSG
2upon Huepounvia olpong (<100 mm) (2100 mm)  apIBPOS aTduwWYV
1 28-louA-2007 4:36:00 PM 33 77 110
2 28-louA-2007 6:49:00 PM 33 78 111
3 28-louA-2007 8:27:00 PM 40 66 106
4 29-louA-2007  10:00:00 AM 39 39
5 29-louA-2007  12:37:00 PM 20 18 38
6 29-louA-2007  11:04:00 PM 31 80 111
7 30-louA-2007 1:13:00 AM 40 79 119
8 30-louA-2007 4:25:00 AM 23 76 99
9 30-louA-2007 6:28:00 AM 23 64 87
10 31-louA-2007 9:59:00 AM 22 32 54
11 31-louA-2007  11:51:00 AM 40 98 138
1 9-Aek-2007 11:42:00 AM 59 40 99
2 9-Aek-2007 2:22:00 PM 54 40 94
3 9-Aek-2007 5:00:00 PM 74 40 114
4 9-Aek-2007 8:14:00 PM 20 20
5 10-Aek-2007  10:53:00 PM 39 20 59
6 10-Aek-2007 1:44:00 AM 20 20
7 10-Aek-2007 4:31:30 AM 20 20
8 10-Aek-2007 7:27:00 AM 53 40 93
9 11-Aek-2007 1:19:00 AM 58 35 93
10 11-Aek-2007 4:12:00 AM 60 60
11 11-Aek-2007 7:12:00 AM 59 30 89
12 11-Aex-2007  10:01:00 AM 57 40 97
13 12-Aek-2007 1:48:00 PM 56 65
14 12-Aek-2007 4:30:00 PM 72 75
15 12-Aek-2007 6:36:00 PM 59 13 72
16 12-Aek-2007 8:43:00 PM 60 39 99
17 12-Aek-2007  10:43:00 PM 69 20 89
18 13-Aek-2007 2:30:00 AM 20 20
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1 17-louA-2008 9:03:00 PM 41 47 88
2 18-louA-2008  12:50:00 AM 39 43 82
3 18-louA-2008 2:52:00 AM 20 14 34
4 18-louA-2008 3:40:00 AM 15 26 41
5 18-louA-2008 6:05:00 AM 38 79 117
6 19-louA-2008 9:10:00 AM 28 55 83
7 19-louA-2008  11:52:00 AM 32 40 72
8 19-louA-2008 3:21:00 PM 58 65 123
9 19-louA-2008 5:48:00 PM 47 41 88
10 19-louA-2008 6:58:00 PM 60 52 112
1 10-deB-2009 3:48:00 PM 17 17
2 10-deB-2009 6:42:00 PM 20 20 40
3 11-deB-2009  12:26:00 PM 20 20 40
4 11-deBR-2009 2:25:00 PM 20 20 40
5 11-deBR-2009 6:35:00 PM 59 40 99
6 13-deBR-2009 8:34:00 AM 56 17 73
7 13-®eB-2009  11:34:00 AM 60 37 97
8 13-®eB-2009 1:50:00 PM 60 39 99
9 13-®eB-2009 3:52:00 PM 60 39 99
10 13-®eB-2009 5:54:00 PM 59 36 95
11 15-®¢eB-2009 9:47:00 AM 60 20 80
12 15-deB-2009 8:58:00 PM 60 19 79
13 15-®eB-2009  10:14:00 PM 59 40 99
14 15-®eB-2009  11:47:00 PM 58 20 78
15 16-deB-2009 1:01:00 AM 59 58 117
16 16-deB-2009 2:12:00 AM 60 37 97
17 17-deB-2009 2:55:00 AM 60 20 80
18 17-deB-2009 4:46:00 AM 60 19 79
19 17-deB-2009 6:03:00 AM 52 40 92
20voho 2531 2099 4630
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Mivakag M2. Taxa ou diagopoTrolodaav TN oUVOECT TwWV OTOPOXIKWY TTEPIEXONEVWY PETAEU 1XBUdiWwY
Kal eVANKWY atopwy oapdéAag OTTwe TTpoékuywe atmd Tnv avdiluon SIMPER kard Ti¢ 2 1repiddoug
Bepuo-oTpwpdrwong (louAlog 2007 kai 2008). YwnAég Tipég (>1.5) Adywv avopoldtntag (dissimilarity)
TPOG TUTTIKA atmokAion (Diss/SD) @aivovTal pe éviovn ypPOaUUATOOEIpd evw TTAPOUCIACETAI KOl N
OUMPUETOXN TNG KABE Ta&IVOUIKAG opddag oTiG SIapopéG TG CUVOECNG TWV CTOMAXIKWY TTEPIEXOPEVWV
METAEU Twv U0 ovToyeveTIKWY oTadiwv. Av. Abund: Méon agBovia. Contrib%: TT0000T6 oUVEICQOPAG

Ix80dIa EviAika
Ta&ivouikr opdda Av.Abund Av.Abund Diss/SD Contrib%
Protoperidinium spp. 4.85 136.51 3.09 13.03
Guinardia spp. 0.00 87.27 1.96 9.33
Ceratium spp. 4.03 80.51 1.59 7.31
Coscinodiscus spp. 291 73.89 1.84 6.44
Oncaea spp. 48.69 54.28 1.23 5.98
Eutintinus tubulosus 0.00 51.19 2.00 5.90
Prorocentrum spp. 0.00 44.39 1.07 5.36
Euterpina acutifrons 28.87 28.73 1.42 3.32
Temora stylifera 24.57 36.06 1.22 3.07
Acatrtia clausi 28.87 11.66 0.89 2.87
Rhizosolenia spp. 0.00 21.88 0.65 2.86
KwTtrnAdreg 12.60 28.39 0.84 2.75
Hemiaulus spp. 0.00 36.21 1.03 2.75
Pleurosira spp. 0.00 14.16 0.77 2.65
Nitzchia spp. 0.00 28.17 0.91 2.63
Ornithocercus spp. 0.00 23.10 0.76 2.15
NadTrAiol KwTTNTédwY 14.21 18.84 1.17 1.99
Clauso-Paracalanidae 14.65 18.63 1.14 1.82
Bacillaria spp. 0.00 21.89 0.79 1.68
Plagiotropis spp. 0.00 9.75 0.44 1.27
Penilia avirostris 4.58 14.82 1.07 1.24
Dinophysis spp. 0.00 8.61 0.55 1.22
Podon intermedius 7.50 8.73 1.03 1.00
Pseudoevadne tergestina 0.24 13.80 0.88 0.96
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Mivakag M3. Taxa 1Tou dlagopoTroioloav TN oUVBEON TWV OTOUOXIKWY TTEPIEXOMEVWIV TWV EVIAAIKWV
aTOpwv oapdéAag OTIwG Tpoékuwav ammd Tnv avdluon SIMPER petaéy Ttwv mepiddwv Beppo-
OTPWHATWONG Kal avapeigng. YwnAég miuég (>1.5) Adywv avopoidtntag (dissimilarity) TTpog TUTTIKN
atrékAion (Diss/SD) gaivovTal e €vTovn YPOaUUATooEipd VW TTOPOUCIAETAl KOI N CUMMPETOXA ThG K&OE
TA&IVOUIKAG OPAdAG OTIG SIaPOoPES TNG CUVOECNG TWV OTOPOXIKWY TTEPIEXOUEVWV PETAEU TWV TTEPIODdWV.
Av. Abund: Méon agBovia. Contrib%: TTo000TO CuvEIoCPOPAG

O¢epuo-oTpwWUdTWON Avaueign
Ta&ivouikr opdda Av.Abund Av.Abund Diss/SD Contrib%
Chaetocerus sp. 8.32 311.64 3.24 16.25
Nitzchia sp. 28.17 280.20 2.20 13.07
Rhizosolenia sp. 21.88 170.08 1.32 8.58
Ceratium sp. 80.51 193.94 1.44 7.15
Guinardia sp. 87.27 121.96 1.15 4.79
Centropages spp. 4.75 99.27 0.99 4.73
Protoperidinium sp. 136.51 154.94 141 4.73
Prorocentrum sp. 44.39 119.69 1.52 4.49
Thalassiosira sp. 6.58 80.61 0.80 3.79
Eutintinus tubulosus 51.19 88.77 1.19 3.76
Coscinodiscus sp. 73.89 107.01 1.60 3.67
Hemiaulus sp. 36.21 42.36 1.18 2.38
Oncaea spp. 54.28 9.40 0.96 2.22
Ornithocercus sp. 23.10 37.63 1.16 1.97
Temora stylifera 36.06 9.42 1.26 1.57
Bacteriastrum sp. 6.99 31.60 0.97 1.56
Dinophysis sp. 8.61 29.32 1.03 1.46
Euterpina acutifrons 28.73 0.98 1.08 1.25
Clauso-Paracalanidae 18.63 23.34 0.76 1.21
KwTtrnAdreg 28.39 0.00 0.62 1.18
Pleurosigma sp. 9.25 19.81 0.94 1.11

122



N

Mivakag M4. Onpdpata ota oToudyia TNG oapdEAAS Kal EEICWOEIG TTOU XPNOIUOTTOINBNKAV YIa Th JETATPOTTA TOU PEYEOOUG TWV OPYAVIOUWY O AvOpaka
(C). TL: Méyiotn didoTtaon Bnpdpatog (um). V: Oykog (pms). TrL: MAKog cwparog (yia KwTNAATeg). BL: Mrkog owpatog Xwpig akavea. PL: Mrkog

kepaloBwpaka. CL: MAkog KepaAoBwpaka (yIa TTPoVUN@ES dekaTTodwv). SD: TUTTIKY aTtTOKAIoN

MéyeBog TTou
. . xpnoiyotroindnke  E&Iowaoeig YeETATPOTTAG Tou heyéBoug  ELIoWaoEIg HETATPOTING UEYEBOUG 1
Kamyopia Tagvopikr oudda TL£SD yid TH JETATPOTTA o€ &npd Bdpog (DW) &npou Bapoug o C
oe C

KwtrnAdreg KwtrnAdreg 1681+158 304+60(TrL) C=7.33*10"%(TrL)**®

Aiupa EAacpatoBpdyxia 337160 337+60(TL) C=3.06*10*(TL)** ®
(TTPOVUpPEQ)

BAepapidwTd Eutintinnus tubulosus 110£10 37699(V)" C=445.5+0.053 vV ¥

(Tintinnida)

Ouooavémoda  OuocaveTroda 578+95 578+95(BL) DW=80.627+TL**' @ C=0.424*DW ©
(TTPOVUpPEQ)

KAaSokepaiwtd  Evadne spinifera 565+45 565+45(TL) DW=3.946*(TL*10%)>*** @ C=0.424*DW ©
Penilia avirostris 576+58 576+58(TL) log10(C)=4.51*0g(TL*10%)-12.74
Podon intermedius 675+81 675+81(TL) log10(C)=3.46*0g(TL*107%)-9.34 ©
Pseudoevadne 515+14 515+14(TL) DW=3.946*(TL*107°%)**% @ C=0.424*DW ©
tergestina

KwTrimoda Acartia clausi 911+191 645+143(PL)  log(DW)=4.088*log(PL*10%-11.174 ¥ C=0.424*DW ©
Calanus spp. 13564336 1136+90(PL)  log(DW)=2.69*log(PL*10%)-6.883 " C=0.424*DW ©
Calocalanus spp. 572+71 424+25(PL)  log(DW)=2.738*log(PL*10%)-6.934 " C=0.424*DW ©
Candacia spp. 1598+108 1160+39(PL)  log(DW)=2.451*0og(PL*10%-6.103 " C=0.424*DW ©
Centropages spp. 11634232 809+158(PL)  log(DW)=2.451*log(PL*10%)-6.103 C=0.424*DW ©
Clauso-Paracalanidae ~ 721+135 526+93(PL) In(DW)=2.74*In(PL*10%-16.41 C=0.424*DW ©
Clytemnestra spp. 759+86 549+94(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©
Na&uTtAiol 177+28 177+28(PL)  log(DW)=2.848*0g(TL*10%)-7.265 “ C=0.424*DW ©
Kwtrnmédwyv
Corycaeidae 8944214 582+165(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
Euchaeta spp. 1810484 1462+42(PL) log10(C)=2.45*0g(TL*10%)-6.25
Euterpina acutifrons 559+78 387+65(PL) In(DW)=1.96*In(PL*10°-11.64 * C=0.424*DW ©
ApPTTAKTIKOEIDA 499+193 330+115(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
Microsetella rosea 655+186 461+113(PL) In(DW)=1.96*In(PL*10%-11.64 C=0.424*DW ©
Oithona spp. 516+140 312+77(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©
Oncaea spp. 514+99 318+71(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
Pontellidae 18004230 1370+90(PL) DW=3.77*10%*pPL***" ¥ C=0.424*DW ©
Temora stylifera 963+230 642+153(PL)  log(DW)=2.710*0g(TL*10%-3.685 " C=0.424*DW ©

AekdTTOd0 Zwr KaBoupioU 1500248 932+147(CL) C= (4.01*10%y*CL** ™



4

5

6

laoTtepdTOdA

AvopaoTiywTd
(eTepOTPOGPQ)
AwvopaoTiywTd
(autdTpOPQ)

Aidropa

Muoig yapidag
MaoTtepdTOdA
(TTPOVUNPEQ)
MrepdtToda

Protoperidinium spp.

Neoceratium spp.

Dinophysis spp.
Ornithocercus spp.
Prorocentrum spp.
Asteriolenopsis spp.
Bacteriastrum spp.
Chaetocerus spp.
Coscinodiscus spp.
Guinardia spp.
Hemiaulus spp.
Navicula spp.
Plagiotropis spp.
Pleurosigma spp.
Pleurosira spp.

Pseudo-nitzchia spp.

Rhizosolenia spp.
Thalassiosira spp.

2069+204
47127

750+58
80+10

300+50

9045
88+5
4212
814
8413
6413
142419
14015
86+4
93+4
11611
141£13
454
63+3
762+132
3848

1475+283(CL)
471+27(TL)

750+58(TL)
89730(V)

44300(V)

120139(V)
130125(V)
12953(V)
1492(V)
7542(V)
8120(V)
71227(V)
17880(V)
21205(V)
5944(V)
6250(V)
7524(V)
10995(V)
1165(V)
268375(V)
10828(V)

C= (4.01*10™*%)*CL** ™

C=2.31*¥10>*TL*® ™

C=3.06*10"(TL)*** ®
C=0.288+y"*%)

C=0.288+y"%)

C=0.288*\/-93%)
C=0.288*\93%)
C=0.288*\/93%)
C=0.288*\/811)
C=0.288*\/°8110)
C=0.288*\/°81)
C=0.288*\/811)
C=0.288*\/811)
C=0.288*\/* 811
C=0.288*\/* 811
C=0.288*\/*811©)
C=0.288*\/* 811
C=0.288*\/*811©)
C=0.288*\/*811©)
C=0.288*\/*811©)
C=0.288*\/*811©)

®King 1980; "Fotel et al. 1999; “Verity & Langdon 1984; “James 1987; ®Van der Lingen 1998; "Uye 1982; ®Christou & Verriopoulos 1993; "Chisholm & Roff 1990;

'Hay et al. 1991; 'an der Lingen 2002; “Durbin & Durbin 1978; 'Ara 2001; "Hirota & Fukuda 1985; "Hansen & Ockelmann 1991; °Menden-Deuer & Lessard 2000

*Atopa twv yevav Clausocalanus kot Paracalanus kot to €idog Ctenocalanus vanus katnyoproromfnkov wg ‘Clauso-Paracalanidae’.



