LATVIJAS UNIVERSITATE
GEOGRAFIJAS UN ZEMES ZINATNU FAKULTATE
GEOGRAFIJAS NODALA

AGNESE PRIEDE

INVAZIVIE NEOFITI LATVIJAS FLORA:
IZPLATIBA UN DINAMIKA

PROMOCIJAS DARBA KOPSAVILKUMS

Promocijas darbs izstradats doktora grada iegiiSanai geografijas zinatnu nozaré dabas
geografijas apak$nozare

Darba vaditajs:
Dr. habil. geogr. Maris Laivins

RIGA, 2009



Promocijas darbs izstradats Latvijas Universitates Geografijas un Zemes zinatpu fakultates
Geografijas nodala laika no 2005. gada oktobra Iidz 2009. gada maijam. Darbs izstradats ar
Eiropas Sociala fonda (projekta nr. 2004/0001/VPD1/ESF/PIAA/04/NP/3.2.3.1/0001/0063)

un LU Geografijas un Zemes zinatnu fakultates atbalstu.

PROMOCIJAS DARBA VADITAIJS

Dr. habil. geogr. Maris Laivins

OFICIALIE RECENZENTI

Dr. geogr., prof. Olgerts Nikodemus
(Latvijas Universitate, Geografijas un zemes zinatnu fakultate)

Dr. geogr. Solvita Riisina
(Latvijas Universitate, Geografijas un zemes zinatnu fakultate)

Dr. biol. Viesturs Sulcs
(Latvijas Universitates Biologijas institiits)

Promocijas darba aizstavésana notiks 2009. gada 9. septembr Latvijas Universitates Geografijas
nozares padomes seédé LU Geografijas un Zemes zinatnu fakultaté Riga, Alberta iela 10

Ar promocijas darbu var iepazities Latvijas Universitates Zinatniskaja biblioteka Riga, Kalpaka
bulvari 4, un Latvijas Akadémiskaja biblioteka Riga, Lielvardes iela 4

Atsauksmes siitit: Dr. geogr. Zaigai Krisjanei, GGeografijas un Zemes zinatnu fakultate, Latvijas
Universitate, Raina bulv. 19, LV-1586, Riga, Latvija, e-pasts: zaiga.krisjane@Iu.lv



IEVADS

Darba aktualitate

Neofiti ir sveSzemju izcelsmes augu sugas arpus to izcelsmes areala, kas apzinati introducétas
vai nejausi ievazatas citos regionos pédgjo 400-500 gadu laika un pargajusas savvala. Invazivo
sveSzemju sugu strauja izplatiba visa pasaulé tick uzskatita par vienu no biotas mainibas
indikatoriem (Anon., 1992; Anon., 2002), ko veicinajusi vietgjiem apstakliem neraksturigu sugu
introdukcija, migracijas, tirdzniecibas sakaru un transporta celu attistiba pe&d&jo divu gadsimtu
laika, ka arT pieaugosa antropogéna slodze uz dabiskajam ekosistemam. Sveszemju sugu izplatibu
arpus stadijumiem un kultivacijas liela mera veicina zemes lietojuma veidu izmainas, biotopu
fragmentacija un vides eitrofikacija, ka rezultata palielinas ekosistémas uzn€miba pret jaunu,
vietgjam ekosistemam netipisku sugu un sabiedribu nostabiliz€Sanos un izplatibu.

Misdienas invazivas sveSzemju sugas tiek uzskatitas par vienu no bitiskakajiem biotas
izmainu komponentiem un apdraudé&jumiem biologiskajai daudzveidibai globala méroga (Anon.,
1992; Vitousek et al., 1997; Dukes, Mooney, 1999; Scherer-Lorenzen et al., 2000; Princig et al.,
2002; Lodge, Schrader-Frechette, 2003; Weber, Gut, 2004), ka arT to tieSa un netieSa ietekme rada
ievérojamus ekonomiskos zaud&umus (Pimental et al., 2000). Sis sugas var radit bitiskas
izmainas viet€jas ekosisttmas un ekosisttmu funkcijas un veicina biotas homogenizaciju
(McKinney, Lockwood, 1999), ka ari var bt iemesls ekologiski Sauras pielagotibas sugu un
sabiedribu izzusanai (Vitousek et al., 1997; Dukes, Mooney, 1999; Hobbs, 2000; Scherer-
Lorenzen et al., 2000).

Naturalizgjusas sveSzemju sugas sastada apm&ram 1/3 Latvijas vaskularo augu floras
(Gavrilova, Sulcs, 1999). Gavrilovas un Sulca (1999) floras saraksta arheofiti (pirms 17. gs.
ienakusas sugas) ka pilniba naturaliz€jusas sugas pieskaititas viet&jai florai, tadgjadi par
sveSzemju sugam uzskatami tikai neofiti. Musdienas daudzas sveSzemju sugas no reti
sastopamam apzinati introducétam, savvala pargajusam vai nejausi ievazatam sugam p&dgjos
gadu desmitos izplatds arvien straujak un iepem arvien nozimigaku lomu viet§ju augu
sabiedribas. Tomer lielaka dala sve$§zemju sugu nav invazivas, ir sastopamas reti, jaunas augu
sabiedribas neveido un nerada biitisku ietekmi uz viet€jam ekosist€émam, tapec lielaka uzmaniba
japiever§ invazivo un potenciali invazivo sugu izplatibas un dinamikas noveértéSanai. P&tot
sve§zemju sugu izplatibu un tas dinamiku, janem v&ra ari problémas regionalos un globalos
aspektus, kas skar arT Latviju. Picaugo$a urbanizacija un transporta attistiba, zemes lietojuma
veidu izmaipas un ainavas transformacija socioekonomisko izmainu rezultata, klimata
pasiltinasanas un vides eitrofikacija veicina ne tikai dabisko biotopu degradaciju un vegetacijas
transformaciju, bet arT invazivo sugu arvien straujaku izplatibu.

Invazivo neofitu p&tijumi nepiecieSami, lai novertétu pasreizgjo situaciju Latvija un gltu
zinatniski pamatotu priekSstatu par nepiecieSamajam ricibam invazivo sugu kontroles sist€mu
ieviesana. Pagajuso divu gadsimtu laika Latvija uzkrats daudz materialu par neofitu floru — gan
literatiiras, gan herbariju un piezimju veida, kas veido neaizstajamu informacijas pamatbazi
misdienu pétijlumos. Pirmas norades par neofitu floru satur 18. gs. beigas un 19. gs. sakuma
publicéti darbi, pieméram, Fischer (1778), Grindel (1803), Wiedemann, Weber (1852) un citi. No
19. gs. beigam lidz 20. gs. otrajai pusei interese par $o t€mu un lidz ar to arT petijumu skaits
pieauga (Klinge, 1887; Lehmann, 1895; Kupffer, Lackschewitz 1904; Rothert, 1915; Rasins,
1960). Tradicionali Latvija pétijumi lielakoties saistiti ar neofitu, Tpasi adventivo sugu
daudzveidibas apzinasanu (Mihlenbach, 1927, 1934; Ulynu, 1972, 1976, 1977), tie skar arl
atseviSku sugu izplatibu, naturalizaciju, migraciju, pédéjos gados ari ar fitosociologiju un
ekologiju (pieméram, Laivins, Jermacane, 1999; Laivins, 2003; Laivins, Gavrilova, 2003; Laivins
et al., 2006; Laivins, 2008). Tomer jebkuras sugas izplatiba ir dinamiska, un pasreizgjais
invazivo neofitu izplatibas un ietekmes izp&tes Itmenis ir nepietickams. Latvija neofitu
invazivitates statuss (NOBANIS, www.nobanis.org) un izplatibas tendences lielakoties novertetas
tikai aptuveni. Ir maz petfjumu, kas skar invazivo sugu izplatibu ietekmgjoSos faktorus, izplatibas
tendences un ietekmi uz invadétajam ekosistémam (Rudzite, 2008).

Invazivo neofitu realo izplatibu un to ietekmgjoso faktorus nepieciesams péetit, lai novertetu
vienu no straujakajiem biotas mainibas simptomiem — sveSzemju sugu straujo izplatiSanos arpus
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izcelsmes arealiem un apzinatu iesp&jamas $o sugu izplatiSanas sekas, 1idz ar to piedaloties ar
Latvijas informaciju sugu jauno arealu apzinasana ne tikai vietgja, bet regionala un globala
skatTjuma (pieméram, DAISIE, www.europe-aliens.org).

Darba meérkis
ir noskaidrot invazivo neofitu izplatibas dinamiku un vides faktoru kopsakaribas Latvija regionala
konteksta

Darba uzdevumi

Sastadit dazada meroga invazivo sugu izplatibas kartes, veikt atradnu izplatibas un dinamikas
kvantitativo analizi Latvija un izvelétajas modelteritorijas: Abavas ieleja un Kemeru
nacionalaja parka;

noskaidrot invazivo sugu galvenos migracijas veidus un celus (koridorus) Latvija;

analiz€t neofitu izplatibas (atradnu) saistibu ar ainavas struktiiras elementiem, zemes lietojuma
veidiem, socioekonomiskajiem un v&sturiskajiem faktoriem Latvija un modelteritorijas;
aprakstit un klasificét invazivas neofitas augu sabiedribas, analizét to ekologiju un ietekmi uz
viet€jam augu sabiedribam.

AizstaveSanai izvirzitas tezes

Invazivo neofitu sugu sastavs, populacijas blivums un izplatiba ir nozimigs biotas un ainavas
transformacijas indikators, kas ciesi saistits ar zemes lietojuma veidiem un to izmainam, biotas
migracijas koridoriem, ka arT socialekonomiskiem un vesturiskiem faktoriem.

Invazivie neofiti veido jaunas, dinamiskas augu sabiedribas, kas sastopamas galvenokart
antropogeni ietekmé&tos biotopos, tacu to strauja izplatiba un Ipatsvara palielinasanas ar laiku
var biitiski maintt arT dabisko augu sabiedribu sugu sastavu un struktiiru. Invazivo neofitu
izplatiSanas Latvija atspogulo gan floras bagatinasanos ar jaunam sugam, gan biotas
transformacijas intensitates palielinaSanos miuisdienu mainigaja vide.

Darba novitate, teorétiska un lietiSka nozime

P&tfjuma ietvaros pirmoreiz Latvija veikta neofitu floras izplatibas un dinamikas kvantitativa
analize ainavas struktiiras un biotas mainibas konteksta.

Darba ietvaros izveidota elektroniska invazivo neofitu atradnu datu baze. Datu baze ir
vienkarsi sasaistama ar geografiskajam informacijas sisttmam un tadéjadi dati izmantojami
dazados griezumos. Pirmo reizi sagatavotas un public€tas vairaku invazivo neofitu sugu
izplatibas kartes, rekonstruétas sugu izplatibas izmainas un analizéta to ekologija. Invazivo
sugu datu baze ir nozimiga floras monitoringa informacijas sist€émas sadala biotas parmainu
prognozesanai.

Darba ietvaros veikta neofitu sugu inventarizacija un noskaidrota to pasreizgja izplatiba divas
modelteritorijas. Izveidota datu baze izmantojama turpmakiem neofitu izplatibas dinamikas
pétijumiem un monitoringam. Analizes rezultata iegitas kopsakaribas ekstrapoléjamas uz
lI1dzigam teritorijam Latvija.

Veikta neofito augu sabiedribu klasifikacija, analizéta sintaksonu struktira un ekologija,
verteta sveszemju sugu ietekme uz vietgjo augu sabiedribu sugu kompoziciju.

Darba aprobacija

Darba rezultati publiceti 7 zinatniskos rakstos, apspriesti 9 starptautiskas un 4 vietgjas

konferences, kopsavilkumi public&ti t€zu krajumos (1. pielikums).
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MATERIALS UN METODES

Pétitas sugas

Petita sekojosu 14 sveSzemju lakstaugu sugu izplatiba un izplatibas likumsakaribas:
darzbégli vitollapu mikelite Aster salignus, Kanadas zelgalvite Solidago canadensis, milzu
zeltgalvite Solidago gigantea, bastarda tusklape Petasites hybridus, topinambirs Helianthus
tuberosus, dzelonainais gurkis Echinocystis lobata, Japanas dizsiirene Reynoutria japonica,
Sahalinas dizstirene Reynoutria sachalinensis, daudzlapu lupina Lupinus polyphyllus, puku
sprigane Impatiens glandulifera; adventivas sugas bliva skabene Rumex confertus, sikziedu
sprigane Impatiens parviflora, austrumu dizpérkone Bunias orientalis, ka ari savvala pargajis
lopbaribas augs Sosnovska latvanis Heracleum sosnowskyi. Visas sugas ir invazivas ar tendenci
strauji izplatities.

