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the flora and vegetation of three small islets with surface areas from 1.04 to 3.31 hectares, lying 
between the mainland and the Pelješac peninsula in south Croatia, were investigated in 2014 and 2015. 
the floristic data have been used to analyze life-form and chorological spectra and to assess species-
area relationship, the occurrence of islet specialists and to assess the risk of alien plants invasion. al-
together, 126 vascular plant taxa (species and infraspecific units) were recorded on all the islets com-
bined. the richest islet is Gospin Škoj with 72 taxa, followed by srednjak (68) and Goljak (48). a total 
of five plant associations, one subassociation and two stands within five vegetation classes have been 
identified on the islets. Benthic cormophyte communities in the eulittoral and infralittoral zones are 
represented by Posidonietum oceanicae, Cymodocetum nodosae and Nanozosteretum noltii. the halophytic 
vegetation of the coastal rocks belongs to the proposed new subassociation Limonietum anfracti heli-
chrysetosum italici. shrubland vegetation was composed of the Myrto communis-Pistacietum lentisci and 
Oleo sylvestris-Pistacietum lentisci associations, macchia with Erica arborea and the Olea sylvestris-Narcissus 
tazetta community. Clear signs of the degradation of the macchia, due to the high anthropogenic influ-
ence, particularly the presence of european rabbit populations have been observed.
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Flora i vegetacija tri mala otočića površine od 1,04 do 3,31 hektara, smještenih između kopna i po-
luotoka Pelješca u južnoj hrvatskoj, istraživani su 2014. i 2105. analizirani su spektri životnih oblika i 
koroloških elemenata, diskutiran je odnos broja svojta i površine otočića, prisutnost biljaka svojstvenih 
samo za otočiće te opasnost od unosa i širenja alohtonih biljaka. Na sva tri otočića ukupno je utvrđeno 
126 svojta (vrsta i nižih taksonomskih kategorija) vaskularnih biljaka. Floristički je najbogatiji Gospin 
Škoj (72 svojte), zatim srednjak (68) i Goljak (48). utvrđeno je ukupno pet biljnih asocijacija, jedna su-
basocijacija i dvije sastojine unutar pet vegetacijskih razreda. morske pridnene kormofitske asocijacije 
u eulitoralu i infralitoralu su Posidonietum oceanicae, Cymodocetum nodosae i Nanozosteretum noltii. halo-
fitska vegetacija niskih obalnih stijena pripada novopredloženoj subasocijaciji Limonietum anfracti heli-
chrysetosum italici. Vegetaciju makije čine asocijacije Myrto communis-Pistacietum lentisci i Oleo sylvestris-
Pistacietum lentisci, makija s vrstom Erica arborea te sastojine Olea sylvestris-Narcissus tazetta. Zbog zna-
čajnog antropogenog utjecaja, poglavito uslijed unesenog patuljastog kunića, utvrđena je značajna 
degradacija vegetacije makije.

Ključne riječi: otočići, vaskularne biljke, raznolikost, fitocenologija, nova subasocijacija, istočni 
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INtrODuCtION
the circum-mediterranean countries contain almost one tenth of the world’s vascular 

flora and are therefore one of the major centres of botanical diversity of the globe (Greu-
ter, 1994). Within the mediterranean region, islands are recognized as ‘hot spots’ of bio-
diversity (médail & Quézel, 1997). these centres of diversity occur where geological and 
climatic histories have played crucial roles in shaping plant diversity, and one of three 
major poles of diversity is the mountain and island region of the Balkans and the aegean. 
In the mediterranean there are about 5,000 islands, varying in size from a few metres 
square to the size of sicily, with all degrees of complexity, diversity, age, geological struc-
ture, etc. they are closed systems and can be considered as natural laboratories in which 
to study the processes of island colonisation and species turnover. additionally, islet 
ecosystems are known to be extremely vulnerable, and half of the documented extinc-
tions of the mediterranean island endemics concern small islets (Greuter, 1995).

For these reasons, awareness of the importance of exploring and safeguarding the 
floristic diversity of the mediterranean islands has increased dramatically in the last two 
decades in the adriatic Basin (Bogdanović & mitić, 2003; Nikolić et al., 2008, 2015; Jas-
prica & ruščić, 2013; milović et al., 2013, and references therein) and throughout the 
mediterranean (cf. Bocchieri, 1992; Greuter, 2001; Biel, 2002; arrigoni et al., 2003; troia 
et al., 2012; Carta et al., 2013; etc.).

Besides the Greek coast that of the eastern adriatic is, one of the most diverse in the 
mediterranean region. the Croatian archipelago consists of 1,151 islands, islets and reefs 
and, depending on the tides, 80 additional reefs periodically appearing above sea level. 
Generally, the Dalmatian coast could be defined as a hot spot, but the data are incomplete 
(médail & Quézel, 1997). Nikolić et al. (2008), using the species-area relationship (sar) 
analysis for 106 adriatic islands, estimated that 1,807 plant taxa grow on the Croatian 
islands. however, the total number of species on these islands is still unknown, and there 
naturally remain islands and islets that have not yet been floristically and ecologically 
investigated. among these are the three small islets enclosed by the mainland and the 
Pelješac peninsula in south Croatia that are the subject of this study (Fig. 1).

the present paper offers a contribution to the knowledge of the insular vascular 
flora, a description of the vegetation units, and phytogeographical comments. In addi-
tion, the floristic data have been used to analyze life-form and chorological spectra and 
to assess species-area relationship, the occurrence of islet specialists and to assess the 
risk of alien plant invasion.

the stuDy area
the three small islets Gospin Škoj (GŠ; surface area 1.57 ha; perimeter 527 m; max. 