O 00

10

12

13

14

15

16

17

18

Mivakag M5. Taxa 1Tou dlagopoTroioloav TN oUVBEON TWV OTOUOXIKWY TTEPIEXOMEVWIV TWV EVIAAIKWY
aTOpwv yaUpou OTWG Tpoékuwav amd Tnv avaiuon SIMPER petaéy Twv TrepIddwv  Bepuo-
OTPWHATWONG Kal avapeigng. YwnAég miuég (>1.5) Adywv avopoidtntag (dissimilarity) TTpog TUTTIKN
atrokAion (Diss/SD) @aivovTal Je EVvTovn YPOPHOTOOEIPA VW TTAPOUCIACETAI KAl N CUUUETOXA TNG KGBe
TAgIVOUIKAG OUAdAG OTIG DIAPOPES TNG OUVOECNG TWV OTOUAXIKWY TTEPIEXOMEVWY HETALU TwV TTEPIODWV.
Av. Abund: Méon agBovia. Contrib%: TTo000TO CUVEICPOPAG

O¢epuo-oTpwUdTWON Avaueign

Ta&ivouikr opdda Av.Abund Av.Abund Diss/SD Contrib%
Acartia clausi 77.64 0.70 1.59 22.37
Oncaea spp. 71.93 16.61 1.52 18.44
Centropages spp. 4.61 62.14 2.07 17.83
Euterpina acutifrons 37.23 0.35 451 11.48
Temora stylifera 29.21 1.19 1.27 8.91
laoTtepdmToda (TrpovUueeg) larvae 12.33 0.00 1.00 3.84
Oithona spp. 12.20 0.20 2.46 3.65
KwTrnAdreg 1.33 8.16 0.70 2.43
EAaocpatofpdyxia (TrpovUu@eg) 7.11 0.15 1.12 2.22
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Mivakag M6. Onpduata oTa GTOPAXIA TOU YaUpou Kal 6I0WOEIG TTOU XPNOIKOTTOINBNKAV yIa TN JETATPOTTA TOU UEYEBOUG Twv opyaviouwy o€ avBpaka (C). TL: MéyioTn
didotaon Onpduarog (um). V: Oykog (pm3). TrL: MAKog cwuaTtog (yia KwTThAATEG). BL: MAKOG owpatog xwpig dakavBa. PL: Mrkog ke@ahoBwpaka. CL: MAkog
KEQaAOBWpPaKaA (yIa TTPOVUUQPES BEKATTOdWY). SD: TUTTIK aTTOKAION

MéyeBocg Tou
Kamnyopia TaEVOpIKF OUGda TL+SD )\((f)an?r}](psgé;rl%r#g E¢lowoeig g;;og%?;gg Igl\JN gsyéeoug o€ EE|owoglr]gngTcépopogLrjr’égcpésééeoug n
KwtrnAdreg KwtrnAdreg 1701+148 gggias(TrL) C=7.33*10"*(TrL)**®
AiBupa EAacpatoBpdyxia 252462 252+62(TL) C=3.06*10*(TL)>* ®
, (TrpovUugeq) _ ) _ @
Ouooavotmoda Ouooavormoda 578195 578+95(BL) DW=80.627*TL C=0.424*DW
(TTPOVUHQES)
KAaSokepaiwtd  Evadne spinifera 569+42 569+42(TL) DW=3.946*(TL*10%)>*** @ C=0.424*DW ©
Penilia avirostris 614+46 614+46 (TL) log:6(C)=4.51*log(TL*10%)-12.74
Podon intermedius 71775 717+75 (TL) log;0(C)=3.46*log(TL*10%)-9.34 "
KwTrimoda Acartia clausi 952+171 763+143(PL) log(DW)=4.088*log(PL*10%)-11.174 ¥ C=0.424*DW ©
Calanus spp. 1896+326 1714+90(PL) log(DW)=2.69*log(PL*10°)-6.883 " C=0.424*DW ©
Calocalanus spp. 682+81 572+25(PL) log(DW)=2.738*log(PL*10°)-6.934 " C=0.424*DW ©
Candacia spp. 2245+108 2044+39(PL) log(DW)=2.451*log(PL*10°)-6.103 " C=0.424*DW ©
Centropages spp. 1563232 1391+118(PL) log(DW)=2.451*log(PL*10°)-6.103 " C=0.424*DW ©
Clauso-Paracalanidae 9014135 785+93(PL) In(DW)=2.74*In(PL*10%-16.41 " C=0.424*DW ©
Clytemnestra spp. 899+86 759+94(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
NautAiol KwTrnrédwv 452428 312+68(PL) log(DW)=2.848*l0g(TL*10%-7.265 C=0.424*DW ©
Corycaeidae 994+214 812+165(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
Eucalanus spp. 3690+184 3480+242(PL) log:0(C)=2.83*l0g(TL*10%-0.486
Euterpina acutifrons 702+78 602+65(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©
ApPTTAKTIKOEIDA 825+199 714+119(PL) In(DW)=1.96*In(PL*10%)-11.64 ¥ C=0.424*DW ©



Microsetella rosea 736+186 558+112(PL) In(DW)=1.96*In(PL*10°)-11.64 ™ C=0.424*DW ©

Oithona spp. 612+120 502+72(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©

Oncaea spp. 674+93 519+51(PL) In(DW)=1.96*In(PL*10%)-11.64 ¥ C=0.424*DW ©

Pontellidae 20344242 1868+192(PL) DW=3.77*10%+pL*% ¥ C=0.424*DW ©

Sapphirina spp. 19344134 17824167 (PL)

Temora stylifera 1573236 1376+214(PL) log(DW)=2.710*log(TL*10%-3.685 " C=0.424*DW ©
AekaTTod0 Zwn KaBoupiou 1900+212 1602+235(CL) C= (4.01*10%)*CL** ™

Muoi¢ yapidag 25494243 2136+289(CL) C= (4.01*10™*%)*CL*% ™
FaoTepdTTOdA FaoTepdTTOdQ 479429 479+29(TL) C=2.31*10*TL** ™

(TTPOVUNPEQ)

MrepbTToda 745452 745+52(TL) C=3.06*10%*(TL)***®

King 1980; °Fotel et al. 1999; *Verity & Langdon 1984; “James 1987; ®Van der Lingen 1998; "Uye 1982; %Christou & Verriopoulos 1993; "Chisholm & Roff 1990; 'Hay et al. 1991;

\/an der Lingen 2002; “Durbin & Durbin 1978; 'Ara 2001; ™Hirota & Fukuda 1985; "Hansen & Ockelmann 1991; °Ueda et al. 2008

*Atopa tov yevav Clausocalanus kot Paracalanus kot to €idog Ctenocalanus vanus katnyoproromfnkov wg ‘Clauso-Paracalanidae’.
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ABSTRACT: The diel variation in feeding intensity and daily ration of the sardine Sardina
pilchardus (Walbaum, 1792) was investigated based on 50 pelagic trawl hauls carried out during
the period of thermal stratification (July 2007 and July 2008) and mixing (December 2007 and Feb-
ruary 2009) in a coastal area of the North Aegean Sea (eastern Mediterranean). Concurrently col-
lected hydrographic (temperature and salinity), plankton (chlorophyll a, microzooplankton and
mesozooplankton) and fish parameters (somatic condition, sexual maturity and catch per unit
effort of sardine, CPUE) were used to explain seasonal and inter-annual variability in feeding peri-
odicity and daily ration. A piecewise regression fitted to the weight-length data indicated a signif-
icant inflexion point at a length of ~100 mm that was used to split the fish sample into adults and
juveniles. The stomach fullness index (stomach content mass/fish mass) was strongly dependent
on size, and a generalized linear model was used instead to standardize stomach content mass.
During summer, sardine fed consistently during daytime with a prominent peak at around sunset.
In winter, high feeding rates were recorded in the early night (first 6 h after sunset) but not in
the second half of the night. Field estimates of gastric evacuation rate (R) ranged from 0.101 to
0.225 h7! and were strongly related to temperature (T) (R = 0.075e%%%87T, r2 = 0.785). Daily rations
were estimated by applying the Elliott-Persson and the Eggers models and varied from 2.02 to
3.67 % total weight (TW) in adults and 4.18 to 5.36 % TW in juveniles. A significant positive rela-
tionship emerged when daily ration was regressed against the ratio of mesozooplankton biomass
to sardine CPUE, implying a density-dependent rate of food consumption.

KEY WORDS: Daily ration - Feeding periodicity - Sardine - Sardina pilchardus - Mediterranean
Sea - Aegean Sea
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INTRODUCTION

Small pelagic fish such as herrings, sardines and
anchovies are of great economic importance, com-
prising approximately 30% of the global fish catch
(FAO 2008). Their high abundance in the World
Ocean is mainly attributed to their ability to exploit
lower trophic levels, i.e. plankton, very efficiently
(van der Lingen et al. 2009), especially in highly pro-
ductive, upwelling systems. They are a key compo-
nent of the systems where they are present (Freon et

*Corresponding author. Email: somarak@her.hcmr.gr

al. 2009), channeling the energy from low to high
trophic levels (van der Lingen et al. 2009). In most
ecosystems, sardines are primarily non-selective fil-
ter feeders (van der Lingen et al. 2009), although in
laboratory studies they have been observed to ex-
hibit prey size or prey type selectivity, particularly
when particulate feeding (van der Lingen 1994, Gar-
rido et al. 2007).

Food consumption in fish is considered to depend
primarily on body size and water temperature (Job-
ling 1998). Consumption increases with body size fol-

© Inter-Research 2011 - www.int-res.com
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lowing a power function and is usually expressed as
a proportion of body weight consumed within a diel
cycle (daily ration: grams of food consumed per gram
of fish weight per day) (Jobling 1998). The response
of consumption to water temperature is dome-
shaped; feeding rates increase as temperature rises,
reach a maximum at some intermediate temperature
and further temperature increase leads to a drastic
reduction in feeding rates (Jobling 1998). Recent
attempts to couple small pelagic fish bioenergetics
models with lower trophic level models (LTLs) have
generally considered this size and temperature
dependency of plankton consumption (e.g. Politikos
et al. 2011). However, other factors may additionally
affect food consumption (e.g. photoperiod, reproduc-
tive activity, previous days’' consumption), but have
been poorly investigated in fish (Jobling 1998 and
references therein).

Sardine stocks (Sardina pilchardus and Sardinops
sagax) are generally found in productive coastal
upwelling regions along the eastern margins of the
Atlantic and Pacific Oceans (Freon et al. 2009). In
contrast, the Mediterranean Sea is one of the most
oligotrophic areas of the world, with very low nutri-
ent concentrations (Azov 1991) and intense thermal
stratification during summer. In this basin, small
pelagic fish stocks, including the sardine Sardina
pilchardus, inhabit coastal areas typically associated
with less saline waters (e.g. Ebro River delta in the
Catalan Sea, Gulf of Lions, Po River in the Adriatic
Sea, North Aegean Sea) which are characterized by
relatively higher productivity (Somarakis et al. 2006).
In recently developed trophic mass-balance models
for the Mediterranean Sea, the importance of sar-
dines has been highlighted in all systems considered,
namely the Catalan Sea, the Adriatic Sea and the NE
Aegean Sea (Tsagarakis et al. 2010).
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Fig. 1. Map of the study area indicating the trawling area
and the 3 sampling stations where environmental para-
meters were collected

Information on the diel variation and intensity of
feeding of sardine in the Mediterranean is scarce and
contradictory. Andreu (1969) suggests that sardines
feed during daylight, but Gémez-Larraheta (1960)
claims that feeding continues throughout the night.
In upwelling regions, sardines are considered contin-
uous or daytime feeders (van der Lingen et al. 2008
and references therein). The main objective of the
present study was to assess the pattern of diel period-
icity, feeding intensity and consumption of sardines
and, where possible, the principal characteristics of
the water column that might control this pattern. The
analysis was based on fish samples collected at a
coastal site in the NE Aegean Sea (eastern Mediter-
ranean) that covered the entire 24 h cycle in both
summer (July 2007 and July 2008) and winter (De-
cember 2007 and February 2009). In particular, we
were interested in answering the following questions:
(1) Is there any peak in the feeding intensity of sar-
dines or fish fed continuously throughout the diel cy-
cle; (2) Does the daily ration change with ontogeny;
(3) Does the daily ration differ between the reproduc-
tive (winter; Ganias et al. 2007) and growing/energy
storage season (summer; Ganias et al. 2007); and
(4) Do prey availability and/or physical conditions
affect consumption rates?

MATERIALS AND METHODS
Data collection

Sardines Sardina pilchardus were sampled at a
shallow (mean depth = 30 m), coastal site in the North
Aegean Sea (Fig. 1) in the vicinity of the mouth of the
Nestos River. Sampling took place onboard the 25 m
RV 'Philia’ in July 2007 (S07), December 2007 (W07),
July 2008 (S08) and February 2009 (W09). A small
pelagic trawl with a 7 m vertical opening and 8 mm
mesh size (knot-to-knot) in the cod-end was used.
Sardines were captured in a total of 50 hauls. Tow
duration was generally shorter than 30 min, to mini-
mize stress and cod-end feeding of fish. Trawling
depth was adjusted according to fish position in the
water column, and it was variable during the day (the
trawl was towed in a step-oblique manner) in order
to catch both adults (distributed close to the bottom)
and juveniles (more surface oriented) (Anonymous
2010). Trawling was carried out close to the surface
at night, because sardines migrate to this layer at
dusk where schools disperse (Giannoulaki et al.
1999). Given constraints in sampling over the 24 h
onboard the small research vessel, trawling was car-



Total length (mm)

Total length (mm)

Nikolioudakis et al.: Sardine trophodynamics 217
70 July 2007
1849 01:13 uly 10:01 December 2007
150 — 20:27 X - o727 01:19
12:37 11:51 14:22 —_———
13:48
130 - H
é 0959 é 3 é 02:30
110 - - 22:53 15_? g
11:42 17.00 07:12 1836
90 - 22:43
10:00
70 - 23:04 06:28 -
16:36
04:25
50 | 1 | 1 | 1 1 1 | | | | 1 |
00:00h 12:00h 00:00h 12:00h 00:00h 12:00h 00:00h 12:00h 00:00 h 12:00 h 00:00 h 12:00 h 00:00 h 12:00 h 00:00 h
}— 28/07 I 29/07 } 30/07 I 31/07 } |—09f12 : 10112 } 1112 : 12112 }13}’12
170
July 2008 February 2009
150 |- 2
, 06:03
2103 0340 09:10 18:35 13:50[17:54 01:01
UU 50 . 11:34] ;* 22:14
130 | 15:21 R 7
E: . 00:47 ooz 025
110 =18:5B = é Q ’
* 08:34 15:52
- 20:58
2347 04:48
% 11:52
701 02:52 06:05 17448 -
50— — L
00:00 h 12:00 h 00:00 h 12:00h  00:00 h 09‘“ @“‘ AT P ®C O AP
o 0‘5 oo @ A ()0 00 AT
k- 17/08 18/08 f 19/08 { H11024—12102 I 1302 ——14/02——15/02 ! 16!02—|-17f02-|

Date (dd/mm) and time

Fig. 2. Sardina pilchardus. Boxplots of sardine length for all hauls performed in each sampling period. Boxes represent inter-

quartile ranges; internal horizontal bars represent the median; whiskers represent 1.5x the interquartile range, and asterisks

are given for outliers. Mean sampling time is also indicated. Nautical twilight (grey bars) and nighttime (black bars) are
also shown on the bottom axes

ried out at different times of day on consecutive days
in an attempt to cover the entire 24 h cycle (Fig. 2).
Occasionally, sampling was not possible due to bad
sea conditions or the catch was negative for sardine.
Hence, in order to examine the daily ration and feed-
ing periodicity, samples from different dates (Fig. 2)
were pooled and assigned to 8 consecutive 3 h time
intervals representing an entire diel cycle (i.e. 23:00
to 02:00, 02:00 to 05:00, ..., 20:00 to 23:00 h).

A SBE 25 CTD profiler was used in each sampling
period to record temperature, salinity and fluores-
cence at 3 stations covering the mean trawling path
(Fig. 1). Mesozooplankton and microplankton sam-
ples were collected with vertical tows of a standard
WP2 net (200 pm mesh size) and a scaled-down ver-
sion (25 cm diameter) of the same sampler (50 pm
mesh size). Only the size fractions from 50 to 200 pm
and from 200 to 2000 pm were used for biomass esti-
mations of microplankton and mesozooplankton, re-
spectively, after sieving each sample through appro-
priate meshes to exclude organisms >200 pm and
>2000 pm. Each fraction was filtered on pre-weighed

GF/C filters and dried at 60°C to constant weight.
Depth-stratified water samples were also collected
for chlorophyll a (chl a) determination.

