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Abstract

A pathways risk assessment is a part of an integrated assessment for the horizon
scanning of non-indigenous species introductions. We examined past pathways,
and their vectors, of aquatic NIS already present in Belarus in order to predict those
species likely to spread to Belarus and arrive to Western Europe along the Central
European invasion corridor. Twenty-four aquatic non-indigenous macroinvertebrates
are known within Belarusian rivers, lakes and reservoirs, six of these have already
spread westwards through Belarus. The modes of spread for these NIS were vessel
transport, navigation corridors, and natural spread following an initial introduction.

Key words: alien species, benthos, vectors, waterbodies, Belarus

Introduction

It would be valuable from an ecosystem management perspective, to assess
the potential of non-indigenous (NIS) spread by different pathways and
their vectors to specific regions and to include their likely economic
impacts and effects upon native ecosystems (Andersen et al. 2004;
Marbuah et al. 2014). In the Aichi Target 9 it is pointed out that “...by
2020, invasive alien species and pathways are identified and prioritized,
priority species are controlled or eradicated, and measures are in place to
manage pathways to prevent their introduction and establishment...”
(CBD 2014a).

Identifying how NIS spread forms part of an overall risk assessment to,
within and beyond a region (Ricciardi and Rasmussen 1998; Hulme et al.
2008; Matthews et al. 2017a, b). The term “pathway” according to the CBD
refers to any direct or indirect human activity, which enables the entry or
spread of NIS (CBD 2014b). However, a single pathway may not be
responsible for an introduction, as a relay of different pathways and their
vectors, could be involved (Minchin 2007; NOBANIS 2015). These may
include the spread overland between waterbodies by small craft (Martens
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Figure 1. Central invasion corridor (from Bij de Vaate et al. 2002 with modification). Red dashed
lines: 1 — Dnieper-Bug Canal, 2 — Augustow Canal, 3 — Vistula-Oder Canal (Bydgoszcz Canal),
4 — Havel-Oder — Mittelland — Dortmund-Ems — Rhine-Herne Canals

and Grabow 2008), recreational activities (Anderson et al. 2015), or with
ornamentals distributed through garden centers or release from aquaria
(Nunes et al. 2015; AquaNIS 2015). For some NIS there may be a means of
reducing the risk of such spread. For example, by considering the
biological traits (Bij de Vaate et al. 2002) and physiology of such NIS, that
are involved in trade, can be useful characteristics to consider.

The majority of NIS are unintentionally introduced and often associated
with deliberate human activities over which there may be little control. NIS
may also be distributed purposefully. This has often been to improve fisheries,
for aquaculture or introduced as ornamentals. An example of a deliberate
introduction involved the restocking of lakes and reservoirs of crustaceans
in a mid-twentieth century acclimatization program (Arbaciauskas 2002). It
is for this reason it is necessary to distinguish between intentional and
unintentional introductions (Hulme et al. 2008) as unintended introductions
are more difficult to manage and some of these may even be unmanageable.

In Europe many species have been limited to separate river catchments
until, at such time, these will have become linked with canal connections.
While canals facilitated commerce, involving more than 350 ports (Panov
et al. 2007), these enable an inland waterway navigation network from
eastern to western Europe. This network provided conduits for the spread
of aquatic organisms. There are three main inland waterway routes in
Europe (Bij de Vaate et al. 2002) from which there are further, more
localized, opportunities for dispersal by means of subsidiary connections.

Prior to 1992 the central corridor was the main westward route that
passed through Belarus by means of the Dnieper, Bug to the Vistula rivers,
then ultimately to the Oder, Elbe rivers and the Rhine by means of the
lowland northern European waterway (Bij de Vaate et al. 2002) (Figure 1).
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Figure 2. Map of the waterbodies of Belarus.

This route became possible with the construction of the canal between the
Pripyat and the Bug rivers to provide a corridor that passes through
Belarus. The connection to the Bug River then to the Vistula River ferried
species to the Vistula Lagoon in the Polish southern Baltic Sea. In addition,
species that will have used the southern route by means of the Danube (Bij
de Vaate et al. 2002) may also result in NIS arriving in the Baltic Sea.
Species once established in the Baltic Sea these may then gain access to
Belarus, by means of a roundabout route, from the north via the Neman
River. Species may also flow from the Vistula River via its recently restored
Augustow Canal to the Neman River (Figures 1, 2) (Romanova et al. 2018).
Whereas the Dnieper-Zapadnaya Dvina Canal to Latvia has not been restored
and was in use by shipping till 1917 with the notable spread of the zebra
mussel Dreissena polymorpha (Pallas, 1771) with exports of timber floated
downriver in the nineteenth century (Karatayev et al. 2008). The central
corridor has been important for the spread of several Ponto-Caspian
species (Semenchenko et al. 2011) including crustaceans (Jazdzewski and
Konopacka 2000).

The routes NIS gained access to Belarus involved shipping and fisheries
(Karatayev et al. 2008) as well as by natural dispersal incrementally spreading
along the waterway perhaps aided by human activities. There is however,
some controversy as to whether such spread along corridors can be
considered to be a natural spread. This is because Gilroy et al. (2016)
considered that those species, that moved by their own means within
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canals, should not be considered NIS. However, without the linkage of
man-made cuts these species wouldn’t have had the opportunity to extend
their range and so should be considered as NIS (Hulme et al. 2017) and is
consistent with our views.

Records as to how species spread previously provides useful knowledge
for future management and as such patterns may be repeated, as NIS
continue to extend their ranges about Belarus. This is because inland
navigations provide opportunities for the spread of species in either direction
and not just from the Ponto-Caspian region or the Baltic Sea. Some species
are spreading from the west, for example the North American Gammarus
tigrinus Sexton, 1939, now established in the southern and eastern Baltic
Sea (Kotta et al. 2013) and may be expected to arrive from Poland or
Lithuania at some future time. Determining those species that may arrive
in the future provides for a set of target species that can be searched for,
using the most appropriate sampling methods. However, many NIS are
benign and do not appear to have any serious impacts to society or the
environment, but a smaller number do. It is the selection of those species
that may arrive and deserve special attention that require management
where this is possible. Here we review the past modes of arrival for selected
invertebrates and the means by which they may have arrived.

