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rda iz oblasti doktoiskih studii; I
u listu)

l. Gvozdenovii Sladana, Mandii Miiica, PeSiC Vladimir, Nikolid Marko, Pesid Ana & tkica
Zdrarka (2017)t Comparison betReen IMTA and monoculture faming of mussels (Myrilus
gallaproyincialfs L.) in the Boka Kotorska Bay. Acta Adriatioa, 58(2): 271-284.
http://jadfan.izor.hr/acta/pdf/58_2 pdfl58 2 7.pdf Casopis indeksiran u SCI/SCIE
(O.tr,nfrn rad dat uz obm,/ac)

2. Gvozdenovid Slaala a. Nikolii Marko, Pesii Vladimir, Peras lnes & Mandid Milica
(2019)r At the Door yes, but inside no up until now! First data on ths alien mollusc _F?rhlll

liagifti (Forssk6l in Niebuhr, 1775) (Bivalvia: Cardiidae) f'rom the Ad atic Sea. Acta
Zoologica Bulgar'ica, 71, accepted. http://www.aota-zooloeica-bulqarica.eLt/downloaos/aora-
zoolosica-bulsaric{r/201B-12-a|1iclos-accepted.pdf Casopis indeksiran u SCTSCIE (Potvrda
o prihvatanju rada data v, obruzac)

ltczultxd dobijeoi L, toiru radr na dohLorshoj discrtrciji objrvLjcni su u publjkovenin rido\i,na.

U mdu (1) publikov,uom u desopisu Acta Adriatica objavljcni su rczLrlt.rti dobijcni u tohu izradc
disclt^cijc koji sc odnosc na uporcdnu ,r|alizu izmctlu IM'IL\ (nrtegraLnog mLrlri-rro6ikog uzgojr)
i gnjcnj^ u monokr tufl vrsrc d,Lgnic Mytilus galloprovincialr.r L na istrazivanom podrudju
Bol(oJ(otoNkog zaliva.

U radu (2) publrlvx'anorn n trsopisu Actn 7-oologica Bulgnricr - in\azi,/t\ rts:ra. Ful\iia fi'agilis
(FoNskrl in Niebuhf, 1775) (Bivalvia: Car.diiclae) registfovana je po pfvi put za Jadransko

U l)odgorrr;,

Prilog dokumenta sadrri:

1. Powrdu o prcdaji doktorske discttacijc otganiz,cionoj jedinici
2. OdluLu o henovarju kornisije za ptegled i ocjenu doktorske disertacije
3. Kopiju rada publil<ovanog u iasopisu sr odgov eju6e liste

4. Biografiju i bibliografiju kandidata

s. Bioglafiju i bibLiogrifiju il,novr komisije z:r ptegled i ocjenu dokrotske disertecije sa

potvrdom o izboru u odgovarajude akademsko zvanjc i potvtdom da baten jcdan ilan
kotnisije nije u radnom odnosu na Ud\.eizitctu Cnre core

Obrazac D2: ..p, ,r, -, ., ., 1..: .1. l ,oL, d. 2/2
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Dear Drs. Slatlana,.Gvozdenovid, Marko Nikotid, Vladimir peiid,Ines peras & Milica
Mandid

Your manuscript 2258 .,At the Door yes, butinside no - up until nowl First record on the

^lien 
mollttsc Fulviaftagilrs (ForsskfiI in Niebuhr, 1775) (Cardiidar Cardiidae) from the

Adriatic Sea 1. Dr Fabio Crocetta,'

has been accepted and will be printed in,4cla zoologica bulgafica in issue 71, 2019.

Best regards,

*;:lffi","E,th,hn,
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Comparison between IMTA and monoculture farminq of
mussels (Xrlytilus galloprovincialis L.) in the Boka Kotorska Bav