After each haul, fish were immediately put in iced
seawater, sorted into 4 size classes (40-80, 81-100,
101-120 and >120 mm) and at least 20 fish per size
class (when possible) were frozen at —-35°C. Two size
classes were finally considered for analysis—juve-
niles (<100 mm) and adults (=100 mm) — after merg-
ing the 40-80/81-100 and 101-120/>120 mm size
classes due to insufficient numbers of fish in the origi-
nal size class in each 3 h time interval (see ‘Results’).

In the laboratory, fish were thawed, and measure-
ments of total length (TL, mm), total weight (TW,
0.01 g) and eviscerated weight (EW, 0.01 g) were
taken. Gender, macroscopic maturity and gonad
weight (GW, 0.1 mg) were also recorded. The diges-
tive tracts were removed, stomachs were dissected
and their contents were washed with distilled water,
filtered on pre-weighed Whatman GF/C filters and
dried at 60°C to constant weight. Only contents of the
stomach (cardiac, cecum and pyloric part) were ana-
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lyzed. Contents of the intestine were discarded to
reduce bias caused by different rates of digestion and
gut passage times (Hyslop 1980). Dry weight (DW) of
stomach contents was considered in the present
study. No signs of regurgitation due to sampling
stress were recorded.

In addition to fish used in the stomach content
analysis, additional specimens were collected ran-
domly from the trawl catches and transferred to the
laboratory for analyses. These random samples were
pooled with those used in the stomach content analy-
sis to calculate weight—length relationships for each
sampling period.

Data analysis

The EW-length (TL) relationship of sardine (n =
3041) caught and measured during the summer
cruises was examined first to assess whether a shift in
allometric growth existed that could be used to sepa-
rate the juvenile from the adult stage (Nikolioudakis
et al. 2010). For this purpose, a piecewise regression
was fit to the log-transformed data (natural loga-
rithms):

log(EW) =
by + by log(TL) + by{[log(TL) — bs] x [log(TL) = bs]}

where by is the y-intercept, b; is the slope of the re-
gression during the juvenile stage, b, is the change
in slope that results in the slope of the relationship
during the adult stage, and b; is the mean length at
change from juvenile to adult (Nikolioudakis et al.
2010).

The average catch per unit effort (CPUE) of sardine
(catch [kg]/haul duration [h]) in the hauls that had
been carried out during the night was calculated as
an index of sardine density in the sampling area.
Nighttime hauls were considered more representa-
tive than the daytime hauls given the diel variation in
aggregation patterns, vertical distribution of juve-
niles and adults and changing trawling depth (see
above) during the day (Wilson et al. 1996).

The mean somatic condition (SC) of adult or juve-
nile fish in each sampling period (SP) was estimated
from an analysis of covariance model (ANCOVA)
(Somarakis et al. 2011):

log(SC) = a + by log(TL) + by(SP) + bz log(TL)(SP) (2)

Estimated marginal means in each sampling period
at mean log(TL) represented the somatic condition
(Somarakis et al. 2011). Multiple comparisons of
somatic condition were made after Bonferroni adjust-

ments of significance levels. Differences in environ-
mental parameters between periods were tested by
ANOVAs or, when assumptions of ANOVA were not
met, by Kruskal-Wallis tests. Student-Newman-
Keul's or Dunn's tests were used for parametric and
non-parametric multiple comparisons (Zar 1999).

A total of 1934 stomachs were used in the daily
ration analysis. Empty stomachs were not considered,
as recommended by Bromley (1994). For each fish, a
stomach fullness index (SFI) was calculated by divid-
ing the stomach content DW (measured to the near-
est 0.1 mg) by EW [SFI = DW x 1000/EW]. SFI (and
various modifications of it) is an index that has been
used widely in studies of daily ration (e.g. Tudela &
Palomera 1995, Héroux & Magnan 1996, van der Lin-
gen 1998, Plounevez & Champalbert 2000). However,
when the index was applied to sardines, a strong size-
dependency was revealed (see '‘Results’). Hence, we
did not use this index in any subsequent analysis.
Values of stomach content DW were used instead
after adjusting for the effect of fish size using gener-
alized linear models (GLMs; McCullagh & Nelder
1989). The predictor variables of GLMs were SP, sam-
pling time (Time), fish EW and, in the case of adults,
gender (G). The most appropriate link function and
error model were chosen on the basis of residual
plots. A log-link function along with a gamma error
structure model was found to be adequate. Modeling
was carried out using the R software (R Development
Core Team 2009). All predictors and their first and
second order interactions were initially included in
the model. The stepAIC function (R package 'MASS’,
V7.3-5; Venables & Ripley 2002) was used to select
the significant predictors and to estimate the coeffi-
cients of the models. Predictors were removed by
backward elimination based on Akaike's information
criterion (AIC). AIC balanced the degree of fit of a
model with the number of variables, in order to find
the most parsimonious model. Only those predictors
which contributed significantly to the model were
kept. Estimated marginal means of DW (fixed at
mean EW) for each sampling period and time interval
(‘effects’ package; Fox 2003) were used as inputs to
the consumption models described below.

For estimating daily ration, 2 widely used consump-
tion models were considered: (1) the Elliott & Persson
(E-P) model (Elliott & Persson 1978) and (2) the
Eggers model (Eggers 1979). In the Eggers model,
feeding is considered continuous and constant dur-
ing the feeding period (T;), while in the E-P model
feeding is assumed to be constant only within each
specific, consecutive sampling interval. Both models
are based on the assumption that stomach contents
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decline exponentially with time. Moreover, to per-
form accurately, the E-P model requires that sam-
pling intervals be 3 h or shorter (Elliott & Persson
1978).

For the E-P model, consumption (C;) for each time
interval (f = 3 h) was estimated as:

Cr=1(Si = Soe™®* YR x t]/(1 - e7**1) @)

where S, and S; are the standardized stomach con-
tent at the beginning and end of each time interval ¢
and R is the instantaneous gastric evacuation rate.
The daily ration (Cg.p, daily ration) was calculated as
the sum of partial consumptions over the assumed T;.
The feeding period was defined as the period from
minimum to maximum standardized stomach content
(Tudela & Palomera 1995). For the Eggers model, the
daily ration was estimated as:

CE = Savg X Rx Ti + (Sp = Se) (4)

where S,,4 is the average stomach content DW over
T;, and S, and S;, are the stomach content DW at the
end and at the beginning of T;, respectively. This
model assumes that the weight of the stomach con-
tents changes significantly between the beginning
and end of T;. The standard error for Cgp was ap-
proximated following the 8 method as proposed by
Worobec (1984).

The instantaneous gastric evacuation rate (R) was
estimated as recommended in Héroux & Magnan
(1996): for all pairs of consecutive hauls performed
during the same day a series of R values were cal-
culated:

R=(InS, - InSy)/t; (5)

where t; is the time elapsed between hauls. The gas-
tric evacuation rate used was the maximum R (Ry.y).
R was estimated for each sampling period separately
for adults and juveniles. The assumptions for using
R.x were that stomach contents declined exponen-
tially during the non-feeding period and that no feed-
ing was taking place at that time.

For comparison with results of similar studies, daily
ration was also calculated as a fraction of total wet
weight (% TW) by converting DW to wet weight. For
this conversion, we assumed a water content value of
87 %, i.e. that of copepods of the genus Acartia
(Borme 2006). Copepods are the most significant part
of the diet (in terms of weight and carbon contribu-
tion) for the Mediterranean sardine (authors’' unpubl.
data, but see e.g. Garrido et al. 2008 for the Iberian
sardine).

Finally, estimates of consumption in different sam-
pling periods were compared with environmental

and fish parameters recorded during the surveys
using appropriate regression and/or ANCOVA mod-
els. The density dependency of consumption was
evaluated by comparing it with the ratio of mesozoo-
plankton biomass to sardine CPUE.

RESULTS

The residual plot of the weight-length relationship
of fish Sardina pilchardus caught in summer (Fig. 3A)
revealed a non-random (structured) distribution of
residuals indicative of an ontogenetic transition
(Nikolioudakis et al. 2010 and references therein).
The piecewise regression fitted to the weight-length
data [logEW = -12.12 + 3.05 x logTL + 0.343 x (logTL
- 4.62) x (logTL > 4.62), r> = 0.988, p < 0.0001, n =
3041) had a significant (p < 0.0001) inflexion point at
the length of 101.43 mm TL (95% confidence inter-
vals: 99.03 to 103.90 mm) (Fig. 3B) and randomly dis-
tributed residuals. Fish size range in each haul is
shown in Fig. 2. During the winter cruises, all
sardines were >100 mm (Fig. 2), with their gonads
classified macroscopically as developing/mature (see
also mean gonadosomatic index [GSI] values in
Table 1). The weight-length relationship for winter
had randomly distributed residuals (not shown).

The water column was well stratified in summers
and mixed in winters (Fig. 4), with significantly
higher temperatures and lower surface salinities in
S07 and SO08 (Table 1). Productivity was higher in
winters as indicated by the increased chl a, micro-
plankton and mesozooplankton, with mesozooplank-
ton biomass being significantly higher only in W07
(Table 1). Sardine CPUE was higher in 2007, espe-
cially in SO7. The somatic condition of adults was
lower in winter, when GSIs were higher (sardine
reproductive period) (Table 1).

Plots of the SFI against fish weight revealed that
the SFI was often size dependent, especially in sum-
mer when both juvenile and adult sardines were sam-
pled (e.g. July 2007; Fig. 5). Hence, use of the SFI was
not appropriate for comparisons of samples with dif-
ferent fish sizes. We therefore adopted the GLM
approach to standardize stomach contents for the
effect of fish size.

The most parsimonious GLMs for juveniles
(<100 mm) and adults (2100 mm) explained 91.12
and 75.05% of the deviance, respectively (Table 2).
In both cases, Time was the predictor that explained
the largest proportion of deviance (~77 % for juve-
niles and ~42 % for adults). Significant interactions of
Cruise and Time with fish EW were interpretable in
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41 A logEW = 3.22*logTL - 12.89
,r#=0.988, p <0.0001, n = 3041

Studentized residuals
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Fig. 3. Sardinia pilchardus. (A) Plot of the residuals of the sin-
gle-stage, weight-length relationship of sardines captured
during summers. (B) Piecewise regression fitted to the same
dataset. The estimated inflection point (length at slope
change) is indicated. EW: eviscerated weight; TL: total length

terms of changing slopes of the DW-EW relationship
between cruises and time intervals (see also Fig. 4).
With regards to adults, terms including gender (G)
were not significant.

The estimated marginal means with 95% confi-
dence intervals for the multiplicative effect of Cruise
x Time are shown in Fig. 6. Fish EW was fixed at
4.43 g for juveniles and 11.58 g for adults. A clear
daytime feeding pattern was revealed in summer for
both juveniles and adults. The lowest DWs occurred
around sunrise, progressively increasing throughout
the course of the day, to peak at around sunset
(Fig. 6A,B,C,E). All stomachs analyzed in July were
full at sunset, and prey items were intact. In winter,
sardines were feeding throughout the day and con-
tinued to feed in the early night (Fig. 6D,F), which
contrasted with summer, when feeding ceased at
night. After the peak feeding time (during dusk in
summer and after midnight in winter), the stomach
DW dropped (Fig. 6). The degree of digestion of prey
items in stomachs increased as the night progressed
further, implying that the non-feeding period took
place during the night.

The estimated gastric evacuation rates are given in
Table 3. R-values of juveniles and adults in summers
were similar. A significant relationship existed be-

Table 1. Sardina pilchardus. Comparison of physical, biotic and fish parameters between different sampling periods in summer
(S) and winter (W) of 2007, 2008 and 2009. Arithmetic means and F-values are provided, except for comparisons that did not
meet the assumptions of the analysis of variance, for which medians and the Kruskal-Wallis statistic (H) are given. Asterisks

indicate significant differences: *p < 0.05, **p < 0.01, ***p < 0.001. GSI: gonadosomatic index; (-): no data available
S07 W07 S08 Wo09 Statistic

Surface temperature (°C) 26.45° 14.11° 26.86" 11.16°¢ F=15812.13***
Surface salinity 34.37¢ 36.57¢ 34.29¢ 36.40P H=1842***
Mean temperature in the water column (°C) 17.86%P 14.72°¢ 18.90 11.364 H=90.00***
Mean salinity in the water column 38.02 37.18 37.85 36.74 H=15.30
Mesozooplankton biomass (mg m™3) 29.02° 36.40° 24.70° 28.05° F=7.54**
Microplankton biomass (mg m™2) 32.18° 91.04° 22.70°¢ 130.73% F=76.43**"
Mean chl a in the water column (pg 17! 0.14¢ 1.36° 0.13¢ 0.76" F=098.89**
Catch per unit effort (kg h™!) 47.45° 26.45% 5.27° 7.68%P F=3.40*
Condition of adults 1.07° 1.03¢ 1.09¢ 1.02¢ F=4517.40***
GSI 0.21¢ 3.91P 0.23¢ 4.30° H=338.30***
Condition of juveniles 0.62 - 0.61 - F=1.49
ab>e>d omogenous groups
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Fig. 5. Sardina pilchardus. Stomach fullness index (SFI)

against eviscerated weight (EW) for each 3 h time interval in

July 2007 (mean time is given, i.e. 00:30 represents 23:00 to
2:00 h). Significant power relationships are also given

tween R and surface (5 m) temperature (T) (R =
0.075 x e%0%8T n =6, 12 = 0.785, p < 0.05).

Estimates of consumption by the models of Elliot-
Persson and Eggers (Table 3) were highly correlated
(r = 0.999, p < 0.001). Daily ration of juveniles in
terms of percent TW was higher (4.25 and 5.36 % for
S07 and S08, respectively, based on Cgp) than that of
adults (2.05 and 3.14 % for SO07 and S08, respectively,
based on Cgp) in summer (Table 3), presumably
because of their smaller size. In adults, daily ration
was higher during S08 (3.14 %) and W09 (3.67 %),
with lower consumption estimated in SO07 (Table 3).
Finally, consumption in W07 was higher than in S07.
Higher consumption in SO08 and W09 was coupled
with lower sardine CPUEs (Table 1). When the
ratio of mesozooplankton biomass to sardine CPUE
[i.e. B = log(mesozooplankton biomass/CPUE)]| was
related to daily ration, a significant relationship
emerged: daily ration (Cgp, %TW) estimated was
significantly and linearly related to Bg when the size-
class factor (juveniles or adults) was taken into
account (Table 4, Fig. 7A). Indeed, mean weight of
juveniles and adults (juveniles: 4.82 g TW, adults:
12.81 g TW) entered into the Cg_p-on-Bg regression as
a significant covariate (Fig. 7B), indicating that, if a
linear decrease in food consumption with fish size is
assumed, consumption in terms of %TW decreases
by a factor of 0.255 g~! increase in TW.

DISCUSSION

In contrast to upwelling areas, the Mediterranean
Sea is highly oligotrophic and has often been charac-
terized as a marine desert (Azov 1991). However, cer-
tain coastal areas under the influence of low-salinity
waters are relatively productive and contain impor-
tant habitats for small pelagic fish stocks in the
Mediterranean (Palomera et al. 2007). In the present
study, the sampling area (in the coastal area in the
proximity of the Nestos River) is a ‘hot-spot’ for small
pelagic fish stocks in the Aegean, with high concen-
trations of both adults and juveniles (Tsagarakis et al.
2010). In summer, sardine Sardina pilchardus popula-
tions are dominated by juvenile fish (Machias et al.
2008) that are mainly distributed in shallow waters,
especially in the proximity of river mouths (Palomera
et al. 2007, Tsagarakis et al. 2010).