Izplatibas kartésana

Sugu izplatibas datu bazes veidoSana izmantoti sekojos$i informacijas avoti: Latvijas
Universitates (LU) Biologijas fakultates herbarijs, LU Biologijas institiita herbarijs, A. Rasina
herbarijs, Nacionala botaniska darza herbarijs, Latvijas Dabas muzeja herbarijs, LU Geografijas
un Zemes zinatgu fakultates (M. Laivina) dati, LU Biologijas institiita Geobotanikas laboratorijas
(M. Laivipa un L. Engeles) dati, LU Biologijas institita Botanikas laboratorijas konkréto floru
inventarizacijas dati, Kemeru nacionala parka nepublicti materiali, Zieme]vidzemes Biosféras
rezervata Sosnovska latvana izplatibas sabiedriska monitoringa dati (Anon., 2006), literattiras dati
un mutiski zinojumi. 2005. Iidz 2008. g. vasaras sezonas apsekoti apméram 52 % Latvijas
teritorijas (1. att.), par pamatu nemot 5 x 5 km kvadratu tiklu (Laivins, Krampis, 2004).
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1. att. 2005.—2008. g. apsekotie 5 x 5 km kvadrati.

Teritorijas inventarizacija veikta, izmantojot marSruta metodi. MarSrutos ieklautas
potencialas atradnes, galvenokart ietverot apdzivotas vietas un to apkartni, celus un dzelzcelus,
upju ielejas, antropogéni ietekmétas (degrad€tas) teritorijas, lauksaimniecibas zemes, muizu
parkus un tuvako apkartni u.tml.) un/vai zinamas, atkartoti parbaudamas atradnes.

Sugu atradnu datu baze satur sekojosu informaciju: sugas nosaukums, atradnes nosaukums,
geografiskas koordinates LKS-92 sistéma, biotops, autors, informacijas avots, gads, piezimes.
Lidz 2008. g. registrétie dati publicéti: Priede (2008).

Izmantota sugu izplatibas kartéSanas metode balstita uz ir/nav (presence/absence) datiem.
Sugu izplatiba atspogulota kart€s 5 x 5 km regularu kvadratu tikla, kas ir identisks topografisko



karSu sisttmas TKS-93 Iimeniem (Laivins, Krampis, 2004; Gavrilova u.c., 2005). KarSu
sagatavosanai izmantota ESRI ArcGIS 9.0 programma. Visas atradnes saglabatas datu bazé ka
punktveida objekti, un pec tam atlasiti kvadrati, kas ietver vismaz vienu atradni. Atseviskos
gadijumos izmantoti LU BI floras inventarizacijas dati, kur sugu atradnes kart€tas Latvijas
botanisko kvadratu tikla (Tabakxa U mp., 1988). LU BI izmantotaja 7.7 x 9.3 km kvadratu tikla
katra kvadrata numurs apziméts ar skaitlu kombinaciju, ko veido tiklojuma X un Y koordinate.
Izmantojot ESRI ArcGis 9.0 datorprogrammu, atlasiti ieprieks izmantota 7.7 x 9.3 km kvadratu
tikla poligonu (kvadratu) centri 1idzigi ka punktveida atradnes un savietoti ar regularo 5 x 5 km
kvadratu tiklu, tapec iesp€jamas neprecizitates (nobides) abu atSkirigo kvadratu tiklojuma un
kvadratu izmeru atskiribu dgl.

Augu sabiedribu aprakstiSana, klasifikacija un analize

Augu sabiedribas aprakstitas, izmantojot Brauna-Blanké metodi un katra apraksta nosakot
kop&o un katras sugas procentudlo ipatsvaru. Parauglaukuma lielums varié no 4-25 m’.
Parauglaukumi aprakstiti péc iesp&jas katrai neofitu sugai raksturigas vietas. Par neofitu
sabiedribu uzskatita vairak vai mazak viendabiga audze, kura domingjosa neofitu suga klaj
vismaz 30 % no kopgja projektiva lakstaugu seguma. Nemts véra tikai lakstaugu stavs. Austrumu
dizpérkonei Bunias orientalis datu analizg izmantoti arT M. Laivina vegetacijas apraksti.

Lauka p&tijumos iegiitic 252 vegetacijas apraksti uzkrati TURBO(VEG) (Hennekens, 1995)
datu baz€ un izmantoti talakai apstradei. Augu sabiedribu klasifikacija veikta, izmantojot
TWINSPAN (Two-way indicator species analysis) programmu (Hill, Smilauer, 2005). Tabulas
apraksti grupéti atbilstosi TWINSPAN dalijumam grupas, tacu vienas sugas izteiktas dominances
un par¢jo sugu maza konstantuma del hierarhiskais dalfjums izmantots tikai lidz 2.-3. I[imenim.
Lielakoties sugu sastavs aprakstos nav pielidzinams asociacijas vai augstaka ranga sintaksona
Itmenim, sugam raksturigs mazs konstantums un sugu sastava mainiba no vietas uz vietu, tapec
talak apraksti grupéti subjektivi, ka rakstursugas izveloties sugas ar augstaku konstantumu un
biezaku sastopamibu nodalitaja grupa, kas raksturo grupas ekologiju.

Izmantojot fitosociologijas pieeju, neofitu sabiedribas Eiropa tiek klasificétas galvenokart ka
derivatsabiedribas, t.i., sabiedribas, kur domin€ kada pavaditajsuga, un tas nosauc pec
domingjosas sugas, noradot piederibu augstakajam sintaksonam (Kopecky, Hejny, 1974; Laivins,
Jermacane, 2001). Parasti sabiedribas nenoturiga sugu sastava dé] nav iesp&jams izdalit pastavigu
asociaciju ltmeni, un tas tiek pieskaititas augstakiem sintaksoniem (Mucina et al., 1993;
Oberdorfer, 1993; Pott, 1995; Schubert, 2001).

Augu sabiedribu ekologiska analize veikta, ordingjot fitosociologiskos aprakstus péc sugu
sastava un ka netieSos gradientus izmantojot vidéjas Ellenberga indikatorvértibas (L — gaisma, T
— temperatiira, C — kontinentalitate, M — mitrums, R — reakcija, N — slapeklis) (Ellenberg et al.,
1992) katram vegetacijas aprakstam. Ordinacijas matrica izmantoti ir/nav (presence/absence)
dati. Vegetacijas aprakstu ordinacija veikta, izmantojot programmu PC ORD 4.25 (McCune,
Mefford, 1999), netiesas ordinacijas metodi detrendeto korespondences analizi (DCA).

Sugu dominances attiecibu raksturo$anai un neofitu lomas augu sabiedriba raksturoSanai,
aprékinati Pirsona korelacijas koeficienti kop&ja sugu skaita sabiedriba un domin&josas neofitu
sugas Tpatsvara raksturojumam.

Sugu nomenklatiira: Gavrilova, Sulcs (1999) un Vacijas floras un vegetacijas datu baze
(Floraweb, www.floraweb.de). Augu sabiedribu nomenklattra: Mucina et al. (1993), Oberdorfer
(1993), Dierschke (1994), Pott (1995), Schubert (2001), Borhidi (2003).

Neofitu izplatiba modelteritorijas

Petfjjumam izvEletas divas modelteritorijas - dala Abavas iclejas posma no Kandavas Iidz
Vegiem un Kemeru nacionalais parks (turpmak teksta — KNP). Abu teritoriju neofitu flora
inventarizéta 2006.-2008. g., fiks€tas visas konstatétas sauszemes neofitu sugu atradnes, to
geografiskas koordinates LKS-92 sistéma un invadétie biotopi. Sugu atradnes fiksétas ka punkti,
atseviskos gadijumos — ka poligoni vai linijveida objekti. Sugu izplatiba kartéta, izmantojot
regularu 1 x 1 km kvadratu tiklojumu. Katra kvadrata (kopgjais kvadratu skaits Abavas ieleja —
159, KNP — 419) noteikts kopgjais neofitu sugu skaits.
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Izraudziti sekojosi elementi — plankumveida struktiiras: mezi (nenodalot tipus), purvi
(nenodalot tipus), atklata (nemeza) ainava (aramzeme, plavas, ganibas, kultivéti zalaji, atmatas),
apdzivotas vietas, mazdarzinu rajoni; linijveida objekti (celi, dzelzceli, tidensteces); punktveida
objekti (atkritumu izgaztuves, industriali objekti un kaps€tas). Abavas ieleja izdalits atsevisks
ainavelements Cuzu purvs, kas p&c vegetacijas struktiiras un ekologiskajiem apstakliem atikiras
no Latvijai tipiskajiem purvu tipiem.

Punktveida objektiem (izgaztuves, industriali objekti, kaps€tas) un dzelzcel§ atbilstosi to
esamibai vai neesamibai neatkarigi no aiznemtas platibas kvadrata pieskirts indekss 1 vai O.
Turpreti citiem elementiem indeksa lielums atkarigs no aiznemtas platibas kvadrata (mezi, purvi,
apdzivotas vietas, mazdarzinu rajoni) vai nozimiguma (lieluma) — celi, upes. Aiznemtas platibas
generaliz€tas, izmantojot aptuvenu procentualo segumu, kas sadalits klas€s, katram parametram
pieskirot indeksu. Ka datu avoti izmantoti Latvijas satelitkarte 1: 50 000, aerofoto uznémumi.
Dati precizeti, teritorijas apsekojot daba. Sugu kartesana, izplatibas un ainavas struktiiru analizé
izmantota datorprogramma ESRI ArcGis 9.0.

Lai noteiktu sugu izplatibas un ainavelementu un zemes lietojuma veidu saistibu, izmantota
netiesas ordinacijas metode DCA (PC ORD 4.25 (McCune, Mefford, 1999), galvenaja datu
matrica izmantojot ainavelementus (indeksus), bet otraja matrica — kop&jo neofitu sugu skaitu un
visu konstatéto neofitu sugu sastopamibu pa 1 x 1 km tikla kvadratiem (ir vai nav). Izmantojot
SPSS for Windows 13.0 programmu, paraugkopas atbilstiba normalajam sadalijjumam parbaudita
ar Kolmagorova-Smirnova testu.

REZULTATI UN DISKUSIJA

Invazivo neofitu izplatiba un dinamika Latvija

14 pétito invazivo neofitu atradnu saraksti un izplatibas kartes publicetas atseviska izdevuma
(Priede, 2008). Invazivo neofitu izplatiba cieSaka sakritiba konstatéta ar lielako apdzivoto vietu
(donorteritoriju), celu tikla un upju ieleju (sugu migracijas koridoru) telpisko izplatibu. Invazivo
sugu izplatibas Tpatnibas un sastopamibas biezumu Latvija nosaka arT sugas izcelsmes areala
lidziba jaunajam aredlam, izplatiSanas veids un ekologija, ka arT vésturiski un socialekonomiski
faktori. Lielakajai dalai invazivo darzbéglu sugu nav raksturigas izteiktas regionalas izplatibas
ipatnibas Latvijas méroga, ko ietekmé klimatiski, edafiski vai citi dabiski abiotiski
fiziogeografiskie faktori. Galvena loma neofitu izplatiba ir antropogéniem, nevis dabiskiem
faktoriem.

Invazivo neofitu izplatiba (2. att.) un lielakais konstatéto sugu skaits teritorijas vieniba (Saja
gadijuma 5 x 5 km kvadrata) sakrit ar apdzivojuma blivuma sadalijumu valsti, celu un upju tiklu
un dal&ji arT ar lielakajiem lauksaimnieciba izmantoto zemju masiviem, kas vienlaikus ir arl
relattvi blivi apdzivoti. Turpreti vismazak invazivu sugu konstatéts lielo, reti apdzivoto mezu un
purvu masivos, kur ir salidzinosi retaks celu, ipasi magistralo celu tikls, apdzivotas vietas aprodas
talak cita no citas un starp tam lielaka dala teritoriju ir invazivam sugam nepiemeérotas, pie tam
Sajos apvidos ir maz donorteritoriju. Apzinato invazivo neofitu izplatibu, neapS$aubami,
ietekméjusi ar1 2005. lidz 2008. g. veikto marsrutu izv€le un apsekoto kvadratu izvietojums (2.
att.).
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2. att. Invazivo neofitu sugu izplatiba Latvija 5 x 5 km kvadratu tikla. Krasojuma intensitate
apzimé sugu skaitu kvadrata (no 1 lidz 14).

Salidzino$i lielaks atradnu blivums noteiktos Latvijas regionos saistits ari ar konkrétu
kultiiraugu stadiSanas biezumu — biitiska loma ir donorteritorijam un to telpiskai izplatibai
kombinacija ar invazivajam sugam piemé&rotiem biotopiem un, iesp&jams, regionalam vai lokalam
Ipatnibam darzu un apstadijumu kulttra. Tadas bieZi sastopamas invazivas sugas, ka, piem&ram,
Solidago canadensis, Aster salignus, Impatiens glandulifera, Lupinus polyphyllus ilgstosi
kultivétas visa valsts teritorija, turpreti klonalas sugas, kas Latvija pavairojas tikai vegetativi —
Reynoutria sp. un Petasites hybridus ar apméram tikpat ilgu introdukcijas vésturi iezimgjas ar
salveida vai izklaidus atradnu izplatibu — saméra lielu atradnu bltvumu noteiktas teritorijas, kamér
citos regionos $is sugas nav konstattas. Tas, visticamak, saistits ar augu popularitati vietgjo
iedzivotaju vidi, kuri noteiktas sugas to dekorativo ipaSibu dé] stadijusi savas majvietas un
izplatijusi apkartgjas apdzivotas vietas.