..This laper presents the resuls of growth rate and condition index anatysis of Myt vs
galloplovincialis in integrated system and monocuhure. The aim af this study was to show if
there are differences in gro\ath and conditioh index of mussels bet\reen integrated multi-trophic
aquaculture (IMTA) and mokoculturefarnihg, The growth rate and condition idex were monitored
ctuing a l3-month study qt three diffetent sites: l) close ta /ish cages (NBL), 2) 100 n rcmoyed
lionJish cages (NUD), 3) at a monoculture mussel./hrm (Sl4g arcund 8 lon far away from cages,
The nost intense grawth ofmussels was recorded in spring, ahd the least intense in summer i,lier
13 moklhs, monitored ihdividuals at all three locations achiqed commercial size. The prcv,th rate
was very similar at all sites. The conditian index shot/ed spa!ial and tenporat ctifference;. Conditian
index values on site NUD teere mostly higher comparcd to SW and NBL, which were t)ery sinilar,
exept for rhe period from October to December when CI was similar on NBL and NUD site and
higher in comparation with SnV. CI y(rlues an NBL an NUD site during cold period indicate on facl
that nussels probably feed on the nutrients Jiom fsh farm origins.Tie higiest mort.tliry rate was
recorded at the NBL site, prcbably due ta the erfects offouling oryanisns

Sladana GVOZDENOVIdI, Mitica MANDIC?, Vladimir pESlCr, Marko NIKOLIC,,
Ana PESIC, and Zdfavko IKICAT*

IBIO-ICT Cektre of Excellence tu Bioinforn atics, Cetinjskq bn 2, 81000 potlgorics, Montenegro
zlnstitqte of Morini Biotog!, Unive\itJr of Mot tenegro., Dobrota b,b,, g5330 Kotor, Montenegro
3 Fscult! of nalural sciehces attil hathemath$ Unhre\it! of Monteneg4, Cetinjska bh 2, g1000

Podgofica, Montanegtu

*Cotesponding author, eaftail: ailikica@'c.he

Key words| Mytilus galloprc,yincialis, integrated multi-trophjc aquaculture (IMTA), monoourure,
Boka Kotorska Bay

INTRODUCTION

Marine aquaculfure or mariculturc is a very
important fish, crustaceao, mollusc and algae
production sector, which has th€ possibiliry
to rcplace the feduced, potential of natural
resouces (FAo, 2010). Nowadays, terms such as
"integrated" and "multitrophic" are increasingly
used in rclation to the concept of mariculture and
aquacultufe in general (cHoptN & RoBINSoN,
2004). lntegrated multi-trophic aquaculture

(IMTA) can be defiDed as the folm ofaquaculture
where unconsumed fish food and fish metabolic
products, which otherwise would have negative
impact on the environment can be used as a
food source in another subsystem, leading to
the increased productivity of the entire system
under the complete conlfol of fie farmers lTAO,
2000: TROILL ?r a1.,2009; CIIAVEZ-CROOKE( a
OBREQIIE-CONTREMS, 2010). According to FAO
(2004), one ofthe main goals ofthe aquaculture
indust0 in the near Iunu-e would be lo minimize
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Nedelja farm is a monoculture bivalve larm
whichproduces M€ditefiaiean mussel as well as
the Buropean flat oyster, and therefore only one
srte lvas selcted (SVN).

on a larming line closest to the fish cagEs
rNBL ). dnd anorher I tO indi\ iduats on a farming
line furthest from the fish cages CNUD). At the
Sveta Nedelja location, I 1 2 individuals were ser
together on a farming line (SVN). The musseis
were checked e\erj other rnonlh, remo!ed lrom
water. meas red (lengh. $ idrh. heighr,. cleaned
rrom to ttng organiqms and resUspended itl

Temperature and salinity on both Iocalities
were recorded monthly using the Multiline p4
WTW probe.

. For condition index estimation, a total of
1,560 individual mussels of similar size and
age (around B-io months) r,/ere taken from the
e^periTlenu. farjn al the lnsrilrne of Mafine
Biology. Mussels were placed inlrylonmeshnets
(2-3 cm stretched mesh size). Fourty indjvi<lual
mussels werc put in each net, with 13 nets per
site (i.e. 39 nets in tolal). Nets were placed on
NBL, NUD and S\4'i sites at depths between 2
and 3 m, Once per month, one net faom each site
was taken. Frcm each net 30 individual mussels
wefe laken and processed in the laboratory the
same day. The condition index was determiu€o
as the ratio between wet mass ofmeat (WMM)
and total weight (TW), according to ALMETDA er
at.(t999).

