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PREDGOVOR

Udruga Morski obrazovni centar Pula, Aquarium Pula, Odjel za ekologiju, agronomiju i
akvakulturu Sveucilista u Zadru i Institut Ruder BoSkovi¢ organiziraju IV. znanstveno strucni
skup Prilagodbe na klimatske promjene i oCuvanje morskih ekosustava Jadranskog mora. Skup
se nastavlja na predhodna tri odrzana Skupa u Gradu Krku: Prosirenje ekoloske mreze NATURA
2000 na morska podrucja (sjeverozapadna obala otoka Krka, Rijecki zaljev) 2020. godine, s
ciliem ocuvanja staniSta plemenite periske (Pinna nobilis, Linneaus, 1758), Pismenost
(poznavanje i razumijevanje) funkcioniranja ekosustava Jadranskog mora u 2021. godini i /ll.
znanstveno strucni skup Klimatske promjene i ocuvanje morskih ekosustava Jadranskog mora
u 2022. godini.

S ciljem osvjeStavanja Sire drustvene zajednice o utjecaju klimatskih promjena u kombinaciji s
drugim pogubnim ljudskim aktivnostima na Jadransko more, a u kontekstu UN-ovog desetljeca
oceanske znanosti za odrzivi razvoj 2021. - 2030. (oceansko desetljece) u suradnji s relevantnim
znanstvenim i edukativnim institucijama u RH organiziramo znanstveno-struc¢ni Skup na temu:
Prilagodbe na klimatske promjene i oluvanje morskih ekosustava Jadranskog mora na kojem
¢e biti razmatrani negativni utjecaji - od djelatnosti Covjeka do klimatskih promjena - na
ekosustav Jadranskog mora te moguce prilagodbe brzim promjenama koje se u morima
dogadaju i nuznost provodenja aktivne zastite morskih ekosustava.

Jadransko more je u odnosu na povrsine svih mora vrlo malo: ¢Cini tek 4,6% ukupne povrsine
Sredozemnog mora. Jadran je poluzatvoreno i plitko more, izrazito osjetljivo na sve intenzivnije
utjecaje ljudskih aktivnosti: turizma, ribarstva, pomorskog prometa, marikulture, eksploatacije
ugljikovodika, ali i na snaZne utjecaje koje donose klimatske promjene. Povecanjem
temperature mora u Jadranu se sve vise pojavljuju razli¢ite nedomicilne termofilne vrste riba,
algi, bakterija i Zelatinoznih organizama. Svjedoc¢imo izrazito visokim temperaturama mora, i
do 30°C pocetkom srpnja 2022. godine, Sto do sada nije zabiljezeno. Sve se e$ce i ranije
pojavljuju cvjetanja fitoplanktona, a razni patogeni uzrokuju veée pomore organizama. Dolazi i
do promjene areala rasprostranjenosti vrsta unutar Jadranskog mora te do promjena u
dotocima vode i hranjivih tvari rijekama te posljedi¢no i do promjena saliniteta. Podize se i
razina mora, a mijenja se i cirkulacija vode u Jadranu. Djelatnostima ¢ovjeka u more dospijevaju
vece koli¢ine hranjivih i razlicitih Stetnih tvari koje imaju svojstvo bioakumulacije i
biomagnifikacije te postaju dijelom hranidbene mreze.

Jadransko je more prirodni resurs neophodan za Zivot, kako morskih organizama tako i Covjeka.
Promjene koje se dogadaju imaju utjecaj na gospodarstvo i kvalitetu Zivljenja Covjeka te se
provodenje aktivne zastite Jadranskog mora nameée kao nuznost i jedino rjeSenje koje
omogucuje daljnji odrZivi razvoj. Za to je nuzno razumijevanje povezanosti funkcioniranja svih
procesa more-kopno te upoznavanje donosilaca odluka sa znanstvenim spoznajama na svim
razinama. Vrlo je bitno upoznati i Siru drustvenu zajednicu ukljucivo i najmlade ¢lanove s
temeljnim znanjima o utjecaju klimatskih promjena na more, procese i Zivi svijet u njemu te o
mogucim posljedicama naseg nedovoljno ozbiljnog shvaéanja te problematike za ¢ovjeka.



Glavne teme Skupa su prilagodbe na klimatske promjene, strategija prilagodbi i mjera za
oCuvanje stanista i vrsta Jadranskog mora, a posebna sekcija je posvecena prezentaciji rezultata
30 godina istrazivanja morskog jezera Zmajevo Oko kod Rogoznice.

Skup se sastoji od plenarnih predavanja, usmenih i posterskih izlaganja iz podrucja prirodnih,
biotehnickih, tehnickih i drustvenih znanosti prema sljedec¢im temama:

e Prilagodbe brzim promjenama koje se u morima dogadaju

e Klimatske promjene i njihov utjecaj u Jadranskom moru

e Zagadenje mora, ukljucujudi buku i bioloSko zagadenje invazivnim stranim vrstama

e Prekomjerno iskoriStavanje morskih resursa

e Mehanicka uniStavanja stanista i pridnenih zajednica

e Utjecaj klimatskih promjena na morske sustave u Skolskim programima

e Morski ekosustavi i klimatske promjene u zakonskoj regulativi RH

e Strategija prilagodbi i mjera za oCuvanje stanista i vrsta Jadranskog mora

e Dobri primjeri pristupa klimatskim promjenama, moguce prilagodbe i mjere u praksi,
plava ekonomija

e Morsko jezero Zmajevo Oko kod Rogoznice u vrijeme klimatskih promjena

e Pismenost 0 oceanu, gradanska znanost i sinergija izmedu znanosti i umjetnosti

Jasno definirani zaklju¢ci Skupa o znacaju razumijevanja funkcioniranja ekosustava Jadranskog
mora i potrebi strateSkog pristupa prilagodbama klimatskih promjena s mjerama zastite

stanista i vrsta bit ¢e predstavljeni Siroj javnosti putem medija i dostavljeni odgovornim tijelima

na drZzavnoj i regionalnoj razini.

Zelimo vam uspjesan rad, te ugodno druZenje i boravak u Gradu Krku.

Ispred Organizacijskog i Znanstvenog odbora:
Tatjana Bakran-Petricioli, predsjednica

Milvana Arko-Pijevac, predsjednica



FOREWORD

The Marine Education Centre Pula, Aquarium Pula, the Department of Ecology, Agronomy and
Aquaculture of the University of Zadar and Ruder Boskovi¢ Institute are organizing the 4t
Scientific Expert Meeting on Adaptations to Climate Change and Preservation of Marine
Ecosystems of the Adriatic Sea. The meeting is a continuation of the previous three meetings
organized in the City of Krk: Extension of the ecological network NATURA 2000 to marine areas
(northwest coast of the island of Krk, Rijeka Bay) in 2020 with the aim of preserving habitat of
the noble pen shell (Pinna nobilis, Linneaus, 1758), Literacy (knowledge and understanding) of
the functioning of the Adriatic Sea ecosystem in 2021 and 3™ Scientific Expert Meeting on
Climate Change and Preservation of Marine Ecosystems of the Adriatic Sea in 2022.

To achieve the awareness of the broader social community about the impact of climate change
in combination with other negative human activities, and in the context of the UN Decade of
Ocean Science for Sustainable Development 2021-2030 (Ocean Decade), we are organizing a
scientific-expert conference in cooperation with relevant scientific and educational institutions
in Croatia on the topic: Adaptations to Climate Change and Preservation of Marine Ecosystems
in Adriatic Sea. At the Conference we will discuss the negative impacts - from human activities
to climate change - on ecosystems of the Adriatic Sea and possible adaptations to the rapid
changes going on in the seas and the necessity of implementation the active protection of
marine ecosystems.

The Adriatic Sea is very small in relation to the surface of all seas, it makes up only 4.6% of the
total surface of the Mediterranean Sea. The Adriatic is a semi-enclosed and shallow sea,
extremely sensitive to the increasingly intense impacts of human activities: tourism, fisheries,
maritime transport, mariculture, hydrocarbon exploitation and also to the strong impacts of
climate change. We are witnessing that sea temperatures reached 30°Cin July 2022, which has
not been recorded until nowadays. With the increase in sea temperature in the Adriatic,
various non-domicile thermophilic species of fish, algae, bacteria and gelatinous organisms are
more frequently appearing. Phytoplankton blooms appear earlier and more frequent, and
various pathogens cause mass mortalities of organisms. There is also a change in the
abundance and the distribution of species within the Adriatic Sea. The changes are visible in
sea currents as well as in inflows of freshwater and nutrients from rivers, resulting in salinity
changes. The sea level is also rising, and the circulation of water in the Adriatic is changing. Due
to human activities, larger amounts of nutrients and various harmful substances with the
tendency of bioaccumulation and biomagnification reach the sea and become part of the food
web.

The Adriatic Sea is a natural resource necessary for life, both, for organisms and humans. The
changes that are taking place have an impact on the economy and the quality of human life.
So, the implementation of active protection of the Adriatic Sea is vital and the only solution to
support sustainable development. However, in order to effectively implement the protection
of the Adriatic, it is necessary to understand the connection between the functioning of all sea-
land processes and to present scientific knowledge to decision-makers at all levels. It is also



important to present basic knowledge about the impact of climate change on the sea,
processes and living organisms, and the potential consequences of our insufficient knowledge
of this issue for humans to the wider social community, including the youngest members.

The Conference’s main topics are climate change, adaptation strategies and measures to
preserve the habitats and species of the Adriatic Sea. A special section is dedicated to the
presentation of 30 years of research on Rogoznica Lake Zmajevo Oko (Dragon's Eye).

The programme of the Conference includes plenary sessions, oral and poster presentations in
the field of natural, biotechnical, technical and social sciences according to the following topics:

e Adaptations to rapid changes that are happening in the seas

e Climate change and its impact in the Adriatic Sea

e Marine pollution, including noise and bio pollution with invasive non-indigenous
species

e Exploitation and overexploitation of natural marine resources

e Mechanical destruction of marine benthic habitats and benthic communities

e Climate change impact in education programmes at the primary and secondary level

e Marine ecosystems and climate change in the legislation of the Republic of Croatia

e Adaptation strategies and measures for preservation of habitats and species of the
Adriatic Sea

e Examples of good approaches to climate change, possible adaptations to climate
change and measures in practice, blue economy

e Rogoznica Lake Zmajevo Oko (Dragon’s Eye) in time of the climate change

e Ocean literacy, Citizen science, and Synergy between Science and Arts

Clearly defined conclusions of the Conference on the importance of these topics will be
presented to the general public through the media and brochures, with the aim of raising
awareness of the need to implement blue and sustainable development.

We wish you successful and productive discussions, as well as a pleasant stay in the City of
Krk.

On behalf of the Scientific and Organizing Committee:
Tatjana Bakran-Petricioli, president

Milvana Arko-Pijevac, president
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PRIRODOSLOVNI MUZEJ RIJEKA
gospoda Milvana Arko Pijevac

predsjednica Organizacijskog odbora skupa
mPrilagodbe na klimatske promjene i ocuvanje
morskih ekosustava Jadranskog mora“

PoStovana gospodo Arko Pijevac,

zahvaljujem na zamolbi te Vas obavjestavam da sam prihvatio pokroviteljstvo nad &etvrtim
znanstveno-struénim skupom Prilagodbe na klimatske promjene i ocuvanje morskih
ekosustava Jadranskog mora, koji ¢e biti odrZan od 6. do 8. listopada 2023. u gradu Krku.
Vjerujem kako ¢e navedeni skup okupiti brojne znanstvenike i stru¢njake te svojim
odrZzavanjem pridonijeti osvje$¢ivanju javnosti o potrebi ofuvanja Jadranskog mora kao

prirodnog resursa vaznog za odrzivi razvoj Republike Hrvatske.

Zelim Vam puno uspjeha u pripremi i organizaciji skupa Prilagodbe na klimatske promjene i
ocuvanje morskih ekosustava Jadranskog mora, kao i daljnjem radu.
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PREDMET: Zamolba za pokroviteljstvo IV. znanstveno-struénog skupa ,,Prilagodbe na
klimatske promjene i o¢uvanje morskih ekosustava Jadranskog mora“
- odgovor, dostavlja se

Postovani,

u ime Ministarstva gospodarstva i odrZivog razvoja (u daljnjem tekstu: Ministarstvo)
ovim putem zahvaljujemo na Va$oj zamolbi za pokroviteljstvo IV. znanstveno-stru¢nog skupa
,»Prilagodbe na klimatske promjene i ofuvanje morskih ekosustava Jadranskog mora“ koji ée se
odrzati u Krku od 6. do 8. listopada 2023. te Vas obavje$tavamo kako Ministarstvo, bez
financijskog sudjelovanja, prihvaca pokroviteljstvo nad istim.

Takoder, Zelimo izraziti podrsku, kako u ovoj, tako i u svim aktivnostima koje provodite
te Vam Zelimo puno uspjeha.

S postovanjem,

DOSTAVITI:
1. Naslovu,
2. Pismohrani.
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IV. znanstveno-struéni skup Prilagodbe na klimatske promjene i oéuvanje morskih ekosustava Jadranskog mora, Krk, 6. - 8. 10. 2023. / 4th
scientific-expert conference Adaptations to climate change and preservation of marine ecosystems of the Adriatic Sea, Krk, Oct. 6-8, 2023

PROGRAM SKUPA

Cetvrtak, 5. 10. 2023. Hotel Bor, Setaliite DraZica 5, Krk

10.00 - 20.00 Dolazak i smjestaj sudionika
20.00 - 21.00 Pi¢e dobrodoslice i neformalna rasprava u atriju Hotela Bor

Petak, 6. 10. 2023. Velika vijeénica Grada Krka, Trg bana Josipa Jelaci¢a 2, Grad Krk

8.30-9.30 Dolazak i registracija sudionika, postavljanje postera u atriju Vije¢nice

9.30

Otvorenje skupa i uvodni govor

10.00 Ivan Guttler, Drzavni hidrometeoroloski zavod, Zagreb

Plenarno predavanje: Klimatske promjene: zakljucci Zbirnog izvjeS¢a Sestog ciklusa
Meduvladinog panela o klimatskim promjenama
Climate change: conclusions of the Synthesis Report of the IPCC Sixth Assessment Report

Usmena priopcenja:

10.45

11.00

11.15

11.30

11.45

Ivica Vilibi¢, Petra Prani¢, Cléa Denamiel

Sjevernojadranska voda visoke gustoce: sto znamo 60 godina nakon pionirskog rada Mire
Zore-Armanda

North Adriatic Dense Water: lessons learned since the pioneering work of Mira Zore-Armanda 60
years ago

Jelena Dautovié, Niki Simonovi¢, Milan Cankovié, Mathieu Dutour-Sikirié, Jakica Njire,
Davor Luci¢, Irena Ciglenecki, Nastjenjka Supi¢

Uzroci promjena svojstava i koncentracije organske tvari u sjevernom Jadranu
Drivers of the organic matter properties and dynamics in the northern Adriatic Sea

Josip Rubinié, Maja CuZe Denona, Maja Radisi¢
Klimatske promjene i interakcije morske i slatke vode u priobalju
Climate change and interactions between sea and freshwater in the coast

lgor RuZi¢, Andrea Tadi¢, Cedomir Benac
Erozija i ranjivost Zala na poluotoku Loparu (otok Rab, Hrvatska)
Erosion and vulnerability of beaches in Lopar peninsula (Rab Island, Croatia)

Tonko Bogovac, Dalibor Carevi¢
Pomak obalne linije plaze Plo¢e i Sakarun pri olujnim dogadajima i buduc¢im ekstremnim
razinama mora

Knjiga saZetaka / Book of Abstracts 1
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Predicting shoreline change on beaches Ploée and Sakarun caused by storm events with future
extreme sea level rise

12.00 Pauza za kavu / Pregledavanje postera u atriju Gradske Vijeénice

12.30 Igor Ruzi¢, Andrea Tadi¢, Cedomir Benac, Nino Krvavica, Vedrana Petrovié, Gorana Ljubi¢ié,
Dado Jakupovi¢
Ranjivost obale Primorsko-goranske Zupanije zbog podizanja razine mora
Vulnerability of the coast of Primorje-Gorski Kotar County due to sea level rise

12.45 Ivana Zubak CiZmek, Rita Raos, Melita Mokos
Granulometrijski sastav sedimenta u slanoj mocvari Karinskog mora
Granulometric composition of sediment in the Karin Sea salt marsh

13.00 Filip Kalini¢, Jelena Koritnik, Kristina Pikelj, Dalibor Carevi¢
Primjena pametnih valutica i fotogrametrije u pracenju morfodinamike umjetne plaze
Ploce
Application of smart pebbles and photogrammetry in monitoring morphodynamics on the artificial
PloCe beach

13.15 Dalibor Carevié, Tonko Bogovac
Utjecaj gradnje i odrZavanja plaZza na morski okolis u Hrvatskoj
The impact of beach construction and maintenance on the marine environment in Croatia

13.30 Branko Kundih
Pravni okvir zastite i gospodarenja morskim plazama
Legal framework for the protection and management of sea beaches

13.45 Valnea Kerbavci¢ Degac, Bernarda Kruli¢ Mutavci¢, Mladen Viher
Vojne aktivnosti uz ocuvanje ekosustava Jadrana
Military activities while preserving the Adriatic ecosystems

14.00 Pauza za rucak

15.15 Ljubomir Miscevic¢
Prostorno planiranje, urbanizam, arhitektura i zastita graditeljske bastine u prilagodbi
klimatskim promjenama
Physical planning, urbanism, architecture and protection of architectural heritage in adaptations
to climate change

15.30 Ljubomir Miscevi¢
Arhitektura visoke energetske ucinkovitosti i ugljicna neutralnost u funkciji prilagodbi
klimatskim promjenama
Architecture of high energy efficiency and carbon neutrality as a function of adaptation to climate
change
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15.45 Mirjana Kovaci¢, Matea Horvat
Prostorno-planski pristup odrZivom razvoju obalnog podrucja Hrvatske
Spatial-planning approach to the sustainable development of the coastal area

16.00 Jelena Bujan, Cleo Bertelsmeier
Utjecaj mikroklime na ektoterme jadranskih otoka
Unraveling the effects of microclimate on ectotherms in Adriatic islands

16.15 Vjekoslav Ti€ina
Klimatske promjene — moguci pokretac promjena u sastavu naselja sitne plave ribe u
Jadranu
Climate change as a driver of changes in small pelagic fish assemblages in the Adriatic Sea

16.30 Jakov Dulci¢
Vatrenjaca Pterois miles (Bennett, 1828) u Jadranskome moru: kratki pregled
Lionfish Pterois miles (Bennett, 1828) in the Adriatic Sea: a short overview

16.45 Pauza za kavu / Pregledavanje postera u atriju Gradske Vijeénice

17.15 Ines Haberle, Domagoj K. Hackenberger, Tamara Djerdj, Lav BavCevi¢, Sunfana Gecek,
Branimir K. Hackenberger, Nina Marn, Jasminka Klanjs¢ek, Marija Purgar, Jadranka Pecéar
i€, Tin Klanjs¢ek
Utjecaj klimatskih promjena na akvakulturu komarcée u Sredozemnom moru
Effects of climate change on gilthead sea bream aquaculture in the Mediterranean

17.30 Klara Mici¢, llenia Suduli¢, Milena Micié
Zivotni ciklusi reZnjaka (Scyphozoa) u Aquariumu Pula
Life cycles of jellyfish (Scyphozoa) at Aquarium Pula

17.45 Matej Cief, Neven Ive$a, Moira Bursi¢, Davorka Turkovi¢, Rea Jelenovié, Andreja
Kokorovi¢, Nicol Delcaro, Paolo Paliaga
Biolosko-ekoloske znacajke plavog raka (Callinectes sapidus Rathbun 1896) u
ornitoloskom rezervatu Palud — Palu
The biological and ecological features of the blue crab (Callinectes sapidus Rathbun 1896) in the
Palud - Pall ornithological reserve

18.00 Mirna Sari¢, Nela Mandié
Rasprostranjenost i znacajke naselja endemske vrste Fucus virsoides J. Agardh (1868) u
Novigradskom moru
Distribution and characteristics of colonies of the endemic species Fucus virsoides J. Agardh
(1868) in the Novigrad Sea
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18.15 Jelena Kurtovi¢ Mrceli¢, Branimir Radun, Silvija Kipson

Pod utjecajem, ali se Siri: studija slucaja livade Cymodocea nodosa u Natura 2000 podrucju
Usce Cetine

Impacted yet expanding: the case study of Cymodocea nodosa meadow in the Natura 2000 site
Cetina Estuary