Materials and methods

The checklist of aquatic macroinvertebrate NIS of oligochaetes, polychaetes,
molluscs and crustaceans (mysids, amphipods and decapods) already
present in Belarus were used for the pathways risk assessment. Such NIS
(Karatayev et al. 2008; Semenchenko et al. 2009, 2016; Lipinskaya et al.
2018) and their distribution (Semenchenko et al. 2013; Lipinskaya et al.
2017) (Supplementary material Table S1) were examined for the modes of
their spread from the three transboundary river basins (Dnieper, Pripyat
and Neman rivers) and other water bodies (the Mukhavets River, Dnieper-
Bug canal, Lake Drysviaty and Vileyka reservoir).

Categorization of pathways

Categorization of pathways and vectors proposed by the 18" Subsidiary
Body on Scientific, Technical and Technological Advice to the Convention
on Biological Diversity was used for this study as it provides a
comprehensive classification that can integrate data across all taxonomic
groups and habitats without distinction and provides a standard
terminology that may be broadly applicable at a global scale (CBD 2014b).
According to this classification, there are six principle pathways:

1) Release in nature refers to the intentional introduction of live alien
organisms for the purpose of human use in the natural environment;
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Table 1. Results of scoring of the pathways of NIS introduction in aquatic ecosystems of Belarus by UK non-indigenous organism

risk assessment scheme.

Pathway (vector) Score”  Taxon (number of species)
RELEASE IN NATURE (intentional introduction: biological control; fishery in
the wild (including game fishing); fauna “improvement” in the wild; release in 6 Mysida (1), Decapoda (2)
nature for use; other intentional release)
ESCAPE FROM CONFINEMENT (unintentional introduction: aquaculture;
aquarium/terrarium species (including live food for such species ); live food and
live bait; aquaria (excluding domestic aquaria); pet/aquarium/terrarium species 13 Gastropoda (1)
(including live food for such species); ornamental purpose; research and ex-situ
breeding (in facilities); other escape from confinement)
TRANSPORT — CONTAMINANT (contaminated bait; contaminant on animals
(except parasites, species transported by host/vector); parasites on animals Oligochaeta (4), Polychaeta (1),
(including species transported by host and vector); contaminant on plants (except 16 Hirudinea (1), Gastropoda (2),
parasites, species transported by host/vector); transportation of habitat material Bivalvia (1)
(soil, vegetation))
TRANSPORT — STOWAWAY (angling/fishing equipment; hitchhikers on
ship/boat (excluding ballast water and hull fouling); people and their 2% Gastropoda (3), Bivalvia (1),
luggage/equipment (in particular tourism); ship/boat hull fouling; vessels; other Amphipoda (7)
means of transport)

Oligochaeta (4), Polychaeta (1),
CORRIDOR (interconnected waterways/basins/seas) 23 Amphipoda (4), Gastropoda (1),

Bivalvia (1), Decapoda (1)
UNAIDED (natural spread across borders of invasive alien species) 22 syl (6 L it ()

Decapoda (1)

* The calculation of the score for each pathway consists of sixteen questions and a level of confidence in an excel file (Pathway

Risk Assessment Module 2005).

Escape refers to the movement of (potentially) invasive alien species
from confinement (e.g., zoos; aquaria; botanic gardens; agriculture;
horticulture; aquaculture and mariculture facilities; scientific research
or breeding programmes; or from keeping as pets) into the natural

Transport-Contaminant refers to the unintentional movement of live
organisms as contaminants of a commodity that is intentionally
transferred through international trade, development assistance, or

Transport-Stowaway refers to the moving of live organisms attached

Corridor refers to movement of alien organisms into a new region

following the construction of transport infrastructures in whose absence

2)
environment;
3)
emergency relief;
4)
to transporting vessels and associated equipment and media;
5)
spread would not have been possible;
6)

Unaided refers to the secondary natural dispersal of invasive alien species
that have been introduced by means of any of the foregoing pathways.

The pathways have different subcategories that we named as vectors and

used only applicable vectors to freshwater ecosystems (Table 1).

Selection of pathways risk assessment method

To identify the most common pathway that have been used by the twenty-

four NIS in Belarus (Table S1) and the frequency of past invasion events

(Figure 3).
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Figure 3. Frequency of introduction pathways (A) and vectors (B) of known cases of introduction
of 24 NIS in Belarus

Such spread may occur through combinations of natural dispersal and
human-associated activities (Minchin 2007). Pathway risk assessment of
NIS can be a qualitative, semi-quantitative or quantitative and depends on
the reliability of the available data.

The CBD (CBD 2014b) recommends that an analysis of a pathway of
introduction and spread should include a wide range of available data on
NIS (WGIAS 2018).

The following approaches for pathway risk assessment were used in this
study:

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 530


https://www.invasivesnet.org

)

&

INVASIVESNET

First pathways risk assessment in Belarus

1. Vectors and Pathways for Nonindigenous Aquatic Species in the Great
Lakes (Kelly 2007).

2. Assessing the level of certainty of the pathway/vector involved in the
initial arrival (AquaNIS 2015).

3. Identifying potentially invasive NIS and their introduction pathways
(Matthews et al. 2017b).

4. NOBANIS pathway risk assessment (NOBANIS 2015; Madsen et al.
2014; WGIAS 2018).

5. UK non-indigenous organism risk assessment scheme (Pathway Risk
Assessment Module 2005; Baker et al. 2008).

The following criteria used for selection of the most suitable methods:

assessment should be quantitative;

assessment should be rapid and taking into account the specific

features of each event.

The first two approaches are semi-quantitative and based on the number
of NIS spreading by any pathway/vectors. AquaNIS system contains three
levels of certainty according to each introduction according to the pathway
and the vector involved.

The third method aggregates different data including a black list, climate
data in the invaded region, potential ecological impact, and its type. This
method is semi-quantitative and aggregated risk score calculation derived
from a certain number of risk classifications. This method requires a wide
range of data for each NIS. In order to separate “high risk” species from
other species (Matthews et al. 2017b).