Statistical analyses

Growth ratios were tested using repeated_
measures two-way ANOVA with Trkey post-
hoc t."sl. Pammelers of\on Befldlanfty.s gro$th
eqlation fL.. L, Il-e] -o l) were estimaled w||n
analysis ofgrowth increment data using Munro-s
nethod in the FISAT II v.1.2.2 statistical package
(GAYANILO ?, aI.2005).

The condition index samples were tested for
normality of distribution of differences between
e?ch observolion and rl-c mean of irs gruup
u( ng Kotmogorov-Smifjrov lesj wirh Lilliefo|s
signifi cance coffection.

The homogeneity of variance was tested
using Fligner-Killeen test for samples that did
not fbllow normal distribution, and with Bartlett
test ibr those that did. Homoscedastic samples
were then tested using one-way ANOVA, with

l'ig. L Map thowiig the ta&ttohs ofsanpting sites (NBL
ae.t NUD at COcl, SyN at Sr Netletja)

Dxperimental desig

Ihe gro$lh expejimenr srs ser drfling
a l3-nonth pedod, from January 2OI5 uutjl
January 2016. In January 2015, mussels of
approximately the same size (mean leueth 4.27
+ 0.4 cnr) ard age (around 8-lO nonth:) were
taken form the experimental farm at the lDstiute
of Marine Bjology, University of Montenegro,
in Kotor Mussels were cleaned of fouljng
organisms the same day, and shell iengtns,
wrulns rnq netghls werc ntelsrtrcd using vernicr
carrperlo the Deafest 0.1 mm. lndividualmussels
were marked usjng improvised tags. The tags
were made lrom kitchen plastic waterproof
mats (welkHoME, Italy). The mats were cur
to rectanglesr approx. 12x5 mm in size, and
markings etched on lhe srrrface using scalpel
dnd solder:ng iroit. with the rnafkinJs \jsibiliry
rmproveo uslng waterproof felFtip marker.
NuDbered tags were bonded to ml;sel she swlrr t$o-LonpoIent waterproof adheri\ c
(ABRO EPOXY STEEL, U.S.A.). During rhe
marklng process, duration of air exposufe was
around 2-3 minutes, until theadhesive hardened.
Marked and measured mussels were placed
in plastic baskets (48x29x5 cm, with 2 cm
stretched mesh size) and suspended in water
at depths between 2 and 3 m. At the COGIrrar
locatlon, 110 individuals were placed together
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Tukey HSD (Honestly Significanr Diffefence)
used as aporl &oc test, Heteroscedastic samples
were analysed using Kruskal-Walljs rank sum
test, with Duxnt test as apost hoc test.

RESUITS

Temperature and salinif y

MiDimum and ma"\imum temperatures at
the COCImar location ranged between lt.6.C
in February 20tS atld 2'l.gac in July 2015.
Temperature on the Sveta Nedelja locatron
ranged belween 10.5.C in Januar] 2016, and
26.50C in August 20i5 (Fig. 2A). Salinity on
the COGImar location was belween the minimbl
value of 13.8%0 in February 2015, a0d the
maximum value ol35.2a,4o in Decembef 2015.
Or the Sveta Nedelja location, the mi inurn
salinity valucofi9.3%o was recorded in Febftlar y
201). :lno rhe mL\irnurn v:rtues of J?.1%o in
December 2015 (Fjg. 28).

Fis. 2. ntunh\ tenpetutlre (A) ard satinit, (B),atua on
both tocahies (COGI and Sr Nede1a)

Survival, mo ality and growth rate

Table I shows nunber of dead individuals
at each site for each measuring period. The
higlrest mortality was observed during the fi$t
two mcasuring periods (Jan 15 - May l5) on a
thrce sites.

Thc medn m .ss(, leJ gllr incrcdse dJr.rg rhc
sl.rd) period is girer in tabtc 2. qt alt s:lej, l

sufviving individuals reachcd the prescribed
market size (5 cm in length, as defineo rD

the oEICIAL GAZET.].D oF MoNTENEGRO (8/l0ll;
562009,4712015)) aftef 13 months. At the star! or
the experimcnt, the mussels werc estimated to
be aroLrnd 3- l0 monlhs old. At the SVl.l site, al
surviving individuals feached ma.ket size atlcf
only 3 months, which could indicate prcduclion
cycle of afouucl 16-18 months in monoculnrfc
conditions. After thc salre period at site NUD
8l0oo'sur\i!edi,li\idr..is jc.r"hcdrn..rk 1si/c,
and on site NBL 76% of survived individuals
reached Inarkct sizc for the Sa,ne pcriod.