18.30 Rasprava i Zakljucci skupa I. dan

19.00 Zajednicka vecera za sudionike skupa

20.30 Obilazak grada Krka

Subota, 7.10. 2023. Velika vije¢nica Grada Krka, Trg bana Josipa Jelaci¢a 2, Grad Krk

8.00-9.00 Dolazak i registracija sudionika

Usmena priopcenja:

9.00

9.15

9.30

9.45

Nikola Biliskov
Redefinicija uloge znanstvenika u doba klimatske krize
Redefinition of the role of scientists in the age of climate crisis

Nives Matijakovi¢ Mlinarié, Katarina Marusié¢, Antun Lovro Brki¢, Marijan Marcius, Tamara
Aleksandrov Fabijani¢, Nenad Tomasi¢, Atida Selmani, Eva Roblegg, Damir Kralj, Ivana
Stani¢, Branka Njegi¢ DZakula, Jasminka Kontrec

Efekt mikroplastike u sustavu u kojem nastaje CaCOs - biomineral skeleta i ljustura morskih
organizama

Effect of microplastics in the system where CaCOs is formed - a biomineral of marine organism's
skeletons and shells

Vlatka Filipovié¢ Mariji¢, Tatjana Mijo$ek, Sara Sariri, Zuzana RedZovi¢, Dusica Ivankovi¢,
Ana Gavrilovié, Tena Radocaj, Neven Cukrov, Damir Vali¢, Tomislav Kralj

Utjecaj zagadenja mikroplastikom od slatkovodnih do morskih ekosustava

Impact of microplastic pollution from freshwater to marine ecosystems

Natalija Speh, Robert Lon&ari¢
Istrazivanje morskog otpada u juznom Jadranu — Zivi laboratorij Elafitskog arhipelaga
Marine litter survey in the south Adriatic Sea — living lab of Elaphites archipelago
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10.00

10.15

10.30

10.45

11.00

11.30

11.45

Romina Kraus, Ana Bari¢evi¢, Antonio BlaZina, Marina Brailo S¢epanovié, Alin Brajkovi¢, Ana
Brato$ Cetini¢, Dalibor Carevi¢, Arijana Cenov, Marin Glad, Sanja Grdan, Nermin
Hasanspahi¢, Renato Iv€e, Tin Kuli¢, Goran Loncar, Daniela Mari¢ Pfannkuchen, Karlo
Maskari¢, Josip Mikus, Dani Mohovié, Denis Skalic, Darija Vuki¢ Lugi¢, Marijana Pecarevi¢
NuZnost monitoringa luka u ocuvanju biodiverziteta, gospodarstva i ljudskog zdravlja -
projekt ProtectAS

Necessity of port monitoring to preserve biodiversity, economy and human health - ProtectAS
project

Darija Vuki¢ Lusi¢, Arijana Cenov, Marin Glad, Tea Perani¢ Mehanovi¢, Neven Suci¢, Linda
Jerini¢, Romina Kraus, Dalibor Carevié, Tin Kuli¢, Ana Brato$ Cetini¢, Josip Mikus, Marijana
Pecarevié¢

Prisutnost Vibrio spp. u morskom okolisu dviju hrvatskih luka — Rijeka i Ploce

The presence of Vibrio spp. in the marine environment of two Croatian ports - Rijeka and Ploce

Bojan Hamer, Luca Privileggio, Andrej Jaklin, Dijana Pavi¢i¢-Hamer, Maja Mauri¢ Maljkovié,
Ivan Radetié, Vedran Kovacevié

Proizvodnja korisne biomase i bioremedijacija morskog okolisa pomoc¢u dagnji Mytilus
galloprovincialis: studija primjer UPOV Cuvi Rovinj

Biomass production and marine environment bioremediation using mussels Mytilus
galloprovincialis: case study UPQV Cuvi Rovinj

Bojan Hamer, Mirta Smodlaka Tankovi¢, Andrej Jaklin, Dijana Pavici¢-Hamer, Maja Mauri¢
Maljkovi¢, Ivan Radeti¢, Jadranka Pelikan, Kristina Pikelj
Utjecaj komunalnog uredaja za prociséavanje otpadnih voda Cuvi na kvalitetu morskih sedimenta

rovinjskog priobalnog podrucja
Impact of communal wastewater treatment plant Cuvi on marine sediments quality of Rovinj
coastal area

Pauza za kavu / Pregledavanje postera u atriju Gradske Vijecnice

Iva TojCi¢, Cléa Denamiel, Petra Pranic, Ivica Vilibié
Klimatske promjere u Jadranu na kilometarskoj skali
Atmosphere-ocean kilometer-scale climate changes in the Adriatic Sea

Tin Kuli¢, Goran Loncar, Dalibor Carevi¢, Romina Kraus, Marijana Pecarevi¢, Karlo
Maskaric¢

VaZnost modela cirkulacije mora pri analizi pronosa planktonskih zajednica — primjer luka
Ploce i Rijeka

The importance of sea circulation models in the analysis of plankton dispersal —a case study of
ports Ploce and Rijeka

Knjiga saZetaka / Book of Abstracts 5



IV. znanstveno-struéni skup Prilagodbe na klimatske promjene i oéuvanje morskih ekosustava Jadranskog mora, Krk, 6. - 8. 10. 2023. / 4th
scientific-expert conference Adaptations to climate change and preservation of marine ecosystems of the Adriatic Sea, Krk, Oct. 6-8, 2023

12.00 Marta Alvir, Ivana Lucin, Lado Kranj¢evi¢
Primjena satelitskih tehnologija za analizu onecis¢enja u Jadranskom moru
Application of satellite technologies for the analysis of pollution in the Adriatic Sea

12.15 |Ivana Lucin, Marta Alvir, SiniSa Druzeta

Utjecaj slivnog podrucja na kvalitetu morske vode za kupanje u priobalnim podrucjima
The influence of the catchment area on the bathing water quality in coastal areas

12.30 Aljoa Dupli¢, Gabrijela Sestani
Zastitom podrucja do oc¢uvanja Jadrana
Designation of marine protected areas as basis for conservation of Adriatic Sea

12.45 Ivna Horvat, Jelena Uro$, Tamara Cimbora Zovko, Ana Kobasli¢
Sto donosi nova EU Uredba o obnovi prirode?
What the new EU Regulation on nature restoration brings?

13.00 Zana Moslavac, Manda Papac, Milena Mi¢i¢
AQUARIUM PULA - primjer dobre prakse edukacije o moru (2000.—2023.)
AQUARIUM PULA - a good practice example of marine education (2000-2023)

13.15 Melita Mokos
Uvodenje obrazovanja o moru u obrazovanje buducih ucitelja
Introducing ocean literacy to education of pre-service teachers

13.30 Ciril Mlinar Cic
Plemenita periska, Pinna nobilis Linnaeus, 1758, nova generacija
Noble Pen Shell, , Pinna nobilis Linnaeus, 1758, new generation

13.45 Pauza za rucak

15.00 Irena Ciglene&ki, Marija Margus, Niki Simonovi¢, Iva Dominovi¢, Milan Cankovi¢, Sarah
Matesa, Tatjana Bakran-Petricioli, Donat Petricioli
Sto nam govori 30 godina istrazivanja Rogozni¢kog jezera - Zmajeva Oka?
What 30 years of research into Rogoznica Lake - Dragon's Eye tell us?

15.15 Kristijan Vidovi¢, lvana Cohe, Ilvana Tucakovic, Sarah Mate$a, Marija Margus, Samo
Hocevar, Irena Ciglenecki
Procjena izvora PM; s na priobalnom podrucju Rogoznickoga jezera: Kemijski sastav,
lokalni i regionalni doprinosi te analiza vertikalnog transporta
Source Apportionment of PM, s at the Coastal Area of Rogoznica Lake: Chemical Composition,
Local and Regional Contributions, and Vertical Transport Analysis
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15.30

15.45

16.00

16.15

16.30

16.45

17.00

Iva Dominovi¢, Mathieu Dutour-Sikiri¢, Marija Margus, Tatjana Bakran-Petricioli, Donat
Petricioli, Suncana Gecek, Irena Ciglenecki

Morsko jezero Zmajevo Oko (Rogoznica): povezanost fizicko-kemijskih parametara i
pojave anoksi¢ne holomiksije

Marine lake Zmajevo oko (Rogoznica): physical and chemical parameters’ connection to the
anoxic holomixis occurrence

Niki Simonovié, lva Dominovié, Marija Margus, Irena Ciglenecki

Utjecaj okolisnih promjena na dinamiku i svojstva organske tvari u promjenjivom
morskom okolisu Rogoznickog jezera

The influence of environmental changes on the dynamics and properties of organic matter in the
changing marine environment of Rogoznica Lake

Kristijan Vidovi¢, Irena Grgi¢, Iva Dominovi¢, Boris Mifka, Samo Hocevar, Asta Gregoric,
Balint Alfoldy, Irena Ciglenecki

Jedinstveni uvjeti okoline koji poticu stvaranje novih ¢estica na jezeru Zmajevo Oko
(Rogoznica) u Hrvatskoj

Unique Environmental Conditions Enhancing New Particle Formation at Dragon Eye (Rogoznica)
Marine Lake in Croatia

Boris Mifka, Maja Teli¥man Prtenjak, Josipa Kuzmi¢, Milan Cankovi¢, Sarah Mate3a, Irena
Ciglenecki

Klimatologija taloZenja pustinjske prasine u Jadran; bioloski odziv u Rogoznickom jezeru
(Zmajevo Oko)

Climatology of desert dust deposition in the Adriatic; biological response in Rogoznica lake
(Dragon Eye)

Marija Margu$, Marijan Ahel, Milan Cankovi¢, Zrinka Ljube3i¢, Senka Terzié, Vedranka
Hodak Kobasié¢, Irena Ciglenecki

Dinamika fitoplanktonskih pigmenta u vodenom stupcu morskog Rogoznickog jezera-
Zmajeva Oka (Hrvatska)

Phytoplankton pigment dynamics in the water column of marine Rogoznica lake- Zmajevo Oko
(Croatia)

Donat Petricioli, Tatjana Bakran-Petricioli; Iva Dominovi¢, Irena Ciglenecki

Sukcesija u bentosu morskog jezera Zmajevo Oko — prirodan proces u Jezeru ili ubrzani put
prema izumiranju?

Benthic succession in marine lake Zmajevo Oko — natural process in the Lake or acceleration to
extinction?

Jasna Lovrincevic

Suradnja umjetnosti i znanosti na stvaranju boljeg svijeta
Collaboration of art and science to create a better world

Knjiga saZetaka / Book of Abstracts 7



IV. znanstveno-struéni skup Prilagodbe na klimatske promjene i oéuvanje morskih ekosustava Jadranskog mora, Krk, 6. - 8. 10. 2023. / 4th
scientific-expert conference Adaptations to climate change and preservation of marine ecosystems of the Adriatic Sea, Krk, Oct. 6-8, 2023

17.15 Rasprava i zakljucci skupa Il. dan i prijedlog teme za 2024. godinu
18.00 Impact factor, znanstveno-muzicki sastav IRBa; zatvaranje Skupa

20.00 Zajednicka vecera (lokacija ¢e biti naknadno oglasena)
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Posterska priopcenja:

Kristina Pikelj

Oblikovanje klifa i plaze u mekim stijenama otoka Vrgade i implikacije klimatskih promjena na
obalnu eroziju

Development of soft-rock cliff and beach on the Vrgada Island and coastal erosion implications of climate
change

Nadia Dunato Pejnovi¢, Cedomir Benac, Kristina Pikelj

IstraZivanje morfologije i podrijetla plimskih potkapina na Cetiri susjedna otoka u sjevernom
Jadranu

Exploring the Morphology and Genesis of Tidal Notches on Four Proximate Islands in the Northern
Adriatic

Claudio Battelli, Peter Glasnovic¢

Reproduktivna i vegetativna morfologija dvije nove vrste crvenih alga - Gelidium adriaticum
(Gelidiales, Gelidiaceae) i Caulacanthus okamurae Yamada (Gigartinales, Caulacanthaceae) — sa
slovenske obale (Trs¢anski zaljev, sjeverni Jadran)

Reproductive and vegetative morphology of two new species of red algae - Gelidium adriaticum
(Gelidiales, Gelidiaceae) and Caulacanthus okamurae Yamada (Gigartinales, Caulacanthaceae) - from the
Slovenian coast (Gulf of Trieste, northern Adriatic Sea)

Robert Hofrichter, David Abed-Navandi, Thomas Ederer, Carmen Fontanes Eguiguren,

Alexander Heidenbauer, Jessica Hogermeyer, Theresa Hoi, Christian Ho6lzl, Manfred Kappner,
Alexius Kaufmann, Michael Kuba, Nikolas Linke, Felix Lumpp, Rouven Metternich, Michaela Michal,
Katrin Mockel, Oleg Simakov, Wolfgang Slany, Vladimir Tkal¢i¢, Maximilian Wagner,

Helmut Wipplinger, Gert Wérheide, Pauline Zagon

GoDeep: Projekt za proucavanje bioloSke raznolikosti u i oko Krusija kanala

GoDeep: A Project to Study the Biodiversity in and around the Krusija Channel

Predrag Pale, Lucija Petricioli, Vesna Kezdorf, Marija Vurnek
Projekt Climempower: user driven climate applications empowering regional resilience
Climempower: user driven climate applications empowering regional resilience - project

Davor Luci¢, Jakica Njire, lvana Violi¢, Natalia Bojanic
Nove promjene u zajednicama mikrozooplanktona u estuariju rijeke Neretve
New changes in the microzooplankton communities in the estuary of the Neretva River

Maja Novosel
Nove neautohtone vrste mahovnjaka (Bryozoa) u Jadranskom moru
Some new non-indigenous species of Bryozoa in the Adriatic Sea

Donat Petricioli, Tatjana Bakran-Petricioli
Specificne bentoske zajednice u preplavljenim Spiljama morskog jezera Zmajevo Oko
Specific benthic community in submerged caves of the marine lake Zmajevo Oko
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Valentina Sebalj, lvan Zupan, Lav Bav&evié¢, Tomislav Sari¢, Petar Zuanovi¢
Kondicioniranje jakobove kapice Pecten jacobaeus (Linnaeus, 1758) u mrjestiliStu
Conditioning of the Mediterranean scallop Pecten jacobaeus (Linnaeus, 1758) under hatchery conditions

Andrej Jaklin, Dijana Pavici¢-Hamer, Luca Privileggio, Jadranka Pelikan, Daniele Suman, Maja
Mauri¢ Maljkovi¢, Hrvoje Labura, Lea Brumnié, Matija Hamer, Nikola Tankovié, Bojan Hamer
Predacija plosnjaka Imogine mediterranea na dagnji Mytilus galloprovincialis kao posljedica
pojave IAS-a

Mussel Mytilus galloprovincialis predation by flatworm Imogine mediterranea as consequence of IAS
appearance

Nina Marn, Marko Jusup, S. A. L. M. Kooijman, Tin Klanj$¢ek

Utjecaj okolisnih (hrana, temperatura) i antropogenih (plastika) pritisaka na glavate Zelve
Effects of environmental (food availability, temperature) and anthropogenic (plastics) pressures on
loggerhead turtles

Dejan Kosic¢
Ponikve eko otok Krk na putu prema CO2 neutralnosti
Ponikve eco island Krk on the way to CO2 neutrality

Tatjana Bakran-Petricioli, Donat Petricioli, Lidia BoSevski
Projekt MARE MODUL — umjetnicka keramicka morska stanista — sinergija znanosti i umjetnosti
MARE MODUL Project — artistic ceramic marine habitats — synergy between science and art

Milvana Arko-Pijevac
Muzeji i klimatske promjene
Museums and climate change

Nedjelja, 8. 10. 2023. Strucni izlet u spilju Biserujka

9.00 Okupljanje sudionika ispred hotela Bor, Setaliste DraZica 5, Krk

9.30 Posjet 3pilji Biserujka, Rudine
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PLENARNO PREDAVANIJE / PLENARY LECTURE

Klimatske promjene: zaklju¢ci Zbirnog izvjeS¢a Sestog ciklusa Meduvladinog panela o klimatskim
promjenama

lvan GUttler
DrZavni hidrometeoroloski zavod
e-mail: ivan.guettler@cirus.dhz.hr

Meduvladin panel o klimatskim promjenama (IPCC) je osnovan 1988. i do sada je proveo Sest
ciklusa procjena klimatskih promjena. Njegova uloga je procijeniti znanstvenu, tehnic¢ku i socio-
ekonomsku literaturu relevantnu za razumijevanje klimatskih promjena, njihovih posljedica i
buducih rizika te opcije za prilagodbu i ublazavanje. Zbirno izvje$ce Sestog izvjeS¢a o procjeni iz
2023. godine donosi najnovije informacije o (1) trenutacnom statusu i trendovima (2) buduéim
klimatskim promjenama, rizicima i dugoro¢nim odgovorima te (3) odgovorima u kratkoroc¢nom
razdoblju. U ovom predavanju prikazat ¢e rezultati koji ukazuju na jacanje Stetnih ucinaka
klimatskih promjena uzrokovanih ljudskim djelovanjem. Prikazat ¢e se i kako ograniavanje
zagrijavanja na 1,5 °C i 2 °C ukljucuje brza, dubinska i u vecini slucajeva trenutacna smanjenja
emisija staklenickih plinova. Konac¢no, unatoc problemima zadnjih godina kako $to su kontinuirani
porast koncentracije svih glavnih staklenickih plinova u atmosferi, naglasit ¢e se i pozitivnih pomaci
u istom razdoblju a koju ukljucuju ubrzanu dostupnost obnovljivih izvora energije te jacanje
sustava za prilagodbu na klimatske promjene i povezivanje sa zaStitom bioraznolikosti.

Kljuéne rijeci: klimatske promjene, ublazavanje klimatskih promjena, prilagodba na klimatske
promjene, gubici i Stete, IPCC

Climate change: conclusions of the Synthesis Report of the IPCC Sixth Assessment Report

lvan Guttler
Croatian Meteorological and Hydrological Service
e-mail: ivan.guettler@cirus.dhz.hr

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 and has since
conducted six assessment cycles on climate change. Its role is to assess the scientific, technical,
and socio-economic literature relevant to understanding climate change, its impacts, and future
risks, as well as options for adaptation and mitigation. The Synthesis Report of the Sixth
Assessment Report published in 2023 provides the latest information on (1) the current status and
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trends, (2) future climate changes, risks, and long-term responses, and (3) short-term responses.
This presentation will showcase results indicating the intensification of harmful effects of climate
change caused by human activities. It will also be presented how limiting warming to 1.5°C and
2°C involves rapid, far-reaching, and in most cases, immediate reductions in greenhouse gas
emissions. Finally, despite challenges in recent years, such as the continuous increase in
concentrations of all major greenhouse gases in the atmosphere, positive shifts during the same
period will also be highlighted, which include accelerated availability of renewable energy sources
and the strengthening of adaptation systems to climate change and their linkage with biodiversity
conservation.

Key words: climate change, climate change mitigation, climate change adaptation, losses and
damages, IPCC
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USMENE PREZENTACIJE / ORAL PRESENTATIONS

Sjevernojadranska voda visoke gustoce: Sto znamo 60 godina nakon pionirskog rada Mire Zore-
Armanda

lvica Vilibi¢!, Petra Prani¢?, Cléa Denamiel?
IInstitut Ruder Boskovi¢, Zavod za istraZivanje mora i okolisa, Bijeni¢ka cesta 54, 10000 Zagreb,
Hrvatska; 2 Institut za oceanografiju i ribarstvo, Setaliste I. Mestrovica 63, 21000 Split, Hrvatska
e-mail: ivica.vilibic@irb.hr

Ovo predavanje daje pocast hrvatskoj oceanografkinji Miri Zore-Armanda i njenom pionirskom
radu iz 1963. godine o jadranskim vodenim masama, te detaljno opisuje svojstva i promjene
Sjevernojadranske vode, vodene mase s najviSom gustocom u Sredozemlju. Ova vodena masa se
stvara za vrijeme izrazenih zimskih prodora hladnog zraka nad sjevernim Jadranom, te je poznato
da (1) pokrece jadransko-jonsku termohalinu cirkulaciju, (2) donosi kisik i ugljikove spojeve u
duboke slojeve Jadrana, te (3) ima znacajan utjecaj na fizicka i biogeokemijska svojstva cijelog
Jadrana. U predavanju se najprije daje pregled novijih istrazivanja dinamike Sjevernojadranske
vode u svim njenim fazama, od prekondicioniranja, stvaranja, Sirenja pa do akumuliranja u
jadranskim kotlinama. Nakon toga diskutiraju se promjene u izvorisSnim svojstvima (temperaturi i
salinitetu) Sjevernojadranske vode i povezuju s (1) medugodisnjim i dekadskim oscilacijama
jadransko-jonskog bazena, kao i s (2) trendovima termohalinih svojstava koji nastaju zbog
klimatskih promjena. Ovi trendovi su narocito znacajni u dubokim slojevima juznog Jadrana. U
predavanju se takoder naglasava vaznost provodenja dugorocnih mjerenja, dijeljenje istrazivackih
podataka, kao i razvoj numerickin modela atmosphere i oceana, namijenjeni kako istrazivanju
pojedinacnih dogadaja za kojih se stvara voda, tako i kvantificiranju trendova i varijabilnosti na
dekadskim i klimatskim skalama.

