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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 Peljesac 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 Skoj 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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Jasprica, N., Dolina, K. & Milovi¢, M.: Biljne svojte i zajednice na tri otocic¢a u juznoj Hrvatskoj,
SI Sredozemlje. Nat. Croat., Vol. 24, No. 2, 191-213, 2015, Zagreb.

Flora i vegetacija tri mala otoci¢a povrsine od 1,04 do 3,31 hektara, smjestenih izmedu kopna i po-
luotoka Peljesca u juznoj Hrvatskoj, istrazivani su 2014. i 2105. Analizirani su spektri zZivotnih oblika i
koroloskih elemenata, diskutiran je odnos broja svojta i povrsine oto¢ica, prisutnost biljaka svojstvenih
samo za otocice te opasnost od unosa i sSirenja alohtonih biljaka. Na sva tri otoci¢a ukupno je utvrdeno
126 svojta (vrsta i nizih taksonomskih kategorija) vaskularnih biljaka. Floristicki je najbogatiji Gospin
Skoj (72 svojte), zatim Srednjak (68) i Goljak (48). Utvrdeno 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 novopredlozenoj subasocijaciji Limonietum anfracti heli-
chrysetosum italici. Vegetaciju makije ¢ine asocijacije Myrto communis-Pistacietum lentisci i Oleo sylvestris-
Pistacietum lentisci, makija s vrstom Erica arborea te sastojine Olea sylvestris-Narcissus tazetta. Zbog zna-
¢ajnog antropogenog utjecaja, poglavito uslijed unesenog patuljastog kunica, utvrdena je znacajna
degradacija vegetacije makije.

Kljucne rijeci: otocic¢i, vaskularne biljke, raznolikost, fitocenologija, nova subasocijacija, isto¢ni
Jadran
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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 (MEpAIL & QuEzer, 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 (Bogpanovi¢ & Miti¢, 2003; Nikovic et al., 2008, 2015; Jas-
PRICA & Rus¢i¢, 2013; MiLoviC et al., 2013, and references therein) and throughout the
Mediterranean (cf. Boccrieri, 1992; GrReuTEeR, 2001; Bier, 2002; ArRriGoNT ef al., 2003; Tro1A
et al., 2012; CarraA 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
(MEpa1L & QuEzeL, 1997). NixoLiC 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
PeljeSac 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 gkoj (Gé; 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 PeljeSac 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 Peljesac
peninsula. Mediterranean limestone soils, i.e. Mediterranean Brown Soils (S, GO) and
Terra Rossa (GS), are developed on this geological substrate (Ba3ic, 2013).
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The islets are not inhabited. In the summer months the islet of GS is a goal for tourists
on day trips. Goats were occasionally reared on the GS 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!(data from the nearby town of Ploce 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™). 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-MARTINEZ 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, Ploce
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 Peljesac peninsula, they belong among the Important Plant

Areas (IPAs) in Croatia (Jasprica & Kovacic, 2010). In addition, they are located within
the NATURA 2000 network of protected sites in Croatia (site code HR4000015, the Mali

GonakD

(Osrednjak
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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 & Kovacic, 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-Kriiger 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 NikoLi€ et al. (1998) and Nixori¢ (2006). Biological form was verified in the field
and denoted according to categories reported in PicNnatT1 (1982), these being based on
the classification of RAUNKIAER (1934). Regarding chorological forms, reference was made
to Jasprica & Kovacic (1997), as well as to the monographs used for taxonomic nomen-
clature.

Taxa were determined using the standard determination keys, books and guides:
BonNnNIER (1911-1935), Fiorr (1923-1929), Havex (1924-1933), Hecr (1936-1987), TuTtiN et
al. (1968-1980, 1993), HORVATIC & TRINAJSTIC (1967-1981), TRINAJSTIC (1975-1986), Javor-
KA & Csaropy (1975), PigNarti (1982), Domac (1994), DeLrroGE (1995, 2006), etc. The
nomenclature of plant taxa follows the Flora Croatica Database (N1koLi¢, 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 (N1koLIC¢ & Tori¢, 2005; Nikori¢, 2015) are marked with
their corresponding IUCN status (IUCN, 2014). Taxa considered to be endemic are de-
noted according to NikoLi€ 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 NixkoLi€ et al. (2014).