altitude 15 m a.s.l.), srednjak (s; 1.04 ha; 374 m; 8 m a.s.l.) and Goljak (GO; 3.31 ha; 686 
m; 8 m a.s.l.) belong to a group of 13 islands and islets located along the northern side 
of the Pelješac peninsula in the vicinity of the village of sreser, within the special marine 
reserve of mali ston Bay and malo more in south Croatia (Fig. 1). the coasts of the three 
islets are low and rocky. Because they are so low, they are sometimes washed over by 
the sea. sea depths around the islets are 2-13 m. the lithology is the same for all and 
consists of the same type of highly permeable Cretaceous limestones as the Pelješac 
peninsula. mediterranean limestone soils, i.e. mediterranean Brown soils (s, GO) and 
terra rossa (GŠ), are developed on this geological substrate (Bašić, 2013).
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the islets are not inhabited. In the summer months the islet of GŠ is a goal for tourists 
on day trips. Goats were occasionally reared on the GŠ islet in different periods after the 
second World War, but for the last five years there have been none on the islet. Consid-
erable populations of european rabbits are found on all the islets (long, 2003) where 
they were introduced ca 40 years ago. the local authority has stated its intention to 
declare all three islets as being particularly valuable natural landscapes (aPO, 2014).

the average annual air temperature is 15.6°C and precipitation averages 1085.3 mm 
yr-1 (data from the nearby town of Ploče station for 1984-2013, Croatian meteorological 
and hydrological service). the highest daily average temperature is 25.4°C in July, and 
the lowest falls below 6.9°C in January. the absolute minimum temperature (-8.9°C) was 
recorded on January 13, 1985, and the absolute maximum (38.8°C) on July 24, 2007. the 
greatest rainfall is in November (average 158.9 mm) and December (average 143.3 mm). 
In the period from June to august the total rainfall is 123.0 mm. Northern winds prevail 
throughout the year. the sum of the per mille frequencies of each of these directions is 
for: N – 56.1, NNe – 149.5 and Ne – 97.8. the highest winds speed is in march (average 
2.4 m s-1). this area has 2676.7 hours of sunshine per year. On average the relative air 
humidity is 68% (data for Opuzen station for 1970-1990, cf. Jasprica et al., 2005).

Phytoclimatic indices were calculated according to rivas-martínez et al. (1999, 2004): 
annual positive temperature (tp) is 1,877; continentality index (Ic) is 18.5; thermicity 
index (It) is 300; ombrothermic index (Io) is 5.78. On the basis of these indices, Ploče 
station can be classified in the mediterranean pluviseasonal-oceanic bioclimatic region, 
lower meso-mediterranean phytoclimatic belt, upper subhumid ombrotype.

since they are part of the Pelješac peninsula, they belong among the Important Plant 
areas (IPas) in Croatia (Jasprica & Kovačić, 2010). In addition, they are located within 
the Natura 2000 network of protected sites in Croatia (site code hr4000015, the mali 

Fig. 1. Geographical position of the study area in south Croatia, eastern adriatic.
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ston Bay) due to the presence of large shallow inlets and bays (habitat type code 1160) 
and reefs (code 1170) (Jasprica, 2011).

Phytogeographically, the islets belong to the steno-mediterranean vegetation zone of 
the Oleo sylvestris-Ceratonion siliquae alliance (Jasprica & Kovačić, 2011).

materIal aND methODs

Flora
the study was carried out in 2014 and 2015 in different seasons (early and late spring, 

early summer and autumn). Whenever possible, a specimen of each taxa encountered 
in the flowering state was collected and pressed. herbarium specimens are deposited 
in the herbarium collection of the laboratory for terrestrial Flora and Fauna of the 
university of Dubrovnik. Collections were made only if ten or more individuals were 
present in a plant population. the GPs (Global Positioning system) locations are inclu-
ded and expressed in Gauss-Krüger coordinates. Data on the surface area and perimeter 
of the islands were obtained from the Croatian Programme for the protection and use 
of small inhabited and uninhabited islands and the surrounding sea (anonymous, 2007). 
the highest altitudes were determined using topographic maps to the scale 1:25000 
(tK25, tOPO hr). Floristic surveys were conducted using the standard method descri-
bed by Nikolić et al. (1998) and Nikolić (2006). Biological form was verified in the field 
and denoted according to categories reported in Pignatti (1982), these being based on 
the classification of raunkiaer (1934). regarding chorological forms, reference was made 
to Jasprica & Kovačić (1997), as well as to the monographs used for taxonomic nomen-
clature.

taxa were determined using the standard determination keys, books and guides: 
Bonnier (1911–1935), Fiori (1923–1929), hayek (1924–1933), hegi (1936–1987), tutin et 
al. (1968–1980, 1993), horvatić & trinajstić (1967–1981), trinajstić (1975–1986), Javor-
ka & Csapody (1975), Pignatti (1982), Domac (1994), Delfroge (1995, 2006), etc. the 
nomenclature of plant taxa follows the Flora Croatica Database (Nikolić, 2015). the taxa 
in the list are given in alphabetical order of genera and species. taxa listed in the red 
Book of Vascular Flora of Croatia (Nikolić & topić, 2005; Nikolić, 2015) are marked with 
their corresponding IuCN status (IuCN, 2014). taxa considered to be endemic are de-
noted according to Nikolić et al. (2015). In addition, strictly protected taxa (sP) as defined 
by Croatian law are also denoted (anonymous, 2013a,b). Invasive plant taxa (Ias) have 
been defined according to Nikolić et al. (2014).

In order to obtain a better interpretation of the floristic similarity among the islets, 
unweighted average indicator values were used (Pignatti, 2005) calculated in JuICe 7.0. 
average indicator values were presented with Box-Whiskers diagrams made in statIs-
tICa 7.1 (statsOFt inc., 2005).

