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Abstract: Dittrichia graveolens (L.) W. Greuter, an invasive plant species of Mediterranean origin, is
recorded for the first time in Romania. We found the species in October 2020 in two separate locations along the main
highway that connects Brasov and Sibiu cities, in Southern Transylvania, central Romania. We present here the first
data concerning the species occurrence in the investigated area, its observed habitat, local distribution and
accompanying species. We presume that the main vector for the introduction and dispersal of this species in Romania
is the high traffic density along the major roads. Dittrichia graveolens has proven its invasive potential in other regions
of Europe and North America of similar temperature and precipitation regimes under an overall temperate climate.
Consequently, taking into account its fast dispersal, especially in the more favourable habitats for its establishment
that exist along the major roads from the lower altitudes and the riparian communities from the western, southern and
eastern parts of Romania, we conclude that close monitoring of the species occurrence should be undertaken in order
to better assess its full invasive potential in our country and to reduce the risk of impact on natural plant communities.
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Introduction

Road networks are known to be major invasion corridors [38, 15, 39], and human-altered
habitats, especially those along the roads, are important entry gates that favour the rapid
establishment and dispersal of alien plant species [12, 20]. Plant invasions connected to road
systems have been observed in many parts of the world [31, 56, 32, 15, 29, 51]. In Central Europe,
the distribution of several alien species is linked exclusively to highways and the disturbed habitats
along them (e.g., Artemisia tournefortiana, Atriplex micrantha, Cochlearia danica, Eragrostis
albensis, Senecio inaequidens, Sporobolus vaginiflorus) [25, 41, 6, 7, 28, 33, 59, 19]. Other
invasive species have managed to conquer all types of natural habitats, also helped by various
infrastructure features like the road networks (e.g., Ambrosia artemisiifolia) [18, 30, 32].

In Romania there are many examples of alien plant species, some being recorded also on
disturbed roadsides from where these plants managed to disperse further into other types of natural
or semi-natural habitats adjacent to road networks (e.g., Bromus madritensis, Erigeron annuus,
Erigeron canadensis, Reynoutria japonica, Robinia pseudoacacia, Senecio inaequidens, Solidago
canadensis) [60, 1, 2]. Other species, many with differing ecological requirements, have been
observed mostly along roadsides, from where they sporadically spread to other areas (e.g.,
Galinsoga quadriradiata and Bidens frondosa in the Cerna Valley, Impatiens parviflora and
Rudbeckia laciniata on the Transfagarasan road and the Somes Valley, Cirsium candelabrum on
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the road networks crossing the western part of the Southern Carpathians, Prunus cerasifera in the
NW part of Romania, personal observations). The studies made by Follak et al. [21] in several
European countries concerning the alien species found along road networks are relevant also for
Romania. The most problematic invasive species currently found along road verges in Europe are
spreading alarmingly fast in Romania as well, along various road types related to traffic density,
especially at lower altitudes, with the milder, warmer climate characterising the lowlands (e.qg.,
Ambrosia artemisiifolia, Reynoutria japonica, Solidago canadensis, Solidago gigantea, Impatiens
glandulifera, Ailanthus altissima, Robinia pseudoacacia, Acer negundo, Asclepias syriaca, Bidens
frondosa, Erigeron canadensis, Erigeron annuus, Helianthus tuberosus, Impatiens parviflora,
Populus x canadensis, Rudbeckia laciniata).

Dittrichia graveolens (L.) W. Greuter (syn. Inula graveolens (L.) Desf.) (Asteraceae) was
formerly included in the genus Inula, from which it was separated into the genus Dittrichia,
consisting of just two species, D. graveolens and D. viscosa (with three subspecies), both widely
distributed in the Mediterranean Basin and both considered highly invasive in other parts of the
world [11, 4, 33, 43]. It is an annual, viscid, strongly aromatic plant with a camphor-like smell, up
to 20-50 cm tall [44]. The leaves are linear to linear-lanceolate and the ray-florets are short and
yellow-coloured [35].

