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Abstract. During the realization of the scientificesearch program for mapping of the most invasivamt species of
Latvia in the “Daugavas Loki” nature park (NP) fi@ surveys were carried out during spring, summer aadtumn
seasons in 2016. In total 100 quadrats were surveyewasive alien plants are species that are norima to an
ecosystem, and may cause a negative effect on enmiental quality or human health. The obtained rdsiindicate that
the number of invasive alien plants species ideietif in 2016, i.e. 32 species, considerably increasecomparison with
data about the distribution of invasive speciesajivin the nature management plan of the “Daugavaski” NP in 2010,
when only three species were mentioned. Many invagilaat species have been found in the ruderal bjpés — roadsides
in the territory of nature park. The species with eéhhighest number of localities are Acer negundo ISambucus
racemosa L. and Rumex confertus Willd. The monitogimf certain most invasive species makes it posstblassess the
changes in species number and occupied area.

Keywords: invasive alien plant species, “Daugavasilalature park.

I. INTRODUCTION has not been established [13]. The main pathways fo
Alien species are species, which have beeralien species introduction in Latvia are Baltic Sea
introduced to areas outside of their natural rangecoast and river valleys (particularly the Daugava

because of direct or indirect human activities-[[]. River valley), anthropogenic pathways - roads,
Neophytes are non-native species introduced irrailways and seaports [2].
Europe after 1492 [4] and their distribution indes Latvia is bound to implement the Convention on

of human transformed environment. Invasive areBiological Diversity (1992) and participate in an
considered those neophytes which spreads rapidly international project NOBANIS (Nordic-Baltic
new areas, usually causing significant damage tdNetwork on Invasive Species), the aim of whichois t
biodiversity, ecosystem functioning, socio-economic create an electronic database of alien species.
values and/or human health [3]. However, not all ~ Several studies shown the increase in the number
neophytes are regarded invasive [5]. of invasive species in protected areas [14]. Theagpr
Invasive alien species are considered one of thef alien plants into protected areas is strongly
essential component of global climate change i&], [ influenced by the presence of trails or roads [[H]
leading to habitat homogenization, changes inand by the number of visitors [17], [18].
ecosystem services and contributing to the extncti “The impact of biological invasions can even be
of certain species [7], [8]. worse in protected areas than elsewhere, because
The spread of invasive species depends on th¢éhese areas preserve key elements of global
type of habitat [9] and its disturbance regimese Th biodiversity, ensuring the maintenance of essential
greater proportion of invasive species is found inservices for the livelihood of many communities],[8
heavily disturbed habitats [10]. Invasive speciageh  [19].

specific spread patterns: have no natural enenses; In Europe, most protected areas have been
able to occupy a vacant niche and are not affdeyed influenced by human, including the introduction of
local biotic factors in their new habitat [11]. alien species and close location to landscapes with

The flora list of Latvia contained 1937 plant little limitations for alien species introductioRlant
species: 1304 were of local origin, 633 were alieninvasion in protected areas are significantly esat
species [12]. According to NOBANIS (2014) data, 36 with human activity, density, and native species
plant species are considered invasive, 12 areichness [19], [20]. Protected areas are signifiéan
potentially invasive and 176 are not consideredbiodiversity conservation therefore special attamti
invasive in Latvia. The information about 192 spsci
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should be devoted to the investigation of invasivewere designed so that each territory was inspexsed
alien species in these territories. detailed as possible and the maximum distance

Study area between two routes in one quadrate does not exceed

The “Daugavas Loki” nature park (NP) is located 100 m. However, it does not provide complete survey
in the southeastern part of Latvia in the valleythw®  of the territory. Special attention was paid toguial
Daugava River. Park has been established in 1990 tmvasion territories of alien plants — roadsides,
preserve the unique landscape, biological divesity riverbanks, cemeteries, allotments, degraded
well as cultural and historical monuments in the territories etc. Quadrats, which geographically
valley of the Daugava River. The territory covers a coincide with water reservoirs and watercourses,
area of 12562 hectares: forest cover 57.3%,were not surveyed, as well as areas without public
agricultural lands - 36.31%, water bodies - 6.28%,access or closed, for example, private property etc
quarries - 0.11% [21]. Samples of plants were collected for herbarium.