The NOBANIS risk assessment requires data on number of introduced
invasive species by a pathway and the number of introductions via this
pathway. However, other parameters apart from the pathway analysis and
the horizon scanning are essential in making adjustments to the
prioritization of pathways (NOBANIS 2015; Madsen et al. 2014).

We used UK non-indigenous organism risk assessment scheme (Pathway
Risk Assessment Module 2005) because it is quantitative, user-friendly and
takes into account the specific features of each area being assessed. The
calculation of the score for each pathway consists of sixteen questions and
a level of confidence in an excel file. These questions include information
on the diversity of organisms associated with the pathway or vectors, the
abundance of organisms in the pathway, volume of movement along the
pathway (i.e. shipping activities, fisheries). Verbrugge et al. (2012) mentioned
that this risk assessment scheme can be used for all taxonomic groups and
considered by Gonzalez-Moreno et al. (2019) to be one of the best
approaches for a risk assessment.
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Results
Updated checklist of aquatic macroinvertebrates of Belarus

The current NIS checklist includes twenty-four species with additional
information on their distribution across Belarusian water bodies, pathways
and vectors responsible according to our level of certainty of their arrival.
(Table S1).

The number of NIS recorded in each of the studied river basins varied
(Table S1). For example, only six NIS macroinvertebrates, of which four
were invasive, were recorded in the Belarusian part of the Neman River
basin. Whereas, fourteen and seventeen NIS macroinvertebrates were
recorded in the Dnieper and Pripyat River basins respectively. These
differences may be explained by the number of introduction events to
donor reservoirs and the numbers of NIS that became established there,
and the distance to Belarus (Arbaciauskas 2002; Semenchenko et al. 2014).

Categorization of pathways

The twenty-four aquatic NIS, the most of them established, have arrived in
Belarus via six pathways involving ten separate vectors (Figure 3A, B). Some
used multi-pathways (e.g. amphipods and mysids). Our study showed that
the highest number of introductions occurred through the “transport-
stowaway” pathway (Figure 3A), followed by corridor transmission and
natural spread. If the number of introductions are compared according to
the vectors involved, we can see that interconnected waterways, natural
spread, angling/fishing equipment, and ship/boats hull fouling played
important role for spread of NIS passing to, and through Belarus (Figure 3B).

Pathways risk assessment using UK non-indigenous organism risk
assessment scheme

A pathways risk assessment can help identify potential NIS entry pathways.
The pathways of past invasions and new records of NIS in the studied
river were used for scoring by using the UK scheme (Table 1).

RELEASE IN NATURE

Only three species (Paramysis lacustris (Czerniavsky, 1882), Macrobrachium
nipponense De Haan, 1849, and Faxonius limosus (Rafinesque, 1817)) were
intentionally released. Paramysis lacustris was introduced in the Vileyka
Reservoir and spread downstream into the Svisloch River and naturally
spread to the Neman River from the Kaunas reservoir (Lithuania) where it
was introduced in 1961 (Arbaciauskas 2002). The freshwater shrimp
M. nipponense was introduced to the warm water discharges of the cooling
lakes of Lake Beloe and Lake Lukomlskoe (Khmeleva et al. 1982). The
spread of this species is limited to heated water and so remains confined.
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Initially, crayfish F. limosus spread naturally via the Augustow Canal from
Poland to the Neman River basin; but was later found in the chalkpits
unconnected with rivers following an intentional introduction or
inadvertent transmission with fish equipment (Alekhnovich pers. comm.).

ESCAPE FROM CONFINEMENT

Only one NIS, mollusk Haitia acuta (Draparnaud, 1805), was introduced
via escape from confinement following release from aquaria.

TRANSPORT - CONTAMINANT

The leech Caspiobdella fadejewi (Selensky, 1915) has been distributed as an
ectoparasite attached to fish. Haitia acuta was unintentionally introduced
in Lake Beloe together with the Far East shrimp M. nipponense and fishes.
The oligochaetes and the polychaete Hypania invalida Ostroumouff, 1897,
and the bivalve Dreissena polymorpha (Pallas, 1771) might also have been
transferred with the transportation following the dredging (habitat
material) within ports and the building of canals.

TRANSPORT - STOWAWAY

The shipping intensity in the Pripyat and Dnieper rivers facilitated NIS
spread (Karatayev et al. 2008). Several gammarids and molluscs will have
spread along the navigations of Belarus as a result of hull fouling. The
molluscs D. polymorpha and Lithoglyphus naticoides (C. Pfeiffer, 1828)
have become widely spread across Belarussian aquatic ecosystems. In most
of these cases the spread was due to movements of fishing equipment and
boats overland (Karatayev et al. 2008). Some NIS (Dikerogammarus villosus
(Sowinski, 1894), Dikerogammarus haemobaphes (Eichwald, 1841),
Pontogammarus robustoides (Sars, 1894), Echinogammarus trichiatus
(Martinov, 1932)) are often associated with macrophytes and could have
been spread as contaminants on seine-nets generally used in the fishing
industry and moved between separate water bodies.

CORRIDOR

Aquatic NIS regularly pass through the inland waterways of Europe
(Nunes et al. 2015), in particular crustaceans (Bij de Vaate et al. 2002).
Since the linking of the Dnieper-Bug Canal there has been an expansion of
Ponto-Caspian amphipods from the Pripyat River to Poland (Bij de Vaate et
al. 2002; Jazdzewski et al. 2002; Grabowski et al. 2007). Whereas, F. limosus
spread via the Augustow Canal from Poland to the Neman River basin.

UNAIDED (NATURAL SPREAD)

This pathway may account for most of the NIS spread to, and through,
Belarus. Many crustaceans that include amphipods and mysids P. lacustris
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and Limnomysis benedeni Czerniavsky, 1882 are very likely to have
migrated along the Dnieper and Pripyat rivers from the Kiev Reservoir
(Ukraine), where they were intentionally introduced in the 1970s. The
decapods F. limosus naturally spread from Poland to the Neman River
basin (Alekhnovich et al. 1999) extending their range into Belarus.

Discussion

The identification and prioritization of pathways play a key role in the
minimization and prevention of establishment and spread of NIS through
the complex of pathways (Orr and Fisher 1996; Panov et al. 2009) and is a
basis for horizon scanning for further introductions of NIS (Roy et al. 2014).