Its native distribution in Southern Europe includes Albania, Bosnia and Herzegovina,
Croatia, Montenegro, North Macedonia, Bulgaria, France, Greece, Italy, Portugal, Serbia and
Spain. Dittrichia graveolens extends its natural range also to the eastern coastlines of the Atlantic
Ocean, North Africa (Algeria, Libya, Morocco, Tunisia), the Middle East and Central Asia
(Afghanistan, Cyprus, Iran, Israel, Jordan, Lebanon, Pakistan, Syria, Turkey and North-West
India) [11, 42, 24]. Across its natural range Dittrichia graveolens grows mainly in alluvial
floodplains, riparian woodlands and margins of tidal marshes. However, in its non-native areas it
occupies disturbed habitats along roadsides with ruderal vegetation, arable fields, wastelands and
gravel quarries [11, 36]. Outside its range it can also occur in nitrophilous communities [11].

The spread of Dittrichia graveolens in Europe outside its native range is almost exclusively
connected to roads and highways, along which the species has dispersed into regions north of its
native area of distribution from the Mediterranean Basin, over great distances and in a very short
time (e.g., Slovakia or Poland) [33, 35]. In a separate study, it was observed that the species
distribution correlates to a high degree with the highway network of the European countries [21].

In this paper we report the species Dittrichia graveolens for the first time from Romania,
providing information on (1) distribution of populations and (2) local habitat conditions and then
(3) discuss its invasive potential at the national scale.

Material and Methods

The field study that led to the discovery of Dittrichia graveolens in Romania was
conducted during October 2020 and was included in a nationwide project (POIM120008) aimed
at collecting all available distribution data regarding the alien flora and especially those plant
species posing invasive potential. We recorded precise information on the locations using a
handheld Garmin GPSMap 60CSx device with a <10 m accuracy set up in the WGS84 Geographic
Coordinate System. We recorded the list of accompanying species from population 1 (Brasov
County) and estimates of the covered surface and number of individuals for both populations. We
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collected herbarium specimens that were deposited in the Herbarium of "A. Borza" Botanical
Garden, Babes-Bolyai University Cluj-Napoca (CL) (Fig. 1, CL-669063 and CL-669062, Leg. et
det. P.-M. Szatmari and B.-1. Hurdu, the 6™ of October 2020). The maps were developed in ArcGIS
9.3 [17]. The nomenclature follows Ball (1976) [4] and Brullo & de Marco (2000) [11].
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Fig. 1: Specimens of Dittrichia graveolens collected from the two populations in Brasov County (population 1)
and Sibiu County (population 2) deposited in the Herbarium of ,,A. Borza” Botanical Garden, Babes-
Bolyai University in Cluj-Napoca (CL).

Results and Discussion

We discovered Dittrichia graveolens in two separate locations at approximately 10 km
apart, along the European road E68 (DN1) connecting Sibiu and Brasov cities, in Southern
Transylvania, (Fig. 2), during the field work we carried out in October 2020 for mapping invasive
species distribution in Sibiu and Brasov counties. Individuals from the population 1 (Fig. 2)
occurred on road verges and in the cracks formed between the concrete tiles of the bridge crossing
the river Corbul Ucii, in Brasov County, between the villages Vistea de Jos and Ucea de Jos (N
45.79124 | E 24.69377, 417 m a.s.l.). This population comprised several hundred individuals
spread over >1000 m?, most found at the fruiting stage or final stage of flowering. The population
2 (Fig. 2), which we evaluated as being much smaller, having fewer than 10 individuals spread
over 100 m?, occurred in Sibiu County, approximately 10 km west from the first record, along the
national road (E68/DN1) connecting the villages of Arpasul de Jos and Scoreiu (N 45.77224 | E
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24.60014, 424 m a.s.l.). Most individuals from population 2 were still at the flowering stage.
Following the observations made in Poland [35], the plants were reported flowering in early
autumn (September-October), which mostly corresponds to our findings.
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Fig. 2: Map showing (A) the location of the two recorded occurrences of Dittrichia graveolens in Brasov County
(population 1, green dot) and Sibiu County (population 2, green dot) and (B) the placement of the
investigated area within Romania (indicated by the small black-contoured box)

