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The flora of the cobbled streets and pavements in the Old City of Dubrovnik, South Croatia, was
studied in unusual circumstances with lack of trampling due to the Covid-19 lockdown in April 2020.
The features of the flora through analyses of taxonomic composition, life forms, chorotypes and the
phytosociological character of species found at eight sites in Dubrovnik Old City and along a transect
line on the main street (Stradun) are reported. Altogether, 57 plant species and three subspecies were
found. Therophytes, Cosmopolitans and taxa from the Papaveretea rhoeadis and Chenopodietea prevailed.
The study highlights the importance of the investigation of both flora and vegetation within Du-
brovnik’s city historical centre.
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Jasprica, N. & Milovi¢, M.: Flora na ulicama i ploc¢nicima u dubrovackoj staroj gradskoj jezgri u
vrijeme karantene uzrokovane epidemijom CO VID-19. Nat. Croat., Vol. 29, No. 1, 19-28, Zagreb, 2020.

U travnju 2020. istrazivana je flora ulica i plo¢nika u staroj gradskoj jezgri u Dubrovniku tijekom
razdoblja karantene uslijed epidemije COVID-19. U radu su opisane floristicke znacajke temljem
analize taksonomskog sastava, zivotnih oblika, flornih elemenata i fitocenoloske pripadnosti biljnih
svojti na osam lokaliteta te na transektu uzduz Straduna. Ukupno je pronadeno 57 biljnih vrsta i tri
podvrste. Najvedi udio u flori imali su terofiti, kozmopoliti te svojte svojstvene vegetacijskim razredi-
ma Papaveretea rhoeadis i Chenopodietea. Studija istice vaznost istrazivanja flore i vegetacije u povijesnoj
jezgri grada Dubrovnika.

Kljucne rijeci: antropogena stanista, flora, istocni Jadran, Sredozemlje, taksonomija

INTRODUCTION

Dubrovnik is a city located on the eastern coast of the Adriatic Sea in South Croatia
(42°39”N, 18°04"'E). The city (historically known as Ragusa) was founded in the 7 cen-
tury on a limestone hill that enclosed the bay of the Old City Port on the seaward side
(Hagrris, 2006). The original core was expanded by filling the shallows that separated it
from the mainland (today’s Stradun or Placa). Two entrances to the Old City, Pile in the
west and Ploce in the east, and the city walls (built over the centuries) define the image
of the medieval town. The Old City (area of 0.15 km?), in the shape of an irregular pen-
tagon surrounded by walls, with the wide central Stradun Street and alleys, stairs and
squares is the focus of the wider Dubrovnik area (Fig. 1). In 1979, the city of Dubrovnik
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joined the UNESCO list of World Heritage Sites. Today, its total population is 42,600
(census 2011), with 1,557 inhabitants in the Old City center (internal census 2016).

Dubrovnik is one of the most prominent tourist destinations of the Mediterranean
region. Croatia generally and Dubrovnik in particular has seen a steady annual growth
in tourism over the past decade (Mrpa & Cari¢, 2019). In 2019, 1.44 million arrivals and
4.37 million overnights were recorded in Dubrovnik. Overcrowding by cruise tourism
(the total number of cruise-ship visitors was 800,000 in 2019) threatens the degradation
of both the environment and of particular historical sites (CARIC & MacKELwORTH, 2014).

According to Koppen’s climate classification (KOPPEN & GEIGER, 1954; STRABER, 1998)
the city lies within the Csa climate zone, i.e. the Quercetea ilicis vegetation zone, where
the climate is typically Mediterranean: mild and rainy winters, warm and dry summers,
and an extended period of sunshine throughout the year. The average annual tempe-
rature is 16°C, while average annual rainfall is 1,294 mm (Jasprica et al., 2010).

In urban ecosystems, the structures of plant and animal communities are determined
by both anthropogenic and natural processes (e.g. SzLavecz et al., 2011; KOWARIK & VON DER
Lirrg, 2018, and references therein). In general, previous studies have advanced the under-
standing of urban flora in Dubrovnik (Jasprica et al., 2010, 2020), but full interpretation of
floral diversity did not incorporate an analysis of both historical and recent city activity.

In this study we investigated the flora of the cobbled streets and pavements in the
Old City of Dubrovnik in April 2020, when residents and visitors were absent from the
streets due to the COVID-19 lockdown. Dubrovnik has not been so quiet and not-tram-
pled since the 1990s war; in “normal” circumstances thousands upon thousands of feet
would have been planishing the streets of the Old City. In these unusual circumstances,
we were able for the first time to inventory the flora in the heart of the Old City. The
object of our study was an analysis of flora based on taxonomic composition, life forms,
chorotypes and the phytosociological character of plant species.