Our result showed the most frequent pathways for established NIS of
macroinvertebrate in Belarus in order of importance are the “transport-
stowaway” pathway, corridors, and natural spread. Of the inter-basin canals
built in Belarus only two now operate through which future arrivals may be
expected. In addition, the nearby locations of reservoirs to rivers aid the
spread of NIS which may involve inadvertent overland movements by
tishermen.

The main pathways of introduced NIS (invertebrates and fish) in Europe
are from escapes from aquaculture and releases from aquaria and stocking
of fisheries (Nunes et al. 2015). Whereas the results of EASIN datasets
show, that stowaways and spread through canals are the main pathways for
aquatic alien species in Europe (Katsanevakis et al. 2015).

More than ten years have passed after the first review of the aquatic
species invasions in Belarus (Karatayev et al. 2008). The Ponto-Caspian
oligochaetes Potamothrix bedoti (Piguet, 1913), Potamothrix bavaricus
(Oschmann, 1913), Potamothrix moldaviensis (Vejdovsky & Mrazek, 1903),
and Tubifex newaensis (Michaelsen, 1903) were not recorded during the
last decade, probably because of identification of this taxonomic group in
the recent studies have been only to a higher systematic level (subclass,
tamily). The snail Potamopyrgus antipodarum (Gray, 1843) has only been
recorded by Polischuk et al. (1976). However, it is possible that it might
have been misidentified, being morphologically similar to the native
Marstoniopsis scholtzi (A. Schmidt, 1856). Potamopyrgus antipodarum is
widespread in Poland (Lewin and Smolinski 2006), and Lithuania
(Rakauskas et al. 2018) and is known to occur in the Ukraine (Son 2008).
Thus, we cannot eliminate the record by Polischuk et al. (1976). It is
possible that this snail may be transported in the gut of fish as well as
carried within the digestive tract of birds, or otherwise attached to their
legs or feathers (Vinson and Baker 2008).

Since the account by Karatayev et al. (2007) seven additional NIS have
been recorded in Belarus (Semenchenko et al. 2007, 2009; Semenchenko
and Vezhnovetz 2008; Semenchenko and Laenko 2008; Lipinskaya and
Makarenko 2015; Lipinskaya et al. 2018) and three (L. benedeni, O. crassus,
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P. lacustris) were predicted to arrive by them. They also predicted that the
number of pathways and their vectors would increase with the growth in
recreational activities and the ornamental trade. Indeed, several warm
water fishes have been found in inland waters having escaped or released
from aquaria which include the spotted gar (Lepisosteus oculatus Winchell,
1864), red piranha (Pygocentrus nattereri Kner, 1858), pirapitinga (Piaractus
brachypomus (Cuvier, 1818) and armored catfish (Pterygoplichthys gibbiceps
(Kner, 1854). These did not become established on account of low winter
temperatures (V.K. Rizevski pers. comm.). However, M. nipponense survived
winter temperatures on account of being confined to thermal discharges
(Alekhnovich and Kulesh 2001; Kulesh et al. 2015).

According to Protasov and Silaeva (2010), Son et al. (2013), and
Semenchenko et al. (2016) there are forty-nine NIS macroinvertebrates in
the Ukrainian part of the Central European invasion corridor, thirty-seven
of these are of Ponto-Caspian origin. It should be noted that fifteen Ponto-
Caspian species were introduced to Belarus from the Kiev Reservoir and
six of these passed through Belarus to Poland via the Dnieper-Bug Canal
(Grabowski et al. 2007). Only the North American spiny-cheek crayfish,
F. limosus is known to have spread from Poland to Belarus via the
Augustow Canal and it has more recently been found in the Mukhavets
River (Alekhnovich and Molotkov 2016) and in the Dnieper-Bug Canal
during 2017 (Moroz and Lipinskaya 2020). It is expected to spread to the
Pripyat River. We expect that due to the recent increase in mineralization
in the Pripyat River, arising from discharges of industrial water and
decreasing of water level in the summer period (Van der Velde et al. 2000;
Jazdzewski et al. 2002; Morozova 2011; Semenchenko and Rizevski 2017),
will lead to suitable conditions for the spread of further invertebrate NIS.

It is expected there will be further NIS arriving to Belarus from the Baltic
Sea by means of the Vistula River (G. tigrinus), the Neman River (Hemimysis
anomala G.O. Sars, 1907; Chaetogammarus warpachowskyi Sars, 1897) and
the Daugava River and from other waterbodies in Latvia (G. tigrinus,
Eriocheir sinensis H. Milne Edwards, 1853).

The pathways and their vectors of introduction are complex (CBD
2014b). In some cases, it is hard to separate the natural spread of NIS
following an initial introduction and the role played by further spread from
human activities. Both the physical and chemical changes of environments
in river ports and within canals can lead to a decrease in abundance and even
a disappearance of some native species and thereby facilitate establishment
of NIS arising from competition and available ecological niches.

The introduction of aquatic NIS is a dynamic process that requires
constant monitoring and requires taxonomic expertise (Jabloniska-Barna
and Koszatka 2019). Pathways and vectors change over time according to
their intensity and alterations of human activity, and according to
physiological opportunities (Ricciardi and Rasmussen 1998) and those
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provided following extreme weather events under global climate change
(Walther et al. 2009; Semenchenko et al. 2018). In the future, the spread via
the European navigation network will lead to further NIS arriving from
different directions. Some of these will have consequences for economies
and the environment requiring regular monitoring.

Following the completion of the Dnieper-Bug Canal there has been a
spread to, and through, Belarus of NIS, especially of Ponto-Caspian
species. Further such spread from the Ponto-Caspian region may be
expected as well as species arriving from western Europe. The pathways
involved in the spread of NIS are seldom well understood. There are few
species where the associated pathways can be ascribed with full certainty.
Most deductions of an arrival are based on a rationale as to how a species
may be spread based on local information as being very likely. The arrival
of species is unsure; yet possible modes as to how the species will have
arrived can form some basis for practical management. The spread of
invasive alien species has consequences for the Belarus economy and for its
environment. This will require further monitoring of aquatic waterbodies
targeting particular species in a horizon exercise since the principal routes
and modes of spread from past arrivals are known.