Vegetation
Phytosociological analysis allowed the detection of some associations, understanding 

of their ecological characteristics and definition of their syntaxonomic positions. the 
studied vegetation is referred to two major groups: macchia and halophilous vegetation. 
Vegetation was studied in accordance with the principles of the Braun-Blanquet appro-
ach (Braun-Blanquet, 1964), adopting the International Code of Phytosociological No-
menclature (Weber et al., 2000; see also Dengler et al., 2008). altogether, 18 phytocoeno-
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logical relevés were collected on the islets. the plot size used to sample vegetation was 
established so as to represent full floristic composition, depending on plant density and 
homogeneity of vegetation cover. Geographical coordinates, elevation above sea level, 
aspect and slope inclination were noted for each relevé. the relevés were separated into 
associations/stands on the basis of the diagnostic and/or dominant species in line with 
the traditional syntaxonomic system of the communities. Place and date of relevés are 
listed in appendix 1.

the system of characterizing species was derived from Ilijanić & hećimović (1982), 
hećimović (1984), horvat et al. (1974), Jasprica et al. (2014a, 2015, and references there-
in), and also partly from Brullo et al. (2008) and Vukelić (2012). For the arrangement of 
the plant associations in the upper hierarchic levels (see the syntaxonomic listing) the 
scheme proposed by Biondi et al. (2014) for Italy was mainly followed.

results

Flora
One hundred and twenty six vascular plant taxa (species and infraspecific units) were 

recorded on all three islets combined (tab. 1). the plant-richest islet is GŠ with 72 taxa, 
followed by s (68) and GO (48). Only 14 taxa were common to all islets: Allium commu-
tatum, A. subhirsutum, Anagallis arvensis, Arisarum vulgare, Asparagus acutifolius, Centau-
rium erythraea, Clematis flammula, Limonium dictyophorum, Myrtus communis, Olea europa-
ea var. sylvestris, Pistacia lentiscus, Romulea bulbocodium, Sonchus tenerrimus and Valantia 
muralis. three taxa can be considered as endemic: Carduus micropterus ssp. micropterus, 
Limonium dictyophorum and Vincetoxicum hirundinaria ssp. adriaticum.

altogether, 60 families and 108 genera were noted. among them, the most represen-
ted families were: Poaceae (9), Fabaceae (8), Cichoriaceae (7), Caryophyllaceae (6), Asteraceae 
(5), and Amaryllidaceae and Ranunculaceae (4 in each family) (tab. 1).

Tab. 1.  list of taxa on the three islets (lF – life form, Fe – floral element, IuCN – IuCN 
status, sPt – strictly protected taxa, Ias – Invasive plant taxa, GŠ – Gospin Škoj, s – srednjak, 
GO – Goljak).

taxa lF* Fe* Family IuCN sPt endem Ias GŠ s GO

Aetheorhiza bulbosa (l.) Cass. G CIme Cichoriaceae ●

Allium commutatum Guss. G CIme Amaryllidaceae ● ● ●
Allium guttatum steven ssp. 
dalmaticum (a. Kern. ex Janch.) stearn G IlBe Amaryllidaceae ●

Allium subhirsutum L. G CIme Amaryllidaceae ● ● ●

Anagallis arvensis L. t WIsP Primulaceae ● ● ●
Anchusella cretica (mill.) Bigazzi, e. 
Nardi et salvi t CIme Boraginaceae ●

Anemone hortensis L. G CIme Ranunculaceae ●

Arabis hirsuta (l.) scop. h WIsP Brassicaceae ●

Arenaria leptoclados (reichenb.) Guss. t euas Caryophyllaceae ●

Arisarum vulgare O. targ. tozz. G CIme Araceae ● ● ●

Aristolochia clematitis L. G sePO Aristolochiaceae ●
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Arum italicum mill. G meat Araceae ● ●

Asparagus acutifolius L. G CIme Asparagaceae ● ● ●

Asplenium ceterach L. h seme Aspleniaceae ●
Atriplex prostrata Boucher ex DC. in 
lam. et DC. t WIsP Chenopodiaceae ●

Beta vulgaris l. ssp. maritima (l.) 
Arcang. h meat Chenopodiaceae ●

Blackstonia perfoliata (l.) huds. ssp. 
perfoliata t meat Gentianaceae ● ●

Brachypodium distachyon (l.) P.Beauv. t CIme Poaceae ●

Brachypodium retusum (Pers.) P. Beauv. h CIme Poaceae ●

Bromus madritensis L. t meat Poaceae ●

Calamintha nepetoides Jord. h sePO Lamiaceae ●

Cardamine hirsuta L. t WIsP Brassicaceae ●
Carduus micropterus (Borbás) teyber 
ssp. micropterus h Ilae Asteraceae ● ● ●

Carex extensa Gooden. h meat Cyperaceae eN ● ●

Carex hallerana Asso h seme Cyperaceae ● ●

Carlina corymbosa L. h CIme Asteraceae ● ●

Centaurium erythraea rafn h WIsP Gentianaceae ● ● ●

Centaurium pulchellum (sw.) Druce t euas Gentianaceae ●

Clematis flammula L. P CIme Ranunculaceae ● ● ●

Clematis vitalba L. P eurO Ranunculaceae ●
Convolvulus althaeoides l. ssp. 
tenuissimus (sibth. et sm.) stace h eame Convolvulaceae ●

Convolvulus cantabrica L. h seme Convolvulaceae ●

Conyza canadensis (l.) Cronquist t CuaD Asteraceae ● ●

Crepis sancta (l.) Babc. t eame Cichoriaceae ●

Crithmum maritimum L. Ch meat Apiaceae ● ●

Cymodocea nodosa (ucria) asch. hy meat Cymodoceaceae DD ●

Cynodon dactylon (l.) Pers. G WIsP Poaceae ● ●
Dactylis glomerata l. ssp. hispanica 
(roth) Nyman h CIme Poaceae ●

Daucus carota L. h euas Apiaceae ●

Desmazeria marina (l.) Druce t meat Poaceae Vu ● ● ●

Desmazeria rigida (l.) tutin t meat Poaceae ●

Dittrichia viscosa (l.) Greuter h CIme Asteraceae ● ●

Dorycnium germanicum (Gremli) rikli h seme Fabaceae ●
Ephedra fragilis Desf. ssp. campylo-
poda (C.a. mayer) asch. et Graeb. P eame Ephedraceae Nt ● ●

Erica arborea L. P CIme Ericaceae ● ●

Euphorbia peplus L. t WIsP Euphorbiaceae ●

Ficus carica L. P CIme Moraceae ● ●

Fumaria capreolata L. t meat Fumariaceae ● ●

Galium aparine L. t WIsP Rubiaceae ●
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Galium murale (l.) all. t CIme Rubiaceae ●

