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Abstract

Pistia stratiotes L. (water lettuce) is known as one of the most troublesome aquatic
macrophytes, strongly affecting the environment and human activities in slow-
moving and stagnant inland water systems. It was introduced into Europe in the 20"
century and has since spread to 15 European countries. This paper presents data on
the first record of this invasive aquatic plant in natural inland waters of Vojvodina
(northern lowland part of Serbia) and discusses the possible pathways of its
introduction. Field research was conducted in October and November 2017 on the
Begej River in Vojvodina Province (Serbia), where populations of P. stratiotes
were documented for the first time near Srpski Itebej, in close proximity (1.2 km
downstream) of the Romanian border. The plant samples were collected, photographed
in situ and deposited in the BUNS Herbarium. The relevant environmental data
were also recorded in sifu and water samples were collected for chemical analysis.
This new record presents the first documented case of this invasive alien in rivers in
Serbia, and expands upon the previous findings of this species in natural thermal
waters of south-eastern and eastern Serbia. Taking into account the distance from
the Romanian border and the fact that it has already been present in this country for
several years, this introduction could be attributed to the spontaneous spreading of
P. stratiotes from this neighbouring country. Nevertheless, despite this possibility,
discarded aquarium plants cannot be entirely discounted as a potential source of
this new introduction. Although it is hard to predict the exact consequences of this
new introduction at such an early stage, bearing in mind the detrimental impacts
P. stratiotes can have on the environment and excellent lateral connectivity of the
Begej River with the canal and river network of Serbia, this finding highlights the
need to take urgent action to control and instate regular monitoring measures,
especially on the rivers and canals located close to the state borders.

Key words: water lettuce, invasive, alien, aquatic plant, Begej River

Introduction

An extensive network of rivers and canals crisscrossing the European
continent acts as a major invasion corridor facilitating the introduction
and spread of a significant number of aquatic alien species (Bij de Vaate et
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al. 2002; Galil et al. 2007). Nunes et al. (2015) have performed a
comprehensive assessment of aquatic alien species introductions on the
European level and documented a continuous rise in the number of new
introductions of alien species in European inland waters over the last 60
years. Likewise, Hussner (2009) has shown that the number of alien aquatic
plants has increased significantly since the 1980s in the territory of central
Europe, with a total of 96 alien aquatic plants, belonging to 30 families,
being documented in the European freshwater systems (Hussner 2012).
Out of these 96 species listed by Hussner (2012), six alien aquatic plants
have been reported so far for the territory of Serbia (Andelkovi¢ et al. 2016).

Pistia stratiotes L. (Araceae), commonly known as water lettuce, is a
free-floating perennial monocotyledonous freshwater macrophyte. Although
its native range is most often cited as South America, recent molecular data
(Renner and Zhang 2004) have reinvigorated the debate over the plants
provenance (Sculthorpe 1967; Howard and Harley 1997). It has a
worldwide distribution in the areas of tropical and subtropical climate
(DeWald and Lounibos 1990; EPPO 2017a) and is considered to be one of
the most widely distributed aquatic plants (Holm et al. 1977). It causes
major problems in the freshwaters of tropical and subtropical regions of
the world (Howard and Harley 1997; Champion et al. 2014; Lozano and
Brundu 2016; EPPO 2017b), where it has been noted as a troublesome
water weed ever since the 1960s (Sculthorpe 1967). Pistia stratiotes grows
in slow-moving rivers and reservoirs, irrigation channels, ponds, lakes,
canals and ditches (Cilliers 1991; Venema 2001; Adebayo et al. 2011;
Hussner et al. 2014), where it often forms dense floating mats, which
spread from the marginal areas of the waterbody over open water
(Sculthorpe 1967; Howard and Harley 1997; Brunel et al. 2010b; Chamier
et al. 2012). Such rigorous growth often leads to drastic reductions in the
diversity of native aquatic plant and animal communities (Ercolini 2008;
Brunel et al. 2010b). Despite its invasiveness and potential detrimental
effects on aquatic ecosystems, this plant is still widely sold for aquaria and
ornamental use (Brunel et al. 2010b).

Pistia stratiotes was first introduced into Europe in the 19" century
(Loudon et al. 1850). The first published record of its presence in the wild
dates to 1973 in the water canals of the Netherlands (Mennema 1977 in
Sajna et al. 2007). In Italy the species was first recorded in 1998, in the
Province of Cremona, followed by subsequent records in the Italian
regions of Tuscany, Lombardy, Veneto, Emilia Romagna and Campania
(see Brundu et al. 2012). Over the years it has been introduced to a number
of European countries, e.g. Czech Republic, Spain and Russia (Py3ek et al.
2002; Garcia Murillo et al. 2005; Shapovalov and Saprykin 2016), but
without forming self-replacing populations. Meanwhile, overwintering
populations of this invasive species have been reported in geothermal
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waters in Europe: in Germany (river Erft, North-Rhine Westphalia;
Hussner and Heiligtag 2013; Hussner 2014) and Slovenia (thermal stream
Topla; Sajna et al. 2007). Although Hussner (2012) has documented its
presence in 11 European countries, more recent records of the EPPO
(European Plant Protection Organization) have confirmed its presence in a
total of 15 countries (EPPO 2017b).