Acknowledgements

We are grateful to colleagues of the Scientific and Practical Center for Bioresources: Dr. Viktor
Rizevski (laboratory of ichthyology) for the personal communication on exotic fish species that
were identified by him or his colleagues; Dr. Anatolij Alekhnovich (laboratory of
hydrobiology) for the information on spiny-cheek crayfish in the chalkpits; and Tatiana
Rybkina (laboratory of hydrobiology) for technical assistance in preparing the manuscript. We
thank two anonymous reviewers for their valuable comments that help to improve the
manuscript.

Funding Declaration

This study has been partly supported by the National Academy of Sciences of Belarus
(Subprogram “Invasions and Ecosecurity”; Task 2.2.6) — VS and the Belarusian Republican
Foundation for Fundamental Research (Grant Ne B17M-019) — TL. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the manuscript.

References

Alekhnovich AV, Kulesh VF (2001) Variation in the parameters of the life cycle in prawns of
the genus Macrobrachium Bate (Crustacea, Palaemonidae). Russian Journal of Ecology 32:
454459, https://doi.org/10.1023/A:1012586218096

Alekhnovich AV, Molotkov MD (2016) Confident colonization of spinycheek crayfish in water
bodies of Belarus. In: Prishchepa IM, Kuzmenko VY, Litvenkova 1A, Merzhvinskiy LM,
Ivanovskiy VV, Leshko AA (eds) (2016) Materials of the international scientific and
practical conference “Ecological culture and environmental protection: II Dorofeev readings”.
Vitebsk, November 29-30, 2016. Vitebsk State University, Belarus, pp 22—24 [in Russian]

Alekhnovich AV, Ablov SE, Kulesh VF, Pareiko OA (1999) The American spiny-cheek
crayfish, Orconectes limosus in the fauna of Belarus. In: Gherardi F, Holdich DM (eds),
Crayfish in Europe as alien species. How to make the best of a bad situation? AA. Balkema,
Rotterdam, Brookfield, pp 237242, https://doi.org/10.1201/9781315140469-15

Andersen MC, Adams H, Hope B, Powell M (2004) Risk Analysis for Invasive Species:
General Framework and Research Needs. Risk Analysis 24: 893-900, https://doi.org/10.
1111/.0272-4332.2004.00487.x

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 536


https://doi.org/10.1111/j.0272-4332.2004.00487.x
https://www.invasivesnet.org

2)

&

INVASIVESNET

First pathways risk assessment in Belarus

Anderson LG, Rocliffe S, Haddaway NR, Dunn AM (2015) The Role of Tourism and
Recreation in the Spread of Non-indigenous Species: A Systematic Review and Meta-
Analysis. PLoS ONE 10: ¢0140833, https://doi.org/10.1371/journal.pone.0140833

AquaNIS (2015) Editorial Board. Information system on Aquatic Non-Indigenous and
Cryptogenic Species. Version 2.36+. www.corpi.ku.lt/databases/aquanis (accessed 08 May 2019)

Arbaciauskas K (2002) Ponto-Caspian Amphipods and Mysids in the inland waters of Lithuania:
history of introduction, current distribution and relation with native Malacostracan. In:
Leppékoski E, Gollasch S, Olenin S (eds), Invasive Aquatic Species of Europe. Kluwer
Academic Publisher, pp 104—115, https://doi.org/10.1007/978-94-015-9956-6 11

Baker RHA, Black R, Copp GH, Haysom KA, Hulme FE, Thomas MB, Brown A, Brown M,
Cannon RJC, Ellis J, Ellis M, Ferris R, Glaves P, Gozlan RE, Holt J, Howe L,. Knight JD,
MacLeod A, Moore NP, Mumford JD, Murphy ST, Parrott D, Sansford CE, Smith GC, St-
Hilaire S, Ward NL (2008) The UK risk assessment scheme for all non-native species In:
Rabitsch W, Essl F, Klingenstein F (eds), Biological Invasions - from Ecology to
Conservation. NeoBiota 7: 46—57. http://eprints.bournemouth.ac.uk/9721/1/baker_etal.pdf

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—1117, https://doi.org/10.1139/
f02-098

CBD (2014a) Convention on Biological Diversity. Toolkit to facilitate Parties to achieve Aichi
Target 9 on Invasive Alien Species, https:/www.cbd.int/invasive/cbdtoolkit/

CBD (2014b) Convention on Biological Diversity. UNEP/CBD/SBSTTA/18/9/Add.1. Pathways
of introduction of invasive alien species, their prioritisation and management. https:/www.
cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add 1 -en.pdf

Gilroy JJ, Avery JD, Lockwood JL (2016) Seeking international agreement on what it means to
be ‘native’. Conservation Letters 10: 238-247, https://doi.org/10.1111/conl.12246

Gonzalez-Moreno P, Lazzaro L, Vila M, Preda C, Adriaens T, Bacher S, Brundu G, Copp GH,
Essl F, Garcia-Berthou E, Katsanevakis S, Moen TL, Lucy FE, Nentwig W, Roy HE,
Srébaliene¢ G, Talge V, Vanderhoeven S, Andjelkovi¢ A, Arbaciauskas K, Auger-
Rozenberg M-A, Bae M-J, Bariche M, Boets P, Boieiro M, Borges PA, Canning-Clode J,
Cardigos F, Chartosia N, Cottier-Cook EJ, Crocetta F, D'hondt B, Foggi B, Follak S,
Gallardo B, Gammelmo @, Giakoumi S, Giuliani C, Fried G, Jelaska LS, Jeschke JM, Jover
M, Juérez-Escario A, Kalogirou S, Ko¢i¢ A, Kytinou E, Laverty C, Lozano V, Maceda-
Veiga A, Marchante E, Marchante H, Martinou AF, Meyer S, Michin D, Montero-Castafio
A, Morais MC, Morales-Rodriguez C, Muhthassim N, Nagy ZA, Ogris N, Onen H, Pergl J,
Puntila R, Rabitsch W, Ramburn TT, Rego C, Reichenbach F, Romeralo C, Saul W-C,
Schrader G, Sheehan R, Simonovi¢ P, Skolka M, Soares AO, Sundheim L, Tarkan AS,
Tomov R, Tricarico E, Tsiamis K, Uludag A, van Valkenburg J, Verreycken H, Vettraino
AM, Vilar L, Wiig @, Witzell J, Zanetta A, Kenis M (2019) Consistency of impact
assessment protocols for non-native species. NeoBiota 44: 1-25, https://doi.org/10.3897/neobiota.
44.31650

