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Abstract

The flora of six islets of the Medulin Archipelago (Bodulas, Ceja, Fenera, Fenoliga, Sekovac, Trumbaja) in
southern Istria was explored in 2014 and 2021. Altogether, 214 taxa belonging to 50 families were recorded.
As expected, the families most represented were Poaceae and Fabaceae, the most common chorotypes
were the Mediterranean floral element followed by widespread plants and the South European floral
element, while the most represented life-forms were therophytes, hemicryptophytes and geophytes.
Altogether 15 taxa within IUCN categories were recorded; however, the flora of the area is generally not
threatened. The finding of Anthemis tomentosa, Trifolium glomeratum, Coronopus didymus and Campanula
rapunculus f. verruculosa was particularly interesting.
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Sazetak

Flora Sest oto¢iéa Medulinskog arhipelaga (Bodulas, Ceja, Fenera, Fenoliga, Sekovac, Trumbaja) u juznoj
Istriistrazivana je 2014.i2021. godine. Zabiljezeno je ukupno 214 svojti iz 50 biljnih porodica. Oc¢ekivano,
najzastupljenije vrstama bile su porodice Poaceae i Fabaceae, najcesci horotipovi bili su mediteranski
oblici bili terofiti, hemikriptofiti i geofiti. Zabiljezeno je ukupno 15 svojti sa IUCN kategorijama; medutim,
flora istrazivanog podrucja opéenito nije ugrozena. Nalazi svojti Anthemis tomentosa, Trifolium glomeratum,
Coronopus didymus i Campanula rapunculus f. verruculosa bili su posebno zanimljivi.

Kljuéne rijedi: flora, biljna raznolikost, Bodulas, Ceja, Fenera, Fenoliga, Sekovac, Trumbaja
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Introduction

The Significant Landscape “Lower Kamenjak and the
Medulin Archipelago” covers the southernmost tip
of the Istrian peninsula together with islets scattered
across the Medulin Archipelago (Fig. 1). This area is
characterized by specific microclimatic conditions
combined with rich and diverse flora and fauna and
various landscapes, contributing to its exceptional
natural value. For these reasons, the area has been
legally protected since 1996. The history of land
use includes centuries of traditional agriculture,
during which the natural forest vegetation, Fraxino
orni-Quercetum ilicis Horvati¢ (1956) 1958, gradually
transitioned into a mosaic of semi-natural habitats.
Long-term human activities related to agriculture
transformed the native forest into maquis, garrigues
and dry rocky grasslands; therefore, the current
vegetation of the Significant Landscape is mostly a
mixture of woody vegetation (littoral evergreen fo-
rests and maquis and anthropogenic forest stands),
dry eu-Mediterranean grasslands (Scorzoneretalia
villosae Kovacevié¢ 1959), agricultural land and
ruderal vegetation (Ljubici¢ et al. 2020).

Although southern Istria has a very long history of
botanical research (Tommasini 1873, Neugebauer
1875, Freyn 1877, 1881, 1900, Topié & Segulja 2000,
Vukovic et al. 2011), researchers are always more
focused on the mainland than on the islands.
Additionally, many data from this area are very old
and not available through the online Flora Croatica
Database (Nikoli¢ 2005-onwards), the area seeming
at first glance to be unexplored. Still, floristic data
on the islets of the Medulin Archipelago from
the second half of the 19 century do exist in the
literature (Tommasini 1873, Neugebauer 1875,
Freyn 1877); they were gathered during detailed
botanical surveys of southern Istria, which inclu-
ded the surrounding islands and islets. After these
comprehensive historical surveys, the islets of the
Medulin Archipelago were “forgotten” by botanists
for almost a century. Some of them appear again in
the literature in 1966, in the graduation thesis by
Birac (1966) who studied the flora and vegetation of

Bodulas, Ceja, Fenera and Trumbaja and performed
the most recent study of the islets to date, recording
altogether 252 plant taxa. Our study focused on
the six largest islets surrounding the peninsula of
Premantura, five of them situated in Medulin Bay
(Bodulas, Ceja, Trumbaja, Sekovac and Fenera)
and one situated westwards from Premantura
(Fenoliga) (Fig. 1). Our field survey of Bodulas,
Ceja and Fenera was the first in approximately 50
years, while our survey of Fenoliga and Sekovac
was the first in approximately 140 years.