In order to obtain a better interpretation of the floristic similarity among the islets,
unweighted average indicator values were used (Picnarrti, 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 ILyani¢ & He¢imovic (1982),
Hecéimmovic (1984), Horvar et al. (1974), Jasprica et al. (2014a, 2015, and references there-
in), and also partly from Brurro et al. (2008) and VuxkeLi¢ (2012). For the arrangement of
the plant associations in the upper hierarchic levels (see the syntaxonomic listing) the
scheme proposed by Bronor 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 GS 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 — flgral elemer}t, IUCN - IUCN
status, SPT — strictly protected taxa, IAS — Invasive plant taxa, GS — Gospin Skoj, S — Srednjak,
GO - Goljak).

Taxa LF*| FE* |Family TUCN| SPT |Endem [IAS| GS | S |GO
Aetheorhiza bulbosa (L.) Cass. G | CIME (Cichoriaceae °
Allium commutatum Guss. G | CIME |Amaryllidaceae o | o | o
Aaimatican (A K. ox Janchy Stearn| € | ILBE. {Amaryliduc .

Allium subhirsutum L. G | CIME |Amaryllidaceae o | o | o
Anagallis arvensis L. T | WISP |Primulaceae e | o | o
g’;ﬁ?s;tllgacl’jiﬁm (Mill.) Bigazzi, E. 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 o | o | o
Aristolochia clematitis L. G | SEPO |Aristolochiaceae °
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Arum italicum Mill. G | MEAT |Araceae o | o
Asparagus acutifolius L. G | CIME |Asparagaceae o | o | o
Asplenium ceterach L. H | SEME |Aspleniaceae °

f;rrzi.lg ]grgtmta Boucher ex DC. in T | WISP |Chenopodiaceae o
ii‘tcaazrj':jgl.gmis L. ssp. maritima (L.) H | MEAT |Chenopodiaceae °
Sszizzia perfoliata (L.) Huds. ssp. T | MEAT |Gentianaceae o | o
Brachypodium distachyon (L.) PBeauv.| T | CIME |Poaceae °
Brachypodium retusum (Pers.) P. Beauv.| H | CIME |Poaceae °
Bromus madritensis L. T | MEAT |Poaceae °
Calamintha nepetoides Jord. H | SEPO |Lamiaceae o
Cardamine hirsuta L. T | WISP |Brassicaceae °
scsu;d:lnﬁmm}jgof Sterus (Borbds) Teyber H | ILAE |Asteraceae ° ° °
Carex extensa Gooden. H | MEAT |Cyperaceae EN | o .

Carex hallerana Asso H | SEME |Cyperaceae o °
Carlina corymbosa L. H | CIME |Asteraceae o | o
Centaurium erythraea Rafn H | WISP |Gentianaceae e | o | o
Centaurium pulchellum (Sw.) Druce | T | EUAS |Gentianaceae °
Clematis flammula L. P | CIME |Ranunculaceae o | o | o
Clematis vitalba L. P | EURO |Ranunculaceae .
s (5. et Sm) nce | 1 | EAME |Coralonlcee .
Convolvulus cantabrica L. H | SEME |Convolvulaceae °
Conyza canadensis (L.) Cronquist T | CUAD |Asteraceae o | o

Crepis sancta (L.) Babc. T | EAME |Cichoriaceae .
Crithmum maritimum L. Ch | MEAT |Apiaceae e | o
Cymodocea nodosa (Ucria) Asch. Hy | MEAT |Cymodoceaceae | DD °

Cynodon dactylon (L.) Pers. G | WISP |Poaceae o | o
fl)ézstt}y\ii;:q g}f(r);r;e;ata L. ssp. hispanica H | CIME |Poaceae R
Daucus carota L. H | EUAS |Apiaceae °
Desmazeria marina (L.) Druce T | MEAT |Poaceae VU | e ° °
Desmazeria rigida (L.) Tutin T | MEAT |Poaceae °
Dittrichia viscosa (L.) Greuter H | CIME |Asteraceae ° °
Dorycnium germanicum (Gremli) Riklif H | SEME |Fabaceae °