Kljuéne rijeci: Mira Zore-Armanda, vodene mase, Sjevernojadranska voda visoke gustoce,
varijabnost i trendovi

North Adriatic Dense Water: lessons learned since the pioneering work of Mira Zore-Armanda 60
years ago

lvica Vilibi¢!, Petra Prani¢?, Cléa Denamiel®
1Ruder Boskovic Institute, Division for Marine and Environmental Research, Bijenicka cesta 54,
10000 Zagreb, Croatia;, 2Institute of Oceanography and Fisheries, Setaliste I. Mestrovica 63,
21000 Split, Croatia
e-mail: ivica.vilibic@irb.hr
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This lecture first pays tribute to the famous Croatian oceanographer, Mira Zore-Armanda, and her
seminal work on the Adriatic water masses in 1963, and emphasises the importance of the densest
Mediterranean water mass: North Adriatic Dense Water (NAddW). This water mass is generated
through substantial wintertime surface cooling over the wide northern Adriatic coastal regions
and is known to (1) influence the Adriatic-lonian thermohaline circulation, (2) bring oxygen and
carbon to the deep Adriatic layers and, (3) more generally, have a substantial impact on the physics
and biogeochemistry of the whole Adriatic. Second, the NAddW physics, from preconditioning,
through generation and spreading, to accumulation in Adriatic depressions, is reviewed. Then, the
temporal evolution of the NAddW properties influenced and connected to (1) basin-wide
interannual and decadal variability and (2) trends towards warmer and saltier source characteristic
due to ongoing climate change, is discussed. The trends are particularly substantial in the deepest
layers of the Sothern Adriatic Pit. Then, the importance of long-term observations and
atmosphere-ocean modelling in event, decadal and climate studies, and the availability of research
data is then highlighted.

Key words: Mira Zore-Armanda, Adriatic water masses, North Adriatic Dense Water, variability and
trends
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Uzroci promjena svojstava i koncentracije organske tvari u sjevernom Jadranu

Jelena Dautovi¢?, Niki Simonovi¢t, Milan Cankovi¢?, Mathieu Dutour-Sikiri¢?, Jakica Njire3, Davor
Lucié3, Irena Ciglenecki!, Nastjenjka Supic¢?

IInstitut Ruder Boskovi¢, Zavod za istraZivanje mora i okolisa, Bijeni¢ka cesta 54, 10000 Zagreb,
Republika Hrvatska; Hrvatska zaklada za znanost, llica 24, 10000 Zagreb, Republika Hrvatska;
3Sveuciliste u Dubrovniku, Institut za more i priobalje, Kneza Damjana Jude 12, 20000 Dubrovnik,
Republika Hrvatska; 4Institut Ruder Boskovic, Centar za istraZivanje mora, Giordano Paliaga 5,
52210 Rovinj, Republika Hrvatska
e-mail: jdautov@irb.hr

Plitko, poluzatvoreno podrucje sjevernog Jadrana (SJ) pod jakim je utjecajem globalnih promjena
koje utjeCu na funkcioniranje ekosustava, i biogeokemijske procese.

Vremenski i prostorno, uvjeti u SJ su vrlo promjenjivi. Tijekom ljeta stvaraju se obi¢no anticiklonalni
vrtlozi, jedan oko postaje SJ107, a drugi u blizini us¢a rijeke Po (SJ108). Dinamicki uvjeti u podrucju
izmedu takoder su vrlo promjenljivi.

Fokus ovog rada je na dugoroénim promjenama organske tvari (OT), i to otopljenog (eng. Dissolved
Organic Carbon, DOC) i partikularnog (eng. Particulate Organic Carbon, POC) organskog ugljika, i
njegove povrsinski aktivne frakcije (PAT), na podrucju najisto¢nije, centralne i najzapadnije postaje
transekta rijeke Po (SJ107, SJ101, SJ108).

Poseban osvrt je na ljetnom razdoblju lipanj-kolovoz kad su izmjerene najvise koncentracije OT.
SadrZaj OT koreliran je s protocima rijeke Po, mehanizmom BiOS-a, bioloSkom aktivnosti i
modeliranom primarnom produkcijom. Izradunate su vremenske promjene u prvoj komponenti
PCA, reprezentativne za cijelo podrucje. Korelacije sa sadrzajem DOC i POC vrlo su visoke u srpnju
izmedu isto¢nog i zapadnog dijela SJ, sto ukazuje kako je porast u oba podrucja uzrokovan sli¢nim
procesima. Jace promjene POC vidljive su u blizini uséa rijeke Po, ukazujuéi na izraZeniju primarnu
produkciju i/ili jacu transformaciju izmedu DOC/POC uslijed promjene saliniteta tj. mijeSanja slatke
i slane vode. Posebno je procijenjen sezonski doprinos zooplanktona promjenama OT.

Keywords: organski ugljik, dugoroéne promjene, sjeverni Jadran

Drivers of the organic matter properties and dynamics in the northern Adriatic Sea

Jelena Dautovi¢!, Niki Simonovi¢!, Milan Cankovi¢2, Mathieu Dutour-Sikiri¢?, Jakica Njire®, Davor
Luci¢3, Irena Ciglenecki!, Nastjenjka Supié*
1Ruder Boskovic Institute, Division for Marine and Environmental Research, Bijeni¢ka cesta 54,
10000 Zagreb, Croatia, °Croatian Science Foundation, llica 24, 10000 Zagreb, Croatia; 3University
of Dubrovnik, Institute for Marine and Coastal Research, Kneza Damjana Jude 12, 20000
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Dubrovnik, Croatia,; “Ruder Boskovi¢ Institute, Center for Marine Research, Giordano Paliaga 5,
52210 Rovinj, Croatia
e-mail: jdautov@irb.hr

Shallow, semi-enclosed area of the northern Adriatic (NAd) is affected the most by global change
which influence ecosystem’s structure and functions, as well as biogeochemical processes.

The NAd conditions are highly variable, both on temporal and spatial scales. Two anticyclonic gyres
usually form during the summer, one around station SJ107, the other near the Po delta (SJ108).
Between these two locations dynamic conditions seem to be highly variable as well.

We focus on long term changes in organic matter (OM) parameters (dissolved-DOC and particulate
organic carbon-POC, and its surface active fraction-SAS) represented by the most eastern, central
and the most western part of the Po River transect (SJ107, SJ101, SJ108). Special focus is on June-
August interval when OM parameters generally reach their highest values. OM parameters are
correlated with the Po River discharge rates, BiOS, biological activity and modelled primary
production. Temporal changes in the first component of PCA as representative for the entire area
is computed. Correlations between eastern and western part of the NAd are very high regarding
DOC and POC content in July, implying that similar forcing drive changes in both regions. Higher
POC fluctuations are more expressed near the Po delta, pointing to higher primary production
and/or for example larger DOC to POC transformations due to shifts in salinity when fresh and
marine waters mix. Seasonal contribution of zooplankton to OM pool is evaluated.

Keywords: Organic carbon, Long-term changes, Northern Adriatic
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Klimatske promjene i interakcije morske i slatke vode u priobalju

Josip Rubini¢!, Maja CuZe Denona?, Maja Radigi¢3
1GEO - 5, d.o.o0. Carera 59, 52.210 Rovinj, Hrvatska; 2JU PP Vransko jezero, Kralja Petra Svacica 2,
23.210 Biograd na Moru, Hrvatska; 3Pomerio 11, 51.000 Rijeka, Hrvatska
e-mail: rubinic.josip@gmail.com

Interakcije morske i slatke vode na kontaktima priobalnih vodonosnika i mora obostrano su
prisutne pri ¢emu je uobicajen modalitet da se u uvjetima smanjenih dotoka i nizZih razina mora,
more uvlaci u dublje dijelove krskih vodonosnika, a u uvjetima vecih dotoka slatkih voda one otjecu
u more u vidu koncentriranih dotoka na priobalnim izvorima ili vruljama, ili pak difuznih istjecanja.
Rizici od povecéanih prodora morske vode u priobalne vodonosnike ili pak povrsinska vodna tijela
(jezera, uséa vodotoka) u uvjetima sve naglasenijih manifestacija klimatskih promjena odavno su
prepoznati. Stoga se donose strategije, planiraju i realiziraju mjere prilagodbe koje uglavnom idu
za time da se slatke vode zadrzavaju na visim razinama, kao i smanje otjecanja slatkih voda prema
moru tijekom susnih razdoblja. Na taj se na¢in mogu smanjiti rizici pojava naglasenijih kriti¢nih
stanja u vodoopskrbi i ekosustavima pojedinih akvatic¢kih vodnih tijela. No, s druge strane vrlo se
malo promislja o tome kakve posljedice klimatske promjene i mjere prilagodbe za zaStitu
slatkovodnih priobalnih sustava i krskih vodonosnika mogu imati na priobalna marinska podrucja i
njihove ekosustave koji ovise o dotocima slatkih voda. Naime, poveéanje temperature zraka
uvjetuje povecéanje evaporacije i evapotranspiracije, kao i smanjenje protoka, posebno ako su
praceni i trendovima smanjenja oborina i promjene njihovog unutargodiSnjeg rasporeda s
naglasenijim dugotrajnim susnim razdobljima. Na taj nacin smanjuju se i dotoci slatkih voda u more
te mijenjaju abioticki i bioticki uvjeti u morskom priobalju.

U radu ce, na primjeru Vranskog jezera kod Biograda, biti prikazani hidroloski elementi interakcije
jezera i mora, procjene utjecaja klimatskih promjena na smanjenje dotoka u jezerski sustav.
Prodiskutirane ée biti i mjere zastite od zaslanjivanja jezerskog sustava, a razmatrane Ce biti i
moguce posljedice na promjenu dotoka slatkih voda u Pirovacki zaljev.

Klju¢ne rijeci: krski vodonosnici u priobalju, priobalni ekosustavi, hidroloske promjene, prilagodba
klimatskim promjenama

Climate change and interactions between sea and freshwater in the coast

Josip Rubini¢!, Maja CuZe Denona?, Maja Radisi¢3
1GEO - 5, d.o.o. Carera 59, 52.210 Rovinj, Croatia; 2JU PP Vransko jezero, Kralja Petra Svacica 2,
23.210 Biograd na Moru, Croatia; >Pomerio 11, 51.000 Rijeka, Croatia
e-mail: rubinic.josip@gmail.com
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The interactions of sea and freshwater at the contact of coastal aquifers and the sea are mutually
present, whereby the usual modality is that, in conditions of reduced inflows and lower sea levels,
the sea is pulled into the deeper parts of the karst aquifers, and in conditions of higher inflows of
freshwater, they flow into the sea in the form of concentrated inflows at coastal springs or diffuse
outflows. The risks of increased intrusion of seawater into coastal aquifers or surface water bodies
(lakes, estuaries) in the circumstances of increasingly pronounced manifestations of climate
change have long been recognized. Therefore, strategies are adopted and adaptation measures
are planned and implemented, which mainly aim to keep freshwater at higher levels as well as
reduce the flow of freshwater towards the sea during dry periods. In this way, the risks of the
occurrence of more pronounced critical conditions in the water supply and ecosystems of certain
aquatic bodies can be reduced. However, on the other hand, there is very little thought about what
consequences climate change and adaptation measures for the protection of freshwater coastal
systems and karst aquifers can have on coastal marine areas and their ecosystems that depend on
freshwater inflows. Namely, an increase in air temperature causes an increase in evaporation and
evapotranspiration as well as a decrease in flow, especially if they are accompanied by trends in
precipitation reduction and changes in their annual distribution with more pronounced long-term
dry periods. In this way, the inflow of fresh water into the sea is reduced, and the abiotic and biotic
conditions in the coastal sea change.

In the paper, using the example of Lake Vrana near Biograd, the hydrological elements of the
interaction between the lake and the sea will be presented, as will the assessment of the impact
of climate change on the reduction of inflow into the lake system. Protection measures against the
salinization of the lake system will also be discussed, and possible consequences for the change in
the flow of fresh water into Pirovac Bay will be considered.

Keywords: karst aquifers in the coastal area, coastal ecosystems, hydrological changes, adaptation
to climate change
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Erozija i ranjivost Zala na poluotoku Loparu (otok Rab, Hrvatska)

lgor RuZi¢, Andrea Tadi¢, Cedomir Benac
Sveuciliste u Rijeci, Gradevinski fakultet, Radmile Matejcic¢ 3, Rijeka, Hrvatska
e-mail: iruzic@uniri.hr

Poluotok Lopar nalazi se na sjeveroisto¢nom dijelu otoka Raba (Kvarner, Sl kanalski dio Jadranskog
mora). To je zasti¢eno geomorfolosko podrudje jer je njegov krajolik jedinstven na hrvatskoj obali.
To podrucje sastoji se od fliskih sedimentnih stijena iz paleogenskog razdoblja pokrivenih
pleistocenskim pjeskovitim lesom.

Reljef je brezuljkast, a kanali brojnih periodi¢nih vodotoka usjeceni su u padine. Vecina sedimenata
lesa i raspadnuti dio fliskih stijena je uklonjen erozijom i transportiran niz padine povrsinskim
tokovima na morsko dno.

Posljedice erozije i akumulacije vrlo su razli¢ite uzduz dobro razvedene obale poluotoka. Rtovi su
oblikovani u rezistentnim pje$cenjacima, a u zasti¢enim uvalama nalaze se pjes¢ana zala.

Na temelju usporedbe ortofoto karata razli¢itin generacija, pomaci obalne linije prema kopnu
izrazeni su u nekim uvalama, a nisu vidljivi u drugim. Oko 3400 m? Zala nestalo je tijekom pedeset
godina u uvali Sahara. Prema preliminarnim analizama, uzrok brze obalne erozije moZe biti
promjena koristenja zemljista, ali takoder nelegalniiskop pijeska s morskog dna. Uzroci ovih pojava
trebaju se istraziti buducim analizama.

Klju¢ne rijeci: fli§, les, ranjivost obale, Zalo, marinska erozija

Erosion and vulnerability of beaches in Lopar peninsula (Rab Island, Croatia)

lgor RuZi¢, Andrea Tadi¢, Cedomir Benac
University of Rijeka, Faculty of Civil Engineering, Radmile Matejci¢ 3, Rijeka, Croatia
e-mail: iruzic@uniri.hr

Lopar peninsula is located in the north-eastern part of the Rab Island (Kvarner area, NE channel
part of the Adriatic Sea). It is a protected geomorphologic area due to its landscape, which is
unique on the Croatian coast. This area consists of flysch sedimentary rocks from the Palaeogene,
covered by sandy loess from the Pleistocene.

The relief is hilly, and the channels of numerous periodic watercourses have cut into the slopes.
Most of the loess sediment and weathered part of the flysch rocks have been removed by erosion
and transported down the slopes by surface flows on the seabed.
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The effects of erosion and accumulation are very different along highly indented coast of the
peninsula. Capes have formed in resistant sandstones, and sandy beaches are found in sheltered
coves.

Based on the comparison of orthophoto maps of different generations, the movement of the
coastline towards the mainland is pronounced in some coves, while in others this is not visible. In
Sahara cove, about 3400 m? of beach has been eroded in fifty years. According to preliminary
analyses, the reason for the rapid coastal erosion could be a land use changes, but also illegal
seabed sand excavation. The cause of these phenomena calls for more detailed investigations.

Key words: flysch, loess, coastal vulnerability, beach, marine erosion
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Pomak obalne linije plaZe Ploce i Sakarun pri olujnim dogadajima i buduéim ekstremnim
razinama mora

Tonko Bogovac, Dalibor Carevi¢
Gradevinski fakultet, Sveuciliste u Zagrebu, Fra Andrije Kacica Miosica 26, 10 000 Zagreb
e-mail: tonko.bogovac@grad.unizg.hr

Emisije staklenic¢kih plinova nedvojbeno uzrokuju i porast srednje razine mora na obali hrvatskog
Jadrana. Prema predvidanjima IPCC-a, oCekivan porast srednje razine mora je oko 80 cm do kraja
stoljeca, ovisno o scenariju bududih emisija. Takav porast dovest ¢e do dugoroénog povlacenja
obalne linije prema kopnu, ali i do povecanja iznosa ekstremne razine mora. Ekstremne razine
mora postizu se djelovanjem kratkorocnih fenomena koji uzrokuju porast razine mora kao sto su
olujni uspori, polja niskog tlaka, visoka plima itd. Nastupanjem ekstremne razine mora prilikom
olujnog dogadaja na plazi moZe doci do znacajne preraspodjele sedimenta, a time i do gubitka
korisne povrsine plaze. Plaze Ploce i Sakarun zanimljive su za ispitivanje utjecaja olujnih dogadaja
prilikom buducih ekstremnih porasta razine mora zbog svoje geneze. Plaza PloCe je umjetna
Sljuncana plaza ¢ija su hidromorfoloska svojstva poznata, te se kao umjetna plaza mora oduprijeti
valnim uvjetima koji u prirodnom stanju ne omogucuju stvaranje plaZe na toj lokaciji. S druge
strane, plaZza Sakarun prirodna je Sljuncana plaZa koja opstaje i u danim valnim uvjetima. Cilj ovog
rada je predvidjeti pomak obalne linije na plaZzama Ploc¢e i Sakarun za olujnih dogadaja prilikom
buducih ekstremnih razina mora. Ocekuje se nastupanje pomaka obalne linije prema kopnu
mjeredi na srednjoj razini mora, ali uz akumuliranje materijala na kopnu. U takvim uvjetima bit ¢e
nuzno redovito odrZavanje plaZza kako bi se materijal vracao u prvobitni poloZaj i time osigurala
buduca turisticka upotreba plaze.

Klju¢ne rijeci: PloCe, Sakarun, $ljuncane plaZe, porast srednje razine mora, obalna linija

Predicting shoreline change on beaches Ploce and Sakarun caused by storm events with future
extreme sea level rise

Tonko Bogovac, Dalibor Carevic
Faculty of civil engineering, University of Zagreb, Fra Andrije Kacica Miosica 26, 10 000 Zagreb,
Croatia
e-mail: tonko.bogovac@grad.unizg.hr

Greenhouse gas emissions (GHG) are undoubtedly causing the increase in mean sea level (MSL)
globally and on the eastern Adriatic. According to IPCC, an 80 cm increase in MSL can be expected
at the end of century, depending on the GHG emission scenarios. Such an increase in MSL will
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cause shoreline retreat as parts of the shore and beaches become permanently submerged, as
well as an increase in extreme sea level. Extreme sea level (ESL) occurs as storm surges, high tides
and low-pressure fields (and other phenomena) all act to temporarily increase sea level. ESL in
combination with a storm event can cause a significant redistribution of sediment on the beach
and therefore cause loss of beach area. Beaches Ploc¢e and Sakarun are interesting to explore the
impacts of storm events during future ESL on because of their genesis. PloCe is an artificial beach
whose hydro morphological properties are well known, and the beach was constructed so to
sustain wave conditions which are unsuitable for the development of a natural beach on that
location. Sakarun is a natural gravel beach with is sustained in the current wave climate. The aim
of this work is to predict the change in shoreline on beaches Ploce and Sakarun for the impacts of
storm events during future ESL. It is expected that the shoreline will move towards land at future
MSL along with sediment being accumulated on the upper beach. In such conditions beach
maintenance practices should account for the redistribution of sediment to insure future use of
the beach for tourism.

