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ABSTRACT

Perennial species from the genus Sargassum are considered to be indicators of high environmental quality and 
are therefore used in the assessment of the Ecological Status of Mediterranean coastal waters according to the Euro-
pean Water Framework Directive (WFD, 2000/60/EC). Over the past three decades a signifi cant decline in Sargas-
sum populations has been reported in the Gulf of Trieste, as well as in other Adriatic and Mediterranean areas. In 
Slovenian coastal waters the presence of Sargassum spp. had not been confi rmed since 1980, after a severe decline 
due to overgrazing by the sea urchin Paracentrotus lividus. Recently, however, some thalli of S. vulgare were found 
in Piran Bay. The recurrence of this species is discussed in the paper, as well as the possible causes that led to the 
non-recovery in its populations in last decades in Slovenian coastal waters.
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RICOMPARSA DI SARGASSUM VULGARE C. AGARDH IN ACQUE COSTIERE SLOVENE 
(MARE ADRIATICO)

SINTESI

Specie perenni del genere Sargassum sono considerate indicatrici di elevata qualità ambientale e vengono quindi 
utilizzate nella valutazione dello stato ecologico delle acque costiere del Mediterraneo secondo la Direttiva Europea 
Quadro sulle Acque (WFD 2000/60/CE). Nel corso degli ultimi tre decenni è stato più volte segnalato un rilevante 
calo nelle popolazioni di Sargassum nel Golfo di Trieste, così come in altre zone dell’Adriatico e del Mediterraneo. 
Nelle acque costiere slovene la presenza di specie del genere Sargassum non è più stata confermata dopo il 1980, a 
seguito di un forte calo dovuto all’eccessivo pascolo del riccio di mare Paracentrotus lividus. Recentemente, alcuni 
talli di S. vulgare sono stati trovati nella baia di Pirano. Nell’articolo viene discussa la ricomparsa di questa specie, 
così come le possibili cause che hanno portato al mancato recupero delle sue popolazioni negli ultimi decenni nelle 
acque costiere slovene.

Parole chiave: Sargassum vulgare, nuovi dati, mancato recupero delle popolazioni, Golfo di Trieste, mare 
Mediterraneo
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INTRODUCTION

Worldwide the genus Sargassum includes a large 
number of species, with a great morphological vari-
ability and extensive geographic and depth distribu-
tion (Špan, 2005). In contrast, in the Mediterranean 
Sea the genus Sargassum is represented by a relatively 
small number of taxa, since only six species were re-
ported in the check-list of brown seaweeds (Ribera et 
al., 1992). Of those species, only three occur along the 
eastern Adriatic coast (Antolić et al., 2010): S. acinar-
ium (Linnaeus) Setchell, S. vulgare C. Agardh, and S. 
hornschuchii C. Agardh. They were also reported for 
Slovenian coastal waters during the seventies of the 
last century (Avčin et al., 1973; Matjašič et al., 1975; 
Vukovič, 1980). However, the macroalgal belt off the 
Slovenian coast experienced a severe decline due to 
overgrazing by the sea urchin Paracentrotus lividus (La-
marck, 1816) in the seventies (Vukovič, 1982; Turk & 
Vukovič, 1994). Virtually all infralittoral vegetation was 
consumed by this echinoderm, and it took decades for 
the fl ora to recover. Species from the genus Cystoseira 
recovered quite well, while Sargassum species didn’t 
recover at all. Also Curiel et al. (2008) and Falace et 
al. (2010) reported a signifi cant decrease in perennial 
species indicators of high environmental quality (like 
Cystoseira spp. and Sargassum spp.) over the past three 
decades for the Venice Lagoon and for the Italian part 
of the Gulf of Trieste, respectively; this was mainly a 
result of anthropogenic disturbances. Species from both 
genera have relatively large thalli compared to the av-
erage size of other Mediterranean seaweeds, and their 
canopies provide suitable habitats for a large number of 
other algal and animal species (Ballesteros et al., 1998; 
Orlando-Bonaca et al., 2008a; Pitacco et al., 2014). 
Those species are therefore used in the assessment of 
the Ecological Status of Mediterranean coastal waters 
according to the European Water Framework Directive 
(WFD, 2000/60/EC) (Ballesteros et al., 2007; Orfanidis 
et al., 2001, 2011). Moreover, species from the genera 
Cystoseira (except Cystoseira compressa) and S. horn-
schuchii are included in Annex II (List of endangered or 
threatened marine species in the Mediterranean) of the 
Barcelona Protocol concerning Specially Protected Ar-
eas and Biological Diversity (UNEP, Decision IG.21/6; 
entry into force: 30 March 2014). 