We found most of the individuals in crevices formed between concrete tiles near bridges
and in the immediate vicinity of the European road. Few other species occurred there, notably:
Setaria pumila, Digitaria sanguinalis, Atriplex patula, Cichorium intybus or Rubus caesius var.
arvalis. The nearby habitats are strongly ruderal, with the Corbul Ucii river banks (Fig. 3) being
colonised by Reynoutria japonica, Echinocystis lobata, Amorpha fruticosa, Helianthus tuberosus,
Solidago canadensis and Robinia pseudoacacia.

The species has been naturalized in many parts of the world, including Australia, New
Zealand, South Africa, Mexico, and the USA, being considered a pest of cereal crops in South
Africa, a common weed in New Zealand, and a highly noxious weed in California and Australia
(Victoria, Queensland) [46, 8, 16, 10, 3, 14, 34]. In California it can establish itself in riparian
floodplains and seasonal wetlands that are mainly disturbed by natural or anthropogenic elements
[10]. In Australia it was observed in semi-natural habitats, mostly in rangelands and open
woodlands, but also in cereal crops [44]. In both Australia and the USA, Dittrichia graveolens is
classified as a high risk invasive species [58].
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In Europe, Dittrichia graveolens has been recorded as an alien plant species in Austria in
2001 [27, 53], Germany in 2003 [49], Belgium in 2004 [37], The Netherlands [40] and Switzerland
[13] in 2005, United Kingdom in 2006 [52], the Czech Republic in 2008 [47, 48], Slovenia in 2009
[22], Slovakia in 2014 [33], Poland in 2015 [35, 45, 36], and Hungary in 2016 [57]. The first
records of the species in Central Europe, according to existing studies [33, 35], were made in
Germany, Austria and Slovenia. It is presumed that it spread from there to the neighbouring
countries, especially eastwards [35, 33], with multiple studies indicating a remarkable speed in the
propagation to new areas in Poland [36].

B e N i
Fig. 3: Dittrichia graveolens (L.) W. Greuter from population 1, near the Corbul Ucii river, along
the road that connects Vistea de Jos and Ucea de Jos villages, Brasov County, Romania (6"
of October, 2020).

According to Brownsey et al. [10], concerning the native occurrence of Dittrichia
graveolens in Southern Europe and its ecological preferences, the species requires sunlit
environments and terrain with low vegetation cover, having a highly reduced establishment
success in habitats covered by dense vegetation. It has become a problem, however, in low-
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disturbed or arid habitats in similar Mediterranean or semi-arid climates, with scarce vegetation
like that found in regions of California or Australia, where the species has rapidly dispersed over
extensive areas [14]. Moreover, one plant can produce up to 71.000 seeds that are easily
disseminated by wind, water, animals, and by automobiles, being dispersed by the air currents
generated by passing vehicles [9], thus making it extremely successful in spreading over long
distances in a short time. The seeds can germinate and plants develop in substrates with a wide
range of NaCl concentrations and contaminated with heavy metals or mercury, making it a highly
prolific pioneer species that uses the disturbed habitats to expand its areal [23, 26]. Soil salinity is
also an important environmental filter that eliminates natural competitors, facilitating the spread
and establishment of salt-tolerant Dittrichia graveolens [55]. Being an autumn flowering annual
species with a late season development, Dittrichia graveolens is not affected by early-applied
herbicide treatments [5]. Further studies carried out in the Spanish Pyrenees concluded that the
spread of the species is positively correlated with the use of herbicide glyphosate in the spring,
which eliminates competitors and leads to a tabula rasa type of colonisation by Dittrichia
graveolens [5].