Geranium molle L. t WIsP Geraniaceae ●

Geranium purpureum Vill. t seme Geraniaceae ●

Geranium robertianum L. t WIsP Geraniaceae ●

Gladiolus illyricus W.D.J.Koch G seme Iridaceae ●

Hedera helix L. P eurO Araliaceae ●

Helichrysum italicum (roth) G. Don Ch CIme Asteraceae ● ●

Hypericum perforatum L. h WIsP Clusiaceae ● ●

Juncus acutus L. h meat Juncaceae ●

Juncus bufonius L. t WIsP Juncaceae ●

Juncus maritimus lam. G WIsP Juncaceae ●

Lactuca serriola L. h WIsP Cichoriaceae ●

Laurus nobilis L. P CIme Lauraceae ●
Limonium dictyophorum (tausch) 
Degen h Ilae Plumbaginaceae Nt ● ● ● ● ●

Limonium narbonense mill. h CIme Plumbaginaceae ●

Linaria pelisseriana (l.) mill. t meat Scrophulariaceae ● ●

Lonicera implexa Aiton P CIme Caprifoliaceae ●
Lotus corniculatus l. ssp. hirsutus 
rothm. h seme Fabaceae ● ●

Lotus cytisoides L. Ch CIme Fabaceae ● ●

Malva sylvestris L. h WIsP Malvaceae ●

Melica ciliata L. h euas Poaceae ●

Melilotus officinalis (l.) lam. h euas Fabaceae ●

Mercurialis annua L. t WIsP Euphorbiaceae ●

Muscari comosum (l.) mill. G seme Asparagaceae ●

Myosotis arvensis (l.) hill t euas Boraginaceae ●

Myosotis ramosissima rochel t euas Boraginaceae ●

Myrtus communis L. P CIme Myrtaceae ● ● ●

Narcissus tazetta L. G CIme Amaryllidaceae Nt ● ● ●

Olea europaea L. P CuaD Oleaceae ●

Olea europaea l. var. sylvestris Brot. P CIme Oleaceae ● ● ●

Opopanax chironium (l.) Koch h CIme Apiaceae ●

Opuntia vulgaris miller Ch CuaD Cactaceae ●

Orobanche minor sm. t seme Orobanchaceae ●

Paliurus spina-christi mill. P Ilse Rhamnaceae ●

Parietaria judaica L. h seme Urticaceae ●

Petrorhagia saxifraga (l.) link h seme Caryophyllaceae ●

Phillyrea latifolia L. P CIme Oleaceae ● ●

Pinus halepensis mill. P CIme Pinaceae ● ●

Pistacia lentiscus L. P CIme Anacardiaceae ● ● ●

Pistacia terebinthus L. P CIme Anacardiaceae ● ●

Pittosporum tobira (thunb.) aiton f. P CuaD Pittosporaceae ●
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Plumbago europaea L. Ch CIme Plumbaginaceae ●

Polycarpon tetraphyllum (l.) l. t seme Caryophyllaceae ●

Posidonia oceanica (l.) Delile hy CIme Zosteraceae DD ● ●

Punica granatum L. P CIme Punicaceae ●

Quercus ilex L. P CIme Fagaceae ●

Ranunculus peltatus schrank hy eurO Ranunculaceae ●

Reichardia picroides (l.) roth h CIme Cichoriaceae ● ●
Romulea bulbocodium (l.) sebast. et 
mauri G CIme Iridaceae ● ● ●

Rosa sempervirens L. P CIme Rosaceae ● ●

Rubus ulmifolius schott P meat Rosaceae ● ●

Sagina maritima G. Don t meat Caryophyllaceae ●

Scolymus hispanicus L. h CIme Cichoriaceae ●

Selaginella denticulata (l.) spring. Ch CIme Selaginellaceae ●

Sideritis romana L. t CIme Lamiaceae ●
Silene vulgaris (moench) Garcke ssp. 
angustifolia hayek h seme Caryophyllaceae ●

Smilax aspera L. P CIme Smilacaceae ● ●
Sonchus asper (l.) hill ssp. 
glaucescens (Jord.) Ball t CIme Cichoriaceae ● ●

Sonchus tenerrimus L. t CIme Cichoriaceae ● ● ●

Spergularia salina J. Presl et C. Presl t WIsP Caryophyllaceae ●

Tamarix gallica L. P Weme Tamaricaceae ●

Tamus communis L. G seme Dioscoreaceae ● ● ●

Teucrium polium L. Ch mePO Lamiaceae ● ●

Theligonum cynocrambe L. t seme Theligonaceae ●

Trifolium campestre schreber t WIsP Fabaceae ● ●

Trigonella esculenta Willd. t eume Fabaceae ●

Ulmus minor miller P WIsP Ulmaceae ●

Umbilicus horizontalis (Guss.) DC. G CIme Crassulaceae ●

Valantia muralis L. t CIme Rubiaceae ● ● ●
Valerianella muricata (stiven ex m. 
Bieb.) J. W. loudon   t eame Valerianaceae ●

Viburnum tinus L. P CIme Caprifoliaceae ●

Vicia peregrina L. t seme Fabaceae ●
Vicia villosa roth ssp. varia (host) 
Corb. t eeuP Fabaceae ● ●

Vincetoxicum hirundinaria medik. ssp. 
adriaticum (Beck) markgr. h Ilae Asclepiadaceae lC ● ● ● ●

Vitis vinifera l. ssp. sylvestris 
(C.C.Gmel.) hegi P seme Vitaceae lC ●

Vulpia ciliata Dumort. t seme Poaceae ●

Zostera noltii hornem. hy meat Zosteraceae     ●   

* see tabs. 2 and 3 for explanation of the abbreviations.
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Tab. 2. life-form spectra (number of taxa and percentage in brackets) on the islets. (GŠ – 
Gospin Škoj, s – srednjak, GO – Goljak).

life forms GŠ s GO

Phanerophytes (P) 23 (31.94) 8 (11.77) 12 (25.00)

Chamaephytes (Ch) 3 (4.17) 4 (5.88) 4 (8.33)

hemicryptophytes (h) 14 (19.44) 20 (29.41) 9 (18.75)

Geophytes (G) 11 (15.28) 12 (17.65) 10 (20.83)

therophytes (t) 18 (25.00) 23 (33.82) 12 (25.00)

hydrophytes (hy) 3 (4.17) 1 (1.47) 1 (2.09)

total taxa 72 (100) 68 (100) 48 (100)

Tab. 3. Floral elements (number of taxa and percentage in brackets) on the islets (GŠ – Gospin 
Škoj, s – srednjak, GO – Goljak).