The islets are very small; the area of the largest islet,
Ceja, isless than 1 km?. Birac (1966) grouped the ve-
getation of the islets into three groups: grasslands,
halophytic vegetation and ruderal vegetation.
Similarly, Ljubicié et al. (2020) report that the islets
are mainly covered with Mediterranean grassland
vegetation, accompanied by vegetation of coastal
rocks on the margins. The islets are uninhabited
and there is little human influence. Ceja is seaso-
nally exploited for tourism, with a restaurant and
abar open during the summer months. Bodulas is
used for sheep and cow grazing, although only few
animals were encountered at the time of our visit.
The remaining islets are completely deserted, only
sporadically visited by tourists or local inhabitants
in small boats. Due to their isolated position, most
of the islets are inhabited by nesting seagulls.

Material and methods

The islets were surveyed in two occasions within the
scope of two different projects (Fig. 1). First visit was in
June 2014 and second in May 2021. Islets Ceja, Fenera
and Fenoliga were surveyed during both visits, while
islets Bodulas and Sekovac were surveyed during the
second visit. Flora of the islets was mostly recorded
in the field and some plant material was collected and
transported to ZAGR and ZA collections (acronyms are
according to Thiers 2023) for further analyses, where
collected plant material is currently stored. All plant
material from ZA herbarium is digitized. Finally, a
complete list of vascular flora was compiled for each
islet and total flora was analysed.

SRPANJ 2024.
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Figure 1. The studied area. Dashed - Significant Landscape “Lower Kamenjak and the Medulin Archipelago”.

Red dot - location of the study area within Croatia.

Slika 1. Istrazivano podrucje. Iscrtano - Znacajni krajobraz “Donji Kamenjak i Medulinski arhipelag”.

Crvena tocCka - smjeStaj istrazivanog podruéja unutar Hrvatske.

Chorotypes were assigned ccording to Horvatic¢
(1963) and Horvatié¢ et al. (1967/1968), using abbre-
viations as follows:

o Wb

a.

b
c.
d

Circum-Holarctic plants (CHSP)
Cultivated and adventive plants (CUAD)
Eurasian floral element (EUAS)
European floral element (EU)
Mediterranean floral element

Circum-Mediterranean plants (CME)
East Mediterranean plants (EME)
European Mediterranean plants (EUME)
Illyrian Mediterranean plants
i. Illyrian-Adriatic plants
1. Illyrian-Adriatic endemic plants (IADE)
2. Kvarnerian-Liburnian endemic plants (KLE)
3. lllyrian-Apennine plants (IAP)
ii. Illyrian-South European plants (ISEU)
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e. Mediterranean-Atlantic plants (MEAT)

f. Mediterranean-Pontic plants (MEPO)
g. West Mediterranean plants (WME)
6. South European floral element

a. South European-Atlantic plants (SEUAT)
b. South European-Mediterranean plants (SEUME)
c. South European-Pontic plants (SEUPO)

7. Widespread plants (WSP)

The life-form spectrum was prepared according to
Raunkiaer (1934). Life-forms were given according
to Pignatti (1982), abbreviated as follows: Ch - cha-
maephytes, G - geophytes, H - hemicryptophytes,
P - phanerophytes and T - therophytes.

Nomenclature of taxa, as well as [UCN categories
and invasive status were assigned ccording to Flora
Croatica Database (Nikoli¢ 2005-onwards).

N 1]

Number of Taxa
[=1]
]

Results and discussion

We have recorded altogether 214 plant taxa from 50
plant families in the studied area (Appendix 1). Most
families are represented with fewer than 10 taxa;
only the families Poaceae, Fabaceae, Asteraceae
and Caryophyllaceae are represented with more (31,
28,13 and 11 taxa, respectively) (Fig. 2). The greatest
number of taxa was recorded on Ceja (151 taxa)
(Fig. 3), visited twice during our study. Its floristic
richness is a consequence of both size and ruderal
influence; Ceja is the largest of all the islets investi-
gated and comparatively more anthropogenized.
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Figure 2. The number of taxa belonging to different plant families in the studied area.

