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Yuyvémrta npoofoing kar nabolro-
yia peraloov e§wnapacitwv peco-
YEIQKQV PapI@V, EKIPEPOPEVOV OF
pia Sr1a@opeukd ouotipara ektpo-
@iig & nepifddovrog omv EXrGda

Zt. Bayivou', ®. ABavaconotrou’, B. Payiag’,
D. Di Cave’, A. Aeovtibng’, E. I'xodopdCou'

INEPIAHWH. Tomobpeg (Sparus aurata) ka1 AaPpdxia
(Dicentrarchus labrax) ouldéxOnkav aud tpeig Siapopeurés me-
proxég omnv EAAG6a (Bakaoorvd wdpia extpogiig and Svo Siapo-
peukég tomoleofeg kat pdpra and pua hipvobdraosa), pe okomd
S1epedvnon g ougvétntag mpooPolig toug ané Metd(wa na-
paorta, my éviacn @V napacitwyv Kai 10ug napdyovieg mouv m
ouvbéouv pe tn ouyvéta mpooPolic. Ln povdda 1 (Xiog) n ou-
yvénta npooPodiig ané e§wnapdorta Avav 61,5% xat 76,9% yia
1a Movoyevii, 0% y1a wa Ioénoda ka1 0% ka1 23% yia ta Komsi-
noSa, yia tv tomotpa ka1 1o AaPpdxi, avicrorxa. L povdSa 2
(EniSavpog) n ougvénta npooPodiig drav 13,3% kar 26,3% yia
ta Movoyevy, 13,7% ka1 20% yia ta Io6noSa ka1 0% ka1 13,6%
yia ta Koninoba, yia v tomotpa ka1 to 2aBpdki, avtiotorya. Xta
Bpdyyra wwv Sparidae napatnpifnkav arpoppayiec, e§artiag wwv
Movoyevérv napacitev, addd ka1 oto Séppa ka1 toug opBadpoig
e&artiag wwv veapav owabiwv tou Iodnodou Ceratothoa oestroides
ka1 npokdiecav oofapi nmabolroyia. Ta napdorva Furnestinia
echeneis ka1 Diplectanum aequans eivar e161x& napéorra g to1-
novpag ka1 tou AaPpaxiod, aviictorya, ka1 napampidnkav oe
6)a ta ouotiparta extpopiig. H AipvoBddracoa efye t peyaddepn
noikiAia napacitwy pewall 6Awv 1o suompdiwy nou peretinkay,
nap'6la avtd dev napampidnkav onpavukég ouvéneleg omy
vyeia twv poluopévev papidv amé ta mapdorta. To
Lernanthropus kroyeri eiva1 napéorto tou daPpaxiot kar BpéOnke
pévo oe auto to £ibog, adhd ka ouig o povadeg extporic.
Aé&erg evpemnpiaong: Meooyeiaxd eidn, eSwnapdorta, tomovpa,
haPpdxi, Sparus aurata, Dicentrarchus labrax
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Prevalence and pathology of
ectoparasites of Mediterranean fish,
reared under three different
environmental and aquaculture
conditions in Greece
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ABSTRACT. Sea bream Sparus aurata L. and sea bass
Dicentrarchus labraxL. were sampled from three different locations
in Greece (2 cage fish farms located in different geographic areas and
alagoon), in order to investigate the prevalence of Metazoa parasites,
the intensity and the factors associated with the prevalence. In farm
1 (Eastern Greece) the prevalence of the ectoparasites was: 61.5%
and 76.9% for Monogenea, 0% for Isopoda and 0% and 23% for
Copepoda in sea bream and sea bass, respectively. In farm 2 the
prevalence was: 13.3% and 26.3% for Monogenea, 13.7% and 20%
for Isopoda and 0% and 13.6% for Copepoda in sea bream and sea
bass, respectively. Lesions in the gills of Sparidae were due to
monogeneans, but lesions in the skin and eyes were due to
Ceratothoa oestroides larval stages causing severe pathology.
Furnestinia. echeneis and Diplectanum aequans were host specific
for sea bream and bass, respectively and showed persistence in all
aquaculture systems. The Greek lagoon had the largest variety of
parasites among the ecosystems studied, however, this variety did
not significantly affect the health of infected fish. Lernanthropus
kroyeri was host specific and was detected only in sea bass in both
cage farms investigated.

Key words: Mediterranean fish, ectoparasites, Sea bream, Sea bass,
Sparus aurata, Dicentrarchus labrax
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EIXAT'QI'H

H ahelo zow o yyBuoralépyeteg amotehotv g on-
HOVTLROTEQES KO OLLOVOULKOTEQEG TINYES YLOL TIC XDOES THS
Meooyelov. Tnv tehevtaio dexraetia, 1 £THOL TRQAYOYY
a6 g vBvorarhépyetes oty EAdda Eemtépaoe toug
65.000 tévoug (Agrobank 1998). “Etot, 1 EMAGOa elvan
AT 0€ TaRAYWYT] AaBEarLoU xat ToLTovAS ROl VITdQ-
Youv ofjuepa mepLoodtepeg amd 200 wovddeg eviatinig
entpopnc. H Eagvirny atvEnom g magaywynis twv eldav
autdv o televtaia 15 xpdvia elye wg amotéheoua wow v
avENon Twv Taboroyrav tpopinudtov. Ta eofAuaTo
QUTd ApoEOvY VRIS 0t Tapdatta, Ta ooia xobvote-
QOUV TV OUaA] AVATTTVEN TV YaoLdV 1 TEoRahoUY Eagp-
virég Ovnowomrec. Ta mo ovvnwopéva Tapdotta Tov
TROORAMAOVY Ta PdoLa ExTEOPNS Ths Meooyeiou elvan ta
MuEoomopidio Myxidium leei now Ceratomyxa sp (Alvarez-
Pellitero & Sitja-Bobadilla 1993a, 1993b, Sitja- Bobadilla
& Alvarez-Pellitero 1990, 1993a, 1993b, 1993c¢), ta omoia
UITOQOVV VOl TEORAAECOUV COPAOES OTTWAELES OTO PVTAXL
(Puntazzo puntazzo C.) nou v towmovea (Sparus aurata
L.). H av&Enon tov mapaottdoemv ad Iodmoda eivar €va
00p0d TESPANUa TOV apoEd ot Evav apliud L Bvorai-
Mepyewdv (Athanassopoulou et al. 2001a). Ta petdCwo
apdorta pehetiOnray, yiorl vdtm and ratdinies ouv-
O1jnec umoovv va mporakécovy maboroynd eoPfaiua-
Ta ®ow voL avENoouy Tig Bvnoudmreg (Wlaltea ota vea-
od doier). H eviomni] »ohMEQyeLa Tmv #auvovoLmv eldav
(Puntazzo puntazzo, Dentex dentex, Diplodus sargus »\r) y(-
vetar ThEov 0g TOMES eMNVIKES wovadeg, Suwe, TTOAG
mofohoyrd TEORAMUATO, RVOIMS TAQAOLTOAOYLRIE Ot~
TLohoYag, aVOOTEAMOUY TV ETERTAOT TS RAAMEQYELOS
TV eldOV oavtdv. Do wopdderyua, 1o 1993-94 »ow 1o 1997,
ta MuEoomogidia tpordheoay 0oPapd OOVOurd TQo-
BAuata ot pecoyetomy yuonarhéoyeia (Le- Breton &
Marques 1995, Athanassopoulou et al. 1999a).