Floral elements GŠ s GO

1. mediterranean 44 (61.12) 44 (64.70) 33 (68.76)

1.1. Circum-mediterranean (CIme) 30 (41.67) 27 (39.70) 26 (54.18)

1.2. east mediterranean (eame) 1 (1.39) 4 (5.88) .

1.3. West mediterranean (Weme) 1 (1.39) . .

1.4. Illyrian-mediterranean 2 (2.78) 3 (4.41) 2 (4.17)

1.4.1. Illyrian-south european plants (Ilse) 1 (1.39) . .

1.4.2. Illyrian-adriatic plants 1 (1.39) 3 (4.41) 2 (4.17)

1.4.2.1. Illyrian-adriatic endemic plants (Ilae) 1 (1.39) 3 (4.41) 2 (4.17)

1.5. mediterranean-atlantic (meat) 9 (12.50) 9 (13.24) 4 (8.33)

1.6. european mediterranean plants (eume) 1 (1.39) . .

1.7. mediterranean-Pontic plants (mePO) . 1 (1.47) 1 (2.08)

2. Illyrian-Balkan 1 (1.39) . .

2.1. Illyrian-Balkan endemic plants (IlBe) 1 (1.39) . .

3. south european 10 (13.89) 9 (13.24) 5 (10.41)

3.1. south european-mediterranean (seme) 9 (12.50) 9 (13.24) 4 (8.33)

3.2. south european-Pontic (sePO) 1 (1.39) . 1 (2.08)

4. east european-Pontic (eeuP) 1 (1.39) 1 (1.47) .

5. european (eurO) 3 (4.16) . .

6. eurasian (euas) 1 (1.39) 5 (7.35) 1 (2.08)

7. Cosmopolitan (WIsP) 9 (12.50) 9 (13.24) 8 (16.67)

8. Cultivated and adventive plants (CuaD) 3 (4.16) . 1 (2.08)

No. of taxa (%) 72 (100.00) 68 (100.00) 48 (100.00)
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the red list categories endangered (eN) and Vulnerable (Vu) are assigned to one 
species in each: Carex extensa (eN) and Desmazeria marina (Vu). In addition, three taxa 
(Ephedra fragilis ssp. campylopoda, Limonium dictyophorum and Narcissus tazetta) were con-
sidered as Near threatened (Nt) and two (Vincetoxicum hirundinaria ssp. adriaticum and 
Vitis vinifera ssp. sylvestris) were classified as of least Concern (lC). Only two taxa (Cymo-
docea nodosa and Posidonia oceanica) have been classified as Data Deficient (DD).

Fig. 2. relationships of the studied islets to Pignatti indicator values (GŠ – Gospin Škoj, 
s – srednjak, GO – Goljak).
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In total, five taxa were strictly Protected (sP) by Croatian law: Carduus micropterus 
ssp. micropterus, Carex extensa, Desmazeria marina, Limonium dictyophorum and Vincetoxi-
cum hirundinaria ssp. adriaticum.

among the recorded taxa, only Conyza canadensis is considered to be invasive (Ias).
the analysis of plant life forms showed that GŠ and s were dominated by phanerop-

hytes (32%) and therophytes (34%), respectively (tab. 2). Phanerophytes and therophytes 
contributed equally (25%) on GO.

mediterranean floral elements (61–69%), mostly circum-mediterranean plants, fo-
llowed by a considerable proportion of Cosmopolitans (13–17%) and south european 
plants (10–14%), dominated on all three islets (tab. 3).

Pignatti’s indicator values showed no differences among the islets (Fig. 2).

Vegetation
a total of five plant associations, one subassociation and two stands within five ve-

getation classes have been identified on the three islets. their syntaxonomic scheme is 
as follows:

HALODULO wRIGTHII-THALASSIETEA TESTUDINUM rivas-martínez, Fernández-
González & loidi 1998
+Thalassio testudinum-Syringodietalia filiformis Knapp in Borhidi, muňiz & Del risco 1983
*Syringodio filiformis-Thalassion testudinum Borhidi in Borhidi, muňiz & Del risco 1983
Cymodoceetum nodosae Feldman 1937

POSIDONIETEA OCEANICAE hartog 1976 ex Géhu in Bardat, Bioret, Botineau, Boullet, 
Delpech, Géhu, haury, lacoste, rameau, royer, roux & touffet 2004
+Posidonietalia oceanicae hartog 1976
*Posidonion oceanicae Braun-Blanquet, roussine & Nègre 1952
Posidonietum oceanicae (Funk 1927) Molinier 1958

ZOSTERETEA MARINAE Pignatti 1953
+Zosteretalia marinae Béguinot ex Pignatti 1953
*Zosterion marinae Christiansen 1934
Nanozosteretum noltii Harmsen 1936

CRITHMO MARITIMI-STATICETEA Braun-Blanquet in Braun-Blanquet, roussine & 
Nègre 1952 em. Biondi 2007
+Crithmo maritimi-Staticetalia molinier 1934
*Crithmo maritimi-Staticion molinier 1934
Limonietum anfracti Ilijanić & S. Hećimović 1982 helichrysetosum italici, subass. nova 
hoc loco Jasprica 2015 (holotypus relevé no. 3, tab. 4)

QUERCETEA ILICIS Braun-Blanquet in Braun-Blanquet, roussine & Nègre 1952
+Pistacio lentisci-Rhamnetalia alaterni rivas-martínez 1975 [syntax. syn. Quercetalia ilicis 
Braun-Blanquet ex molinier 1934 p.p.]
*Oleo sylvestris-Ceratonion siliquae Braun-Blanquet ex Guinochet & Drouineau 1944
Myrto communis-Pistacietum lentisci (Molinier 1954) Rivas-Martínez 1975
Oleo sylvestris-Pistacietum lentisci Braun-Blanquet 1931
macchia with Erica arborea
Olea sylvestris-Narcissus tazetta community
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Tab. 4. Limonietum anfracti Ilijanić & s. hećimović 1982 helichrysetosum italici subass. nova hoc 
loco Jasprica 2015 (*holotypus rel. no. 3)