MATERIAL AND METHODS

The study was carried out over April 20-24, 2020. Eight sites were randomly chosen
in different parts of the Old City of Dubrovnik, including a transect line along the main
street (Stradun) (Fig. 1). The area of the sites (squares and streets) ranged from 250 m?
(near the Cathedpral) to 1,900 m? (Stradun) (Fig. 2E). In this study, the flora on the ver-
tical wall surfaces was not studied (see Jasprica et al., 2020), since we were interested
in the lack of feet, i.e. the normal wear to which the ancient pavement stones of the Old
City are subjected.

Taxa were determined using the standard determination keys, books and guides
reported in Jasprica & MiLovi¢ (2016) and Mirovic et al. (2016). The taxa in the list are
given in alphabetical order of genera and species. Biological form was reported accor-
ding to categories given in PicNaTTI (1982), these being based in turn on the classifica-
tion of RAUNKIAER (1934). Regarding chorological forms, reference was made to Jaspri-
ca et al. (2017, and references therein). The nomenclature of plant taxa follows the
Euro+Med PlantBase (Euro+MeDp, 2006-2020), except for Campanula austroadriatica
D.Lakusi¢ & Kovaci¢ where the International Plant Names Index was applied (IPNI,
2020). Taxa are associated with vegetation units (classes) using the system of characte-
rizing species reported by Mucina et al. (2016) (i.e., for those plants that are considered


https://en.wikipedia.org/wiki/UNESCO
https://en.wikipedia.org/wiki/World_Heritage_site
https://en.wikipedia.org/wiki/Tourist_destination
https://en.wikipedia.org/wiki/Mediterranean_Sea
https://en.wikipedia.org/wiki/Mediterranean_Sea
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kowarik%2C+Ingo
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lippe%2C+Moritz
https://besjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lippe%2C+Moritz

Nat. Croat. Vol. 29(1), 2020 21

PILE |

100

Fig. 1. Position of the study sites on the cobbled streets and pavements within the Old City of Dubrovnik,

April 2020: 1 - Large Onofrio Fountain, 2 - Gunduli¢ Square, 3 — Cathedral, 4 - Rector’s Palace, 5 - Por-

porela, St John Fortress, 6 — Old Port area and LuZa Square, 7 - Dominican Monastery, 8 — Siroka Street,
—Stradun (Placa).

‘characteristic species’ of the classes, see Electronic Appendix S6). The nomenclature
of vegetation units also follows Mucina et al. (2016).

The neophytes reported in this study were adjusted according to Nikovi¢ (2020). To
indicate the degree of naturalization (the invasion status) of a taxon, we have used the
terms casual, naturalized and invasive, following the definition of RicHARDSON et al.
(2000). The assessment of the degree of naturalization was made according to Borsi¢
et al. (2008) refined by NixoLi¢ et al. (2014) and Nikori¢ (2020).

RESULTS

In the Old City of Dubrovnik, 60 taxa (57 species and three subspecies) of native and
naturalized vascular plants within 25 families and 54 genera were noted (Tab. 1). Fa-
milies with the highest number of taxa were Compositae (eight taxa, or 13%), Caryop-
hyllaceae (seven, 12 %) and Poaceae (five, 8%).

The flora is dominated by therophytes (40 taxa, 67%) and hemicryptophytes (11.18%)
followed by geophytes, chamaephytes and phanerophytes (five taxa in each, or 5%).

The Cosmopolitans (20 taxa, 33%) followed by a considerable proportion of Mediterra-
nean plants (17.29%) dominated the flora. Cultivated and adventive plants, South Europe-
an and Euroasian geographic elements contributed 15%, 13% and 10%, respectively.

The most frequent taxa were Parietaria judaica and Erigeron sumatrensis (found at all
sites except on Stradun) followed by Polycarpon tetraphyllum (seven sites), and Ochlopoa
annua and Cymbalaria muralis (each found at five sites). The number of taxa on the sites
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Fig. 2. Some plant species found on the cobbled streets and pavements in the Old City of Dubrovnik in
April 2020: A — Ochlopoa annua (L.) H.Scholz, B — Erigeron sumatrensis Retz., C — Polycarpon tetraphyllum
(L) L., D - Sagina maritima Don, E — spontaneous overgrowth of vegetation occurs in the Old City: the
Gunduli¢ Square, F — only Parietaria judaica L. and Portulaca oleracea L. were found in a tree circle near
the Large Onofrio Fountain, Site 1 (see Sti.c et al.,, 2020) (Photo: N. Jasprica).

was between three and 28, with an average of 14 taxa (SD + 7.7); the highest was on
Gunduli¢ Square (28) and at the Large Onofrio Fountain (19) and the lowest was in
front of the Rector’s Palace (3). Along a transect line on Stradun, only five species were
noted, exclusively beside manholes or gratings. Only Parietaria judaica and Portulaca
oleracea were found in two tree-circles located near the Large Onofrio Fountain, Site 1
(see Siic et al., 2020, Fig. 2F).
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Two taxa (Campanula austroadriatica, Viola suavis ssp. austrodalmatica) are considered to
be endemic, belonging to the group of Illyrian-Adriatic endemics (N1koLic et al., 2015;
Nikori¢, 2020). In addition, two statutorily strictly protected taxa, as statutorily defined in
Croatia (Catapodium marinum, Viola suavis ssp. austrodalmatica), are also noted (ANoNYMOUS,
2013ab). Additionally, Catapodium marinum is a vulnerable (VU) taxon and listed in the Red
Book of Vascular Flora of Croatia (N1koLi¢ & Topi¢, 2005; Nikori¢, 2020; IUCN, 2020).