Slika 2. Broj svojti po porodicama u istrazivanom podrudju.
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Figure 3. The number of taxa recorded on each islet in the studied area.

Slika 3. Broj svojti zabiljezenih na svakom otoc¢ic¢u u istrazivanom podrucju.

The majority of plant taxa from the islets are
typically Mediterranean, i.e. commonly occu-
rring in the eu-Mediterranean belt of Croatia. The
occurrence of these taxa on islands is therefore
usual and is to be expected in the whole of the
studied area. Interestingly, the pattern observed
in the field was that, although the flora consists of
typical taxa, the islets are obviously dissimilar in

82

42

Mumber of taxa

35
3

Mumber u:uf'isigzs

species composition and many taxa are confined to
asingle islet. The analysis has shown that as many
as 82 taxa were found on a single islet, while as few
as 15 taxa were common to all these islets (Fig.
4). This pattern is a consequence of geographical
isolation combined by poor connection by means
of transport, which reduces the opportunity for
biological exchange.
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&

Figure 4. The number of taxa found only on a certain number of studied islets (1-6 - number of islets).

Slika 4. Broj svojti zabiljezenih samo na odredenom broju istrazivanih otocica (1-6 - broj otocica).
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The chorological spectrum shows the dominance
of Mediterranean plants and clearly reflects the
phytogeographical position of the investigated
area, which is in line with floristic studies of similar
areas (Pandza 2003, Pandza & Milovi¢ 2015, Milovi¢
et al. 2016, Limi¢ et al. 2018, Justi¢ et al. 2021).
Plants from the Mediterranean floral element
clearly dominate and constitute 43.46% of the
total flora (93 taxa) (Fig. 5). They are followed by
widespread plants (53 taxa, 24.77%) and South

12(1) | SRPANJ 2024.

European plants (39 taxa, 18.22%). Such a composi-
tion of the flora with large shares of Mediterranean
and South European elements is typical for areas
with a Mediterranean climate, characterized by
hot, dry summers and mild winters. Altogether
five taxa are considered endemic, with limited
lyrian-Adriatic distribution. The stenoendemic
Serapias istriaca was described from southern
Istria (Perko 1998), and is so far known only in
this area. We recorded this taxon on Sekovac islet.
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Figure 5. Chorological spectrum of the flora of the studied area. Different colours indicate different floral
elements. CHSP - Circum-Holarctic plants, CUAD - Cultural and adventitious plants, EUAS - Eurasian floral
element, EU - European floral element, CME - Circum-Mediterranean plants, EME - East Mediterranean
plants, EUME - European Mediterranean plants, IADE - Illyrian-Adriatic endemic plants, KLE - Kvarnerian-
Liburnian endemic plants, IAP - Illyrian-Apennine plants, ISEU - Illyrian-South European plants, MEAT
- Mediterranean-Atlantic plants, MEPO - Mediterranean-Pontic plants, WME - West Mediterranean plants,
SEUAT - South European-Atlantic plants, SEUME - South European-Mediterranean plants, SEUPO - South
European-Pontic plants, WSP - Widespread plants.