No. of relevés    1 2 3* 4  
No. of taxa 13 5 7 11 P
altitude (m) 1 1 1 1 r
slope (°) 5 5 5 5 e
aspect N e N s s.
Plot size (m2) 20 10 10 20
Vascular plant cover (%) 30 30 30 50  
Char. ass., all., Ord., Class 
Crithmo maritimi-Staticetea
Limonium dictyophorum 3 3 3 3 4
Lotus cytisoides 1 . .  + 2
Allium commutatum + . . . 1
Vincetoxicum hirundinaria  ssp. adriaticum + . . . 1
Crithmum maritimum . . .  + 1

Diff. taxon of the helichrysetosum italici subass.
Helichrysum italicum + 2 4 2 4

Companions
Festuco valesiacae-Brometea erecti
Hypericum perforatum .  +  +  + 3
Muscari comosum 3 . . . 1
Carduus micropterus ssp. micropterus + . . . 1
Narcissus tazetta + . . . 1
Tuberarietea guttatae
Romulea bulbocodium . 1 2 . 2
Thero-Brachypodietea ramosi
Centaurium erythraea . .  +  + 2
Valantia muralis + . . . 1
Orobanche minor + . . . 1
Brachypodium retusum + . . . 1
Allium subhirsutum . . .  + 1
Quercetea ilicis
Clematis flammula + . . . 1
Carex hallerana .  + . . 1
Pistacia lentiscus . .  + . 1
Stellarietea mediae
Sonchus tenerrimus + . . . 1
Polycarpon tetraphyllum . .  + . 1
Anagallis arvensis . . .  + 1
Cakiletea maritimae
Atriplex prostrata . . .  + 1
Artemisietea vulgaris
Dittrichia viscosa . . .  + 1
Blackstonia perfoliata ssp. perfoliata . . .  + 1
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Fig. 3. transect of the vegetation on the islets of srednjak (a) and Goljak (B). 1. Posidonietum 
oceanicae, 2. aphytic zone, 3. Limonietum anfracti helichrysetosum italici, 4. Myrto communis-
Pistacietum lentisci, 5. macchia with Erica arborea.

submerged vegetation (Fig. 3)
the phanerogamic seagrasses are mainly composed of Posidonia oceanica (endemic to 

the mediterranean), which has developed on the moving seabed in depths between 1 
and 15(-20) m and determines the lower limit of the infralittoral zone (Bakran-Petrici-
oli & schultz, 2010). these seagrasses constitute an effective barrier to wave motion, 
and thus stabilise the sea bottom. moreover, it constitutes the breeding site for many 
species and it is also one of the main sources of oxygenation of the environment. Other 
submerged phanerogamic seagrasses are Cymodocea nodosa and Nanozostera noltii, both 
of which form single uniform patches growing over gently mobile sandy or muddy-sand 
substrates between the Pelješac peninsula (village of sreser) and the islet of GŠ. thus, in 
the area the species occur from 0.5 to 5–8 (–10) m depths. the phytosociology of these 
seagrasses includes the Posidonietum oceanicae, Cymodocetum nodosae and Nanozosteretum 
noltii associations.
the low rocky coast (tab. 4, Fig. 3)

the rocky shores are home to the Limonietum anfracti plant association, characterised 
by Limonium dictyophorum (=L. anfractum), a species endemic to the southern coast of the 
eastern adriatic, which forms dense low-spreading formations that colonise the cracks 
in the rocks. In our relevés, after L. dictyophorum, Helichrysum italicum had the highest 
cover and the greatest presence, and is considered as the differential taxon of the pro-
posed new plant subassociation helichrysetosum italici Jasprica 2015 hoc loco (tab. 4, 
holotypus relevé no. 3). the number of taxa in the relevés was between 5 and 13 (avera-
ge 9). In total, 25 taxa have been recorded in the relevés sampled in the subassociation. 
among them, 19 were companions, mostly from the Thero-Brachypodietea ramosi and 
Festuco valesiacae-Brometea erecti classes.

In our case, the rocks closest to the sea represent the aphytic zone (not colonised by 
vascular plants), which frequently has organic and waste material deposited by the sea. 
the organic matter can be composed of algae, floating wood, sponges, and fragments 
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of Posidonia leaves and the rhizomes of other plants. after the aphytic zone and above 
the upper tidal line there follows a strip subject to the actions of the marine aerosol that 
is colonised by halo-chasmophytic vegetation of the Limonietum anfracti helichrysetosum 
italici subassociation. the rocky coasts are frequently exploited as beaches by holiday-
makers.

Further inland from this strip, there follows macchia vegetation. these topographic 
contacts are indicated in the transect of Fig. 3.

macchia (tab. 5, Fig. 3)
this type of vegetation includes the evergreen sclerophyllous shrublands belonging 

to the Oleo sylvestris-Ceratonion siliquae alliance, with the Myrto communis-Pistacietum 
lentisci and Oleo sylvestris-Pistacietum lentisci associations, and the macchia with Erica 
arborea.

the Myrto communis-Pistacietum lentisci (rels. 1-8) association mostly forms the strip 
between halophytic vegetation and the islets’ central area. this association has developed 
as low (mostly between 1 and 1.5 m) and dense shrub formations. It occupies most of 
the surface area of the islet of srednjak with a vegetation cover of 90-100%.

the Oleo sylvestris-Pistacietum lentisci association (rel.14) and ca 2.5 m high macchia 
with Erica arborea (rels. 9-12) covers most of the surface areas of both GŠ and GO. Due 
to the presence of a large population of european rabbit, the ground layer of dense 
impenetrable macchia with Erica arborea is extremely poor in species (4-8). In general, 
most of the companions of the macchia associations were treated as characteristic spe-
cies of the Thero-Brachypodietea ramosi and Festuco valesiacae-Brometea erecti classes. among 
companions, Narcissus tazzeta had the highest frequency.