O 070768 ™S TAEOVOoOS UEAETNG NTOV 1) EXTIUNON TS
ouyvomTOG TEOOPOMS ™S ®ohMeQYOUUEVNS TOLTOVEOS
%o Aafeartot omd petdlma modotta, »afwns won 1 exti-
UNO1 TS EVTOONS TWV TUQACTTMV AUTHV %KoL 1) LEAETH TG
TaBOAOYIOS RO TOV TAQAYOVIMY TTOV TV eTNEEdToVV O€
3 SLAPOETLRA CUOTHUATOL EXTOPNG. X OUTES TLS TTEQLOYES
vdeyet meQimov 1o 40% Tov Ly BvorallieQyeldy g
EMaGdac. TIpémel vo onuetwbel dtu elvor 1 med) poed
7oV YiveTa UEAETH naw OVYRQOLOY OTTOTEAECUATMV TUQOL-
OLTAOEWY ROAALEQYOUUEVNS TOWTOVQOC %l Mool og
HLALPOETIRA CUOTIHUALTA EXTQOPYS KO OE OLALPOQETIRES
Bepuonpaotes.

YAIKA KAI ME®OAOI

Movddeg extoogps

H povdda 1 porondtav ot Xio (Avarohny EMAGOa),
N wovdda 2 omv Entdaveo (NA EAhdda) non 1 Muvobd-
haooa g Kapdhac om Bépera EAMGda. H Mpvobdhao-
oo ¢ Kafdhog aviutpoommetel éva nuevianxs ovot-
uo EXTEOPNS. AUTEC oL povddeg emhéynoav, yuotl ex-

INTRODUCTION

Fishery and intensive fish farming are very important
financial resources in Mediterranean Countries. During
the last decade, annual fish farming production in Greece
has surpassed 65.000 tons (Agrobank 1998). Thus, Greece
is the larger producer of sea bass (Dicentrarchus labrax L.)
and sea bream (Sparus aurata L.) with more than 200
marine farms. The sudden increase, during the last fifteen
years of this marine production of fish, resulted in a
parallel increase of pathological problems. These are
mostly due to parasites that either delay the normal growth
of fish or cause sudden mortalities. The most common
parasites affecting farmed Mediterranean fish are the
myxosporeans Myxidium leei and Ceratomyxa sp. (Alvarez-
Pellitero & Sitja-Bobadilla 1993a, 1993b, Sitja-Bobadilla &
Alvarez-Pellitero 1990, 1993a, 1993b, 1993c), which have
been implicated in serious losses in sharp snout sea bream
(Puntazzo puntazzo C.) and sea bream (Sparus aurata L.).
The increase in prevalence of Isopoda is another serious
problem, which affects a number of fish farms (Athanasso-
poulou et al. 2001a). Parasitic Metazoa have been studied,
because, under particular conditions, they can cause
serious pathological problems and increased mortality
(especially in young fish). The intensive culture of new
species (Puntazzo puntazzo, Dentex dentex, Diplodus sargus
etc) is now practiced in many Greek farms, however,
several pathological problems, mainly of parasite etiology,
delay the expansion of this culture. Outbreaks, such as
those of 1993-94 and 1997, both attributed to myxosporean
infections, had a serious economic effect on the
aquaculture industry (Le-Breton & Marques 1995;
Athanassopoulou et al. 1999a).

The aim of this survey was the estimation of the
prevalence and intensity of Metazoa parasites of cultured
sea bream and sea bass, as well as the study of their
pathology and the factors influencing the prevalence of
parasitism in three specific geographic areas. In these
areas, approx. 40% of marine Greek aquaculture is
practiced. This is, to our knowledge, the first report
concerning a large scale investigation of ectoparasite
impact on cultured sea bream and bass health, taking also
into consideration the different rearing, ecological and
temperature conditions.

MATERIAL AND METHODS

Fish Farms

Farm 1 was situated in the island of Hios (East
Greece), farm 2 in Epidavros (South of Greece) and
Kavala lagoon in North of Greece. Kavala lagoon
represents the semi-intensive rearing system. These
farming areas were selected, because they represent three
different and distinct geographic areas/ecosystems, where
a large proportion of the Greek marine aquaculture is
practiced.

Salinity, oxygen and temperature were taken monthly
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TQOOMITOUV TOELS OLOPOQETIRES RO EVRQLVELS YEWYQOPL-
%EC TEQLOYEC/OLROCVOTNUOTO, OTLS OTOLES VTTAQYEL EVAL
neydio tooooto vyfuoraihepyeudv mg EMddag. Ou ue-
TONoELS TS ahatdmrag, Tou oEuydvou nan ¢ Beouo-
®opaotag (duayedupota 1 & 2) €ywvav amd 1o Tocmmud
TOV HOVAdWY OTaL TAAIOLOL TMV UNVIOIMV LA ELOLOTIRMDV
eoyaoldv. Ou dvo povddeg elyav idua von otabe aha-
oo row 0EuY6vo (18-40 non 2-8 mg/L, avtiotuya) ®ad’6-
My ™ dudorera Tov €tovg, old duapopetirég Beouo-
®noaotec. H povdda 1 eiye younhéc Bepuorpaoieg wov 1
Srantpavon toug Ogv 1oy otaber] ®v00’Ghov 1o yedvo,
eva 1 povdda 2 giye vymAdTeQeg o Mo otabepés Oep-
woxaotes (Méon i = 15°C). Kou ot 690 povddeg &i-
YOV 2aTd TEOTEYYLOM Spota topaymyn (1500T/xedvo) o

by farm personnel as part of their routine management
procedures (Graphs 1 & 2). The two farms had similar and
constant salinity and oxygen levels (18-40%o0 and 2-8mg/L,
respectively) throughout the year, but temperature was
different. Farm 1 had lower temperature values that
fluctuated more through the year, whereas farm 2 had a
higher, but more constant temperature profile (av.
T=15°C). Both farms had approximately similar tonnage
(1500T/year) of production of market sized fish. The
stocking density of the caged fish in both farms ranged
between 12-15Kgr/m® and fish were fed on commercial
feeds. Kavala lagoon’s temperature ranged from 15 - 30°C
with one high temperature peak in the summer. The
salinity in the lagoon was lower (24-36%o) than in farms 1
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Pdoia eptopevolpov ueyéovg. H uyuomunvommra atoug
®hwPovg nat otg Vo povddec rvpovétay amd 12-
15Kg/m’ #on ta YaoLo. TEEQPOVTOY UE EUTOQURES TOOPEC.
S MuvoBdhaooa 1 Bepuorpacia rupowvsétay amé 15-
30°C pe pa vy Bepuornpaotort] »0QUpmOn To Raho-
xaiot. H ahatdmnta om ApvoBdracoa fitav yaunidteon
(24-36%0) am’én ong dvo uovades (Theohari et al. 1997).

