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Fig. S1 Adriatic Sea coastline and bathymetry. Dotted lines define the northern, central, and southern
sub-basin (according to Artegiani et al. 1997)
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Tab. S1 EMODnet environmental parameter used for the distribution analysis

Parameter Temporal resolution Temporal Unit of Link
coverage measure
Sea Surface Monthly 1990-2021 °C  ERDDAP - CORA: Objective analysis in
Temperature (SST) Delayed Mode - Temperature and Salinity

in the Water Column (1960 - 2021)
objective analysis in Delayed Mode - Data
Access Form (emodnet-physics.eu);
Accessed in July 2023
Salinity Monthly 1990-2021 psu ERDDAP - CORA: Objective analysis in

Delayed Mode - Temperature and Salinity
in the Water Column (1960 - 2021)
objective analysis in Delayed Mode - Data
Access Form (emodnet-physics.eu);
Accessed in July 2023

Water body Seasonal: each year of 1968-2019 UM Mediterranean Sea - DIVA 4D 6-year
Phosphorus the temporal dimension seasonal analysis of Water body phosphate
concentration (DIP) corresponds to the 6- 1968/2019 v2021 (europa.eu); Accessed in

year centred average of August 2023

the season.
Water body Seasonal: each year of 1990-2019 UM Mediterranean Sea - DIVA 4D 6-year
Dissolved Inorganic the temporal dimension seasonal analysis of Water body dissolved
Nitrogen corresponds to the 6- inorganic nitrogen (DIN) 1990/2019 v2021
concentration (DIN) year centred average of (europa.eu); Accessed in August 2023

the season.

Fig S2 Individual of Fucus virsoides (a). Dense canopy-forming F. virsoides in 2009 at San Rocco
(Muggia, Italy) (b). Population of Pordelio canal in 2023 (Venice Lagoon, Italy) (c). Frozen waters in a
canal of Lido Island in 2002 (Venice Lagoon, Italy) (d). Continuous belts at Bijela uvala in 2016 (Poreg,
Croatia) (e). Locally extinction of F. virsoides at Bijela uvala in 2023 (Pore¢, Croatia) (f). Rocky
substrate without F. virsoides before January 2023 at Marina Julia (Monfalcone Bay, Italy) (g).
Development of recruits observed in April 2023 at Marina Julia (Monfalcone Bay, Italy) (h)
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Tab. S2 Historical and current distribution data of Fucus virsoides in Italy (a), Slovenia (b), Croatia (c), Montenegro (d), and Albania (e). "Year" indicates the
year of observation or, if not specified, the year of publication. "Site" refers to the name of the location as specified by the author(s) or deducted from the map
extrapolation, and coordinates are included when available in the publication. "Accuracy" indicates the precision of the data, which is classified as low if only
the site name is given, medium if a map is given, and high if coordinates are given. “Extinction” refers to the current status of the population and the year of the
record is specified. “Comment” includes qualitative and quantitative data on the population and environmental characteristics of the site

Year Site Reference Accuracy  Extinction Comment

a) Italy

1824  Trieste Erbario Museo Botanico Hauniensi; Low Locally extinct 2017
New York Botanical Garden (Falace et al. 2018)
(Macroalgal Herbarium Consortium
Portal)

1827  Trieste Herbarium of William Randolf Low Locally extinct 2017
Taylor, University of Michigan (Falace et al. 2018)
(MICH)

(Macroalgal Herbarium Consortium
Portal)

1858  Lazzaretto Herbarium of Francis Drouet, Low Locally extinct 2017
Drexel University (Falace et al. 2018)
(Macroalgal Herbarium Consortium
Portal)

1886  Muggia Flora marina iustinopolitana Low Locally extinct 2017
Antonio Zaratin (Falace et al. 2018)
(Battelli and Alberti 2003)

1911  Barcola Algae Adriaticae Exciccatae, Low Locally extinct 2017
Herausgegeben von der k.k. (Falace et al. 2018)
zoologischen Station in Trieste,

Farlow Herbarium; Harvard
University
(Macroalgal Herbarium Consortium
Portal)
1924  Trieste Schiffner Algae marina, Farlow Low Locally extinct 2017

Herbarium (Harvard University)
(Macroalgal Herbarium Consortium
Portal)

(Falace et al. 2018)



1946

1946

1949

1949
1949
1949
1949

1949
1949

1966

1980

1985
1991

1992

1992

1992

Ancona

Passetto di Ancona
(43.615983, 13.534414)
Ancona

Barcola

Chioggia

Iter ad urbem Ravenam

San Michele, Venice Lagoon

Trieste
Venice

Barcola

Miramare

Chioggia

Muggia

Aquilina

(45.60064162, 13.78718743)

Aquilina
(45.60101192, 13.7902206)

Aquilina
(45.60154505, 13.79013609)

Rindi 2020

Pierpaoli 1946
(Rindi 2020)
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949

Erbario Instituto Botanico di
Trieste, University of Michigan
(MICH)

(Macroalgal Herbarium Consortium
Portal)

Herbarium algarum instituti
botanici porticensis Universita di
Napoli, University of Michigan
(MICH)

(Macroalgal Herbarium Consortium
Portal)

Mariani 1985

Pollesello 1992

Lipizer 1995

Lipizer 1995

Lipizer 1995

Low
High
Low

Low
Low
Low
Low

Low
Low

Low

Low

Low
Low

High

High

High

Locally extinct

(Solazzi 1966-67)

Locally extinct

(Solazzi, 1966-67)

Locally extinct

(Solazzi 1966-67)

Locally extinct 2017

Present 2023

Locally extinct

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2017

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2017

(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Present 2023

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Common in the area of Ancona

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and



1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

Barcola
(45.68195632, 13.75009632)

C. de Zoppoli
(45.75038242, 13.65449403)

C. dei Barbari
(45.74392399, 13.66382984)

C. dei Barbari

(45.74930063, 13.65589391)
C. del Barbari

(45.75665078, 13.6430229)

C. del Barbari
(45.76161421, 13.63754314)

C. del Barbari
(45.76766108, 13.63069004)

Cedas — Miramare
(45.69541857, 13.73455772)

Cedas
(45.69302556, 13.73680856)

Duino

(45.77449367, 13.59404136)

Duino
(45.77520841, 13.59261076)

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

High

High

High

High

High

High

High

High

High

High

High

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017

(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination



1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

Duino
(45.77786635, 13.5596328)

F. Aurisina
(45.73979115, 13.67127736)

F. Aurisina
(45.74078846, 13.66871567)

F. Aurisina

(45.74098643, 13.66929439)

F. Aurisina
(45.74106164, 13.66883237)

Ginestre

(45.75241933, 13.65039918)
Ginestre

45.75380564, 13.64891703)
Grignano

45.7050899, 13.71092092)
Grignano

(45.70682264, 13.7119651)
Grignano

(45.71009938, 13.71224539)

Marina Julia
(45.77299594, 13.53056103)

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

High

High

High

High

High

High

High

High

High

High

High

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)

Present 2023

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination



1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

Marina Julia
(45.77381124, 13.53147038)

Marina Julia
(45.77679336, 13.53464064)

Miramare
(45.70398589, 13.71153496)

Monfalcone
(45.77815249, 13.55123604)

Monfalcone
(45.78013764, 13.54993124)

Monfalcone
(45.78116492, 13.54896921)

Muggia
(45.60150622, 13.77796619)