Fig. 4. the Limonietum anfracti helichrysetosum italici subassociation on the islet of Goljak.
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Tab. 5. macchia vegetation on three islets (for place and date of relevés see appendix 1):
Myrto communis-Pistacietum lentisci (molinier 1954) rivas-martínez 1975 (rels. 1-8).
macchia with Erica arborea (rels. 9-12).
Olea sylvestris and Narcissus tazetta community (rel. 13).
Oleo sylvestris-Pistacietum lentisci Braun-Blanquet 1931 (rel. 14).

No. of relevés    1 2 3 4 5 6 7 8 9 10 11 12 13 14
No. of taxa 13 17 23 11 7 6 5 10 6 4 8 7 12 13
altitude (m) 0-2 3 1-2 2 2 2 2 1 3 3 4 3 2 1
slope (°) 30 5 5-10 5 5 5 5 5 5  - 5-10  - 5 5
aspect e NW e N e N NW W e N NW W se W
Plot size (m2) 20 100 100 100 50 50 50 50 100 100 100 100 100 100
Vascular plant cover (%) 100 90 90 100 100 100 100 100 100 100 100 100 80 60
Char. Ass.
Myrtus communis 2 2  + 1 1 1 3 2 1 1 3 2 .  +
Erica arborea . . . . 2  + .  + 4 5 1 3 . . 
Pistacia lentiscus 2 2 4 5 4 3 4 4 2  + 2 1 + 3
Olea europaea var. sylvestris 1  + . . . . . . . . 2 . 3 4

Quercetea ilicis 
Fraxino orni-Quercion ilicis
Smilax aspera + + . .  + . .  + 1 .  + 1 . +
Asparagus acutifolius . + . . . .  +  + . . . . . . 
Arum italicum . . 1 . . . . . . . . . . +
Clematis flammula . + . + . . . . . . . . . .
Phillyrea latifolia . . . . . . . . . . 1 . + .
Olea europaea var. europaea .  + . . . . . . . . . . . .
Quercus ilex . + . . . . . . . . . . . .
Pistacia terebinthus . + . . . . . . . . . . . .
Viburnum tinus . + . . . . . . . . . . . .
Laurus nobilis . . . + . . . . . . . . . . 
Rosa sempervirens . . . . . . .  + . . . . . . 
Oleo sylvestris-Ceratonion siliquae
Arisarum vulgare + . + . . .  + . . . .  + . .
Pinus halepensis . . . . . . . . . . . 1 . .
Ephedra fragilis ssp. campylopoda . . . . . . . . . . . . .  +

Companions
Festuco valesiacae–Brometea erecti
Narcissus tazetta 1 + . . . 2  +  + .  +  +  + 4 2
Helichrysum italicum . . + . 1  + .  + . . . . . .
Muscari comosum . . + + . . . . . . . . . .
Teucrium polium . . + . . . . . . . . . . . 
Carduus micropterus ssp. 
micropterus . . + . . . . . . . . . . .
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Hypericum perforatum . . . .  + . . .  + . . . . . 
Lotus corniculatus ssp. hirsutus . . . . . . . . . . . . + .
Thero-Brachypodietea ramosi
Centaurium erythraea . . + + . . . . . . . . + 1
Opopanax chironium + . . . . . . . . . . . 1 +
Valantia muralis . . + + . . . . . . . . . .
Allium subhirsutum . . + . . . . . . . . . . +
Sideritis romana  + . . . . . . . . . . . . .
Valerianella muricata  + . . . . . . . . . . . . .
Brachypodium retusum . . + . . . . . . . . . . .
Dactylis glomerata ssp. hispanica . . + . . . . . . . . . . .
Reichardia picroides . . + . . . . . . . . . . .
Anchusella cretica . . . . . . . . . . . . + .
Querco roboris-Fagetea sylvaticae
Ulmus minor 1 + . . . . . . . . . . . .
Tamus communis . . 2 2 . . . . . . . . . .
Vitis vinifera ssp. sylvestris . + . . . . . . . . . . . .
Clematis vitalba . . . . . . . . . . . . . +
Stellarietea mediae
Anagallis arvensis  + . . . . . . . . . . . + .
Vicia peregrina . . 2 + . . . . . . . . . .
Vicia villosa ssp. varia . . . . . . . . . . . . + +
Fumaria capreolata . . + . . . . . . . . . . .
Crepis sancta . . . + . . . . . . . . . .
Artemisietea vulgaris
Dittrichia viscosa . + . . . . .  + . . . . . .
Sonchus asper ssp. glaucescens . . + + . . . . . . . . . .
Daucus carota . . + . . . . . . . . . . .
Conyza canadensis . . . . . . . . . . . . + .
Rhamno catharticae-Prunetea spinosae
Paliurus spina-christi + 1 . . . . . . . . . . . .
Rubus ulmifolius . + . . . . . . . .  + . . .
Tuberarietea guttatae
Romulea bulbocodium . . . . 1 1 . . . . . . . .
Linaria pelisseriana . . . . . . . . . . . . + +
Asplenietea trichomanis
Umbilicus horizontalis + . . . . . . . . . . . . .
Parietarietea judaicae
Geranium purpureum . . + . . . . . . . . . . .
Saginetea maritimae
Sagina maritima . . + . . . . . . . . . . .
Crithmo maritimi-Staticetea
Allium commutatum . . + . . . . . . . . . . .
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this study revealed the presence of a stand with Olea sylvestris and Narcissus tazetta 
(rel. 13) on the islet of GŠ. the highly level of anthropogenic disturbance within the study 
area does not permit the provision of a precise syntaxonomical reference in terms of 
association.

DIsCussION
Generally, in comparison with the table (tab. 2) made by Pandža & milović (2015) 

for some uninhabited Dalmatian islets with surface areas less than one km2, the islets 
investigated showed a relatively low variety of vascular plant taxa. these differences 
are very difficult to evaluate due to variations in the topography (e.g. flat areas, rocky 
cliffs, level or steep shores, etc.) and the degree of human presence of the adriatic islets 
(e.g. Jasprica et al., 2014b, Pandža & milović, 2015, and references therein). this was also 
found for the islets in the W mediterranean (e.g. Pasta et al., 2014). the differences in 
floristic diversity among similar sized islets are still unexplained, but this is not a rare 
pattern on such small islets, which often represent ‘unbalanced biota’. however, further 
investigations on the diversity of vascular flora for more than 400 islets (0.01 – 1 km2) 
and 600 skerries (<0.01 km2) which have not yet been studied on the eastern adriatic 
remain to be carried out.