Key words: PloCe, Sakarun, gravel beaches, mean sea level rise, shoreline
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Ranjivost obale Primorsko-goranske Zupanije zbog podizanja razine mora

lgor RuZi¢!, Andrea Tadi¢!, Cedomir Benac?, Nino Krvavical, Vedrana Petrovi¢?, Gorana Ljubici¢?,
Dado Jakupovié¢?
1Sveuciliste u Rijeci, Gradevinski fakultet, Radmile Matej¢i¢ 3, 51000 Rijeka, Hrvatska,; “Javna
ustanova Zavod za prostorno uredenje Primorsko-goranske Zupanije, Splitska 2/11, 51000 Rijeka,
Hrvatska
e-mail: iruzic@uniri.hr

Porast razine mora jedan je od najskupljih ucinaka klimatskih promjena na hrvatsku obalu, te
predstavlja veliki rizik za priobalne zajednice i njihovo kulturno naslijede. Mnogi vrijedni lokaliteti
hrvatske prirodne, povijesne i kulturne bastine smjesteni su u blizini morske razine.

Analiza obalne ranjivosti PGZ-a provedena je pomocu standardno koristenog indeksa obalne
ranjivosti (CVI — Coastal Vulnerability Index) za svakih 25 m obale ukupne duzine 1.235 km. CVI je
definiran na osnovi analize pet varijabli: geoloSke grade, obalnog nagiba, djelovanja valova,
obalnog plavljenja i Zala. Klase analiziranih varijabli i zbirne CVI vrijednosti podijeljene su u pet
kategorija ranjivosti: veoma niska (1), niska (2), umjerena (3), visoka (4) i veoma visoka (5).
Analizirane su i kartirane ranjivosti svake pojedine varijable i ukupne ranjivosti.

Prosje¢na vrijednost ukupnog CVl-ja PGZ-a je 2,02 3to ukazuje na nisku ranjivost, no 13%
analizirane obale (160 km) spada u kategoriju visoke i veoma visoke ranjivosti, Sto je prilicno
zabrinjavajuce. Cetvrtina obale PGZ-a (24%) visoke je i veoma visoke obalne ranjivosti u odnosu na
obalno plavljenje, sto ¢e se povecati na 30%, odnosno 35% obale ako se razina mora podigne za
60, odnosno 120 cm, $to je predvideno Strategijom prilagodbe klimatskim promjenama u Repubilici
Hrvatskoj.

Standardno koristena metodologija procjene obalne ranjivosti prilagodena je razvedenoj i
geomorfoloski sloZzenoj obali PGZ-a, te se moZe primijeniti na ¢itavoj obali RH.

Kljune rijeci: obalna ranjivost, klimatske promjene, rast razine mora

Vulnerability of the coast of Primorje-Gorski Kotar County due to sea level rise

lgor Ruzi¢!, Andrea Tadi¢!, Cedomir Benac?, Nino Krvavical, Vedrana Petrovi¢?, Gorana Ljubici¢?,
Dado Jakupovié¢?
1Sveuciliste u Rijeci, Gradevinski fakultet, Radmile Matej¢i¢ 3, 51000 Rijeka, Hrvatska,; “Javna
ustanova Zavod za prostorno uredenje Primorsko-goranske Zupanije, Splitska 2/11, 51000 Rijeka,
Hrvatska
e-mail: iruzic@uniri.hr
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Sea level rise is one of the costliest impacts of climate change for the Croatian coast and poses a
great threat to coastal communities and their cultural heritage. Many valuable Croatian natural,
historical and cultural heritage sites are located near the sea level.

Coastal vulnerability analysis of Primorje-Gorski Kotar County (PGC) was conducted with the
commonly used Coastal Vulnerability Index (CVI), every 25 m of the total 1,235 km of coastline.
The CVI was defined based on the analysis of five variables: geological fabric, coastal slope, wave
action, coastal flooding and beaches. The analysed variables and the values of the combined CVI
were classified into five vulnerability classes: very low (1), low (2), moderate (3), high (4), and very
high (5). Each variable and the total vulnerability were analysed and mapped.

The average value of the combined CVI for PGC is 2.02, indicating low vulnerability. However, 13%
of the coastline (160 km) is classified with high and very high vulnerability, which is of great
concern. One quarter of the PGC coastline (24%) has high or very high vulnerability for coastal
flooding. This percentage will increase to 30% and 35% when the sea level rises by 60cm and 120
cm, respectively, which is expected in the Climate change adaptation strategy of the Republic of
Croatia.

This standard coastal vulnerability assessment method has been adapted to indented and
geomorphologically diverse coastline of PGC, and is therefore suitable for the analysis of the entire
Croatian coast.

Key words: coastal vulnerability, climate change, sea level rise
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Granulometrijski sastav sedimenta u slanoj mocvari Karinskog mora

lvana Zubak Cizmek, Rita Raos, Melita Mokos
Sveuciliste u Zadru, Odjel za ekologiju, agronomiju i akvakulturu, Trg kneza Viseslava 9, 23000
Zadar, Hrvatska
e-mail: izubak@unizd.hr

Slane mocvare su prirodno obalno staniste iznimne vrijednosti koje pokriva samo 2.5% povrsine
planeta Zemlje. Pruzaju niz usluga ekosustava poput zastite od poplave i erozije tla, smanjenja
eutrofikacije, stabiliziranja obale te procis¢avanja vode. Uz stvaranje uvjeta za razvoj akvakulture,
slane mocvare osiguravaju zaklon i hranu za juvenilne organizme divljih vrsta. PovrSina slanih
mocvara globalno se smanjuje sve vecom brzinom kao posljedica antropogenog utjecaja.
Gradnjom u neposrednoj blizini slanih mocvara, uslijed porasta morske razine, sprjeCava se
prirodni proces njihovog povlacenja prema kopnu. Osim zbog klimatskih promjena, mnogo ovakvih
stanista izgubljeno je zbog isusivanja i prenamjene zemljista, zagadenja i donosa nutrijenata iz
agrikulture i raznih tipova industrije. Istovremeno, slane mocvare smanjuju ucinak klimatskih
promjena putem sekvestracije (trajne pohrane) organskog ugljika te predstavljaju jedan od
najvecih ponora ugljika na svijetu. Kako bi se procijenio potencijal pohrane organskog ugljika,
provedeno je istraZivanje granulometrijskog sastava sedimenta jer znanstveni podaci pokazuju da
je relativni udio mulja (¢estice manje od 0,063 mm) u sedimentu pozitivno koreliran s potencijalom
pohrane organskog ugljika u slanim mocvarama. S obzirom na to da je proveden mali broj
istraZivanja ovog stanista na podrucju Republike Hrvatske, rad doprinosi boljem poznavanju slanih
mocvara i njihovoj zastiti sto je bitno u kontekstu klimatskih promjena, ali i razvoja ribarstva i
akvakulture kojima slane mocvare uvelike doprinose.

Klju¢ne rijeci: slane mocvare, plavi ugljik, granulometrijski sastav, sediment, Karinsko more

Granulometric composition of sediment in the Karin Sea salt marsh

lvana Zubak Cizmek, Rita Raos, Melita Mokos
University of Zadar, Department of Ecology, Agronomy and Aquaculture, Trg kneza Viseslava 9,
23000 Zadar, Croatia
e-mail: izubak@unizd.hr

Salt marshes are an exceptional natural coastal habitat that covers only 2.5% of the planet's
surface. They provide a variety of ecosystem services such as flood protection and soil erosion,
eutrophication reduction, coast stabilization, and water purification. Salt marshes provide shelter
and food for juvenile organisms of wild species, in addition to creating conditions for the
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development of aquaculture. As a result of anthropogenic influence, the global area of salt
marshes is shrinking at an increasing rate. Building in the immediate vicinity of salt marshes
prevents the natural process of their retreat towards the land caused by sea level rise. Aside from
climate change, many such habitats have been lost due to land drying and conversion, pollution,
and nutrient input from agriculture and various types of industry. At the same time, salt marshes
mitigate the effects of climate change by sequestering (permanently storing) organic carbon and
are one of the world's largest carbon sinks. A study of the granulometric composition of the
sediment was conducted to assess the organic carbon storage potential, as scientific data show
that the relative proportion of mud (particles smaller than 0.063 mm) in the sediment is positively
correlated with the organic carbon storage potential in salt marshes. Given that there have been
few studies of this habitat in the Republic of Croatia, the work contributes to a better
understanding of salt marshes and their protection, which is important in the context of climate
change, but also to the development of fisheries and aquaculture, to which salt marshes
contribute significantly.

Keywords: salt marshes, granulometry, blue carbon, sediment, Karin Sea
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Primjena pametnih valutica i fotogrametrije u pra¢enju morfodinamike umjetne plaze Ploce

Filip Kalini¢?, Jelena Koritnik?, Kristina Pikelj?, Dalibor Carevi¢?
10dsjek graditeljstva, Tehni¢ko veleuciliste u Zagrebu, Vrbik 8, Zagreb; *Geoloski odsjek,
Prirodoslovno-matematicki fakultet Sveucilista u Zagrebu, Horvatovac 102a, Zagreb, 3Odjel za
hidrotehniku, Gradevinski fakultet SveuciliSta u Zagrebu, Fra Andrije Kacica-Miosica 26, Zagreb
e-mail: kpikelj@geol.pmf.hr

Hrvatska je rastuca turisticka destinacija s malim brojem prirodnih plaza. Kako bi se zadovoljila sve
veca potreba za njihovim kapacitetima, plaze se prosiruju i grade se nove. U tom procesu
dohranjivanje plaZe je vazna praksa koja treba biti efikasna. Kako bi se poboljsala ta efikasnost
vazno je razumjeti odgovor plaza na valne prilike i mogucu pojavu erozije, odnosno poznavati
njihovu morfodinamiku. U prolje¢e 2022. je provedeno istrazivanje na plaZi PloCe, a koristene
metode ukljucivale su osnovne sedimentoloske analize metodu pametnih valutica i digitalnu
fotogrametriju. Tijekom perioda pracenja prevladavali su nisko-energetski valni uvjeti bez oluja.
Na plaZi je primije¢eno positnjavanje sedimenta prema SZ kao i dominacija nasipanog materijala u
istom smjeru. To potvrduje dominantan transport sedimenta plaze prema SZ. Osim toga,
kratkorocne morfoloske promjene plaze (dan-dva) ukazuju na prevladavajudi utjecaj zapljuskivanja
valova. Njihov je doseg ovisan o morskim mijenama, a o njihovoj kombinaciji ovise pozicije bermi.
Dugorocne promjene na tjednoj i mjesecnoj razini ukazuju pored dominantnog kretanja materijala
prema SZ i na nakupljanje krupnijeg sedimenta u podrucju beach stepa.

Smjerovi kretanja pametnih valutica ne pokazuju specifican trend, sto se smatra posljedicom
njihove veliCine, nisko-energetskih valnih prilika u periodu pracenja te nisko-energetskih uvjeta na
plaZi gradnjom pera i valobrana. Posljednje navedeno moZe dugoroéno omoguditi stabilnost
umjetne plaze.

Klju¢ne rijeci: erozija, Sljunak, plaza RFID

Application of smart pebbles and photogrammetry in monitoring morphodynamics on the
artificial PloCe beach

Filip Kalini¢!, Jelena Koritnik?, Kristina Pikelj?, Dalibor Carevi¢?
1Department of Civil Engineering, University of Applied Sciences, Vrbik 8, Zagreb, Croatia;
’Geology Department, Faculty of Science, University of Zagreb, Horvatovac 102a, Zagreb, Croatia;
3Water Research Department, Faculty of Civil Engineering, University of Zagreb, Fra Andrije
Kaci¢a-Miosica 26, 10 000 Zagreb
e-mail: kpikelj@geol.pomf.hr

Knjiga saZetaka / Book of Abstracts 27



IV. znanstveno-struéni skup Prilagodbe na klimatske promjene i oéuvanje morskih ekosustava Jadranskog mora, Krk, 6. - 8. 10. 2023. / 4th
scientific-expert conference Adaptations to climate change and preservation of marine ecosystems of the Adriatic Sea, Krk, Oct. 6-8, 2023

Croatia is a growing tourist destination with a small number of natural beaches. In order to meet
the increasing demand for beach capacity, these are being enlarged and new beaches are being
constructed. In this process, beach nourishment is an important practice that should be efficient.
To improve its efficiency, it is important to understand the response of beaches to wave conditions
and the possible occurrence of erosion, i.e., to know their morphodynamics. A survey was
conducted on Plo¢e beach in the spring of 2022. The methods used were basic sedimentological
analysis, smart pebbles method and digital photogrammetry. Low energy wave conditions without
storms prevailed during the observation period. A sediment fining towards the NW was observed,
as well as a dominance of the nourished material in the same direction. This confirms that the
transport of beach sediments is dominated in the NW direction. Besides, short-term
morphological changes of the beach indicate the dominant effect of wave runup. Wave run-up
depends on tides, and their combination determines the position of the berms. Long-term changes
(weekly and monthly scales) indicate the accumulation of coarser sediment on the beach step, in
addition to the predominant sediment transport to the NW.

The directions of movement of the smart pebbles do not show any specific trend, which is
considered to be a consequence of their size, low-energy wave conditions during the monitoring,
and low-energy conditions on the beach due to the construction of piers and breakwater. The
latter may favour the stability of the artificial beach.

Key words: erosion, gravel, beach, RFID
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Utjecaj gradnje i odrzavanja plaza na morski okoli$ u Hrvatskoj

Dalibor Carevi¢, Tonko Bogovac
Gradevinski fakultet, Sveuciliste u Zagrebu, Fra Andrije Kacica Miosica 26, 10 000 Zagreb
e-mail: dalibor.carevic@grad.unizg.hr

Hrvatske plaze su pod pritiskom turizma s jedne strane, gdje se tezi povecéanju kapaciteta plaza, te
utjecaja klimatskih promjena s druge strane koje povecéavaju erozijski potencijal olujnih valova. Na
strateskoj razini, Hrvatska provodi osnovne mjere s ciljem ucinkovitog upravljanja na ukupno 1904
evidentirane plaze ali u tom procesu nedostaje tehnic¢ka podrska. Upravo definiranje tehnicke
podrske za potrebe dugoro¢nog nasipavanja postojecih i novih Zala u Hrvatskoj s minimalnim
utjecajem na okolis je cilj projekta Beachex. U okviru projekta izradena je sveobuhvatna baza plaza
na kojima se vrsi dohranjivanje plaza u svrhu smanjenja ucinaka erozije i isto tako baza podataka
o nasipavanju u svrhu gradnje novih plaza. Ustanovljeno je da se u Hrvatskoj, u periodu od 2015.-
2019. provodilo dohranjivanje na 354 plaze te da se prosje¢no godi$nje potrosi 56.000 m3 odnosno
3700 kamiona materijala. Analizom i usporedbom obalne linije s aero snimaka iz 1968. g. i 2021.g.
ustanovljeno je da je udio umjetnih plaZza jednak 25% od ukupnog broja evidentiranih plaza.
Provedeno je niz ronilackih pregleda ispred plaZa s redovitom praksom dohranjivanja s ciljem
procjene utjecaja dohranjivanja na podmorsku biocenozu. Ustanovljene su loSe prakse
dohranjivanja gdje je koristen kameni materijal s vec¢im udjelom praha koje su u konacnici imale
negativan utjecaj na morski okolis.

Klju¢ne rijeci: dohranjivanje, popis plaZza, nasipavanje, podmorska biocenoza

The impact of beach construction and maintenance on the marine environment in Croatia

Dalibor Carevi¢, Tonko Bogovac
Faculty of civil engineering, University of Zagreb, Fra Andrije Kacica Miosica 26, 10 000 Zagreb,
Croatia
e-mail: dalibor.carevic@grad.unizg.hr

Croatian beaches are under pressure from tourism, which needs to increase beach capacity, and
from the effects of climate change, which increase the erosion potential of storm waves. At the
strategic level, Croatia is implementing basic measures aimed at efficient management of the total
1904 registered beaches, but there is a lack of technical support for this process. The aim of the
Beachex project is to define technical support for the needs of long-term nourishment of existing
and new beaches in Croatia with minimal environmental impact. As part of the project, a
comprehensive database of nourished beaches has been created to reduce the effects of erosion,
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as well as a database of beach fills for the construction of new beaches. It was found that
nourishment was carried out on 354 beaches in Croatia between 2015 and 2019, consuming an
average of 56000 m3 or 3700 truckloads of material per year. An analysis and comparison of the
coastline based on aerial photographs from 1968 and 2021 showed that the share of artificial
beaches is 25% of the total number of registered beaches. A series of diving surveys were
conducted in front of beaches with regular nourishment practices to assess the impact of
nourishment on the underwater biocenosis. Poor nourishment practices were identified, where
stone material with a higher percentage of fines was used, which has a negative impact on the
marine environment.

Keywords: nourishment, beach list, filling, undersea biocenosis
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Pravni okvir zaStite i gospodarenja morskim plazama

Branko Kundih
Strucni portal Pomorsko dobro (www.pomorskodobro.com)
e-mail: kundih@pomorsko-dobro.com

Nije sporno da su morske plaze po samom zakonu pomorsko dobro u opéoj upotrebi te kao takve
su neotudive, ne mogu biti objekt stjecanja prava vlasnistva, niti mogu biti u prometu (res extra
commercium). Sporno je §to su morske plaze do danas ostale potpuno zanemareno i zapusteno
pravno podrucéje koje je desetlje¢cima obiljezeno mnogobrojnim konfliktnim situacijama i
sporovima.

lako morske plaze uz nauticki turizam predstavljaju perjanicu nase turisticke ponude, godinama
svjedo¢imo raznim oblicima urbane i ekoloske devastacije, koje nerijetko prate nezakonita
nasipavanja i neprimjereno dohranjivanje prostora morskih plaza. Suo¢avamo se sa izrazitim
neredom koristenja morskih plaza, a koje su posljedica prije svega nedostatka integralnog i
stru¢nog promisljanja na svim razinama.

Sve to traZi jasne i precizne zakonske i provedbene propise.

Kako opravdati, a jo§ manje razumjeti Cinjenicu da Pomorski zakonik iz 1994. god. koji je prvi
regulirao materiju pomorskog dobra, morske plaze kao pomorsko dobro uopce ne spominje, a
Zakon o pomorskom dobru i morskim lukama iz 2003. god. samo navodi morsku plazu kao
pomorsko dobro. Neupotrebljiv Pravilnik o morskim plaZzama koji je donesen davne 1995. god., sa
svojih sedam ¢lanaka predstavlja spomenik nase nesposobnosti i nebrige za morske plaze.

U meduvremenu, 14. srpnja 2023. donesen je novi Zakon o pomorskom dobru i morskim lukama
(N.N. 83/23), te je prestao vaziti Zakon o pomorskom dobru (N.N. 158/03).

S predloZzenim rjeSenjima novog Zakona autor ovog teksta se u velikom djelu ne slaze. Medu
ostalim to se odnosi i na morske plaze koje moraju uzivati poseban rezim zastite, posebno kada se
radi o prirodnim plazama. Istovremeno svim korisnicima morskih plaza treba osigurati pravnu
sigurnost opce uporabe, a gospodarskim subjektima nesmetano obavljanje gospodarskih
djelatnosti. Zastupamo misljenje da se samo koriStenje morskih plaza ne smije naplacivati, a
prostor morske plaze se ne smije ogradivati. Naplacivati se mogu samo usluge koje se pruzaju na
morskoj plazi na osnovu koncesija ili dozvola. Cjeloviti zakonski prijedlog o morskim plazama kao i
osvrt na Nacrt zakona o pomorskom dobru i morskim lukama, autor ovog priopéenja prezentirao
je na portalu Pomorsko dobro (https://www.pomorskodobro.com).

Klju¢ne rijeci: pomorsko dobro, morske plaze, Zakon o pomorskom dobru i morskim lukama (N.N.
83/23)
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Legal framework for the protection and management of sea beaches

Branko Kundih
Maritime public domain Pomorsko dobro (https://www.pomorskodobro.com)
e-mail: kundih@pomorsko-dobro.com

It is undisputed that by law sea beaches are maritime property in general use and as such are
inalienable, cannot be the object of acquisition of ownership rights, nor can they be an object of
commercial transfers (res extra commercium). Arguably, until today sea beaches have remained a
completely neglected and ignored area of law that has been marked by numerous conflict
situations and disputes for decades.

Although sea beaches, along with nautical tourism, represent the crown jewel of our tourist offer,
for years we have been witnessing various forms of urban and ecological devastation, often
accompanied by an illegal embankment and inappropriate enlargement of beach zones. We are
faced with a distinct disarray in the use of sea beaches, which is the result, first of all, of the lack
of integral and professional deliberation at all levels.

All this requires clear and precise legal and implementing acts.