Slika 5. Horoloski spektar flore istrazivanog podrucja. Razli¢ite boje oznacavaju razliite florne elemente.
CHSP - Cirkumbholarkticke biljke, CUAD - kultivirane i adventivne biljke, EUAS - Euroazijski florni element,
EU - Europski florni element, CME - Cirkummediteranske biljke, EME - Isto¢no-mediteranske biljke,
EUME - Europsko-mediteranske biljke, IADE - Ilirsko-jadranske endemicne biljke, KLE - Kvarnersko-
liburnijske endemicne biljke, IAP - Ilirsko-apeninske biljke, ISEU - Ilirsko-juZznoeuropske biljke, MEAT
- Mediteransko-atlanske biljke, MEPO - Mediteransko-pontske biljke, WME - Zapadno-mediteranske
biljke, SEUAT - JuzZnoeuropsko-atlantske biljke, SEUME - JuZnoeuropsko-mediteranske biljke, SEUPO -
Juznoeuropsko-pontske biljke, WSP - Siroko rasprostranjene biljke.
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Euphorbia adriatica, recently separated from E.
nicaeensis according to molecular and morpholo-
gical analyses, is distributed in the northern and
central Apennine Peninsula and the northern
Balkan Peninsula (Stojilkovic et al. 2022). In
our study, it was recorded in grassland vegeta-
tion on the islet of Trumbaja. Stachys subcrenata
displays a similar range, mainly distributed
around the eastern Adriatic coast and the Balkan
Peninsula (Chrtek 1992). We found this taxon
only on Fenoliga. Vincetoxicum hirundinaria ssp.
adriaticum is distributed more narrowly and
occurs along the Adriatic coast, with records
mainly in the eastern part of the Adriatic but
also in the west. It is common in the studied area,
recorded on Trumbaja, Fenoliga and Sekovac.
Although Limonium cancellatum was frequently
recorded in the past and is apparently widely
distributed along the eastern Adriatic coast
(Nikoli¢ 2005-onwards), more recent taxonomic

Percentage of taxa
[
L

revision of the group shows that L. cancellatum
is restricted to the Northern Adriatic where it
is common, and is replaced with various other
Limonium taxa towards the south (Bogdanovi¢
& Brullo 2015). This taxon was recorded in the
vegetation of calcareous rocks on all the islets.

The life-form spectrum (Fig. 6) is also typical
for the studied area. The clear domination of
therophytes (94 taxa, 43.93 %) indicates the
Mediterranean character of the area, where
many plants finish their life cycle every year,
thus avoiding the summer months, when the
conditions are unfavourable (dry period with
high temperatures and insolation). The overall
dominance of therophytes, hemicryptophytes
and geophytes clearly reflects the prevalence of
grassland vegetation, which is the main vegeta-
tion cover in the study area.

i

Life-form

Figure 6. Life-form spectrum (Ch - chamaephytes, G - geophytes, H - hemicryptophytes, P - phanerophytes

and T - therophytes) of the flora of the studied area.

Slika 6. Spektar flornih oblika (Ch - hamefiti, G - geofiti, H - hemikriptofiti, P - fanerofiti i T - terofiti)

istrazivanog podrucja.

SRPANJ 2024.
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Although 15 taxa belong to some IUCN category
(Appendix 1), the flora of the islets is generally
not threatened. The number of taxa designated
as endangered (CR, EN or VU) is low (seven taxa,
3.27 %). Additionally, the area is almost fully
free of negative impacts, due to its isolation. The
impact of tourism is negligible, and the influen-
ce of secondary succession is not significant.
The islets are almost completely covered with
grasslands, with a small number of woody taxa
scattered around with no significant coverage.
The influence of invasive species is also negli-
gible as the only two taxa listed as invasive were
Amaranthus deflexus and Opuntia ficus-indica,
both recorded on a single islet (Fenera and Ceja,
respectively) with very low abundance.

Records of Anthemis tomentosa, Trifolium glomera-
tum, Coronopus didymus and Campanula rapunculus
f. verruculosa were intriguing and the collected
material is listed in Tab. 1.

In Croatia, Anthemis tomentosais so far known only
from southern Istria, with published findings by
Topic et al. (1997) and Vukovic et al. (2022), as well
as a personal communication by Rottensteiner
who found several plants on the islet of Fenoliga.
The species is accordingly designated as critically
endangered (CR); however, the discovery of a large,
vigorous population on Sekovac during this study
was in line with our previous observations that
the Croatian population of A. tomentosa is sprea-
ding, rather than declining (Vukovic et al. 2022).
We may conclude that, although A. tomentosa is
rare in Croatia and restricted to southern Istria,
its population is so far stable and even appears to
be enlarging; therefore, the threat level is not as
severe as previously thought.

In Croatia, Trifolium glomeratum is designated as
data deficient (DD) and the number of findings
is relatively low. Its Croatian distribution is ma-
inly Mediterranean (Nikoli¢ 2005-onwards), with
few literature records in southern Istria to date
(Freyn 1877, Topi¢ and Segulja 2000, Brana 2007,
Rottensteiner 2014) and herbarium records from

Bogdanovi¢ and Ljubic¢ié¢ (ZAGR 37801-37802).
We found a small population among grassland
vegetation on Bodulas.