Grabowski M, Jazdzewski K, Konopacka A (2007) Alien Crustacea in Polish waters -
Amphipoda. Aquatic Invasions 2: 25-38, https://doi.org/10.3391/2i.2007.2.1.3

Hulme PE, Bacher S, Kenis M, Klotz S, Kiihn I, Minchin D, Nentwig W, Olenin S, Panov V,
Pergl J, Pysek P, Roques A, Sol D, Solarz W, Vila M (2008) Grasping at the routes of
biological invasions: a framework for integrating pathways into policy. Journal of Applied
Ecology 45: 403—405, hitps://doi.org/10.1111/j.1365-2664.2007.01442.x

Hulme PE, Bacher S, Kenis M, Kiihn I, Pergl J, Pysek P, Roques A, Vila M (2017) Blurring
alien introduction pathways risks losing the focus on invasive species policy. Conservation
Letters 10: 265-266, https://doi.org/10.1111/conl.12262

Jabtonska-Barna I, Koszatka J (2019) Biocontamination of the Aquatic Ecosystems of Northeastern
Poland. In: Korzeniewska E, Harnisz M (eds), Polish River Basins and Lakes - Part II. The
Handbook of Environmental Chemistry, vol 87. Springer, Cham, pp 127-139, https:/doi.org/
10.1007/978-3-030-12139-6 6

Jazdzewski K, Konopacka A (2000) Immigration history and present distribution of alien
crustaceans in Polish waters. In: von Vaupel Klein JC, Schram FR (eds), The biodiversity
crisis and Crustacea, Proceedings of 4th International Crustacean Congress. Crustacean
Issues 12, Brill, Leiden, pp 55-64

Jazdzewski K, Konopacka A, Grabowski M (2002) For Ponto-Caspian and one American
gammarid species (Crustacea, Amphipoda) recently invading Polish waters. Contributions
to Zoology 71: 115122, https://doi.org/10.1163/18759866-07104001

Karatayev AY, Mastitsky SE, Burlakova LE, Olenin S (2008) Past, current, and future of the
central European corridor for aquatic invasions in Belarus. Biological Invasions 10: 215—
232, https://doi.org/10.1007/s10530-007-9124-y

Katsanevakis S, Deriu I, D'Amico F, Nunes AL, Sanchez SP, Crocetta F, Arianoutsou M, Bazos
1, Christopoulou A, Curto G, Delipetrou P, Kokkoris Y, Panov V, Rabitsch W, Roques A,
Scalera R, Shirley SM, Tricarico E, Vannini A, Zenetos A, Zervou S, Zikos A, Cardoso
AC(2015) European Alien Species Information Network (EASIN): supporting European

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 537


https://doi.org/10.1139/f02-098
https://www.cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add1-en.pdf
https://doi.org/10.3897/neobiota.44.31650
https://doi.org/10.1007/978-3-030-12139-6_6
https://www.invasivesnet.org

2)

&

INVASIVESNET

First pathways risk assessment in Belarus

policies and scientific research. Management of Biological Invasions 6: 147-157,
https://doi.org/10.3391/mbi.2015.6.2.05

Kelly DW (2007) Vectors and Pathways for Nonindigenous Aquatic Species in the Great
Lakes. Landcare Research Dunedin, New Zealand, 26 pp, http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.173.4036&rep=rep | &type=pdf

Khmeleva NN, Giginyak YG, Kulesh VF, Alekhnovich AV (1982) Biological background of
the introduction of subtropical shrimp Macrobrachium nipponense into cooling reservoir of
Berezovskay power plant (BSSR) (paper 5014-82 Deposited). Izvestiya AN BSSR, Seriya
biologicheskikh nauk. VINITI Press, Minsk [in Russian]

Kotta J, Parnoja M, Katajisto T, Lehtiniemi M, Malavin SA, Reisalu G, Panov VE (2013) Is a
rapid expansion of the invasive amphipod Gammarus tigrinus Sexton, 1939 associated with
its niche selection: a case study in the Gulf of Finland, the Baltic Sea. Aquatic Invasions 8:
319-332, https://doi.org/10.3391/ai.2013.8.3.08

Kulesh VF, Alekhnovich AV, Solosnjuk NV (2015) Size and sex structure and abundance of
eastern river shrimp population in the warm discharge channel of Bereza power plant at the
end of vegetation season. BSPU Bulletin 3(3): 3—11 [in Russian]

Lewin I, Smolinski A (2006) Rare and vulnerable species in the mollusc communities in the
mining subsidence reservoirs of an industrial area (The Katowicka Upland, Upper Silesia,
Southern Poland). Limnologica 36: 181-191, https://doi.org/10.1016/j.1imno.2006.04.002

Lipinskaya TP, Makarenko Al (2015) Preliminary results of DNA barcoding use for
identification of invasive alien species of amphipod. Book of abstracts: Youth in Science
2015. X International scientific conference of young scientist, Minsk, pp 80-81 [in Russian]

Lipinskaya T, Makarenko A, Semenchenko V, Vezhnovets V (2017) 10-year monitoring of
alien amphipods in Belarus: state of the art. Biodiversity Journal 8: 649—651, http://www.
biodiversityjournal.com/pdf/8(2) 391-688.pdf

Lipinskaya T, Radulovici A, Makaranka A (2018) First DNA-barcoding based record of
Echinogammarus trichiatus (Martynov, 1932) (Crustacea, Gammaridae) in Belarus.
Biolnvasions Records 7: 55-60, https://doi.org/10.3391/bir.2018.7.1.08

Madsen CL, Dahl CM, Thirslund KB, Grousset F, Johannsen VK, Ravn HP (2014) Pathways
for non-native species in Denmark. Department of Geosciences and Natural Resource
Management, University of Copenhagen, Frederiksberg, 131 pp. http:/static-curis.ku.dk/portal/
files/107946653/Pathways_for non_native species in Denmark.pdf