From 2006 to date, species from the genus Sargas-
sum were never found in any macroalgal samples re-
gularly collected in Slovenian coastal waters twice per 
year. Benthic macroalgae were sampled in the upper 
infralittoral belt (depth range from 1 to 4 m) at 53 sites 
(Fig. 1) selected in order to assess the ecological sta-
tus of macroalgal communities, as required by the WFD 
(Orlando-Bonaca et al., 2008b; Orlando-Bonaca & Li-
pej, 2009; unpubl. data). Additionally, macroalgae were 
surveyed from the water surface down to 10 m depth in 
order to characterize benthic macro- and micro- habi-

tat types (Lipej et al., 2007, 2008). The sampling depth 
range of macroalgae was recently broadened to the 
lower infralittoral belt (from 4 to 8 m) to assess the en-
vironmental status of the sea, as required by the Marine 
Strategy Framework Directive (2008/56/EC) (Orlando-
-Bonaca et al., 2012a, 2012b). 

Surprisingly, some thalli of S. vulgare were unexpec-
tedly found in Piran Bay in 2012, during a scuba survey 
that was not part of any monitoring program, and the 
species became much more abundant in 2014. The aim 
of this paper is to provide data about the recurrence of 
this species, describe the collected thalli, and discuss 
the possible causes that led to the non-recovery in last 
decades of populations of S. vulgare in Slovenian coa-
stal waters.

MATERIAL AND METHODS

The Slovenian coastal sea (that covers the southern 
part of the Gulf of Trieste) is a shallow semi-enclosed 
gulf with a maximum depth of ca. 33 m. Its diverse 
coastline is approximately 46.7 km long (Fig. 1). In re-
cent decades the Slovenian natural shoreline has been 
modifi ed by many human activities, like urbanisation, 
intensive hinterland farming and massive tourism. Now-
adays, less than 18 % of the coastline is in its natural 
state (Turk, 1999). The coastal sea has also suffered from 

Fig. 1: Slovenian coastal waters and 53 sampling sites 
for macroalgae in the upper infralittoral belt (white 
dots) and the MBS site (black dot) where Sargassum 
vulgare was found. 1: Cape Madona Nature Monu-
ment, 2: Fiesa-Pacug area, 3: Strunjan Nature Reserve, 
4: Bele Skale.
Sl. 1: Slovenske obalne vode in 53 vzorčnih mest za 
makroalge v zgornjem infralitoralnem pasu (bele toč-
ke) ter mesto MBS (črna točka), kjer so bile najdene 
steljke vrste Sargassum vulgare. 1: Naravni spomenik 
Rt Madona, 2: območje Fiesa-Pacug, 3: Naravni rezer-
vat Strunjan, 4: Bele Skale
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many anthropogenic impacts such as intensive fi shing, 
sewage outfalls and mariculture (Francé & Mozetič, 
2006; Mozetič et al., 2008; Grego et al., 2009).