55 :S?gguﬂ;;gii;c?;ﬂgfayég P | EAME |Ephedraceae NT o | o
Erica arborea L. P | CIME |Ericaceae e | o
Euphorbia peplus L. T | WISP |Euphorbiaceae °
Ficus carica L. P | CIME |Moraceae ° °
Fumaria capreolata L. T | MEAT |Fumariaceae o | o
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.]. 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

LDiZlg(Zgum dictyophorum (Tausch) H | ILAE |Plumbaginaceae | NT °
Limonium narbonense Mill. H | CIME |Plumbaginaceae °
Linaria pelisseriana (L.) Mill. T | MEAT |Scrophulariaceae

Lonicera implexa Aiton P | CIME |Caprifoliaceae

%{(;ttu; rs)rniculutus L. ssp. hirsutus 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 MillL. 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
f/?:giea bulbocodium (L.) Sebast. et 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
Zﬁﬁit%%a(y“ffemm Garcke ssp- | 1 | SEME |Caryophyllaceae
Smilax aspera L. P | CIME |Smilacaceae
;;’a’;cc’z(fe‘:ffg(fg)%ﬁhsgf" 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
g?éi:l;l; e‘l/l\;l. Tgsﬁgﬁ (Stiven ex M. T | EAME |Valerianaceae
Viburnum tinus L. P | CIME |Caprifoliaceae
Vicia peregrina L. SEME |Fabaceae

ggi‘i .villosa Roth ssp. varia (Host) T | EEUP |Fabaceae
'Zizf;tiizz;ug:zczgr{\c/i[;nrzll(r;.Medlk. P\ H | ILAE Asclepiadaceae LC
zgtlézgrﬁfr; LHeSgSIP syloestris 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.




Nat. Croat. Vol. 24(2), 2015 199

Tab. 2. Life-form spectra (number of taxa and percentage in brackets) on the islets. (GS —
Gospin Skoj, S - Srednjak, GO — Goljak).

Life forms GS S GO
Phanerophytes (P) 23 (31.94) 8 (11.77) 2 (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) 2 (25.00)
Hydrophytes (Hy) 3(4.17) 1(1.47) 1(2.09)
Total taxa 72 (100) 68 (100) 8 (100)

Tab. 3. Floral elements (number of taxa and percentage in brackets) on the islets (G5 — Gospin
Skoj, S — Srednjak, GO — Goljak).

Floral elements GS 5 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. lllyrian-Mediterranean 2 (2.78) 3(441) 2 (4.17)
1.4.1. Tllyrian-South European plants (ILSE) 1(1.39)
1.4.2. lllyrian-Adriatic plants 1(1.39) 3(441) 2 (4.17)
1.4.2.1. lllyrian-Adriatic endemic plants (ILAE) 1(1.39) 3(441) 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. lllyrian-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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Fig. 2. Relationships of the studied islets to Pignatti indicator values (GS — Gospin Skoj,
S - Srednjak, GO - Goljak).

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).
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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 GS 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-Martinez, Fernandez-
Gonzalez & Loidi 1998

+Thalassio testudinum-Syringodietalia filiformis Knapp in Borhidi, Muniz & Del Risco 1983
*Syringodio filiformis-Thalassion testudinum Borhidi in Borhidi, Muniz & 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 & Negre 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 &
Negre 1952 em. Biondi 2007

+Crithmo maritimi-Staticetalia Molinier 1934

*Crithmo maritimi-Staticion Molinier 1934

Limonietum anfracti Ilijani¢ & S. He¢imovic 1982 helichrysetosum italici, subass. nova
hoc loco Jasprica 2015 (holotypus relevé no. 3, Tab. 4)