The abrupt change in sardine allometric growth,
indicated by the significant change in slope of the
weight-length relationship at about 100 mm TL,
seemed to be related to the ontogenetic transition
from juvenile to adult. Indeed, during the winter sam-
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Table 2. Sardina pilchardus. Analysis of deviance table for the gamma-based pling periods, all fish >100 mm were
generalized linear model fitted to sardine stomach content dry weight. df: de-

) L - . sexually mature, as indicated by the
grees of freedom; Time: sampling time; EW: eviscerated weight; ***p <0.0001

high GSIs (Table 1) and macroscopic
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Table 3. Sardina pilchardus. Estimates of gastric evacuation (h™!) and consumption rates (DW d!) for sardine. Consumption

values are also expressed as percent total weight (% TW). S: summer; W: winter; A: adult sardines; J: juvenile sardines; R,y

gastric evacuation rate; DW: dry weight, standardized mean stomach content; Cg_p: daily ration according to the Elliott-Persson
model; Cg: daily ration according to the Eggers model

Sampling period  Size class  Rpax (+SE) DW Cg.p (+SE) Cep (%TW) Ce Ci (%TW)
S07 J 0.197 (0.053) 0.0054  0.0266 (0.0029) 4.25 0.0262 4.18
S08 J 0.215 (0.099) 0.0065  0.0335 (0.0053) 5.36 0.0332 531
S07 A 0.196 (0.042) 0.0071  0.0342 (0.0031) 2.05 0.0337 2.02
W07 A 0.101 (0.038) 0.0181  0.0426 (0.0015) 2.56 0.0443 2.66
S08 A 0.225 (0.026) 0.0098  0.0524 (0.0053) 3.14 0.0520 3.12
W09 A 0.139 (0.060) 0.0145  0.0611 (0.0532) 3.67 0.0603 3.62

Table 4. Sardina pilchardus. Analysis of variance table for

the ANCOVA model fitted to sardine consumption (Cg.p, as

percent total weight). Bgr: log(mesozooplankton biomass/
Catch per unit effort, CPUE). Adj. r> = 0.936

Source Sumof df Mean F p-value
squares square

Model 6.892 2 3.446 37.647 0.008

Intercept 45372 1 45372 495.689 0.000

By 1.822 1 1.822 19.905 0.021

Size class 5509 1 5509 60.189 0.004

Error 0.275 3 0.092

Total 80.877 6

Corrected total 7.167 5

(2100 mm) and juveniles (<100 mm) in order to exa-
mine feeding periodicity and consumption. In the
Pacific sardine in South Africa, smaller sardines (Age
0+) had larger daily rations than larger fish (Ages 1+,
2+, 3+, 4+4) (van der Lingen 1998), implying that juve-
nile fish might have higher energy requirements.
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Juvenile sardines in the Mediterranean invest pri-
marily in growth during summer, with no visible
mesenteric fat (Machias & Tsimenides 1995, authors’
pers. obs.) in contrast to adult sardines which store
lipids during summer, mainly to fuel egg production
in winter (Ganias et al. 2007, Garrido et al. 2008).
Adult sardines in the present study were in better
somatic condition in summer, which agrees with the
known cycles of energy storage and reproduction in
this species (Ganias et al. 2007).

The SFI is widely applied in studies of food con-
sumption in fishes; however, it should be used with
caution. As with other ratio indices (e.g. the GSI
[Somarakis et al. 2004a] and condition index [Bolger
& Connolly 1989]), the SFI is valid for comparisons
among samples only when the assumption of isome-
try between stomach content weight and body
weight is met (Héroux & Magnan 1996, Somarakis et
al. 2004a). In the present study, a strong dependency
of the SFI on fish weight was identified which invali-
dated its use. A GLM approach was therefore fol-

B 6

Cep=5.71+0.623"Bz- 0.255"TW
p<0.01, adj. r*=0.936

Observed

Predicted

Fig. 7. Sardina pilchardus. (A) ANCOVA model of consumption (Cg.p) versus mesozooplankton biomass/catch per unit effort
(Br). (B) Observed versus predicted values of the multiple regression of Cg.p-on-Bg and fish total weight (TW)
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lowed instead to standardize stomach content DWs.

In summer, both juveniles and adults fed during
daytime, with a clear peak in feeding intensity at
around sunset. In winter, the highest stomach con-
tents were recorded after sunset, in the early night.
Andreu (1969), based on opportunistic samples col-
lected throughout the Mediterranean, suggested that
sardine feeds during daytime. In the Adriatic Sea, the
greatest feeding intensity was noted at dusk during
the spring-to-autumn fishing season (Vuceti¢ 1955).
Goémez-Larraneta (1960), however, claimed that sar-
dine feeding goes on throughout the night.

In the present study, sardines exhibited high stom-
ach fullness at dusk and in the early night when lumi-
nance levels were low. Feeding in low-light regimes
is a general characteristic of clupeoid fish (Blaxter &
Hunter 1982). Sardines can feed effectively at lumi-
nance levels <0.2 mc (Muzinic 1964) and are able to
use filter or particulate feeding over a broad prey size
spectrum very efficiently (Garrido et al. 2007), shift-
ing this feeding strategy according to prey concentra-
tion (van der Lingen 1994). Thus, a preliminary
analysis of prey types in the stomachs of specimens
in the sampling cruises of the present study (authors’
unpubl. data) revealed that phytoplankton con-
tributed numerically ~79 % to sardine diet in winter,
which suggested that filtering was probably the feed-
ing mode employed at night. Some feeding activity
was also recorded during the day, and this behavior
has been observed for other small pelagic fish that
are organized into schools (Fréon & Misund 1999 and
references therein). Schooling behavior results in
enhanced vigilance and reduced timidity, enabling
individuals to allocate more time to feeding, even in
the presence of predators (Fréon & Misund 1999 and
references therein).

The high intensity of feeding of sardines during
their ascent to surface waters could be linked with
diel vertical migration (DVM) behavior. There are
several factors that potentially affect (e.g. light, food,
tides), and hypotheses that attempt to explain, the
DVM behavior of fish (e.g. bioenergetic advantage,
predation avoidance, optimization of different func-
tions) (Neilson & Perry 2001). The visual stimulus
required for the maintenance of schools (Blaxter &
Hunter 1982, Fréon & Misund 1999, Bertrand et al.
2008) is reduced in the period before sunset when
light is diminishing. This leads to the relaxation of
sardine school formations and the parallel initiation
of the DVM that takes place approximately 1 h be-
fore sunset in the Mediterranean (Giannoulaki et al.
1999). Sardine stomachs were full (summer) or
almost full (winter) around sunset, suggesting that

the ascent towards surface waters and elevated feed-
ing rates are probably synchronized. Maximization
of food intake during the loosening of dense schools
and initiation of DVM have also been reported for
other small pelagic fish, e.g. Peruvian anchoveta
Engraulis ringens (Bertrand et al. 2008). Mortality
risks might also be reduced at low-luminance levels,
as predators of small pelagic fish attack schools
mainly during daytime (e.g. marine mammals, birds,
fish predators) and based primarily on visual stimuli
(Fréon & Misund 1999). Thus, the reduced luminance
around sunset triggers the loosening of schools,
while concurrently reducing predation risk. There is
therefore an increased scope for food intake during
dusk and at night.

One possible explanation for the different feeding
patterns of sardines in summer and winter is the dif-
ference in thermal stratification. The high tempera-
ture of surface waters in summer relative to subsur-
face layers (Fig. 4) could explain the termination of
feeding after sardines have ascended close to the sur-
face at night. Food intake by fish increases with
increasing temperature, reaches a peak and then
falls more or less dramatically at supra-optimal tem-
perature (Jobling 1998). In sockeye salmon Onco-
rhynchus nerka, for example, a significant reduction
in appetite and conversion efficiencies was noted at
water temperatures from 20 to 24°C (Brett & Higgs
1970), possibly reflecting limitations in the capacity
of the respiratory and circulatory systems to deliver
oxygen to tissues under conditions of very high oxy-
gen demand (Jobling 1997); such conditions are very
likely to be met during searching, capturing and han-
dling of prey. The high temperatures experienced by
sardine above the thermocline in summer might
therefore limit food intake.

Measurements of gastric evacuation rates in sar-
dines and anchovies under controlled laboratory con-
ditions have rarely been carried out, mainly due to
difficulties in keeping small-sized clupeoid fish in
experimental tanks (Blaxter & Hunter 1982). In our
study, the R used for the calculation of daily ration
was the highest evacuation rate (Ry.x) observed for
all pairs of consecutive hauls performed during the
same day (for similar approaches see, e.g. Boisclair &
Leggett [1985] and Héroux & Magnan [1996]). The
estimation of gastric evacuation rates in the field
requires making a number of assumptions (e.g. no
feeding takes place during the designated non-feed-
ing period, captured fish have the same feeding his-
tory, temperature conditions do not change over the
24 h cycle) (Bernreuther et al. 2008). Additionally, the
gastric evacuation rate in fish is known to be affected
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by a variety of factors, including prey type and size,
meal type, predator type and temperature (for a
review see Bromley 1994).

In the present study, the increasing degree of
digestion of prey items as the night progressed
seemed to justify the definition of non-feeding peri-
ods. In summer, sardines experienced varying tem-
peratures over the diel cycle owing to their DVM
behavior and the thermal stratification of the water
column. Hence, the R, values calculated during the
non-feeding period at night (when fish were located
close to the surface) could be higher than actual evac-
uation rates in the daytime, when fish were distrib-
uted below the thermocline. This, in turn, would lead
to an overestimation of the consumption rates in sum-
mer. Similar exponential increase in R with increas-
ing temperature, such as that reported in the present
study, has also been found in a number of experimen-
tal studies (e.g. Elliott 1972, Bernreuther et al. 2008,
2009). When this relationship was used to recalculate
the evacuation rate at the depth occupied by sardines
during daytime in summer (i.e. below the thermo-
cline), the resulting mean R values for SO7 and S08
were lower by ~23 and ~34 % for juveniles and adults,
respectively. Using the recalculated values of Rin the
consumption models, daily ration estimates were
lower by ~15 and ~22% for juveniles and adults,
respectively (average of Cgp in S07 and S08). How-
ever, in a number of studies, higher evacuation rates
have been observed during the feeding period than
in the non-feeding period (Richter et al. 2002 and ref-
erences therein), but see also Bernreuther et al.
(2008) for an exception in Clupea harengus. Hence,
even if a temperature correction was applied for R in
summer during daytime, it was likely that an in-
crease of R during the feeding period would counter-
act the expected decrease in R due to low tempera-
ture below the thermocline. Finally, in sprat Sprattus
sprattus, the general model describing the R-T rela-
tionship predicts an increase of R with T, but a subse-
quent decrease at higher T (Bernreuther et al. 2009).
If the latter is also the case for sardine above the
thermocline, the calculated R,,x during nighttime
could be a realistic value to implement in the con-
sumption models.

Regarding other factors affecting R, the effect of
fish size is debated, as in some studies no significant
effect was noted (e.g. Persson 1979), whereas, in oth-
ers, the effect of size was significant (e.g. Temming &
Herrmann 2001, Bernreuther et al. 2009). Prey type is
also known to affect R in Pacific sardines, with phyto-
plankton prey leading to higher R values than zoo-
plankton (van der Lingen 1998). If such an effect

holds true for Mediterranean sardine as well, it could
partially explain the higher R,.x values in W09
(0.139 h™!) than in W07 (0.101 h™1). Although temper-
ature was significantly lower in W09 and R,y was
expected to be lower than that of W07, the numerical
contribution of phytoplankon in sardine diet was
~83% in W09, while the respective proportion during
WO07 was ~73 % (authors’ unpubl. data).

Bearing in mind the above difficulties in estimating
R from field data, the estimated values of the gastric
evacuation rate obtained with the R,., approach
(Boisclair & Leggett 1985, Héroux & Magnan 1996)
were considered the most appropriate for the present
study. Gastric evacuation rates obtained for other clu-
peoids like Atlantic herring Clupea harengus, Pacific
sardine Sardinops sagax and Baltic sprat Sprattus
sprattus range from 0.09 to 0.56 h™! (Arrhenius &
Hansson 1994, van der Lingen 1998, Darbyson et al.
2003, Bernreuther et al. 2008, 2009). However, direct
comparisons of gastric evacuation between species
are probably meaningless due to the dependency of
evacuation rate on temperature and food type (van
der Lingen 1998) and whether R is calculated using
DW or SFI values (Héroux & Magnan 1996).

Two widely used consumption models proposed by
Elliott & Persson (1978) and Eggers (1979) were ap-
plied here for comparative purposes. The E-P model
is generally considered to be accurate (Hayward
1991) and to perform better in filter feeders and graz-
ers that demonstrate feeding periodicity (Richter et
al. 2002). The Eggers model, on the other hand, is
considered more appropriate for species that feed
throughout the day on a wide range of prey types,
exhibiting occasional feeding peaks and having no
rigid feeding periodicities (Héroux & Magnan 1996).
In the case of sardine, the 2 models produced very
similar consumption estimates, as was also the case
in other studies (Boisclair & Leggett 1988, Hayward
1991, Héroux & Magnan 1996, Richter et al. 2002). Al-
though the key assumption of the Eggers model, i.e.
continuous feeding, was not met in the present study,
it provided very close estimates to the E-P model,
suggesting that it could be used instead. The Eggers
model is simpler but still robust, permitting lower
sampling frequency than the E-P model (Boisclair &
Leggett 1988, Héroux & Magnan 1996). However, it
may overestimate daily ration, particularly at longer
sampling intervals and at medium- and high-ration
levels (Hayward 1991).

The estimated daily ration values for sardine exhib-
ited seasonal and inter-annual variability. The feed-
ing intensity of sardine has also been reported to
vary between years and seasons, being higher when
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productivity is high, especially during the spring and
winter months off the Atlantic coasts of Portugal (Gar-
rido et al. 2008). In our case, summer consumption
values were lower than those of the following winter,
when chl a and plankton biomass were both higher.
Despite significant differences in mean zooplankton
biomass and chl a concentration among seasons, con-
sumption rates were not significantly correlated with
either zooplankton or chl a. Daily ration is known to
vary with type of food because of differences in gas-
tric evacuation rates for different prey types (van der
Lingen 1998). In Pacific sardine Sardinops sagax,
field estimates of daily ration ranged from 0.99 to
2.52 and from 2.97 to 7.58% TW d~! for fish consum-
ing zooplankton and phytoplankton, respectively
(van der Lingen 1998). The latter author provided ad-
ditional estimates of 1.73 to 5.18 and 2.31 to 6.93%
TW for far eastern and Peruvian sardines, respec-
tively. In laboratory experiments, the daily ration of 1
yr old Pacific sardines fed synthetic pellets ranged
from 1.06 to 2.40 % TW (Noguchi et al. 1990). Finally,
from back-calculated growth data, Watanabe & Saito
(1998) estimated that the daily requirements in car-
bon of juvenile sardines ranged from 5.6 to 9.6 mg C
d~!, which, according to the conversion factors used
in their study, corresponded to daily rations of 3.52
and 5.68% TW for fish of ~0.83 and ~0.30 g TW,
respectively.

In the Mediterranean Sea, the only available daily
ration estimates for small pelagic fish are those for
European anchovy Engraulis encrasicolus (Tudela &
Palomera 1995, 1997, Plounevez & Champalbert
2000). Using an evacuation rate of 0.423 + 0.196 h™!
(estimated in Tudela & Palomera 1995), adults of this
species have been found to consume from 3.4 to
3.9% TW during the summer spawning period. Fur-
thermore, anchovy studies in the Mediterranean
(Tudela & Palomera 1995, 1997, Plounevez & Cham-
palbert 2000, Borme et al. 2009) indicate a diel feed-
ing intensity pattern similar to that of sardine in the
present study during summer, i.e. daytime feeding,
with peak intensity at around sunset.

One of the most interesting findings of the present
study was the positive relationship between con-
sumption and the index of per capita food availability,
i.e. the biomass ratio, log(mesozooplankton biomass/
CPUE) (Fig. 7). This relationship is indicative of a
density-dependent effect, i.e. when per capita food
availability is increased, daily ration is higher.