In May 2012, during a scuba diving survey in Piran 
Bay (in front of the Marine Biology Station of the Na-
tional Institute of Biology), some thalli of S. vulgare were 
found in the upper infralittoral rocky belt. In May 2014 
it was observed that the species became much more 
abundant. The area covered by the species was pho-
tographed, its extension was measured and some sam-
ples were taken to the laboratory. Species identifi cation 
was carried out in accordance with Špan (2005). It was 
planned to collect thalli of S. vulgare once per month 
in the summer period, for a complete morphological 
analysis. Samples were again collected in June 2014. 
Thalli were examined under a microscope in order to 
fi nd any reproduction branches, with fertile cryptoso-
mata (conceptacles) with reproductive organs (oogonia 
and antheridia). Unfortunately, during the scuba diving 
surveys in July and August 2014, only small fl attened 
plates (holdfast, rhizoid), and caespitose stipes (central 
axis, caulioid) of S. vulgare were present, while erect 
branches and phylloclades (blades) were missing.

RESULTS AND DISCUSSION

In front of the Marine Biology Station in Piran (MBS 
in Fig. 1) thalli of S. vulgare were found growing among 
thalli of Cystoseira compressa (Esper) Gerloff & Niza-
muddin (Fig. 2), in an area approximately 100 m × 5 
m, in a depth range from 1.2 to 2.5 m. The alga was 
growing on sandstone boulders approx. half a meter 
wide and half a meter tall. Other abundant algal species 

were Padina pavonica (Linnaeus) Thivy and Dictyota di-
chotoma (Hudson) J. V. Lamouroux.

Specimens of S. vulgare were characterized by a high 
density of all parts of the thallus (secondary branches, 
phylloclades, and bladders (aerocysts)) (Fig. 3). None 
presented reproduction branches with conceptacles. The 
thalli were on average 20 cm in height. Two or three sti-
pes were found growing from the holdfast of each thalli, 
the central of them having around 3 primary branches at 
the tip. Those branches had around 15 short secondary 
branches, with many phylloclades. Longer phylloclades 
(3-4 cm) were found in lower parts of primary branches, 
while shorter phylloclades (1-2 cm) were in the upper 
parts of thalli. Their edges were frequently wave-like. 
Aerocysts were numerous, egg-shaped and often had 
fl attened elongation on the top.

According to Špan (2005), the most intensive de-
velopment of annual thallus parts (branches and plyllo-
clades) of S. vulgare takes place in winter and spring, so 
branches reach their maximum lengths approximately 
at the end of May. This means that thalli collected in 
Slovenian waters probably had reached their maximum 
development and height. In the central-southern Adriat-
ic Sea, conceptacles of S. vulgare are known to be fully 
ripe in June and July (Špan, 2005). Since our samples 
from June 2014 did not present reproduction branches, 
we were planning to search for them in July and Au-
gust 2014. Unfortunately, in both months large schools 
of Sarpa salpa (Linnaeus, 1758) were observed feeding 
on the vegetation cover in the sampled area and thalli 
of S. vulgare (and also C. compressa) were almost com-
pletely eaten. Usually in July thalli of C. compressa are 
still densely ramifi ed, while the fall of older branches 
occurs at the end of summer/beginning of autumn (Fal-

Fig. 2: Thalli of S. vulgare growing among thalli of Cys-
toseira compressa, in a depth range from 1.2 to 2.5 m.
Sl. 2: Steljke vrste S. vulgare, ki rastejo med steljkami 
vrste Cystoseira compressa, v globinskem razponu 1,2–
2,5 m

Fig. 3: Thalli of S. vulgare were characterized by a high 
density of secondary branches, phylloclades, and aero-
cysts.
Sl. 3: Steljke vrste S. vulgare z visoko gostoto sekundar-
nih vej, fi loidov in plavalnih mehurjev (aerocist )
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ace et al., 2005). The sparid S. salpa is well known for 
its herbivorous diet (Verlaque, 1990; Havelange et al., 
1997; Tomec et al., 2000; Vergés et al., 2009; Steele et 
al., 2014). Moreover, Azzurro et al. (2007) analyzed gut 
contents of some herbivorous fi sh and reported that 27 
taxa of benthic algae were identifi ed in the stomach of 
S. salpa, with a predominance of S. vulgare.