QUERCETEA ILICIS Braun-Blanquet in Braun-Blanquet, Roussine & Negre 1952
+Pistacio lentisci-Rhamnetalia alaterni Rivas-Martinez 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-Martinez 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 Ilijani¢ & S. He¢imovic 1982 helichrysetosum italici subass. nova hoc
loco Jasprica 2015 (*holotypus rel. no. 3)

No. of relevés 1 3* | 4
No. of taxa 13

2
5

Altitude (m) 11|11«
5
E

Slope (°)
Aspect
Plot size (m?) 20 | 10 | 10 | 20
Vascular plant cover (%) 30 | 30 | 30 | 50
Char. Ass., All., Ord., Class
Crithmo maritimi-Staticetea

Z |

Limonium dictyophorum

Lotus cytisoides

Allium commutatum

+ ]+ | =|w

Vincetoxicum hirundinaria ssp. adriaticum

N =Y SEES

Crithmum maritimum . . . +

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

Companions

Festuco valesiacae-Brometea erecti

Hypericum perforatum . + + +

Muscari comosum

Carduus micropterus ssp. micropterus

[ = N e

Narcissus tazetta

Tuberarietea guttatae
Romulea bulbocodium ‘ . ‘ 1 ‘ 2 ‘ . ‘ 2
Thero-Brachypodietea ramosi

Centaurium erythraea . . + |+

Valantia muralis

Orobanche minor

Brachypodium retusum +

_— e == N

Allium subhirsutum . . . +

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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East West

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 Peljesac peninsula (village of Sreser) and the islet of GS. 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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Fig. 4. The Limonietum anfracti helichrysetosum italici subassociation on the islet of Goljak.

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 GS 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.
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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-Martinez 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

4

8

10

11

12

13

14

No. of taxa

13

17

11

10

12

13

Altitude (m)

0-2

1

Slope (°)

30

Qa1

NN

5

5-10

Aspect

E

NW

M| | NN |G

Z N |o |

NwW

W

M| | W | o |[\©

NwW

SE

Plot size (m?)

20

100

100

50

50

100

100

100

100

100

100

Vascular plant cover (%)

100

90

100

100

100

100

100

100

100

100

100

80

60

Char. Ass.

Myrtus communis

Erica arborea

Pistacia lentiscus

Olea europaea var. sylvestris

NN =]w

Quercetea ilicis

Fraxino orni-Quercion ilicis

Smilax aspera

Asparagus acutifolius

Arum italicum

Clematis flammula

Phillyrea latifolia

Olea europaea var. europaea

Quercus ilex

Pistacia terebinthus

Viburnum tinus

o+ + |+

Laurus nobilis

Rosa sempervirens

Oleo sylvestris-Ceratonion siliquae

Arisarum vulgare

+

Pinus halepensis

Ephedra fragilis ssp. campylopoda

Companions

Festuco valesiacae-Brometea erecti

Narcissus tazetta

1

Helichrysum italicum

Muscari comosum

Teucrium polium

Carduus micropterus ssp.
micropterus
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Hypericum perforatum . . S+ . L+

Lotus corniculatus ssp. hirsutus . . . . . . . . . . . L F

Thero-Brachypodietea ramosi

Centaurium erythraea . R . . . . . . !
Opopanax chironium + . . . . . . . . . . N
Valantia muralis . B

