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Abstract 
Invasive aquatic plants can spread rapidly causing many negative effects on both 
the structure and functioning of aquatic ecosystems. They can also hinder navigation, 
fishing, water tourism, and recreation. Early detection and rapid response to invasive 
aquatic plants can prevent their further spread and negative impacts. In this study, 
we present the first record of two invasive alien aquatic plants Limnobium laevigatum 
and Pontederia crassipes in Poland. The plants were found in an artificial pond in 
the eastern part of the city of Kraków, southern Poland, on 16 September 2020. The 
pond was also occupied by Pistia stratiotes, another invasive alien aquatic plant 
that has been recently recorded in Poland. The locality is mapped using the ATPOL 
cartogram method, photographic documentation of the habitat and species is provided 
and the status of L. laevigatum and P. crassipes in the Polish flora is discussed. 
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Introduction 

Biological recording contributes to a better understanding of the mechanisms 
of introduction, naturalization, and invasion of alien species (Roy et al. 
2015; Lozano et al. 2017). Early detection and rapid response to invasive 
alien species (IAS) can prevent their further spread and negative impacts 
(Reaser et al. 2020). Alien aquatic plants are attractive for many gardeners 
and aquarists; however, their introduction by the aquatic nursery trade 
may lead to invasion (Strecker et al. 2011; Peres et al. 2018). Alien aquatic 
plants can spontaneously escape from places of their cultivation or can be 
released to natural habitats by human carelessness (EPPO 2014; Hrivnák et 
al. 2019; Hill et al. 2020; Pergl et al. 2020). Invasive aquatic plants can 
spread rapidly causing many negative effects on both the structure and 
functioning of aquatic ecosystems. For example, they can transform the 
ecosystem by trapping sediments, they can restructure food webs and 
communities of aquatic plants, animals, and microorganisms, they can 
decrease native biodiversity by forming dense monotypic mats and reducing 
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light and oxygen in the water. Moreover, they can hinder navigation, fishing, 
water tourism, and recreation (Havel et al. 2015 and references therein). 

Limnobium laevigatum (Humb. & Bonpl. ex Willd.) Heine, a free-floating 
to rooted perennial freshwater plant of the Hydrocharitaceae family, is 
native to tropical areas of Central and South America. It usually occurs in 
rivers, lakes, swamps, canals, and ponds (Cook and Urmi-König 1983). 
Juvenile plants have a spongy aerenchyma tissue upon the abaxial surface 
of the leaf and they form leaf rosettes that lie flat on the water surface. 
Mature plants grow up to 50 cm tall having emergent leaves and solitary or 
paired white, unisexual flowers. It reproduces sexually by seeds and 
vegetatively by fragmentation of stolons (Cook and Urmi-König 1983; 
DiTomaso 2010; Howard et al. 2016). It was introduced to North America, 
Europe, Asia, Africa, and Australia, where is often used as an ornamental 
plant in aquaria and artificial ponds (Kadono 2004; DiTomaso 2010; 
Howard et al. 2016; Randall 2017). The naturalization and invasion of 
L. laevigatum have been confirmed in some parts of North America, South 
America, Asia, Australia, and Africa (Howard et al. 2016; Randall 2017; 
Lozano and Brundu 2018). In Europe, it has been recorded only in Belgium 
and Hungary so far, being treated as a casual alien (Verloove 2013; Riezing 
2019). It grows fast forming dense mats on the water surface (Howard et al. 
2016). It can reduce the biomass and diversity of native aquatic plants and 
animals by limiting light and oxygen in the water. Moreover, it can hamper 
navigation and water flow in rivers and canals (DiTomaso 2010; Riezing 
2019). 