Brunel et al. (2010a) and Tanner et al. (2017) have marked P. stratiotes
as a high priority species for conducting a PRA (Pest Risk Assessment) on
the European level, which has led to the publication of an express PRA
(EPPO 2017b). Since 2012 P. stratiotes has been on the EPPO List of Invasive
Alien Plants (EPPO 2017a), while in 2017 it has been placed on the EPPO
A2 List of pests recommended for regulation as quarantine pests “locally
present in the EPPO region” (https://www.eppo.int/ QUARANTINE/list
A2.htm). Its invasiveness score range according to the USAQWRA impact
score scheme was between 54 and 67, making it one of the highest scored
invasive species of South American origin and consequently one of the
major risks (Lozano and Brundu 2016). In Germany it has been listed on
the Grey List (potentially invasive species; Hussner et al. 2014), as it is still
only present as a rare occurrence, and has not naturalized in natural
waters, only in geothermal waters (Hussner and Heiligtag 2013), while in
Spain and Portugal it is regarded as a prohibited species (EPPO 2017a).

Although no official records of P. stratiotes have been reported in
natural waters of Serbia (IASV 2011; Lazarevié et al. 2012; Hussner 2012;
Andelkovi¢ et al. 2016; EPPO 2017a, b), this species was occasionally
documented in the thermally abnormal waters, i.e. natural thermal springs
of southeastern and eastern Serbia (Randelovi¢ et al. 1995; Bogosavljevic et
al. 2007; Lansdown et al. 2016). Therefore, given the importance of this
new record, the aims of this paper are to expand the existing knowledge on
the distribution of P. stratiotes in Serbia, by collating the prior literature
data on its presence with the first records of its presence in natural
waterways of the Vojvodina Province (Northern lowland Serbia), and to
discuss the possible pathways for this new introduction.

Materials and methods
Study area

The Begej River (Bega in Romanian) belongs to the Danube drainage basin
(Black Sea catchment area) and is the biggest tributary of the Tisa River.
Begej is an international river, which springs in Romania and subsequently
flows through Romania and Serbia (Bukurov 1984). Begej consists of two
river sections, which are known as the Stari Begej (i.e. the Old Begej) and
Begej Canal, aka the Plovni Begej (i.e. the Navigable Begej; Figure 1). These
two sections join near the village of Klek, thus forming the Begej River.
From Timisoara (Romania) to its mouth, the length of the Plovni Begej is
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Figure 1. The maps show: a) the country of study at the European level; b) a detailed map of
Serbia showing previous records of Pistia stratiotes in the literature (black dots) and the new
records (red dot) documented in this study; c) a detailed area of the field site, with four points
where Pistia stratiotes was recorded, along with their GPS coordinates (for details see
Supplementary material Table S1).

118 km, 88 km of which are situated in Serbia (Bogdanovi¢ and Markovi¢
2005). In its middle and lower reaches water levels of Plovni Begej are
regulated by dams, weirs and other hydrotechnical control activities and its
riverbed is channelized. Flow velocities in the canal are low enough for
sedimentation, with the depth of the canal now too small for navigation.
Currently, the maximum allowed flow through the canal is 83.5m*/s, and
the minimum is maintained at 5 m3/s (Dubovina et al. 2018).

Field sampling

Field research was done in October 2017 as part of a regular monitoring
survey on the Plovni Begej River in the Banat region, Vojvodina Province,
Serbia (45.57839N; 20.76350E, alt. 87 m). The presence of P. stratiotes was
first documented on this occasion and first plant samples were collected
near the village of Srpski Itebej. The previous records of P. stratiotes in
Serbia were georeferenced using OziExplorer (OziExplorer 2009), and
plotted on the map (Figure 1) along with the new field records, which were
obtained using a handheld Garmin GPSMAP 60CSx navigator. The
occurrence map (Figure 1) in the UTM projection (WGS84 elipsoid) was
created using the DIVA-GIS 7.5 software (Hijmans et al. 2012).