Density-dependence responses have increasingly
been identified in small pelagic fish including
expansion—contraction of habitats (e.g. Somarakis et
al. 2004b) and changes in somatic condition, gonad

mass and length at maturity (van der Lingen et al.
2006). In the Aegean Sea, the daily specific fecundity
of anchovy is strongly and positively related to the
ratio of mesozooplankton biomass to fish biomass
(Somarakis et al. 2011). This is to our knowledge the
first time that a relationship between per capita food
availability and consumption has been demonstrated.
The implications are important, especially in coupled
biogeochemical and fish bioenergetics models in
which small pelagic fish consumption is modeled as a
function of prey density (e.g. Politikos et al. 2011)
without taking into consideration any density-depen-
dent control.
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ABSTRACT: Sardine diet was analyzed from samples collected at a coastal site in the North Aegean
Sea (eastern Mediterranean) in July 2007 and July 2008 (stratification periods), December 2007 (early
phase of the mixing period) and February 2009 (late phase of mixing period). Concurrent measurements
of environmental and plankton variables (from bacteria to mesozooplankton) were also carried out in an
effort to infer major trophic pathways in the pelagic food web and how these are related with sardine
prey selection. The bulk of dietary carbon in adults derived from calanoid copepods, >1 mm total
length, although the diet was numerically dominated by phytoplankton. In juveniles, phytoplankton
consumption was trivial. Diet composition and prey selection seemed to be driven by the availability of
large/suitable prey. During summer, microbial processes prevailed (ratio of autotrophs <20 um: >20 um
= 13-15, ratio autotrophic:heterotrophic pico- and nanoplankton biomass <0.5), the mean size of
mesozooplankton was smaller and filter-feeding cladocerans and appendicularians were very abundant.
In February 2009, autotrophs >20 pum dominated the carbon budget and the abundance of larger sized
copepods (e.g. Centropages) was high. In December 2007, when waters were mixed but yet relatively
warm, both the ‘microbial’ and ‘classical’ (herbivorous) trophic pathways seemed to be important. The
mean size of mesozooplankton (copepods+cladocerans) in sardine stomachs was highly correlated with
their mean size in the field, the latter being in turn highly and positively correlated with the
concentration of diatoms. Finally, a strong negative relationship between the Shannon-Wiener diversity
and average size of mesozooplankton prey in the stomachs was found which could be explained in terms
of the interplay of feeding modes, i.e. filter (non-selective) and particulate (selective) feeding.

KEY WORDS: Sardine, S. pilchardus, diet, food web, end-to-end



INTRODUCTION

Small pelagic fish (SPF) are highly opportunistic and flexible microphagous foragers (van der Lingen et
al. 2009 and references therein). Their ability to switch between trophic modes (i.e., filter and
particulate feeding [James 1988]) has been proposed as a reason for their high abundances, especially in
upwelling areas (van der Lingen et al. 2006). In most systems (upwelling or non-upwelling), SPF are
found in species pairs (e.g. anchovy/sardine) that show size-based partitioning of the zooplankton
resource, which is primarily used to derive the required energy (James 1988, van der Lingen et al.
2009). The out-of-phase fluctuations in biomass observed for SPF in upwelling systems have been, at
least partially, suggested to be trophically-mediated (Schwartzlose et al. 1999, van der Lingen et al.
2006) with a very recent study providing strong support to this theory (Ayén et al. 2011).

The Mediterranean Sea is generally oligotrophic with a “multivorous food web” (sensu
Legendre & Rassoulzadegan 1995), i.e., there are multiple energy transfer pathways between the
“classical” (herbivorous) food chain and the microbial loop (for a review see Siokou-Frangou et al.
2010). The main planktivorous fishes in this area are sardine (Sardina pilchardus) and anchovy
(Engraulis encrasicolus) (Palomera et al. 2007) that generally inhabit coastal areas with relatively
higher productivity (Somarakis et al. 2004, Giannoulaki et al. in press). The North Aegean Sea is such
an area, with increased productivity being largely attributed to the influence of the Black Sea water
(Siokou-Frangou et al. 2010). Small copepods (mostly <lmm in total length) dominate
mesozooplankton in this area both in terms of abundance and biomass (lsari et al. 2006; 2011,
Zervoudaki et al. 2007). Microbial processes are enhanced in the food web, especially the carbon flow
through microbial biomass (Siokou-Frangou et al. 2002) to filter-feeding mesozooplankters (e.g.
cladocerans and appendicularians) (Isari et al. 2006; 2007).

The European sardine Sardina pilchardus is one of the most important fish resources in the
North Aegean Sea (Antonakakis et al. 2011). Despite its importance for this ecosystem (Tsagarakis et al.
2010), there is no information on its feeding behavior. In the Atlantic, the same species exploits
efficiently the lower part of the plankton size spectrum using filter or particulate feeding (Garrido et al.
2007a, 2008a). Zooplankton (especially smaller-sized copepods and cladocerans) is their main energy
source (Bode et al. 2004, Garrido et al. 2008a). However, phytoplankton can also be important in the
Iberian sardine diet (Garrido et al. 2008a). In the western Mediterranean, sardine has been considered to
be mainly zooplanktivorous, consuming phytoplankton as well but in low numbers (Massuti & Oliver
1948, Andreu 1969).

Knowledge of the trophic ecology of pelagic species and, more specifically, prey selection (in
terms of taxa or size) is of great importance in guantifying trophic interactions and energy flows and
particularly relevant for end-to-end ecosystem modeling (Rose et al. 2010). In small pelagic fishes that
can switch between filter (non-selective) and particulate (selective) feeding, the structure and function
of the planktonic food web is likely to affect significantly prey selection by ultimately determining the
size structure of meso-zooplankton, i.e., the availability of large copepods. van der Lingen et al. (2006;
2009) have hypothesized that cold-water, diatom-dominated systems favor large copepods, which can
be exploited by anchovy using particulate feeding, whereas warm and stable waters, dominated by nano-
flagellates, favor smaller-sized copepods and, consequently, sardines (that can use their finer filtering
apparatus to exploit efficiently smaller preys). In temperate waters, the structure and function of the



planktonic food web changes seasonally, between the stratification (summer) and the mixing (winter)
period (Cushing 1978), thus, patterns of prey selection (in terms of size and type) may also vary
seasonally in SPF.

Only a few field studies have looked at the different components of the whole plankton
assemblage, from bacteria to mesozooplankton, and further related this to abiotic variables (lsari et al.
2007, Fileman et al. 2011). Furthermore, no such study has included higher trophic levels (fish). The
main aim of the present study was to analyze the diet of sardine in relation to the structure of the
planktonic food web. Sampling was carried out at a coastal site of the North Aegean Sea with high
abundance of both adults and juveniles (Nikolioudakis et al. 2011). This is to our knowledge the first
study on sardine in the Mediterranean that assesses prey importance in terms of dietary carbon and prey
sizes.

MATERIALS AND METHODS
Fish sampling and handling

Sardines were captured by means of a pelagic trawl at a shallow coastal area in the North
Aegean Sea onboard the R/V ‘PHILIA’ (see Fig. 1 in Nikolioudakis et al. [2011]). Sampling was carried
out in four periods (sampling periods), namely July 2007, December 2007, July 2008 and February
2009. Once on deck, the sardine catch was sorted into four size classes, namely 40-80 mm, 81-100 mm,
101-120 mm and >120 mm total length. Immediately after sorting, at least 20 fish per size class (when
available) were frozen at -35 °C. More details regarding fish sampling are provided in Nikolioudakis et
al. (2011). To describe dietary preferences, we used fish sampled at three different times of the same
diel cycle in each sampling period, i.e., daytime, sunset and nighttime, as sardines initiated feeding soon
after sunrise and continued to feed until the early hours of the night (Nikolioudakis et al. 2011).

In the laboratory, the fish were thawed, stomachs were excised and prey was stored in 4%
borax—buffered formaldehyde solution for later examination. Only material contained in the stomachs
was considered, whereas contents of the intestine and esophagus were discarded to reduce bias caused
by different rates of digestion and gut passage times or cod-end feeding (Hyslop 1980). Unidentifiable
material was present in most of the stomachs excised (mainly remains of phytoplankton and
zooplankton) but this was not taken into account (van der Lingen 2002).

Pooling of stomach contents of fish caught in the same haul to describe the diet of small pelagic
fish is a usual practice (e.g., Louw et al. 1998, van der Lingen 2002) because differences in individual
diets are small. In this study, the stomach contents of fish of the same size class, haul and sampling
period were pooled and diluted to a known volume of filtered seawater (0.2 um). For mesozooplankton
prey (>200 um), 5-ml aliquots, taken with a Stempel pipette, were examined under a stereo-microscope
until at least 10% of the sample was analyzed and preys were identified to the lowest possible
taxonomic level. For microphytoplankton and microzooplankton prey (20-200 um), three 1-ml aliquots
were examined by inverted microscopy. Numbers of all identified taxa were standardized to numbers
per stomach. Literature derived equations were used to convert size of preys to carbon content (see
Table S1 in supplementary material online). Thirty randomly selected individuals (when available) from



each identified taxon were photographed and measured. Apart from the dimensions necessary for carbon
content conversions, the maximum length of each prey was also measured. In total, 36 samples (July
2007: 12, December 2007: 6, July 2008: 12, February 2009: 6) were selected for the analysis of sardine
diet.

Environmental variables and plankton

A large set of both abiotic and biotic variables were measured at 3 stations covering the mean
trawling path (see Fig.1 in Nikolioudakis et al. 2011). Vertical profiles of temperature and salinity were
obtained at each station using a SBE-25 profiler. Depth-stratified water samples were also collected
using Niskin bottles from five standard depths (1, 7, 14, 21 and 28 m) to estimate the concentration of
dissolved inorganic nutrients (NO,, NO3, PO,*, SiO,) and chlorophyll a (chl a), as well as the
abundance of pico-, nano- and microplankton.

For chl a determination seawater (0.5 I) was filtered onto GF/F filters (47 mm, Whatman). Both
the GF/F filters and the filtrate were immediately frozen at -35 °C. In the laboratory, chl a
concentrations were determined fluorometrically (Yentsch & Menzel 1963) using a Turner TD-700
fluorometer, while the filtrate (see above) was analyzed for phosphates, silicates, nitrites and nitrates
according to Strickland & Parsons (1972).

Water subsamples from Niskin bottles used to estimate the concentration of for pico-
[autotrophic cyanobacteria Synechococcus spp. (Syn) and heterotrophic bacteria (HB)] and
nanoplankton [autotrophic (ANF) and heterotrophic (HNF) nanoflagellates] were preserved in borax-
buffered formalin (final concentration 2%). Subsequently, they were stained with DAPI, filtered on
black polycarbonate filters (25 mm, Poretics) of porosity 0.2 um (10 ml or both HB and Syn) and 0.6
um (30 ml for both ANF and HNF), and counted under epifluorescence microscopy (Porter & Feig
1980). ANF and HNF cells were also distinguished into size classes, namely <5 um, 5-10 um and 10-20
um. Abundances of picoplankton were converted into carbon biomass using 20 fgC cell™ for HB (Lee
and Fuhrman 1987) and 250 fgC cell”* for Syn (Kana & Glibert 1987). Abundances of ANF and HNF
were first converted into biovolume after measuring all dimensions and using simple geometric
formulae and subsequently converted to carbon biomass using 183 fgC pum™ (Caron et al. 1995). For
diatoms, dinoflagellates and ciliates (loricate and aloricate) samples were preserved in acid Lugol’s
solution (2%) and identified by inverted microscopy after sedimentation of 10-100 ml depending on
sample density to the lowest possible taxonomic level. Distinction of dinoflagellates into autotrophs and
heterotrophs (autotrophic dinoflagellates: AD, heterotrophic dinoflagellates: HD) was done using
literature-based feeding modes of each identified taxon (Tomas 1996). Abundances of diatoms and ADs
were first converted into biovolume using equations from Hillebrand et al. (1999) and subsequently
converted to carbon biomass using equations from Menden-Deuer & Lessard 2000 (Table Al).

Finally, vertical tows of plankton nets were performed to collect mesozooplankton and
microplankton as described in Nikolioudakis et al. (2011). Upon retrieval, the sample was split in half.
The first subsample was used for biomass estimations. The second subsample was preserved in 4%
borax—buffered formaldehyde solution. In the laboratory, the fraction 50-200 um (obtained after sieving
the microplankton sample through a 200 pm sieve) was used to estimate the abundance of copepod
nauplii, whereas the fraction >200 pm (mesozooplankton sample), was used for taxonomic



identification and abundance estimation of the major mesozooplankton taxa (e.g., copepods,
cladocerans, doliolids, appendicularians, etc.). Copepods and cladocerans were identified down to the
species level when possible.

Data analysis

Analysis of Variance was used to compare each of the abiotic and biotic variables measured
between the four sampling periods, after logarithmic transformation (Zar 1999). When assumptions of
ANOVA were not met the non-parametric Kruskal-Wallis test was used. Bonferroni or Dunn’s tests
were used for parametric and non-parametric multiple comparisons respectively (Zar 1999).

Multivariate techniques were applied to sardine diet data using the PRIMER v6 (Clarke &
Gorley 2006) and the PERMANOVA+ PRIMER add-on package (Anderson et al. 2008). Prey
compositions (numbers per stomach) recorded for each haul, size class and sampling period were
standardized and square root transformed prior to analysis. A similarity matrix based on the Bray-Curtis
similarity index was then constructed and subjected to hierarchical agglomerative clustering (group
average linkage) and MDS ordination (Field et al. 1982, Clarke & Warwick 1994). Null hypotheses of
no differences among the groups defined by both the cluster analysis and ordination were tested using
Permutational Multivariate Analysis of Variance (PERMANOVA) tests (Anderson et al. 2008).
Unrestricted permutations (9999) of the raw data were used and pair-wise tests were subsequently
performed when appropriate. In each test, the null hypothesis of no significant differences between
groups was rejected if the probability was <0.05. In cases that PERMANOVA detected significant
differences, the Similarity Percentages (SIMPER) routine was utilized to identify which species made
the greatest contributions to the observed differences (Clarke & Warwick 1994). Fish <100 mm and fish
>100 mm were juveniles (captured only in summer, i.e., July 2007 and July 2008) and adults
respectively (see Nikolioudakis et al. [2011]).

Diet overlap (S) was quantified between juvenile and adult fish within each summer period and
between adult fish for all sampling periods using Schoener's formula S=1-0.5Y IP,-P,il, where P, and
P, are the proportion of prey i found in the diet of groups x and y (Schoener 1970). This index ranges
from O (no diet overlap) to 1 (all food items in equal proportions). Index values <0.33 indicate a low
overlap while values >0.67, high overlap (Moyle & Senanayake 1984). The S index was calculated
based on both numbers (S(,) and carbon content (S)) of all preys identified in the stomachs. Specific
selection for a given prey from those present in the ambient environment was assessed using the Ivlev’s
selectivity index: E = (r; — pi)(ri + pi) %, where r; is the relative concentration of prey category i (%n) in
the stomachs of sardine and p; is the field concentration of that prey estimated from the plankton
samples (lIvlev 1961). E ranges from —1 to +1; negative values indicate avoidance and positive values,
selection for a prey. Values close to zero indicate neutral selectivity. Only mesozooplankton prey with
numerical contribution >1% in the diet were included in the prey selectivity analysis.

Size-frequency histograms of prey were constructed based on both prey numbers and prey
carbon content. Chain forming diatoms were assigned to the size class corresponding to the maximum
dimension of single cells, as the chain length was unknown. Separate size-frequency histograms were
also constructed for copepods and cladocerans in both the stomachs of adult sardines and the field.
These groups were used as they comprised the major mesozooplankton groups in the field during all
sampling periods and were always present in the stomachs of adult sardines while contributing >1% to
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dietary carbon. The weighted mean size (sizegi) Of ingested copepods and cladocerans in each sampling
period was then calculated as the sum of the product of the number of individuals in each prey size class
with the mean size corresponding to the size class, divided by the total number of preys in all size
classes. The respective mean size was also calculated for the field (Sizefeq). Finally, the Shannon-
Wiener diversity index (H") was calculated for the copepod-cladoceran preys in the stomachs of adult
sardine.