Pontederia crassipes Mart. [≡ Eichhornia crassipes (Mart.) Solms], a free-
floating perennial freshwater plant of the Pontederiaceae family, is native 
to tropical areas of South America. It occurs in rivers, lakes, swamps, and 
artificial aquatic habitats (Coetzee et al. 2017; Pellegrini et al. 2018). It 
forms shiny green leaves arranged in a basal rosette, borne on bulbous or 
elongate petioles, up to 1 m tall, and pale blue to mauve flowers arranged in 
a raceme. It reproduces sexually by seeds and vegetatively by fragmentation 
of stolons (Coetzee et al. 2017; Pellegrini et al. 2018). It was introduced to 
North America, Europe, Africa, Asia, and Australia (Kadono 2004; Coetzee 
et al. 2017; Randall 2017). It is known as the world’s worst aquatic weed 
with numerous negative ecological and socio-economic impacts. Dense mats 
of P. crassipes promote detrital production and siltation, reduce light to 
submerged plants, decrease oxygen content in water, and reduce biomass and 
diversity of phytoplankton and benthic invertebrates. Moreover, P. crassipes 
restricts access to water, negatively impacting fisheries and recreational 
activities, the effectiveness of irrigation canals and hydroelectric stations, 
navigation, water transport, and tourism (Hansen et al. 1971; Kadono 2004; 
Coetzee et al. 2017). In Europe, P. crassipes is treated as an invasive plant in 
Portugal, Spain, France, and Italy. In many other European countries, it is 
treated as a naturalized species with no invasive capacity or a casual alien 
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(Hussner 2012; Kaplan et al. 2016; Coetzee et al. 2017; Randall 2017; 
Hrivnák et al. 2019). Moreover, in the EU, P. crassipes has been included in 
the list of invasive alien species of Union concern (Regulation (EU) No. 
1143/2014 of the European Parliament and of the Council of 22 October 
2014). Also, this species is regulated by current Italian legislation (Brundu 
et al. 2020). In this paper, we present the first record of L. laevigatum and 
P. crassipes in Poland. 

Materials and methods 

Field surveys were conducted in the city of Kraków, Lesser Poland 
Province, southern Poland, in September 2020. The study aimed to check 
the occurrence of alien vascular plants in urban water bodies. The area of 
Kraków is situated in the temperate climate zone. In the city center, the 
average annual air temperature is 9.3 °C, whereas the average annual 
precipitation is 730 mm (Matuszko and Piotrowicz 2015). 

Identification of Limnobium laevigatum, Pistia stratiotes, and Pontederia 
crassipes was based on morphological features provided by Cook and 
Urmi-König (1983), EPPO (2017), and Pellegrini et al. (2018), respectively. 
Herbarium specimens were deposited at the Herbarium of the Institute of 
Botany of the Jagiellonian University in Kraków (L. laevigatum: KRA 0557636, 
0557637, 0557638; P. stratiotes: KRA 0557633, 0557634; P. crassipes: KRA 
0557635, leg. Artur Pliszko and Artur Górecki). The map with the first 
locality of L. laevigatum and P. crassipes in Poland was prepared using the 
ATPOL cartogram method, where the basic cartogram unit is a 10 × 10 km 
square (Zając 1978). 

Results and discussion 

Limnobium laevigatum and P. crassipes were found in an artificial pond 
(~ 1000 m2) located near Agatowa Street (GPS coordinates: 50°01.306′N; 
20°02.544′E; elevation: 201 m a.s.l.), in the Bieżanów-Prokocim district, the 
eastern part of Kraków, on 16 September 2020. This stand lies within the 
unit EF70 of the ATPOL cartogram grid (Figure 1). The pond is connected 
to a ditch and serves as a small reservoir. It has no recreational value 
(swimming is not allowed) and is not used by anglers. Moreover, the pond 
is located between a busy street and railway track and it seems to be 
neglected since there are dense shrubs and trees in its surroundings, and 
the fence on the street side of the pond is damaged. Limnobium laevigatum 
and P. crassipes were associated with native aquatic plants such as 
Ceratophyllum demersum L., Lemna minor L., Persicaria amphibia (L.) 
Delarbre, Phragmites australis (Cav.) Trin. ex Steud and Spirodela polyrhiza 
(L.) Schleid. Additionally, the invasive alien species Pistia stratiotes L. 
(Araceae) was also found in the pond. This is the first record of P. stratiotes 
in Kraków and Lesser Poland Province. Previously, it has been recorded as 
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Figure 1. Locality of Limnobium laevigatum and Pontederia crassipes in Poland within the 
ATPOL cartogram grid. 