The sampling site was located in close proximity and downstream of the
state border with Romania (Figure 1). Given the importance of this new
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Figure 2. Pistia stratiotes in the water of Plovni Begej river in Srpski Itebej on November 8,
2017. Photographed by: Sipo§ S. Sandor.

finding, field research was repeated in November 2017, with the aim of
reassessing the situation in the field and collecting additional samples of
P. stratiotes. Research was conducted upstream of a weir located in Srpski
Itebej, on a 500 m long river transect, along which the environmental
parameters were also recorded, following River Habitat Survey (RHS)
methodology (Raven et al. 1997). Sampling of P. stratiotes was conducted from
the boat. The collected samples were photographed (Figure 2) with a Sony
NEX 5R camera and their exact GPS coordinates recorded (Supplementary
material Table S1). The samples were stored in 70% ethanol and transferred
to the laboratory of the Department of Biology and Ecology of the Faculty
of Sciences, University of Novi Sad. One sample of P. stratiotes was
deposited in the collection of the Herbarium of the Department of Biology
and Ecology Faculty of Sciences, University of Novi Sad (BUNS Herbarium,
accession number: 2-1515), while the others have been preserved in 70%
ethanol. The identity of P. stratiotes (Figure 3) was subsequently confirmed
using the standard plant identification keys (Cook 1990).

Water was sampled at three points along the 500 m long river transect,
and the values presented in Table 1 represent the average values of the
measured parameters. Environmental parameters (Table 1) were assessed
in situ, in order to obtain accurate data on the habitat characteristics. Water
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Figure 3. Pistia stratiotes L. 1753: A — lateral view of the plant; B — frontal view of the
inflorescence. Drawings by Aleksandra Kovadevic.

Table 1. Environmental parameters at the site of the Plovni Begej river (Srpski Itebej, Banat, Vojvodina, Serbia) where Pistia
stratiotes was recorded. sat = dissolved oxygen saturation; WTemp = Water Temperature; DO = Dissolved Oxygen; EC =
Electrical Conductivity; TSS = Total Suspended Solids; COD = Chemical Oxygen Demand; BOD = Biochemical Oxygen
Demand; TOC = Total Organic Carbon; NO; = Nitrates; SUR = Surfactants

Environmental measurements

Sampling date sat (%) WTemp DO H EC TSS COD BOD TOC NO; SUR

°C)  (mgh P @uSm) (mg) (mg) (mgl (mgh) (mgh) (mg/)
26.10.2017 82.2 12.5 8.62 7.6 333 8.0 5.0 34 2.6 4.7 2.3
08.11.2017 86.6 9.2 9.84 7.4 335 11.3 7.1 4.4 3.2 4.2 24

transparency was assessed using the Secchi disk. Surface water temperature,
dissolved oxygen concentration and saturation were measured using a
portable dissolved oxygen meter Hanna HI9146-10, conductivity using a
conductivity portable meter WTW COND 3110 and pH with a portable
WTW pH 330i meter. Water samples were collected in order to obtain data
on the chemical parameters (Total Suspended Solids - TSS, Total Organic
Carbon - TOC, Nitrates — NO;, Surfactants - SUR, Chemical Oxygen
Demand - COD, Biochemical Oxygen Demand - BOD), which were
measured using a SECOMAM Pastel-UV Field/lab analyzer.

Results

Georeferenced field occurrences of P. stratiotes were recorded in natural
surface waters of Serbia, along with relevant environmental data. Pistia
stratiotes was recorded in four points within the studied section of the river
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(Figure 1; Table SI1). During the first field trip, (October 26, 2017),
P. stratiotes was recorded in three spots (Figure 1). In the first one, six
mature rosettes of 12-17 cm were documented, with a vast number of
young plants. Four individuals each of 10-15 cm were recorded in both the
second and third spot (Figure 1). The second field trip (November 8, 2017)
confirmed all three previously recorded findings, with the same number of
individuals of P. stratiotes present. Moreover, one additional spot (Spot 4,
Figure 1) was documented in November, where a single mature rosette of
13 cm was documented, with a number of young plants. Points 1 and 4 are
situated on the left bank of the Plovni Begej River, while spots 2 and 3 are
on the right bank (Figure 1).

When analyzing the environmental data, Secchi disk measurements have
shown that the transparency was to the bottom of the river on both dates,
with a water depth of 1-1.5 m. The predominant river bottom substrate
was silt. At the time of the sampling the water temperature was 12.5 °C in
October and 9.2 °C in November, with the saturation levels being 82.2%
and 86.6% and dissolved oxygen 8.62 mg/l and 9.84 mg/l, respectively.
BOD and COD (as proxies for the organic load content) were used as a rough
estimate for the trophic status of the river. According to the BOD (3.4 mg/1
and 4.4 mg/l) and COD (5.0 mg/l and 7.1 mg/l) values, this part of the
Begej River is clearly above the national environmental quality standards.
TOC (total organic carbon) concentrations were 2.6 mg/l in October and
3.2 mg/l in November and TSS (total suspended solids) concentrations
were 8.0 mg/l in October and 11.3 mg/l in November (Table 1).