In total 1016 vascular plant species listed in the Latvian classifier of habitats [30] was used for
Daugava River valley in the period 1976 - 1983 detection of invaded habitats. Nomenclature of
including 76 adventive species and 68 species,twhic vascular plant species was done according to
naturalize [22]. The information contained in the Gavrilova and Sulcs, 1999 [12].
nature management plan (2010) shows that more than Application of Geographic Information Systems
800 vascular plant species (50 specially protectedGPS and GIS)
plant species) are recognize in these territory. GPS was used to map the species in the territory

The distribution of some invasive speciesf@er  of the “Daugavas loki” NP. Field data, obtainedhwit
negundd.., Solidago Canadensils s.l., Echinocystis GPS, were converted into a poinshp file. Further
lobata (Michx.) Torr. Et A. Gray etc. is the data processing took place in ESRI ArcGIS
significant problem in Daugava floodplains [21]. Geographic Information System software ArcView

K. Kupffer was one of the first who emphasized 10.0. Results were sorted in attribute table in the
the importance of Daugava in species distributionfollowing order: Species common name, Latin name
[23] and it is shown that the Daugava River valley and biotope. Maps were created using ArcGis
function as corridor for invasive plant species program, ArcMap.
distribution [24], [25], [26]. The depopulation mess Orto-photo maps in 1:10 000 scale, made
is observed in the territory of NP in the recerdrge-  according to data of areophotographying, done in
only 8599 inhabitants in 2016) [27]. It should be 2014 by Latvian Geospatial Information Agency were
noted that the population and the economic activityused as the base for vectorization: no. 3422-15324
are factors affecting the distribution of invasive 44, 2443-45, 2443-54, 2443-55, 2444-41, 2444-42,
species [28]. There are also varieties of roads tha2444-43, 2444-44, 2444-45, 2444-51, 2444-52, 2444-
may contribute to the spread of invasive species. 53, 2444-54, 2444- 55, 3421-14, 3421-15, 3422-11,

3422-12, 3422-13, 3422-14.
II. MATERIALS AND METHODS

Fifteen most invasive plant species were Ill. RESULTS
inventoried in the “Daugavas loki” NP (Table 1) and  Thirty-two invasive alien species in 1224
Heracleum sosnowskyanden. - only one species localities were recorded during the study (Table 1)
defined as invasive species in Latvia: Regulatiohs Heracleum sosnowskianden.
the Cabinet of Ministers No. 468 “List of Invasive H. sosnowskyit is considered one of the most
Alien Plant Species” [29]. Other invasive speciesinvasive plant species in Europe [31] by the impact
were recorded during field surveys. on ecosystems [32], [33] and human health [32] -

Field research [35].

The distribution of invasive plant species were  H. sosnowskyiis biennial or perennial plant,
recorded in the territory of the “Daugavas loki” NP height is usually 1-3 m, plant seed germination
Inventory of invasive species was done in 2016remains for a long time and a single plant can lbgve
(summer - autumn period). more than 3-15 thousand seeds. Ripe seeds easily

The methodology of Institute of Life Sciences and segregate from plant [32], which contributes to the
Technology of Daugavpils University were used (The ease of movement, for example, seeds stick to tires
Project No0.7.7/103/2105-P ,The development ofand spread far from the place of origin. Wind and

invasive species monitoring programme”). watercourses also play an important role in seed
The territory of the “Daugavas loki” NP was dispersal [31].
divided into 386 regular grid quadrats of 500 x 500 H. sosnowskyoriginates in the central and eastern

(25 hectares), but only 100 quadrats were seldoted Caucasus [31] and was first introduced for
field studies using ArcGIS program ,Random agricultural purposes into Latvia in 1965 in Madona
selection” tool. Each plot was assigned individual district, Barkava parish. The first field was sown
identification numbers. The inventory of invasive 1965 [36].