an ephemerophyte in southern Poland (Silesia Province, Krajewski 2013). 
Pistia stratiotes is native to South America, where it is commonly used as 
an ornamental plant in the aquatic nursery trade. It was introduced to 
North and Central America, Europe, Africa, Asia, Australia, and Oceania 
and is considered invasive in many countries (Kadono 2004; Kaplan et al. 
2016; EPPO 2017). 

Limnobium laevigatum was dispersed quite regularly (except the central 
part of the pond), covering about 35% of the water surface of the pond 
(Figure 2a). Pontederia crassipes and P. stratiotes were dispersed irregularly, 
reaching less than 5% of the water surface of the pond (Figure 2b, c). 
Moreover, a few specimens of L. laevigatum and P. stratiotes were also found 
in a ditch connected to the pond (along with a distance of 5 m from the western 
bank of the pond). The population of L. laevigatum consisted of juvenile 
specimens with rosettes of floating leaves and mature specimens with 
rosettes of emergent leaves (Figure 2d). Mature specimens of L. laevigatum 
formed two dense clusters covering about 30 m2 of the water surface in the 
southern part of the pond and a few small loose clusters covering about 
2 m2 of the water surface in the eastern part of the pond. However, flowers 
of L. laevigatum have not been observed. Particularly, P. crassipes and 
P. stratiotes were in the vegetative stage. 

https://doi.org/10.3391/bir.2021.10.3.03
https://www.invasivesnet.org


 First record of Limnobium laevigatum and Pontederia crassipes in Poland 

 Pliszko and Górecki (2021), BioInvasions Records 10(3): 537–543, https://doi.org/10.3391/bir.2021.10.3.03 541 

 
Figure 2. The figure shows: a – the artificial pond containing the alien species: Limnobium laevigatum, Pistia stratiotes and 
Pontederia crassipes in Kraków, southern Poland; b – rosettes of P. crassipes between juvenile L. laevigatum and P. stratiotes rosettes; 
c – rosettes of P. stratiotes between juvenile L. laevigatum rosettes; d – mature rosettes of L. laevigatum. All photographed by 
Artur Pliszko, 16–19 September 2020. 

Alien plants are often intentionally introduced through direct release to 
nature, or spontaneously escape from areas of their cultivation (Pergl et al. 
2020). The main pathway of introduction of L. laevigatum and P. crassipes 
is aquatic nursery plant trade. They can be also introduced by water birds 
or as hitchhikers on boats and ships (Howard et al. 2016; Coetzee et al. 
2017). It is still uncertain how L. laevigatum, P. crassipes, and P. stratiotes 
were introduced to one pond. Most likely they were released by some 
aquarist, but it is not known how often they are grown in private aquaria. 
Unfortunately, they are easy to buy in various pet stores. We did not find 
any site with outdoor cultivation of these plants in the study area. 
Although, L. laevigatum, P. stratiotes, and P. crassipes are cultivated in the 
greenhouses of the Botanic Garden of the Jagiellonian University in 
Kraków, their escape is not likely. It cannot be excluded that L. laevigatum, 
which had the highest abundance, was introduced to the pond earlier than 
the other two alien species. According to Art. 120 of the Act of 16 April 2004 
on nature protection in Poland, it is banned to introduce into the natural 
environment and to move in this environment alien species. Considering 
the criteria proposed by Pyšek et al. (2004), currently, L. laevigatum and 
P. crassipes should be treated as casual alien species in Poland. The 
geographical distribution of P. stratiotes and P. crassipes is limited by cold 
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winter temperatures and their naturalization in Poland is not likely 
(Cordeiro et al. 2020; Lozano 2021). On the other hand, due to the warming 
climate and the fact that the cities are heat islands (McCarthy et al. 2010), 
there is a probability that L. laevigatum, P. stratiotes, and P. crassipes will 
survive the following winters in Kraków. It is also worth mentioning that 
localities of naturalized populations of P. stratiotes and P. crassipes in Slovakia 
(Hrivnák et al. 2019) are situated relatively close to Poland. Furthermore, these 
invasive alien species have been known to occupy thermal or artificially heated 
water bodies, indicating that low air temperatures do not always prevent 
the naturalization of tropical aquatic plants. In Hungary, L. laevigatum has 
been recorded in streams fed by hot-water springs (Riezing 2019). Similarly, 
P. stratiotes has been found in thermal water in Slovakia (Hrivnák et al. 
2019). In the pond near Agatowa Street in Kraków, the water temperature 
is not regulated by technical devices and no hot spring water flows into the 
pond either. In December 2020, we observed that the entire surface of the 
pond was frozen. Nevertheless, the stand of L. laevigatum, P. stratiotes, and 
P. crassipes in Kraków needs to be monitored, and appropriate control 
methods should be applied if the plants survive the winter. There is a risk 
that the plants may be transferred by water birds to other water bodies. 