Discussion

In Serbia, the occurrence of P. stratiotes was previously recorded in natural
thermal springs, first in 1994 in a thermal spring “Banjica” in the Si¢evacka
klisura gorge (Randelovi¢ et al. 1995) and later on in a new site near
Knjazevac city, in Rgoste (Rgoska Banja spa; Bogosavljevi¢ et al. 2007).
Furthermore, there is also data indicating that this invasive alien plant
species has been planted intentionally with the purpose of creating an
artificial wetland in the Sokobanja spa, as an experimental part of a waste
water treatment facility (Nikoli¢ et al. 2009). Therefore, even though the
specimens of P. stratiotes have previously been reported in thermally
abnormal waters of eastern and southeastern Serbia, these new findings
represent the first records of the occurrence of P. stratiotes in natural
running waters of Serbia and are the first overall records for the region of
Northern lowland Serbia (Vojvodina Province). The Begej River, like most
of rivers in Vojvodina, belongs to permanent non-tidal, smooth-flowing
watercourses (C2.3) following the national updated system for the
classification of habitats (Lakusi¢ and Medarevi¢ 2010), which complies
with the EUNIS system (European Union Nature Information System,
Davies et al. 2004).
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Pistia stratiotes is an aquatic plant species able to grow under varying
environmental conditions. Temperatures between 22 and 30 °C and high-
nutrient conditions are optimal for its growth and development (Pieterse et al.
1981; Henry-Silva et al. 2008). Although at the first time of sampling the water
temperature was 12.5 °C (in October) and 9.2 °C (in November, Table 1),
according to Pieterse et al. (1981) and Hussner et al. (2014) P. stratiotes can
still develop at temperatures as low as 10 °C, and withstand freezing air
temperatures as a small floating form, provided that its leaves are in direct
contact with the water surface and the water temperature is above 10 °C
(Hussner et al. 2014). Despite this, it is susceptible to low temperatures and
frost, being prone to dieback when enclosed in ice and exposed to
temperatures slightly above 0 °C (Maclsaac et al. 2016).

Pistia stratiotes was found to be tolerant to salt, withstanding 200 mM
NaCl in the water (6 PSU; Upadhyay and Panda 2005). The inorganic
nutrient content in the analysed samples was high (4.7 mg/l in October and
4.2 mg/l in November) and these values were higher than those recorded
by Sajna et al. (2007). The documented pH values at the study site were
close to neutrality (7.6 and 7.4), which is in line with the values recorded by
DeWald and Lounibos (1990) and Sajna et al. (2007). Meanwhile, the EC
values were slightly lower (333 and 335 vs. 457-461), when compared to those
measured by Sajna et al. (2007) in the winter period. Inorganic nutrients,
nitrates, were high (4.7 mg/l in October and 4.2 mg/l in November) and
these values were higher than recorded in Sajna et al. (2007). If the
populations of P. stratiotes prove to be adaptable to such environmental
conditions, its potential for further spread within the region will
encompass many surface standing and slow-moving inland waters.
Furthermore, all of the four spots (Figure 1, Table S1) where P. stratiotes
plants were observed are located close to the shore, where the river flow is
very slow, due to various fallen tree logs and reed vegetation overgrowing
the riverbanks. This is in agreement with literature on the establishment of
P. stratiotes in the marginal areas of slow-moving inland waters
(Sculthorpe 1967; Howard and Harley 1997; Sajna et al. 2007; Brunel et al.
2010b; Chamier et al. 2012; Hussner and Heiligtag 2013).

Given that the new population was discovered very close to the
Romanian border (the distance between the weir in Srpski Itebej and the
border being 1.2 km), where the species is known to occur (Hussner 2012;
Lansdown et al. 2016; EPPO 2017a, b), the newly described records could
have been dispersed from the neighbouring populations. Similar
hypothesis was made following the arrival of another invasive alien
macrophyte Cabomba caroliniana A. Gray, which has most likely spread
into Serbian waters from the neighboring Hungary (Vukov et al. 2013).
However, despite that this is the most likely introduction pathway for
P. stratiotes and that the area surrounding the field site where it was
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recorded is not urban, but used primarily for agricultural production
(Zivkovi¢ MM, pers. observation, November 8 2017), discarded aquarium
plants cannot be completely discounted as a possible source of introduction,
especially as this has been cited as the major pathway of entry into the
countries of the EPPO region (EPPO 2017a, b).