Muggia
(45.60644468, 13.76764589)

Muggia
(45.60664899, 13.76276967)

Pta. Sdobba
(45.73263705, 13.55660036)

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

High

High

High

High

High

High

High

High

High

High

Present 2023

Present 2023

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination



1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

Pta. Sdobba
(45.73343404, 13.55505933)

Pta. Sdobba
(45.73534057, 13.55702792

Pta. Sottile
(45.60083109, 13.72102288)

Pta. Sottile
(45.60244826, 13.71970296)

Pta. Sottile
(45.60581586, 13.7194343)
Pta. Sottile

(45.61021105, 13.733195)

Rio Ospo
(45.59797242, 13.78544625)

Rio Ospo
(45.59865619, 13.78429387)

Rio Ospo
(45.59936694, 13.78565646)

San Bartolomeo
(45.59693391, 13.72195871)

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

High

High

High

High

High

High

High

High

High

High

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination



1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

1992

San Rocco
(45.60804181, 13.75682718)

San Rocco
(45.60914278, 13.74939742)

San Rocco
(45.6091524, 13.74075292)

Santa Croce
(45.71265187, 13.7087194)

Santa Croce
(45.72357819, 13.6930829)
Santa Croce

(45.72473595, 13.69248601)

Santa Croce
(45.72632129, 13.68971651)

Santa Croce
(45.72723433, 13.68940059)

Santa Croce
(45.72760057, 13.68876002)
Santa Croce

(45.7283176, 13.68783901)

Santa Croce
(45.72943149, 13.68645679)

Sistiana
(45.76831922, 13.62809625)

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

Lipizer 1995

High

High

High

High

High

High

High

High

High

High

High

High

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017

(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Continuous and prolific belts; low and
medium degree of wave exposure and
prevailing North and West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and



1992

1992

1992

1999
2000

2006

2006

2006

2006

2006

2009

2009

2009

2009

2009

2009

2009

Sistiana
(45.76846332, 13.62869098)

Sistiana
(45.76886003, 13.62541278)
Sistiana

(45.7732029, 13.5984841)

Lido inlet
Grado

(45.677562, 13.381900)
Aurisina

Miramare

Sistiana

Trieste

Villaggio del Pescatore
Aurisina

Barcola 1

Barcola 2

C. de Zoppoli

C. del Barbari 1

C. del Barbari 2

Cedas - Miramare

Lipizer 1995

Lipizer 1995

Lipizer 1995

Caliceti 2002
In this study

Osterc and Stibilj 2008

Osterc and Stibilj 2008

Osterc and Stibilj 2008

Osterc and Stibilj 2008

Osterc and Stibilj 2008

Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.

Orlando Bonaca et al.

2013

2013

2013

2013

2013

2013

2013

High

High

High
Medium
High
Low
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium

Medium

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2017
(Falace et al. 2018)

Locally extinct 2023

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)

prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination

Discontinuous belt; low and medium
degree of wave exposure and
prevailing South-West substratum
inclination

Scattered patches; strong surf
conditions, South-West substratum
inclination
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2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2014

2014

2014

2014
2014

2014

2014

2014

2014

2014

Duino

Grignano 1

Grignano 2

Miramare 1

Miramare 2

Muggia

Pta. Sottile

Rio Ospo 1

Rio Ospo 2

Santa Croce

Alberoni, Venice Lagoon
Cavallino Treporti, Venice
Lagoon

Chioggia

(45.227889, 12.294028)
Chioggia Caroman 1

Chioggia Caroman 2
Isola Cartieri, Chiogga
Isola Cartieri, Chioggia

Isola La Certosa, Venice
Lagoon

Isola S. Clemente, Venice
Lagoon

Isola San Spirito, Venice
Lagoon

Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.
Orlando Bonaca et al.

Orlando Bonaca et al.

In this study
In this study
In this study

In this study
In this study

In this study
In this study
In this study
In this study

In this study

2013

2013

2013

2013

2013

2013

2013

2013

2013

2013

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High

Medium
Medium

Medium
Medium
Medium
Medium

Medium

Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2017
(Falace et al. 2018)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Present 2023

Present 2023

Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)

Almost continuous or continuous

population

Abundant patches

From rare to scattered plants

Dense populations

Dense populations

Dense populations
Dense populations

Dense populations
Dense populations
Dense populations
Dense populations

Dense populations
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2014

2014

2014

2014

2014
2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

Isola Sant'Elena, Venice Lagoon

La Grazia, Venice Lagoon
Laguna del Lusenzo, Chiogga
Le Vignole 1, Venice Lagoon

Le Vignole 2, Venice Lagoon
Le Vignole 3, Venice Lagoon

Lido 1, Venice Lagoon
Lido 2, Venice Lagoon
Lido 3, Venice Lagoon
Lido 4, Venice Lagoon
Lido 5, Venice Lagoon

Lido di Venezia 1, Venice
Lagoon
Lido di Venezia 2, Venice
Lagoon
Lido inlet, Venice Lagoon

Lido-Pellestrina 1, Venice
Lagoon

Lido-Pellestrina 2, Venice
Lagoon

Malamocco, Venice Lagoon

Murano, Venice Lagoon
Ottagono Alberoni, Venice

Lagoon
Ottagono S.P. Volta

In this study
In this study
In this study
In this study

In this study
In this study

In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study

In this study

Medium

Medium

Medium

Medium

Medium
Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Present 2023

Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)

Dense populations
Dense populations
Dense populations
Dense populations

Dense populations
Dense populations

Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations

Dense populations
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2014

2014

2014

2014
2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

2014

Pellestrina 1, Venice Lagoon
Pellestrina 2, Venice Lagoon
Pellestrina 3, Venice Lagoon

Pordello Canal, Venice Lagoon
Poveglia, Venice Lagoon

Pta. Sabbioni 1
Pta. Sabbioni 2

Sacca San Biagio, Venice
Lagoon
Sacca Sessola, Venice Lagoon

San Giorgio Maggiore, Venice
Lagoon

San Leonardo Harbour, Venice
Lagoon

San Pietro in Volta 1, Venice
Lagoon

San Pietro in Volta 2, Venice
Lagoon

San Servolo, Venice Lagoon

Santa Croce, Venice Lagoon

Santa Maria del Mare, Venice
Lagoon

Sant'Antonio di Pellestrina 1,
Venice Lagoon

Sant'Antonio di Pellestrina 2,
Venice Lagoon

Sant'Erasmo 1, Venice Lagoon

Sant'Erasmo 2, Venice Lagoon

In this study
In this study
In this study

In this study
In this study

In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study
In this study

In this study

Medium

Medium

Medium

Medium
Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Present 2023

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Present 2023

Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)
Locally extinct 2023 (decline
started in 2015-16)

Dense populations
Dense populations
Dense populations

Dense populations
Dense populations

Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations

Dense populations
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2014

2014

2014

2014

2014

2014

2014

2014

2017

2017

2023

2023
2023

2023

2023

2023

2023

2023

Sant'Erasmo 3, Venice Lagoon
Sant'Erasmo 4, Venice Lagoon
Venice

Venice Lagoon Islands 1
Venice Lagoon Islands 2
Venice Lagoon Islands 3
Venice Lagoon Islands 4
Venice Lagoon Islands 5