species was done using route method. The routes
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The species is naturalized in the European part ofesults obtained during this study, it can be cadhet!
Russia, in Baltic States, Belorussia, Ukraine andthat the species introduction and invasion process
Poland [31], [35]. One of the main negative impactsstarted relatively recently in the territory of NP.
of H. sosnowkyis on native plant communities. The However, taking into account the fact that all 15
plant forms dense monodominant stands and thuocalities were fixed in five quadrats, distributiof
contribute the disappearance of ground-levelH. sosnowskyin the territory of NP is unequal and
vegetation species [32], [33]. Therefore, the sprefa  plant specimens spread close to initial invasioessi
H. sosnowskyiin protected area may lead to H. sosnowskyispread analysis in habitat aspect,
extinction of protected species. represent that the most invaded habitats are

According to the nature management plan of themoderately moist meadows (six localities from 15)
“Daugavas loki” NP (2010 — 2022){. sosnowskyi and roadsides (five localities).
was almost not found in this territory, however, The fact, thatH. sosnowskysuccessfully spread
species was found in 15 localities during studies i across roadsides, also are most often mentiontietin
summer 2016 (Table 1). Lard® sosnowskystands  scientific literature [31], [32], [37]. Two localis
were not detected — only one plant/ specimen otlsmawere found in shrubland, one in dry meadow and one
stands were found in 13 localities. Published studyin the weedy place. During the study and contrary t
results [31], [32], [35] indicate, that this plastable  other authors [31] localities were not found aldhg
to spread very rapidly - several tens of kilometerswatercourses.
away from the existing plantations. Based on the

Table |
Invasive alien plant species detected in the “Daagdoki’ nature park.
No. Latin name Number off Number of | No. Latin name Number of,  Number of
localities invaded localities invaded
guadrats guadrats
Invasive plant species (in accordance with Regurato. 468: List of | 17. |Other recorded invasive alien / potentially invasplant
Invasive Alien Plant Species) species
18. |Aronia prunifolia(Marshall)

1. Heracleum sosnowskianden. | 15 6 Rehder. 4 3
Monitoring of the priority plant species (in accamte with the contra¢tl9. [Bunias orientalid..
No0.7.7/103/2105-P data) 17 7
2. Acer negundad.. 296 52 20. |Caragana arborescensam. | 17 3
3 Amelanchier spicatéLam.) K. 21. |Caragana fruteXL.)C. Koch

) Koch 55 15 1
4. Aster x salignudilld. 5 3 22. |Helianthus tuberosuk. 12 4
5. Cotoneaster luciduSchitdl. 3 3 23. |Hippophae rhamnoidels. 1 1
6 Echinocystis lobatéMichx.) 24. |Malus domestic@orkh.

) Torr. Et A. Gray 31 8 84 35
7 Impatiens glandulifer&oyle. 25. |Parthenocissus quinquefolia

) 26 10 (L) Planch. 8 4
8. Impatiens parvifloraDC. 79 17 26. |Petasites hybriduk. 6 2
9. Lupinus polyphyllugindl. 53 17 27. |Populus albd.. 7 6
10. |Reynoutria japonicadoutt. 1 1 28. |Populus balsamiferd. 5 3
1 Reynoutria sachalinensi§. 29. |Rumex confertugyvilld.

" |Schmidt) Nakai 4 1 167 50
12. |Rosa rugosahunb. 2 2 30. [Sambucus nigra. 19 5
13. |Sambucus racemosa 186 45 31. |Spiraea chamaedrifoli&. 1 1
14. |Solidago canadensis s.I. 74 23 32. |Spiraea x billardiiHerincq | 3 1
15 Solidago giganted\it. 33. [Symphoricarpos albud..)
) 0 0 S.F. Blake 1 1

16. |Sorbaria sorbifolia(L.) A. Braun | 3 2 34. |Syringa vulgarid._. 36 15

Species with priority monitoring status The distribution ofA. negundan the territory of

A. negundois considered as one of the most NP was observed in different biotopes - forest€423
invasive plant species in Latvia and the highestof localities, including mixed-wood forests,
number of localities (296) was discovered during coniferous forests and black alder stands), meadows
field research. (18%), shrublands (11.5%) and banks of the Daugava