Given that at this stage not enough is known on the state of
establishment of P. stratiotes in Serbian rivers, this early warning should
provide an incentive to take urgent action, promote control and instate
regular monitoring measures. Furthermore, due to the significant lateral
connectivity of the Begej River with the canals of the Danube-Tisa-Danube
hydrosystem and rivers in the northern low-lying part of Serbia, the
potential for further expansion of this species via these aquatic corridors is
alarming. Consequently, regular monitoring of these surface waters is
clearly a necessity, which is further supported by the recommendations
provided by the EPPO PRA (EPPO 2017b), the EPPO Standard on aquatic
invasive alien plants (EPPO 2014) and the IPPC (1997) guidelines for the
surveillance (ISPM No. 6). All of these abovementioned documents state that
it is advisable to inform National Plant Protection Organizations (NPPOs)
of the need to conduct monitoring surveys on the affected waterways.

Conclusion

Given that the exact population range and density of P. stratiotes are as of
yet unknown, as well as that the species was not found during the winter
period, it is hard to predict the future environmental consequences of this
new introduction in the territory of Serbia. Nevertheless, this new record of
P. stratiotes raises the concern that this invasive plant could also be present
in other rivers and canals in the territory of Serbia, and that the current
lack of distribution records is simply an artifact of undersampling. Given
the current paucity of distribution information and the potential negative
impacts of its presence (Brunel et al. 2010a, b; Lozano and Brundu 2016;
EPPO 2017a, b; Tanner et al. 2017) broad surveys and updated distribution
records for this invasive plant should be a priority. Furthermore, this first
record of P. stratiotes in surface running waters of Serbia highlights the
need for implementing early control measures and rigorous monitoring
(IPPC 1997; EPPO 2014, 2017b) and research actions in the years to come,
on the national level, but with a special emphasis on this river and other
border waterways.

Acknowledgements

The authors would like to express gratitude for the valuable comments and suggestions
provided by three anonymous reviewers. We would also like to acknowledge the support of the
Ministry of Education, Science and Technological Development of the Republic of Serbia
(Projects No. III 43002, TR 31018 and TR 31043). Furthermore, the authors are grateful to
Kovacevi¢ Aleksandra for her original drawing.

Zivkovi¢ et al. (2019), Biolnvasions Records 8(2): 218-229, https://doi.org/10.3391/bir.2019.8.2.03 226


https://www.invasivesnet.org

2)

&

INVASIVESNET

Pistia stratiotes — a new invasive alien species in Vojvodina (Serbia)

References

Adebayo AA, Briski E, Kalaci O, Hernandez M, Ghabooli S, Beric B. Chan FT, Zhan A, Fifield
E, Leadley T, Maclsaac Hugh J (2011) Water hyacinth (Eichhornia crassipes) and water
lettuce (Pistia stratiotes) in the Great Lakes: playing with fire? Aquatic Invasions 6: 91-96,
https://doi.org/10.3391/ai.2011.6.1.11

Andelkovié AA, Zivkovié MM, Cvijanovi¢ DL, Novkovi¢ MZ, Marisavljevié DP, Pavlovié
DM, Radulovi¢ SB (2016) The contemporary records of aquatic plants invasion through the
Danubian floodplain corridor in Serbia. Aquatic Invasions 11: 381-395, https://doi.org/10.
3391/a1.2016.11.4.04

Bij de Vaate A, Jazdzewski K, Ketelaars HA, Gollasch S, Van der Velde G (2002)
Geographical patterns in range extension of Ponto-Caspian macroinvertebrate species in
Europe. Canadian Journal of Fisheries and Aquatic Sciences 59: 1159—1174, https://doi.org/
10.1139/102-098

Bogdanovi¢ Z, Markovi¢ S (2005) Vode Banata [Waters of Banat region]. In: Miljakovi¢ Lj,
Plavsa J, Romeli¢ J Poglavlje (eds), Povrsinske vode Banata [Surface waters of Banat
region]. Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Departman za
geografiju, turizam i hotelijarstvo, Novi Sad, Serbia, pp 47-93

Bogosavljevi¢ S, Zlatkovi¢ B, Randelkovi¢ V (2007) Flora klisure Svrljiskog Timoka. In:
Proceedings of the 9™ Symposium on Flora of Southeastern Serbia and Neighbouring
Regions, Ni§, Serbia, pp 41-54

Brundu G, Stinca A, Angius L, Bonanomi G, Celesti-Grapow L, D’Auria G, Grifo R, Migliozzi
A, Motti R, Spigno P (2012) Pistia stratiotes L. and Eichhornia crassipes (Mart.) Solms.:
emerging invasive alien hydrophytes in Campania and Sardinia (Italy). EPPO Bulletin 42:
568-579, https://doi.org/10.1111/epp.12004