Along the eastern Adriatic coast, S. vulgare was re-
corded from Strunjan (Avčin et al., 1973) to the Molunat 
Peninsula and to the outermost Adriatic islands (Špan, 
2005). However, no data is available about the densi-
ty of populations reported. After the overgrazing by P. 
lividus in the seventies, infralittoral vegetation in Slove-
nian coastal waters recovered and nowadays is rather 
homogenously classifi ed into two Cystoseiretum crinitae 
subassociations: Halopithetosum incurvae and Cysto-
seiretosum compressae, and into Cystoseiretum barba-
tae association (Orlando-Bonaca et al., 2008b). Com-
munities dominated by late-successional species of the 
genera Cystoseira are indicative of a quite pristine state, 
especially along the coastline from Bele Skale (near Izo-
la, see Figure 1) to Piran, where the Ecological Status 
according to macroalgae was assessed as “high” (Orlan-
do-Bonaca et al., 2008b). This coastal belt was previously 
defi ned as very important from the nature-conservation 
point of view (Turk, 1999), since it comprises also two 
MPAs (Cape Madona Nature Monument, Strunjan Na-
ture Reserve) and some non-protected areas (like Fiesa 
and Pacug) with an exceptional richness of habitat types 
and fi sh assemblages (Orlando-Bonaca & Lipej, 2005; 

Orlando-Bonaca et al., 2008a). Therefore, at least along 
this part of the Slovenian coastal belt where Cystoseira 
species recovered very well, reasons for the non-recov-
ery of Sargassum species in last decades remain quite 
unclear. Thibaut el al. (2005) reported the total collapse 
of the genus Sargassum, accompanied by a decline in 
the number of Cystoseira species off the north-western 
Mediterranean coast of France. Among causes leading 
to this decline they listed chemical pollution from ag-
riculture, increased water turbidity, overgrazing by sea 
urchins and S. salpa, and habitat destruction (Thibaut el 
al., 2005). Those factors probably also played an import-
ant role in the non-recovery of the genus Sargassum in 
Slovenian coastal waters but, in our judgment, the dis-
appearance of S. vulgare thalli in the early summer 2014 
can be attributed primarily to overgrazing by schools of 
S. salpa. We assume that this fi sh consumed S. vulgare 
thalli before the start of fructifi cation. However, since 
the vegetative period of this species extends year-round 
(Špan, 2005), further scuba surveys are planned in order 
to fi nd and collect new thalli of this species. We intend 
to continue the study of S. vulgare morphology, its repro-
ductive cycle and ecology in Slovenian coastal waters 
and possibly to clarify the causes that are leading to the 
non-recovery of Sargassum species.
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POVZETEK

Trajnice iz rodu Sargassum veljajo za indikatorske vrste visoke kakovosti okolja in se zato uporabljajo pri oceni 
ekološkega stanja sredozemskih obalnih voda v skladu z evropsko Okvirno vodno direktivo (WFD, 2000/60/ES). 
V zadnjih treh desetletjih so raziskovalci večkrat poročali o pomembnem upadu populacij teh vrst tako v Tržaškem 
zalivu kot tudi v drugih jadranskih in sredozemskih območjih. V slovenskih obalnih vodah prisotnost vrst iz rodu Sar-
gassum ni bila več potrjena po letu 1980, po hudemu padcu zaradi prekomerne paše morskega ježka Paracentrotus 
lividus. V Piranskem zalivu so bile nedavno najdene steljke navadne sargaške alge (S. vulgare), ki so rasle med stelj-
kami cistozir (Cystoseira compressa), v globinskem razponu med 1,2 in 2,0 m. Žal so bile na raziskanem območju v 
poletnih mesecih opažene salpe (Sarpa salpa) med pašo, ki so skoraj v celoti pojedle vse steljke omenjenih trajnic. 
Članek obravnava ponovno najdbo vrste S. vulgare kakor tudi možne vzroke, ki so privedli do neokrevanja njenih 
populacij v zadnjih desetletjih v slovenskih obalnih vodah.