Acknowledgements 
We would like to thank the reviewers and editors for valuable comments and suggestions. We 
also thank MSc Krzysztof Kapała for information on the cultivation of Limnobium laevigatum, 
Pistia stratiotes and Pontederia crassipes in the Botanic Garden of the Jagiellonian University 
in Kraków. 

References 
Brundu G, Armeli Minicante S, Barni E, Bolpagni R, Caddeo A, Celesti-Grapow L, Cogoni A, 

Galasso G, Iiriti G, Lazzaro L, Loi MC, Lozano V, Marignani M, Montagnani C, Siniscalco 
C (2020) Managing plant invasions using legislation tools: an analysis of the national and 
regional regulations for non-native plants in Italy. Annali di Botanica 10: 1–12, 
https://doi.org/10.13133/2239-3129/16508 

Coetzee JA, Hill MP, Ruiz-Téllez T, Starfinger U, Brunel S (2017) Monographs on invasive 
plants in Europe N° 2: Eichhornia crassipes (Mart.) Solms. Botany Letters 164: 303–326, 
https://doi.org/10.1080/23818107.2017.1381041 

Cook CDK, Urmi-König K (1983) A revision of the genus Limnobium including Hydromystria 
(Hydrocharitaceae). Aquatic Botany 17: 1–17, https://doi.org/10.1016/0304-3770(83)90015-3 

Cordeiro PF, Goulart FF, Macedo DR, de Cássia Souza Campos M, Castro SR (2020) Modeling 
of the potential distribution of Eichhornia crassipes on a global scale: risks and threats to 
water ecosystems. Revista Ambiente & Água 15: e2421, https://doi.org/10.4136/ambi-agua.2421 

DiTomaso JM (2010) Watch out for these Red Alert weeds! Cal-IPC News 17(4): 4–7 
EPPO (2014) PM 9/19 (1) Invasive alien aquatic plants. Bulletin OEPP/EPPO Bulletin 44: 457–471, 

https://doi.org/10.1111/epp.12165 
EPPO (2017) Pistia stratiotes L. Bulletin OEPP/EPPO Bulletin 47: 537–543, https://doi.org/10. 