Agtypora WYogrov

Katd m didorero tov gtdv 2000-2001, eEgtdomuay
ouwvolnrd 277 toutovpeg raow 257 hafodria astd tig 0o po-
vadeg oty EMGda wou 45 toumovpeg amd ) Muvodd-
haooa e Kapdhac. Zuvolurd eEetdomnray 52 tomoipeg
xnaw 52 hapodxria omé #hopots g povddag 1. To Bdoog
ToUg ®upouvotay ueta&t 350-400g. A ™ wovdda 2 eEe-
tdomuav 225 tourovgeg wow 205 hapodnia xhopav. To
Bapog tovg xupawvstav petagd 50-300g. AmS ™ Muvobd-
haooa g Kapdhag eEgtdomuay 45 toutotpeg fdoovg
250-400g. “Eywav mévte devypatohmpies avd diaotiuarta
Yo unvav. Xe »dbe devyporopia yvétav tuyaia emt-
hoyrj deryudrov amd évav xAmfo g tagaywyns (Ydowe
eUTOQEVOLUOV UeYEBOUC). ATto Tov ®AwP6 cvTd ovAAEYOo-
vrav 20-40 ydowa »dbe gopd. 2t Muvobdiaooo g Ka-
Barag €ywvay toeig deryuatoinyieg (Iavoudprlog, Iotviog
»ou Tovhog 2001). Tapdoie ourAExOnray ue dtytu 1 ayri-
OTELOL 0TT6 TUYOLES TTEQLOYES TS AMvoBdhaocoag. YmoEe
edunn uéouva yua va amogpevy Bel n mopaottxr] péhvvon
UETOED TV YaQLAV.

NEKPOXKOIIIKH KAI ITAPAXITOAOTI'IKH
EEETAXH

“Eywe naxpooromun eE€taom xow neTeridnue 1o oht-
%6 Pdog tov Yapudv. H magaottohoywr| eE€taon €ywve
ne uefSdovg mov €xouvv meQLydipetl o ABavacomovilov
(1990), Roberts (1987) nau Iamovtodyhov (1975). H tav-
TOTONON TOV TOQATTTOV £YIVE AUECMS UETA TS devyua-
toMiec pe xheideg mov meELYQAovTaL amd Tovg
Yamaguti (1963), Papoutsoglou (1975), Euzet & Noisy
(1978) nou Euzet et al (1993).

H évraon petondnxe pe tg mopardtm »heldes:

AoBnog xagacitmv “Evtaon
avd ortTixo medio (X40)
1-2 +
3-4 ++
5-6 +++
7-8 ++++
>8 +++++

IXTOITAOGOAOI'TKH EEETAXH

5% twv devypdrov wov cUAAEYONrav Tuxata ond 1d-
Oe derypoaropio eEetdomne Lotoroyrd. Iotol art’ Gha
TA E0MTEQWA GQYOVA, TA POAyY L RO TOVS WOES TOTOOE-

and 2 (Theohari et al. 1997).

Fish samples

Greece

During the years 2000-2001, 277 sea bream and 257 sea
bass from two cage farms in Greece and 45 sea bream
from a lagoon were examined. In total, 52 caged reared sea
bream and 52 sea bass were examined from farm 1; their
weight ranged between 350-400gr. In farm 2, 225 also cage-
reared sea bream and 205 sea bass were examined, their
average weight ranging from 50-300g. 45 sea bream of av.
weight 250-400g were also examined from Kavala lagoon.
Five sampling rounds were conducted in each farm at bi-
monthly intervals. At each visit, fish were randomly
selected from one cage of similar production (market sized
fish). From this cage, 20-40 fish were collected and
examined each time. In the lagoon, three samplings were
conducted (January, June and July 2001). Fish were caught
by gill nets or by angling at randomly selected areas of the
lagoon. Special care was taken, in order to avoid parasite
contamination between fish.

NECROPSY AND PARASITOLOGY

Macroscopic examination was carried out in the
external surface of the gills and the total body weight was
measured. Parasitological examination was carried out by
methods described by Athanassopoulou (1990), Roberts
(1989) and Papoutsoglou (1975). Identification of parasites
was performed immediately after sampling with the keys of
Yamagouti (1963), Papoutsoglou (1975), Euzet & Noisy
(1978) and Euzet et al. (1993). Intensity of parasites was
estimated according to the following keys:

Number of parasites Intensity
per viewing field (X40)
1-2 +
3-4 ++
5-6 +++
7-8 ++++
>8 +++++
HISTOLOGY

5% of fish randomly selected from each sampling
round was examined histologically. Tissues from all the
internal organs, gills and muscles were fixed in 10%
buffered formalin. After decalcification, Sum histological
sections were prepared and stained with Haematoxylin-
Eosin, Gram and Giemsa methods (Drury & Wallington
1980).

STATISTICAL ANALYSIS

The possible associations between the frequency of
parasitism and the farm of origin, the parasitic species and
the season of sampling were evaluated for significance
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IMivaxag 1. Zuvolud moo00T6 HGAVONG artd Tadorta Tov e oty €gevva.

Eion Extooggg Movoyevii* Io6omoda** Komjroda***
Extgogn 1 32/52 0 0
(Xtog) (61.5%)
Toutovea Extooqgni 2 30/225 31/225
(Extidavpog) (13.3%) (13.7%) 0
Aywvoldraooa 45/45 0 13/45
(100%) (21.9%)
Extgoqgnj 1 40/52 0 12/52
(Xiog) (76.9%) (23.1%)
Aafodxt -
Extgognj 2 54/205 41/205 28/205
(Entidavpog) (26.3%) (20%) (13.6%)

* Furnestinia echeneis, Microcotyle chrysophrii
** Ceratothoa oestroides
**% Caligus minimus, Lernanthropus kroyeri, Ergasilus sp.

mnxrav og 10% ovdétepn poeudin. Metd and v ama-
ofeotomoinom, xdmray toués peyéBovg Sum o fdgp-
1OV UE YODOELS ALUaTtoEVAIVIC - emoilvng, Gram xat
Giemsa (Drury & Wallington 1980).

LTATIZTIKH ANAAYZH

OL oy €oelg HETAED TS CUYVSTHTOS TWV TTAQOOLTOOEMY,
TOV UOVAOWV, TV TOQOCLTRMAV EWOMV %L TOV ETOYXDV
derynarodmpiog peremOnray oe eninedo P< 0,05 yio mv
TOWTOvEQ ®o TO AaPodxt EeXmOLoTd, ue OTATLOTIXA YO~
viéha (multi-variable logistic regression models) oto md-
voapua SAS ver. 8 (PROC LOGISTIC) tpomomoldvrog
™ ué0odo Williams (Zar 1984).

AITIOTEAEXMATA

Maxgooxomix eE€taom

Zta LOAVOUEVA YAELL 0TS HOVOYEVY TTaQATHET BNray
QTOYQMUATIOUE VO, Bodyy Lo, VENUEVN ToodTTa PAEVVaS
oe Podyya nou d€pua, aoEayies oto dEpUa ®oL 0TI
%1 adTTwon Aemdv (rveimg oto Aapednt). Zta polv-
ougva PapLa amd 1o6modo ®at ®WITHIToda, TaeaTnEOn-
AV OLUOQEAYIES YOO amtd Tovg opBaluotc, ta Podyyia
%O TO TTTEQUY L, ATIOTTTMOT AETIUDV, RATAOTQOPT] 1] OMXY]
ATDAELOL OPOAAUOU.
IHogaovtohoyir eE€taom

Ta eldn now 1 ovyvémta TEooPolg ard Ta Tapdot-
ToL 7oV PEEOMHaY oTig 60 novddeg xa ot Muvoddiao-
oa g Kapdhag gaivovron otov mivora 1. H gmoyioxd-
™A TOV TAQACTTWV 0TV TOLUTOUEA %ol T0 Aafodxt o
duapopetirég tomobeoieg paivovtal oto duayodupoto. 3 -
7. Zm wovdda 1, ta povoyevn Nrav TeopAnua xotd ™
dudpreta Ghov tou €tove. Ewdird to gpBvémmeo, vrnoyov
ueowrég Bvnoudmreg (vatd uéco 6o 1 Bvnoudtra o
opelhdTtay ota mapdotta Nrav 10% og oxtd uiveg), evd

(P<0.05), for sea bream and sea bass separately, in multi-
variable logistic regression models. In these models, that
were fitted in SAS ver. 8 (PROC LOGISTIC), the
dependent variable was a binomial proportion with the
number of affected fish in the numerator and the number
of fish sampled at each sampling round in the
denominator. Thus, the significant over dispersion in the
proportion of parasitized fish was accounted for by
specifying the Williams adjustment in the model statement
of all models (Zar 1984).