A. negundds a medium-size tree (about 15 m in River (8%). Some stands also in quarries, weedy
height) with sparse crown from the family Aceraceae places, below power lines etc. However, this sgecie
It was introduced into Europe as an ornamentaltplanwas observed most often in roadsides (25%). The
and it is considered invasive in Austria, Czech proportion of localities in the Daugava riverbaaksl
Republic, European part of Russia, Lithuania androadsides shows that wind is an important factor
Poland [38]. As invasive weed, plant widely spread contributing the distribution ofA. negundoin the
degraded habitats and riverbanks in many EuropeafDaugavas loki” NP and this fact also has been fbun
countries [38], [39]. by other European researchers [26], [38], [40],).[41
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However, these results are only partially consisten observed in the middle of the 20th century [50L][5
with the results by Ndrzycki, 2011, where rivers Plant spreading was recorded in East Asia, around
have been mentioned as an important pathway for th&/ladivostok, North Russia, Baltic region, Poland,
introduction of A. negundoin several countries. East Slovakia, the Czech Republic, Austria,
Sikorski and Sikorska, 2016 noted that speciesGermany, Finland, Norway, Sweden and the United
reaches a significant level of invasion in riverken  Kingdom [52].
The Daugava River is an important factor for plant  The largest number of localities (167) was found
seed distribution in the territory of NP. It is indted  in the territory of “Daugavas loki” NP (Table 1)hi
by stands, located parallel to the river coastlinespecies is common throughout the Latvia [51] and
coinciding with the maximum flood level in the rive  was uniformly found in the territory of NP in 50
Stands are large but not dominant, howew&r, quadrats.
negundopermanent vegetative regrowth can lead to  The research data shows that the distributioR.of
dominance in the flood-plain forests during a pario confertus has little relation with forest areas. It
of time [42]. prefers open and sunny places, often forming sparse
Sambucus racemosa. is the second most stands. Such distribution of localities could be
common invasive plant found in the “Daugavas loki” explained by the fact that, natural seed dispersal
NP in 185 localities in 45 quadrats. occurs by wind [49], therefore, it requires areathw
S. racemosas a tall (up to 5 meters) deciduous unrestricted wind flow. It is also approved by faet
shrub or small tree from the family Adoxaceae [43]. that the largest share 8. confertudocalities in the
It was found in the western part of Latvia in thele territory of the “Daugavas loki” NP were found afpn
of 18 century (in 1899) [44], but in the easterntjia  roadsides - 47%, where vehicles creates specific
1895 [45]. It was introduced as ornamental plamt an effects of the wind in addition to the natural wind
it was also used for medicine purposes [46]. Theflow.
fruits are a bright red and looks especially detroza R. confertuss widely adapted to grow in different
[43]. moisture conditions — dry meadows, ponds and
Species distributions in different habitats show riverbanks. However, the places more vulnerable to
that plant have broad ecological plasticity and theinvasion are habitats with sufficient moisture
ability to adapt to various growing conditions [4%] content - moderately moist meadows (27% of
racemosa was found in meadows, abandoned localities), moist meadows (16%), shrublands (2%)
buildings, weedy places, under power line rotes, inand ditch edges (1%). These results are also
clearcuttings etc. consistent with results from other research studgs
Although studies shows th&. racemosds not  [26].
common in forest communities because it is only Based on the results of other studies [50], [52],
moderately shade tolerant [48], it was most oftendistribution of R. confertusmay cause the essential
found directly in forest and underbrush areas m th negative impact on natural territories and protkcte
territory of NP (49% of all localities). This onegain  species, especially in meadows. Native species ofte
only proves the invasive features of alien plantget squeezed out and hay quality may deteriorate
species. Roads and roadsides are the second masgnificantly. In addition, the study results shdvat
invaded habitats (38%) and again, describe it asn 14% of localitiesR. confertusare dominant and
typical invasive plant species, specific to disetb may form monostands.
biotopes [2], [43]. However, according to the autho Biotopes
the frequent species occurrence in study area is By analysing the distribution of species and
relatively less associated with human activity rddi  habitat types in the territory of the “Daugavasilok
and animals distribute plant [43], afd racemosas NP, data shows that invasive plants most frequently

evenly spread throughout the territory. occur in ruderal biotopes, mainly along roads (fbun
Other identified invasive alien / potentially 39% of all localitiesRoads function as corridors for
invasive plant species invasive plant species and can contribute the dprea