Marbuah G, Gren I-M, Brendan McKie B (2014) Economics of Harmful Invasive Species: A
Review. Diversity 6: 500-523, https://doi.org/10.3390/d6030500

Martens A, Grabow K (2008) Risk of spreading of nonindigenous Amphipoda due to overland
transport of recreation boats. Lauterbornia 62: 41-44

Matthews J, Beringen R, Creemers R, Hollander H, van Kessel N, van Kleef H, van de Koppel
S, Lemaire AJJ, Odé B, Verbrugge LNH, Hendriks AJ, Schipper AM, van der Velde G,
Leuven RSEW (2017a) A new approach to horizon-scanning: identifying potentially
invasive alien species and their introduction pathways. Management of Biological Invasions
8: 37-52, https://doi.org/10.3391/mbi.2017.8.1.04

Matthews J, van der Velde G, Collas FPL, de Hoop L, Koopman KR, Hendriks AJ, Leuven
RSEW (2017b) Inconsistencies in the risk classification of alien species and implications for
risk assessment in the European Union. Ecosphere 8: 1-17, https://doi.org/10.1002/ecs2.1832

Minchin D (2007) Aquaculture and transport in a changing environment: overlap and links in
the spread of alien biota. Marine Pollution Bulletin 55: 302-313, https://doi.org/10.1016/j.
marpolbul.2006.11.017

Moroz MD, Lipinskaya TP (2020) Native and alien species of macrozoobenthos in
watercourses of Belarussian part of the Central European invasive. Gidrobiologiceskij
zurnal 56(2): 18-31 (in Ukrainian)

Morozova AO (2011) The features of forming of the hydrochemical regime Pripyat and it basic
right-bank branch in a summer-autumn period. Hydrology, Hydrochemistry, and
Hydroecology 1(22): 150—156 [in Russian]

NOBANIS (2015) Invasive Alien Species. Pathway Analysis and Horizon Scanning for
Countries in Northern Europe. https://www.nobanis.org/globalassets/nobanis-projects/invasive-alien-
species---pathway-analysis-and-horizon-scanning-for-countries-in-northern-europe.pdf

Nunes AL, Tricarico E, Panov VE, Cardosa 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

Orr R, Fisher JP (1996) Trinational Risk Assessment Guidelines for Aquatic Alien Invasive
Species. Commission for Environmental Cooperation, Canada, 12 pp. https:/www.biodiversidad.
gob.mx/especies/Invasoras/pdf/Directrices_ingles.pdf

Panov VE, Dgebuadze YY, Shiganova TA, Filippov AA, Minchin D (2007) A risk assessment
of biological invasions in the inland waterways of Europe: the Northern Invasion Corridor
case study. In: Gherardi F (ed), Biological invaders in inland waters: Profiles, distribution,
and threats. Invading Nature - Springer Series In Invasion Ecology, vol 2. Springer,
Dordrecht, pp 639-656, https://doi.org/10.1007/978-1-4020-6029-8 35

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 538


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.173.4036&rep=rep1&type=pdf
http://www.biodiversityjournal.com/pdf/8(2)_391-688.pdf
http://static-curis.ku.dk/portal/files/107946653/Pathways_for_non_native_species_in_Denmark.pdf
https://doi.org/10.1016/j.marpolbul.2006.11.017
https://doi.org/10.3391/ai.2015.10.4.01
https://www.biodiversidad.gob.mx/especies/Invasoras/pdf/Directrices_ingles.pdf
https://www.invasivesnet.org

2)

&

INVASIVESNET

First pathways risk assessment in Belarus

Panov VE, Alexandrov B, Arbaciauskas K, Binimelis R, Copp GH, Grabowski M, Lucy F,
Leuven RS, Nehring S, Paunovi¢ M, Semenchenko V, Son MO (2009) Assessing the Risks
of Aquatic Species Invasions via European Inland Waterways: From Concepts to
Environmental Indicators. Integrated Environmental Assessment and Management 5: 110—
126, https://doi.org/10.1897/IEAM_2008-034.1

Polischuk VV, Travyanko VS, Stavinskaya AM (1976) Aquatic fauna of Pripyat Poles’e and its
peculiarities. In: Abstracts of the 4™ zoological conference of Belarusian SSR Biological
background of the exploitation, restoration, and conservation of Belarusian animal world.
Minsk, pp 27-28 [in Russian]

Protasov AA, Silaeva AA (2010) The data on invasion and joint living of the species-invaders
in the waterbodies of Dnepr basin. Russian Journal of Biological Invasions 1: 30-36,
https://doi.org/10.1134/S2075111710020104

Rakauskas V, Sidagite I, Butkus R, Garbaras A (2018) Effect of the invasive New Zealand mud
snail (Potamopyrgus antipodarum) on the littoral macroinvertebrate community in a
temperate mesotrophic lake. Marine and Freshwater Research 69: 155-166, https://doi.org/
10.1071/MF17059

Ricciardi A, Rasmussen J (1998) Predicting the identity and impact of future biological
invaders: A priority for aquatic resource management. Canadian Journal of Fisheries and
Aquatic Sciences 55: 1759—-1765, https://doi.org/10.1139/f98-066

Romanova O, Shirokova V, Ozerova N, Chesnov V, Sobisevich A (2018) Augustow Canal as
the monument of hydraulics and the objects of heritage tourism. Acta Geographica Silesiana
31(3): 3744

Roy H, Peyton J, Aldridge DC, Tristan Bantock T, Blackburn TM, Britton R, Clark P, Cook E,
Dehnen-Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin D,
Noble DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schonrogge K, Sewell
J, Shaw RH, Stebbing P, Stewart AJA, Walker KJ (2014) Horizon scanning for invasive
alien species with the potential to threaten biodiversity in Great Britain. Global Change
Biology 20: 3859-3871, https://doi.org/10.1111/gcb.12603

Semenchenko V, Laenko T (2008) First record of the invasive North American gastropod
Ferrissia fragilis (Tryon, 1863) from the Pripyat River basin, Belarus. Aquatic Invasions 3:
80-82, https://doi.org/10.3391/2i.2008.3.1.12