Gandriz visam 14 pétitajam sugam Rigas aglomeracija un dazas citas lielas pilsétas iezZim&jas
ar lielu atradnu blivumu, kas samazinas attalak no Siem centriem. Savukart, celi un dzelzceli
lielakajai dalai sugu kalpo ka izplatibas koridori, atseviskos gadijumos sugu izplatiba liela méra
sakrit ar hidrografisko tiklu (sugas, kas ar1 dabiskaja areala lielakoties sastopamas upju ielejas un
paliengs, pieméram, Aster salignus un Echinocystis lobata). Rumex confertus, kas dabiskaja
areala sastopama galvenokart palienu plavas, introducgtaja areala biezi izplatas celmalas, kur var
veidot blivas audzes. Latvija R. confertus izplatiba sakrit gan ar celu tiklu, gan dal&ji ar upju
ielejam, kur suga sastopama ar1 dabiskos zalajos.

No pétitajam sugam izteiktakas regionalas atSkiribas izplatiba konstatétas divam adventivam
sugam — Rumex confertus un Bunias orientalis. Abas sugas ir vienas no veiksmigakajam
invazivajam sugam, bieZi sastopamas Rigas aglomeracija un lielo auto un dzelzcela magistralu
tuvuma uz austrumiem no Rigas, ka arT Centrallatvija un Austrumlatvija, kameér Rietumlatvija
sastopamas samera reti un ka atseviski izkliedeti eksemplari. Tas saistits ar abu sugu sakotngjiem
izplatibas centriem un migracijas celiem — abas sugas Latvija ievazatas ar transportu no
austrumiem un sakotngji izplatfjusas Riga, Rigas un Rigas—Daugavpils magistrales apkartné.
Tacu pedgjos gados Rietumlatvija konstatétas arvien jaunas $o sugu atradnes.

Noteiktas izplatibas Tpatnibas nav konstatétas Impatiens parviflora, kas pilniba
naturaliz&usies un sastopama gan antropogéni ietekmétos biotopos galvenokart apdzivotu vietu
un celu tuvuma, gan maz parveidotos meza biotopos (parasti apdzivotu vietu apkartng).

Helianthus tuberosus un Solidago gigantea izplatitas nevienmeérigi, paslaik Latvija abas sugas
sastopamas saméra reti un galvenokart antropogéni ietekmétos biotopos. H. tuberosus biezi
kultivéts visa Latvija, ilgi saglab3jas kultivacijas vietas, tomér saslégta vegetacija to visbiezak
ilgaka laika posma izkonkure viet€jas graudzalu sugas, noturigas audzes topinambiirs veido tikai



pilsétas parveidotas, baribas vielam bagatas augtenés, kur biezi tas ir doming&jo§a suga, reti — upju
krastos ka kondominants vai pavaditajsuga nitrofilas augstzalu sabiedribas. Latvija paslaik reta
Solidago gigantea, salidzinot ar radniecigo, plasi izplatito S. canadensis, acimredzot introduc&ta
darzos un parkos velak un nav bijusi tik populars krasnumaugs, ka arT nav stadita darzos visa
Latvijas teritorija, tapec ka naturalizgjies, stipri invazivs neofits sastopama gandriz tikai Rigas un
Jurmalas apkartné.

Lupinus polyphyllus un tas dekorativas formas Latvija audz&tas gan darzos ka kraspumaugi,
gan s€tas ka zalméslojums un slapekla fiksetajs atmatas, arl izcirtumos un, iesp&ams, ari
celmalas. Tapec suga daudzviet saglabajusies agrakajas s€jumu vietas, vietam lielas platibas kops
1930. gadiem. Parasti sgjumu apkartné suga izplatijusies ar1 gar celiem un mezmalam. Tap&c tas
sastopamibu savvala noteicis gan kultivacijas biezums dazados Latvijas novados, gan augtenu
piemerotiba un celu tikls to apkartng.

Biezi sastopamais Heracleum sosnowskyi kultivéts daudzviet Latvija, ka arT biologisko
Tpatnibu de] spgj strauji izplatities visdazadakajos biotopos, kas nodrosinajis ta sastopamibu visa
valsts teritorija, vietam lielas platibas monodominantas audzés. ST ir vieniga suga no pétitajam,
kas izteikti saistita ar pamestam, neapsaimniekotam lauksaimniecibas zeme&m, nevis apdzivotam
vietam. Nozimiga loma latvanu izplatiba ir linearam ainavas struktiiram (galvenokart celiem un
tidenstecem), kas nodro$ina invadéto vietu savienotibu un Iidz ar to arT seklu noklGSanu jaunas
teritorijas.

Kopuma Latvijas teritoriju parklaj 2783 kvadrati 5 x 5 km pétijjuma izmantotaja kvadratu
tikla. 1. tab. katrai sugai noteikts kopg&jais invadéto kvadratu skaits un procentualais invadéto
kvadratu Ipatsvars, ka arT paradits introdukcijas un naturalizacijas sakuma laiks.

1. tab. Invadeto kvadratu skaits un procentualais Ipatsvars saistiba ar introdukcijas un
naturalizacijas laiku.

Suga Invadgéto Invadéto Introdukcijas | Naturalizacijas
kvadratu kvadratu laiks* sakums**
skaits skaits %
Rumex confertus 428 15.4 1920 1920
Heracleum sosnowskyi 329 11.8 1940-ie 1940-ie
Solidago canadensis 327 11.7 1805 ~ 1950-ie
Lupinus polyphyllus 250 9 1916 1916
Reynoutria japonica 237 8.5 1874 20.gs.
Bunias orientalis 241 8.6 1805 1805
I. parviflora 147 5.3 1895 1895
Impatiens glandulifera 134 4.8 1898 1898
R. sachalinensis 122 4.4 1874 20. gs.
Aster salignus 115 4.1 1890-ie ? 1890-ie ?
Petasites hybridus 112 4 1778 20. gs.?
Echinocystis lobata 69 2.5 1960-ie 1970-ie
Helianthus tuberosus 60 2.2 ~1700 20. gs. ?
S. gigantea 14 0.5 1980-ie ? 1990-ie

* Pirmais datjums, kad suga apzinati ievesta vai nejausi ievazata Latvija; ** laiks, kad suga pirmoreiz
konstatéta savvala (literatiiras vai herbariju dati).

Kops 19. gs. sakuma lidz 20. gs. otrajai pusei konstatéts atradnu skaita pieaugums gandriz
visam sugam (2. tab.). Strauja atradnu skaita palielinaSanas raksturiga 20. gs. 70. gadiem, kas
saistits gan ar naturalizacijai nepiecie$amos laiku jeb latento periodu un tam sekojosu strauju
invazivo sugu ekspansiju, gan floras pétjjumu intensitates picaugumu 20. gs. 70. gados. 20. gs.
80. gados uzsakta neofitu sugu izplatibas karteSana, kas tika turpinata 2005. lidz 2008. g.,
savukart laika periodu no 2001. 1idz 2004. g. raksturo salidzinosi neliels jaunu registrétu neofitu
atradnu skaits. Lai arT jaunu atradnu skaits laika perioda ne vienmeér raksturo tikai realu atradnu
skaita palielinaSanos, bet biezi vien ari izp&tes intensitati noteikta laika perioda, domajams, ka
visam pétitajam sugam raksturiga strauja atradnu skaita palielinasanas 20. gs. 70. lidz 80. gados,
kas eksponenciali turpina pieaugt ar1 paslaik, kas 1pasi raksturigi invazivam sugam, kas izplatas



gan ar séklam, gan vegetativi. Straujo izplatiSanos, likumsakarigi, sekmé ari donorteritoriju skaita
pieaugums.

2. tab. Registréto sugu atradnu kumulativa skaita izmainas.

Zinamo atradnu skaits / Laika periods

Suga
< 1901 - 1941 - 1971 - | 2001- | 2005 -
1900 1940 1970 2000 2004 2008
Aster salignus 1 9 22 100 104 168
Solidago canadensis * 3 9 184 199 564
S. gigantea - - - 4 9 23
Petasites hybridus 16 21 24 99 105 149
Helianthus tuberosus * * * 40 42 97
Echinocystis lobata - - - 59 69 95
Reynoutria japonica 2% 10 11 204 223 307
R. sachalinensis 2* 15 17 96 112 146
Rumex confertus - 4 5 48 4 206
Lupinus polyphyllus - 11 26 165 189 343
Bunias orientalis 30 72 83 146 340 471
Impatiens glandulifera 1 5 16 69 79 204
l. parviflora - 9 15 92 96 229
Heracleum sosnowskyi - - 1 142 268 522

* suga introducéta Latvijas teritorija, ta¢u nav zinams, vai ta bijusi sastopama savvala.

Veéra nemama saistiba starp sugas introdukcijas (ievazasanas) laiku un paslaik invad&to
kvadratu skaitu, respektivi — jo senak suga paradijusies, jo plasak miisdienas izplatita — konstateta
tikai dazos gadijumos. Vairums no pétljuma ietvertajam sugam pirmoreiz ka savvala pargajusi
neofiti konstatetas ap 19. un 20. gs miju un sastopamas salidzino$i diezgan reti, kamér dazas
sugas, kas pirmoreiz paradijusas laika posma no 20. gs. pirmas puses Iidz gadsimta vidum,
paslaik ir vienas no biezak sastopamajam neofitu sugam (1. tab.). Lielakoties tieSi velak
introducétie vai ievazatie, bet paslaik biezak sastopamie neofiti izplatijusas visstraujak, respektivi,
tie izplatijusas salidzinosi 1saka laika posma neka pirms 20. gs. sakuma Latvijas teritorija
nonakusas sugas.

Kopuma 14 neofitu atradnpu dinamiku visa laika perioda kop$s $o sugu
introdukcijas/ievazasanas Latvija raksturo eksponencials atradnu skaita pieaugums. Konstatéta
nozimiga sakariba starp introdukcijas (ievazasanas) laiku un kumulativo 14 neofitu sugu atradnu
skaitu (3. att.). Tom&r konkr&tu neofitu izplatisanas sekmes atkarigas no individualas sugas
biologiskajam Tpatnibam, atkartotas introdukcijas (vai ievazasanas) biezuma, ka ari izplatiSanas
veida un potenciali piemérotu biotopu izplatibas. So sugu izplatiSanas vésture norada, ka laika
perioda ilgums starp sve§zemju sugas ievazasanu vai introdukciju un invaziju savvala, ka ar1
invazijas sekmes ir griiti prognozgjamas.

Balstoties uz NOBANIS (www.nobanis.org) datiem, Latvijas sve§zemju floras dinamika
pédgjo divu gadsimtu laika (4. att.) liecina, ka neofitu sugu skaits pastavigi pieaudzis, bet
visstraujakais pieaugums raksturigs 20. gs. otrajai pusei. Lidziga sakariba konstatéta, analizgjot
atradnu skaita dinamiku pétitajam 14 invazivo neofttu sugam (3. att.).

P&édgjo tris gadsimtu laika notikust karadarbiba un armiju parvietoSanas, t.sk. abi pasaules
kari, kas sekmgja jaunu sugu ievazasanu (Klinge, 1887; Lehmann, 1895; Malta, 1934,
Miihlenbach, 1934). Lidzigi ka Centraleiropa (Sukopp, 2002) un citur pasaul€, ar1 Latvija pils€tu
floru bitiski ietekm&jusi karadarbiba, radot piemérotus augSanas apstaklus ruderalu sugu, t.sk.
sveSzemju un kara laika ievazatu sugu izplatibai (Kupffer, 1922). Art transporta tikla attistiba 19.
un 20. gs., sekmgja strauju neofitu sugu izplati§anos. Tapat arT musdienas transporta parvadajumi
ir viens un nozimigakajiem faktoriem sugu migracija. Celu un dzelzcelu izbtuive un ekspluatacija,
savukart, saistita ar regulariem antropog€niem trauc€jumiem, kas sekmgjis ruderalu sugu, kadas ir
lielaka dala invazivo neofitu, un cenozu izplatiSanos.
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3. att. 14 neofitu sugu atradnu kumulativais skaits.
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4. att. Kumulativais neofitu sugu skaita piecaugums Latvija (datu avots: www.nobanis.org).

Invadétie biotopi

Invadéto biotopu struktiira raksturo sugu ekologiju. Liela dala invadéto biotopu bija butiski
antropogeni ietekméti (celmalas un dzelzcela malas, nezalienes, pils€tu teritorijas). Nozimiga dala
invadeto biotopu veido neapsaimniekoti kultivéti un ruderalizeti zalaji un atmatas, dazas sugam
raksturigi upju krasti (5. att.). Biotopu struktiiras analizé nav ieklautas abas Reynoutria sugas, kas
lielakoties sastopamas stadijumos un invadgjusas agrako stadijumu apkartni.
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5. att. Invadgtie biotopi.