Marina Julia
(45.773797, 13.531197)
Ottagono S.P. Volta

Chioggia
(45.227889, 12.294028)
Chioggia Caroman

Marina Julia
(45.772996, 13.530561)
Marina Julia
(45.773811, 13.531470)
Marina Julia
(45.776793, 13.534641)
Marina Nuova
(45.781589, 13.539705)

Pordello Canal, Venice Lagoon

San Leonardo Harbour, Venice
Lagoon

In this study

In this study

In this study

In this study

In this study

In this study

In this study

In this study
Falace et al. 2018; Gerdol et al.
2020

Rizzo et al. 2017

In this study

In this study
In this study

In this study
In this study
In this study

In this study

In this study

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High

Low

High

Low
High

High
High
High

Medium

Medium

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Locally extinct 2023 (decline
started in 2015-16)

Present 2023

Locally extinct 2023 (decline
started in 2015-16)
Present 2023

Present 2023
Present 2023

Present 2023, almost extinct
Present 2023
Present 2023

Present 2023

Present 2023

Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations
Dense populations

Dense populations

Residual populations; artificial
substrate
Scattered patches; artificial substrate

Continuous and almost continuous
belts; artificial substrate

Abundant patches of dense stands; in
small harbour

Residual dense populations; area
protected by direct wave motions and
affected by high water renewal which
hampers extreme high temperatures
Residual dense populations; area
protected by direct wave motions and
affected by high water renewal which
hampers extreme high temperatures
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b) Slovenia
1856  Piran Herbarium of the Slovenian Low Locally extinct in autumn 2010  Under the name Fucus scherardi
Museum of Natural History, (Battelli 2016)
Ljubljana
(Alberti and Battelli 2002)
1885  mar Adr., Pirano (Piran) Flora marina adriatica, Istria — Low Locally extinct in autumn 2010  Under the name Fucus scherardi
Trieste, Antonio Zaratin (Battelli 2016)
(Battelli and Alberti 2003)
1886  Capodistria (Koper) Premiata Flora Marina Jstriana. Low Locally extinct in autumn 2010  Under the name Fucus scherardi
Raccolta e preparata da Antonio (Battelli 2016)
Zaratin Emerito Dirigente
Scolastico
(Battelli and Alberti 2003)
1886  lzola Herbario Lugduno-Batavo, Field Low Locally extinct in autumn 2010
Museum of Natural History (F) (Battelli 2016)
(Macroalgal Herbarium Consortium
Portal)
1909  Capodistria (Koper) Premiata Flora Marina Jstriana. Low Locally extinct in autumn 2010  Under the name Fucus scherardi
Raccolta e preparata da Antonio (Battelli 2016)
Zaratin Emerito Dirigente
Scolastico
(Battelli and Alberti 2003)
1910  Capodistria (Koper) Flora marina iustinopolitana Low Locally extinct in autumn 2010  Under the name Fucus scherardi and
Antonio Zaratin (Battelli 2016) Fucus vesciculosus
(Battelli and Alberti 2003)
1925  Capodistria (Koper) Schiffner Algae marinae, Farlow Low Locally extinct in autumn 2010
Herbarium (Harvard University) (Battelli 2016)
(Macroalgal Herbarium Consortium
Portal)
1949  lzola Linardi¢ 1949 Low Locally extinct in autumn 2010
(Battelli 2016)
1949  Koper Linardi¢ 1949 Low Locally extinct in autumn 2010
(Battelli 2016)
1949  Piran Linardi¢ 1949 Low Locally extinct in autumn 2010
(Battelli 2016)
1949  Portoroz Linardi¢ 1949 Low Locally extinct in autumn 2010
(Battelli 2016)
1965  Cape Kane Strunjan Stirn 1965 Medium Locally extinct in autumn 2010

(Battelli 2016)

(Battelli 2016)
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1965

1965

1965

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

2001

2002

2002

2004

2004

2004

2004

Cape Seca
Fiesa—Madona, Piran
Koper - 1zola
Bernardin

Cape Madona Piran
Cape Seca

Fizine

Koper - 1zola

Koper - Semedela
Porporela Harbour, Koper
Port - Cape Debeli rti¢
Sv. Katarina
Valdoltra

San Simon

Cape Debeli rti¢

San Simon

Bernardin

Cape Madona Piran
Cape Strunjan

Izola

Stirn 1965
(Battelli 2016)
Stirn 1965
(Battelli 2016)
Stirn 1965
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Vukovic¢ 1982
(Battelli 2016)
Battelli 2002

Rindi and Battelli 2005

Rindi and Battelli 2005

Lipej et al. 2004
(Battelli 2016)
Lipej et al. 2004
(Battelli 2016)
Lipej et al. 2004
(Battelli 2016)
Lipej et al. 2004

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Low

Medium

Medium

Medium

Medium

Medium

Medium

Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
(Battelli 2016)
Locally extinct in autumn 2010
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2004

2004

2004

2006

2006

2006

2006

2006

2009

2009

2009

2009

2009

2009

2009

2009

2010

2010

2010

Koper - Izola

Piran

San Simon

Ankaran

Debeli rti¢

Piran

Portoroz

Zusterna

Cape Seca

Debeli rti¢
(45.587150, 13.707450)
Izola

Koper - 1zola
Portoroz (45.513750,
13.581767)

San Simon

Secovlje saltpans
Zusterna (45.548117,
13.695450)

»Pirat« Bernardin

Bernardin

Cape Debeli rti¢

(Battelli 2016)
Lipej et al. 2004

(Battelli 2016)
Slejkovec et al. 2006
Lipej et al. 2004
(Battelli 2016)

Osterc and Stibilj 2008
Osterc and Stibilj 2008
Osterc and Stibilj 2008
Osterc and Stibilj 2008

Osterc and Stibilj 2008

Orlando-Bonaca et al. 2013

Osterc and Stibilj 2011

Orlando-Bonaca et al. 2013

Orlando-Bonaca et al. 2013

Osterc and Stibilj 2011

Orlando-Bonaca et al. 2013

Orlando-Bonaca et al. 2013

Osterc and Stibilj 2011
Battelli 2016
Battelli 2016

Battelli 2016

Medium
Low
Medium
Low
Low
Low
Low
Low
Medium
High
Medium
Medium
High
Medium
Medium
High
Medium
Medium

Medium

(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in 2015
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in 2015
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Abundant patches

Almost continuous or continuous

population

Almost continuous or continuous

population

Rare to scattered thalli
Rare to scattered thalli

Rare to scattered thalli
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2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2010

2011

2011

Cape Kane Strunjan
Cape Madona Piran
Cape Seca

Cape Strunjan
Fiesa—Madona, Piran
Fizine

Izola

Koper - 1zola

Koper - Semedela
Porporela Harbour, Koper
Port - Cape Debeli rti¢
San Simon

Secovlje saltpans
Strunjan saltpans

Sv. Jernej Bay

Sv. Katarina
Valdoltra

Vilizan Bay

»Pirat« Bernardin

Vilizan Bay

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Battelli 2016

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in autumn 2010
(Battelli 2016)

Locally extinct in 2014
(Battelli 2016)

Locally extinct in 2015
(Battelli 2016)

Locally extinct in 2014

Rare to scattered thalli

Abundant patches

Rare to scattered thalli

Rare to scattered thalli

Rare to scattered thalli

Rare to scattered thalli

Continuous or almost continuous belt
Abundant patches

Abundant patches

Abundant patches

Rare to scattered thalli

Continuous or almost continuous belt
Rare to scattered thalli

Rare to scattered thalli

Rare to scattered thalli

Rare to scattered thalli

Rare to scattered thalli

Abundant patches

Rare to scattered thalli

Rare to scattered thalli

18



(Battelli 2016)