Semenchenko V, Rizevskiy VK (2017) Alien Species of Invertebrates and Fish in River
Ecosystems of Belarus: Distribution, Biological Contamination, and Impact. Hydrobiological
Journal 53: 2640, https://doi.org/10.1615/HydrobJ.v53.i11.30

Semenchenko V, Vezhnovetz V (2008) Two new invasive Ponto-Caspian amphipods reached
the Pripyat River, Belarus. Aquatic Invasions 3: 445-447, https://doi.org/10.3391/ai.2008.3.4.14

Semenchenko V, Razlutsky V, Vezhnovetz V (2007) First record of the invasive Ponto-Caspian
mysid Limnomysis benedeni Czerniavsky, 1882 from the River Pripyat, Belarus. Aquatic
Invasions 2: 272-274, https://doi.org/10.3391/2i.2007.2.3.14

Semenchenko V, Rizevsky V, Mastitsky S, Vezhnovets V, Pluta M, Razlutsky V, Laenko T
(2009) Checklist of aquatic alien species established in large river basins of Belarus.
Aquatic Invasions 4: 337-347, https://doi.org/10.3391/ai.2009.4.2.5

Semenchenko V, Grabowska J, Grabowski M, Rizevsky V, Pluta M (2011) Non-native fish in
Belarusian and Polish areas of the European central invasion corridor. Oceanological and
Hydrobiological Studies 40: 57—67, https://doi.org/10.2478/s13545-011-0007-6

Semenchenko V, Vezhnovets VV, Lipinskaya TP (2013) Alien species of Ponto-Caspian
amphipods (Crustacea, Amphipoda) in the Dnieper River basin (Belarus). Russian Journal
of Biological Invasions 3: 8897, https://doi.org/10.1134/S2075111713040097

Semenchenko V, Son MO, Novitsky RA, Kvatch YV, Panov VE (2014) Alien macroinveratebrates
and fish in the Dnieper River basin. Russian Journal Biological Invasions 4: 76-96,
http://www.sevin.ru/invasjour/issues/2014_4.html#a5

Semenchenko V, Son M, Novitsky R, Kvatch Yu, Panov V (2016) Checklist of non-native
benthic macroinvertebrates and fish in the Dnieper River basin. Biolnvasions Records 5:
185-187, https://doi.org/10.3391/bir.2016.5.3.10

Semenchenko V, Lipinskaya T, Vilizzi L (2018) Risk screening of non-indigenous macroinvertebrates
in the major rivers and associated basins of Belarus using the Aquatic Species Invasiveness
Screening Kit. Management of Biological Invasions 9: 127-136, https://doi.org/10.3391/mbi.
2018.9.2.06

Son M (2008) Rapid Expansion of the New Zealand mud snail Potamopyrgus antipodarum
(Gray, 1843) in the Azov-Black Sea Region. Aquatic Invasions 3: 335-340. https://doi.org/10.
3391/ai.2008.3.3.9

Son MO, Novitsky RA, Dyadichko VG (2013) Recent state and mechanisms of invasions of
exotic decapods in Ukrainian rivers. Vestnik zoologii 47: 4550, https:/doi.org/10.2478/vzoo-
2013-0004

Pathway Risk Assessment Module (2005) UK Non-Native Organism Risk Assessment Scheme
User Manual. Version 3.3, 82 pp, http://www.nonnativespecies.org/downloadDocument.cfm?id=158

Van der Velde G, Rajagopal S, Kelleher B, Muské I, Bij de Vaate A (2000) Ecological impact
of crustacean invaders: general considerations and examples from the Rhine River. In: Von

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 539


https://doi.org/10.1071/MF17059
https://doi.org/10.3391/mbi.2018.9.2.06
https://doi.org/10.3391/ai.2008.3.3.9
https://www.invasivesnet.org

2)

N wivsher

First pathways risk assessment in Belarus

Supplementary material

Vaupel Klein JC, Schram FR (eds), The Biodiversity Crisis and Crustacea: Proceedings of
the Fourth International Crustacean Congress, Amsterdam, Netherlands, 20-24 July 1998,
volume 2. Crustacean Issues 12: 3-33

Verbrugge LNH, Gerard van der Velde D, Hendriks AJ, Verreycken H, Leuven RSEW (2012)
Risk classifications of aquatic non-indigenous species: Application of contemporary
European assessment protocols in different biogeographical settings. Aquatic Invasions 7:
49-58, https://doi.org/10.3391/2i.2012.7.1.006

Vinson MR, Baker MA (2008) Poor growth of rainbow trout fed New Zealand mud snails
Potamopyrgus antipodarum. North American Journal of Fish Management 28: 701-709,
https://doi.org/10.1577/M06-039.1

Walther G, Roques A, Hulme P, Sykes MT, Pysek P, Kiihn I, Zobel M, Bacher S, Botta-Dukat
Z, Bugmann H, Czlcz B, Dauber J, Hickler t, Jaro$ik V, Kenis M, Klotz S, Minchin D,
Moora M, Nentwig W, Ott J, Panov VE, Reineking B, Robinet Ch, Semenchenko V, Solarz
W, Thuiller W, Vila M, Vohland K, Settele J (2009) Alien species in a warmer world: risks
and opportunities. Trends in Ecology & Evolution 24, 12: 686—693, https://doi.org/10.1016/
j-tree.2009.06.008

WGIAS (2018) Working Group on Invasive Alien Species. Prioritising Pathways of Introduction
and Pathway Action Plans. Published in the Register of Commission Expert Groups and
Other Similar Entities, code number E03276

The following supplementary material is available for this article:

Table S1. Updated checklist of non-indigenous aquatic macroinvertebrates in Belarus.

This material is available as part of online article from:
http://www.reabic.net/journals/mbi/2020/Supplements/MBI_2020_Lipinskaya etal SupplementaryMaterials.xlsx

Lipinskaya et al. (2020), Management of Biological Invasions 11(3): 525-540, https://doi.org/10.3391/mbi.2020.11.3.12 540


https://doi.org/10.1016/j.tree.2009.06.008
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