RESULTS
Sardine diet

In total, 603 stomachs of sardines were analyzed and forty seven (47) taxa were identified
belonging to eleven (11) prey groups (see Table S2 in supplementary material online). Mean prey
numbers in the stomachs were highly variable ranging from 83 to 3334 preys stomach™. A preliminary
cluster analysis and MDS ordination, based on numbers of preys, demonstrated a clear differentiation in
the diet composition of summer samples (n = 24) of fish <100 mm TL from fish >100 mm TL at the
38% similarity level (Fig. 1A). A PERMANOVA test (F=22.28, p=0.0001) and subsequent pairwise
comparisons (Table 1) revealed significant differences in diet composition between juveniles (<100mm
TL) and adults (>100 mm TL) (Nikolioudakis et al. 2011). The same analysis for the samples of the
mixing periods (n = 12) of fish >100 mm TL showed no significant differences between the 101-120
mm and the >120 mm size classes (PERMANOVA: F=0.066, p=0.969). The percent numerical (%n)
and carbon (%C) contribution of all identified preys for each sampling period and ontogenetic stage can
be found in Table S2 in Supplementary material online.

Regarding major groups of ingested organisms, juvenile sardines were feeding heavily on
copepods in both summers (on average 83%), ingesting only negligible amounts of phytoplankton (on
average ~5%) (Fig. 2). By contrast, the diet of adults was numerically dominated by diatoms and
autotrophic dinoflagellates (ADs). SIMPER analysis revealed that the discrimination of the diet between
adults and juveniles was due to the diatoms Guinardia and Coscinodicus, the dinoflagellates
Protoperidinium and Neoceratium and the ciliate Eutintinnus tubulosus (Tintinnida), i.e., the dominant
preys in adult stomachs (see Table S3 in supplementary material online). Juveniles were feeding mainly
on the relatively large calanoid copepods Temora styifera and Acartia clausi, the harpacticoid Euterpina
acutifrons and the cyclopoid genus Oncaea (see Table S2 in supplementary material online), showing
also highly selectivity (E) for specific taxa with low abundance in the field (e.g., Microsetella rosea,
cirriped larvae, etc., Table 2). Although, the diets of juveniles and adults exhibited low overlap (in terms
of prey numbers, Sy sy 2007=0.23, S suly 200=0.35), when carbon content of prey was considered (see
Fig. 2 for major groups and Table S2 in supplementary material online for all prey taxa), diet overlap
was quite high (Sc) suly 2007=0.73, S(cyauly 200s=0.86). In terms of carbon content, the calanoids A. clausi, T.
stylifera, Centropages spp. and the group of Clauso-Paracalanidae were important preys for both
juveniles and adults in summer (Table S2 in supplementary material online).

Regarding adult sardines (Fig. 1B), the major differentiation in the diet was between the
stratification (July 2007, July 2008) and the mixing (December 2007, February 2009) periods. The
PERMANOVA (F=16.024, p=0.0001) and subsequent pair-wise comparisons revealed significant



differences in the diet composition between all sampling periods (Table 1). SIMPER analysis showed
that differences in the diet were due to both copepod species (mainly A. clausi, Oncaea spp., E.
acutifrons,T. stylifera and Centropages spp) and phytoplankton genera (Chaetoceros, Pseudo-
nitzchia,and Neoceratium) (see Table S4 in supplementary material online). In the mixing periods,
phytoplankton numerical contribution was higher (average: 78%) than in stratification periods (average:
54%) (Fig. 2; see Table S2 in supplementary material online). Copepods contributed less to dietary
carbon in the stratification (76.5%) than in the mixing periods (97.4%). In the former, other zooplankton
groups also contributed considerably to the dietary carbon (e.g. the cladocerans and gastropod larvae,
Fig. 2, see Table S2 in supplementary material online). The most important copepods in terms of carbon
were the relatively large calanoid copepods (A. clausi, T. stylifera and C. typicus) (see Table S2 in
supplementary material online). There was strong overlap in the diet of adult sardines between July
2007 - July 2008 and between December 2007 - February 2009 (S, >0.67), in contrast to low overlap
(<0.33) between any stratification vs mixing period comparison (€.9. Sc) suly 2007-December 2007 =0.19).
Furthermore, Ivlev’s selectivity index (E) was highly positive for many more species in July than in
December/February (Table 2). The most abundant copepod group (Clauso-Paracalanidae) had always
very low E values, except in February 2009, implying avoidance and/or low catchability of this prey
(Table 2). The diversity (H”) of copepods and cladocerans in the stomachs of adults was higher in the
stratification than in the mixing periods (F=31.12, p<0.0001).

Ambient environment

Means of the sampled biotic and abiotic variables and significant differences between sampling
periods are presented in Table 3. Temperature and salinity profiles, variability for selected variables, as
well as the main trophic pathways in the pelagic ecosystem (Siokou-Frangou et al. 2010), are
summarized in Fig. 3. In July 2007 and July 2008 stratification was intense, whereas in December 2007
the water column was mixed but significantly warmer than in February 2009 (Fig. 3, Table 3).
Dissolved inorganic phosphorus and nitrogen were lower in both stratification periods compared to the
mixing periods (Fig. 3, Table 3). Silicates were significantly lower in only February 2009 (Fig 3, Table
3). Chl a was significantly higher in the mixing periods largely due to the high abundance of diatoms
(Pearson correlation coefficient between chl a and diatom abundance: r=0.999, p<0.0001). The
abundance of autotrophic dinoflagellates (ADs) was significantly lower in February 2009. Pico- and
nanoplankton abundances did not exhibit common patterns of variation or consistent trends between the
stratification and mixing periods (Fig. 3, Table 3). The abundances of ciliates and heterotrophic
dinoflagellates (microzooplankton) were significantly higher during the mixing periods. Copepods were
always the dominant group in the mesozooplankton collections (Table 4), with abundances ranging from
1040 (February 2009) to 2170 (July 2007) individuals m™ (Fig. 3, Table 3). The inverse pattern was
observed for copepod nauplii. The abundance of cladocerans and appendicularians was higher in
summer but also significantly higher in December (warmer waters) than in February (Fig. 3 Table 3, 4).
Finally, mesozooplankton biomass was significantly higher in December 2007 compared to other
sampling periods whereas microplankton biomass was significantly higher in both mixing periods in
relation to the stratification periods (Fig. 3, Table 3).

The Clauso-Paracalanidae was always the most abundant copepod group in the field (see Fig.
S1 in supplementary material online), especially in the summer periods. In February 2009 however, the
large calanoid copepod C. typicus had similar abundances (~30%) to the Clauso-Paracalanidae group



(see Fig. S1 in supplementary material online). Other abundant copepods were the calanoids T. stylifera
and A. clausi in summer and Oithona spp. and copepodites of Calanus sp. in the mixing periods (see
Fig. S1 in supplementary material online). Regarding cladocerans, the abundance of Penilia avirostris
was very high in summer, followed by Evadne spinifera and Pseudoevadne tergestina (see Fig. S1 in
supplementary material online).

Field and prey size frequency distributions

Adult sardines mainly retained smaller particles than juveniles in both summers (Table 5).
When numerical contribution of prey was considered, adults exhibited two modes (1-200 um and 401-
1000 pum) with the 1-200 pum class being important in all sampling periods (Table 5). The latter
corresponded to diatoms, dinoflagellates, ciliates and nauplii of copepods, whereas the 401-1000 um
range comprised small- and medium-sized copepods, cladocerans, cirriped nauplii, gastropod larvae and
pteropods (see Table S1 in supplementary material online). The frequency distributions in juveniles
(%n) exhibited two main modes (400-600 um and 800-1000 um) as well. In terms of %C, however, the
801-1000 pm size class contributed the most for both juveniles and adults in July (~48-57 %C). The
latter was dominated by the calanoid copepods Temora stylifera and Acartia clausi. Smaller size classes
(401-600 and 601-800 um) had also some contribution to dietary carbon, owed to smaller-sized
copepods (Euterpina acutifrons, Oncaea spp., Clauso-Paracalanidae) as well as gastropod and cirriped
larvae (for mean prey sizes see Table S1 in supplementary material online).

The differences between the %n and the %C contribution were striking in the mixing periods
(Table 5). The %n contribution of the 1-200 um size class (mainly phytoplankton) was on average 78%
(Table 5) whereas that of copepods ~8%. In both mixing periods however the bulk of the dietary carbon
was from the 1001-1200 um size class (~77%, Table 5), i.e., the calanoid copepod C. typicus. Finally,
the contribution of the largest size class (>2000 um), i.e., decapod larvae (mysis), was always low (<3.5
% C, Table 5).

The comparison of size frequency distributions of copepods and cladocerans between the field
and the stomachs of adult sardines showed a broad overlap in both summers, in terms of both %n and
%C (Fig. 4). In both July 2007 and 2008, the 801-1000 um class accounted for 55-70% of dietary
carbon whereas in the field the main carbon contributing size class was the 601-800 um. In December
2007 and February 2009 the size frequency distributions exhibited smaller overlaps and the bulk of
dietary carbon derived from the 1001-1200 um class.

Reflections of food web structure in sardine diet

In July 2007 and 2008, the carbon budget of autotrophic cells <20 um was 13 to 15 times higher
than that of the >20 um (mainly diatoms and ADs) (Fig. 5A). In February 2009, when the water column
was mixed and temperature lower than in other sampling periods, large phytoplankters (>20 um)
dominated the study area with carbon content of diatoms and ADs being ~60 times higher than
autotrophic pico- and nanoplankton (Fig. 5A). In December 2007, with mixed but warmer waters (initial
phase of the mixing period), the carbon ratio of autotrophs >20 um to <20 um was 1.2 (Fig. 5A).
Furthermore, the carbon ratio of the autotrophic (Syn and ANF) to heterotrophic (HB and HNF) pico-



and nanoplankton communities was <1 in both summers (0.439 and 0.472 in July 2007 and July 2008,
respectively) whereas this ratio was 2.07 and 0.828 in December 2007 and February 2009, respectively.

When compared to summers, the difference in the weighted mean size of copepods and
cladocerans between the stomachs of adults and the field was larger in the mixing periods (Fig 4). The
carbon-based copepod and cladoceran mean size in the field (Sizefieis) Was highly correlated with the
density of diatoms (Fig. 5B), implying that the prevalence of the classical food chain could be an
important factor regulating the weighted mean size of the mesozooplankton community. When larger
preys were more abundant in the field, this was also reflected in the diet of adult sardines (Fig. 5C).
Furthermore, there was a negative relationship between mesozooplankton prey diversity in the stomachs
and average prey size (Fig. 5D).

DISCUSSION
Sardine diet

In a number of studies regarding sardine diet, in which the ambient environment has been
sampled concurrently, it has been argued that sardines are essentially filter-feeders with diets reflecting
local plankton compositions (e.g., Garrido et al. 208a, van der Lingen et al. 2009). This is largely due to
the non-selective filtering mechanism that retains preys according to size rather than type. Laboratory
studies in Sardinops sagax (van der Lingen 1994) and S. pilchardus (Garrido et al. 2007a) have shown
that sardines are capable of retaining even nanoplankton prey (<20 um). This ability is attributed to their
numerous elongated gill rakers which, combined with the miniature denticles that grow unidirectionally,
aligned along the entire gill raker length, equip sardines with a very fine filtering apparatus (Andreu
1969; King & Macleod 1976). Filtration however, is not the only feeding mode. Sardinops sagax is
known to switch from filter to particulate feeding at a prey size of 1230 um (van der Lingen 1994)
whereas switching to particulate feeding occurs at a smaller prey size in S. pilchardus from the Atlantic
(filter feeding on prey <724 um and particulate feeding on prey >780 um [Garrido et al. 2007a]). Apart
from prey size, another important difference between these two species is that, when large prey is
encountered, the feeding mode employed is controlled by prey density in S. sagax (van der Lingen
1994) but not in S. pilchardus (Garrido et al. 2007a).

The role of zooplankton, and particularly copepods, in sardine diet has been emphasized in
many studies including upwelling and non-upwelling systems (e.g. van der Lingen 2002, Espinoza et al.
2009, Garrido et al. 2008a, this study). Calanoid copepods of the genera Acartia, Temora and
Centropages comprise the main source of dietary carbon with secondary contributions from cyclopoid
(e.g. Oncaea spp.) and harpacticoid (e.g. Euterpina acutifrons) copepods (Cunha et al. 2005, Garrido et
al. 2008a). Other zooplankton groups (e.g. decapod, gastropod and cirriped larvae) also contribute to
dietary carbon of S. pilchardus in both the Atlantic (Garrido et al. 2008a) and the Mediterranean
(present study). In the western Mediterranean and adjacent Atlantic waters, however, the contribution of
cladocerans and appendicularians has been reported as insignificant (Massuti & Oliver 1948, Varela et
al. 1990, Garrido et al. 2008a) which contrasts our findings in the eastern Mediterranean. Additionally,
fish eggs were not detected in our samples whereas in the Atlantic their contribution on an annual basis
ranged from 17.4 to 30% of total dietary carbon. The preference for zooplankton has also been verified



by isotopic studies showing that most of the nitrogen-forming structural muscle proteins in adults
originate from the assimilation of zooplankton, while only a small portion of carbon could be derived
from phytoplankton (Bode et al. 2004).

The contribution of phytoplankton to the dietary carbon of adult sardines in the North Aegean
Sea was trivial (always <3% in all samples examined) even though numerically dominating in the
stomachs. Adult sardines worldwide ingest large numbers of phytoplankton cells (van der Lingen et al.
2009) which led to their characterization as phytoplanktophagus in the past (e.g., King & MaclLeod
1976). This conclusion was however erroneous and resulted from the use of numerical or frequency-of-
occurrence data that bias results in favor of small, abundant prey (James 1987). This view changed
dramatically when prey importance was assessed in terms of carbon content, revealing the key role of
zooplankton in sardine diet (van der Lingen 2002, Garrido et al. 2008a, Espinoza et al. 2009). Still,
phytoplankton contribution has been estimated to be as high as 19% of the mean annual dietary carbon
of S. pilchardus in the Atlantic (Garrido et al. 2008a). The difference in the %C between the two areas,
i.e. North Aegean Sea and the Atlantic coasts, could be explained by the smaller number of preys in the
stomachs of sardines from the N. Aegean Sea (maximum number = 3334 preys) compared with Portugal
(maximum number = ~7.5 x 10°).

The role of phytoplankton in sardine diet remains rather unclear. It has been suggested that
phytoplankton comprises the main source of lipids (including poly-unsaturated fatty acids) for S.
pilchardus (Garrido et al. 2007b, 2008b). Furthermore, more herbivorous diet in sardines (compared to
anchovies) may be related to their greater ability to utilize carbohydrates (van der Lingen 1995). Finally,
sardine has been proposed to act as potential vector of toxins to higher trophic levels due to the
consumption of large amounts of toxin-producing diatoms (Pseudo-nitzchia) and/or dinoflagellates
(Dinophysis) (Costa & Garrido 2004, Garrido et al. 2008a). The numbers of toxin-producing diatoms
and dinoflagellates were low in our samples compared to the Iberian sardine (Garrido et al. 2008a),
hence, sardine-mediated transfer of toxins to upper trophic levels is probably not important in the
Aegean Sea.

Ontogenetic differences in diet

Contrasting the diet of adults that is numerically dominated by phytoplankton, juveniles of both
Sardina and Sardinops can be considered as zooplanktophagous (Louw et al. 1998, Watanabe & Saito
1998, this study). In the present study, juveniles ingested only few phytoplankton cells and consumed
mesozooplankton almost exclusively. The main explanation for this ontogenetic dietary change is the
yet incomplete development of the feeding apparatus in the juvenile stage (Andreu 1969, King &
Macleod 1976). Both the number and the separating distance of the gill rakers and their denticles are
functions of body size in S. pilchardus (Andreu 1969). When sardines reach the first year of life, the
filtering apparatus is fully developed having the necessary porosity to capture small-sized prey (Andreu
1969).

Feeding modes and selectivity

Sardines originating from the Mediterranean Sea have fewer and more widely separated gill
rakers than sardines from Atlantic waters (Andreu 1969). This differentiation was explained by Andreu
(1969) as an adaptation to the higher plankton abundances found in the Atlantic that would favor filter
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feeding, while Mediterranean sardines would preferentially capture individual prey. The size frequency
distributions of sardine preys from the North Aegean Sea seem to support Andreu’s hypothesis. The two
modes in number-based size frequency histograms of preys (Table 5) indicate that sardines are capable
of both filter and particulate feeding. The <200 um mode included small (phytoplankton,
microzooplankton and nauplii of copepods) whereas the 800-1000 um or 1000-1200 um (depending on
season) mode included larger organisms (e.g. A. clausi, T. stylifera and C. typicus). However, carbon-
based size frequency distributions clearly showed that smaller preys had small contribution to dietary
carbon (mainly in the stratification periods), whereas the larger-sized organisms, although in low
abundances in the field, they were strongly selected (Table 1) and responsible for the bulk of dietary
carbon. Hypothesizing a similar prey size for switching to particulate feeding as for S. pilchardus in the
Atlantic (Garrido et al. 2007a), the smaller preys found in adult stomachs were most probably taken by
filter feeding, while particulate feeding was used to capture larger prey (e.g. larger-sized copepods and
decapod larvae).