1111/epp.12429 
Hansen KL, Ruby EG, Thompson RL (1971) Trophic relationships in the water hyacinth 

community. Quarterly Journal of the Florida Academy of Sciences 34: 107–113 
Havel JE, Kovalenko KE, Thomaz SM, Amalfitano S, Kats LB (2015) Aquatic invasive species: 

challenges for the future. Hydrobiologia 750: 147–170, https://doi.org/10.1007/s10750-014-2166-0 
Hill MP, Coetzee JA, Martin GD, Smith R, Strange EF (2020) Invasive Alien Aquatic Plants in 

South African Freshwater Ecosystems. In: van Wilgen BW, Measey J, Richardson DM, 
Wilson JR, Zengeya TA (eds), Biological Invasions in South Africa, Invading Nature - 
Springer Series in Invasion Ecology (INNA, vol. 14), Springer Open, pp 97–114, 
https://doi.org/10.1007/978-3-030-32394-3_4 

https://doi.org/10.3391/bir.2021.10.3.03
https://www.invasivesnet.org
https://doi.org/10.13133/2239-3129/16508
https://doi.org/10.1080/23818107.2017.1381041
https://doi.org/10.1016/0304-3770(83)90015-3
https://doi.org/10.4136/ambi-agua.2421
https://doi.org/10.1111/epp.12165
https://doi.org/10.1111/epp.12429
https://doi.org/10.1111/epp.12429
https://doi.org/10.1007/s10750-014-2166-0
https://doi.org/10.1007/978-3-030-32394-3_4


 First record of Limnobium laevigatum and Pontederia crassipes in Poland 

 Pliszko and Górecki (2021), BioInvasions Records 10(3): 537–543, https://doi.org/10.3391/bir.2021.10.3.03 543 

Howard GW, Hyde MA, Bingham MG (2016) Alien Limnobium laevigatum (Humb. & Bonpl. 
ex Willd.) Heine (Hydrocharitaceae) becoming prevalent in Zimbabwe and Zambia. 
BioInvasions Records 5: 221–225, https://doi.org/10.3391/bir.2016.5.4.05 

Hrivnák R, Medvecká J, Baláži P, Bubíková K, Oťaheľová H, Svitok M (2019) Alien aquatic 
plants in Slovakia over 130 years: historical overview, current distribution and future 
perspectives. NeoBiota 49: 37–56, https://doi.org/10.3897/neobiota.49.34318 

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

Kadono Y (2004) Alien aquatic plants naturalized in Japan: history and present status. Global 
Environmental Research 8: 163–169 

Kaplan Z, Danihelka J, Lepší M, Lepší P, Ekrt L, Chrtek Jr J, Kocián J, Prančl J, Kobrlová L, 
Hroneš M, Šulc V (2016) Distributions of vascular plants in the Czech Republic. Part 3. 
Preslia 88: 459–544 

Krajewski Ł (2013) Pistia rozetkowa - efemerofit flory regionu. Przyroda Górnego Śląska 72: 13 
Lozano V (2021) Distribution of five aquatic plants native to South America and invasive elsewhere 

under current climate. Ecologies 2: 27–42, https://doi.org/10.3390/ecologies2010003 
Lozano V, Brundu G (2018) Prioritisation of aquatic invasive alien plants in South America 

with the US Aquatic Weed Risk Assessment. Hydrobiologia 812: 115–130, https://doi.org/ 
10.1007/s10750-016-2858-8 

Lozano V, Chapman DS, Brundu G (2017) Native and non-native aquatic plants of South 
America: comparing and integrating GBIF records with literature data. Management of 
Biological Invasions 8: 443–454, https://doi.org/10.3391/mbi.2017.8.3.18 

McCarthy MP, Best MJ, Betts RA (2010) Climate change in cities due to global warming and 
urban effects. Geophysical Research Letters 37: L09705, https://doi.org/10.1029/2010GL042845 

Matuszko D, Piotrowicz K (2015) Cechy klimatu miasta a klimat Krakowa. In: Trzepacz P, 
Więcław-Michniewska J, Brzosko-Sermak A, Kołoś A (eds), Miasto w badaniach 
geografów, vol 1. IGiGP UJ, Kraków, pp 221–241 

Pellegrini MOO, Horn CN, Almeida RF (2018) Total evidence phylogeny of Pontederiaceae 
(Commelinales) sheds light on the necessity of its recircumscription and synopsis of 
Pontederia L. Phytokeys 108: 25–83, https://doi.org/10.3897/phytokeys.108.27652 