How to justify, much less understand, the fact that the Maritime Code of 1994, which was the first
to regulate maritime property, does not mention sea beaches at all, while the Law on Maritime
Property and Sea Ports of 2003 only lists the sea beaches as the maritime property. The useless
Ordinance on Sea Beaches, which was adopted back in 1995, with its seven articles represents a
monument to our incompetence and lack of care for sea beaches.

In the meantime, a new Law on Maritime Property and Sea Ports was adopted on June 14, 2023
(N.N. 83/23), and the Law on Maritime Property (N.N. 158/03) ceased to be valid.

The author of the text largely disagrees with the proposed solutions of the new Law on Maritime
Property and Seaports. Among other things, the stance also applies to sea beaches, which must
enjoy a special regime of protection, especially when it comes to natural beaches. At the same
time, general use should legally be ensured for all users of sea beaches while public entities should
be able to carry out their economic activities unhindered. We are of the opinion that the use of
sea beaches should not be charged, and the area of the sea beach should not be fenced off. Only
those services provided based on concessions or permits can be charged on the sea beach. The
complete legal proposal regarding sea beaches as well as a review of the Draft Law on Maritime
Property and Seaports has been presented by the author of this report on the Maritime public
domain Pomorsko dobro (https://www.pomorskodobro.com).

Keywords: maritime property, marine beaches, Law on Maritime Property and Sea Ports (N.N.
83/23)
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Vojne aktivnosti uz o€uvanje ekosustava Jadrana

Valnea Kerbav¢i¢ Degacd?, Bernarda Kruli¢ Mutavcié?, Mladen Viher?

IMinistarstvo obrane Republike Hrvatske, Sluzba za nekretnine i zastitu okolisa, Odjel za
geoinformacijske sustave i meteorologiju; °Glavni stoZer OruZanih snaga Republike Hrvatske,
Zapovjedno operativno srediste; 3Hrvatsko vojno uciliste, Centar za obrambene i strateske studije
e-mail: valnea.kerbavcic.degac@morh.hr

Ulaskom Republike Hrvatske u NATO, 2009. godine je, uz Italiju i Crnu Goru, preuzela odgovornost
za Jadransko more kao znacajno podrucje vojnih operacija. Sve vojne aktivnosti moraju se
provoditi uz najmanje moguce ometanje svakodnevnog Zivota lokalnog stanovniStva (pomorski
prijevoz, ribarenje, turizam i dr.) te uz strogu ekolosku zastitu zatecenih Zivotnih zajednica i njihova
prirodnog okruzenija.

U smislu zasStite mora, a posebice litoralnih voda kao posebno ugrozenih akvatorija, NATO je
poduzeo niz mjera i aktivnosti koje su se znacajno intenzivirale zadnjih godina u kontekstu
odgovora na klimatske promjene. Svjetska meteoroloska organizacija izvijestila je da se
temperature u Europi povecavaju dvostruko vise od globalnog prosjeka, na oko +0,5°C po
desetljecu tijekom posljednja tri desetljeca, najvise od bilo kojeg kontinenta. Predvida se da ¢e
promjena. Zajedni¢ko svim aktivnostima na zastiti mora i morskog Zivota je aktivnha razmjena
informacija sa saveznickim i prijateljskim zemljama kroz aktivnosti Radnih skupina Vojnog odbora
NATO-a za meteorologiju i oceanografiju, MCWG(METOC) te kroz nedavno osnivanje Centra
izvrsnosti za vojnu meteorologiju i oceanografiju u Portugalu. Vojni stru¢njaci koriste raspoloZivu
suvremenu tehnologiju za pracenje stanja okolisa kako bi upozorili na zagrijavanje i podizanje
razine mora, na promjene koje mogu utjecati na evoluciju ekoloskih sustava, pojave novih
organizama i promjene migracijskih puteva morskih Zivotinja. Pored toga, ista napredna
tehnologija pomaZe u brzom detektiranju mogucih oneciséenja i u ucinkovitom djelovanju na
njihovom uklanjanju.

Mijenjaju se stare prakse odlaganja otpisanih eksplozivnih sredstava, ispustanja otpada za vrijeme
plovidbe i nekontroliranog koristenja sonara. Sve vojne aktivnosti uskladuju se s medunarodnim i
nacionalnim legislativama o zastiti okolisSa. Sve nacionalne inicijative za razmjenu informacija o
okoliSu i mogucnosti zajednickog koriStenja civilno-vojnih resursa za pracenje i modeliranje
promjena konvergiraju prema nacionalnim predstavnicima u Radnoj skupini Vojnog odbora NATO-
a kojeg Cine predstavnici Ministarstva obrane i Oruzanih snaga Republike Hrvatske.

Pokazani primjeri uspjesne civilno-vojne suradnje u organizaciji NATO-a upucuju na buducu
meduresornu suradnju po ovoj problematici na nacionalnoj razini i dalju provedbu kroz
medunarodnu aktivnost kroz specijalizirane organizacije NATO-a.

Klju¢ne rijecCi: Jadransko more, zastita mora, vojne aktivnosti, Centar izvrsnosti, klimatske
promjene
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Military activities while preserving the Adriatic ecosystem

Valnea Kerbavdi¢ Degad?, Bernarda Kruli¢ Mutavéié?, Mladen Viher?
IMinistry of Defense of the Republic of Croatia, Real Estate and Environmental Protection Service,
Geoinformation systems and meteorology departmen, °Main Headquarters of the Armed Forces
of the Republic of Croatia, Command Operational Center; 3Croatian Military Academy, Center for
Defense and Strategic Studies
e-mail: valnea.kerbavcic.degac@morh.hr

With the accession of the Republic of Croatia to NATO in 2009, Republic of Croatia along with Italy
and Montenegro, took the responsibility for the Adriatic Sea as an important area of military
operations. All military activities must be carried out with the least possible disruption to the daily
life of the local population (maritime transport, fishing, tourism, etc.) and with strict
environmental protection of the found living communities and their natural environment.

In terms of the protection of the sea, and especially littoral waters as especially endangered water
areas, NATO has undertaken a series of measures and activities that have significantly intensified
in recent years in the context of responding to climate change. The World Meteorological
Organization reported that temperatures in Europe are increasing twice the global average, at
about +0.5°C per decade in the last three decades, the most of all continents. It is predicted that
the Mediterranean basin will become one of the most sensitive areas in Europe to the impacts of
climate change. Common to all activities on the protection of the sea and marine life is the active
exchange of information with allied and friendly countries through the activities of the Working
Groups of the NATO Military Committee for Meteorology and Oceanography, MCWG(METOC) and
through the recent establishment of the Center of Excellence for Military Meteorology and
Oceanography in Portugal. Military experts use available modern technology to monitor the state
of the environment in order to warn of warming and rising sea levels, of changes that may affect
the evolution of ecological systems, the appearance of new organisms and changes in the
migration routes of marine animals. In addition, the same advanced technology helps in quick
detection of possible pollution and effective actions to remove it.

The old practices of disposal of decommissioned explosive devices, discharge of waste during
navigation and uncontrolled use of sonar are changing. All military activities are harmonized with
international and national legislation on environmental protection. All national initiatives for the
exchange of information on the environment and the possibility of joint use of civil-military
resources for monitoring and modelling changes converge towards national representatives in the
Working Group of the NATO Military Committee, which consists of representatives of the Ministry
of Defense and the Armed Forces of the Republic of Croatia.

The demonstrated examples of successful civil-military cooperation in the NATO organization
point to future interdepartmental cooperation on this issue at the national level and further
implementation through international activity through specialized NATO organizations.

Keywords: Adriatic Sea, sea protection, military activities, Center of Excellence, climate change
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Prostorno planiranje, urbanizam, arhitektura i zastita graditeljske bastine u prilagodbi klimatskim
promjenama

Liubomir Miscevic
Sveuciliste u Zagrebu, Arhitektonski fakultet, Kaciceva 26, 10 000 Zagreb, Hrvatska
e-mail: miscevic@arhitekt.hr

Usprkos viSedesetljenom upozoravanju sve veceg broja znanstvenika i stru¢njaka u svim
podrucjima djelovanja vezanih za klimatske promjene, svojevremeno jako izrazeno uz
problematiku ozonskih rupa i ¢injeni¢nog porasta globalnog zatopljenja, nije se pravovremeno
reagiralo na temelju mnogih predloZenih rjeSenja. Potrebna je hitna i odgovorna globalna i
nacionalna akcija kako se ne bi zakasnilo i s prilagodbama klimatskim promjenama i ublazavanju
njihovih posljedica.

Klimatska konferencija COP 21 odrzana u Parizu 2015. godine, bila je prekretnica zbog do tada
globalno nevidenog konsenzusa svjetske zajednice. Sedamnaest globalnih ciljeva odrzivog razvoja
do 2030. godine Ujedinjenih naroda objavljenih iste godine, posluZili su kao dobra platforma za
scenarij Zelenog plana EU do 2050. godine s pogledom na 2070. u kontekstu prilagodbi klimatskim
promjenama i ublazavanju njihovih posljedica.

Godinama se referira Cinjenica da sektor graditeljstva u EU proizvodi oko 40% zagadenja
staklenic¢kim plinovima pa je smanjenje emisivnosti prioritet. Energetska obnova je bitno podbacila
u odnosu na prvotno obecanu dinamiku provedbe. Umjesto 3% godiSnje od izgradenog fonda u
RH predvidenog za obnovu, obnavljalo se 1% u 3 godine. O razini energetske ucinkovitosti obnove
moZemo zakljuditi da je na razini tekucih propisa kako bi mogla dobiti gradevinsku dozvolu. Nema
niti jedne obnove do ,faktora 10“ prema definiciji energetskog modela pasivne kuée, odnosno
energetskog razreda A+ koji je kvalitativno bitno iznad tekuce definicije za tzv. nZEB.

U radu se analizira i komentira status planova upravljanja gradovima i ostvarenje programa zelene
infrastrukture i kruZznog gospodarenja prostorom izgradene i neizgradene okoline. Prikazuje
nekoliko referentnih prostorno planerskih i urbanistickih projekta autora koji se temelje na
konceptu arhitekture visoke energetske ucinkovitosti. Jedan od medunarodno najreferentnijih
projekata, Projekt energetske i ambijentalne obnove na primjeru naselja Trnsko u Zagrebu (YU-
SAD, PN 777) iz 1985. godine, bio je preuranjen prvijenac, koji se desetlje¢ima kontinuirano
objavljuje, ali ni do danas nema niti najmanjeg traga ostvarenja. Projekt urbanog segmenta Futura
Inova (za Graz, 1993.) i u Zagrebu za energetski samodostatnu zajednicu raznih funkcionalnih
namjena s novim savskim mostom iz 2007. Prikazuje se i objasnjava projekt autora za Suncani grad
u Zapresic¢u iz 2004. Jedinstven je projekt Zelenog kvarta Grada Koprivnice koji je povezan s
odlukom Grada o najvisoj energetskoj ucinkovitosti (A+) koja se stimulira 100% oslobadanjem od
komunalne naknade za izdavanje gradevinske dozvole. Projekt EU Regije pasivnih kuéa i obnovljivih
izvora energije (PassREg) pokrenuo je ideju izgradnje energetske revolucije. lzvrstan primjer
energetske tranzicije je otok Krk koji je izradio Interdisciplinarnu strategiju nulte emisije
staklenickih plinova za integrirani odrzivi razvoj otoka jos 2012., a 2020. je dobio priznanje medu
deset najboljih energetski odrzivih otoka u Europi. Podizanje razine morske vode je potencijalno
rizicno u gradovima niskih obala u koje se ubrajaju Krk, Cres i Mali LoSinj, Prikazuje se i projekt
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obnove uljare u Nerezinama na LoSinju koja je pojedinacno zasti¢eno kulturno dobro, a vec¢ je
djelomi¢no u morskoj vodi.

Zbog nesporne Cinjenice razine klimatskih promjena sa sve drasti¢nijim i uCestalijim katastrofalnim
posljedicama, nuzno je Zurno unaprijediti odgovarajuéu regulativu, prevenciju i sustav upravljanja,
bitno ubrzati energetsku obnovu vise ucinkovitosti u veé¢im prostornim obuhvatima poput dijelova
i cijelih naselja, gradskih kvartova pa sve do regija, Sto pretpostavlja projekte na razini prostornog
uredenja i urbanizma, kako bi se Sto kvalitetnije provela Strategija prilagodbe klimatskim
promjenama u RH za razdoblje do 2040. s pogledom na 2070. od 2020. godine.

Klju¢ne rijeci: prostorno planiranje, urbanizam, arhitektura i zastita graditeljske bastine, prilagodbe
klimatskim promjenama

Physical planning, urbanism, architecture and protection of architectural heritage in adaptations
to climate change

Ljubomir Miscevi¢
University of Zagreb, Faculty of Architecture, Kaciceva 26, 10 000 Zagreb, Croatia
e-mail: miscevic@arhitekt.hr

Despite dozens of warnings from a growing number of scientists and experts in all fields of activity
related to climate change, once strongly expressed with the problem of ozone holes and the actual
increase in global warming, there was no timely reaction based on many proposed solutions.
Urgent and responsible global and national action is needed in order not to be late with
adaptations to climate change and mitigation of its consequences.

The COP 21 climate conference held in Paris in 2015 was a turning point due to the previously
unprecedented global consensus of the world community. Seventeen global goals of sustainable
development until 2030 of the United Nations, published in the same year, served as a good
platform for the scenario of the EU Green Plan until 2050 with a view to 2070 in the context of
adaptation to climate change and mitigation of its consequences.

The fact that the construction sector in the EU produces around 40% of greenhouse gas pollution
has been referred for years, so reducing emissions is a priority. Energy renewal has significantly
failed in relation to the originally promised dynamics of implementation. Instead of 3% per year of
the built-up fund in the Republic of Croatia intended for reconstruction, 1% was renewed in 3
years. Regarding the level of energy efficiency of the renovation, we can conclude that it is at the
level of current regulations in order to be able to obtain a building permit. There is not a single
renovation up to "factor 10" according to the definition of the passive house energy model, i.e.
energy class A+, which is qualitatively significantly above the current definition for the so-called
nZEB.

The paper analyzes and comments on the status of city management plans and the
implementation of the green infrastructure program and circular space management of the built
and unbuilt environment. It shows several reference physical planning and urban planning projects
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of the author, which are based on the concept of high energy efficiency architecture. One of the
most internationally referenced projects, the Energy and Environmental Renewal Project based
on the example of the Trnsko settlement in Zagreb (YU-USA, PN 777) from 1985, was a premature
debut, which has been continuously published for decades, but even today there is not the
slightest trace of its realization. The project of the urban segment of Futura Inova (for Graz, 1993)
and in Zagreb for an energy self-sufficient community of various functional uses with the new Sava
bridge from 2007. The author's project for the Solar City in Zapresi¢ from 2004 is shown and
explained. The Green Quarter project of the City of Koprivnica is unique, which is connected with
the City's decision on the highest energy efficiency (A+), which is stimulated by a 100% exemption
from the municipal fee for issuing a building permit. The project of the EU Region of Passive Houses
and Renewable Energy Sources (PassREg) launched the idea of building an energy revolution. An
excellent example of the energy transition is the island of Krk, which created an interdisciplinary
strategy of zero greenhouse gas emissions for the integrated sustainable development of the
island back in 2012, and in 2020 was recognized as one of the ten best energy-sustainable islands
in Europe. Rising sea water levels are potentially risky in towns with low coasts, including Krk, Cres
and Mali Losinj. The project to renovate the oil mill in Nerezine on island Losinj, which is an
individually protected cultural heritage, is already partially submerged in seawater.

Due to the indisputable fact of the level of climate change with increasingly drastic and frequent
catastrophic consequences, it is necessary to urgently improve the appropriate regulation,
prevention and management system, significantly speed up the energy restoration of more
efficiency in larger spatial scopes such as parts and entire settlements, city neighbourhoods and
even regions, which assumes projects at the level of spatial planning and urbanism, in order to
implement the Climate Change Adaptation Strategy in the Republic of Croatia for the period up to
2040 with a view to 2070 from 2020 as efficiently as possible.

Keywords: physical planning, urbanism, architecture and protection of architectural heritage,
adaptation to climate change
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Arhitektura visoke energetske ucinkovitosti i ugljicna neutralnost u funkciji prilagodbi klimatskim
promjenama

Liubomir Miscevic
Sveuciliste u Zagrebu, Arhitektonski fakultet, Kaciceva 26, 10 000 Zagreb, Hrvatska
e-mail: miscevic@arhitekt.hr

Arhitektura kao odgovorna misija Covjecanstva koje je u visevrsnom kriznom stanju, mora ponuditi
pravovremena, napredna odrziva i odgovorna rjeSenja za opstanak. Sve je viSe uglednih
znanstvenika koji su na Zalost sve vedi pesimisti. Potrebno je osvijestiti da se Covjecanstvo
samounisStava, jer je zakasnilo u prevenciji klimatskih promjena. NaZalost, ve¢ se kasni i s
prilagodbama. SvjedocCimo sve ucestalijim i opasnijim posljedicama klimatskih promjena. Zato se
od arhitekture, odnosno od arhitekata ocekuje hitna reakcija. Sve je lakSe ostvariva samoodrziva,
bezemisijska, plus energetska, otporna i sigurna arhitektura kao kontinuirani razvojni izazov.
Nacionalnii medunarodni dokumenti sadrzajno i vremenski upucuju i obvezuju sve drzave svjetske
zajednice za postizanje zacrtanih globalnih ciljeva odrZivosti, implementacijom regulative mjerama
provedbe u odredenim razdobljima. Ti su dokumenti vrlo stimulativni i precizno razradeni.
Odabrano je nekoliko relevantnih nacionalnih i medunarodnih dokumenata u podrucju arhitekture
i graditeljstva iz kojih se citiraju najvaznije smjernice i odluke kao analiticka podloga za vrednovanje
projekata i njihovih ostvarenja od njihova postojanja u kontekstu energetske ucinkovitosti i
ugljiicne neutralnosti u funkciji prilagodbi klimatskim promjenama. To je temeljni nacionalni
dokument "Arhitektonske politike Republike Hrvatske 2013.-2020. — ApolitikA“ usvojen 2012.
godine od Vlade Republike Hrvatske, koji predstavlja nacionalne smjernice za vrsnocu i kulturu
gradenja, u kojem se uz ostale, navodi znacaj i nuznost zastite zdravlja, klime i sigurnosti®.

Vijece arhitektonskih komora Europe (ACE) je u susret svjetskoj konferenciji COP 21 odrzanoj u
Parizu 2015. godine, izdalo manifest o Odgovornoj arhitekturi kao prilog toj konferenciji. Sve su
drZave sudionice ukljucujuci najvece globalne zagadivace deklarativno obecale da ¢e poduzeti sve
Sto je u njihovoj moci kako bi se usporile klimatske promjene i ublaZile njihove posljedice. Do danas
nema slicnog ili noveliranog manifesta ili deklaracije.

ACE je pozvalo Europski parlament da uzme u obzir ulogu arhitekata u pomaganju EU-u kako bi
postigla svoje ciljeve za smanjenje potro$nje energije u zgradama i ublazavanje ucinaka klimatskih
promjena i ukazalo na prepoznavanje vaZznosti uloge arhitekata u obnovi postojec¢ih zgrada,
promicanjem vece ,energetske pismenosti”.

U radu se uz primjere projekata i ostvarenja autora objasnjava nuznost projektiranja i izvodenja
arhitekture napredne visoke energetske ucinkovitosti kako bi se bitnim smanjenjem emisivnosti
arhitekture novogradnjom energetskog modela ,pasivne kuée”, odnosno energetskog razreda A+
i obnove do ,faktora 10, ostvarili globalni ciljevi odrzivog razvoja UN 17 do bliske 2030. godine i
Zeleni plan EU do 2050. s pogledom na 2070., upravo u kontekstu prilagodbi klimatskim
promjenama i ublazavanju njihovih posljedica.

Klju¢ne rijeci: visoka energetska ucinkovitost, ugljicna neutralnost, sigurnost ljudi i prostora,
prilagodbe klimatskim promjenama
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Architecture of high energy efficiency and carbon neutrality as a function of adaptation to
climate change
Liubomir Miscevi¢, e-mail: miscevic@arhitekt.hr
University of Zagreb, Faculty of Architecture, Kaciceva 26, 10 000 Zagreb, Croatia

Architecture, as a responsible mission of humanity, which is in a multifaceted state of crisis, must
offer timely, advanced, sustainable and responsible solutions for survival. There are more and
more distinguished scientists who, unfortunately, are increasingly pessimistic. It is necessary to
make people aware that humanity is destroying itself, because it was late in the prevention of
climate change. Unfortunately, adaptations are already delayed. We are witnessing increasingly
frequent and dangerous consequences of climate change. That is why an urgent reaction is
expected from architecture, that is, from architects. A self-sustaining, emission-free, energy-plus,
resistant and safe architecture is becoming more and more, easy to achieve as a continuous
development challenge.