RESULTS

Post mortem examination

All fish infected by Monogenea showed pale gills,
increased mucus in gills and skin, skin lesions and focal
sloughing of scales, whereas fish (and in particular sea
bass) infected by Isopoda and Copepoda parasites showed
bleeding around the eyes, gills and fins, sloughing of scales,
destruction or total lack of the eye ball.

Parasitology

The species and overall prevalence of the parasites
found in Greek farms and in Kavala lagoon are shown in
Table 1. The seasonality of the parasites in sea bream and
bass from the different locations is shown in Graphs 3-7.
In farm 1, Monogenea were a problem throughout the
year. Especially in autumn, some mortalities also occurred
(average 8 month mortality attributed to ectoparasites was
10%), whereas farm 2 did not have a high parasite
prevalence and low mortalities were observed (average 8
month mortality 2%). Isopoda parasites were found only
in farm 2, in both species, in high prevalence during
summer months. Among Copepoda, only Lernanthropus
kroyeri caused respiratory signs and few mortalities
(average 8 month mortality <1%). Kavala lagoon had a
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Table 1. Total prevalence of parasites found in the study

Species Fish Farm Monogenea* Isopoda** Copepoda***
Farm 1 32/52 0 0
(Hios) (61.5%)
Sea bream Farm 2 30/225 31/225
(Epidavros) (13.3%) (13.7%) 0
Lagoon 45/45 0 13/45
(100%) (21.9%)
Farm 1 40/52 0 12/52
(Hios) (76.9%) (23.1%)
Sea bass
Farm 2 54/205 41/205 28/205
(Epidavros) (26.3%) (20%) (13.6%)

* Furnestinia echeneis, Microcotyle chrysophrii
** Ceratothoa oestroides
**% Caligus minimus, Lernanthropus kroyeri, Ergasilus sp.

Ectoparasites of sea bream from Hios
9 28 /) ¢ ® ¢ ¢ ©
o 50 /
2 40
§ 30 &
S 20
o 10
a O
\C‘JQ Q&\ @'Dﬁ 0(\ 5\& \)9\ *06\ *Qe’\ Adyeappa 3. Moivvoy
@fb & \)q ) (@) amd Movoyevij oty
Q;Q @) Towovoa oty povdda 1
9 (Xiog)
Graph 3. Monogenea
Sam pllng months infections of sea bream
in farm 1 (Hios)

ot povdda 2 dev vmrpke vymh ouyvéTTo TEOOPOAS
a7t6 TTOEAOCLTOL %O TTaQATNE OOV Yaunhéc Bvnoudmreg
(ratd néoo 600 1 BvnoudTTo IOV OPELAGTAY 0T TAQJ-
outa it 2% og oxtd wiveg). Ta wodmoda apdoita ma-
eatEOnrav oty povdada 2 xow ota dvo elidn oe vYNAES
oUYVOMTES TEOOPOMS RATA T OLAQHELX TWV ROAOROULQL-
vV unvav. Ané ta xmmiroda, uévo 1o Lernanthropus
kroyeri TQO®GAECE AVOTTVEVOTIAG CUUITTTAUOTC, KOL UEQURES
Bvnodttee (ratd péco 6o 1 Bvnoudmra ftay <1% oe
oxtd unveg). H huvobdhaooa e Kapdhag eiyxe m pe-
yaittepn mowmihio mopaoitov, alhd dev Tapovoldo-
®nav xhvird ovpttdpata 1 8dvotor oto meoofePAnuéva
PALOL #OTd T SLAQRELD TG TAEOTVOUS EQEVVOC.

high diversity of parasites, but no clinical signs or deaths
were observed in the infected fish during the study period.

The intensity of the Monogenea and Isopoda/Cope-
poda parasites is shown in Tables 2 and 3. The intensity was
directly correlated to the prevalence in Monogenea and
Copepoda in both farms but not in the lagoon, where the
intensity was very low for all parasites found throughout
the study period.

FACTORS ASSOCIATED WITH THE PREVALENCE
OF PARASITISM

Sea bass
There were highly significant associations between the
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Ectoparasites of sea bass from Hios
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H évtaon tov pHovoyevav, Loomtédmv xot xmmnmédmy
moaottov gatvetar otovg Ilivaxreg 2 »an 3. H évraon
oyxetlLotay dueoa Le T ouyxvomTa TEOofoiNg 600V ago-
04 0T HOVOYEVH RO TOL ROITToda ot 0TLg d00 povdadec,
ald Gy ot MpvoBdAacoa, 6rtov 1) Eviao fta ToAs ya-
UnA1 Yo Gha ta Tapdotto ov BEEBrav ratd ) dido-
RELOL TNC EQEVVOC.

ITAPAT'ONTEX IIOY XYNAEONTAI ME TO
IHOXOXTO MOAYNXIHX TQN ITAPAXITQN
AaPodnn

Boénuav onuovtirol ovoyetopol peta&l tmv mpo-

proportion of parasitized sea bass and the farm of origin
(P<0.0001), the parasite species (P=0.01) and the
sampling season (P=0.02). Specifically, the fish in farm 1
were 6.7 (95% CI 12.9 — 25) times more likely to be
parasitized than those in farm 2. Overall, the intensity was
also higher in farm 1. The frequency of parasitism was 8
times (95% CI 1.5 — 3.5) higher in fish affected with
Isopoda parasites or 2.7 (1.2 — 6.2) times higher in fish
affected with Monogenea compared to fish affected with
Copepoda. It was not different between fish affected with
Monogenea or Isopoda. The frequency of parasitism was
highest in samples collected in autumn, but did not differ
between samples collected in spring or summer.
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Ectoparasites of sea bass in Epidavros
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Graph 7. Ectoparasite
infections of sea bream in
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ofepAnuévav amd TaEdoLta YoQUHV ot TOV UovAadwv
(P<0,0001), twv €1ddv tov mtagaoitwv (P=0,01) zow v
emoydv derypatolnpiog (P=0,02). Zvyrerouuéva, ta Yd-
ota ot povdada 1 eiyav mbavémreg mpooporng ard ma-
pdotta 6,7 POEEC TEQLOGGTEQES ATt ExEVA TS LOVADOS
2. Entlong, 1 évtaon frav vymhdtepn ot wovdda 1. Tevi-
%3TEQA, M OVYVSTNTA TEOOPOMS amtd mopdotta Hrov 8
POQEES VYMAGTEEN Yot Tt TEOORE PANUEVA PAQLOL QTS LOG-
w0da M 2,7 poEEC VYMAGTEQN YLOL TAL LOAVUOUEVOL UE UOVO-
YEVY, OUYRQLVOUEVT] LLE CUTHY TV YAQLDV TTOL el AV TQO-
oPAnBel amtd rmmnmoda. Agv vneEe dlapod g ouyVe-
™Mrog avnig HeTaEY Tmwv ToofePAnuévav Yoo ard
novoyevi 1j Lo6moda, eva ftav mo vyniy ota delyporta
71OV CUVALEXONHOY TO POLVETMWEO, adAd Oe OLEpepe otatL-
OTRAg PETAED TV ETOYGV.