Saisinajumi attéla: AST SAL — Aster salignus, SOL CAN — Solidago canadensis, SOL GIG — Solidago
gigantea, PET HYB — Petasites hybridus, HEL TUB — Helianthus tuberosus, ECH LOB — Echinocystis
lobata, RUM CON - Rumex confertus, LUP POL - Lupinus polyphyllus, IMP GLA - Impatiens
glandulifera, IMP PAR — Impatiens parviflora, HER SOS — Heracleum sosnowskyi, BUN ORI — Bunias
orientalis.

Neofitu izplatibu ietekmejosi faktori Latvijas meroga

Nemot véra, ka vairums Latvija apzinati introducgto, savvala pargajuso kraspumaugu jeb
invazivo neofitu audzeti visa Latvija, to donorteritoriju telpisko izplatibu noteikusi cilvéka
darbiba, nevis fiziogeografiski apstakli. Adventivo sugu izplatiSanos lielakos attalumos noteikusi
neapzinata cilveka ietekme (transports, kravu parvadajumi), dazu sugu gadijuma ari savalas
dzivnieku migracija. Invazivo neofitu izplatibu galvenokart nosaka introdukcijas vietu
(donorteritoriju), potenciali piem&rotu biotopu un migracijas celu izvietojums. Tas pats
attiecinams uz adventivam sugam, kuru izplatiSanas sekmes visbiitiskak ietekmé izplatiSanas
iesp&jas (migracijas celi un ,,parn€sataji“) un biotopu piemerotiba.

Lai arT atseviSskos gadijumos konstatétas regionalas neofitu izplatibas atSkiribas Latvijas
méeroga (Priede, 2008), darba ietvaros netika analizéta fiziogeografisko apstaklu ietekme uz
invazivo neofitu izplatibu. Ari Eiropas méroga raksturigas regionalas sve$zemju sugu izplatibas
atSkiribas, ko Lambdon et al. (2008), analiz&jot dazadu Eiropas valstu sve§zemju floras, iedalija
invazivo arealu biogeografiskajas zonas. Pieméram, Austrum- un Dienvidaustrumbaltijas valstis
plasi izplatits Heracleum sosnowskyi, kas nav sastopams Skandinavija un uz A un D no Polijas un
Austrumvacijas (Lambdon et al., 2008). Lidzigi Heracleum sosnowskyi, Baltija strauji
naturaliz&jas ari Kaukaza endéms Galega orientalis, kas introducéta ka lopbaribas kultiira un
atzita par invazivu Igaunija (Kangur et al., 2005; Odpik, Pulk, 2008) un ir aktiva naturalizacijas
faze ari Latvija (Laivins, Mangale, 2005), ta¢u paréja Eiropa nav sastopama. Sis Eiropas méroga
atskiribas sugu izplatiba ne vienmér saistamas ar fiziogeografiskiem faktoriem, t.sk. klimatisko
piemérotibu, bet gan antropogénam ietekm&m un introducgto vai ievazato sugu sastava un sugu
migracijas celiem.

Lielu dalu Latvijas sveS$zemju floras veido Ziemeleiropas un Baltijas regionam raksturigas
neofitu sugas, kas lielakoties nak no lidziga klimata apgabaliem Eiropa (Centraleiropa un
Rietumeiropa) vai arpus Eiropas (galvenokart Talajiem Austrumiem un Ziemelamerikas).
Balstoties uz NOBANIS (www.nobanis.org) datiem, Latvija lielako dalu neofitu sastada Eiropas
un Azijas sugas (attiecigi 44 un 35 %), bet 10 % sugu izcelsmes areals atrodas Ziemelamerika.
Afrikas un Dienvidamerikas sugas veido 5 un 1 % no neofitu kopgja skaita, bet 5 % sugu
izcelsme nav zinama. Tas liecina, ka liela méra sugas naturalizacijas veiksmigumu ietekmé
klimatiska piemé&rotiba invazivajam regionam.


http://www.nobanis.org/

Klimatiskas un dazos gadijumos edafiskas atskiribas Latvijas méroga vismaz paslaik ietekmée
daudzu introducgtu koku un krimu sugu, t.sk. savvala pargajusu invazivu taksonu, pieméram,
Acer pseudoplatanus, Abies alba, Fagus sylvatica (Lange u.c., 1978; Svilans, 2004), Aronia
prunifolia (Priede, 2009) naturalizaciju un izplatibu savvala. Tas saistams galvenokart ar
kontinentalitates pastiprinaSanos no juras iek$zemes virziena, tatad So sugu izplatibu un
invazivitati ietekmé& sektorialitate rietumu-austrumu virziena un zonalitate dienvidu-ziemelu
virziena (Svilans, 2004; Laivins u.c., 2007). lesp&jams, vairaku neofitu invazijas sekmes nakotné
var ietekmét vegetacijas sezonas garuma un minimalas gaisa temperatiras palielinasanas klimata
mainibas ietekmg, piem&ram, Impatiens sp. un Reynoutria sp. (Beerling, Perrins, 1993), tacu
pagaidam, salidzinot ar Central- un Rietumeiropu, §is sugas Latvija savvala ir sastopamas relativi
reti, un to paslaik apzinato atradnu izvietojums nelauj apstiprinat $o pienémumu.

Tapat pétito 14 neofitu izplatibas dalgja sakritiba ar zemieném un maigaku piejiiras klimata
zonu (2. att.) Saja gadijuma, visticamak, nav saistama ar sugu klimatisko piem@rotibu, bet
salidzino$i lielaku apdzivojuma blivumu un intensivaku sve$zemju sugu introdukciju un
transportu piejras zemien€ un lielo upju grivas neka daudzos iek$zemes rajonos.

Neofitu izplatiba un izplatibas likumsakaribas modelteritorijas

Detalizgtakai neofTtu sugu un to izplatibu noteicoso faktoru izvertesanai, apkopoti un analizeti
visu sastopamo neofitu izplatibas dati divas relativi nelielas, bet ainavas zina heterog€nas un
savstarpgji atSkirigas teritorijas Abavas ieleja un Kemeru nacionalaja parka (KNP). Abas
modelteritorijas analizéts neofitu floras sastavs un ipatnibas, ka arT izplatibu ietekméjoSie ainavas
Itmena faktori.

Abavas ieleja un KNP konstateto neofitu sugu sastavs un kopg&jais skaits ir atsSkirigs, kas
saistits gan ar teritorijas izmantoSanu, vesturiskiem un socialekonomiskiem aspektiem, gan
teritoriju platibu. Abavas ieleja posma Kandava — Vegi kopa konstatétas 53 naturaliz&jusas
neofttu sugas, bet KNP — 97. Lielako da]u neofitu sugu kopskaita abas teritorijas veido darzb&gli:
Abavas ieleja — 47, KNP — 80 sugas. Mazaku dalu sastada adventivas sugas (Abavas ieleja — 6,
KNP — 17). Tas skaidrojams ari teritoriju geografisko novietojumu attieciba pret apdzivotam
vietam un transporta tikliem. Abavas ielejai raksturigas galvenokart apzinati introduc€tas un
velak savvala pargajusas darzu un apstadijumu sugas, bet adventivas sugas lielakoties ir visa
Latvija biezi sastopamas segetalas sugas. KNP lielu 1patsvaru sastadda darzb&gli. KNP sugu
sastavu butiski ietekmgjis teritorijas novietojums attieciba pret magistraliem transporta tikliem,
lielu upju un lielu apdzivotu vietu tuvums, kas veicinajis ne tikai invazivu darzbéglu ievieSanos
no blakus teritorijam, bet ar1 vairaku adventivu sugu imigraciju ar transportu pa autoceliem un
dzelzcelu.

Izplatitako sugu biezums netieSi norada arT uz abas teritorijas domingjoSiem zemes lietojuma
veidiem un konkrétam sugam piemerotu biotopu sastopamibu — Abavas ieleja visbiezak
sastopamas atklatu vietu (nemeza) neofitu sugas, kas izplatas galvenokart lauksaimniecibas zemes
— atmatas, pamestos zalajos, celmalas, tirumos, darzos, ruderalos biotopos, turpreti KNP liclais
mezos sastopamo neofitu skaits liecina, ka ainava domin€ mezi, bet atklatu nemeZza zemju
Tpatsvars ir salidzinoSi mazaks.

Lidzigi ka citviet Latvija, abas modelteritorijas neofitu atradnu blivums saistits galvenokart ar
apdzivotam vietam un celu tiklu (6., 7. att.). Sakritiba ir izteiktaka KNP gadijuma, turprett
Abavas ieleja sugu izplatiba un lielaks atradnu blivums actmredzami vairak saistits ar upju un tam
paral€lo celu tiklu, kas nav raksturigi KNP. Abas teritorijas neofiti visbiezak un vislielaka
blivuma sastopami pils€tu un lielako ciemu tuvakaja apkartng, gar autoceliem (lielakoties gar
lielakiem magistraliem celiem) un lielako upju ielejas, kamér vienlaidus meZzu un purvu masivos
neofiti gandriz nav konstateti, kas norada, ka dabiski biotopi, Ipasi, ja nav savienoti ar celiem un
apdzivotam vietam, ir rezistenti pret neofitu ienakSanu un nostabiliz€Sanos.
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6. att. Kopgjais neofitu sugu skaits 1 x 1 km tikla 7. att. Kopgjais neofitu skaits 1 % 1 km tikla KNP.
Abavas ieleja.

Izmantojot netiesas ordinacijas metodi DCA, Abavas ieleja kvadratu izvietojumu p&c neofitu
kopgja skaita ordinacijas telpa izskaidro 1. un 2. DCA asis ar Tpasvertibam 0.27 un 0.18, bet 3. ass
Tpasvertiba ir 0.10, tatad kopuma saistiba ir vaja. DCA analizg neizdalijas gradienti, kas nosaka
neofTtu un ainavelementu izplatibas saistibu. Abavas ieleja neviens no faktoriem nav domingjoss,
jo vairuma gadijumu raksturiga liela ainavelemtu daudzveidiba kvadrata. Acimredzot neofitu
izplatiba liela méra atkariga no mazaka meroga faktoriem, ka arT raksturiga to izplatibas sakariba
atkariba no to augSanai piem&rotiem apstakliem un konkréto sugu dzives formas. Visbiitiskak
neofttu izplatibu Abavas ieleja ietekmé upju un celu izvietojums, kas dalgji sakrit, apdzivotas
vietas, ka arT meZzu un atklatas ainavas Ipatsvars ainava, visticamak, $o ainavelementu saskares
zonas jeb ekotoni.

KNP kvadratu izvietojumu ordinacijas telpa izskaidro 1. un 2. DCA asis ar TpaSvertibam 0.62
un 0.33. 3. ass TpaSveértiba ir 0.17. KNP, lai arT nav izteiktas grup€Sanas, iezimgjas visvairak
invadeto kvadratu sakritiba ar apdzivotam vietam un autoceliem, turpreti kvadrati, ko pilniba
aiznem mezi, purvi un atklatas ainavas, nav invadéti vai raksturigi ar mazu neofitu sugu skaitu,
tatu diezgan liels neofitu Ipatsvars konstatéts kvadratos mezu un apdzivotu vietu/celu
kontaktjosla. Konstatéta armT nenozimiga neofitu izplatibas saistiba ar upju tiklu, kas KNP,
atSkiriba no Abavas ielejas, nesakrit ar apdzivotajam vietam un autoceliem.

Abas teritorijas galvena loma neofitu izplatiba ir domingjosiem ainavlementiem, turpreti
vairaki analize ieklautie indeksi — dzelzcels, atkritumu izgaztuves, industriali objekti, mazdarzini
un kaps€tas, lai arT biezi saistiti ar lielaku neofitu koncentraciju un nereti ir arT So sugu
donoteritorijas, to retuma de| statistiskas analizes rezultata iezimgjas ka maznozimigi.