2013  »Pirat« Bernardin Battelli 2016 Medium Locally extinct in 2015 Rare to scattered thalli
(Battelli 2016)
2013  Vilizan Bay Battelli 2016 Medium Locally extinct in 2014 Rare to scattered thalli
(Battelli 2016)
2014  »Pirat« Bernardin Battelli 2016 Medium Locally extinct in 2015 Rare to scattered thalli
(Battelli 2016)
c) Croatia
1837  Rovinj 1 Tomasini i Biasoletto 1837 Medium Not recorded since 2021
(Gljuséi¢ et al. 2023) (Gljuséi¢ et al. 2023)
1837 Rovinj 2 Tomasini i Biasoletto 1837 Medium Not recorded since 2010
(Gljuséi¢ et al. 2023) (Gljuséi¢ et al. 2023)
1837 Rovinj 3 Tomasini i Biasoletto 1837 Medium Not recorded since 2010
(Gljuséi¢ et al. 2023) (Gljuséi¢ et al. 2023)
1862  Katarina Island Herbar der Zoologisch-Botanischen ~ Medium Not recorded since 2010
Gesellschaft in Wien, Farlow (Gljuséi¢ et al. 2023)
Herbarium (Harvard University)
(Macroalgal Herbarium Consortium
Portal)
1884  Pola (Pula) Premiata Flora Marina Jstriana. Low Not recorded since 1990 Under the name Fucus scherardi
Raccolta e preparata da Antonio (Gljus¢ic et al. 2023)
Zaratin Emerito Dirigente
Scolastico.
(Battelli and Alberti 2003)
1885  Parenzo, Isola della Sanita Miscellanea Antonio Zaratin Low Present 2021
(Porec) (Battelli and Alberti 2003) (Gljuséic et al. 2023)
1885  Novigrad area Zaratini, 1885 Medium No current data
(Gljusc¢ic et al. 2023)
1885  mar Adr., Rovigno (Rovinj) Flora marina adriatica raccolta e Low Not recorded since 2010
preparata da Antonio Zaratin (Gljus¢ic et al. 2023)
dirigente scolastico, Parenzo
(Battelli and Alberti 2003)
1886  Parenzo, Sotto i cannoni (Plava  Flora marina parentina raccolta e Low Present 2021

Laguna, Porec area)

preparata da Antonio Zaratin
dirigente scolastico in Parenzo
(Battelli and Alberti 2003)

(Gljuséié et al. 2023)

19



1886

1887

1887

1888

1888

1888

1892

1892

1892

1892

1892

1899

1899

1899

Parenzo, Molin di Rio (Porec)

Rt. Barabiga, Rovinj
Rovigno (Rovinj)

Lussin piccolo, Mali Losinj

Umago (Umag)

Cherso (Cres)

St. Eufemia, Rovinj

Figarola Island, Rovinj

Island of St. Catarina (Katarina
Island, Rovinj)

Bagnole, Rovinj (Banjole)
Asino, Rovinj

St. Eufemia, Rovinj

Figarola Island, Rovinj

Island of St. Catarina, Rovinj
(Katarina Island)

Flora marina parentina raccolta e

preparata da Antonio Zaratin
dirigente scolastico in Parenzo
(Battelli and Alberti 2003)
Miscellanea Antonio Zaratin
(Battelli and Alberti 2003)
Miscellanea Antonio Zaratin
(Battelli and Alberti 2003)
Herbar von Anton Hansgirg im

Naturhistorischen Museum, Wien,
Field Museum of Natural History

(F)

(Macroalgal Herbarium Consortium

Portal)

Flora marina istriana raccolta e
preparata da Antonio Zaratin
dirigente scolastico I. R
(Battelli and Alberti 2003)
Flora marina istriana raccolta e
preparata da Antonio Zaratin
dirigente scolastico I. R
(Battelli and Alberti 2003)
Luckas 1892

(Munda 2000)

Luckas 1892

(Munda, 2000)

Luckas 1892

(Munda 2000)

Luckas 1892

(Munda 2000)

Luckas 1892

(Munda 2000)

Kuckuck 1899

(Munda 2000)

Kuckuck 1899

(Munda 2000)

Kuckuck 1899

(Munda 2000)

Low

Low

Low

Low

Low

Low

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Not recorded since 1990
(Gljuséic et al. 2023)

Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
No current data

No current data

No current data

Not recorded since 2021
(Gljuicié et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljucié et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)

Under the name Fucus vesciculosus

Under the name Fucus scherardi

Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
Prolific from 1967 to 1970, later
absent in most sites
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1899  Bagnole, Rovinj (Banjole) Kuckuck 1899 Medium Not recorded since 2010 Prolific from 1967 to 1970, later

(Munda 2000) (Gljus¢ic et al. 2023) absent in most sites

1899  Asino, Rovinj Kuckuck 1899 Medium Not recorded since 2010 Prolific from 1967 to 1970, later
(Munda 2000) (Gljus¢ic et al. 2023) absent in most sites

1904  Abbazia, Istrien W. Migula Cryptogamae Low No current data

Germaniae, Austriae et Helvetiae
exsiccatae Fasc, Drexel University,
Academy of Natural Sciences —

Algae
(Macroalgal Herbarium Consortium
Portal)
1925  Medulin Baumgartner, 1925 Medium Not recorded since 2010
(Gljuséi¢ et al. 2023) (Gljuséi¢ et al. 2023)
1928  Bua lsland Schiffner Algae marinae, Farlow Low No current data

Herbarium (Harvard University)
(Macroalgal Herbarium Consortium

Portal)

1949  Bakar Linardi¢ 1949 Low No current data
1949  Bari¢ Draga Linardi¢ 1949 Low Present 2023

1949  Baska Linardi¢ 1949 Low No current data
1949  Benei Lubinovo - isprod Linardi¢ 1949 Low No current data

Marjana kod Splita

1949  Crikvenica Linardi¢ 1949 Low No current data
1949  Gruz Linardi¢ 1949 Low No current data
1949  llovnik Linardi¢ 1949 Low No current data
1949  Jablanac Linardi¢ 1949 Low No current data
1949  Karlobag Linardi¢ 1949 Low No current data
1949  Korcula Linardi¢ 1949 Low No current data
1949  Kornati Linardi¢ 1949 Low No current data
1949  Kiraljevica Linardi¢ 1949 Low No current data
1949  Lokrum Linardi¢ 1949 Low No current data
1949  Losinj Linardi¢ 1949 Low No current data
1949  Martins¢ica- O. Cres Linardi¢ 1949 Low No current data
1949  Maslinica Linardi¢ 1949 Low No current data
1949  Maslinica - O. Solta Linardi¢ 1949 Low No current data
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1949

1949
1949
1949
1949
1949
1949

1949
1949
1949
1949
1949

1949
1949
1949
1949

1949
1949
1949
1949
1949
1949
1949

1949
1949
1949
1949
1949

Medulin

Novi
Opatija
Orebic
Otok Dugi
Pag

Porec

Preko
Primosten
Privlaka

Provic- Otok ispred Sibenika

Pula

Rab
Razanac
Rijeka
Rovinj

Sali - O. Dugi

Selce

Senj

Spl itska - O. Brag
Split

Starigrad - Paklenica
Starigrad- O. Hvar

Supetar
Susak

Sv. Jakov
Sv. Jurgj
Tribanj

Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949

Low

Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low

Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low

Not recorded since 2010
(Gljuséi¢ et al. 2023)
No current data

No current data

No current data

No current data
Present 2023

Present 2021
(Gljus¢ié et al. 2023)
Locally extinct 2024
No current data
Locally extinct 2024
No current data