Brunel S, Branquart E, Fried G, Van Valkenburg J, Brundu G, Starfinger U, Buholzer S,
Uludag A, Joseffson M, Baker R (2010a) The EPPO prioritization process for invasive alien
plants. EPPO bulletin 40: 407-422, https://doi.org/10.1111/j.1365-2338.2010.02423.x

Brunel S, Schrader G, Brundu G, Fried G (2010b) Emerging invasive alien plants for the
Mediterranean Basin. EPPO bulletin 40: 219-238, hitps://doi.org/10.1111/5.1365-2338.2010.
02378.x

Bukurov B (1984) Geomorfoloski problemi Banata [Geomorphological problems of the Banat
region]. Vojvodanska akademija nauka i umetnosti, Novi Sad, Serbia, 155 pp

Chamier J, Schachtschneider K, Le Maitre DC, Ashton PJ, Van Wilgen BW (2012) Impacts of
invasive alien plants on water quality, with particular emphasis on South Africa. Water SA
38: 345-356, https://doi.org/10.4314/wsa.v38i2.19

Champion PD, De Winton MD, Clayton JS (2014) A risk assessment based proactive
management strategy for aquatic weeds in New Zealand. Management of Biological
Invasions 5: 233-240, https://doi.org/10.3391/mbi.2014.5.3.06

Cilliers CJ (1991) Biological control of water lettuce, P. stratiotes (Araceae), in South Africa.
Agriculture, Ecosystems and Environment 37: 225-229, https://doi.org/10.1016/0167-8809(91)
90151-M

Cook CDK (1990) Aquatic plant book. SPB Academic Publishing, The Hague, The
Netherlands, 228 pp

Davies CE, Moss D, Hill MO (2004) EUNIS habitat classification revised 2004. Report to:
European Environment Agency-European Topic Centre on Nature Protection and
Biodiversity, pp 127143, http://eunis.eea.europa.eu/habitats.jsp

DeWald LB, Lounibos LP (1990) Seasonal growth of Pistia stratiotes L. in south Florida.
Aquatic Botany 36: 263-275, https://doi.org/10.1016/0304-3770(90)90040-R

Dubovina M, Krémar D, Grba N, Watson MA, Radenovi¢ D, Tomasevi¢-Pilipovi¢ D,
Dalmacija B (2018) Distribution and ecological risk assessment of organic and inorganic
pollutants in the sediments of the transnational Begej canal (Serbia-Romania).
Environmental Pollution 238: 773—784, https://doi.org/10.1016/j.envpol.2018.02.014

EPPO (2014) PM 9/19 (1) Invasive alien aquatic plants. EPPO Bulletin 44: 457471,
https://doi.org/10.1111/epp.12165

EPPO (2017a) Data sheets on pests recommended for regulation: Pistia stratiotes L. EPPO
Bulletin 47: 537-543, https://doi.org/10.1111/epp.12429

EPPO (2017b) Pest risk analysis for Pistia stratiotes. European Plant Protection Organization,
Paris, 66 pp

Ercolini P (2008) Pistia stratiotes L. (Alismatales: Araceae) in Versilia (Toscana nord-
occidentale). Biologia Ambientale 22: 4549

Galil BS, Nehring S, Panov V (2007) Waterways as invasion highways — Impact of climate
change and globalization. In: Nentwig W (ed), Biological invasions. Vol. 193. Springer
Science & Business Media, Berlin, Heidelberg, pp 59-74, https://doi.org/10.1007/978-3-540-
36920-2 5

Garcia Murillo P, Dana Sanchez ED, Rodriguez Hiraldo C (2005) Pistia stratiotes L.(Araceae)
una planta acuatica exoética en las proximidades del Parque Nacional de Doflana (SW
Espana). Acta botdnica malacitana 30: 235-236

Zivkovi¢ et al. (2019), Biolnvasions Records 8(2): 218-229, https://doi.org/10.3391/bir.2019.8.2.03 227


https://doi.org/10.3391/ai.2016.11.4.04
https://doi.org/10.1139/f02-098
https://doi.org/10.1111/j.1365-2338.2010.02378.x
https://doi.org/10.1016/0167-8809(91)90151-M
https://doi.org/10.1016/0304-3770(90)90040-R
https://www.invasivesnet.org

2

u INVMIV[SNH Pistia stratiotes — a new invasive alien species in Vojvodina (Serbia)

Henry-Silva GG, Camargo AFM, Pezzato MM (2008) Growth of free-floating aquatic
macrophytes in in different concentrations of nutrients. Hydrobiologia 610: 153-160,
https://doi.org/10.1007/s10750-008-9430-0

Hijmans RJ, Guarino L, Mathur P (2012) DIVAGIS, Version 7.5. A geographic information
system for the management and analysis of genetic resources data. Manual. International
Potato Center, Lima, Peru, 38 pp