Ključne besede: Sargassum vulgare, novi podatki, neokrevanje populacij, Tržaški zaliv, Sredozemsko morje

REFERENCES

Antolić, B., A. Špan, A. Žuljević, V. Nikolić, I. Grube-
lić, M. Despalatović & I. Cvitković (2010): A checklist 
of the benthic macroalgae from the eastern Adriatic co-
ast: II. Heterokontophyta: Phaeophyceae. Acta Adriat., 
51, 9-33.

Avčin, A., I. Keržan, L. Kubik, N. Meith-Avčin, J. 
Štirn, P. Tušnik, T. Valentinčič, B. Vrišer & A. Vukovič 
(1973): Akvatični ekosistemi v Strunjanskem zalivu I: 
preliminarno poročilo. V: Akvatični sistemi v Strunjan-
skem zalivu I: skupno delo. Prispevki k znanosti o mor-
ju. Inštitut za biologijo univerze v Ljubljani, Morska bi-
ološka postaja Portorož, 5, str. 168-216.

Azzurro, E., E. Fanelli, E. Mostarda, M. Catra & F. 
Andaloro (2007): Resource partitioning among early 
colonizing Siganus luridus and native herbivorous fi sh 
in the Mediterranean: an integrated study based on 
gut-content analysis and stable isotope signatures. J. 
Mar. Biol. Assoc. U.K., 87, 991-998.

Ballesteros, E., E. Sala, J. Garrabou & M. Zabala 
(1998): Community structure and frond size distribution 
of a deep water stand of Cystoseira spinosa (Phaeophyta) 
in the North- western Mediterranean. Eur. J. Phycol., 33, 
121-128.

Ballesteros, E., X. Torras, S. Pinedo, M. García, L. 
Mangialajo & M. de Torres (2007): A new methodology 
based on littoral community cartography dominated by 
macroalgae for the implementation of the European Wa-
ter Framework Directive. Mar. Pollut. Bull., 55, 172-180.

Curiel, D., C. Miotti & M. Marzocchi (2008): Di-
stribuzione quali-quantitativa delle macroalghe dei moli 
foranei della Laguna di Venezia. Boll. Mus. Civ. Stor. 
Nat. Venezia, 59, 3-18.

European Commission (EC) (2000): Directive 2000/60/
EC of the European Parliament and of the Council of 23 
October 2000 establishing a framework for Community 
actions in the fi eld of water policy. Offi cial Journal of the 
European Communities, 22.12.2000, L327, p. 1-73.

European Parliament Council (EPC) (2008): Direc-
tive 2008/56/EC of the European Parliament and of the 
Council of 17 June 2008 Establishing a framework for 
community action in the fi eld of marine environmental 
policy (Marine Strategy Framework Directive).

Falace, A., E. Zanelli & G. Bressan (2005): Morpho-
logical and reproductive phenology of Cystoseira com-
pressa (Esper) Gerloff & Nizamuddin (Fucales, Fucophy-
ceae) in the Gulf of Trieste (North Adriatic Sea). Annales, 
Ser. Hist. Nat., 15 (1), 1-8.

Falace, A., G. Alongi, M. Cormaci, G. Furnari, D. 
Curiel, E. Cecere & A. Petrocelli (2010): Changes in the 
benthic algae along the Adriatic Sea in the last three de-
cades. Chem. Ecol., 26 (suppl.), 77-90.

Francé, J. & P. Mozetič (2006): Ecological charac-
terization of toxic phytoplankton species (Dinophysis 
spp., Dinophyceae) in Slovenian mariculture areas (Gulf 
of Trieste, Adriatic Sea) and the implications for monito-
ring. Mar. Pollut. Bull., 52, 1504-1516.