Crowth 161s nnn1y51. 11.ngth, widrh, height)
showecl a stetistically significant diffcrcDce 1n

bolh sanpljng pefiod and sampjing location
(Table 3 - 5; Fig.3). The grcwlh in length was
slowest dui ng summer period (July,Septenbe,),
and the most rapid in spring (Ma(-May) at all
sites. The same results were obtained for growth
in width and heighl. During all periods, nussejs
trom the SVN and NUD sites showed similar
growth in tength, width and hejghr, whicb was
significaDtly higher compared to the NBL sir..

Table 6 shows that the estimaled grou,lh
rate pammeters were highest for mussels lrom
the S\Al site (Z- = 69.18 mm, ,t = 1.95 year ,),

and lowest lor the NBL site (I- = 62.52 nrn.
k = 1.709 ye i). On the NUD site eslimated
asymptotic length was Z-= 65.27 mm, with * =
2.0'/9 yea.t.

Condition index

The hjBhe.t vd.ue. {J4.at./ ot rhe conc{il;on
indcx rCI) uere recorded ar the \UD sire in
May 2015, while the towest values (19.28) were
on the NBL site in Septernber 2015. On all thrcs
sites, the lowest values ofCI were in September

'8,.

e!!9!9e.a!89*i!,+g::fii.:Ir

c:999!:C*99!
!!s-:j5_'f.? ;t9ei d i:
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tuble 1 . Nrnber af dead indiideb ot each site .for each neasurirg Period

Position NBL NUD S\n l

Jan'15-Mar'lt 4 l5 l9

Mar'ls-May' I5 25 ll 4

May' l5-Jul'l5 4 5

Jul'1s-Sep'15 9 3 7

Sep'l5-Nov'15 2 2 2

Nov'1s-Jan'16 0 2

Table 2. nrc meah hussel lensth oh the beSirning and olter 13 nodths

Position NBL NUD SVN

Jan'15 4,38+0.39 cm 4.20+0.45 cm 4.23+0.35 om

Jan'16 5.97t0,47 cm 6.3740.56 om 6.57+0.54 cm

Table 3. /tnatrs is of 8/ovh indenehts lbt tenSth using rcpeated'nedurcs aNov.l with Tuke! past ho!^ cotuparison

Factor d.f.

5

2

t0
1248

Period

Site

lnteractioll

Error

t79.63

36.32

5.34

<0.001 4<3<6<5=l<2
<0,001 NBL < NUD = SVN

<0.001

Table 1. Arolysis olgtowth ihcrchnts lbr *idth usirg ftpedted'neasures .lNov,a ||ith Tukev pas\ hoc conParisoh

Posl &oc comparisonFacior d.t
Period 5 138.87

Site 2 36.55

Interaction l0 10.16

Eror, - 1248

<0.001 4<3=6=5<l<2
<0.001 NBL < NUD = SVN

<0.001

Table 5. ,4halysis oJ stowth ircrendtibr height 
^kg 

rcpeatcd'ne$uta 
^Nov,l 

with Tukev posr hoc cohparisan

Factor d.f. Posl l?oc comparison

Site 2

Interaction 10

<0.001 4<3<6<5=l<2
<0.001 NBL < NUD = SVN

<0.001

- 91.91

32.t8

8.27

Error 1248
l = Jd-Mr. 2 Md-Md), l, \48j-lul.4 Jul-lep 5 \(P-No\' o NoFJal ro
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Table 6. Grcdh pfrMete for nussets pq sahpti"s site