Six neophytes were recorded. Among them, the most frequent (present at all sites,
except on Stradun) was Erigeron sumatrensis (Tab. 1, Fig. 2B). Up to four taxa found in
the Old City are considered to be invasive in Croatian territory.

In the phytosociological spectrum, the largest element was made up of taxa from
Papaveretea rhoeadis and Chenopodietea (eight taxa in each, i.e. 13%), followed by taxa
from Digitario sanguinalis-Eragrostietea minoris, Polygono-Poetea annuae, Cymbalario-Pa-
rietarietea diffusae and Sisymbrietea (five taxa in each, 10%).

DISCUSSION

Although the territory of the city of Dubrovnik includes a wide range of habitats,
we have restricted the survey of the area in the Old City to the time in which anthro-
pogenic influences were extremely low. In this study, the location of investigated sites
in the Old City of Dubrovnik was mostly in concordance with a heritage crowding map
of the sites based on remoteness, area size, area shape, visitor perception and attracti-
on quality (Mrpa & Cari¢, 2019: 172). However, we did not estimate the relationship
between flora richness and area at particular sites.

In this ecological niche (pavements and squares), the soil is spatially confined and,
unlike semi-natural soils, temperatures are always quite high given the close contact
with stone materials. These habitats exhibit strong drying conditions and soil compac-
tion due to trampling (LEnmAaNN, 2006).

Therophytes were dominant in the life-form spectrum, as has been previously re-
ported for the flora of anthropogenic habitats subjected to strong human pressure (see
e.g., SALINITRO et al., 2018, and references therein). This is not unexpected, as their short
generation time and high number of easily dispersed seeds make therophytes very
effective colonizers with high tolerance to disturbance. The life-form distribution reta-
ins a similarity with the spectrum of the regional pool (e.g., MiLovi¢, 2002, etc.). Futu-
re studies in the area will show whether the perennials (e.g., Cynodon dactylon) take
over the dominant role at these sites later in the year (GrimE, 1979).

The high percentage contribution of Cosmopolitans suggests a high degree of hu-
man impact, while co-domination of Mediterranean taxa shows that the Mediterrane-
an climate acts only partially as a strong ecological filter (e.g., DUNNETT & HitcHMOUGH,
2004). Generally, these taxa have a significant influence on the physiognomy of this
type of man-made habitat.

Additionally, the phytosociological spectrum, and in particular a considerable par-
ticipation of taxa from the Papaveretea rhoeadis and Chenopodietea classes, alongside ot-
hers, indicates that the flora of the studied sites does not retain links with the plant
communities of its biogeographic context. Interestingly, the most frequent taxa (e.g.,
Parietaria judaica, Evigeron sumatrensis and Polycarpon tetraphyllum) are associated with
different classes, and they vary considerably according to the type of disturbance, di-
ffering at a higher level according to disturbance type.
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The Old City of Dubrovnik hosts some endemics and protected entities. To allow
species to thrive in urban areas, management of green spaces and weed control in imper-
meable areas should take into account the biology and phenology of these species. On the
other hand, these plants colonize stone monuments causing conservation problems.

In the present study, neophytes contributed 10 % of identified flora. This is only
partly consistent with the proportion of neophytes in urban flora of the main Croatian
coastal cities (Jasprica et al., 2010, 2017; MiLovi¢ & MiTiC, 2012). In general, the pattern
of neophytes is most strongly influenced by site conditions (SiLc ef al., 2012). Alongside
these, in COVID-19 circumstances, the thousands and thousands of visitors that might
have been carrying adventive species on the soles of their shoes were absent.

We are aware that this study covers only a small part of the important aspects of
floristic investigations. It contributes to the knowledge of pavement flora during low
anthropogenic influence when the spontaneous overgrowth of vegetation also occurred
(Fig. 2E). However, data obtained here need to be extended with further investigation
later in spring or summer when thermophilic trampled habitats can more usefully be
investigated in the Mediterranean macrobioclimate (e.g., CARNI & Jocan, 1998). From
a purely scientific standpoint, it will be intriguing to define species richness and their
phytosociology, present at the same sites in the Old City after the tourist season (i.e.,
in October 2020), and again next in April 2021, if times get “normal” again. Then, our
analysis will contribute to the establishment of a broader understanding of the mana-
gement and conservation potential of this habitat type. Generally, the flora and vege-
tation of Dubrovnik city’s historical centre have not figured prominently and deserve
further investigation.
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