Kopuma KNP viengabalainaka zemes lietojumu veidu sadalijuma d€] neofitu izplatibas
sakritiba ar antropogéni bitiski ietekmé&tam teritorijam ir daudz izteiktaka neka Abavas ieleja,
turpreti lielas, homogenas, cilveéka darbibas mazskartas teritorijas raksturigas ar niecigu neofitu
skaitu vai to nav vispar. Abavas ieleja ainava ir stipri sadrumstalota, un viens kvadrats biezi ietver
dazadas nelielas zemes lietojuma vienibas, kas, pirmkart, $ada veida analizé nelauj izdalit
nozimigakos ietekm&joSos faktorus; otrkart, veidojas daudz lielaka ekotona zona, kas vairuma
gadijumu ir piemé&rota neofitu izplatibai. Regulars kvadratu tikls ainavas Iimena neofitu izplatibas
analizg ir izmantojams, tomér rezultatus bitiski var ietekmét kvadratu lielums. Abavas ieleja, kas
ir salidzinos$i mazaka un ainavelementu izplatibas zina daudzveidigaka teritorija, lietderigak btitu
izmantot 0.5 x 0.5 km vai 0.25 x 0.25 km kvadratu tiklu, kas lauju mazinat dazadu ainavelementu
mijiedarbibas efektu un uzsvértu konkréta ainavelementa nozimi neofitu blivuma un konkrétu
sugu izplatiba. Dalfjums 1 x 1 km kvadratos var neietvert lokali nozimigus objektus. Tas
attiecinams uz nelielam, agrak izmantotam (bieZi vienreiz€jam) atkritumu izgaztuveém, apzinatas



sugu introdukcijas vietas u.tml., kas nereti ir neofitu sakotng&jas izplatibas centri, no kurienes var
tik invadétas apkartgjas teritorijas, dazkart pat lielas platibas. Lidz ar to $ada veida analize, lai gan
parada galvenas likumsakaribas, ir diezgan robusta, jo tiek izsleégti daudzi lokala rakstura apstakli,
kam var bt izSkiroSa loma.

Salidzinot abas teritorijas, Abavas ieleja ir blivaks un vienmeérigak izvietots apdzivojums
(galvenas neofitu donorteritorijas un vienlaikus piemeroti, cilvéka darbibas parveidoti biotopi),
pie tam gandriz visa teritorija ir vairak atklatas lauksaimnieciba izmantojamo zemju ainavas, lidz
ar to ar1 neofTtu atradnu izplatiba ir izkliedetaka. Abavas ieleja ainava ir fragmenteta — atklatu
ainavu un meZzu masivi ir nelieli un izvietoti mozaikveida visa pétitaja teritorija. Turprett KNP
lielas platibas aiznem lieli, neapdzivoti vienlaidus mezu un purvu masivi, tadejadi neofitu
atradnes koncentrétas galvenokart nelielas platibas ap apdzivotam vietam, kam parasti apkart ir
relativi nelieli atklatu ainavu plankumi (mazdarzini vai bijuSie mazdarzini, zalaji, atmatas,
pamesti industriali objekti), vai arT ap celiem, kas kalpo ka sugu migracijas koridori.

Neofitu sugu daudzveidibu un sastopamibu autocelu, retak dzelzcela malas butiski ietekmé
tas, vai autoceli (vai dzelzceli) Skérso meza, lauksaimniecibas zemes vai apdzivotas vietas.
Daudzu neofitu koncentracija celmalas raksturigaka KNP neka Abavas ieleja. Tas saistits ar to, ka
KNP celi skérso lielakoties meZzainas teritorijas — atklatu vietu neofitu sugam nepiemérotus
biotopus, turprett Abavas ieleja neofiti biezak sastopami atmatas un lauksaimniecibas zemés, lai
ar1 to izplatiSanos sekmgjis celu tuvums. Modelteritorijas neofiti sastopami dazada lieluma un
nozimes celu malas — Soseju, lauku celu, ielu, retak — meZa celu un meza celu-stigu malas. Abas
teritorijas celmalam raksturigo neofitu sugu sastavs nedaudz atSkiras. Nozimigas neofitu
izplatibai ir ne tikai celmalas, bet arT celu-mezu vai lauksaimniecibas zemju-mezu kontaktjoslas.
To veicina meZa zemsedzes eitrofikacija un pieméroti gaismas apstakli mezmalas celu tuvuma.

Abas modelteritorijas geografisko patnibu dé] raksturiga atskiriga situacija neofitu izplatiba
upju krastos. Ja Abavas ieleja neofitu izplatibas un upju tikla blivuma korelacija ir salidzinosi
augsta, tad KNP gandriz visa teritorija §T saistiba ir maznozimiga. KNP raksturiga sugu imigracija
pa up€m no attalakam vietam augstecg, tacu ir maz invazivam sugam piemerotu biotopu.

Lidzigi ka lielaka meroga lmijveida struktfiram ainava (autoceliem un up@m), biitiska nozime
sugu migracija ir arT nelieliem, cilveka raditiem koridoriem (meza celi, takas, mezu kvartalstigas,
augstsprieguma liniju stigas). Sadu linijveida ainavas struktiru loma pielidzinama regularam
ekologiskam trauc&jumam, kas rada piemérotus apstaklus vairaku invazivu neofitu augsanai un
talakai izplatibai. Seit reizém koncentr&jas atklatu biotopu neofitu sugas, kam citadi meZa biotopi
gaismas trikuma un starpsugu konkurences dél ir nepiemeéroti.

Lai arf statistiski nenozimigi ka neofitu izplatibu ietekmgjosi ainavelementi, tomér kapsétas,
izgaztuves, karjeri un industriali objekti un to tuvaka apkartne gandriz vienmér raksturigi ar
augstaku neofitu koncentraciju neka apkartjas teritorijas. Sie objekti kalpo galvenokart ka
donorteritorijas, visbiezak, darzb&glu talakai izplatibai.

Nosactti homogeniem ainavas plankumiem ir barjeras funkcija, un tie ir ne tikai rezistenti pret
neraksturigu sugu nostabilizé$anos ka ar ierobeZo to talaku izplatianos. Sada funkcija piemit
mezu, purvu, lieliem aramzemju, ttrumu un regulari apsaimniekotiem zalaju masiviem. Abas
modelteritorijas plankumveida struktiiru lomu raksturo kop€jais sugu skaits kvadrata — kvadrati,
kuros netika konstatéta neviena neofitu suga vai to skaits bija niecigs, sakrit ar lieliem vienlaidus
meZu un purvu masiviem vai lielam vienlaidus regulari apsaimniekotam lauksaimniecibas zemju
platibam.

Biitiska loma ir ne tikai plankumu platibai, konfiguracijai, bet arT iek$&jai heterogenitatei un
robezojoSo citu ainavas plankumu un Iinijveida struktiru raksturs. Ainavas plankumi, kam
raksturiga augsta heterogenitate to ieksSieng, respektivi, mozaikveida struktiira un dinamiska vide
ar regulariem traucgjumiem un Iidz ar to arT pieejamiem resursiem — apdzivotas vietas ar
vienlaidus apbiivi saistitas ar pétitajas teritorijas vislielako neofitu sugu skaitu.

Abas teritorijas liels invadéto kvadratu skaits saistits ar ekotona efektu — visvairak neofitu
sugu ir teritorijas, kas iezZiméjas ka robezzonas starp apdzivotam vietdm un meziem, apdzivotam
vietam un lauksaimniecibas zemém vai lauksaimniecibas zemém un meziem, vai arl
plankumveida ainavas struktiiru platibas ir nelielas un fragmentgtas, kas liecina, ka butiskakie



ainavas limenpa faktori, kas ietekmé neofitu izplatibu, ir fragmentacija un savienotiba starp
dazadiem ainavas elementiem.

Neofitu dinamika modelteritorijas

Neofitu izplatibas dinamikas analiz€ izmantoti vairaku herbariju kolekciju (LU Biologijas
institita un Biologijas fakultates herbariji) un literatiras (Seezen, 1866; Kupffer, 1934;
Galenieks, 1957; Rasins, 1960; Anon., 2002; Cepurite, 2006, 2008; Tabaka, Kiassumsa, 1981) un
floras datu bazu (Kemeru nacionala parka un LU Geografijas un Zemes zinatnu fakultates
nepubliceti dati) dati par abam modelteritorijam no agrakiem laika periodiem. Dati salidzinati ar
2006.-2008. g. teritoriju inventarizacijas rezultatiem.

Salidzinot neofitu sugu sastopamibu Abavas ieleja 1981. g. publicétaja floras saraksta
(Tabaka, Knseuns, 1981) un 2006.-2008. g., sugu skaits apméram 30 gadu laika palielingjies par
28 sugam, t.i., gandriz divkarsojies (3. tab.).

3. tab. Abavas icleja konstatéto neofitu sugu skaita izmainas, salidzinot 1981. un 2008. g.

Kop¢jais neofitu sugu skaits 1981. g. 37
Neofitu sugas, kas atkartoti atrastas 2006.-2008. g. 27
Izzudusas 12
Paliclinajusies izplatiba un sastopamibas biezums 8
Samazinajusies izplatiba un sastopamibas biezums 0
Nav biitisku izmainu izplatiba un sastopamibas biezuma 20
No jauna atrastas neofitu sugas 2008. g. 28
Kop¢jais neofitu sugu skaits 2008. g. 53

leveérojamais sugu skaita pieaugums noticis gan uz reti sastopamu, lokalas izplatibas
darzbeglu lakstaugu, gan paslaik diezgan biezi sastopamu invazivu koku un krimu un vairaku
invazivu un pla$i izplatitu darzbéglu rékina, pieméram, Solidago canadensis, Aster salignus,
Echinocystis lobata, Heracleum sosnowskyi, Impatiens parviflora, 1. glandulifera, Helianthus
tuberosus, Lupinus polyphyllus, Acer negundo u.c. Paslaik vairakas no §im sugam strauji
invadgjusas ne tikai nezalienes, bijuSos mazdarzinus un atmatas, bet ar1 izplatas vairaku upju
ielejas, mezos un kriimajos, kamer citas relativi nesen ienakusas sugas pagaidam ir retas vai Joti
retas. Abavas ieleja atkartoti nav konstatétas vairakas ar islaicigam, ruderalam cenozém saistitas,
reti sastopamas 20. gs. pirmaja pus€ konstatétas adventivas vai darzbeglu sugas.

KNP neofitu floras izmainas, salidzinot agrak teritorija dazados laika periodos konstateto
sugu sarakstu un 2006.-2008. g. neofitu sugu sarakstu parada, ka 20. gs. laika, ipasi peédgjos gadu
desmitos, noticis ieverojams neofitu sugu skaita pieaugums (4. tab.).

4. tab. KNP konstatgto neofitu sugu skaita izmainas laika posma no 19. gs. Iidz 2008. g.

Kopgjais neofitu sugu skaits lidz 2003. g. 44
Neofitu sugas, kas atkartoti atrastas 2006.-2008. g. | 35
Izzudusas 9
No jauna atrastas neofitu sugas 2008. g. 60
Kopégjais neofitu sugu skaits 2008. g. 95

Lidzigi ka Abavas ieleja, art KNP neofitu, t.sk., invazivo sugu un atradnu skaits strauji
pieaudzis pedgjo divu gadu desmitu laika, kur nozimiga loma bijusi zemes lietojuma izmainam,
apsaimniekoSanas intensitates samazinaSanai apdzivotas vietas, nekontrolétai atkritumu izgasanai
un transporta celiem. Jaunatrasto neofitu sugu skaits ir 60, bet izzuduSas ir tikai devinas sugas (4.
tab.) — galvenokart reti sastopamas adventivas sugas. L1dzigi ka Abavas ieleja, ari KNP agrakajos
gadu desmitos nav registrétu datu par paslaik plasi izplatitam invazivam sugam, kas sakusas
strauji izplatities péd&jo 10-15 gadu laika, pieméram, Solidago canadensis, S. gigantea, Bunias
orientalis, Rumex confertus, Heracleum sosnowskyi, Impatiens parviflora, Aronia prunifolia u.c.



Neofitu izplatiba ainavas parmainu konteksta

Daudzu neofitu koku un kriimu, t.sk. invazivu sugu izplatibas izmainas saistitas ar Latvija
20. gs. otra pus€ un 21. gs. sakuma notieko$ajam biitiskajam izmainam ainava. 20. gs. otraja pusé
ainavu ietekmg&jusi mezu Ipatsvara palielinaSanas, lauksaimniecibas zemju aizaugSana un ekotonu
(robezzonu) palielinaSanas (Terauds et al., 2008). Ped&jo gadu desmitu laika turpinas
lauksaimnieciba izmantojamo zemju platibu samazinaSanas un mezu platibu palielinaSanas
(Anon., 2008). Ka liecina ainavas dinamikas pétijumi citviet Latvija, kopgjais mezu puduru skaits
20. gs. otra pusé samazinajies, aizaugot lauksaimniecibas zem&m (Rasa, Nikodemus, 2008;
Térauds et al., 2008). Sadas ainavas izmainas sekmg ari invazivo neofitu izplatibu, tapat ka mezu
eitrofikacija antropogeénas slodzes pieauguma (piesarnojums, rekreacija) rezultata (Laivins, 1998)
un krimaju platibu palielinasanas, aizaugot lauksaimniecibas zem&m. Ka liecina strauja ,,atmatu
neofitu”, pieméram, Solidago canadensis un Heracleum sosnowskyi bieza sastopamiba un strauja
izplatiba pédejos gados, lauksaimnieciba izmantojamo zemju pameSana un saimnieciskas
intensitates samazinaSanas ekonomisko parmainu rezultata p€dgjos gadu desmitos veicinajusi
ruderalu invazivu lakstaugu neofitu sugu strauju izplatibu pamestajas lauksaimniecibas zemes un
neapsaimniekotajos zalajos.