In our case, the number of taxa on an islet decreases with distance from the penin-
sula. the richest islet is GŠ with the highest contribution of phanerophytes; this islet is 
the closest (ca 50 m) to the peninsula of Pelješac and has vegetation similar to that of the 
peninsula. Our results suggest that the chorological spectrum highlights a clear domi-
nance of the steno-mediterranean element on all islets. similarly, Pignatti indicator val-
ues did not show differences among the islets. these data confirm the peculiarity of the 
surveyed area from the phytogeographic point of view.

No real islet specialists have been detected on any of the three considered islets. In 
addition, it should be emphasised that only one invasive alien taxon, i.e. Conyza ca-
nadensis, whose presence has been recorded only on GŠ, is common in the circum 
eastern adriatic islets (Pandža, 2003; Jasprica et al., 2006; Jasprica & ruščić, 2013). In 
our case, its cover value at the plot level was low. although a high level of invasion was 
predicted for the mediterranean coastline (Chytrý et al., 2009) and islands (lloret et 
al., 2005; Podda et al., 2010; Cardona Pons et al., 2013; Brundu, 2014), the currently low 
number of alien species to be found in the islets may be related to the low level of hu-
man activity. risk of invasion may increase if more species are directly introduced to 
the islets, and if anthropogenic disturbance and a changing climate make conditions 
more favourable for alien species (Caujapé-Castells et al., 2010; Kueffer et al., 2010; 
Nastos et al., 2013). In addition, the incoming of alien species depends on birds so that 

Vincetoxicum hirundinaria ssp. 
adriaticum . . + . . . . . . . . . . .

Other companions
Cladonia spp. . . . . . . . . 1 . . . . .
Pittosporum tobira . + . . . . . . . . . . . .
Opuntia vulgaris . . . . . . .  + . . . . . .
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diffusion of species having fleshy fruits eaten by birds is facilitated (lockwood et al., 
2007).

regarding the vegetation, the islets also show a relatively low variety of terrestrial 
plant associations. the relevés of Limonietum anfracti (sensu Ilijanić & hećimović, 1982; 
hećimović, 1984), identify a new subassociation with the name of Limonietum anfracti 
helichrysetosum italici which is characteristic mostly of flat areas and it is always linked 
to macchia or forest vegetation. Helichrysum italicum always reaches cover values higher 
than those of the other subassociations under these ecological conditions, as already 
documented by previous studies (Jasprica, 1983; trinajstić, 1995; Jasprica & ruščić, 
2013).

regarding the shrubland vegetation, macchia with Erica arborea shows some simila-
rities with that reported for the western Italian coast (tuscan archipelago) by Viciani et 
al. (2011). however, in Italy the stands prefer acidic and nutrient-poor soils. In our study, 
the floristic composition and physiognomy of macchia with Erica arborea differ from the 
Erico arboreae-Arbutetum unedonis association reported from the south adriatic and el-
swhere (cf. Di Pietro et al., 2010; Jasprica et al., 2015), despite its many physiognomic 
and/or ecological variations. Our results show, as is the case in the Iberian Peninsula and 
southern France, that site colonization by the european rabbit has a negative influence 
on vegetation through the complete absence or much reduced proportion of both the 
shrub and herb layers (cf. lombardi et al., 2003; monzón et al., 2004; sarmento et al., 
2012; Narce et al., 2012).

the Myrto communis-Pistacietum lentisci is a community occurring along the medi-
terranean coasts from spain to Croatia. On the eastern adriatic coast and in Italy, this 
low macchia is widespread in coastal environments and affected by marine aerosols, 
and is usually associated with salt-tolerant communities of Crithmo maritimi-Staticetalia 
(stanisci et al., 2005; Brullo et al., 2008; Pandža & Krpina, 2010; Viciani et al., 2011; Ja-
sprica & ruščić, 2013). On the Croatian islands, it occupies the hottest and driest sites 
mostly on slopes under the influence of strong southern winds (rac & lovrić, 1998, 2002, 
2003). In fact, the association is ecologically and physiognomically closely related to the 
Oleo sylvestris-Pistacietum lentisci association which it also often borders (Jasprica & Do-
lina, 2012; Vukelić, 2012).

In sum, the study emphasizes the importance of continuous floristic and phytocoe-
nological investigations on the Croatian islands and islets, as has been done by local and 
foreign authors for other sites in the adriatic Basin and in some other mediterranean 
countries (Jeričević et al., 2014, and references therein). the islets are highly vulnerable 
ecosystems on which intense environmental fluctuations (storms, wave-action) or hu-
man interference, even of a low intensity, can considerably affect the flora and vegetati-
on (Vidal et al., 1998; Panitsa & tzanoudakis, 2010). they provide a heritage of biodi-
versity that must be bequeathed to future generations, as a ‘reservoir’ at the disposal of 
the processes of biological evolution and for the ecological value, and as witness to the 
extraordinary natural history of our country.
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Place and date of relevés (phytocoenological tables 4 and 5):

Table 4. Limonietum anfracti helichrysetosum italici: rel. 1. srednjak, 27.4.2014, x=5700332, 
y=4759244; rel. 2. Goljak, 10.3.2015, x=5700949, y=4759528; rel. 3*. Goljak, 10.3.2015, x=5700920, 
y=4759633 (*holotypus); rel. 4. Goljak, 20.5.2015, x=5700799, y=4759500; Table 5. macchia ve-
getation: rels. 1-8. Myrto communis-Pistacietum lentisci: rel. 1. Gospin Škoj, 27.4.2014, x=5700185, 
y=4758761; rel. 2. Gospin Škoj, 27.4.2014, x=5700180, y=4758805; rel. 3. srednjak, 27.4.2014, 
x=5700342, y=4759185; rel. 4. srednjak, 27.4.2014, x=5700332, y=4759244; rel. 5. Goljak, 
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macchia with Erica arborea: rel. 9. Goljak, 10.3. 2015, x=5700912, y=4759533; rel. 10. Goljak, 
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