Coronopus didymus is another interesting plant,
relatively rarely recorded in Croatia with records
in the Mediterranean part of the country. Most
previous occurrences are in the northern Adriatic,
in Istria and Kvarner Bay (Nikoli¢ 2005-onwards).
During our study this small decumbent ruderal
plant was found only on Fenera, on bare ground
between grassland and calcareous rocks.

Specimens of Campanula rapunculus were iden-
tified as C. rapunculus f. verruculosa, a form with
glandular calyx already noted by Freyn (1877) and
Topié & Segulja (2000) for southern Istria. Although
C. rapunculus is widely distributed throughout the
Croatian coast, the glandular form is typically found
only in northern parts. In this study it was recorded
in grasslands of Bodulas, Ceja and Trumbaja.

During our study it came to our attention that
the historical findings of Lotus parviflorus Desf.
in the area were very interesting. This species is
very similar to (and easily mistaken for) L. angu-
stissimus, with which it shares habitats. During
fieldwork we collected several plants belonging to
this group (from Bodula$, Ceja and Rt Kamenjak;
ZA76271, ZA76272, ZAGR77211), which were
studied in detail and after careful consideration
finally identified as L. angustissimus. In Croatia,
L. parviflorus was only recorded historically and
has never since been confirmed in the field since,
although historical findings were cited later several
times. Historical records refer to Bodulas islet (=
S. Marina, Tommasinii 1873) and Losinj and Unije
(Tommasinii 1895, Haracic¢ 1905). All these papers
mention both L. parviflorus and L. angustissimus oc-
curring in the same localities. Freyn (1877) however
does not confirm the findings from Bodulas (1873),
but interestingly includes Tommasinii’s findings
under L. angustissimus. Recent taxonomic study
of this group (Kramina 2006) locates L. parviflorus
in former Yugoslavia countries; however, the study
does not cite any herbarium material from this

SRPANJ 2024.
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area. Moreover, the collections ZA, ZAHO, ZAGR
and CNHM have no specimens of L. parviflorus.
In conclusion, L. parviflorus is a quite mysterious
plantrecorded in the studied area in bygone times

SRPANJ 2024.

but not confirmed in the field for the last 118 years.
The occurrence of this species in Croatia should be
checked in the field.

Table 1. A list of herbarium sheets of interesting taxa collected during our study.

Tablica 1. Popis herbarijskih listova zanimljivih svojti skupljenih tijekom ovog istrazivanja.

Taxa
Anthemis tomentosa L.
Trifolium glomeratum L.

Coronopus didymus (L.) Sm.

Campanula rapunculus L. f. verruculosa Freyn

In conclusion, the vascular flora of the studied area
is mainly composed of typical representatives,
commonly found in the Mediterranean zone of
Croatia, with most taxa, as a result of geographical
isolation, inhabiting only a small number of islets.
Although some rare and endangered taxa were
recorded, their populations are so far not threa-
tened in any way. Our results represent a valuable
contribution to the knowledge on the studied area,
considering the age of previous floristic data.
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Locality Collection ID

Sekovac  ZA 75344-75348
Bodulas ZA 76484-76486
Fenera ZA 75357-75358
Fenera ZAGR 37873
Bodulas ZA 76488
Trumbaja ZA 76557
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Appendix 1. List of all taxa recorded in the studied area arranged by alphabetical order of plant families.
IUCN - IUCN status, Inv - invasive plant, End - endemic plant, Chor - chorotype, LF - life-form,
Isl - number of islets where the taxa was recorded. For abbreviations of chorology and life-forms see
Material and methods.

Prilog 1. Popis svih svojti zabiljeZenih u istrazivanom podrucju, organiziran abecedno po porodicama.
IUCN - IUCN status, Inv - invazivna biljka, End - endemicna biljka, Chor - horotip, LF - Zivotni oblik,
Isl - broj otoci¢a na kojima je vrsta zabiljezena. Za skracenice horoloskih tipova i Zivotnih oblika pogledati
poglavlje Materijali i metode.
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