S. pilchardus presents selectivity for prey types when particulate feeding (Garrido et al. 2007a).
Fish eggs were preferred compared to other prey types when sardines were fed on cultured, mixed prey
assemblages and copepods and decapods were selected over other zooplankton taxa when fed wild-
collected, mixed prey assemblages (Garrido et al. 2007a). In our study area, certain prey groups (e.g. the
Clauso-Paracalanidae) were detected in very low numbers in the stomachs compared to respective
densities in the field and had low values for Ivlev’s Selectivity index. The mean size of Clauso-
Paracalanidae (721135 um) suggests that these copepods could be consumed by both filter and
particulate feeding (according to results of Garrido et al. 2007a), consequently, this prey type would be
expected to occur in high numbers in sardine stomachs. A possible explanation for their negative
selection could be for instance the weird swimming behaviour excibited by the genus Clausocalanus,
involving a rapid and continuous movement in convoluted small loops (Mazzocchi & Paffenhofer
1999). This motion strategy is considered to be unique among small copepods and could possibly render
the group of Clauso-Paracalanidae ‘inaccessible’ or energetically costly prey for sardines. On the
contrary, the swimming behavior of copepods that were preferentially ingested (e.g., A. clausi, T.
stylifera. and C. typicus) is more predictable (e.g., Tiselius & Jonnson 1990, Hwang & Turner 1995, van
Duren & Videler 1995) probably making them an easier prey to pursuit and capture. Finally, other
‘preferred’ small-sized copepods (e.g., the cyclopoid genus Oncaea as well as the harpacticoids M.
rosea and E. acutifrons), known for their tendency to associate with detritus and/or gelatinous
zooplankton (e.g. Green & Dagg 1997, Diaz et al. 2003) could result into patches of abundant prey for
sardines, especially when the latter employ filtering as the feeding mode.

Dietary response to changes in the planktonic food web

The oligotrophic conditions of the Eastern Mediterranean Sea were also evident in the coastal
area of this study, especially in the stratification periods (July), when very low chl a values (<0.2 pug I'")
were recorded (Fig. 3). In these periods, indications that the food web was mainly based on microbial
processes were found, i.e., prevalence of small autotrophic cells (as shown by their carbon budget, Fig.
5A) as well as high heterotrophic pico- and nanoplankton biomass compared to the autotrophic fraction.
We may hypothesize that the prevalence of the small autotrophic cells during summer could have
resulted from the combined effect of the high temperatures recorded and/or the reduced grazing pressure
by ciliates, the abundance of which was low (Fig. 3). High temperature has been considered to have a
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positive effect on picoplankton (Agawin et al. 2000), while ciliates are known to efficiently exploit
pico- and nanoplankton (Rassoulzadegan et al. 1988) channeling energy to higher trophic levels (Pierce
and Turner 1992). Low ciliate abundances could have resulted from strong top-down control exerted on
them by copepods, as the latter are known to comprise an important part of copepod diet when
phytoplankton concentrations are low (Calbet & Saiz 2005). In this study, smaller-sized copepods (e.g.,
Clauso-Paracalanidae) that had higher abundance in the stratification than the mixing periods are known
to be very efficient in exploiting the microbial food web components (Turner 2004). Finally, further
support to our hypothesis is provided by the high abundances of cladocerans and appendicularians in
summer that have been shown to efficiently exploit pico- and nanoplankton through filter-feeding (e.g.,
Katechakis et al. 2004, Sommer & Sommer 2006). To compensate for the low abundance of energy-rich
prey (large copepods) during summer, sardines seemed to broaden their trophic niche by including other
zooplankton prey (e.g., cladocerans, appendicularians, cirriped and gastropod larvae) in their diet, that
were probably easier to capture by the less energy-demanding filtration mode (van der Lingen 1995).
Filter-feeding on breeding aggregations of mature, houseless appendicularians, grouped near surface
waters to spawn, has been reported as an alternative energy source for another SPF, the Peruvian
anchovy (Engraulis ringens) (Capitanio et al. 2005).

On the contrary, in February 2009 (late phase of the mixing period), the carbon of autotrophs
>20 um (~300 mg C m™) was ~60-fold higher than smaller autotrophs because diatoms and ADs were
highly abundant (Fig. 3). This was indicative of the prevalence of the ‘classical’ food web, according to
which, larger-sized copepods mediate between diatoms and fish (Cushing 1978). The high abundance of
the larger-sized (>1 mm total length) Centropages spp. (~30% of total mesozooplankton abundance, see
Fig. S1 in supplementary material online) in this particular period seems to concur with this hypothesis
(see also Fig. 5B). Additionally, the higher abundance of ciliates in this period could be attributed to a
possible decrease in the grazing pressure exerted on them, i.e., their contribution to copepod diet is
expected to be lower when large phytoplankters are highly abundant (>50 mg C m*®) (Calbet & Saiz
2005). Sardine diet, in this period encompassed mainly the larger-sized calanoid copepods Centropages
spp. (75%C), with lesser contribution from Clauso-Paracalanidae (~9% C). The consumption of the
latter group during this period could be the result of night-time filter feeding since stomach fullness
remained high in the early night (Nikolioudakis et al. 2011).

Finally, in December 2007 (initial phase of mixing), an intermediate condition between those
described previously for July and February seemed to occur, as indicated by the high chl a values, the
similar carbon budget of small and large autotrophic cells and the dominance of autotrophic over
heterotrophic biomass in pico- and nanoplankton. A transition from the highly oligotrophic conditions
encountered during the stratification period seemed to be taking place in December 2007, towards the
‘classical’ (herbivorous) food web. Both ‘classical’ and ‘microbial’ trophic pathways appeared to be
active, possibly due to mixing but yet relatively high temperatures. The high abundances of ciliates,
appendicularians, cladocerans and smaller-sized copepods recorded in December 2007 indicated that the
microbial food web would sustain them, whereas the herbivorous pathway was able to support the
larger-sized copepods (e.g. C. typicus, T. stylifera and Calanus spp.) that showed increased abundances
as well (compared to July, see Fig. S1 in supplementary material online). However, despite the multiple
trophic pathways in place, sardines obtained the bulk of dietary carbon from energy-rich, larger-sized
prey, such as C. typicus and Calanus spp., most likely selected with particulate feeding.
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Summarizing, the changes observed in the food web (prevalence of small sized autotrophic cells
versus large phytoplankters (e.g. diatoms) appeared to control the mean size of mesozooplankton as
implied by Fig. 5B. This in turn was depicted in the diet of sardines (Fig. 5C). Even in the stratification
periods (Figure 4) fish tended to select the larger of the available/suitable prey. The strong negative
relationship between diversity (H”) of preys in sardine stomachs and the mean size of the respective
preys (Fig. 5D), suggests that the filter feeding mode is used more (higher prey diversity) than
particulate feeding (selective feeding leading to lower prey diversity) when larger-sized prey are less
available (i.e., stratification periods). As observed in other areas of the world (van der Lingen et al.
2009), sardine in the oligotrophic Mediterranean Sea exhibits high plasticity and flexibility in its feeding
behavior that permits the exploitation of a wide range of the prey size spectrum.

The information obtained from this and similar studies can be very useful in end-to-end
modeling approaches, specifically for the parameterization of the plankton-fish interactions (Rose et al.
2010). The size-partitioned contribution of prey to the diet (e.g. Table 5) can be included in such models
to more accurately represent consumption of plankton by SPF and link the lower trophic level with the
fish bioenergetic models. Future work on Mediterranean sardine should be directed towards controlled
tank experiments to (a) verify that both feeding modes are employed, (b) to determine the exact prey
size at which the switching between the two modes occurs, and (c) to test whether density of prey
controls the choice of feeding mode.
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TABLES & FIGURES

Table 1. Pairwise comparisons of diet composition between size classes in summer, and between
sampling periods for adults.

Groups ¢ No. of un_ique
permutations
40-80 vs 81-100 1.30 0.116 462
2 40-80 vs 101-120 3.32 0.002 462
§ 40-80 vs >120 4.44 0.002 462
§ 81-100 vs 101-120 2.87 0.002 462
(7] 81-100 vs >120 3.57 0.002 462
101-120 vs >120 112 0.257 462
July 2007 vs December 2007 4.22 0.002 461
o July 2007 vs July 2008 2.33 0.003 462
% § July 2007 vs February 2009 3.05 0.002 462
= E’_ December 2007 vs July 2008 5.35 0.002 462
n December 2007 vs February 2009 5.42 0.001 461
July 2008 vs February 2009 5.26 0.002 462

Table 2. Ivlev’s selectivity index for mesozooplankton taxa with >1% numerical contribution to sardine
diet. Values < -0.5 or > 0.5 are shown in bold.

Taxon July 2007 December 2007 July 2008 February 2009

juveniles adults adults juveniles adults adults

Acartia clausi 0.734 0.623 0.045 0.120 -0.477 -0.288

Appendicularians -0.756 -0.711 0.185 0.353

Calanus spp. 0.097

Centropages spp. 0.141 -0.082 0.834 0.034 0.067 0.196

Cirriped larvae 0.952 0.829

Clytemnestera spp. 0.986 0.956 0.970

Copepod nauplii 0.894 0.699 0.663

Corycaeidae 0.264 0.722 0.870 0.874 0.587

Euterpina acutifrons 0.971 0.935 0.967 0.963

Evadne spinifera -0.773

Gastropod larvae 0.539

Harpacticoids 0.877

Lamellibranchia larvae 0.881 0.966 0.741

Microsetella rosea 0.982 0.976 0.950 0.978

Oithona spp. 0.151 0.330 -0.437 0.073 -0.230

Oncaea spp. 0.881 0.802 0.201 0.953 0.942 0.761

Clauso-Paracalanidae -0.601 -0.467 -0.797 -0.699 -0.677 -0.043

Penilia avirostris -0.793 -0.625

Podon spp. 0.559 0.293 0.714 0.709 0.755

Pseudoevadne tergestina -0.066

Temora stylifera 0.612 0.764 0.375 0.45 0.466
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Table 3. Comparison of physical and biotic variables between sampling periods. Arithmetic means and
F-values are provided except for comparisons that did not meet the assumptions of the Analysis of
Variance for which medians and the Kruscal-Wallis statistic (H) are given. For non-parametric tests

medians are shown.

December Jul Februar .

July 2007 2007 200325 2009 y Statistic
Heterotrophic bacteria-HB (x10™ cells m?) 14.82° 6.96° 2.31° 6.96° F=1694.18""
Autotrophic bacteria-Syn (x10™ cells m™) 3.48° 0.894° 1.56° 4.02° | F=590.36
Autotrophic nanoflagellates-ANF (x10° cells m™) 19.01° 69.45°% 9.44° 5.257 F=12156
Heterotrophic nanoflagellates-HNF (x10° cells m™) 22.43° 14.50° 18.50°P 6.33° | F=36.13""
Ciliates (x10° cells m?) 0.170° 1.57° 0.276 1518 | F=13138"
Diatoms (x10° cells m™) 0.484° 134.18° 1.58° 65.77° | F=44876"
Heterotrophic dinoflagellates-HD (x10° cells m™) 0.533" 6.07° 0.677° 570° | F=56.52""
Autotrophic dinoflagellates-AD (x10° cells m™) 0.870° 1.53° 1.62° 3.87° | F=13.70"
Copepod nauplii (x10° cells m™) 9.46° 8.38%P 15.61°P 17.20° | F=6.84"
Copepods (x10°cells m™) 2.17° 1.59%P 1.08° 1.04° F=7.40"
Appendicularians (cells m?) 137.89%" | 218.41% | 237.82% | 35.73" | F=7.03
Cladocerans (x10°cells m™) 0.333° 0.247° 1.47° 0.005° | F=49517"
Mean chl a in the water column (ug 1) 0.140° 1.36° 0.126° 0.758" | F=98.89""
Mean Temperature in the water column (°C) 17.86° 14.72° 18.90° 11.36° | H=90.00""
Mean Salinity in the water column 38.02 37.18 37.85 36.74 | H=5.30
Mesozooplankton biomass (mg m™) 29.02° 36.40° 24.70 28.05° | F=754""
Microplankton biomass (mg m™) 32.18° 91.04° 22.70° 130.73% | F=76.43""
P-PO, (uM) 0.035° 0.088° 0.017° 0.075* | F=13.74"
Si-Si0, (uM) 3.30° 4.17° 3.08° 1.25° F=14.15"
N-(NO,+NO3) (uM) 0.370° 2.28° 0.821° 2.15° F=27.46"

Asterisks indicate significant differences: * p <0.05, ** p <0.01, *** p <0.001

#b>¢>d Homogenous groups

Table 4. Field collected mesozooplankton samples. Percent numerical contribution of major groups.

Group July 2007 December 2007 July 2008 February 2009

Amphipods 0.06 0 0.08 0
Appendicularians 7.90 3.47 5.45 0.25
Chaetognaths 0.73 2.40 0.54 0.25
Cirriped larvae 0.03 0.96 0.11 0.18
Cladocerans 24.81 7.12 35.54 1.10
Copepods 63.43 80.57 54.34 96.07
Decapod larvae 0.31 0.32 0.26 0.08
Doliolids 1.47 1.24 0.75 0.32
Echinoderm larvae 0.14 1.12 0.04 0.05
Euphausiids 0.10 0.03 0.02 0.01
Gastropod larvae 0.45 0.59 2.35 0.69
Isopods 0.01 0.02 0 0
Lamellibranchia larvae 0.08 0.07 0.22 0.16
Medusae 0.18 0.32 0.12 0.47
Mysids 0 <0.01 0 0
Ostracods 0 0.2 0 0.08
Polychaet larvae 0.03 1.35 0.05 0.17
Pteropods 0.26 0.18 0.11 0.04
Siphonophores 0.01 0.04 0.02 0.08
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Table 5. Percent numerical (%n) and carbon (%C) contribution to diet per size-class of prey.

Size-class

(um) July 2007 December 2007 July 2008 February 2009
juveniles adults adults juveniles adults adults

%n % C %n % C %n % C %n % C %n % C %n % C

001-200 10.25 0.26 77.99 1.04 87.59 0.38  12.02 0.76  68.24 117  76.32 0.79
201-400 2.19 0.82 0.95 1.87 0 0 8.84 2.97 3.87 3.14 0 0
401-600 35.37 16.01 417  14.05 0.46 0.42 4285 1849 154 21.83 1.01 2.15
601-800 15.9 12.78 10.05 13.35 4.6 1.3 10.89 10.89 6.06 15.07 18.33 12.83
801-1000 31.78 50.58 6.34 57.43 0.99 8.7 23.69 5571 5.88  48.23 0.53 2.28
1001-1200 4.49 17.67 0.49 8.55 593 76.96 1.35 6.77 0.5 6.91 3.7 7718
1201-1400 0 0 0 0 0.34 8.86 0.35 3.57 0.04 111 0.09 3.86
1401-1600 0.01 0.21 0 0.3 0.04 1.1 0 0.16 0 0.23 0.01 0.37
1601-1800 0 0 0 0 0.03 0.23 0 0 0 0 0 0
1801-2000 0 0 0 0 0.02 2.05 0 0 0 0 0 0
2001-2200 0.01 1.67 0.01 3.41 0 0 0.01 0.68 0.01 231 0.01 0.54
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Fig. 3. Mean values and 95% Bonferroni-corrected confidence intervals of selected abiotic and biotic
variables measured during the four sampling periods. Vertical profiles of temperature and salinity are
also shown. Arrows indicate main trophic flows among components of the pelagic food web. Note that
the size of arrows does not quantify energy flow. HB: heterotrophic bacteria. Syn: Synechococcus
(autotrophic bacteria). ANF: autotrophic nanoflagellates. HNF: heterotrophic nanoflagellates. AD:
autotrophic dinoflagellates. HD: heterotrophic dinoflagelates. JO7: July 2007. DO7: December 2007.