Sea bream

There was no significant two-way interaction between
any of the previous factors. In sea bream, neither the type
of parasite involved nor the sampling season were
associated with the frequency of parasitism. Fish from
farm 2 had 6.7 (2.4 — 18.5) and 8.2 times (2.4 — 28.6) lower
likelihood of being parasitized than those from farms 1 and
Kavala lagoon, respectively. There was no difference in the
likelihood of parasitism in fish of farms 1 and Kavala
lagoon.

HISTOPATHOLOGY

Monogenea

In fish infected with F. echeneis -in particular when the
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ivaxag 2. "Evtaon Movoyevdy TaQaoitmv otig TOELS OLOPOQETIRES LOVADES EXTOOMIC TS EQEVVAC.

Extooqn 1 Extooqni 2 Aywvobdraooa
Mnjveg (Xiog) (Emtidavgog) Kaparag
Towurovga Aafodxe Towrovga Aafodxt Towrovoa
Mapriog + + + ++
Ampihog ++ ++ + + 1/2001 +
Mduwog + +4 + +
Tovviog ++ + + +
Tovhog ++ + + + 6/2001 +
Avyovotog + + + +
Zentéppolog +4+ ++ ++ ++
OntidfoLog +++ + ++ + 9/2001 +
Table 2. Intensity of Monogenea parasites in different tarming areas.
Farm 1 Farm 2 Kavala
Months (Hios) (Epidavros) Lagoon
Sea bream Sea bass Sea bream Sea bass Sea bream
March + + + ++
April ++ ++ + + 1/2001 +
May + ++ + +
June ++ + + +
July ++ + + + 6/2001 +
August + + + +
September +++ ++ ++ ++
October +++ + ++ + 9/2001 +
Tourovea intensity was high (autumn months)- a generalized

Zmv Toumovea, 0UTE T0 €00 TS TaQACTTmoNS 0UTE 1
emoy1] devypatodmypiog cvoyetllotay pe ™ ovyvémrta
TOoRoMc atd mopdotta. Ta Ydaowe amd ) povdda 2
Mrav 6,7 xaw 8,2 poéc Mydtepo mbave va mpooinboivy
artd Tapdotta, og oyEon ue autd g povadas 1 xow g M-
uvoBdlaooag e Kapdiag, aviiotouya.

IXTOITAGOAOITA
Movoyevij

Zto Pdoa mov elyav teooBAndel andé Furnestinia
echeneis, noL oUYrerQUIEVA GTav 1) €viaon ftav vynin
(pOwvommwEIvoTs uijveg), mapamneinre yeviry veQmha-
ota Tov emONAiov non yevireupévn vteQIAAOi TV dev-
TEQOYEVAV VNUaTiwV, oiENON Twv PAEVVOYOVDV ®UTTd-
QV RO TAXVVON TMV ARQMV TWV TQWTOYEVMOV VIUOTIOV.
Zta pdora wov elyav mpooPAnbel andé Microcotyle
chrysophrii mapamEnxre eotiant] Eheypovaddng ovi-
dpaom YOO 0td ToL ONUELDL QLY RIOTQMOTC TOV TUQACTTOV.
‘Otav 1 €vTaon Tmv ROVOYEVAV TAQAOTTOV HTav vmAY,
VITNOYE WOl YEVIXT] VITEQTAATTO TMV SEVTEQOYEVAV VNOL-
oV, avENon Twv PrevvoySvov ®uTtdomv %ot Tdyuvon
TOV ARQWYV TV TQMTOYEVHV VNUOTImV.

hyperplasia of epithelial and mucus cells of the primary gill
filaments was observed. Fish infected with Microcotyle
chrysophrii had focal inflammatory lesions around the
attachment parts of the parasites. When the intensity of
either monogenea parasites was high, there was a
generalized hyperplasia, congestion of primary and
secondary lamella, increased mucous cells and thickening
of the filament edge.
Copepoda

Pathology was attributed only to Lernathropus kroyeri.
Localized hyperplasia of epithelial and mucus cells of the
primary gill filaments as well as necrosis of epithelial cells
leading to sloughing of cells was observed in most cases.
Haemorrhage was also present only in few cases in the
attachment areas of the parasites.

Isopoda

Pathology was attributed mainly to immature (larval
stages) of Ceratothoa oestroides in the skin and eyes of sea
bass. The intensity of the larval stages was high during
summer months, especially in smaller sea bass, where
mortality was observed (5-20%). In the skin, small ulcers
were observed, where an increased number of
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Hivaxog 3. "Eviaon Kodnmddwv xar [0omddmv TaQaoitmv 0Tig TOELS OLPOQETIRES LOVADES EXTQOPNS TS EQEVVAG.

Extooqn 1 Extpogn} 2 Aywvoldracoa
Mnjveg Towurovpa Aapodxe Towrovga Aafodrt Towrovga
Mdptiog 0 + e +
Ampihog 0 + 0 + 1/2001 +
Mdiog 0 + ++ ++
Tovviog 0 + + ++
Tovhog 0 ++ +4+ ++ 6/2001 +
Avyovotog 0 + ++ +++
ZenréppoLog 0 + + +++
OntdPoLog 0 + + + 9/2001 4
Table 3. Intensity of Copepoda and Isopoda parasites in ditferent farming areas.
Farm 1 Farm 2 Lagoon
Months Sea bream Sea bass Sea bream Sea bass Sea bream
March 0 + ++ +
April 0 + 0 + 1/2001 +
May 0 + ++ ++
June 0 + + ++
July 0 ++ Arfr ek 6/2001 7+
August 0 + ++ +++
September 0 + + +++
October 0 + & + 9/2001 +
Komijroda

H noBoloyla ogelhdtav uévo o010 maQdoLto
Lernanthropus kroyeri. Ilogotmoenze vepmiaoia Tov
emmBNAlov no TV fAEVVOYSVOV OTH TOMTOYEVT] VNUATLOL,
®aBdg emlong oL VEXQWOTN TV EONMOrOY #UTTAQWY
%O OTTOTTTMOT TV dEVTEQOYEVAV Ynuatiov. [Tapovold-
oTNXaAY, ETLONG, ROL ALULOQEAY(ES WOVO OE UEQLXRES TIEQL-
TTOOELS OTOL ONUEIDL ELOYDONONG TWV TAQATITOV.
Ioomoda

O oofapéc alhouboeic mporhnxay nuping amnd tao
aviiira otddua (MoPeg) g Ceratothoa oestroides oto
dépua ran ta pdtio tov Aapoaridv. H évtaon tov avd-
oLV oTadimV HTay VYNAY ®atd ™) SLGQRELR TOV ROAO-
HOLOLVAV UNVaV, eWdird ota ured hapoduia, oto ool
Tapotnernray Bvnowudmreg (5-20%). Zmv emdeouida
moeatEnrav éxn pe avEnon AepporuTtdmy, Emot-
vO@LAmV %o gpubporvTIdomy. Ztovg oplaiuotc PeEom-
AV RORULDUOTO HEYIAWV OLaotdoewy, avEnuévn phey-
Hovadng avitidpaon ov ratéMye o€ TOPAwOoN 1| ®oL OAO-
ninowtxy amwrea tov ogpBakuov. Ta mpoofePinuéva
PALOL 0TT6 T EVIALKOL OTADLOL TOV TTAEACTTOV deV eppd-
vioav gopagy maboroyia. AMoldoelg Tapateonray
OT0 TTAVM %ol ®ATW PEQOS TV CLAYSV®Y, PAEYUOVY] OTO
OTOUAL KL RORULOUATO OTY] OTOUALTLXT] ROLAOTITAL.

lymphocytes, eosinophils, neutrophils and erythrocytes
was present. In the eyes, extensive granulomatous lesions
were present with increased numbers of inflammatory cells
and hemorrhage, whereas, in some cases, there was a total
loss of the eyeball. Parasites were present inside and
around these lesions. Fish infected with mature parasites
did not show serious pathology. Lesions were localized at
the upper and lower jaws and tongue, consisting of small
granulomas.