National and international documents in terms of content and time guide and oblige all countries
of the world community are to achieve the set for global goals of sustainability, by implementing
regulations and implementation measures in certain periods. These documents are very
stimulating and precisely elaborated. Several relevant national and international documents in the
field of architecture and construction have been selected from which the most important
guidelines and decisions are cited as an analytical basis for the evaluation of projects and their
achievements since their existence in the context of energy efficiency and carbon neutrality in the
function of adaptation to climate change. It is the basic national document "Architectural Policy of
the Republic of Croatia 2013-2020 — ApolitikA" adopted in 2012 by the Government of the
Republic of Croatia, which represents national guidelines for quality and culture of construction,
in which, among others, is the importance and necessity of health protection, climate and
security".

The Council of Architectural Chambers of Europe (ACE) issued a manifesto on Responsible
Architecture as a contribution to the COP 21 world conference held in Paris in 2015. All
participating countries, including the largest global polluters, have made a declarative promise to
do everything in their power to slow down climate change and mitigate its consequences. To this
day, there is no similar or amended manifesto or declaration.

ACE called on the European Parliament to consider the role of architects in helping the EU to
achieve its targets for reducing energy consumption in buildings and mitigating the effects of
climate change, and pointed to the recognition of the importance of the role of architects in the
renovation of existing buildings, by promoting greater "energy literacy".

In addition to examples of the author's projects and accomplishments, the paper explains the
necessity of designing and implementing advanced high energy efficiency architecture in order to
achieve the global goals of sustainable development by significantly reducing the emissivity of
architecture with the new energy model "passive house", i.e. energy class A+ and renovation up
to "factor 10" to develop the UN 17 until close 2030 and the EU Green Plan until 2050 with a view
to 2070, precisely in the context of adapting to climate change and mitigating its consequences.

Keywords: high energy efficiency, carbon neutrality, safety of people and space, adaptation to
climate change
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Prostorno-planski pristup odrZivom razvoju obalnog podrucja Hrvatske

Mirjana Kovaci¢, Matea Horvat
Pomorski fakultet Sveucilista u Rijeci, Hrvatska
e-mail: kapitanovic.matea@gmail.com

Hrvatski obalni prostor sadrZi sve elemente potrebne za kvalitetan razvoj. Duljina obalne linije
razvedenost, preko tisu¢u otoka, otoci¢a i hridi, te kvalitativna obiljezja jadranskog morskog
prostora, atrakcijski su elementi ne samo za Zivot nego i obavljanje mnogih gospodarskih
djelatnosti.

Istovremeno obalno podrucje Hrvatske se suocava sa razliitim pritiscima, od devastacije do
posljedica klimatskih promjena koje posebno ugrozavaju rad i Zivot stanovnika. Otoci su posebice
ugrozeni dijelovi obalnoga podrucja Hrvatske. Iseljavanje i smanjivanje broja stanovnika jesu i dalje
dominantne socijalne i ekonomske znacajke jadranskih otoka, no tu su i mnogobrojni komunalni
problemi, zbrinjavanje otpada te nedostatak pitke vode u ljetnim mjesecima.

Predmet istraZivanja je obalno podrucje Hrvatske. Autori analiziraju postojece stanje u kontekstu
klimatskih promjena te predlazu mjere za poboljSanje upravljanja obalnim podrucjem. U fokusu
istraZivanja je zakonska regulativa i prostorno planiranje obalnog prostora koje mora dati
dugorocni odgovor u pitanjima odrzivosti. Cilj istraZzivanja je utvrditi meduzavisnost prostornog
planiranja i odrZivog razvoja obalnog prostora kako bi se utjecaj klimatskih promjena umanijio.

Klju¢ne rijeci: obalno podrucje, zakonska regulativa, prostorno planiranje, klimatske promjene,
Hrvatska

Spatial-planning approach to the sustainable development of the coastal area

Mirjana Kovaci¢, Matea Horvat
University of Rijeka, Faculty of Maritime Studies, Croatia
e-mail: kapitanovic.matea@gmail.com

The Croatian coastal area contains all the elements necessary for quality development. The length
of the indented coastline, over a thousand islands, islets and rocks, as well as the qualitative
features of the Adriatic Sea area, are attractive elements not only for human life, but also for the
performance of many economic activities.

At the same time, the coastal area of Croatia faces various pressures, from devastation to the
consequences of climate change, which especially influence on people daily work and life. Croatian
islands are especially vulnerable parts of the coastal area. Emigration and population decline are
still the dominant social and economic features of the Croatian islands, but there are also
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numerous communal problems, waste disposal and the lack of drinking water in the summer
months.

The subject of research is the coastal area of Croatia. The authors analyse the current situation in
the context of climate change and propose measures to improve the management of the coastal
area. The focus of the research is on regular legislation and spatial planning of the coastal area,
which both must provide a long-term answer to sustainability issues. The main goal of the research
is to determine the interdependence of spatial planning and sustainable development of the
coastal area in order to reduce the impact of climate change.

Keywords: coastal area, legislation, spatial planning, climate change, Croatia
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Utjecaj mikroklime na ektoterme jadranskih otoka

Jelena Bujan*? and Cleo Bertelsmeier?
1Zavod za istraZivanje mora i okolisa, Institut Ruder Boskovic, Zagreb, Hrvatska, University of
Lausanne, 1015 Lausanne, Svicarska
e-mail: jelena.bujan@irb.hr

Mali otoci su idealni prirodni laboratoriji termalne ekologije. Veli¢ina otoka je Cesto korelirana s
temperaturom, pa su naizgled identi¢na stanista izloZzena razli¢itoj mikroklimi. Ta heterogenost
mikroklime medu otocima mozZe imati znacajan utjecaj na spospobnost otoc¢nih zajednica da
podnesu globalno zagrijavanje. Generalno, predvida se da ¢e globalni porast temperature u
kopnenim ekosustavima najvise pogoditi ektoterme, koji nemaju sposobnost termoregulacije.
Kako bi testirali da li temperatura otoka selektira termalno tolerantnije vrste i tako regulira sastav
zajednica mediteranskih otoka koristili smo mrave, jer je njihova aktivnost direktno vezana za
njihovu termalnu fiziologiju. Dodatno smo testirali da li mikroklima odreduje termalne granice
vrste kroz termalnu plasti¢nost. Na 8 otoka Elafitskog arhipelaga zabiljezili smo sastav zajednica
mrava, njihove kriticne temperature, te mikroklimatske uvjete tla. ProsjeCna temperatura tla
medu otocima je varirala i do 4°C, unatoc ujednacenim makroklimatskim uvjetima. Raspon visokih
temperatura koje su mravi mogli podnijeti bio je 41-49°C, a raspon niskih 1-7°C. Znanje o
mikroklimatskoj heterogenosti otoka i termalnoj plasti¢nosti vrsta koje ih nastanjuju moZe nam
dati bolji uvid u termalni stres kojim su izloZeni i moguénost adaptacije. Nasi rezultati pokazuju da
makroklima otoka trenutno podcjenjuje izloZzenost ektoterma termalnom stresu.

Klju¢ne rijeci: mikroklima, otoci, Mediteran, mravi, toplinska tolerancija

Unraveling the effects of microclimate on ectotherms in Adriatic islands

Jelena Bujan® 2 and Cleo Bertelsmeier?
IDivision for Marine and Environmental Research, Institut Ruder Boskovié, Zagreb, Croatia,
2University of Lausanne, 1015 Lausanne, Switzerland
e-mail: jelena.bujan@irb.hr

Small islands are ideal natural laboratories of thermal ecology. Island size often correlates with
islands’ thermal conditions, so that seemingly identical habitats experience different
microclimates. Microclimatic heterogeneity between islands is likely to affect the ability of each
island community to survive global warming. Generally, temperature raise in terrestrial
ecosystems is predicted to strongly affect small ectotherms that are unable to thermoregulate.
We used ants - cursorial insects whose activity is directly governed by their thermal limits - to test
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if temperature selects for thermally tolerant species and thereby governs community composition
on Mediterranean islands. Additionally, we tested if microclimate drives thermal tolerance within
species by promoting thermal plasticity. We recorded ant community composition, thermal limits,
and soil microclimates across 8 islands from the Elaphiti Archipelago. Average soil temperatures
varied by as much as 4°C despite apparently constant macroclimatic conditions. We found
substantial variation in ant thermal limits: heat tolerance ranged from 41-49°C and cold tolerance
1-7°C. Knowing the extent of islands’ microclimatic heterogeneity and plasticity of species
inhabiting them can give us a better estimate of the experienced thermal stress and availability of
thermal relief. Our results suggest that island macroclimates currently underestimate heat stress
experienced by small ectothermes.

Keywords: microclimate, islands, Mediterranean, ants, heat tolerance
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Klimatske promjene — moguci pokretac¢ promjena u sastavu naselja sitne plave ribe u Jadranu

Vjekoslav Tic¢ina
Institut za oceanografiju i ribarstvo, Split, Hrvatska
e-mail: ticina@izor.hr

Sredozemno more je zbog svoje zatvorenosti jedno od morskih podrucja koja se najbrze
zagrijavaju, pa se u njemu utjecaj klimatskih promjena (,global warming®) vrlo vjerojatno brze
odrazava na morske ekosustave nego u drugim dijelovima svjetskih oceana. To se posebno istice
u najsjevernijem i najplicem dijelu Sredozemnog mora — Jadranskome moru.

Utjecaj klimatskih promjena na morske organizme je posredan, tj. klimatske promjene na njih
djeluju uzrokujuéi promjene u njihovom okolisu. Novija istrazivanja sitne pelagijske ribe u
Jadranskom i Sredozemnom moru su potvrdila valjanost tzv. ,Bergmanovog pravila“ prema kojem
se srednja veli¢ina tijela riba postepeno smanjuje za otprilike 3-4% za 1°C zatopljenja okolisa.
Nadalje, promjene u okolisu uslijed zatopljenja odrazavaju se i na pogodnost/nepogodnost
pojedinih habitata u Jadranskome moru za obitavanje pojedinih vrsta sitne plave ribe u Jadranu,
te njihovu rasprostranjenost i obimnost njihovih naselja. To se posebice odnosi na termofilne vrste
koje u Jadran dolaze iz toplijih dijelova Sredozemnog mora, ali i na tzv. “borealne” vrste koje
preferiraju hladniji okolis$ kao Sto je to slucaj s papalinom kojoj se vjerojatno “ne pise dobro”.

Klju¢ne rijeci: sitna pelagijska riba, zagrijavanje okolisa, promjene u Jadranu

Climate change as a driver of changes in small pelagic fish assemblages in the Adriatic Sea

Vjekoslav Ti¢ina
Institute of Oceanography and Fisheries, Split, Croatia
e-mail: ticina@izor.hr

Because of its closed nature, the Mediterranean Sea is one of the fastest warming marine areas,
so the effects of climate change ("global warming") are likely to affect marine ecosystems more
rapidly than in other parts of the world's oceans. This particularly might be evident in the
northernmost and shallowest part of the Mediterranean Sea - the Adriatic Sea.

The impact of climate change on marine organisms is indirect, meaning that climate change affects
them by causing changes in their environment. Recent studies on small pelagic fishes in the
Adriatic and Mediterranean Seas are indicating the validity of the so-called "Bergman's rule",
according to which the average body size of fishes gradually decreases by about 3-4% when the
environment warms by 1°C. In addition, environmental changes caused by global warming are also
reflected in the suitability/unsuitability of certain areas in the Adriatic Sea as habitats for small
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pelagic fishes in the Adriatic Sea, as well as changes in their spatial distribution areas and the
success of their recruitments. This especially applies to thermophilic species that come into the
Adriatic from warmer parts of the Mediterranean, but also for the so-called "boreal" species that
prefer colder environments, such as the sprats, with quite “uncertain future”.

Key words: small pelagic fish, warming of the environment, changes in the Adriatic
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Vatrenjaca Pterois miles (Bennett, 1828) u Jadranskome moru: kratki pregled

Jakov Dulci¢
Institut za oceanografiju i ribarstvo, Setaliste lvana Mestrovi¢a 63, 21000 Split, Hrvatska,
e-mail: dulcic@izor.hr

Bioloske invazije smatraju se jednom od najvecih prijetnji prirodnoj bioraznolikosti. Sredozemno
more, koje povezuje Indo-Pacifik i Atlantski ocean, karakterizirano je kao Zariste globalne morske
invazije, zbog mnostva ljudskih putova i vektora kao Sto su pomorstvo, akvakultura, turizam i
otvaranje Sueskog kanala, koji su doveli do do unos$enja gotovo 700 stranih vrsta u Sredozemno
more. Medu unesenim vrstama, Pterois miles (Bennett, 1828), podrijetlom iz Indo-Pacifika, smatra
se jednom od najgorih invazivnih vrsta u Sredozemnom moru. Jednom kada se uspostave, njezine
populacije mogu imati Stetne ucinke na domace zajednice, Sto rezultira gubitkom bioraznolikosti,
degradacijom staniSta i negativnim gospodarskim ucincima na ribarsku industriju i aktivnostima
temeljenim na morskim zalihama, kao sto je vidljivo u istocnom Mediteranu (npr. Cipar i Grcka).
Prva videnja jedinki ove vrste zabiljeZzena su u Jadranskom moru u blizini Leccea (ltalija) i plaze
Dhermi (Albanija) u srpnju 2019. i u Torre Canneu u blizini Brindisija u kolovozu 2020. Jedan
primjerak zabiljeZen je u istocnom srednjem Jadranu. Uocena je kod otoka Visa na dubini od 15 m
13. kolovoza 2021. godine. Nalaziste je sjevernije od svih dosadasnjih jadranskih zapisa i
predstavlja dosad najsjeverniji nalaz ove vrste u Sredozemnom moru. Posljednji nalaz bio je s
crnogorske obale 2022 godine. Ovaj novi zapis potvrduje hipotezu da je ova vrsta sposobna
prosiriti se i nastaniti u Jadranskom moru kao $to su Karachle i dr. (2017) predvidjeli ukljucivsi P.
miles medu vrste od kojih se ocekuje Sirenje u zemljama ESENIAS-a. Njezine bioloske osobine i
ekoloSke osobitosti: rana zrelost, visoka stopa rasta i plodnost, rasprostranjenost licinki na velike
udaljenosti, otrovne bodlje, opc¢a prehrana i fleksibilnost stanista, u kombinaciji s nedostatkom
domacih grabe?ljivaca olakSavaju njihovo Sirenje i uspostavljanje. Uslijed klimatskih promjena
moZe se ocCekivati da ¢e temperatura mora u Jadranu porasti u buduénosti Sto ¢e ga uciniti
pogodnijim za naseljavanje ove vrste i formiranje njezinih gustih populacija.

Klju¢ne rijeci: Pterois miles, nalazi, bioloSka invazija, klimatske promjene, ESENIAS, Jadransko more

Lionfish Pterois miles (Bennett, 1828) in the Adriatic Sea: a short overview
Jakov Dulci¢

Institute of Oceanography and Fisheries, Setaliste lvana Mestrovi¢a 63, 21000 Split, Croatia, e-
mail: dulcic@izor.hr

Biological invasions are considered among the largest threats to native biodiversity. The
Mediterranean Sea, connecting the Indo-Pacific and Atlantic oceans, is characterized as a global
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marine invasion hotspot, due to a multitude of human pathways and vectors such as shipping,
aquaculture, tourism, and the opening of the Suez Canal, which have led to the introduction of
nearly 700 alien species into the Mediterranean Sea. Among the species introduced, the
scorpaenid fish Pterois miles (Bennett, 1828), originating from the Indo-Pacific, is considered one
of the worst invasive species in the Mediterranean Sea. Once established, its populations can have
damaging effects on native communities, resulting in biodiversity loss, habitat degradation, and
economic effects on the fishing industry and marine-based activities as evidenced in the Eastern
Mediterranean (e.g., Cyprus and Greece). First sightings of the lionfish were recorded in the
Adriatic Sea near Lecce (Italy) and beach Dhermi (Albania) in July 2019 and in Torre Canne near
Brindisi in August 2020. A single specimen of Pterois miles has been recorded in the eastern middle
Adriatic Sea. It was observed near the island of Vis at a depth of 15 m on 13 August 2021. The
location of the record is further north than previous Adriatic records and it constitutes the
northernmost record of this species in the Mediterranean Sea to date. Last record was from the
Montenegrin coast (southeastern Adriatic in 2022. This new record confirms the hypothesis that
this species is capable of expanding and establishing in the Adriatic Sea as Karachle et al. (2017)
had predicted by including P. miles among the species expected to spread in ESENIAS countries.
Their biological traits and ecological habits: early maturity, high growth rate and fecundity, long-
range larval dispersion, venomous spines, generalist diet, and habitat flexibility, combined with
lack of native predators facilitate their spreading and establishment success. Due to climate
change, it could be expected that the sea temperature of the Adriatic will rise in the future making
it more suitable for the establishment of the lionfish and formation of dense populations.

Key-words: Pterois miles, records, biological invasion, climate change, ESENIAS, Adriatic Sea
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Utjecaj klimatskih promjena na akvakulturu komarce u Sredozemnom moru

Ines Haberle!, Domagoj K. Hackenberger?, Tamara Djerdj?, Lav Bavcevié3, Suncana Gecek?,
Branimir K. Hackenberger?, Nina Marn?, Jasminka Klanjs¢ek?, Marija Purgar?, Jadranka Pecar Ili¢?,
Tin Klanj$éek?!
1Zavod za istraZivanje mora i okolisa, Institut Ruder Boskovi¢, Bijenicka cesta 54, Zagreb,
Hrvatska; °Zavod za kvantitativnu ekologiju, Odjel za biologiju, Sveuciliste u Osijeku, Cara
Hadrijana 8A, Osijek, Hrvatska, 3Odjel za ekologiju, agronomiju i akvakulturu, Sveuciliste u Zadru,
Trg kneza Viseslava 9, Zadar, Hrvatska
e-mail: ihaberle@irb.hr

Akvakultura komarce u Sredozemlju suocena je s okoliSnim promjenama uslijed nadprosjecnih
klimatskih promjena u regiji. Kako bi se osigurale odgovarajuce i pravovremene prilagodbe novim
uvjetima, kvantifikacija utjecaja klimatskih promjena na akvakulturnu proizvodnju je klju¢na.
Koristeéi fizioloSko modeliranje, procijenili smo srednjorocne i dugorocne ucinke klimatskih
promjena na kljuéne pokazatelje u akvakulturi — vrijeme uzgoja do trzisne veli¢ine i indeks
konverzije hrane — tijekom dvogodisnjih uzgojnih ciklusa s po¢etkom 2021. (referentno razdoblje),
2051. (srednjoro¢no) i 2091. (dugoroc¢no) godine. Uz to, kvantificirali smo dva okolisSna pokazatelja
koji odreduju podobnost za akvakulturu komarce, a potencijalno i drugih vrsta - prosje¢nu
temperaturu kao indikator zagrijavanja i broj dana s temperaturom mora iznad gornje termalne
granice za rast.

Rezultati pokazuju da se vrijeme uzgoja do trZiSne veli¢ine opéenito smanjuje s porastom
temperature, osobito u regijama u kojima je broj dana koji premasuju gornju temperaturnu
granicu stabilan. Indeks konverzije hrane za trZisnu veli¢inu ne pokazuje znacajne promjene s
klimatskim promjenama, no zbog brZeg rasta i ve¢e konacne teZine povecdava se za cjelokupni
dvogodisnji uzgojni ciklus.

lako su za srednjorocno razdoblje utvrdeni relativno pozitivni utjecaji, dugoro¢no negativni ucinci
klimatskih promjena o¢ekuju se u trenutno vrlo produktivnim regijama akvakulture: Levantinskom,
Egejskom i Jadranskom moru te obalnim vodama Tunisa.