Grego, M., M. De Troch, J. Forte & A. Malej (2009): 
Main meiofauna taxa as an indicator for assessing the 



114

ANNALES · Ser. hist. nat. · 24 · 2014 · 2 

Martina ORLANDO-BONACA & Borut MAVRIČ: RECURRENCE OF SARGASSUM VULGARE C. AGARDH IN SLOVENIAN ..., 109–114

spatial and seasonal impact of fi sh farming. Mar. Pollut. 
Bull., 58, 1178-1186.

Havelange, S., G. Lepoint, P. Dauby & J.-M. Bouque-
gneau (1997): Feeding of the Sparid Fish Sarpa salpa in 
a Seagrass Ecosystem: Diet and Carbon Flux. Mar. Ecol., 
18, 289-297.

Lipej, L., Ž. Dobrajc, J. Forte, B. Mavrič, M. Orlan-
do-Bonaca & M. Šiško (2007): Kartiranje habitatnih tipov 
in popis vrst na morskih zavarovanih območjih NS Debe-
li rtič, NR Strunjan in NS Rt Madona. Zaključno poročilo. 
Morska biološka postaja, NIB, Piran, št. 92, 56 str.

Lipej, L., Ž. Dobrajc, J. Forte, B. Mavrič, M. Orlan-
do-Bonaca & M. Šiško (2008): Kartiranje habitatnih ti-
pov in popis vrst izven zavarovanih območij. 2. fazno 
zaključno poročilo. Morska biološka postaja, NIB, Pi-
ran, 10 str.

Matjašič, J., J. Štirn, A. Avčin, L. Kubik, T. Valen-
tinčič, F. Velkovrh & A. Vukovič (1975): Flora in favna 
severnega Jadrana, prispevek 1. Razprave SAZU, IV. 
razred, 75 str.

Mozetič, P., V. Malačič & V. Turk (2008): A case study 
of sewage discharge in the shallow coastal area of the 
Adriatic Sea (Gulf of Trieste). Mar. Ecol., 29, 483-494.

Orfanidis, S., P. Panayotidis & N. Stamatis (2001): 
Ecological evaluation of transitional and coastal waters: 
A marine benthic macrophytes-based model. Medit. 
Mar. Sci., 2, 45-65.

Orfanidis, S., P. Panayotidis & K. I. Ugland (2011): 
Ecological Evaluation Index continuous formula (EEI-c) 
application: a step forward for functional groups, the 
formula and reference condition values. Medit. Mar. 
Sci., 12, 199-231.

Orlando-Bonaca, M. & L. Lipej (2005): Factors af-
fecting habitat occupancy of fi sh assemblage in the Gulf 
of Trieste (Northern Adriatic Sea). Mar. Ecol., 26, 42-53.

Orlando-Bonaca, M. & L. Lipej (2009): Benthic 
macroalgae as bioindicators of the ecological status in 
the Gulf of Trieste. Varstvo narave, 22, 63-72.

Orlando-Bonaca, M., R. Turk, B. Ozebek & L. Lipej 
(2008a): Ovrednotenje asociacij s cistoziro v naravnem 
rezervatu Strunjan z uporabo ribje favne kot indikator-
ske skupine. Varstvo narave, 21, 61-72.

Orlando-Bonaca, M., L. Lipej & S. Orfanidis (2008b): 
Benthic macrophytes as a tool for delineating, monitor-
ing and assessing ecological status: the case of Slove-
nian coastal waters. Mar. Pollut. Bull., 56, 666-676.

Orlando-Bonaca, M., L. Lipej, A. Malej, J. Francé, B. 
Čermelj, O. Bajt, N. Kovač, B. Mavrič, V. Turk, P. Moze-
tič, A. Ramšak, T. Kogovšek, M. Šiško, V. Flander Putrle, 
M. Grego, T. Tinta, B. Petelin, M. Vodopivec, M. Jero-
mel, U. Martinčič & V. Malačič (2012a): Začetna preso-
ja stanja slovenskega morja. Poročilo za člen 8 Okvirne 
direktive o morski strategiji. Zaključno poročilo za leto 
2012. Poročila MBP, št. 140. Morska biološka postaja, 
Nacionalni Inštitut za Biologijo, Piran, 345 str.