Peres CK, Lambrecht RW, Tavares DA, de Castro WAC (2018) Alien express: the threat of 
aquarium e-commerce introducing invasive aquatic plants in Brazil. Perspectives in 
Ecology and Conservation 16: 221–227, https://doi.org/10.1016/j.pecon.2018.10.001 

Pergl J, Brundu G, Harrower CA, Cardoso AC, Genovesi P, Katsanevakis S, Lozano V, 
Perglová I, Rabitsch W, Richards G, Roques A, Rorke SL, Scalera R, Schönrogge K, 
Stewart A, Tricarico E, Tsiamis K, Vannini A, Vilà M, Zenetos A, Roy HE (2020) 
Applying the Convention on Biological Diversity Pathway Classification to alien species in 
Europe. NeoBiota 62: 333–363, https://doi.org/10.3897/neobiota.62.53796 

Pyšek P, Richardson DM, Rejmánek M, Webster GL, Williamson M, Kirschner J (2004) Alien 
plants in checklists and floras: towards better communication between taxonomists and 
ecologists. Taxon 53: 131–143, https://doi.org/10.2307/4135498 

Randall RP (2017) A Global Compendium of Weeds. 3rd Edition. RP Randall, Perth, Western 
Australia, 3654 pp 

Reaser JK, Burgiel SW, Kirkey J, Brantley KA, Veatch SD, Burgos-Rodríguez J (2020) The 
early detection of and rapid response (EDRR) to invasive species: a conceptual framework 
and federal capacities assessment. Biological Invasions 22: 1–19, https://doi.org/10.1007/ 
s10530-019-02156-w 

Riezing N (2019) Újabb adventív vízinövény Magyarországon: Limnobium laevigatum 
(Hydrocharitaceae) [A new alien species in Hungary: Limnobium laevigatum (Hydrocharitaceae)]. 
Kitaibelia 24: 9–15, https://doi.org/10.17542/kit.24.9 

Roy HE, Rorke SL, Beckmann B, Booy O, Botham MS, Brown PMJ, Harrower C, Noble D, 
Sewell J, Walker K (2015) The contribution of volunteer recorders to our understanding of 
biological invasions. Biological Journal of the Linnean Society 115: 678–689, 
https://doi.org/10.1111/bij.12518 

Strecker AL, Campbell PM, Olden JD (2011) The aquarium trade as an invasion pathway in the 
Pacific Northwest. Fisheries 36: 74–85, https://doi.org/10.1577/03632415.2011.10389070 

Verloove F (2013) Limnobium laevigatum. Manual of the alien plants of Belgium. https://alien 
plantsbelgium.be/content/limnobium-laevigatum (accessed 2 March 2021) 

Zając A (1978) Atlas of distribution of vascular plants in Poland (ATPOL). Taxon 27: 481–484, 
https://doi.org/10.2307/1219899 

https://doi.org/10.3391/bir.2021.10.3.03
https://www.invasivesnet.org
https://doi.org/10.3391/bir.2016.5.4.05
https://doi.org/10.3897/neobiota.49.34318
https://doi.org/10.1111/j.1365-3180.2012.00926.x
https://doi.org/10.3390/ecologies2010003
https://doi.org/10.1007/s10750-016-2858-8
https://doi.org/10.1007/s10750-016-2858-8
https://doi.org/10.3391/mbi.2017.8.3.18
https://doi.org/10.1029/2010GL042845
https://doi.org/10.3897/phytokeys.108.27652
https://doi.org/10.1016/j.pecon.2018.10.001
https://doi.org/10.3897/neobiota.62.53796
https://doi.org/10.2307/4135498
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.17542/kit.24.9
https://doi.org/10.1111/bij.12518
https://doi.org/10.1577/03632415.2011.10389070
https://alienplantsbelgium.be/content/limnobium-laevigatum
https://alienplantsbelgium.be/content/limnobium-laevigatum
https://doi.org/10.2307/1219899


<<

  /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 <>

    /RUS <>

    /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.)

  >>

  /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