Rumex confertudVilld is a large (60-150 cm), of these species inside protected areas [53], [B4.
perennial plant from the Polygonaceae family, whichlargest proportion of some invasive plants was fbun
produce a large amount of reproductive seeds [49]. directly along roads. For examplR, confertusand

It is an invasive plant in Latvia and its natural Syringa vulgaris L. (47%), Lupinus polyphyllus
range occur south-eastern Europe and western Asihindl. (68%), Malus domesticaBorkh. (43%), A.
[50]. Plant become established outside it originalnegundo(35%) andImpatiens glanduliferaRoyle.
range due to grain transport (grass seed mateoial f (65%).

Russia), as well as imported accidentally with the  Great proportion of localities were found also in
development of transport [2]. It is possible that forests and shurblands (28% of the total number), b
transportation of soldiers and military equipmeint ( meadows, mainly moderately moist, represents about
1920) contributed to the movement of plant seeds t®5% of inventoried localities. Although forests are
Latvia. The most rapid spread dR. confertus considered to be relatively stable ecosystems
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however, rapid increase of number of invasive existing plant communities occur, thereby develgpin
species is observed in forests of Lithuania [3%]. favourable conditions for invasion by alien species
racemosa(41%) andAmelanchier spicatdlLam.) K. Data obtained by implementation of research
Koch (45%) were the most commonly reported plantsprogram of invasive species can help to manage

in forest in the territory of the NRA. spicataregarded

as one of alien naturalized woody species, widely
distributed in the forests of Lithuania [56].
S. racemosas common in many forest communities

[43].

Species mostoften found in moderately wet
meadows iS. canadensiét8%). Usually this species
found growing in damp meadows, waterways, and in
roadsides along ditches [57]. (1]

Such biotopes as fields and gardens, banks of
artificial water bodies and regulated watercourse,
parks and greeneries each accounted for only ong;
percent of the total number of localities. -

IV. CONCLUSIONS

Only H. sosnowskyis officially recognized as an
invasive plant in Latvia. According to nature [4]
management plan of the “Daugavas loki” NR,
sosnowskyivas almost not found in this territory in
2010, however, 15 localities were found during [5]
research in summer 2016, confirming plant invasive
nature.

A. negundoand S. racemosaare considered as [g)
most invasive plant species in Latvian and theyewer
found in the largest number of localities.

A. negundowas observed in different biotopes,
but most often in roadsides and in the Daugavay
riverbanks, approving the role of wind and
watercourses in the distribution of plant seeds.

In addition, the distribution ofS. racemosais
related with different habitats and confirms plant
adaptation ability to various growing conditionss A
S. racemos@rows mostly as one specimen, it would [9]
be easier to manage this plant, compared with lant
producing root sprouts and making stands.

R. confertusvas most often found from the list of
other identified invasive plant species. The
distribution ofR. confertushas little connection with
forest areas and plant prefers open and sunnylace
R. confertusis widely adapted to different soil
moisture conditions — dry meadows, ponds and11]
riverbanks.

The survey results show significant changes in the
number of invasive species in the territory of NP.
Only three invasive plants were mentioned in thel12]
nature management plan of the “Daugavas Loki” NP
in 2010 and 32 invasive plant species were idextifi
in 2016.

This fact demonstrates ecological flexibility of
invasive plant species, their ability to propagate[
rapidly and to spread in new areas, hence exposing
threats for local and protected plant species. The
additional risk factor is overgrowing of meadowslan [15]
pastures in the NP. In such places the changes of

(8]

(10]

(13]
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invasive species in the early stages of invasion.
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