Klju¢ne rijeci: dinamicki energijski proracun, Sparus aurata, IPCC RCP klimatski scenariji, indeks
konverzije hrane, vrijeme uzgoja

Effects of climate change on gilthead sea bream aquaculture in the Mediterranean
Ines Haberle!, Domagoj K. Hackenberger?, Tamara Djerdj?, Lav Bavcevi¢3, Sunéana Gecek?,

Branimir K. Hackenberger?, Nina Marn?, Jasminka Klanjs¢ek!, Marija Purgar?!, Jadranka Pecar Ili¢?,
Tin Klanj$cek?!
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1Division for Marine and Environmental Research, Ruder BoSkovic¢ Institute, Bijenicka cesta 54,
Zagreb, Croatia; *Sub-Department of Quantitative Ecology, Department of Biology, University of
Osijek, Cara Hadrijana 8A, Osijek, Croatia; 3Department of Ecology, Agriculture and Aquaculture,

University of Zadar, Trg kneza Viseslava 9, Zadar, Croatia
e-mail: ihaberle@irb.hr

Aquaculture of gilthead sea bream in the Mediterranean faces changes of environmental
conditions due to faster-than-average climate change in the region. To support adequate and
timely adaptations to new condition, quantification of climate change impacts on aquaculture
production is crucial.

Using physiological modeling, we estimate the mid- and long-term effects of climate change on
key aquaculture indicators — time-to-market and feed conversion ratio — during two-year farming
cycles starting in 2021 (reference period), 2051 (mid-term), and 2091 (long-term). We also
quantify two aggregate environmental indicators determining suitability for aquaculture of
gilthead sea bream, and potentially other species - average temperature as a proxy for warming,
and number of days with sea water temperature above the upper thermal limit for growth.
Results show that time-to-market generally decreases with increase of temperature, particularly
in regions where number of days exceeding the upper thermal limit remains stable. The feed
conversion ratio at market size shows no significant change with climate change, but it does
increase for the complete two-year culturing period, due to faster growth and greater final weight.
While relatively positive outlooks are identified in the mid-term period, the greatest negative long-
term effects of climate change are expected in currently highly productive aquaculture regions:
Levantine, Aegean, and Adriatic seas, and coastal waters of Tunisia.

Keywords: Dynamic Energy Budget, Sparus aurata, IPCC RCP climate projection scenarios, food
conversion ratio, time to market
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Zivotni ciklusi reZnjaka (Scyphozoa) u Aquariumu Pula

Klara Mici¢, llenia Suduli¢, Milena Mici¢
Aquarium Pula d.o.o., Ulica Verudella 33, 52100 Pula, Hrvatska
e-mail: milena.micic@aquarium.hr

Posljednjih godina, masovno razmnozavanje pojedinih vrsta reznjaka (Scyphozoa) uzrokuje
znacajne promjene u ekoloskoj ravnotezi jadranskog ekosustava, ponajvise u njegovom sjevernom
dijelu. Stoga je uspostavom uzgoja nespolne generacije za izlozbene i edukativne svrhe, Aquarium
Pula (AP) ve¢ 2014. godine zapoceo s upoznavanjem zivotnog ciklusa reznjaka vrste Aurelia spp.
Molekularnim istrazivanjima iz 2021. godine, vrsta roda Aurelia spp. determinirana je kao
alohtona, invazivna vrsta A. coerulea. Od autohtonih vrsta roda Aurelia, trenutno se istrazuje
zivotni ciklus endemske vrste A. relicta iz Mljetskih jezera. Preliminarni rezultati istrazivanja
ukazuju da su niske temperature optimalne za njihov rast i razvoj. Od ostalih jadranskih vrsta
uspostavljen je i uzgoj Rhizostoma pulmo, Cotylorhiza tuberculata i Chrysaora hysoscella, a od
2021. godine ukljucen je i uzgoj egzoticnih vrsta: Cassiopea sp., Stomolophus meleagris, Chrysaora
plocamia, Chrysaora colorata, Sanderia malayensis i Phacellophora camtschatica. Ustanovljeno je
da strobilacija reznjaka nastaje prirodnim i induciranim putem, odnosno temperaturnim Sokom.
Potrebna su daljnja istraZivanja reznjaka kao potencijalnih indikatora zdravlja morskih ekosustava
jer pojava masovnih agregacija uslijed poviSenja temperature mora i antropogenih utjecaja,
negativno utjece na gospodarstvo, ponajvise na ribarstvo i turizam.

Klju¢ne rijeci: Scyphozoa, ex-situ, nespolno razmnoZavanje, masovno razmnozavanje

Life cycles of jellyfish (Scyphozoa) at Aquarium Pula

Klara Mici¢, llenia Suduli¢, Milena Mici¢
Aquarium Pula d.o.o., Ulica Verudella 33, 52100 Pula, Hrvatska
e-mail: milena.micic@aquarium.hr

In recent years, the massive proliferation of certain jellyfish species (Scyphozoa) has caused
significant changes in the ecological balance of the Adriatic ecosystem, particularly in its northern
part. Therefore, Aquarium Pula (AP), in 2014, initiated the husbandry of the asexual generation
for exhibition and educational purposes, to raise awareness about the life cycle of Aurelia spp.
Molecular research conducted in 2021 determined that the Aurelia spp. belongs to the
allochthonous, invasive species A. coerulea. Among the indigenous species of the Aurelia genus,
the life cycle of the endemic species A. relicta from Mljet Lakes is being researched. Preliminary
results suggest that low temperatures are optimal for their growth and development. Breeding of
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other Adriatic species, such as Rhizostoma pulmo, Cotylorhiza tuberculata, and Chrysaora
hysoscella, has also been established. Since 2021, the husbandry of exotic species, such as
Cassiopea sp., Stomolophus meleagris, Chrysaora plocamia, C. colorata, Sanderia malayensis and
Phacellophora camtschatica, has been included as well. It has been observed that jellyfish
strobilation occurs naturally and can be also be induced through temperature shock. Further
research on jellyfish as potential indicators of the health of marine ecosystems is necessary, as the
occurrence of massive aggregations due to rising sea temperatures and anthropogenic influences
negatively impacts the economy, particularly fishing and tourism.

Keywords: Scyphozoa, ex-situ, asexual reproduction, mass proliferation.
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Biolosko-ekoloske znacajke plavog raka (Callinectes sapidus Rathbun 1896) u ornitoloSkom
rezervatu Palud — Palu

Matej Cief, Neven Ive$a, Moira Bursi¢, Davorka Turkovi¢, Rea Jelenovi¢, Andreja Kokorovié¢, Nicol
Delcaro, Paolo Paliaga
Fakultet prirodnih znanosti, Sveuciliste Jurja Dobrile u Puli, Zagrebacka 30, 52100 Pula
e-mail: mcief@student.unipu.hr

Dolaskom u nova stanista, invazivne strane vrste mogu negativno utjecati na stabilnost ekosustava.
Jedna od 100 najinvazivnijih vrsta na Sredozemlju je plavi rak (Callinectes sapidus, Rathbun 1896)
koji je detektiran i u slanoj mocvari ornitoloskog rezervata Palud — Palu na zapadnoj obali Istre.
Kako bi se na tom podrucju utvrdile njegove biolo$ko - ekoloske znacajke analizirane su jedinke
plavih rakova prikupljene od svibnja do listopada 2022. godine. Nakon odredivanja spola i vaganja,
jedinkama su uzete morfometrijske mjere; duljina (CL) i Sirina glavoprsnjaka (CW) za izracun
indeksa kondicije (FI%) te je analiziran sadrzaj Zeludca. lzvagani su hepatopankreas i gonade kako
bi se izracunali hepatosomatski (HSI%) i gonadosomatski indeks (GSI%) tijekom sezona. U
populaciji plavih rakova u rezervat Palud — Palu od sveukupno 79 sakupljenih jedinki prevliadavali
su muzjaci (82%). Najvece vrijednosti FI% zabiljezene su u toplijem dijelu godine, kao i HSI% (3.52)
dok su najvece vrijednosti GSI% utvrdene na proljec¢e (1,61), odnosno u vrijeme mrijesta. U
prehrani su utvrdeni rakovi, mekusci, ribe te alge i morske cvjetnice. Ovi preliminarni podaci o
biolosko-ekoloskim znacajkama plavog raka ukazuju da je vrsta na podrucju ornitoloSkog rezervata
Palud — Palu uspostavila populaciju koja moZe negativno utjecati na ekosustav rezervata zbog Cega
je potrebno redovito provoditi monitoring i razmotriti odgovarajuce mjere u cilju smanjenja
njegova prodora u rezervat i/ili uklanjanje iz tog bioloski vrijednog stanista.

Klju¢ne rijeci: plavi rak, biolosko-ekoloske znacajke, Palud — Palu

The biological and ecological features of the blue crab (Callinectes sapidus Rathbun 1896) in the
Palud - Palu ornithological reserve

Matej Cief, Neven Iveda, Moira Buri¢, Davorka Turkovi¢, Rea Jelenovi¢, Andreja Kokorovi¢, Nicol
Delcaro, Paolo Paliaga
Faculty of Natural Sciences, Juraj Dobrila University of Pula, Zagrebacka 30, 52100 Pula, Croatia
e-mail: mcief@student.unipu.hr

By arriving in new habitats, invasive species can negatively affect ecosystem stability. One of the
100 most invasive species in the Mediterranean is the blue crab (Callinectes sapidus, Rathbun
1896), which has also been detected in the salt marsh of the ornithological reserve Palud - Palt on
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the west coast of Istria. In order to determine its biological and ecological features in that area,
individuals of blue crabs were collected and analyzed between May and October 2022. The
collected data showed that out of a total of 79 individuals, males dominated the population of
blue crabs in the Palud - Palu reserve, accounting for 82% of the collected individuals.
Morphometric measurements were taken, including length (CL) and width of the cephalothorax
(CW), to calculate the condition index (FI%) and assess the overall condition of the crabs. The
highest values of FI% were recorded during the warmer part of the year, indicating better
condition during those periods. The hepatosomatic index (HSI%), calculated by weighing the
hepatopancreas, reached its highest values (3.52) during the same warmer periods. This suggests
that the blue crabs allocate more energy towards their hepatopancreas during those times. The
gonadosomatic index (GSI%), calculated by weighing the gonads, showed the highest values (1.61)
in spring, which corresponds to the spawning season for the blue crabs in that area. The diet
analysis revealed that the blue crab's diet includes crustaceans, mollusks, fish, algae, and seagrass.
This indicates that the blue crab has a diverse diet and can have an impact on the local food web
and trophic interactions. These preliminary data on the biological and ecological features of the
blue crab in the Palud - Palu reserve suggest that the species has established a population that
could potentially negatively impact the reserve's ecosystem. Therefore, regular monitoring and
appropriate measures should be considered to reduce its spread into the reserve or remove it
from this biologically valuable habitat.

Key words: blue crab, biological-ecological features, Palud — Palu
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Rasprostranjenost i znaCajke naselja endemske vrste Fucus virsoides J. Agardh (1868) u
Novigradskom moru

Mirna Sari¢, Nela Mandi¢
Gimnazija Franje Petrica, Zadar
e-mail: mirnazd12@gmail.com

Jadranski braci¢ (Fucus virsoides ). Agardh, 1868) strogo je zastiéena smeda alga. Endem je
Jadranskog mora te je ujedno i relikt. Njegova rasprostranjenost najbolje je zabiljezena na sjeveru
Jadrana, dok su za ostatak Jadrana podaci skromni. Potaknuti klimatskim promjenama i
antropogenim utjecajima te njihovim zajednic¢kim djelovanjem na smanjenje bioraznolikosti u
obalnom podrudju, cilj ovog istrazivanja bio je biljeZzenje rasprostranjenosti i znacajki naselja
jadranskog braci¢a u Novigradskom moru. Navedeni je endem pronaden na devet od deset
pregledanih lokacija s obiljeZjima koja karakteriziraju stanista braci¢a. Osim prisutnosti navedenog
endema, zabiljeZeni su i fizikalno-kemijski i specifi¢ni ekoloski uvjeti istrazivanih stanista. Rezultati
prikupljeni ovim istraZivanjem ukazuju na to kako unatoc klimatskim promjenama i antropogenim
pritiscima na Jadransku obalu jos uvijek postoje lokacije na kojima se nalaze dobro razvijena naselja
jadranskog braci¢a, no kako bismo ih saCuvali potrebno ih je zabiljeZiti te podizati svijest javnosti o
ugrozenosti ovog endema.

Kljuéne rijeci: jadranski braci¢, endem, kartiranje stanista, Natura 2000 podrucje

Distribution and characteristics of colonies of the endemic species Fucus virsoides J. Agardh
(1868) in the Novigrad Sea

Mirna Sari¢, Nela Mandi¢
Gimnazija Franje Petrica, Zadar, Croatia
e-mail: mirnazd12@gmail.com

Fucus virsoides ). Agardh (1868) is a strictly protected brown alga. It is a relic endemic to the
Adriatic Sea. Its distribution is best recorded in the north part of the Adriatic Sea, while data for
the rest of the Adriatic Sea is modest. Motivated by climate changes and anthropogenic influences
and their combined effect on the reduction of biodiversity in the coastal area, this research aimed
to record the distribution and characteristics of the F. virsoides settlements in the Novigrad Sea.
The mentioned endemic was found in nine out of ten surveyed locations, with features that
characterize F. virsoides habitats. In addition to the presence of the mentioned endemic, the
physicochemical and specific ecological conditions of the surveyed habitats were also recorded.
The results collected by this research indicate that despite climate change and anthropogenic
pressures on the Adriatic coast, there are still locations where there are well-developed
settlements of F. virsoides. Still, in order to preserve them, it is necessary to record them and raise
public awareness of the endangerment of this endemic.

Key words: Fucus virsoides, endemic, habitat mapping, Natura 2000 area
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Pod utjecajem, ali se Siri: studija slucaja livade Cymodocea nodosa u Natura 2000 podrucju Usce
Cetine

Jelena Kurtovi¢ Mréelié¢!, Branimir Radun?, Silvija Kipson?

1 Javna ustanova More i Krs, Prilaz brace Kaliterna 10, 21000 Split, Hrvatska, 2 OIKON - Institut za
primijenjenu ekologiju, Trg senjskih uskoka 1-2, 10000 Zagreb, Hrvatska; > SEAFAN - obrt za
znanstvene | strucne usluge, Voltino 14, 10 000 Zagreb, Hrvatska
e-mail: jelena.kurtovic@moreikrs.hr

Livade morskih cvjetnica klju¢ni su ekosustavi koji povecavaju bioraznolikost te podupiru ribarstvo,
skladistenje ugljika i zaStitu obale, ali su i ugrozene. Kao i sve morske cvjetnice, Cymodocea nodosa
(Ucria) Ascherson je strogo zasti¢ena vrsta u Hrvatskoj i moze biti vazan graditelj ekosustava EU
stanisnog tipa Pjes¢ana dna trajno prekrivena morem (1110). U okviru projekta Interreg Italija -
Hrvatska CASCADE koristili smo metode daljinskih istrazivanja kako bismo procijenili pokrovnost
livade C. nodosa unutar Natura 2000 podrucja HR 3000126 Uscée Cetine i detektirali promjene
prvenstveno uzrokovane mehanickim utjecajima tijekom razdoblja od 10 godina. Procjenjujemo
da je izmedu 2014.i2017. ukupno 1.81 ha livade bilo pogodeno vadenjem pijeska i dodatnih 0.55
ha obalnom izgradnjom. lako se pocetak obnove moZe identificirati na oko 70% povrsine livade s
mogucénoséu oporavka, pogodene povrsine nisu se potpuno oporavile 5 godina nakon utjecaja. No,
unato¢ nekadasnjem mehani¢ckom utjecaju i tek djelomi¢nom oporavku, povrsina livade C. nodosa
unutar uséa Cetine se u 10 godina ukupno povecala za 10.4 ha. Zaustavljanje destruktivnih utjecaja
i odrzavanje dobre kakvoce vode potencijalno u kombinaciji s pove¢anom temperaturom morske
vode moglo je pogodovati utvrdenom Sirenju ove mediteranske morske cvjetnice s visim
termalnim optimumom. Novouspostavljeni promatracki sustav na Us¢u Cetine omogucdit ¢e bolje
razumijevanje odgovora C. nodosa na daljnje posljedice klimatskih promjena.

Klju¢ne rijeci: Natura 2000, daljinska istraZivanja, Cymodocea nodosa, vadenje pijeska, projekt
CASCADE

Impacted yet expanding: the case study of Cymodocea nodosa meadow in the Natura 2000 site
Cetina Estuary

Jelena Kurtovié¢ Mréeli¢!, Branimir Radun?, Silvija Kipson 3
Tpublic Institute More i Krs, Prilaz brace Kaliterna 10, 21000 Split, Croatia,; > OIKON - Institute for
Applied Ecology, Trg senjskih uskoka 1-2, 10000 Zagreb, Croatia; > SEAFAN - Marine Research and
Consultancy, Voltino 14, 10 000 Zagreb, Croatia
e-mail: jelena.kurtovic@moreikrs.hr

Seagrass meadows, key ecosystems enhancing biodiversity and supporting fisheries, carbon
sequestration and coastal protection, are threatened. As all seagrasses, Cymodocea nodosa (Ucria)
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Ascherson is a strictly protected species in Croatia and may present an important ecosystem
engineer of the EU habitat type Sandbanks which are slightly covered by the seawater all the time
(1110). Within the Interreg Italy - Croatia CASCADE project we employed remote sensing methods
to assess the extent of C. nodosa meadow in the Natura 2000 site HR 3000126 Cetina Estuary and
detect changes primarily due to mechanical impacts over 10 yr period. Between 2014 and 2017
we suspect a total of 1.81 ha of the meadow was affected by sand extraction and additional 0.55
ha by coastal construction. Although initiation of regeneration can be identified over 70% of a
recoverable meadow area, affected surfaces have not completely recovered 5 yr after the impacts.
However, despite of former mechanical impact and partial recovery, the area of C. nodosa
meadows within the Cetina Estuary has increased overall by 10.4 ha in 10 yr. Halting destructive
impacts and maintaining good water quality putatively in combination with increased seawater
temperature may have benefited the observed expansion of this Mediterranean seagrass with
higher thermal optima. Newly established observing system in the Cetina Estuary will enable
deeper understanding of C. nodosa response to further consequences of climate change.

Key words: Natura 2000, remote sensing, Cymodocea nodosa, sand extraction, CASCADE project
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Redefinicija uloge znanstvenika u doba klimatske krize

Nikola Biliskov
Institut Ruder Boskovic, Bijenicka cesta 54, 10000 Zagreb, Hrvatska
e-mail: nbilis@irb.hr

Kao znanstvena Cinjenica i multidisciplinarni problem, klimatske promjene su jedna od vaznih tema
suvremene znanosti. No, u realnosti zaostrenih klimatskih promjena u kontekstu jos kompleksnije
ekoloske krize, potrebno je preispitati ulogu znanstvenika. Drugim rije¢ima, pitamo se smiju li si
znanstvenici i dalje dopustati ostajanje u vlastitim zonama komfornosti akademskih institucija ili
su duzni javno istupati, aktivno zagovarati ambiciozne politicke odgovore na klimatsku krizu?
Narocito u zadnjem desetlje¢u svjedolimo sve intenzivnijem angazmanu znanstvenika, i to kroz
cijeli spektar aktivizma, od najformalnijeg u okviru znanstvenih drustava i organizacija, sve do
razlicitih oblika direktne akcije. Ovdje donosimo kratki pregled i usporedbu znanstvenog aktivizma
u Hrvatskoj s istim u EU, kao i globalno.

Klju¢ne rijeci: klimatska kriza, znanstveni aktivizam

Redefinition of the role of scientists in the age of climate crisis

Nikola Biliskov
Ruder Boskovic Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia
e-mail: nbilis@irb.hr

As a scientific fact and a multidisciplinary problem, climate change is obviously one of the
important topics of contemporary science. However, in the reality of exacerbated climate change
in the context of an even more complex ecological crisis, it is necessary to reconsider the role of
scientists. In other words, a question arises whether scientists can still allow themselves to remain
in their own comfort zones of academic institutions, or are they obliged to engage publicly, by
active advocating ambitious political responses to the climate crisis? Especially in the last decade,
we are witnessing an increasingly intense engagement of scientists, through the entire spectrum
of activism, from the most formal within the framework of scientific societies and organizations,
all the way to various forms of direct action. Here we provide a brief overview and comparison of
scientific activism in Croatia with the same in the EU, as well as globally.

Keywords: climate crisis, scientific activism
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Efekt mikroplastike u sustavu u kojem nastaje CaCOs - biomineral skeleta i ljuStura morskih
organizama

Nives Matijakovi¢ Mlinari¢!, Katarina Marusi¢t, Antun Lovro Brki¢?, Marijan Marciu$!, Tamara
Aleksandrov Fabijani¢*, Nenad Tomasic¢3, Atida Selmani®, Eva Roblegg®, Damir Kralj!, Ivana Stani¢?
Branka Njegi¢ DZakula?, Jasminka Kontrec!