DISCUSSION

Parasites of euryaline fish have been reported mainly
from wild populations (Radujkovik & Euzet 1989).
Isopoda parasites have been reported in cultured sea bass
from Corsica (Bragoni et al. 1984) and Israel’s lagoons
(Paperna 1980). Comparative studies of parasite load of
cultured sea bream and sea bass, between different rearing
systems, do not exist. The purpose of the study was to
study the diversity, seasonality and prevalence of the
ectoparasites in sea bream and bass and to compare this
data between the specific three ecosystems selected.
Furthermore, the pathology attributed to these parasites
and the factors influencing the prevalence and intensity of
the parasitism were also assessed.
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YYZHTHXIH

H pelém tov mopaoitov tov evgiakmy ewdmv, agpo-
04 nvplmg o dMuootevoelg oe dyoLovg TAnBuouoic
(Radujkovik & Euzet 1989). Ioémoda mapdotta wdviwg
€xovv avopepBel oe exTEEPSUEVO MPOGRLO € EXTQOMES
™ Kopowng (Bragoni et al. 1984) xou oe MpuvoBdhaooeg
tov Iogomh (Paperna 1980). Zvyroiuxéc nelétec tov ma-
QOOLTLXOU (POQRTIOV TV EXTEEPOUEVWY YAQLAV (TOWTOVOC
%o MaPodxt) LeTOED dLapOQETIRMV CUOTHUATOV EXTEOMNS
dev vrdyovy. O oromdg avtic ™g ueAémg rrav 1 Oie-
QEVYNON NG TOLRLALOG, TG ETTOYUGTNTOS %Al TS CUYVE-
™mrag TV EMmOQAOITOV ™S TOTovEAS ®oL TV Aapoa-
%100 RO 1) OVYROLON TOV ATTOTEAEOUATMV UETOED TOUHV GU-
YRERQUUEVDV dLapoeTiv@v owoovotnudtwv. Emumigoy,
uereniOnxre now N Taboroylion oVTAY TOV TARACTTWY RO
EXTLUONROAV OL TARAYOVTES TTOV ETULOQOVV 0T CUYVETNTA
TEOOPBOMIE RO TNV EVTNOT] TWV TTOQACITOOEWV.

Zopugova e ta aroteléopatd pog, oto Aafedxt g
uovdadag 1 m waaoitmon amé povoyevi] fraw To Vmiy
a7’ 6L ot povdda 2, edird 1o EHVETmEo. AVTS WITOEET
va artodoBet ot younhdteen uéon Bepporpaoio xow oty
Wiaiteon yewyoamury Tovido TV dyQLmv YoudV RoL TG
HALUATOAOYIREC OUVOTHES TTOV EMKEATOVOUY OTNV TTEQLO-
¥ avty (Lytra, pers. Comm.). Ou xaunhég Oeouoxrpaoteg
UITOQEL VoL ETTNEEAGLOUV TO VOOOTOMTLRG CUoTUa, ®aBL-
OTOVTAS £€T0L TOL YA TTEQLOOGTEQO evatotnta oTig Ta-
paottrég hAopaEels (Roberts, 1989). Zvupwva pe mwhn-
0QOoQLES oV dGHNRAY 0TS T HOVAdQ, OTNY TTEQLOYT] Ov-
™ VIAEYOVV TEQPLOOGTERES Poyomtdoels (Bouboulis
pers. comm) ort’ 6t ot Néto EMdda dmov foloreton 1
povdda 2 xot avTs To YEYOVAS UTOQEEL VoL etnEedleL v
TOLSTTOL TV TOTURMV TOQAUETOWV ToV veEOU. Evad dev
VITAQYOVV OTOLYELD TTOV V&L OUVIEOUV AUECO TN YNUWKT
TOLSTTOL TOV VEQOU UE TNV aENOT TOV TO00TOU UGAVY-
ong amé povoyevn, ol Papoutsoglou et al (1996) vrooti-
OLEQY GTL 1 AWENUEVY TTEQLEXTIXATITOA O€ CUMWQEOVUEVA OM-
noTioLa 0to veEo og xAmBoTS UTOEET Vo EmPEREL OENOM
Tov TTORaoLTOU oTiov. TTponyolueveg mapatmEnoeLg
ot povadda 1 €deitEav Sti, petd amd §vroveg PEOYOTTH-
ogeLg, €va TOAD ®oWvG PavEpevo ratd ™) dudexreLa TOU
@OwvoTtdov elvar 1 AlENON TV AMEOTUEVWV TWUATL-
dlwv oto veEd naw 1 Borepdtnta o Tapdiinha avEdve-
TAL TO TOCOO0TS UOAUVONS oL 1] EVIOOT TOV TAQAOITOU
Diplectanum aequans oto hafpdxt (Bouboulis unpublished
data). IIOavotata, n avddevon twv vdATOV ®otd TIs feo-
YOTTHOELS DLEVROADVEL TN LETAPOQE. TOV TTAQAOTTOV OTOVG
EevioTtég M 1) ey SueVn), Eagpvint uelmon g ahatdmTag,
TEORAAEL OTQES, UE OVVETELD 0VOOORATOOTOM]. EmumAéov,
1N wovada 1 elvan o amtd Tg TohodTEQES TG XDEOE KoL
AOY® TG WEIUOVONE %ot UETABOAIS TOU OLROOVOTHUOTOS
ExeL eméAOgL VITOPABULON TG TTEQLOYT|C TOV EQAPOVE, YE
QTOTEAECUOL TV TTAQOVOTOL TTOQAOTTMV e AUETO PLOAOYL-
%G ®O%AO, GG elvan Ta LOVOYEVT], EQUNVEVOVTAS £TOL TO
gvprjuata mg tapovoag uehémg. Elvan yvawotd du o me-
OLBAMOVTLRES ROL OL OLROMOYIRES LOTAQOYES EVVOOTUV
TNV TTAEOVOTA RO TOV TTOMATAACIOOUS TWV TAQACITIRMDV