J08: July 2008. F09: February 20009.
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5mg C m). (B) Relationship between diatom concentration (cells m™) and carbon-based weighted
mean size of copepods and cladocerans in the field (Sizefieiq, pm). (C) Relationship between sizerieig and
carbon-based weighted mean size (Sizegie, m) of copepods and cladocerans in the stomachs of adult
sardine. (D) Relationship between sizege: and the Shannon-Weiner diversity index (H’) of copepods and
cladocerans in the stomachs of adult sardine.
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SUPPLEMENT.

Table S1. Identified prey in the stomachs of sardine and equations used for conversion of size to carbon content (C). TL: Maximum
dimension of prey (um). V: volume (um®). TrL: Trunk length. BL: Body length without spine. PL: Prosome length. CL: Carapace
length.

Size (indicated
in parenthesis)

Group Taxon TLSD used for Equations used_ to convert size to dry Equations used to convert size or
. weight (DW) DWto C
conversion to
C

Appendicularians  Appendicularians 1681+£158  304+60(TrL) C=7.33*10%*(TrL)*®®@

Bivalves Lamellibranchia 33760  337+60(TL) C=3.06*108*(TL)*% ®
larvae

Ciliates Eutintinnus tubulosus 110+10 37699(V)Y C=445.5+0.053 V ©

(order Tintinnida)

Cirripedes Cirripedes nauplii 578+95  578+95(BL) DW=80.627*TL**"@ C=0.424*DW ©

Cladocerans Evadne spinifera 565+45  565+45(TL) DW=3.946*(TL*10%)24%¢ @ C=0.424*DW ©
Penilia avirostris 576+58  576+58(TL) l0g10(C)=4.51*log(TL*10?)-12.74
Podon intermedius 675+81 675+81(TL) l0g10(C)=3.46*log(TL*10?)-9.34
Pseudoevadne 515+14  515+14(TL) DW=3.946*(TL*10%)24% @ C=0.424*DW ©
tergestina

Copepods Acartia clausi 911+191  645+143(PL) log(DW)=4.088*log(PL*10%)-11.174 ©@ C=0.424*DW ©
Calanus spp. 13564336 1136+90(PL)  log(DW)=2.69*log(PL*10%-6.883 ™ C=0.424*DW ©
Calocalanus spp. 572+71 424+25(PL)  log(DW)=2.738*log(PL*10°)-6.934 ¥ C=0.424*DW ©
Candacia spp. 1598+108  1160+39(PL)  log(DW)=2.451*log(PL*10%-6.103 C=0.424*DW ©
Centropages spp. 11634232 809+158(PL)  log(DW)=2.451*log(PL*10°%)-6.103 @ C=0.424*DW ©
Clauso-Paracalanidae* ~ 721+135  526+93(PL)  In(DW)=2.74*In(PL*10°)-16.41 © C=0.424*DW ©
Clytemnestra spp. 759+86  549+94(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©
Copepod nauplii 177+28 177+28(PL)  log(DW)=2.848*log(TL*10°)-7.265 ® C=0.424*DW ©
Corycaeidae 894214  582+165(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©
Euchaeta spp. 1810+84  1462+42(PL) log10(C)=2.45*log(TL*10%-6.25
Euterpina acutifrons 559+78 387+65(PL) In(DW)=1.96*In(PL*10°)-11.64 ¥ C=0.424*DW ©

Harpacticoids 499+193  330+115(PL) In(DW)=1.96*In(PL*10%-11.64 ¥ C=0.424*DW ©



Microsetella rosea 655+186  461+113(PL)  In(DW)=1.96*In(PL*10%-11.64 ® C=0.424*DW ©
Oithona spp. 516£140  312+77(PL) In(DW)=1.96*In(PL*10%)-11.64 ¥ C=0.424*DW ©
Oncaea spp. 514£99  318+71(PL) In(DW)=1.96*In(PL*10%)-11.64 ¥ C=0.424*DW ©
Pontellidae 18004230  1370+90(PL) DW=3.77*108*p267 C=0.424*DW ©
Temora stylifera 963+230  642+153(PL)  log(DW)=2.710*log(TL*10°%)-3.685 ¢ C=0.424*DW ©
Decapods Crab (zoe) 1500+£248  932+147(CL) C= (4.01%1072)*CL*% ™
Shrimp (mysis) 2069+204 1475+283(CL) C= (4.01%1072)*CLA% ™
Gastropods Gastropod larvae 471+£27 471£27(TL) C=2.31*10°*TL2% ™
Pteropods 750458  750+58(TL) C=3.06*10*(TL)>%* ®
Dinoflagellates Protoperidinium spp. 80+10 89730(V) C=0.288*\/-9390)
(Heterotrophic)
Dinoflagellates Neoceratium spp. 300+50 44300(V) C=0.288*\/%-%3%0)
(Autotrophic)
Dinophysis spp. 90+5 120139(V) C=0 288%\/09390)
Ornithocercus spp. 88+5 130125(V) C=0.288*\/°-9390)
Prorocentrum spp. 4242 12953(V) C=0.288*\/0-9390)
Diatoms Asteriolenopsis spp. 81+4 1492(V) C=0.288*\/°811©)
Bacteriastrum spp. 84+3 7542(V) C=0.288*\/°811©)
Chaetocerus spp. 64+3 8120(V) C=0.288*\/°811©)
Coscinodiscus spp. 142+19 71227(V) C=0.288*\/0810
Guinardia spp. 140+15 17880(V) C=0.288*\/08110
Hemiaulus spp. 86+4 21205(V) C=0.288*\/°811©)
Navicula spp. 93+4 5944(V) C=0.288*\/°811©)
Plagiotropis spp. 116+11 6250(V) C=0.288*\/0811©
Pleurosigma spp. 141+13 7524(V) C=0.288*\/0811©
Pleurosira spp. 4544 10995(V) C=0.288*\/°8110)
Pseudo-nitzchia spp. 6343 1165(V) C=0.288*\/°8110)
Rhizosolenia spp. 762+132 268375(V) C=0.288*\/°8110)
Thalassiosira spp. 38+8 10828(V) C=0.288*\/°8110)

King 1980; "Fotel et al. 1999; “Verity & Langdon 1984; “James 1987; ®Van der Lingen 1998; "Uye 1982; Christou & Verriopoulos 1993; "Chisholm &
Roff 1990; 'Hay et al. 1991; ’Van der Lingen 2002; “Durbin & Durbin 1978; 'Ara 2001; "Hirota & Fukuda 1985; "Hansen & Ockelmann 1991; °Menden-
Deuer & Lessard 2000

*Individuals belonging to the genera Clausocalanus and Paracalanus and the species Ctenocalanus vanus were classified as the ‘Clauso-Paracalanidae’ group.



Table S2. Percent contribution by numbers (%n) and carbon content (%C) of preys to sardine diet.

Category Taxon July 2007 July 2007 December 2007 July 2008 July 2008 February 2009
juveniles adults adults juveniles adults adults
%n %C %n %C %n %C %n %C %n %C %n %C
Appendicularians  Appendicularians 092 025 021 0.24 707 237 377 325
Bivalves Lamellibranchia larvae 106 067 073 194 1.30 1.03 017 034
Ciliates Eutintinnus tubulosus 9.28 0.14 2.69 0.03 437 0.05 7.21 0.11
(order Tintinnida)
Cirripedes Cirripedes nauplii 1.15 516 011 217 034 190 037 536 0.04 0.75
Cladocerans Evadne spinifera 0.35 057 0.01 0.02
Penilia avirostris 0.07 0.04 0.02 0.05 2.68 18 199 355
Podon intermedius 332 376 032 154 0.3 1.08 301 426 109 3.96 0.53 2.08
Pseudoevadne 033 011 1.86 2.00
tergestina
Unidentified cladoceran ~ 0.07 0.04 0.09 0.90 230 157
Copepods Acartia clausi 17,72 1264 219 861 0.14 036 943 11.09 097 294 0.30 1.21
Calanus spp. 0.33 9.09 033 4.09 004 127 0.09 3.38
Calocalanus spp. 020 021 013 035
Candacia spp. 0.03 1.13 0.01 0.29
Centropages spp. 406 1771 048 945 5.92 7452 128 776 051 7.63 3.69 76.8
Clauso-Paracalanidae 9.86 9.67 270 10.16 0.43 1.15 44 538 178 557 2.32 8.76
Clytemnestra spp. 0.07 0.06 117 138 064 1.96
Copepod nauplii 275 026 072 0.29 0.05 001 723 08 234 071 0.05 0.02
Corycaeidae 1.00 106 067 3.03 0.05 0.15 2.8 3.71 108 3.66 0.24 1.08
Euchaeta spp. 0.02 211
Euterpina acutifrons 1422 578 118 237 0.05 0.06 1095 653 355 544 0.05 0.11
Harpacticoids 051 018 036 0.54 0.02 0.02 085 037 004 0.04
Microsetella rosea 112 075 016 045 0.03 006 173 146 151 3.25 0.08 0.24
Oithona spp. 277 086 076 1.00 0.17 0.15 2.3 0.9 0.46  0.46 0.05 0.06
Oncaea spp. 1292 419 139 1091 0.22 02 2325 899 694 723 0.86 1.20
Pontellidae 0.03 0.23
Temora stylifera 10.06 25.12 3.39 37.71 0.79 5.9 10.2 31.00 394 3213
Unidentified copepod 939 9.02 153 251 0.27 3.2 3.02 252 101 231 0.14 2.34



Decapods
Gastropods
Dinoflagellates
(Heterotrophic)

Dinoflagellates
(Autotrophic)

Diatoms

Crab (zoe)
Shrimp (mysis)
Gastropod larvae
Pteropods

Protoperidinium spp.

Neoceratium spp.

Dinophysis spp.
Ornithocercus spp.
Prorocentrum spp.
Asteriolenopsis spp.
Bacteriastrum spp.
Chaetocerus spp.
Coscinodiscus spp.
Guinardia spp.
Hemiaulus spp.
Navicula spp.
Plagiotropis spp.
Pleurosigma spp.
Pleurosira spp.
Pseudo-nitzchia spp.
Rhizosolenia spp.
Thalassiosira spp.

0.01
0.01
0.07
3.78

2.76

0.24
1.86
0.54
0.02

0.01

0.23
0.03
14.6

5.19

2.52
2.52
8.26
1.44

5.32
13.45
1.44
1.44
1.36

5.26
3.96
6.69

0.35
3.98
7.50
2.27
0.31

0.04

0.02

0.02
0.03

0.08
0.27
0.01

0.11

6.00

10.26

2.47
3.17
5.80

2.66
16.09
6.00
2.35
3.57

1.67

17.52

4.10
6.80

0.08

0.05

0.01
0.02
0.01

0.03
0.01
0.06
0.03
0.01

0.01

0.02

0.04
0.01

1.24

1.19

1.73

0.18
0.78

0.01

0.01

0.01

0.04
14.44

9.44

0.47
2.43
3.73

0.94
1.12
8.51
8.09
4.49

0.94
1.25
0.47
2.72
1.12
0.89

0.26
2.65

2.49
0.23

0.06

0.02

0.01

0.01

0.09

0.12
0.01

0.01

0.01

10.6

9.15

6.45

14.95
4.54
11.92

11.34
15.38

0.08
0.55

0.23

0.08

0.02

0.02
0.07
0.24

0.01
0.25




A W N R

Table S3. Taxa detected by SIMPER as distinguishing the diet of juvenile and adult sardines in
both summer periods considered. Any particularly high (>1.5) ratios of dissimilarity to standard
deviation (Diss/SD) have been highlighted in bold and the % contribution of each taxon to the
dissimilarity between the compositions in each ontogenetic group are also given.

Juveniles Adults

Species Av.Abund Av.Abund Diss/SD  Contrib% Cum.%
Protoperidinium sp. 4.85 136.51 3.09 13.03 13.03
Guinardia sp. 0.00 87.27 1.96 9.33 22.37
Ceratium sp. 4.03 80.51 1.59 7.31 29.68
Coscinodiscus sp. 2.91 73.89 1.84 6.44 36.12
Oncaea spp. 48.69 54.28 1.23 5.98 42.10
Eutintinus tubulosus 0.00 51.19 2.00 5.90 48.00
Prorocentrum sp. 0.00 44.39 1.07 5.36 53.36
Euterpina acutifrons 28.87 28.73 1.42 3.32 56.68
Temora stylifera 24.57 36.06 1.22 3.07 59.76
Acartia clausi 28.87 11.66 0.89 2.87 62.63
Rhizosolenia sp. 0.00 21.88 0.65 2.86 65.49
Appendicularians 12.60 28.39 0.84 2.75 68.24
Hemiaulus sp. 0.00 36.21 1.03 2.75 70.99
Pleurosira sp. 0.00 14.16 0.77 2.65 73.64
Nitzchia sp. 0.00 28.17 0.91 2.63 76.27
Ornithocercus sp. 0.00 23.10 0.76 2.15 78.42
Copepod nauplii 14.21 18.84 1.17 1.99 80.41
Para-Clauso-Cteno 14.65 18.63 1.14 1.82 82.22
Bacillaria sp. 0.00 21.89 0.79 1.68 83.91
Plagiotropis sp. 0.00 9.75 0.44 1.27 85.18
Penilia avirostris 4.58 14.82 1.07 1.24 86.41
Dinophysis sp. 0.00 8.61 0.55 1.22 87.63
Podon intermedius 7.50 8.73 1.03 1.00 89.78

Pseudoevadne tergestina 0.24 13.80 0.88 0.96 90.74
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Table S4. Taxa detected by SIMPER as distinguishing the diet of adult sardines between

summer and winter. Any particularly high (>1.5) ratios of dissimilarity to standard deviation

(Diss/SD) have been highlighted in bold and the % contribution of each taxon to the

dissimilarity between the compositions in each season are also given.

Summer Winter
Species Av.Abund Av.Abund Diss/SD Contrib% Cum.%
Chaetocerus sp. 8.32 311.64 3.24 16.25 16.25
Nitzchia sp. 28.17 280.20 2.20 13.07 29.32
Rhizosolenia sp. 21.88 170.08 1.32 8.58 37.89
Ceratium sp. 80.51 193.94 1.44 7.15 45.04
Guinardia sp. 87.27 121.96 1.15 4.79 49.83
Centropages spp. 4.75 99.27 0.99 4.73 54.56
Protoperidinium sp. 136.51 154.94 1.41 4.73 59.29
Prorocentrum sp. 44.39 119.69 1.52 4.49 63.77
Thalassiosira sp. 6.58 80.61 0.80 3.79 67.56
Tintinnids 51.19 88.77 1.19 3.76 71.32
Coscinodiscus sp. 73.89 107.01 1.60 3.67 74.99
Hemiaulus sp. 36.21 42.36 1.18 2.38 77.37
Oncaea spp. 54.28 9.40 0.96 2.22 79.59
Ornithocercus sp. 23.10 37.63 1.16 1.97 81.56
Temora stylifera 36.06 9.42 1.26 1.57 83.13
Bacteriastrum sp. 6.99 31.60 0.97 1.56 84.69
Dinophysis sp. 8.61 29.32 1.03 1.46 86.15
Euterpina acutifrons 28.73 0.98 1.08 1.25 87.41
Para-Clauso 18.63 23.34 0.76 1.21 88.62
Appendicularians 28.39 0.00 0.62 1.18 89.80
Pleurosigma sp. 9.25 19.81 0.94 1.11 90.91
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July 2007 December 2007

O Centropages spp. (D Acartia clausi

O Clauso-Paracalanidae € Pseudoevadne tergestina
O Temora stylifera @ Penilia avirostris

€% Oithona spp. © Evadne spinifera

@ cCalanus spp. © Other

Fig. S1. Field collected mesozooplankton samples. Percent numerical contribution of
copepods and cladocerans in each sampling period. Taxonomic resolution is the same as in
stomach content analysis.
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