According to Randall [50] the global invasive risk score rating of this species is low;
however it can have a more significant impact in particular ecological situations. Considering its
affinities to deteriorated riparian communities, there is a significant possibility that Dittrichia
graveolens will establish itself as a common weed in the disturbed habitats along river banks.
Consequently, we assess that the species could become a problematic weed especially in South-
Western, South and South-Eastern Romania, with emphasis on the Danube Valley area and the
Dobrogea region, owing to the warmer, sub-Mediterranean climate and long, hot summers
characterising these regions. Moreover, most of the protected areas from Romania harbouring
continental sand dunes are heavily impacted by invasive species, especially Ambrosia
artemisiifolia [54], and the spreading potential of Dittrichia graveolens could create additional
pressures on these habitats and their native species. However, the scarcity of studies from Europe
concerning the colonizing potential of this species in the continental sand dunes, characterised by
scarce vegetation, may offer an incomplete picture of the actual threat posed by Dittrichia
graveolens and the appropriate preventive measures to be undertaken in order to control its
dispersal within these specific habitats. Following the existing weed pest control knowledge from
California, the most effective control method for this species has proven to be the cutting or
mowing of stems in September, immediately prior to flowering [10]. Therefore, considering the
more frequent occurrence of Dittrichia graveolens in annual grassland communities [10] and
disturbed habitats, its distribution in Romania should be further investigated and carefully
monitored, while currently known methods of control should be applied.

Conclusion

We report here the first occurrence of the species Dittrichia graveolens in Romania.
Following the currently available data, we consider the newly reported species to be a casual alien
plant species in Romania. However, with its proven high invasive potential in other parts of Europe
and North America, once established, due to its easy dispersal over long distances along the
roadsides and its ample ecological tolerance, it should be treated as a high risk invasive plant and
managed accordingly before it spreads in other parts of the country. Currently, we can only
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speculate on the origin of these populations and if these may be considered source populations or
if the species is actually more widely distributed locally or in Romania. For this reason, additional
field surveys, with more extensive terrain coverage, should be carried out in order to better assess
the full extent of this alien species occurrence and its real impact on the natural habitats from our
country.
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DITTRICHIA GRAVEOLENS (ASTERACEAE) — O NOUA SPECIE INVAZIVA iN ROMANIA
(Rezumat)

Dittrichia graveolens (L.) W. Greuter, o specie invaziva de origine mediteraneeana, este raportatd pentru

prima oara din Romania. Am descoperit specia in octombrie 2020 in doud localitati separate de-a lungul soselei
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principale ce leaga orasele Brasov si Sibiu din sudul Transilvaniei, regiunea centrald a Romaniei. Prezentdm primele
date asupra prezentei speciei in zona investigata, a habitatului in care a fost observata, a distributiei locale si a speciilor
insotitoare. Presupunem ca principalul factor ce a condus la introducerea si raspandirea speciei este legat de traficul
auto ridicat de-a lungul soselelor principale. Potentialul invaziv ridicat al speciei Dittrichia graveolens a fost
demonstrat in alte regiuni din Europa si America de Nord caracterizate prin conditii climatice asemanatoare celor din
tara noastra, de tip temperat. In consecinta, luand in considerare capacitatea mare de dispersie a speciei, indeosebi in
habitatele ce favorizeaza naturalizarea ei, prezente la altitudini joase de-a lungul marilor artere de transport si al
coridoarelor ripariene din vestul, sudul si estul Romaniei, consideram necesara monitorizarea atentd a prezentei
acesteia pentru a estima mai precis distributia ei completd in tara noastrd si pentru a reduce impactul ei asupra
comunitatilor naturale de plante.

Received: 11.12.2020; Accepted: 21.12.2020.