According to our results, sea bass reared in farm 1
were more likely to develop parasitism from Monogenea
than in farm 2, especially in autumn. This may be
attributed to the lower overall temperatures and specific
wild fish fauna and climatic conditions present. Lower
temperatures may affect the immune system, thus,
rendering fish more susceptible to infections. According to
information provided by the industry, this area is subjected
to more intense rainfall (Bouboulis pers. Comm.) than
Southern Greece, where farm 2 is situated and this fact
may influence the local water quality parameters. Although
there are no data correlating directly the chemical quality
of the water to the prevalence of Monogenea,
Papoutsoglou et al. (1996) suggested that increased levels
of suspended solids in cages could lead to an increase in
parasite load. Earlier observations in Farm 1 showed that
after a heavy rainfall, a very common phenomenon during
autumn, an increased load of suspended solids and
turbidity in the water is present simultaneously with an
increase in the prevalence and intensity of D. aequans in
sea bass (Bouboulis, unpublished data); Possibly, the
mixing of the water during the storms facilitates the
transfer of the parasites to the hosts or the sudden decrease
of salinity results in immunosupression due to stress.
Furthermore, Farm 1 is one of the oldest farms in the
country and due to maturation of the ecosystem, a
degradation of the site may have developed encouraging
the establishment of direct life cycle parasites, such as
Monogenea and thus, explaining the findings of the present
study. Environmental changes and ecological disturbances
are known to have exerted a marked influence on the
emergence and proliferation of parasitic diseases.
Furthermore, rainfall intensity is considered a key deter-
mination of the transport of pathogenic microorganisms,
including parasites (Patz et al. 2000). More studies and
experimental data are needed, however, to understand
these observations in Mediterranean fish farming marine
ecosystems.

In our study, it was also found that Isopoda increased
the contagiousness of sea bass (expressed as prevalence
and intensity) to monogenea infections in farm 2; this was
also supported by our histopathology findings. In contrast,
Copepoda infections did not show a similar effect on any
fish. The most common Isopoda parasites affecting
Mediterranean fish are Ceratothoa parallela in sea bream
Sparus aurata L. (Papapanagiotou & Trilles 2001,
Papapanagiotou et al. 1999) and Ceratothoa oestroides,
and Nerocila orbignyi affecting cage cultured sea bass
Dicentrarchus labrax L. (Sarusic 1999). The Isopodo
Ceratothoa oestroides attaches to the skin, gills and mouth
of the cultured fish causing mechanical injury and stress.
There are also suspicions that the parasite can transmit
Rickettsia —like organisms (RLO) (Athanassopoulou et al.
1999b). Their prevalence is also in the increase and relates
to the geographic distribution of the sea lice infections
and in farm 2, RLO organisms were a constant problem.
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voonudrtov. EmmAéov, 1 éviaon twv fooyontdoemy Oe-
wpeeltat faord néoo Yo ™ HeTaoEd TaBoySvmy -
LOOOYAVIOUDV, CUUTEQILAUPAVOUEVOV TOV TOQACTTMV
(Patz et al. 2000). ITeELOOGTEQ EQEVVAL RO TTELQAUATIRA
dedopéva yoerdlovral Tdvimg Yo va xatavon oty autég
Ol TTAQATNONOELS 0T UECOYELOKRA EXTOEPOUEVO YPAQLOL
TV BaAGOOLOV 0OooVOTNUATMY. ZTNY TaEOoVoM UEAETT
oo EY e enttong ot LoGToda avENCAY T woAvoua-
TwdmTa TV Apoaxiadv, (erpealduevn oay T0000To Pé-
Avong now Eviaomg), OTig LOAOVOELS 0Ttd HOVOYEVY] 0T HO-
vada 2. Auté emPefodnre wa and ta otomabdoloyind
gvoniuatd pog. AviiBeta, 1 TEOooPOAY amtd rwmiToda dev
elye mapduola ETLEEON.

Ta 7o rowd 1démoda Taedotta Tov enxneedovy Ta
necoyeland Yoo etvan ta Ceratothoa parallela ywo. v
toutovpa (Papapanagiotou & Trilles 2001, Papapana-
giotou et al. 1999) xaw Ceratothoa oestroides, Nerocilla
orbignyi yio. 10 gxte@duevo hapodunt (Sarusic 1999). To
1w0émodo Ceratothoa oestroides pooroMdToL 010 dépua,
ot BEAYXLOL KOl OTH OTOUCTURY ROLAOTNTA TOV ROUAMEQ-
YOUUEVAV YPOQLAV, TQOROADVTAS unxavixés PAaPes non
o1pec. Ymdpyovy, emiong, »ou vroyieg Gt To TAdoLTo
utoQel var ouvdEeTal nat ue aoBEVELES QTG IKRQOOQYOVL-
opovs opordovres pe Puétoieg (RLO) (Athanassopoulou
et al. 1999b). To mocooté pohuvone twv RLO €xeL, eniong,
avEnbel ta tehevtaia yedvia ran cuoyeTCeETaL PE T YEW-
yoaguxy duaomoed g Teoofohrc g Bahdooias Yelpag
(Athanassopoulou 1997, Bouboulis-unpublished data).
Zm povada 2, oo RLO fitav éva duapréc mpopfinua. H pe-
yahitepn nud meoxahelitolr and ta veapd otddia g
Pelpag, 1 omolo TEOGPAMEL ToL rEd PAOLL TEOROA®D-
vtag €hnn row TOAmOY. AvTtég oL MdpPeg TEpovTaL pe T
BAEvva tov d€ppatoc. Ta evijhra otddia dev tpoxralotv
ocopaéc tnuée xar ouviBme ToEATEOVYTAL OTH OTOU-
i} rothdmra og Cevyn. Mo’ Sha avtd umoeoty va teo-
®aAEoovv avapia, ®aBvoTéEnon avdmTuEng, xounhs mo-
000TGS OVOTTALQOY YIS RO OEVTEQOYEVEIC LOAIVOELS, GTTmg
Gram apvnurd BoxTioLo, AeUPorVOTH ROl QLRETOLDOELS
(Woo 1995). O onpavuxés otomaboroyinés alhoidoeLg,
OV TTROXAON RV aTtd AUTd T TURAOUTO ROL TTAQOTHOY-
Onrav oto hapodria g €pevvdg pag, uwtoeotv vo. eEn-
YHOOUV TO YTl OL POAGVOELS QUTES ®aBLoTOUY T YPdoLo
1600 gvaiodnta oe dhha taboyova attia. Tap’6ho mou pe
natdAAnAn dvoyeloon pmopel vo pewwbel xdmmg to To-
000T6 HOAUVONG, OEV VUTTAQ)EL CUYRERQUUEVOS TGOS Oe-
QATELOS YU AVT TO TTOQEAOLTOL TTOV ATOTEAOUV £voL AVEQL-
vépevo medPAnua ot yxoea pac. EEdihov, dyora ydoua,
dmmg oL yémeg (Boops boops), o vépahog (Lisa aurata), o
odhneg (Boops salpa) nov m povouovea (Lithognatus
mormyrus), Tov Pelornovial Yoom ar’'tovg ®hofovg, m-
oTevETAL OTL EIVAL (POQELS QUTHV TV TOLQAUCTTWY ROl CLTTE-
AhevBepdvouv ta otddie vatmhol 11, wov mpoofdihovy
Ta gxtoe@oueva Yoo (Bragoni et al. 1983). H éhhenym
amoteheopatintc Oepameiag now 1 TOWIALL TV AyQLWV
YOQLAV TTOV TAEOVOLALOVTOL OTA OLOPOQETIRG OLROTU-
omipata, utoQel emtiong va eEnyrioel ™ oxéon ueta&l twv

(Athanassopoulou 1997; Bouboulis, unpublished data).
Most damage is caused by the pulli II larval stages that
attack the small fish causing blindness and severe ulcers.
These larvae feed on skin mucus. Adult stages do not
cause extensive damage and are normally found in pairs in
the buccal cavity. They can cause, however, anaemia, slow
growth rate, low reproduction rate and secondary
infections (Gram negative bacteria, lymphocystis &
Rickettsia-like infections) (Woo 1995). The severity of the
lesions, produced by these parasites observed in our case
in infected sea bass, may explain why Isopoda infections
render fish so susceptible to other parasite infections.
Although management measures can reduce slightly the
prevalence rate, there is currently no effective treatment
for these parasites and this infection is an increasing
problem in this country. Besides, wild fish, such as Boops
boops, Liza aurata, Boops salpa and striped bream
(Lithognatus mormyrus) around cages, are thought to be
carriers of this parasite releasing the stage II pulli that
attack the cultured fish (Bragoni et al. 1983). The lack of
effective treatment and the diversity of wild fish present in
different ecosystems may also explain the relation between
Isopoda and Monogenea infections (Athanassopoulou
1997, Athanassopoulou et al. 2001a,b).