S\,N NTID NBL

& (yearj) 1.95

65.27

2.079

62.52

t.709

Tdble 7. Aflalwis of co"ditiah iidq dccotdiig to site d d nonth

Year Month ANOVA/KW Porl ,oc comparison

January

reDruafy

March

' April

May

June

2015
July

August

. Sept€mber

October

Noi,ember

December

2016 January

F = 1.744Ns

H = 4.26/Ns

F = 13.99**!*

F = 11.22***

F = 21.39***

F = 5.439**

F = I1.99**'e

F = 4.224*

H = 2.3446Ns

F = 13.8** *

F =20.'74***

F = 31.65***

F = 5.235**

NUD=NBL, S\N>NBL, S\,II>NUD

NUD>NBL, SVN=NBL, NUD>S\N

NUD>NBL, S\AI=NBL, NUD>S\4{

NUD=NBL, SVN=NBL, S\,TI<NUD

NUD>NBL, SVN=NBL, NUD>S\

NUD=NBL, SVN=NBL, NtlD>S\,l\I

NUD=NBL, NBL>SM\I, NUD>S\'II

NLID=NBL, NBL>SVN, NUD>S\n'i

NUD=NBL, NBL>S\4.i, NUD>S\N

NUD=NBL, NBL=SVN, NUD>S\n{
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DISCUSSION

The results ofthis study revealed statisticaliy
signifi cant diference betvr'een sampling period
and sampling location in both growth and
condition index of mussels.

TSL
ffiruo

Fig.3. Arerage groh|h increnents and standad deviations

Ior te Cth (A), rridth (B), and height (C) accor.tins to
sahpling pqio.l dh.l locdtiok

2015 (19.28 NBL] 21.18 NUD; 19.35 SVN).
During the entire monitoring period the mean
values of Cl were higher on the NUD site
compared to the other two sites (Fig. 4), except
for February, and March 2015. The analysis of
condition index according to site and month
is given in Table 7 and shows that there was
no statistically significant difference in CIs at
diflerent siies during January, February alld
September 2015. From April until August 2015,
as well as in January 2016, the CIs at the NBL

. and SvN sites were 6imilar, while in the period
from October to December the individuals
from the NBL site had CI values which were
statistically significantly higher than the CI
values ofindividuals fiom the SVN site.

ilrwi''

lG,
EiJ:

€

c
g

3
<

Fig. 4. Average honthl! coh.lition indd and standaftt
deriatiohs dccotding to nonth and tahpling site

The obtaified results indioate that growth rn
length. width and height at all three sampling
sites was most iDtense in spring, and least
intense in sunrner. These results agree with
PETTARDA e/ d/. (200?), who found the highest
growth rates of mussels in period from March
to May, which could indicate that the highest
growth duringlhe spring period can be the result
of increased food aviability. On the other hand,
results of this study partly agree with results
reported by IRISARN e/ a/. (2014a), who found
miximum gfo$,lh in mussels during bolh spring
and summer period. According to vAN ERKoM
SCHURTNK & GRrrflTHs (1992) as well as ZL?AN
& SARIC (2014), highest avaliability of food is at
temperatures between looo and 20oC, \rhen the
recorded mussel groMh is most intense, while
the growth slows at temperatures above 20oC.

Temperatures in the 10-20"C range are typicai
for the Adriatic in spring, with temperatures
above 20'C typical for summer (AZCARATE

er d/., 2005), which can help explain the results
obtained.

Salinity has an indirect influence on gro\\'th,
with lower salinity having a positive influence,
but through the fact that areas with higher
influx of freshwater (ard thus lower salinity)
have increased amount of nutrients (ZL?AN &
SARrc, 2014). Salinity values at the COGImar
location werc siglificantly lower dudng winter



and spring seasons, compared to Sveta Nedelja
(Fig. 3). The NL'D site, ,)vhich is abour 100 m
removed iiom fish crges. is under a cignificanl
inlluence ol underwater l'res,lwaler sources, as
well as the Iieshwater influx form the land (BEL-
LAFIORE er a/,20ll), and the higher growth rates
(in length, weight and height) at this site coutd
be aftributed, at least partially, to the iDcreased
amount of fresh\rater.

High growth mtes in leDgth, .lveight and
height. which were recorded xr rhe SVN sir"
simlhr ro NuD. cxn be connecred r;;he st;;;
water currents in the Verige strait (>20 cffvs7
(BELLAFIoRE et dt, 20|). The Sveta Nedelja
mussel fa.m is located just off the mouth of
the straif, KARAYT'CEL & KARAYT'CEL (2000)
report highe. growth rate of Mytilus edutis
individual5 sxpq5q6 to warer currenr influence,
as srongef currents caary mote nutrients,
BAJNoCI (2014) found that mussels which were
placed on the farthesr point from fish cages had
the highest gfowth rates in length, weight and
height compared to those whjch were placed
close to fish cages, but the differences were no!
statistically sigoificaot, NAVARRETIMTER er al
(2010) also did not report significant diflerences
in shell length growth ofmussels on sjx different
distances lrom fish cages. Results from IRISARRI
er4l (20r4a) showed similar shell length betweeD
mussels close to the fish farm and mussels
distant from the fish farm.