So procesu raksturo arf biotopu, Tpasi pilsétu teritorijas, ruderalizacija. 1990. gadu pirmajai
pusei raksturiga nepabeigto jaunbivju, buvlaukumu un industrialo objektu pameSana radija
piemérotus apstak]us daudzu neofitu izplatibai. Saja laika perioda tika pamestas arT daudzu pilsétu
un piepils€tu mazdarzini, kas veicinaja vairaku paslaik plasi izplatitu un mazdarzinos popularu
krasnumaugu pariesanu savvala un izplatianos, pieméram, Solidago sp., Impatiens glandulifera,
Echinocystis lobata un citas.

Lauksaimnieciba izmantojamas zemes ar nelielu apdzivojuma blivumu un lauku teritorijas,
kas nav ciesi saistitas ar lielakam apdzivotam vietam un transporta celiem, raksturigs relativi
neliels neofitu sugu skaits un Ipatsvars arT pamestu eku, fermu un citu objektu apkartneé. Maza
autocelu izmantoSanas intensitate butiski neietekm& neofitu imigraciju no attalam
donorteritorijam, tapéc mazapdzivotie, galvenokart mezainie, bet biezi arl lauksaimniecibas
apvidi paslaik ir relativi ,,pasargati” no invazijas. Tomer paslaik Latvija zalaju ruderalizacija,
lauksaimnieciba izmantojamo zemju pameSana, ka ari, domajams, kiilas dedzinaSana ir nozimigi
vairaku plasi izplatitu invazivu neofitu sugu (pieméram, Solidago canadensis, Heracleum
sosnowskyi, Bunias orientalis, Rumex confertus) invaziju sekméjosi faktori. Ipasi uznémigi pret
neofTtu invaziju ir ilgstosi neapsaimniekoti zalaji donorteritoriju tuvuma. Prognozgjot invazivo
sugu izplatibas izmainas, janem véra, ka vairums plasi izplatito, invazivo lakstaugu neofitu sugu
ir gaismas prasigas un tipiskas sekundaras sukcesijas sakuma stadijam, tapec izzud, aizaugot
pamestam lauksaimnieciba zem&m, tapéc to izplatibu ar laiku ja ne mazina, tad dalgji ierobezo
piemerotu biotopu trukums, pasi lauku apvidos lielaka attaluma no apdzivotam vietam, kur ir
mazs §Tm sugam piemérotu biotopu Tpatsvars.

Latvija nav veikts neofitu invadétas vegetacijas monitorings, tau, ka liecina ilggadigi
vegetacijas dinamikas p&tijumi citur pasaulé (Rejmanek et al., 2005), vairaku gadu desmitu laika,
aizaugot zalajiem un atmatam un parveidojoties krimajos un mezos, mazinas ne tikai dabisko
zalaju un atmatu sugu daudzveidiba, bet ar1 invazivo neofitu Tpatsvars un daudzveidiba.

Prognozgjot invazivo sugu izplatibu un apzinot faktorus, kas to varétu ierobezot, pirmkart,
janem veéra esoSo un potencialo donorteritoriju tuvums un attistiba. Piem@ram, paslaik
neapbiivetu, pamestu teritoriju apbiive apdzivotas vietas var mazinat savvala pargajuso neofitu
Tpatsvaru konkré&taja teritorija, turpretl pamestu zemju aizaug8$ana ar ruderalam sugam rada tam
labveligus apstaklus. Tacu tai pat laika jagem vera apstadijumu attistiba vienlaikus ar apbiivi, kas
var bt saistita ar ,tradicionalo” invazivo sugu introdukciju un parieSanu savvala tuvejas
teritorijas, ka arT jaunu, nesen introduc&tu augu sugu naturalizaciju un invaziju.

Ainavas struktiiras, zemes lietojumveidu izmainas un ekosisttmu degradacija var biitiski
ietekm@t arT neofitu, 1pasi invazivo sugu izplatibu un izplatibas atrumu. Ka liecina lielais atradnu
skaits atmatas un pamestos kultivétos zalajos, invazivo sugu strauju izplatibu sekmé zalaju
ruderalizacija, Tpasi apdzivotu vietu tuvuma, lai ari vairakas sugas, kuru s€klas izplatas ar
lidptikam, sekmigi izplatas ar1 vairaku kilometru attaluma no sakotn&jas izplatibas vietas
(pieméram, Solidago sp., Aster salignus). Invazivu sugu izplatibu meZos veicina ne tikai pastavigi



traucgjumi (rekreacija), gaisa piesarnojuma nosédumi un lidz ar to augsnes eitrofikacija un
zemsedzes ruderalizacija, bet arm meZu fragmentacija (izcirtumi, vgjgazes, jaunu meza celu biive),
kas palielina ekotona zonu un Iidz ar to ari rada piemérotas ekologiskas nisas dabiskiem mezu
biotopiem nepiemeérotu sveszemju sugu izplatibai.

Paslaik biologisko daudzveidibu un raksturigas ainavas saglabasanu Latvija drizak apdraud
fragmentacija un vides sinantropizacija, bet invazivo sugu strauja izplatiba ir viens no vides
degradacijas indikatoriem. No dabas un ainavas aizsardzibas viedokla daudz svarigak ir mazinat
antropogénos ainavas fragmentaciju veicino$os faktorus, ierobezot vegetacijas ruderalizaciju un
regulari apsaimniekot lauksaimnieciba izmantojamas zemes, celmalas utt., jo daudzu sugu
gadfjuma pasu invazivo sugu apkarosana ir darbietilpiga, darga un neefektiva. Degradétu,
aizaugoSu zalaju un citu lauksaimnieciba izmantojamu zemju atjaunoSanu var ievérojami
apgritinat invazivu sugu augsts Tpatsvars, tapec, nenoliedzami, svarigi ir preventivi pasakumi, kas
ierobezo So sugu ekspansiju to sakotngjas izplatibas fazes. Tapat, veicot dabas aizsardzibas
pasakumu planosanu, neapSaubami, janem véra ari invazivo sugu lomu lokalas un regionalas
daudzveidibas un vietgjo sugu un augu sabiedribu raksturiguma saglabasana. Tacu Siem
pasakumiem jabut gan ekologiski, gan ekonomiski pamatotiem, ka arT dabas apsaimniekotdjiem
jabiit sp&jigiem reagét uz jaunako gan vietgjo, gan arvalstu pétijumu atzipam un tas integrét
pasakumu T1stenosana, pretgja gadijjuma strauji izplatoSos invazivu sugu negativa laicigi
nenovertéta un nenoversta ietekme var radit neatgriezeniskas vai griiti noveérSamas sekas uz
vietgjo biologisko daudzveidibu vai arT nepamatoti daudz resursu var tikt veltits sve$§zemju sugu
apkaroSanai un kontrolei, kas patiesiba nerada negativu ietekmi un nav invazivas.

Visa pasaulé arvien vairak tiek izmantotas jaunu introducetu sugu riska novertgjums
(pieméram, ALARM, www.alarmproject.net.ufz.de). Vairakas no paslaik problematiskam,
Latvija plasi izplatitam, invazivam neofitu sugam introduc€tas un popularizétas ka vertigas
lauksaimniecibas kulttras vai krasnpumaugi. Savukart, daudzas Latvijas PSR laika introducétas,
potenciali invazivas sugas, galvenokart lauksaimniecibas kultiiras ta ar nekluva popularas, Iidz ar
to Latvija savvala pargajusas reti. Ieprieksgjos gadu desmitos introducéto sugu naturalizaciju un
strauju izplatiSanos radijusi gan iesp&amu seku neapzinaSana, gan vélakas ekonomiskas
parmainas, kas likumsakarigi radija butiskas izmainas arl zemes izmantoS$ana, kas, savukart, ir
ciesi saistits ar daudzu ruderalu un sveszemju sugu ekspansiju.

Neofitu izplatibas salidzinajums Latvija un Eiropa

Invazivam neofitu sugam raksturiga strauja izplatiSanas visa Eiropa, tacu Latvija daudzu
apzinati introducéto neofitu izplatiSanas savvala sakusies lielakoties v&lak neka Central- un
Rietumeiropa. Tas saistits ar sugu ievazasanas un introdukcijas laiku, biezumu un introdukcijas
vietu telpisko izplatibu. Ilgaks naturalizacijas periods Ziemeleiropas un Baltijas regiona,
domajams, raksturigs ari vésaka klimata d&] — respektivi, ilgaks bijis t.s. latentais periods. Saja
faze sugas v€l nav strauji izplatfjusas savvala un sastopamas reti (Pysek, Prach, 1995; Parker,
2001). Salidzinot vairaku invazivu neofitu atradnu kumulativa skaita palielinaSanos p&d&jo divu
gadsimtu laika Latvija (2. tab.) un vairakas Central- un Rietumeiropas valstis (Perrins et al., 1993;
Pysek, Prach, 1993, 1995; Vasic, 2005; Essl, 2007), konstatéts lidzigs augSupejoss trends,
respektivi, lielakajai dalai biezi sastopamo invazivo neofitu péc latenta perioda raksturiga strauja
izplatiSanas.

Gan daudzam méreno platuma gradu Eiropas valstim, gan Latvijai raksturigas daudzas plasi
izplatitas invazivas neofitu sugas, piem&ram, Impatiens glandulifera, I. parviflora, Elodea
canadensis, Solidago canadensis, S. gigantea, Echinocystis lobata u.c. Turpreti vairakas
misdienas Latvija plasi izplatitas adventivas sugas, pieméram, Bunias orientalis un Rumex
confertus Central- un Rietumeiropa sastopamas reti vai nav sastopamas vispar, tomér novérojama
to migracija rietumu virziena. Latvijas teritorija ir viens no $o un, domajams, arT citu adventivu,
pa transporta celiem ievazatu Austrumeiropas un Azijas sugu tranzitregioniem.

Liela dala Eiropas, t.sk. geografiski un klimatiski lidzigaja Centraleiropa visvairak invadétas
lauksaimnieciba izmantotas zemes, urbanizétas un industrialas teritorijas, savukart vismazak —
dabiski zalaji, dabiski mezi, kserofitiski un alpini vegetacijas tipi (Chytry et al., 2008b; Lambdon
et al., 2008). Tacu atSkiribas Centraleiropas un Eiropas boreala regiona, t.sk. Latvijas invadétiba



nosaka ne tikai sugu introdukcijas laiks, bet arT antropogéni ietekméto un dabisko biotopu
Ipatsvars, respektivi, Centraleiropa ir cilvéka darbibas vairak ietekm&ta neka Baltija un
Ziemeleiropa. Tadgjadi tur raksturigs ar1 augstaks neofitu Tpatsvars neka Latvija.

Latvija dati par visam sastopamajam sugam un to izplatibu nav apkopoti, tacu pétito 14
invazivo sugu biotopu struktiira liecina, ka situacija Latvija un citas Eiropas valstis ir lidziga (5.
att.). Lielaka dala invazivo neofitu atradgu koncentrétas ap donorteritorijam (galvenokart
urbanizétam teritorijam) un transporta celiem, kameér lieli lauksaimniecibas zemju masivi vismaz
pagaidam ir relativi maz invadéti. Latvija tikai nedaudzos gadijumos neofiti un to veidotas
sabiedribas konstatetas dabiskos biotopos, pieméram, sausos zaldjos, reti — uz avoksnainam
nogazeém, neviena gadijuma virsajos vai citos kserofitiskos vegetacijas tipos, tapat arl neviena
gadijuma neofiti netika konstatéti dabiskos augstajos, zalu vai parejas purvos. Neofiti reti
konstatgti arT dabiskos meza biotopos.

Biotopu uznémiba pret invazivu sugu ienakSanu un ekspansiju Latvija ir atSkiriga attieciba uz
dazadam neofitu sugam un to ekologiju. Visinvadétakas ir celmalas, kultivéti zalaji un atmatas,
ruderali biotopi un nezalienes, savukart, pargjo biotopu Tpatsvars ir niecigs, un tikai dazam sugam
raksturigs liels atradnu Tpatsvars upju krastos. Tas liecina, ka butisks ir ekologiska traucéjuma
faktors, kas palielina varbutibu, ka konkrétajos augSanas apstaklos var ieviesties invaziva suga
(Falinski, 1998; Chytry et al., 2008a). Pie tam janem v&ra ari potencialo donorteritoriju un
migracijas celu tuvums, kam var biit izSkiroSa nozime.