Sea bream in our study was found to be more tolerant
to parasitism and the sampling season was not associated
with its frequency. Again, as the case of sea bass, sea bream
from farm 2 was less likely to develop parasitism in general.
This can also be due to specific ecological parameters,
such as the more constant overall temperature that exists
in the area of farm 2.

The copepod L. kroyeri is also an important parasite of
cultured fish, often causing problems in sea bass. In our
study, it was shown that few parasites can cause low
mortality and clinical signs in fish, probably because of
the size of the parasite and the way of feeding from the
host. This is particularly prominent, when mixed parasitic
infections occur. The parallel infection with Isopoda or
Monogenea can increase the mortality especially in sea
bass, but Copepoda on their own do nor render fish
susceptible to other infections as Isopoda do. This confirms
earlier observations in sea bass in Kavala lagoon, where
mortalities and pathology were attributed to multiple
mixed infections of these two parasitic groups, but not to
infections of Copepoda on their own (Athanassopoulou et
al. 2001a, 2002). During the study period, the lagoon had
a wide diversity of parasites, but their intensity and
pathology was low. This may be due to the lower fish
density in the ponds that is generally observed in semi-
intensive systems and the higher spreading of the parasites
in the environment, as well as the possible less stress that
these fish are normally subjected in this environment.

The continued aquaculture development in Greece
will inevitably cause disturbance of natural marine
ecosystems as rotation of aquaculture sites is not allowed.
Therefore, improved surveillance and monitoring is
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uoktvoewv astd 1odmoda xou povoyevij (Athanassopoulou
1997, Athanassopoulou et al. 2001a, b).

Zmv ma.povoa gQyaoia, 1 Towova BEEONKE mo av-
Bentinn OTNV TOEACTTMON 1AL OL ETOYES deLypaTopiog
de ovoyetiCovray pe ™ ovyvotnta TooPolrc tg. ‘Ommg
%Ol OTNV TEQITTWON TOV APEaxLov, N ToLWTtovoa TS Ho-
vadag 2 elye Aydtepeg mbavdtreg vo meoofindel amd
TOEAOoLTA. AUTG PIToEEl va ogpelheTan OTIG ELORES OLRO-
MoyrEg ToQAUETEOVS, GTtms oL o oTadeQés Bepuorpa-
oleg OV VITAEYOVV OTNY TEQLOYT] TS povddag 2.

To nwmijmodo Lernanthropus kroyeri elvow évo. onua-
VIO TAQAOLTO TV EXTOEPOUEVMV PAQLWV, TTOV TQORA-
Lel ouyvd mpoPijuata oto Aapodxt. Zmv mapovoo ue-
A, mapatEetnxre GtL axdun xat Mya Tapdotta uto-
0UV va TRORAAECOVV YoUNAEC BvnoudTntes vow vhvird
ovpTTdRaTa 0T Ydwa, (owg eEartiog Tov ueyéfoug Tov
TOLEAOITOV HAL TOU TOOTOU UE TOV OO0 TEEPETAL OIS
Tov Egvio]. Avté elvon wWwaitepa epgpavée, Gtov vdo-
XOUV Wxrtéc portvoers. H mapdhnin uéivvon amé 106-
0da 1] LOVOYEVY UTOQET VoL awEroeL T Bvnoudmra, xv-
plwg oto Aafdxt, alld To xomijmoda amd wéva Tovg dev
UWITOQOUV VA ®OTOOTHOOVY TaL YPAoLa evaiodnta oe dAAeg
polivoels, oe avtifeon ue to Ldmoda. Avtd empefoum-
VETAL OTTO TTQONYOUUEVES TTOQATNENOELS 0T0 AaPodxt ™G
MuvoBahaooag e Kapdhag, Grov Bvnowudmreg vow ma-
Boroyia opelhoviay og urTEC HoATVaELS o omtd Ta do
avtd €idn mapaoitwv, ahhd Syt wévo amd rwmaimoda
(Athanassopoulou et al. 2001a, 2002). Katd ) dudorewa
™mg €pguvag, N Muvofdiacoa €pepe ) ueyoliteon mot-
®nhia wopaottowv, alhd 1 évtaon za M Taboloyio Tovg
frav xaunii. H peydin eEdmhoon tov mopaocitov oto
TEQBAMOV UTToel vo ogelhetar ot wrer L Bvomunye-
™Mo 0T MpuvoBdhaooa, 1 orolo ToEOTNEETOL OTO NULE-
VIOTLRA oUOTHROTO ®oL 0T ueyaliteen daomod Tov
TOEAOTTOWY, GAAG TUOBAVGVY #OL OTO WXEGTEQO OTRES TTOV
VPLOTAVTAL TA PAQLO O CUTO TO OVOTNUA EXTQOPHNS.

H ovveyduevn ovdmmugn twv t0uorahMeQYEudv oty
EAMdda B tooralEoeL avamOpeurTa RATAOTQOPES TMV
BahdooLmv 0LROoVOTNUATWY, ETTELDN 1) EVAAAOYY] TOV TTe-
LoDV yBuoraiMégyetas dev emtpémeton. 't avtd xoet-
aleton €va Pehtiwpévo olotnua TapaxolotBnong ot
dLayelpLong, MoTe va aviyvetovioL YO1yoQd oL OLROAOYL-
%€g ahhayég mov uwoel vo. odnyrioovv omv avdmtugn
aoBeveldv xar va aopevyBel 1 mepartépm eEdmhmon
Tovg. [Tepautépm €pgvva elvor amagaltn yia va yivouv
RATAVONTES OL AAAALYEC TV OROCUOTNUATMOV ROl 1) ETTI-
TTTOON TOV TEORTRAY TV LOvoraAheQyewdv o »dbe ov-
YHEROUUEVO OLROOVOTNUAL, ETOL DOTE QTES VO, TTEOANPOOTY
%A VO, TTOEAROAOVOE (TaL 1) 0ENON TS BVnoSTTOS TV
tyBvomnBuopuwv amtd Taaottrés aotéveLes.

Evyogiotieg

H stapotoo uehém eivan puéog mpoyodupatog g Le-
vinnis Toapunareiog "Egevvag naw Teyvohoyiag (EAAnvo -
Ttahwi ovvepyaoio 1999).

needed as to detect early ecological changes that may lead
to disease development and to prevent further spreading.
Further investigation and exploration are needed to gain
a better understanding and control of aquaculture
practices in each particular ecosystem, so as to prevent
damage and reserve the rising morbidity and mortality
from parasitic disease.
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