Lower growtt! rates at the NBL site conl-
pared to S\4.,1 and NLID site could be alTected by
the lafge amount offouling organisms detected
duriog the entire year on this siie. STJDpCEVIC
rlo74, repons lhat a large amounl of l'ouli||g
organisms "suffocates" the mussels, which stalls
their growth, and can also cause increased mor-
tality. Dominant fouling organism on NBL sit€
was the White sea squirt (Phaltusia nanmilata,
Cuvier l8l5). Other fouling organism which
were noted are: Botrlllus spp., Balanus spp,,
E{opean fan worm (SAD e a spallanzani, Gft\e-
lin l?91), Keel worm (Pamatoceros triqueter,
Linnaeus 1758) and Bryozoa (Schizobrachiella
sanguine,Norrr.an 1868). A1l ofthose organisms
were also tecorded on the other two localities,

but in different abundances. On the SVN site
Keel worm was more abundant that any othea
organNms, as well as the Eulopean fan worm,
while on NBL and NUD sire White sea squifi
was the dominant organism. Also, on the NBL
and NUD sites the grcen dlgae Chaeto orpha
spp. 

^nd 
Cladophara spp. were abundantj espe-

cially during spring months. These differences
in fouling can be explained by lhe diflerences in
sea currents at diflerent localities.

The highest morlality in our study was
recorded du.ing the the fiNt two measurs-
mcnt periods on all three sites, which can be
explained by stress and adaptation ofindividuals
to the new conditions (ZupAN,20l2). On the other
hand, highermortalior at theNBL site during the
entrre monitoring period could be explaineu oy
an increased presence offouling organisms due
to the proximity offish cages.

It is known that condition index is an
rnportant pafameter indicatjng the quality of
shellfish (ZUPAN & SAnrC,2014). The results of
this stLLdy indicate that location did consistently
influence the CI of mussels, with individuals
100 m removed from fish cages aNUD) showing
highef Cl values for rhe major pan of rne
study compared to individuals at the other lwo
sites (NBL, S\t,l), which were quite similar
among themselves, exept for the colder period
(October-December) when sites NBL and NUD
were similar and had higher Cl values. These
results can ind'caie the fact that in colder
months, when primay production is lower atld
there is little food available jn watel mussels
I-eed on the nutrients originating from fish larms
. The benefits on mussels leeding on fish farm
elfluents were noted by MACDoNALD er a/. (20 r t).

This sr d) s resulls regdrding the CI aJe in
accordance with those reported by Sene er ar
(2009), LANDER er a/. (2012) and ZT,TAN er a/. (2014),
who found a positive conelation between CI
values in bivalves and their prcximity to fish
farms. IRTSAiRI e/ al (2014b) found significanly
higher CI in IMTA mussels than in monoculture
individuals. On the other hand, the results of
this study are not consistent with the results of
'rA)'LOR e/,1 (1992) and CHESHLTK "r,l (2003),

ACTAADRTATICA, 58(2): 27 I 284, 2A) 1
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who showed that there is no influence ofsalmon

farming on Cl ol M. edulis ard M planulalw
IRISAIIRI e/ a/. (2014a) has not found differences

in CI values among mussels close to the fish

larm and those distant from the fish farm

Also, NAVARRETE-MIER e/ dt (2010) did not report

significant differences in dry weight ofmussels

farmed on six diflerelrt distances from fish

cages.
The results of this study also showed the

lowest CI vaiues during September 2015 at

all three sites. This can be explained by the

common spawningiperiod ofthe mussel' which

reaches its peak during spring and a tumn

(DARDICNAC"CoRBEL, 1990). Howevet even jf
lhe bibliographical dcu refef to spring spc\!ning

closelv following the drop irl Cl values (MAsoN.