Holm LG, Plucknett DL, Pancho JV, Herberger JP (1977) The world’s worst weeds:
distribution and ecology. University Press of Hawaii, Honolulu, Hawaii, USA, 609 pp

Howard GW, Harley KLS (1997) How do floating aquatic weeds affect wetland conservation
and development? How can these effects be minimised? Wetlands Ecology and
Management 5: 215-225, https://doi.org/10.1023/A:1008209207736

Hussner A (2009) Growth and photosynthesis of four invasive aquatic plant species in Europe.
Weed Research 49: 506515, https://doi.org/10.1111/j.1365-3180.2009.00721.x

Hussner A (2012) Alien aquatic plant species in European countries. Weed Research 52: 297—
306, https://doi.org/10.1111/§.1365-3180.2012.00926.x

Hussner A (2014) Long-term macrophyte mapping documents a continuously shift from native
to non-native aquatic plant dominance in the thermally abnormal River Erft (North Rhine-
Westphalia, Germany). Limnologica - Ecology and Management of Inland Waters 48: 39—
45, https://doi.org/10.1016/j.1imno.2014.05.003

Hussner A, Heiligtag S (2013) Pistia stratiotes L. (Araceae), die Muschelblume, im Gebiet der
unteren  Erft/Nordrhein-Westfalen: ~ Ausbreitungstendenz  und  Problempotenzial.
Veroffentlichungen des Bochumer Botanischen Vereins 5(1): 1-6

Hussner A, Nehring S, Hilt S (2014) From first reports to successful control: a plea for
improved management of alien aquatic plant species in Germany. Hydrobiologia 737: 321—
331, https://doi.org/10.1007/s10750-013-1757-5

TIASV (2011) Lista invazivnih vrsta na podru¢ju AP Vojvodine = List of invasive species in AP
Vojvodina [Internet]. Anagkov G, Bjeli¢-Cabrilo O, Karaman I, Karaman M, Radenkovié S,
Radulovi¢ S, Vukov D, Boza P (eds), Novi Sad (Serbia), Department of Biology and
Ecology. http://iasv.dbe.pmf.uns.ac.rs/index.php (accessed on March 22, 2018)

IPPC (1997) International Standards for Phytosanitary Measures (ISPM) No. 6: Guidelines for
Surveilance. Secretariat of the International Plant Protection Convention, FAO. http:/www.
acfs.go.th/sps/downloads/13717_ISPM_6_E.pdf

Lakusi¢ D, Medarevic M (2010) Pravilnik o kriterijumima za izdvajanje tipova stanista, o
tipovima stanista, osetljivim, ugrozenim, retkim i za zastitu prioritetnim tipovima stanista i
o merama zastite za njihovo ocuvanje (“Sl. glasnik RS”, br. 35/2010). Ministarstvo zivotne
sredine i prostornog planiranja, 60 pp

Lansdown RV, Anastasiu P, Barina Z, Bazos I, Cakan H, Cakovi¢ D, Delipetrou P, Matevski V,
Miti¢ B, Ruprecht E, Tomovi¢ G, Tosheva A, Kirdly G (2016) Review of Alien Freshwater
Vascular Plants in South-east Europe. In: ESENIAS Scientific Reports 1. State of the Art of
Alien Species in South-Eastern Europe. University of Novi Sad, Serbia; IBER-BAS,
Bulgaria; ESENIAS, pp 137-154

Lazarevi¢ P, Stojanovi¢ V, Jeli¢ I, Peri¢ R, Krsteski B, Ajti¢ R, Sekuli¢ N, Brankovié¢ S, Sekuli¢
G, Bjedov V (2012) A preliminary list of invasive species in Serbia, with general measures
of control and reduction as a basis of future legal acts. Zastita prirode 62(1): 5-31

Lozano V, Brundu G (2016) Prioritisation of aquatic invasive alien plants in South America
with the US Aquatic Weed Risk Assessment. Hydrobiologia 1-16, https://doi.org/10.1007/
s10750-016-2858-8

Loudon JC, Loudon J, Don G, Lindley J, Greville RK (1850) Loudon’s Hortus Britannicus: A
Catalogue of All the Plants Indigenous, Cultivated In, Or Introduced to Britain. Longman,
Brown, Green, and Longmans, UK, 735 pp

Maclsaac HJ, Eyraud AP, Beric B, Ghabooli S (2016) Can tropical macrophytes establish in the
Laurentian Great Lakes? Hydrobiologia 767: 165—174, https://doi.org/10.1007/s10750-015-2491-y

Mennema J (1977) Is waterlettuce (Pistia stratiotes L.) becoming a new aquatic weed in the
Netherlands. Natura, Netherlands 74: 187-190