Chytry et al. (2008b) atzimé, ka Cehija ir daudz neofitiem potenciali piemérotu teritoriju, kur
tie tomer nav sastopami. Butiski iemesli §Tm regionalajam atskiribam ir sugu introdukcijas un
naturalizacijas laiks Central- un Rietumeiropa, kur tas vairuma gadijumu bijis agraks neka
Ziemel- un Austrumeiropa. Sis faktors ir nozimigs ar Latvija, kur vairakas Centraleiropa paslaik
izplatitas invazivas neofitu sugas sastopamas saméra reti, lai gan, sprieZzot p&c to pasreizgjas
izplatibas un izplatibas atruma, piemérotu biotopu ir vairak neka liecina So sugu reala izplatiba.
Neofitu sugu iztrikums daudzas péc So sugu ekologijas piemérotas vietas saistits ar
donorteritoriju trukumu lielos dabisku mezu, purvu masivos ar mazu apdzivojuma blivumu.
Latvija ir salidzinosi lielaks dabisku un antropogéni maz ietekm&tu biotopu ipatsvars un mazaks
apdzivojuma blivums neka Central- un Rietumeiropa, kas, manuprat, arT ir galvenais zemaka
invadetibas iemesls gan Latvija, gan kaiminvalstis. Iesp&jams, biitiska loma atsevisku neofitu
izplatiba ir arT limit§joSiem klimatiskiem faktoriem. Pieméram, paslaik Latvija dizstirenes
Reynoutria sp. vél nav pilniba naturaliz&jusas, lai arT gan Latvijas teritorija, gan Centraleiropa
introducetas 19. gs. otraja puseé. Latvija tas izplatas tikai nezaliengs, bijusajas darza atkritumu
izgasanas un agrako stadijumu vietas, tatu Centraleiropa jau kops 20. gs. vidus diZstuirenes
sastopamas ne tikai ruderalos biotopos, bet biezi arT upju krastos, kas Latvija paslaik konstatets
tikai divas vietas.

Neofitu sabiedribas

Neofiti Latvija veido jaunas augu sabiedribas, kas gan pe&c sugu sastava, gan struktiiras
atSkiras no regionam raksturigajam vietgjo augu sabiedribam. Neofitu augu sabiedribas ir sugam
nabadzigas, to sugu sastavs parasti ir nestabils. Aprakstitas lakstaugu neofitu sabiedribas ir t.s.
nepiesatinatas sabiedribas. Visbiezak tajas nevar izdalit pastavigas asociacijas, biezi iztriikst
daudzu augstako sintaksonu un zemaku rangu sintaksonu rakstursugu, tapéc tas klasificetas zem
augstakiem sintaksoniem klases, rindas vai savienibas Itmeni ka derivatsabiedribas.

Lidzigi ka Centraleiropa aprakstitas neofitu sabiedribas (Mucina et al., 1993; Oberdorfer,
1993; Pott, 1995), arT Latvija neofitu sabiedribas raksturiga izteikta vienas sugas dominance, ka
pavaditajsugas lielakoties sastopamas augstako sintaksonu nitrofilu augstzalu sabiedribu
(Galio—Urticetea, Artemisietea vulgaris), ka arT zalaju sabiedribu (Molinio—Arrhenatheretea, reti
— Festuco—Brometea vai Trifolio-Geranietea) rakstursugas. Sugu konstantumu, lidz ar to ari
sastopamo sugu ,.tipiskumu” konkréta sabiedriba un augSanas apstaklos ietekm& ari analiz&to
aprakstu skaits un izv€l&tas parauglaukumu vietas.

Latvija neofitu sabiedribas raksturiga augsta sugu sastava variabilititate, izteikta vienas sugas
dominance un mazs pavaditajsugu Ipatsvars un projektivais segums. Lielakaja dala sabiedribu



raksturigi 2-3 vegetacijas stavi, kur valdoSo lomu ienem aug$éja stava domin&joSa viena (reti
vairakas) neofitu suga.

Visbiezak neofiti invad€ ruderalas viet€jo augu sabiedribas, dazkart neofiti sastopami ari
dabiskas augu sabiedribas, tacu tad parasti nekliist par domingjosam sugam, nemaina sabiedribu
struktiru un tadgjadi atseviskas neofitu sabiedribas nav nodalamas. Ruderalu, t.sk. arl neofitu
sabiedribu sugu sastava un struktiras ,noturigums” liela meéra saistits ar sugas ievieSanas
(introdukcijas) laiku un naturalizacijas pakapi, kas palielina ari varbitibu, ka tas klas biezi
sastopamas un invazivas (Pysek, Jarosik, 2005). Visbiezak sugas, kas pargajuSas savvala
salidzino$i nesen, ne vienmér atradusas piemérotu ekologisko niSu, tapéc sastopamas stipri
atSkirigos augsanas apstaklos (piem&ram, nesen ienakusi invaziva suga Solidago gigantea Latvija
konstatéta gan mitras, appliistosas vietas, gan sausos, degrad@tos zaldjos un celmalas), tapéc
sabiedribu sugu sastavs ir nestabils un sabiedribas klasific€jamas ka derivatsabiedribas. Turpreti
neofiti, kas savvala pargajusi sen, aklimatizgjusSies un relativi biezi sastopami un izplatas ari
pusdabiskos biotopos, pieméram, upju krastos; to veidoto sabiedribu sugu sastavs ir stabilaks, un
sugam raksturigs augstaks konstantums (pieméram, Petasites hybridus un Impatiens
glandulifera).

Aprakstito neofitu sabiedribu sintaksonomiska struktiira:

KIl. Galio—Urticetea
DS. Solidago canadensis

R. Calystegietalia sepium
DS. Aster salignus
DS. Echinocystis lobata
DS. Impatiens glandulifera, var. Phragmites australis
DS. Impatiens glandulifera, var. Aegopodium podagraria
DS. Solidago canadensis

R. Glechometalia hederaceae
Sav. Aegopodion podagrariae
DS. Aster salignus
DS. Heracleum sosnowskyi
DS. Lupinus polyphyllus
DS. Petasites hybridus

KI. Artemisietea vulgaris
DS. Bunias orientalis
DS. Helianthus tuberosus
DS. Solidago canadensis
DS. Solidago gigantea

KI. Molinio—Arrhenatheretea
DS. Rumex confertus

R. Arrhenatheretalia elatioris
DS. Bunias orientalis

KI. Festuco—Brometea
DS. Lupinus polyphyllus

Analiz&jot neofitu sabiedribu ekologiju, aprakstitas augu sabiedribas diferenc€jas péc
augSanas apstakliem. Aprakstu izvietojumu ordinacijas telpa izskaidro galvenokart 1. DCA ass,
kuras TpaSvertiba ir 0.58. 2. DCA ass TpaSvertiba 0.33, bet 3. DCA ass 1pasvertiba ir 0.33, kas



izskaidro mazaku dalu no aprakstu ekologiskajam atSkiribam. Ka galvenie gradienti starp
aprekinatajam vidgjam Ellenberga veértibam izdalas mitrums un slapeklis, kas ordinacijas telpa
nodala neofitu sabiedribu grupas, kas diferencétas galvenokart péc mitruma apstakliem saistiba ar
1. asi (8. att.). Korelacijas koeficients starp tris DCA asim un aprékinatajam vidéjam aprakstu
Ellenberga vértibam tikai viena gadijuma ir statistiski nozimigs (0.62), un lidz ar to par
nozimigako vides gradientu uzskatams mitrums (5. tab.).

5. tab. Korelacijas koeficienti starp DCA asim un vides parametriem (Ellenberga vertibam).

Parametrs 1. DCA ass 2. DCA ass 3. DCA ass
Gaisma (L) -0.38 -0.08 -0.19
Temperatira (T) 0.09 0.19 -0.37
Kontinentalitate (C) -0.21 -0.2 -0.25
Mitrums (M) 0.62 -0.11 0.11
pH 0.3 0.05 0.02
Slapeklis (N) 0.59 0.3 -0.02

P&éc sabiedribu aprakstu sugu sastava aprékinatas vidéjas Ellenberga vertibas, kas raksturo
neofitu sabiedribu ekologiju (6. tab.). Lupinus polyphyllus sabiedribam raksturigas baribas vielam
nabadzigas, sausas augtenes (Festuco-Brometea klase), bet nedaudz bagatakas, mitrakas augtenes
sastopamas ar1 L. polyphyllus sabiedribas, kas pieder Aegopodion savienibai, ka ari apraksti ar
Solidago gigantea, S. canadensis un atseviski Bunias orientalis un Rumex confertus sabiedribu
apraksti.

Mereni mitras, baribas vielam vid&ji bagatas augten€s sastopama lielaka dala aprakstito augu
sabiedribu (Helianthus tuberosus, Rumex confertus, Aster salignus, Solidago canadensis,
atseviski S. gigantea un Aster salignus sabiedribu apraksti), bet méreni mitras, baribas vielam
bagatakas augtenés — Heracleum sosnowskyi sabiedribas. Mitras, baribas vielam bagatas augtenes
sastopamas Impatiens glandulifera, Petasites hybridus, Echinocystis lobata un Aster salignus
sabiedribas.

6. tab. Vidgjas Ellenberga indikatorvertibas aprakstu kopam, grup€jot péc domingjosas neofitu sugas.

L Ellenberga vértibas*
Augu sabiedribas L TTcIMIRIN
Aster salignus sabiedribas 6.7 |58 |47 |6.0]|70]|6.8
Bunias orientalis sabiedribas 70 |57 4751|7162
Echinocystis lobata sabiedribas 69 (62|42 |65|74|76

Helianthus tuberosus sabiedribas 72 |61|42]55|6.8]|6.8
Heracleum sosnowskyi sabiedribas | 6.6 | 5.7 | 3.8 | 5.8 | 6.7 | 6.9
Impatiens glandulifera sabiedribas | 6.3 | 58 [ 3.8 | 6.2 | 7.0 | 6.9
Lupinus polyphyllus sabiedribas 6.81 |54 |41]|51|6.0 |58

Petasites hybridus sabiedribas 66 [51(35|68|70]|70
Rumex confertus sabiedribas 69 |47 |42 |54]|69]|6.6
Solidago canadensis sabiedribas 71 |55 |45 |54|65|6.1
Solidago gigantea sabiedribas 72 |56 | 5 |52]|65]|6.1

* Satsinajumi 5. tabula.
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8. att. Aprakstu DCA ordinacija. Gradienti aprékinati, izmantojot vidgjas Ellenberga indikatorvertibas
katram vegetacijas aprakstam (kopg&jais aprakstu skaits 252). N — slapeklis, M — mitrums.

ApzZim&jumi attéla: 1 — Aster salignus, 2 — Bunias orientalis, 3 — Echinocystis lobata, 4 — Helianthus
tuberosus, 5 — Heracleum sosnowskyi, 6 — Impatiens glandulifera, 7 — Lupinus polyphyllus, 8 — Petasites
hybridus, 9 — Rumex confertus, 10 — Solidago canadensis, 11 — Solidago gigantea.

Invazivo sugu ietekme uz augu sabiedribam

Lai noverte€tu neofitu Ipatsvara ietekmi uz invad€to sabiedribu sugu sastavu, aprékinati
Pirsona korelacijas koeficienti kop€jam sugu skaitam apraksta un domingjosas neofitu sugas
projektivajam segumam katra sugu grupa. Katra sugu grupa aprékinats ar vid&jais sugu skaits,
Senona daudzveidibas indekss un izlidzinatiba. Konstatéta bitiska negativa korelacija starp
vairaku tipisku zalaju invazivo sugu Ipatsvaru un kop&jo sugu skaitu, kas norada, ka invazivo
neofttu klatblitne un Tpatsvars vismaz dazu sugu gadijuma ietekmé& sugu daudzveidibu un Iidz ar
to ar1 zalaju augdja struktiru. Korelgjot kop&jo sugu skaitu un domingjosas neofitu sugas
projektivo segumu katras neofitu sugas aprakstu kopa, gandriz visos gadijumos konstatéta vid&ji
ciesa (0.33-0.66) negativa korelacija (7. tab.). Lielakie korelacijas koeficienti iegtti Solidago
canadensis, Lupinus polyphyllus un Echinocystis lobata sabiedribas, kas norada to, ka Sajas
neofitu sabiedribas vienas domingjosas neofitu sugas Ipatsvara pieaugums sabiedriba negativi
ietekmé pargjo sugu skaitu un patsvaru. Ipasi tas attiecinams uz invadétam zalaju sabiedribam,
kas ir sugam bagatakas no aprakstitajam sabiedribam. Potenciali invadeti var biit arT dabiski
zalaji, tadgjadi, visticamak, neofitu invazija kopa ar zalaju ruderalizaciju sekmé sugu
daudzveidibas un augu sabiedribas raksturiguma samazinasanos. Tomér tas viennozimigi nav
vertgjams ka tikai neofitu negativa ietekme, jo tadu pasu ietekmi (sugu daudzveidibas un
Ipatsvara samazinasanos uz vienas domingjo$as sugas rékina) var radit arl daudzas vietgjas
ruderalas augstzalu sugas, kas sak domin&t Iidz ar ekologiski specifisku sugu sabiedribu
degradaciju un to sugu sastava raksturiguma mazinasanos. Sada veida analizé, nenemot véra augu
sabiedribas dinamiku ilglaiciga skatijuma un invazivas sugas ievieSanas laiku, invazivo sugu
ietekme nav objektivi nodalama no citiem biotiskiem un abiotiskiem faktoriem.