19?6, bKUMUs a snmtttc. l9o8r PEHARDA er

a/., 200?), this was not recorded in this study

Rather, the CI values were relatively high at all

three sampling sites. According to HRS'BRBNKo

(1980)j water temperatufes above 16oo have

a sigrificant effect on the fecluction of sexual

activity of mussels lt is important to mention

that method for CI calculation in this sludy was

based on "wet" method (ALMEIDA e/ a/ 1999),

while calculatioD ofCI in most other studies was

bas€d on dried or cooked meat (FREEMAN, 1974i

DAVENPORT & CHEN. 1987).

CONCLUSIONS

This stLrdy an;lysed the growth rate and

condition index of ,La gallaPravincialis in i^te'
grated system and monoculture. The gro*4h rate

and condition index were monitored during a

l3-month study at three diflerent sites: 1) close

to ihe fish cages CNBL), 2) 100 rn far from fish

cages (NUD), and 3) ;t a monoculture mussel

falm (SVN). Significant diflerences in growth

rate and condition ;nde\ according lo sampling

period and )ocation were found. The results

showed a similar production cycle in mono_

culture and integrated multi-trophic systems.

The higbest mortality rate was recorded at lhe

NBL sile. The results of lhe stud) rcfer to lhe

minimum market size of musels in Montenegro

(5 cm shell tength) (oFFICIALL GAZETT? oF

MONTENECRO, 8/20 I 1; 56/2009. 4?/2015). As such,

the results of the study might not be directly

applicable to areas wilh diflerent minimum

market siTes e.g. in Croalia. where mussel mini-

mum market size is 6 cm (OFFICIAL GAZETTE Of
THE RSPUBLIC Or CROATIA, 63t10, 681t0' r45llo,

18n2,29lr2), although they should be considered

indicative. CI results indicate the possibility that

mussels feed on the nutrients from fish farm dur-

ing periods when little food would naturally be

available in water.

It is knowD that, besides temperature and

salir)iw. the other irnporlant facrors influencing
qro$th ijr mussels a;e rhe availability of food.

iuta, .urr"n, direction and populaljon density

(GosLINc, 1992), and that food avaiLabilify aud

changes in the reproduction phases are the most

important factors in Cl variations (GoSLING,

1992), the obtained results suggest lhat a much

more detailed study, which would include

abiolic cnd biotic parameters on all sampling

locations, should be perlormed in order to get

more relevant results,
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SAZETAK

Cilj ovog istrazivanja bio je pokazati posrojanja mogudih .azlika !L rastu i kondiciiskom indeksu
dagnii (Mltilus galloptovlrcials) u intcgralnonr multi.:hofidkom uzgoju i uzgoju u monokulluri.
Rast i kondicjjski indeks praCeni su tijekom razdoblja od 13 mjesecj na rri postajer t) u btizini
uzgajalista ribe CNBL),2) l00moduzgajalistcribetNUD). 1)umonokutruri (SVlt) na uzgajalistu
kojeje oko 8 km udaljeno od kaveza sa ribonl, Najj tcnzivniji rast zabilje'en je tijekom proljetnog
razdoblja, a najmanje inienzivan tijekom lje|nog. Nakon 13 mjeseci, pradene jedinke su na sve tfi
pozicije dostigle komercijahu duzinu. Stopa rasta je bila sli{na na sve tri pozicije, dokje kondicijski
indeks pokazao prostorne i vremenske razlike. Vrijednosti kondicionog 

'ndeksa 
na postaji NUD

bile su viSe od vrijendostj na postajama S\4.1 i NBL, koje su medusobno bile prjlidno slidne,
osim u razdoblju od listopada do prosinca kada su vrijednosti kondicijskog indeksa bile slitne na
postajama NBL i NUD, a vede u usporedbi sa vrijednostima na posta.ji SVN poziciji. Vfijednosti
kondicionog indeksa na postajama NBL i NUD tijekom hladnog perioda godine ukazuju na to da se
dagde vjerovatno hrane outrijentima porijeklom sa uzgajalista riba. Visoki mortalitet zabiljezen je
na postaji NBL, najvjerojatnije zbog obmstajnih oqanizama.

Kljuine rijeCif Mytilus galloprovincialir, integmlna multi-trofidl(a akvakultura, monokultum,
Bokokoto$ki zaliev