IInstitut Ruder Boskovic, Bijenicka cesta 54, 10000 Zagreb, Hrvatska; ?Institut za fiziku, Bijenicka
cesta 46, 10000 Zagreb, Hrvatska; 3Prirodoslovno-matematicki fakultet, Sveuciliste u Zagrebu,
Horvatovac 102a, Zagreb, Hrvatska; *Fakultet za strojarstvo i brodogradnju, Sveuciliste u
Zagrebu, Ivana Luci¢a 5, 10000 Zagreb, Hrvatska; ?Institut za farmaceutske znanosti, Sveuciliste u
Grazu, Universitatsplatz 1, 8010 Graz, Austrija
e-mail: jasminka.kontrec@irb.hr

Kalcijev karbonat (CaCOs) izgraduje Cvrsta tkiva (skelet / ljustura) vodenih organizama.

Cilj ovog rada je istraZiti interakciju mikroplastike (MP) i MP tretirane huminskom kiselinom (MP-
HA) sa CaCOs te time posljedi¢no doprinijeti razumijevanju interakcija MP sa c¢vrstim tkivom
vodenih organizama. HA je aktivha komponenta otopljene organske tvari kojoj je izlozena MP u
prirodi. Provedena su laboratorijska fundamentalna istrazivanja procesa talozenja i karakterizacije
CaCOsz uz dodatak MP.

Rezultati istrazivanja su pokazali da se MP ugraduje u CaCOs3 te da utjee na svojstva tako nastalog
produkta.

Klju¢ne rijeci: mikroplastika, kalcijev karbonat, procesi taloZenja

Effect of microplastics in the system where CaCOs is formed - a biomineral of marine organism's
skeletons and shells
Nives Matijakovi¢ Mlinari¢!, Katarina Marusi¢t, Antun Lovro Brki¢?, Marijan Marciu$', Tamara
Aleksandrov Fabijani¢*, Nenad Tomasi¢3, Atida Selmani®, Eva Roblegg®, Damir Kralj!, Ivana Stani¢?
Branka Njegi¢ DZakula?, Jasminka Kontrec!

IRuder Boskovic Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia; Institute of Physics,
Bijeni¢ka cesta 46, 10000 Zagreb, Croatia,; 3Faculty of Science, University of Zagreb, Horvatovac
102a, Zagreb, Croatia; “The Faculty of Mechanical Engineering and Naval Architecture, University
of Zagreb, Ivana Luc¢ic¢a 5, 10000 Zagreb, Croatia; °Institute of Pharmaceutical Sciences,
University of Graz, Universitatsplatz 1, 8010 Graz, Austria
e-mail: jasminka.kontrec@irb.hr

Calcium carbonate (CaCOs) builds hard tissue (skeleton / shell) of aquatic organisms.
The aim of this work is to investigate the interactions of microplastics (MP) and humic acid treated
MP (MP-HA) with CaCOs, and thus to contribute to the better understanding of the interactions of
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MP with the hard tissue of marine organisms. HA is a reactive component of dissolved organic
matter to which MP are exposed in nature. Laboratory studies of the CaCOs precipitation and

characterization with the addition of MP were performed.
The results showed that MP is encapsulated in CaCOs and influences its properties.

Key words: microplastics, calcium carbonate, precipitation processes
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Utjecaj zagadenja mikroplastikom od slatkovodnih do morskih ekosustava

Vlatka Filipovi¢ Mariji¢?, Tatjana Mijosek?, Sara Sariri!, Zuzana Red?ovi¢!, Dusica Ivankovi¢!, Ana
Gavrilovi¢?, Tena Radocaj?, Neven Cukrov?, Damir Vali¢!, Tomislav Kralj!

Institut Ruder Boskovi¢, Zavod za istraZivanje mora i okolisa, Bijenicka 54, 10000 Zagreb,
Hrvatska; *Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb,
Hrvatska
e-mail: Vfilip@irb.hr

Moderan nacin Zivota rezultira stalnim unosom razli¢itih zagadivala u vodene ekosustave, medu
kojima se plastika u morskim ekosustavima smatra globalnim okoliSnim problemom. lako se rjede
istraZzuju, vazni izvori unosa mikroplastike u more su rijeke, posebno uz podrucja komunalnih
ispusta. Kroz ovo istrazivanje smo odredili prisutnost mikroplastike u Jadranskom moru uz usce
rijeke Neretve, primjenom tri vrste riba, osli¢a, arbuna i trlje blatarice, kao reprezentativnih
bioindikatora. Uz to, u rijeci Krki je odredena prisutnost mikroplastike pored ispusta komunalnih i
industrijskih otpadnih voda primjenom potoéne pastrve kao bioindikatora. Cest biolo$ki odgovor
na utjecaj mikroplastike je oksidativni stres te je glavni cilj rada odrediti biomarkere oksidativhog
stresa (malondialdehid, MDA; glutation, GSH; katalaza, CAT), izloZenosti organskim zagadivalima i
metalima (acetilkolinesteraza, AChE) te opceg stresa (ukupni proteini, TP) u tkivima riba. Rezultati
su ukazali na prisutnost 10-17 % otpada u ukupnom kocarskom ulovu, uglavnom plastike, dok su
svi uzorci slatke i morske vode sadrZavali mikroplastiku. lako je u svih jedinki riba izolirana
mikroplastika iz sadrZaja crijeva, biomarkeri oksidativnog stresa uglavnom nisu bili znacajno
razli¢itiizmedu podrucja pod razli¢itim utjecajem zagadenja. Ovakvi rezultati ukazuju na prisutnost
mikroplastike u vodi te crijevima riba ¢ime se istiCe vaZnost pracenja utjecaja plastike na
slatkovodne i morske ekosustave.

Klju¢ne rijeci: Jadransko more, Krka, Neretva, mikroplastika, ribe

Impact of microplastic pollution from freshwater to marine ecosystems

Vlatka Filipovi¢ Mariji¢!, Tatjana Mijosek?, Sara Sariri, Zuzana RedZovi¢!, Dugica Ivankovi¢!, Ana
Gavrilovi¢?, Tena Radocaj?, Neven Cukrov?, Damir Vali¢!, Tomislav Kralj!
1Ruder Boskovic Institute, Division for Marine and Environmental Research, Croatia, 10000
Zagreb, Bijeni¢ka 54, 2University of Zagreb, Faculty of Agriculture, Croatia, 10000 Zagreb,
Svetosimunska cesta 25
e-mail: vfilip@irb.hr

Modern life leads to continuous input of various pollutants into aquatic ecosystems, of which
marine plastic is considered a global environmental problem. Important sources of microplastics
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in the sea are river ecosystems, especially near municipal outlets, but their impacts are less
studied. In our research, the presence of microplastics near the Neretva River mouth in the
Adriatic Sea was studied using three fish species, European hake, sea bream and red mullet, as
representative bioindicators. Moreover, microplastic presence from municipal and industrial
outlets in the Krka River was investigated, using brown trout as a bioindicator. Oxidative stress is
reported as a commonly observed biological response to microplastics, so the main goal was to
determine biomarkers of oxidative stress (malondialdehyde, MDA; glutathione, GSH; catalase,
CAT), organic and metal exposure (acetylcholinesterase, AChE) and general stress (total proteins,
TP) in fish tissues. The results showed that 10-17 % of the total trawl catch contained waste, mainly
plastic, while all fresh and marine water samples contained microplastics. Although microplastics
were isolated from the gut contents of all fish individuals, oxidative stress biomarkers were mostly
not significantly different among areas with different pollution exposure. Such results point to the
presence of microplastics in water and fish gut and highlight the importance of assessing the
impact of plastics in freshwater and marine ecosystems.

Keywords: Adriatic Sea, Krka, Neretva, microplastics, fish
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IstraZivanje morskog otpada u juznom Jadranu — Zivi laboratorij Elafitskog arhipelaga

Natalija Speh?, Robert Lon&ari¢?
IFaculty of Environmental Protection, Trg mladosti 7, 3320 Velenje, Slovenia; ?University of Zadar,
Department of Geography, Ulica dr. Franje Tudmana 24 i, 23000 Zadar, Croatia
e-mail: natalija.speh@fvo.si

Morski otpad (MO) je bilo koji objekt antropogenog porijekla koji je dospio u morske ekosustave.
Elafitsko otocje je posebno izlozeno morskom otpadu S$to ugrozava njegov status popularne
turisticke destinacije. Istrazivanje je provedeno izmedu 2021. i 2023. na 18 prethodno odredenih
lokacija uz upotrebu sveobuhvatnog sustava indikatora onecis¢enja obale. Analiza podataka
pokazala je da je u promatranom razdoblju ukupan volumen morskog otpada reduciran za 49,1%,
odnosno na 22,3 m3 §to ukazuje na uspje$ne intervencije s ciliem ublaZavanja utjecaja MO na
obalama arhipelaga. Takoder je zabiljezena i promjena u sastavu MO jer je kuéanski otpad u 2023.
godini zamijenio biomasu kako najzastupljeniji tip otpada. Ta promjena odrazava promjene u
ponasanju potrosaca kao i povecanje koli¢ine otpada povezanog uz turisti¢ke djelatnosti. Posebice
je primjetno povecanje prosjecnog udjela plastike u otpadu na 74,2% u 2023. godini $to namece
potrebu hitnog rjeSavanja problema plasti¢nog otpada, ne samo na otocju vec i u Sirem podrucju.
Rezultati istraZivanja ukazuju na vrijednost geografskog integriranog pristupa u monitoringu MO
kao i u ublazavanju njegovog negativnog utjecaja na obale, dok su znacajno smanjenje ukupnog
volumena MO kao i promjene u njegovom sastavu indikatori u¢inkovitosti provedenih intervencija.
Dobiveni rezultati takoder isticu potrebu primjene dugoroc¢no odrZivih nacina upravljanja
otpadom, kao i potrebu podizanja svijesti o MO medu lokalnim stanovniStvom i turistima, s ciljem
ocCuvanja morskih ekosustava u Jadranu.

Klju¢ne rijeci: morski otpad, oneciS¢enje obala, registar, Elafitsko otocje, Hrvatska

Marine litter survey in the south Adriatic Sea — living lab of Elaphites archipelago

Natalija Speh?, Robert Loné&ari¢?
IFaculty of Environmental Protection, Trg mladosti 7, 3320 Velenje, Slovenia; *University of Zadar,
Department of Geography, Ulica dr. Franje Tudmana 24 i, 23000 Zadar, Croatia
e-mail: natalija.speh@fvo.si

Marine litter (ML) is any object of anthropogenic origin that ends up in marine ecosystem. The
Elaphites islands in the south Adriatic region are particularly vulnerable due to their popularity as
a tourist destination.

A comprehensive indicators' approach was implemented, surveying 18 predetermined locations
along the shores from 2021 to 2023. Analysis of the data revealed a remarkable 49.1% reduction
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in total marine litter volume, resulting in a final volume of 22.3 m3. This decrease indicates the
success of interventions in mitigating marine litter on the islands.

Additionally, there was a shift in the composition of marine litter types, with household litter
surpassing biomass as the prevailing category in 2023. This change reflects evolving consumer
behaviour and increased waste generation related to tourism. Notably, the average share of plastic
waste rose to 74.2% in 2023, underscoring the urgency to address plastic pollution in the region.
These findings highlight the value of a geographical integrated approach in monitoring and
mitigating marine litter. The significant reduction in total volume and the shift in litter composition
demonstrate the effectiveness of interventions. It emphasizes the need for sustainable waste
management practices, raising awareness among residents and tourists, and implementing
policies to preserve the Adriatic Sea ecosystem.

Key words: marine litter, coast pollution, register, Elaphites islands, Croatia
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NuzZnost monitoringa luka u o€uvanju biodiverziteta, gospodarstva i ljudskog zdravlja - projekt
ProtectAS

Romina Kraus?!, Ana Baricevi¢!, Antonio BlaZina?, Marina Brailo S¢epanovi¢3, Alin Brajkovi¢!, Ana
Brato$ Cetini¢3, Dalibor Carevi¢*, Arijana Cenov>®, Marin Glad>®, Sanja Grdan3, Nermin
Hasanspahi¢’, Renato Iv¢e?, Tin Kuli¢?, Goran Loncéar#, Daniela Mari¢ Pfannkuchen?, Karlo
Maskari¢3, Josip Mikug3, Dani Mohovi¢?, Denis Skalicl, Darija Vuki¢ Lugi¢>6, Marijana Pecarevi¢?
Institut Ruder BoSkovié, Centar za istraZivanje mora, Rovinj, Giordana Paliage 5, Rovinj,
Hrvatska; *Sveuciliste u Rijeci, Pomorski fakultet, Studentska ulica 2, Rijeka, Hrvatska; 3Sveuciliste
u Dubrovniku, Odjel za primijenjenu ekologiju, Cira Caric¢a 4, Dubrovnik, Hrvatska; “Sveuciliste u
Zagrebu, Gradevinski fakultet, Zavod za hidrotehniku, Savska cesta 16, Zagreb, Hrvatska;
>Medicinski fakultet Sveucilista u Rijeci, Brace Branchetta 20, Rijeka, Hrvatska; ®Nastavni zavod za
javno zdravstvo Primorsko-goranske Zupanije, Kresimirova 52a, Rijeka, Hrvatska; “Sveuciliste u
Dubrovniku, Pomorski odjel, Cira Caric¢a 4, Dubrovnik, Hrvatska
e-mail: kraus@cim.irb.hr

Balastne vode jedan su od glavnih vektora prijenosa vrsta izmedu morskih regija. Smatra se da
klimatske promjene povecavaju vjerojatnost uspjesne prilagodbe unesenih alohtonih vrsta na
nova podrucja. Monitoring luka omogucuje njihovo rano otkrivanje, predvidanje mogucih utjecaja
na temelju iskustava u drugim podrucjima, te pravovremenu primjenu mjera za sprjeavanje
negativnih utjecaja koje bi alohtone vrste mogle izazvati. Suzbijanjem njihovog Sirenja moguce je
oCuvati bioraznolikost, morske resurse i gospodarstvo, posebice ribarstvo. Osim toga, monitoring
luka omogucuje otkrivanje Stetnih autohtonih i kozmopolitskih vrsta toksi¢nog fitoplanktona i
humanih patogena koje mogu ugroziti zdravlje ljudi konzumacijom morskih plodova kao i tijekom
izloZzenosti prilikom bilo kakvih aktivnosti povezanih s morem. Je li sustav upravljanja balastnim
vodama mogao sprijeCiti negativne posljedice unosa rebrasa Mnemiopsis leidyi na ribarstvo u
Crnom moru? Hoce li se isti scenarij ponoviti i u Jadranu? Za sada ne moZemo odgovoriti, ali
vaznost monitoringa luka u sustavu upravljanja balastnim vodama je neupitna. U svrhu izrade
smjernica za monitoring luka provedeno je interdisciplinarno istrazivanje u hrvatskim lukama
Rijeka i Ploc¢e. NuZnost monitoringa morskih luka te sinergijskog djelovanja svih dionika sustava
kao okosnice sustava upravljanja balastnim vodama, u cilju o¢uvanja bioraznolikosti, gospodarstva
i zdravlja ljudi, poruka je projekta ProtectAS.

Klju¢ne rijeci: alohtone vrste, balastne vode, bioraznolikost, monitoring, ribarstvo

Necessity of port monitoring to preserve biodiversity, economy and human health - ProtectAS
project

Romina Kraus?, Ana Baricevi¢!, Antonio Blazina?, Marina Brailo Séepanovi¢?, Alin Brajkovi¢!, Ana
Brato$ Cetini¢3, Dalibor Carevi¢?, Arijana Cenov>®, Marin Glad>®, Sanja Grdan3, Nermin
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Hasanspahi¢’, Renato Iv¢e?, Tin Kuli¢?, Goran Loncéar*, Daniela Mari¢ Pfannkuchen?, Karlo
Maskari¢3, Josip Mikug3, Dani Mohovi¢?, Denis Skalicl, Darija Vuki¢ Lugi¢>6, Marijana Pecarevi¢?
IRuder Boskovi¢ Institute, Center for Marine Research, Rovinj, Giordana Paliage 5, Rovinj, Croatia;
2University of Rijeka, Faculty of Maritime Studies, Studentska ulica 2, Rijeka, Croatia; 3University
of Dubrovnik, Department of Applied Ecology, Cira Carica 4, Dubrovnik, Croatia,; *University of
Zagreb, Faculty of Civil Engineering, Department of Hydroscience and Engineering, Savska cesta
16, Zagreb, Croatia; *Faculty of Medicine, University of Rijeka, Brace Branchetta 20, Rijeka,
Croatia; °Teaching Institute of Public Health of Primorje-Gorski Kotar County, KreSimirova 52a,
Rijeka, Croatia; "University of Dubrovnik, Maritime department, Cira Cari¢a 4, Dubrovnik, Croatia
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Ballast waters are one of the main vectors of species transfer between marine regions. Climate
change is considered to increase the likelihood of successful adaptation of introduced
allochthonous species to new areas. Port monitoring enables their early detection, prediction of
potential impacts based on experiences in other areas and timely application of measures to
prevent negative impacts allochthonous species could cause. By suppressing their spread, it is
possible to preserve biodiversity, marine resources and the economy, especially fishing. In
addition, port monitoring enables the detection of harmful autochthonous and cosmopolitan
species of toxic phytoplankton and human pathogens that can endanger human health by
consuming seafood and exposure during sea-related activities. Could the ballast water
management system have prevented the negative effects of the introduced ctenophore
Mnemiopsis leidyi on fisheries in the Black Sea? Will the same scenario be repeated in the Adriatic?
We cannot answer for now, but the importance of port monitoring in the ballast water
management is unquestionable. In order to create guidelines for port monitoring, interdisciplinary
research was conducted in the Croatian ports of Rijeka and Ploce. The necessity of port monitoring
and the synergistic action of all system stakeholders as the backbone of the ballast water
management system, in order to preserve biodiversity, economy and human health, is the
message of the ProtectAS project.

Keywords: allochthonous species, ballast waters, biodiversity, monitoring, fisheries
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Prisutnost Vibrio spp. u morskom okoliSu dviju hrvatskih luka — Rijeka i Plo¢e

Darija Vuki¢ Lusi¢*?, Arijana Cenov*?, Marin Glad*?, Tea Perani¢ Mehanovi¢!, Neven Suci¢, Linda
Jerini¢, Romina Kraus3, Dalibor Carevi¢#, Tin Kuli¢*, Ana Brato$ Cetini¢>, Josip Miku$>, Marijana
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Bakterije halofilnog roda Vibrio autohtone su u morskom okoliSu, a kod ljudi mogu uzrokovati
smrtonosne ili oportunisticke infekcije. Vedinom uzrokuju gastroenteritis, povezan s
kontaminiranom morskom hranom ili s rekreacijskim vodama. U ovom radu ispitano je prisustvo
bakterija iz roda Vibrio u sedimentu i morskoj vodi dviju hrvatskih luka, Rijeka i Ploce. Takoder,
ispitana je povezanost abiotickih ¢imbenika (salinitet, temperatura mora i zraka, jakost suncevog
zracenja, oborine) i prisutnosti pojedinih vrsta iz roda Vibrio. Brojne studije usredotocile su se na
koleru, zbog velike Stete koju je nanijela javnom zdravlju. Medutim, novija istrazivanja su utvrdila
da su i druge Vibrio vrste znacajne za zdravlje. Nazivaju se novim patogenima, a mogu uzrokovati
blaZe bolesti do onih ozbiljnijih. Ukupno je ispitano 123 uzoraka, u kojima su utvrdene vrste: V.
cholerae non-01/non-0139, V. alginolyticus, V. metschnikovii, V. fluvialis, V. parahaemolyticus. V.
cholerae non-01/non-0139 utvrden je samo u uzorcima mora, vrijednosti saliniteta 11,1-34,1, pri
temperaturi mora 16,2-23,2 °C. Ostale vrste vibrija dokazane su u Sirem rasponu saliniteta, 5,3-
39,3 i temperature mora, 11,9-27 °C, u sedimentu i morskoj vodi. PoviSenje temperature mora,
promjene u dinamici oborina te smanjenje saliniteta u obalnim regijama posljedica su klimatskih
promjena. Promjene ovih abiotickih ¢imbenika znacajno ¢e utjecati na rasirenost populacije vibrija
te rizik od oboljenja od bolesti koje oni izazivaju.

Klju¢ne rijeci: Vibrio spp., morski okoli§, salinitet, temperatura, klimatske promjene

The presence of Vibrio spp. in the 