Not recorded since 1990
(Gljusci¢ et al. 2023)
Present 2024

Present 2024

No current data

Not recorded since 2021
(Gljuiéic et al. 2023)
Locally extinct 2023

No current data

No current data

No current data

No current data

No current data

Locally extinct in 2011
(Koleti¢ et al. 2011)
No current data

No current data
No current data
No current data
No current data
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1949
1949
1949
1949
1949
1949
1950
1965

1966

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

Ugljan
Vinjerac
Vranjic

Zadar

Zman- O. Dugi
Savudrija
Kastela Bay
Rovinj

Crikvenica

Faborso 1
(45.11666667, 13.61666667)
Faborso 2
(45.11666667, 13.63333333)

Katarina 1 / Katarina 2. Harbour

(45.06666667, 13.61666667)
Lone, Rovinj

(45.06666667, 13.63333333)
Skaraba, Rovinj

(45.05, 13.61666667)

Velika Figarola island / Val di
Lesso, Rovinj

(45.08333333, 13.61666667)
Katarina Island 1, Rovinj

Katarina Island 2, Rovinj
Mala Figarola Island, Rovinj
Val di Lesso, Rovinj

Velika Figarola Island, Rovinj

Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Linardi¢ 1949
Cmelik and Morov¢é 1950
Zavodnik 1965

Herbier F. Magne, University of
Michigan (MICH)

(Macroalgal Herbarium Consortium

Portal)
Munda 1969

Munda 1969
Munda 1969
Munda 1969
Munda 1969

Munda 1969

Munda 1973
Munda 1973
Munda 1973
Munda 1973

Munda 1973

Low
Low
Low
Low
Low
Low
Low
Low

Low

High
High
High
High
High

High

Medium
Medium
Medium
Medium

Medium

Locally extinct 2024
Not recorded 2024
No current data
Locally extinct 2023
Locally extinct 2023
No current data

No current data

Not recorded since 2010
(Gljuséié et al. 2023)
No current data

Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)

Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)

Prolific populations; sheltered location
(Munda, 1973)
Prolific populations; sheltered location
(Munda, 1973)

Dense and prolific populations; semi-
exposed location (Munda, 1973)
Scattered populations; exposed
location (Munda, 1973)

Dense; sheltered and gently slope

Scattered populations; gently slope,
organic pollution and epiphyte
Scattered populations; exposed
location

Reduced settlement; exposed location

Prolific populations; moderate

exposure, coastal rocks with gentle
slope
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1967

1967

1968

1968

1968

1968

1968

1968

1969

1969

1969

1969

1969

1969

1969

1970

1970

1970

Rovinj

Figarola Island, Rovinj

Katarina 1 / Katarina 2. Harbour

(45.06666667, 13.61666667)
Lone, Rovinj

(45.06666667, 13.63333333)
Skaraba, Rovinj

(45.05, 13.61666667)
Velika Figarola island / Val di
Lesso, Rovinj

(45.08333333, 13.61666667)
Faborso Bay 1
(45.11666667, 13.61666667)
Faborso Bay 2
(45.11666667, 13.63333333)
Katarina Island, Rovinj

Faborso Bay 1
(45.11666667, 13.61666667)
Faborso Bay 2
(45.11666667, 13.63333333)
Katarina Island 1 / Katarina
Island 2. Harbour, Rovinj
(45.06666667, 13.61666667)
Lone, Rovinj

(45.06666667, 13.63333333)
Skaraba, Rovinj

(45.05, 13.61666667)
Velika Figarola island, Mala
Figarola Island, Rovinj
Katarina Island, Rovinj

Lim Channel

St. Eufemia, Rovinj

Zavodnik, 1967a

Zavodnik, 1967b

Munda 1969
Munda 1969
Munda 1969

Munda 1969

Munda 1969
Munda 1969
Gessner, 1969
Munda 1969
Munda 1969

Munda 1969

Munda 1969
Munda 1969

Munda 1969

Gessner and Hammer 1971

Gessner and Hammer 1971

Munda 2000

Low
Low
High
High
High

High

High
High
Low
High
High

High

High
High
High
Low
Low

Medium

Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)

Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)

Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljucié et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)

Prolific from 1967 to 1970, later
absent in most sites
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1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

1975

1977

1981

Bagnole, Rovinj (Banjole)
Asino, Rovinj

Canal di Leme (Lim Channel)
Val Soline, Rovinj

Punta Croce, Rovinj

Barabiga, Rovinj

Muccia (hospital), Rovinj
(Muca)

Val di Bora, Rovinj (Valdibora)
Punta Corrente, Rovinj

Pirosi, Rovinj

St. Andrea, Rovinj (Sv. Andrija
Island)

Sturago, Rovinj (Sturag Islet)
St. Giovanni, Rovinj

Palu, Rovinj (Palud)

Faborso Bay

Lone, Rovinj

Valdibora, Rovinj

Lone, Rovinj

Faborso Bay

Promontory of Marjan, Split

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Munda 2000

Zavodnik 1973

Zavodnik 1973

Zavodnik 1973

Munda 1977

Zavodnik 1977

Pelivan and Lutki¢ 1994

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Low

Low

Low

Low

Low

Low

Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
No current data

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970, later
absent in most sites

Prolific from 1967 to 1970
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1995

1995
1995
1995

1995

1998

1998
2000

2000

2000

2000

2003

2003

2003

2003

2003

2003

2003

2003

2003

Samonjin cape, Prvi¢

Sv. Grgur Port

Tatinja Cove Harbour, Goli
Veli galebov islet steep, Goli

Veli Samotorac cove, Sv. Grgur

Faborso Bay

Haludovo
Plomin Bay

(45.115988, 14.206201)
Plomin Bay
(45.121196, 14.192718)
Plomin Bay
(45.133879, 14.175548)
Plomin Bay

(45.11308, 14.199768)
Barabiga, Rovinj
Faborsa Bay 1

Faborso Bay 2

Katarina Island, Rovinj
Lone 1, Rovinj

Muca, Marina, Rovinj
Palud, Rovinj

Punta Kriz FKK, Rovinj

Amarin Resorts, Rovinj

Zavodnik et al. 2005

Zavodnik et al. 2005
Zavodnik et al. 2005
Zavodnik et al. 2005

Zavodnik et al. 2005
Zavodnik et al. 2002

Zavodnik et al. 2002
Antoli¢ et al. 2021

Antoli¢ et al. 2021
Antoli¢ et al. 2021
Antoli¢ et al. 2021

Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljus¢ic et al. 2023)

Medium

Medium
Medium
Medium

Medium
Low

Low
High

High

High

High

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Medium

No current data

No current data
No current data
No current data

No current data

Not recorded since 2010
(Gljuséic et al. 2023)
No current data

No current data

No current data
No current data
No current data

Not recorded since 2021
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)

Well-developed settlement; nearby
small beach protected by large rock
boulders

Patchily distributed; semi-exposed
location

Sheltered location, rugged substrate,
and gently inclined slope
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2003