Nikoli¢ V, Mili¢evi¢ D, Milenkovi¢ S (2009) Wetlands, constructed wetlands and their’s role in
wastewater treatment with principles and examples of using it in Serbia. Facta
Universitatis: Architecture and Civil Engineering 7(1): 65-82

Nunes AL, Tricarico E, Panov VE, Cardoso AC, Katsanevakis S (2015) Pathways and gateways
of freshwater invasions in Europe. Aquatic Invasions 10: 359-370, https:/doi.org/10.3391/ai.
2015.10.4.01

OziExplorer (2009) OziExplorer version 3.95.4b. GPS Mapping Software. http:/www.
oziexplorer.com/

Pieterse AH, Delange L, Verhagen L (1981) A study on certain aspects of seed germination and
growth of P. stratiotes L. Acta botanica Neerlandica 30: 47-57, https://doi.org/10.1111/.1438-
8677.1981.tb00386.x

Pysek P, Sadlo J, Mandak B (2002) Catalogue of alien plants of the Czech Republic. Preslia
74(2): 97-186

Zivkovi¢ et al. (2019), Biolnvasions Records 8(2): 218-229, https://doi.org/10.3391/bir.2019.8.2.03 228


http://www.acfs.go.th/sps/downloads/13717_ISPM_6_E.pdf
https://doi.org/10.1007/s10750-016-2858-8
https://doi.org/10.3391/ai.2015.10.4.01
http://www.oziexplorer.com/
https://www.invasivesnet.org

2)

N wivsher

Pistia stratiotes — a new invasive alien species in Vojvodina (Serbia)

Supplementary material

Randelovi¢ V, Zlatkovi¢ B, Jovi¢ D (1995) Tropska biljna vrsta Pistia stratiotes L. (Araceae) u
flori Srbije, II Simpozijum o flori Srbije, IV Simpozijum o flori jugoistocne Srbije, Zbornik
rezimea, Vranje, 33-34

Raven PJ, Fox P, Everard M, Holmes NTH, Dawson FH (1997) River habitat survey: a new
system for classifying rivers according to their habitat quality. In: Boon PJ, Howell DL
(eds), Freshwater Quality: Defining the Indefinable? The Stationery Office, Edinburgh, UK,
pp 215234

Renner SS, Zhang LB (2004) Biogeography of the Pistia clade (Araceae): based on chloroplast
and mitochondrial DNA sequences and Bayesian divergence time inference. Systematic
Biology 53: 422432, https://doi.org/10.1080/10635150490445904

Sajna N, Haler M, Skornik S, Kaligari¢ M (2007) Survival and expansion of Pistia stratiotes L.
in a thermal stream in Slovenia. Aquatic Botany 87: 75-79, https:/doi.org/10.1016/j.
aquabot.2007.01.012

Sculthorpe CD (1967) The biology of aquatic vascular plants. Edward Arnold (Publishers) Ltd.,
London, UK, 610 pp

Shapovalov MI, Saprykin MA (2016) Alien species Pistia stratiotes L.(Araceae) in water
bodies of urbanized territories of Southern Russia. Russian journal of biological invasions
7:195-199, https://doi.org/10.1134/S2075111716020119

Tanner R, Branquart E, Brundu G, Buholzer S, Chapman D, Ehret P, Fried G, Starfinger U, van
Valkenburg J (2017) The prioritisation of a short list of alien plants for risk analysis within
the framework of the Regulation (EU) No. 1143/2014. NeoBiota 35: 87-118, https://doi.org/
10.3897/neobiota.35.12366

Upadhyay RK, Panda SK (2005) Salt tolerance of two aquatic macrophytes, P. stratiotes and
Salvinia molesta. Biologia Plantarum 49: 157-159, https://doi.org/10.1007/s10535-005-7159-4

Venema P (2001) Snelle uitbreiding van Watersla (P. stratiotes L.) rond Meppel. Gorteria 27:
133-135

Vukov D, Jurca T, Ruéando M, Igi¢ R, Miljanovi¢ B (2013) Cabomba caroliniana A. Gray
1837: A new, alien and potentially invasive species in Serbia. Archives of Biological
Sciences 65: 1515-1520, https://doi.org/10.2298/ABS1304515V

The following supplementary material is available for this article:

Table S1. Coordinates of the first Pistia stratiotes records in the Province of Vojvodina (Serbia).

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2019/Supplements/BIR_2019_Zivkovic_etal Table S1.xlsx

Zivkovi¢ et al. (2019), Biolnvasions Records 8(2): 218-229, https://doi.org/10.3391/bir.2019.8.2.03 229


https://doi.org/10.1016/j.aquabot.2007.01.012
https://doi.org/10.3897/neobiota.35.12366
https://www.invasivesnet.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