Allium subhirsutum . R . . . . . . . . L+
Sideritis romana +

Valerianella muricata +

Brachypodium retusum . L+

Dactylis glomerata ssp. hispanica | . L+

Reichardia picroides . Lt

Anchusella cretica . . . . . . . . . . . St

Querco roboris-Fagetea sylvaticae

Ulmus minor 1| +

Tamus communis . . 2|2

Vitis vinifera ssp. sylvestris L+

Clematis vitalba . . . . . . . . . . . . . +

Stellarietea mediae

Anagallis arvensis + . . . . . . . . . . Lt
Vicia peregrina . L2 ]+

Vicia villosa ssp. varia . . . . . . . . . . . B
Fumaria capreolata . L

Crepis sancta . . L+

Artemisietea vulgaris

Dittrichia viscosa S+ . . . . +

Sonchus asper ssp. glaucescens . N

Daucus carota . L+

Conyza canadensis . . . . . . . . . . . L+

Rhamno catharticae-Prunetea spinosae

Paliurus spina-christi + |1

Rubus ulmifolius L] . . . . . . . +

Tuberarietea guttatae

Romulea bulbocodium . . . . 1 1

Linaria pelisseriana . . . . . . . . . . . D+ ]+

Asplenietea trichomanis

Umbilicus horizontalis ‘+““““““‘

Parietarietea judaicae

Geranium purpureum “‘+“““““‘

Saginetea maritimae

Sagina maritima “‘+“““““‘

Crithmo maritimi-Staticetea

Allium commutatum “‘+“““““‘
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Vincetoxicum hirundinaria ssp.
adriaticum

Other companions

Cladonia spp. . . . . . . . 1

Pittosporum tobira L+

Opuntia vulgaris . . . . . . L+

This study revealed the presence of a stand with Olea sylvestris and Narcissus tazetta
(rel. 13) on the islet of GS. 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 Panpza & MiLovi¢ (2015)
for some uninhabited Dalmatian islets with surface areas less than one km?, 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, PANDZA & MiLovIC, 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 km?)
and 600 skerries (<0.01 km?) 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 GS with the highest contribution of phanerophytes; this islet is
the closest (ca 50 m) to the peninsula of PeljeSac 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 GS, is common in the circum
eastern Adriatic islets (Panpza, 2003; Jasprica ef al., 2006; JaspricA & Rusci¢, 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 (CuyTrY ef al., 2009) and islands (LLORET et
al., 2005; Poppa et al., 2010; CarRpDONA Pons et al., 2013; BRunbpu, 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 (CaujapE-CastTeLLs et al., 2010; Kukrrer et al., 2010;
Nasrtos et al., 2013). In addition, the incoming of alien species depends on birds so that
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diffusion of species having fleshy fruits eaten by birds is facilitated (Lockwoon et al.,
2007).

Regarding the vegetation, the islets also show a relatively low variety of terrestrial
plant associations. The relevés of Limonietum anfracti (sensu ILyani¢ & Hecimovic, 1982;
Hecéimovi¢, 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; TriNAJsTIC, 1995; Jasprica & RusCI¢,
2013).

Regarding the shrubland vegetation, macchia with Erica arborea shows some simila-
rities with that reported for the western Italian coast (Tuscan Archipelago) by Viciant 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. D1 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. LomBarb1 et al., 2003; MoNzON et al., 2004; SARMENTO et al.,
2012; NARCce ef 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
(Staniscr et al., 2005; BruLro et al., 2008; Panpza & Krring, 2010; Viciani ef al., 2011; Ja-
SPRICA & RUSCIC, 2013). On the Croatian islands, it occupies the hottest and driest sites
mostly on slopes under the influence of strong southern winds (Rac & Lovri¢, 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; VukeLi¢, 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 (JERICEVIC 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 (Vipat ef al., 1998; PaniTsa & Tzanoupaxkis, 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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APPENDIX 1

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 Skoj, 27.4.2014, X=5700185,
Y=4758761; Rel. 2. Gospin ékoj, 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,
10.3.2015, X=5700949, Y=4759528; Rel. 6. Goljak, 10.3.2015, X=5700895, Y=4759635; Rel. 7. Goljak,
10.3.2015, X=5700800, Y=4759643; Rel. 8. Goljak, 10.3.2015, X=5700794, Y=4759627; Rels. 9-12.
Macchia with Erica arborea: Rel. 9. Goljak, 10.3. 2015, X=5700912, Y=4759533; Rel. 10. Goljak,
10.3.2015, X=5700885, Y=4759651; Rel. 11. Goljak, 10.3. 2015, X=5700858, Y=4759662; Rel. 12.
Goljak, 10.3.2015, X=5700794, Y=4759627; Rel. 13. Olea sylvestris-Narcissus tazetta community,
Gospin ékoj, 27.4.2014, X=5700169, Y=4758702; Rel. 14. Oleo sylvestris-Pistacietum lentisci: Gos-
pin Skoj, 27.4.2014, X=5700110, Y=4758696.