2003

2003

2003

2003

2003

2003

2003

2003

2004

2006

2006

2006
2008

2008

2008

2008

2008

2008

2009

Rovinj old town

Samer Islet, Rovinj
Skaraba, Rovinj

Sturag Islet, Rovinj

Sv. Andrija Island, Rovinj
Val di Lesso, Rovinj
Velika Figarola island, Rovinj
Zlatni rt, Rovinj

Lone 2, Rovinj

Lim Channel

Lone, Rovinj

Plava Laguna, Pore¢ area

Umag - near marina
Novigrad Sea area

Amarin Resorts, Rovinj
(45.106006727, 13.613971992)
Cape Barabiga, Rovinj
(45.100182709, 13.622388444)
Bolnica, Rovinj
(45.099690469, 13.631075967)
Lastovo Island

(42.7338, 16.8589)

Lone, Rovinj

Starigrad — Paklenica
(44.295547, 15.436294)

Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuséic et al. 2023)
Devescovi and Ivesa 2003
(Gljuscic et al. 2023)
Devescovi and Ivesa 2003
(Gljuscic et al. 2023)
Devescovi and Ivesa 2003
(Gljuscic et al. 2023)
Devescovi and Ivesa 2003
(Gljuscic et al. 2023)
Devescovi and Ivesa 2003
(Gljus¢ic et al. 2023)
Devescovi and Ivesa 2003
(Gljus¢ic et al. 2023)
Ivesa 2004

(Gljuscic et al. 2023)
Osterc and Stibilj 2008

Osterc and Stibilj 2008

Osterc and Stibilj, 2008
Antoli¢ et al. 2021

In this study

In this study

In this study

Jakl et al. 2008
Pavi¢i¢-Hamer et al. 2016

Andres, 2009

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Low

Low

Low
Low

High
High
High
High
Low

High

Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuiéic et al. 2023)
Present 2021

(Gljuiéic et al. 2023)
No current data

Present 2022

(Dobrinci¢ et al. 2022)
Not recorded since 2021
(Gljuiéic et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
No current data

Not recorded since 2010
(Gljucié et al. 2023)
No current data

Scattered tiny patches
Scattered small settlements on both

sides of "Barabiga" cape
After the artificial beach

Habitat destruction in October 2009

Small patches
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2010

2010

2010

2010

2010

2010

2010

2010

2010

2011

2011

2011

2011

2011

2011

2011

2011

2011

2011

Cintinera beach, Banjole
Indije camp, Banjole

Rt. Skara - Cape Kamenjak
Pjescana Beach

Pomer Beach

Pomer Harbour
Premantura Beach
Premantura Harbour
Soline Bay, near Vinkuran

Krk — Punat 1
(45.018178, 14.627547)
Krk — Punat 2
(45.018628, 14.626833)
Maslenicko zdilo - Maslenicka
strana

(44.221917, 15.536167)
Masleni¢ko zdilo - Posejdarska
strana

(44.219833, 15.535983)
Otok Pag — Novalja
(44.571564, 14.886431)
Posedarje

(44.209850, 15.479167)
Zadar — Bazen
(44.107600, 15.231000)
Zadar — Borik 1
(44.133842, 15.207197)
Zadar — Borik 2
(44.134792, 15.209300)
Zadar — Diklo 1

Celig, 2010

Celig, 2010

Celig, 2010

Celig 2010; Najdek et al. 2014
Celig 2010; Najdek et al. 2014
Celig 2010; Najdek et al. 2014
Celig 2010; Najdek et al. 2014
Celig 2010; Najdek et al. 2014
Celig 2010; Najdek et al. 2014
Hanzek et al. 2012

Hanzek et al. 2012

Hanzek et al. 2012

Hanzek et al. 2012

Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012

Hanzek et al. 2012

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High

High

High

High

High
High
High
High
High

High

Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljus¢ic et al. 2023)
Not recorded since 2010
(Gljuséic et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
Not recorded since 2010
(Gljuséi¢ et al. 2023)
Not recorded since 2010
(Gljuséié et al. 2023)
No current data

No current data

Present 2024

Present 2024

No current data
No current data
Locally extinct 2023
Locally extinct 2023
Locally extinct 2023

Locally extinct 2023

Sheltered limestone substrate
Sheltered limestone substrate

Continuous belt; semi-exposed
artificial substrate

Continuous belt; semi-exposed
artificial substrate

Continuous belt; semi-exposed
artificial substrate

Continuous belt; sheltered artificial
vertical substrate

Continuous belt; semi-exposed
artificial substrate

Continuous belt; sheltered limestone
substrate

Continuous belt; sheltered limestone
substrate
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2011

2011

2011

2011

2011

2011

2013

2013

2013

2013

2013

2014

2014

2014

2014

2015

2015

(44.149700, 15.205967)

Zadar — Diklo 2
(44.148667, 15.207033)
Zadar — Diklo 3
(44.147833, 15.208500)
Zadar — Diklo 4
(44.147417, 15.208733)
Zadar - Karma
(44.098344, 15.241942)
Zadar — Punta Bajlo
(44.094333, 15.249667)
Palud, Rovinj

Cape Barabiga, Rovinj
(45.100182709, 13.622388445)
Bolnica 1, Rovinj
(45.09762767, 13.631612231)
Bolnica 2, Rovinj
(45.099690469, 13.631075968)
Bolnica 3, Rovinj
(45.100083075, 13.629400420)
Muca, Rovinj

(45.094158700, 13.632920767)

Barabiga, Rovinj
Faborso Bay

Muca, Rovinj

Val di Lesso, Rovinj

Porat, Cervar
(45.27615, 13.58574)

Trget - Uvala Blaz
(44.999254352, 14.047938654)

Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012
Hanzek et al. 2012
Ivesa 2011

(Gljuséic et al. 2023)

In this study

In this study

In this study

In this study

In this study

Kucinar and Ivesa 2014
(Gljuséic et al. 2023)
Kucinar and Ivesa 2014
(Gljuséic et al. 2023)
Kucinar and Ivesa 2014
(Gljuséic et al. 2023)
Kucinar and Ivesa 2014

(Gljus¢ic et al. 2023)
In this study

Ivesa 2015
(Gljuséic et al. 2023)

High
High
High
High
High
Medium
High
High
High
High

High

Medium
Medium

Medium

Medium

High

High

Locally extinct 2023
Locally extinct 2023
Locally extinct 2023
Locally extinct 2023
Locally extinct 2023

Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Present 2023

Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Present 2023

Not recorded since 2021
(Gljuséi¢ et al. 2023)
No current data

Present 2021
(Gljuséic et al. 2023)

Scattered small settlements only on the
right side of "Barabiga" cape
Small, but dense settlement

Residual and scarce thalli; after the
artificial beach
Well-developed settlement

Several small to medium sized
settlements; Planting location - 2021-
2023

Several small to medium sized
settlements; Planting location - 2021-
2023

Thinned to mosaic settlement; exposed
location, limestone substrate and
gently inclined slop

Medium sized settlement, observed
during CARLIT
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2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

2016

Krnicki porat

Bijela Uvala, Funtana

Funtana Resorts, Funtana
Materada 1, Pore¢ area
Materada 2, Pore€ area

Plava Laguna, Porec¢ area
(45.211221225, 13.590460318)
Valkanela north 1, Funtana
Valkanela north 2, Funtana
Valkanela north 3, Funtana