Orlando-Bonaca, M., L. Lipej, A. Malej, J. Francé, 
B. Čermelj, O. Bajt, N. Kovač, B. Mavrič, V. Turk, P. 

Mozetič, A. Ramšak, T. Kogovšek, M. Šiško, V. Flander 
Putrle, M. Grego, T. Tinta, B. Petelin, M. Vodopivec, M. 
Jeromel, U. Martinčič & V. Malačič (2012b): Določanje 
dobrega okoljskega stanja. Poročilo za člen 9 Okvirne 
direktive o morski strategiji. Zaključno poročilo za leto 
2012. Poročila MBP, št. 141. Morska biološka postaja, 
Nacionalni Inštitut za Biologijo, Piran, 177 str. 

Pitacco, V., M. Orlando-Bonaca, B. Mavrič, A. Popo-
vič & L. Lipej (2014): Mollusc fauna associated with 
the Cystoseira algal associations in the Gulf of Trieste 
(Northern Adriatic Sea). Medit. Mar. Sci., 15, 225-238.

Ribera, M. A., A. Gómez-Garreta, T. Gallardo, M. 
Cormaci, G. Furnari, & G. Giaccone (1992): Check-list 
of Mediterranean Seaweeds. I. Fucophyceae. Bot. Mar., 
35, 109-130.

Steele, L., K. M. Darnell, J. Cebrián & J. L. Sanchez-
-Lizaso (2014): Sarpa salpa herbivory on shallow rea-
ches of Posidonia oceanica beds. Anim. Biodiversity 
Conserv., 37, 49-57.

Špan, A. (2005): The genus Sargassum in the Adriatic 
Sea: Morphology, systematics, and ecology. Acta Adri-
at., 46 (suppl. 1), 9-80.

Thibaut, T., S. Pinedo, X. Torras & E. Ballesteros 
(2005): Long-term decline of the populations of Fucales 
(Cystoseira spp. and Sargassum spp.) in the Alberes co-
ast (France, North-western Mediterranean). Mar. Pollut. 
Bull., 50, 1472-1489.

Tomec, M., N. Glavić, Z. Teskeredžić & B. Skaramu-
ca (2000): Feeding and nutritional values of the sparid 
fi sh Sarpa salpa L. in the southern Adriatic (Croatia). Pe-
riod. Biol., 102, 309-312.

Turk, R. (1999): Ocena ranljivosti slovenskega ob-
režnega pasu in njegova kategorizacija z vidika (ne)do-
pustnih posegov, dejavnosti in rabe. Annales, Ser. Hist. 
Nat., 9 (1), 37-50.

Turk, R. & A. Vukovič (1994): Preliminarna inventa-
rizacija in topografi ja fl ore in favne morskega dela Na-
ravnega rezervata Strunjan. Annales, Ser. Hist. Nat., 4, 
101-112.

UNEP (2014): Annex II (List of endangered or threa-
tened marine species in the Mediterranean) of the Barce-
lona Protocol concerning Specially Protected Areas and 
Biological Diversity (Decision IG.21/6). 

Vergés, A., T. Alcoverro & E. Ballesteros (2009): Role 
of fi sh herbivory in structuring the vertical distribution of 
canopy algae Cystoseira spp. in the Mediterranean Sea. 
Mar. Ecol. Prog. Ser., 375, 1-11.

Verlaque, M. (1990): Relations entre Sarpa salpa 
(Linnaeus, 1758) (Téléostéen, Sparide), les autres pois-
sons brouteurs et le phytobentos algal méditerranéen. 
Oceanol. Acta, 13, 373-388.

Vukovič, A. (1980): Asociacije morskih bentoških 
alg v Piranskem zalivu. Biol. vestn., 28, 103-124.

Vukovič, A. (1982): Florofavnistične spremembe in-
fralitorala po populacijski eksploziji Paracentrotus livi-
dus (L.). Acta Adriat., 23, 237-241.