Valkanela south, Funtana

Valkanela south, Vrsar

Vrsar 1
Vrsar 2
Zelena laguna camping, Funtana

Hotel Delfin 1, Pore¢ area

Pag

(44.5032631, 15.0055506)
Porat, Cervar

(45.27615, 13.58574)

Gljus¢i¢ and Ivesa 2016
(Gljuseic et al. 2023)
Gljus¢i¢ 2016
Gljus¢i¢ 2016
Gljus¢i¢ 2016
Gljuscic¢ 2016
Gljuscic¢ 2016
Gljuscic 2016
Gljus¢ic 2016
Gljus¢i¢ 2016
Gljus¢i¢ 2016

Gljusc¢i¢ 2016

Gljus¢i¢ 2016

Gljus¢ic¢ 2016

Gljus¢i¢ 2016

Gljuséi¢ Bilajac and Ivesa 2021
(Gljuséi¢ et al. 2023)

In this study

In this study

Medium
Medium
Medium
Medium
Medium
High

Medium
Medium
Medium
Medium

Medium

Medium
Medium
Medium

High

High

High

Not recorded since 2021
(Gljuséi¢ et al. 2023)
Present 2021

(Gljuséi¢ et al. 2023)
Present 2021

(Gljuséi¢ et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Not recorded since 2021
(Gljus¢ic et al. 2023)
Present 2021

(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuséic et al. 2023)
Present 2021

(Gljus¢ic et al. 2023)
Present 2021

(Gljuséic et al. 2023)
Not recorded since 2021
(Gljuiéic et al. 2023)

Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Not recorded since 2021
(Gljuséi¢ et al. 2023)
Present 2021

(Gljucié et al. 2023)

Present 2023

No current data

An app 1m2 patch amongst the
unregulated, small boat moorings
Continuous belt

Mosaic settlement; exposed substrate

Rare, but widespread settlement

Medium sized settlement, with 2
smaller patches nearby (30 m apart)

Continuous belt; vertical substrate and
grazers

Thinned to mosaic settlement; under
intense anthropogenic influence
(located on the beach in a tourist
camp)

Several square meters cover;
moderately exposed location,
limestone substrate, gentle slope and
other Fucales present nearby

Rare to scattered thalli; exposed
location, limestone substrate and
gently inclined slop
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2017

2018

2018

2019

2020

2020
2021

2021
2021
2021
2021

2021

2021
2021

2021

2021

2021
2021

2021

Porat, Cervar
(45.27615, 13.58574)

Novigrad Sea area
(44.200556, 15.480833)
Porat, Cervar
(45.27615, 13.58574)

Zlarin port

Novigrad Sea area
(44.200556, 15.480833)
Bay of Mali Ston

Novigrad Sea area
(44.200556, 15.480833)
Bijela Uvala 1, Pore¢ area

Bijela Uvala 2, Pore¢ area
Funtana Resorts, Pore¢

Hotel Delfin 1, Pore¢ area
(45.19901364, 13.583218160)

Hotel Delfin 2, Pore¢ area
(45.199220263, 13.5818040652
Hotel Delfin 3, Pore¢ area

Istra Premium Camping Resorts,
Funtana

Plava Laguna, Pore¢ area
(45.211221225, 13.590460318)
Uvala Blaz, near Trget (Rasa
Bay)

(44.999254352, 14.047938654)
Ulika camp, Cervar

Valkanela south 1, Funtana

Lanterna (camping resort)
(45.302121518, 13.58734555)

In this study

Cvitkovi¢ et al. 2021

In this study

Croatian Biology student
association 2019
Banozi¢ et al. 2022

Miogié-Stosic et al. 2020
Cikos et al. 2022

Gljuséi¢ et al. 2023
Gljuse¢ic et al. 2023
Gljuséi¢ et al. 2023
Gljuseic et al. 2023

Gljuséic et al. 2023

Gljuse¢ic et al. 2023
Gljuséic et al. 2023
Gljuséic et al. 2023

Gljus¢ic et al. 2023

Gljuséic et al. 2023
Gljuséic et al. 2023

rer

Gljus¢i¢ Bilajac and Ivesa 2021
(Gljuscic et al. 2023)

High

High

High

Low
High

Low
High

Medium
Medium
Medium
High

High

Medium
Medium

High
High
Medium
Medium

High

No current data

Present 2022
(Dobrin¢i¢ et al. 2022)
No current data

Not recorded 2024

Present 2022
(Dobrinci¢ et al. 2022)
Present 2020

Present 2022
(Dobrinci¢ et al. 2022)
Present 2021

Present 2021
Present 2021
Present 2021

Present 2021

Present 2021
Locally extinct in 2022/2023

Present 2021

Present 2021

Present 2021
Present 2021

Present 2021
(Gljuscic et al. 2023)

Rare to scattered thalli; exposed
location, limestone substrate and
gently inclined slop

Rare thalli; exposed location,
limestone substrate and gently inclined
slop

Small patch
10x10 m settlement

Several square meters cover;
moderately exposed location,
limestone substrate, gentle slope and
other Fucales present nearby

Small patch

Few thalli
Small patch

Scarcely distributed specimens in 2
patches

Belt-shaped, medium sized settlement
(5m long, but 10-20cm wide),
observed during CARLIT

Few thalli

Small residual patches; near the coastal
wall

Medium sized but slightly scarce
settlement (5x10) with large specimens
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2021

2021
2021

2022

2022

2022

2023

2023

2023

2023

2023

2023

2023

2023

2023

2023

Lucica Stara voda, Kostrena,
Rijeka, Croatia

(45.29331, 14.50523)

Omisalj

Novigrad Sea area
(44.200556, 15.480833)

SW side of the Novigrad Sea
(44.200556, 15.480833)

SW side of the Novigrad Sea 1
(44.2004526, 15.4807804)
SW side of the Novigrad Sea 2
(44.1997539, 15.4818854)
Lanterna (camping resort)
45.30212151754,
13.58734554961)

Bari¢ Draga (44.3634639,
15.2895224)

Hotel Delfin 1, Pore¢ area
(45.199013641, 13.583218160)

Uvala Blaz, near Trget (Rasa
Bay)

(44.999254352, 14.047938654)
Uvala Blaz, near Trget (Rasa
Bay) - second settlement
(45.000161825, 14.045971384)
Islet Zecevo

(44.2955314, 15.1930052)
Muca, Rovinj

(45.094158700,
13.6329207669)

Pag

(44.5032631, 15.0055506)
Sebi beach

(44.2853072, 15.1937193)
Sibenik

In this study

In this study

Jerkovi¢ et al. 2021

Dobrinci¢ et al. 2022

In this study

In this study

Gljuse¢ic et al. 2023

In this study

In this study

In this study

In this study

In this study

In this study

In this study
In this study

In this study

High
Low
High
High
High
High

High

High

High

High

High

High

High

High
High

Low

Extinct 2023

Locally extinct autumn 2023

Present 2022

(Dobrinci¢ et al. 2022)

Present 2022

Present 2023

Present 2023

Present 2024

Present 2023

Mostly disappeared

Present 2024

Present 2024

Present 2023

Present 2024

Present 2023

Present 2023

Present 2023

Thinned to mosaic settlement; in small
harbour

Moderately abundant patches
Moderately abundant patches

Medium sized but slightly scarce
settlement (5x10) with large specimens

Near river

Few tiny, scattered thalli remaining,
devastated by severe fouling;
moderately exposed location,
limestone substrate, gentle slope and
other Fucales present nearby
Belt-shaped, medium sized settlement
(5m long, but 10-20cm wide),
observed during CARLIT
Belt-shaped, large sized settlement (30
m long, but 10-20 cm wide), regularly
monitored since mapping in 2023
Reduced belt attached to the peer

Small patches; planting location -
2021-2023

Isolated small patches

Isolated small patches
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2023

2023

2023

2023

2024

2024

2024

2024

2024

2024

2024

2024

2024

2024

2024

Vrsi 1

(44.2837497, 15.1927732)
Vrsi 2

(44.2858157, 15.1941817)
Vrsi 3

(44.2863579, 15.1949095)
Vrsi 4

(44.2522536, 15.2742322)
South Novigrad Sea, Beach
Korala 1

(44.1762915, 15.5244616)
South Novigrad Sea, Beach
Korala 2

Razanac 1

(44.2812717; 15.3543125)
Razanac 2

(44.2807498; 15.3559018)
Maslenic¢ko zdilo - Maslenicka
strana

(44.221917, 15.536167)
Maslenic¢ko Zdilo - Posejdarska
strana

(44.219833, 15.535983)
Maslenica Ponton (posedarska
strana)

(44.2198341, 15.5358629)
Maslenica 1

(44.2214937, 15.5374897)
Maslenica 2

(44.2207796, 15.5394869)
SW Novigrad Sea 1

SW Novigrad Sea 2

In this study
In this study
In this study
In this study

In this study

In this study

In this study
In this study

In this study

In this study

In this study

In this study
In this study

In this study

In this study

High
High
High
High

High

High

High
High

High

High

High

High
High

High

High

Present 2023

Present 2023

Present 2023

Present 2023

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Present 2024

Isolated small patches
Isolated small patch
Isolated small patches

Isolated small patches on rocky
substrate, freshwater input

Few scattered thalli on rocky substrate,
freshwater input, anthropogenic
pressure, on the beach

Few scattered thalli on rocky substrate,
freshwater input, anthropogenic
pressure, on the beach

Isolated small patches

Isolated small patches

Isolated small patches

Isolated small patches
Isolated small patches

Isolated small patches, along the
coastline from 44.1983712206,
15.4845396233 to 44.19815584906,
15,48477029330)

Isolated small patches, along the
coastline from 44,19762126252,
15,48573052410 to 44,19409056236,
15,48937832840)
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2024  SW Novigrad Sea 3 In this study High Present 2024 Isolated small patches, along the
coastline from 44,18395496998,
15,50648009306 to 44,18287784066,
15,50776755340)
2024 Rab In this study High Present 2024 Several scattered patches
(44.765833, 14.743583)
d) Montenegro
1949  Hercegnovi Linardi¢ 1949 Low Locally extinct June 2023
1949  Kotor Linardi¢ 1949 Low Locally extinct June 2023
1949  Tivat Linardi¢ 1949 Low Locally extinct June 2023
1971  Institute of Marina Biology, Solazzi 1971 Medium Locally extinct June 2023
Dobrota (Maci¢ 2006)
1971  Radimiri Solazzi 1971 Medium Locally extinct June 2023
(Magci¢ 2006)
2004  Andri¢i Maci¢ 2006 High Present 2023 Sheltered, rocky substrate and
(42.474045, 18.687062) freshwater input
2004  Banj Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004  Carine Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004  Drazin Vrt Magi¢ 2006 Medium Locally extinct June 2023
2004  Gospa od Andela Maci¢ 2006 Medium Locally extinct June 2023
2004  Kamenari Maci¢ 2006 Medium Locally extinct June 2023 Habitat destruction, rocky substrate
and freshwater input in Risan Bay
2004  Krasici 1 Maci¢ 2006 Medium Locally extinct June 2023 Habitat destruction
2004  Krasic¢i 2 Magi¢ 2006 Medium Locally extinct June 2023 Habitat destruction
2004  Lipci Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004  Male Rose Magi¢ 2006 Medium Locally extinct June 2023 Habitat destruction
2004  Morinj Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004  Perast 1 Maci¢ 2006 Medium Locally extinct June 2023 Habitat destruction
2004  Perast 2 Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004  Sopot Maci¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input

in Risan Bay
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2004  Strp Macgi¢ 2006 Medium Locally extinct June 2023 Rocky substrate and freshwater input
in Risan Bay
2004 Turski rt Maci¢ 2006 Medium Present 2023
2023  Andri¢i In this study High Present 2023 Sheltered, rocky substrate and
(42.474045, 18.687062) freshwater input
2023  Lepetane In this study High Present 2023 Sheltered, rocky substrate and
(42.464119, 18.683301) freshwater input
2023  Opatovo In this study High Present 2023 Sheltered, rocky substrate and
(42.455823, 18.681565) freshwater input
2023 Turskirt In this study Medium Present 2023 Almost extinct
e) Albania
1987  Bay of Vlora Kashta 1987 Low Locally extinct 1994
(Hoda et al. 2018) (Kashta 1995-1996 in Blanfuné
et al. 2016; Hoda et al. 2018)
1987  Kallm, Durrés Kashta 1987 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
1987  Lagji Cape (Kalaja e Turres) Kashta 1987 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
1987  Rodoni Cape Kashta 1987 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
1992  Bay of Vlora Kashta 1992 Low Locally extinct 1994
(Blanfuné et al. 2016) (Kashta 1995-1996 in Blanfuné
et al. 2016; Hoda et al. 2018)
1995  Kallm, Durrés Kashta 1995-1996 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
1995  Lagji Cape (Kalaja e Turres) Kashta 1995-1996 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
1995  Rodoni Cape Kashta 1995-1996 Low Present 2020
(Hoda et al. 2018) (Genc Myftiu et al. 2020)
2020  Durrés — Bishtpalla UNEP/MAP-SPA/RAC-PAP/RAC, Low Present 2020
MEDPOL, NAPA 2021
2020 Kalaja e Turres — Spille UNEP/MAP-SPA/RAC-PAP/RAC, Low Present 2020
MEDPOL, NAPA 2021
2020  Rodoni Cape — Patoku lagoon UNEP/MAP-SPA/RAC-PAP/RAC, Low Present 2020

MEDPOL, NAPA 2021
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Fig. S3 Annual average of Sea Surface Temperature (SST) (°C) on the Adriatic coast from the northern
Italy to the southern Albania (a), and of the northern sub-basin (b), central sub-basin (c), and southern

sub-basin (d), from 1990 to 2021. The black points represent the seasonal averages, and the black lines

represent the trend lines with their equation (y), their R-squared (R2) and their p-value (p)
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Fig. S4 Seasonal average of Sea Surface Temperature (SST) (°C) on the Adriatic coast, from northern
black lines the trend lines with equation (y), R-squared (R?) and p-value (p)
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Fig. S5 Annual average of salinity (psu) on the Adriatic coast from northern Italy to southern Albania

(a), northern sub-basin (b), central sub-basin (c) and southern sub-basin (d), from 1990 to 2021. The
black dots represent the seasonal averages, and the black lines the trend lines with equation (y), R-

squared (R?) and p-value (p)
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Fig. S6 Seasonal average of salinity (psu) on the Adriatic coast, from the northern Italy to the southern

Albania, from 1990 to 2021. The black points represent the seasonal averages, and the black lines

represent the trend lines with their equation (y), their R-squared (R2) and their p-value (p)
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from 1993 to 2017. The black points represent the seasonal averages, the black lines represent the trend
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