Saistiba starp kopgjo sugu skaitu un domingjosas neofitu sugas projektivo segumu nav
konstatéta Heracleum sosnowskyi un Petasites hybridus sabiedribas, kas vienmér (iznemot tikai
nesen invadetas vietas) ir izteikti monodominantas un, neatkarigi no domin&josas sugas seguma,
to sugu sastavs ir nabadzigs. Tatad §STm abam sugam viennozimigi ir biitiska ietekme uz invadéto
augu sabiedribu sastavu un struktiiru.

7. tab. Korelacijas koeficienti un vid€jie aprékinatie neofitu sabiedribu grupu daudzveidibas raditaji.

Kop. sugu .
sk. un domin. ;Sdl; Senona
sugas proj. g : Izlidzinatiba
skaits indekss
seg.
korelacija
Aster salignus sabiedribas -0.34* 7.1 0.75 0.39
Bunias orientalis sabiedribas -0.31* 10.8 1.60 0.67
Echinocystis lobata sabiedribas -0.53* 5.7 1.14 0.68
Helianthus tuberosus sabiedribas -0.49* 6.2 0.90 0.48
Heracleum sosnowskyi sabiedribas 0.07 7.3 0.68 0.35
Impatiens glandulifera sabiedribas -0.33* 6.7 0.90 0.48
Lupinus polyphyllus sabiedribas -0.60** 12.5 1.72 0.68
Petasites hybridus sabiedribas -0.003 5.7 0.70 0.42
Rumex confertus sabiedribas -0.37* 9.5 1.38 0.62
Solidago canadensis sabiedribas -0.63** 10.1 1.30 0.57
Solidago gigantea sabiedribas -0.36* 7.3 0.75 0.38

Korelacija bitiska pie: * p < 0.05, ** p < 0.01

Likumsakarigi, ka lielakais sugu skaits konstatgts ,,neofttu zalaju sabiedribas” — sabiedribas ar
Bunias orientalis, Lupinus polyphyllus, Rumex confertus un Solidago canadensis, jo invadéto
sabiedribu sugu sastavs zalajos lielakoties jau sakotngji ir daudzveidigaks un sugam bagataks
neka ruderalas vietas, celmalas un upju krastos.

Lielaka dala vegetacijas aprakstos sastopamo sugu ir biezi sastopamas. Aprakstitajas neofitu
sabiedribas gandriz visu neofitu sabiedribu grupas ar salidzino$i augstu konstantumu visbiezak
konstatétas nitrofilas augstzalu un graudzalu sugas. Biezi sastopamas ari plasas ekologiskas
valences zalaju sugas, kas sastopamas zalajos, nezaliengs, celmalas, atmatas, ruderaliz€tu mezu
zemsedzg.

Visbiezak un ar relattvi lielaku konstantumu sastopamas plavu sugas, tacu starp tam reti
sastopamas sugas, kas raksturigas lielakoties specifiskos augSanas apstaklos jeb t.s. dabisku zalaju
indikatorsugas. Neviena gadijuma nav konstat&tas retas un 1pasi aizsargajamas sugas. Diezgan reti
lidz loti reti aprakstos sastopamas arT gandriz tikai dabiskiem zaldjiem raksturigas sugas. Tas
netieSi norada, ka neofitu sugas specifiskus augSanas apstaklus un lidz ar to ar1 tie retas un
aizsargadjamas augu sabiedribas neinvadg vai invadg loti reti.

Salidzinosi biezak invad&tas augu sabiedribas, ko veido nitrofilas sugas dabiskas augtenés,
visbiezak upju krastos. Reti konstatgtas segetalu sabiedribu sugas. Dazkart ka kondomingjosa vai
pavaditajsuga sastopama kada cita neofitu suga.

Spriezot péc fitosociologiskas analizes rezultatiem un invadéto biotopu rakstura (lielakoties
antropogéni vai degradéti dabiski biotopi), p&tijuma ietvertic Latvija sastopamie neofiti paslaik
bitiski neapdraud vietgjo sugu daudzveidibu un dabisku, biologiski vértigu vai aizsargajamu augu
sabiedribu strukttiru un tipisko sugu sastavu, lai ari, neapSaubami, pasi par sevi ir dabisko augu
sabiedribu degradacijas indikators. Tomér jaatzime, ka §1 petjjuma ietvaros analiz&ts ierobeZots
neofitu sabiedribu un vegetacijas aprakstu skaits. Pétita tikai nedaudzu lakstaugu neofitu
sabiedribas, tapec rezultati nav visparinami un attiecinami uz visam sves$zemju izcelsmes sugam
Latvija. Dazadu invadétu vegetacijas tipu salidzino8a analize un ilggadigi p&tijjumi varétu sniegt
precizaku vertéjumu par So sugu ietekmi lokala un regionala méroga.

Lai arT biezi tiek uzsverta invazivo sugu negativa ietekme uz retam, aizsargajamam augu
sugam (McKinnley, Lockwood, 1999; Anon., 2002; Anon., 2003), Latvija nav dokumentg&ti



gadijumi, kad invaziva augu suga vai sugas biitu tie$i sekmgjusas viet€jo vai retu, aizsargajamu
sugu izzuSanu. P& manu lauka pé&tijumu pieredzes, tikai dazos gadijumos neofitu sugas
invadgjusas retu augu sugu atradnes dabiskos zalajos, tacu ari Sajos gadijumos biotopi bija
degradéti dabiskas sukcesijas rezultata un to stavoklis nebija labveligs zalaju augu sabiedribu un
reto sugu populaciju pastavéSanai. Manuprat, Latvija $adu apdraud€jumu vietgjam sugam var
radit Sosnovska latvana invazija, taCu pargjas petitas sugas dabiskas augtenes vismaz pagaidam
invade reti, lai arT janem vera, ka, palielinoties invazivo neofitu atradnu skaitam, pieaugs ari citu
invazivo sugu izplatibas atrums un palielinasies ari dabisko un pusdabisko invad&to biotopu
Ipatsvars, kas pagaidam ir salidzino$i niecigs.

Ekologiski specifiskas augu sabiedribas invad&tas reti un biezi vien tapéc, ka ir degradétas
cilveka darbibas rezultata vai veidojusas regularu apsaimniekoSanas pasakumu rezultata (zalaju
sabiedribas) un vélak degradgjusas dabiskas sukcesijas rezultata. Vietgjo sugu skaita mazinasanos
rada arT augu sabiedribu degradacija jeb konkrétiem augSanas apstakliem raksturigo sugu kopuma
izmainas, kur lielakajai dala plasi izplatito invazivo neofitu ir lidziga ekologiska loma ka viet&jas
izcelsmes ruderalajam sugam (Meiners et al., 2001; Thiele, Otte, 2007). Lidzigus secinajumus
izdarTja arT Maskell et al. (2006), salidzinot fitosociologisko aprakstu kopu Lielbritanija invadétos
biotopos divos laika periodos.

Dabiskas sukcesijas rezultata daudzas neofitu sugas velakas naturalizacijas faz€s starpsugu
konkurences rezultata specializ€jas piemérotakajiem apstakliem, par ko var spriest péc
individualu sugu atradnu sadalfjuma pa biotopiem (5. att.). Atkariba no biotopa ,,atvértibas”, tatad
arT liela méra atkariba no biotopa dabiskuma, invadetajas sabiedribas neofitu sugas vai nu kliist
par izteikti domingjosam uz viet€jo sugu rékina vai arl to loma ir lidzigam citam, viet€jas
izcelsmes ekspansivam sugam. Atseviskos gadijumos invad@tas lielas teritorijas, kur doming tikai
sveSzemju izcelsmes invazivas sugas, tacu lielakoties tas ir bijusas izgaztuves, atmatas, celu un
dzelzcelu malas, Tidenstecu krasti apdzivotas vietas, kur viet€jo sugu daudzveidiba vértgjama ka
zema.

Ka iznémums starp citam invazivajam neofitu sugam minams Heracleum sosnowskyi, kas ir
ekologiski nespecifiska suga, sp& invadét gan dabiskus, gan parveidotus biotopus dazados
augSanas apstaklos, pasi radot apdraudéjumu dabisko zalaju un upju krastu augu sabiedribam
galvenokart auga liela projektiva seguma un lielo lapu raditad noénojuma del. Lidzigas ipatnibas
piemit arT Petasites hybridus sabiedribam — augs ir liels, ta lapas rada noénojumu un atmirstot
bagatina augsni ar organiskam vielam. P. hybridus audzes visbiezak sugu daudzveidiba ir loti
maza, tomér, salidzinot ar Heracleum sosnowskyi, $1 suga gandriz vienmér invadé tikai agrako
stadijumu apkartni, parasti mitras ieplakas, diku, retak upju krastos, no kurienes, iespgjams, migre
pa upém.

Atskirigi vert€§jama arl invazivo sugu izplatiSanas un ietekme kapas un citos sugam
nabadzigos, dabiskos biotopos ar ekstrémiem augSanas apstakliem, kur dinamiskas vides del
pastavigi ir daudz brivu ekologisko niSu un pieejamo resursu invazivo sugu izplatibai, ka rezultata
invazivu sugu izplatibai var but degradgjosa ietekme uz viet§jo augu sugu daudzveidibu un
sabiedribu struktaru (Rudzite, 2008; Isermann et al., 2007; Isermann, 2008). Tac¢u, domajams, ka
lidzigi ka citos augSanas apstaklos, arT kapas viet€jo sabiedribu rezistenci pret invaziju veicina to
dabiskums un zema antropogéna slodze.



SECINAJUMI

Invazivo sugu izplatibas Ipatnibas un sastopamibas biezumu Latvija nosaka sugas
izcelsmes areala lidziba jaunajam arealam, izplatiSanas veids un ekologija, zemes lietojuma
veidi un antropogenas iectekmes, ka ari vésturiski un socialekonomiski faktori, kas
ietekméjusi ainavas un biotas transformaciju. Lielakajai dalai invazivo darzbéglu sugu nav
raksturigas izteiktas regionalas izplatibas Tpatnibas Latvijas m&roga, ko ietekmé klimatiski,
edafiski vai citi dabiski abiotiskie faktori. Dazu adventivu sugu izplatiba Latvijas méroga
raksturiga izplatibas atSkiribas rietumu - austrumu virziena, kas saistits ar konkrétu sugu
ievieSanas laiku un migracijas atrumu. NeofTtu izplatibu galvenokart ietekm& antropogeni,
nevis dabiski faktori, tap&c arT regionalas izplatibas Tpatnibas noteikusi introdukcijas vietu
vai sakotngjas ievieSanas vietu atraSanas, to savienotiba ar transporta celiem un biotopu
piemérotiba.

Neofitu izplatibas analize modelteritorijas, kas reprezent€ ainavas struktiru Latvija, lauj
ekstrapolét datus uz citam, lidzigam teritorijam un prognozet invazivo neofitu izplatibu
nakotng. Modelteritorijas neofitu floras sastavs un ta dinamika atspogulo galvenokart darzu
un apstadijumu modes tendences, bet neofitu izplatibas raksturs ciesi saistits ar ainavas
strukttiru, biotopu piemérotibu un sugu migracijas celiem.

Latvijas sveszemju flora raksturigs eksponencials sugu skaita pieaugums visa laika perioda
kops 18. gs. Petitajam 14 neofitu sugam raksturigs Iidzigs augSupejoss trends — kops$ So
sugu paradisanas Latvijas flora atradnu skaits ir strauji pieaudzis. Latvijas situaciju raksturo
modelteritoriju neofitu floras dinamikas analize — abas teritorijas ped€jo gadu desmitu laika
neofttu sugu skaits ir ievérojami pieaudzis, galvenokart uz plasi izplatitu, invazivu sugu
rekina, kas strauji izplatas visa Latvija, savukart izzuduSas salidzino$i nedaudzas reti
sastopamas adventivas sugas, kam visbiezak raksturigas nenoturigas atradnes.

Lielakaja dala gadijjumu nepastav sakariba starp sugas introdukcijas vai ievazasanas laiku
un to pasreizgjo sastopamibas biezumu, kas nozime, ka lielaka loma ir sugas izplatiSanas
un migracijas veidiem un vektoriem, ka arT donorteritoriju blivumam un to savienotibai ar
migracijas koridoriem.

Visvairak invadgti ir degradéti un antropoggni ietekméti biotopi apdzivotas vietas un to
tuvuma, celu un dzelzcelu malas, bijusajas izgaztuves un nezaliengs, upju krastos apdzivotu
vietu apkartné. Tas saistits ar donorteritoriju tuvumu, brivu ekologisko ni$u pieejamibu un
antropogeni ietekmé&tiem biotopiem.

Dabiskie biotopi paslaik un potenciali nakotn€ visvairak invadéti sugu migracijas koridoru
- celu, dzelzcelu un upju tuvuma. Niecigs atradnu ipatsvars dabiskos zalajos, invazivo
neofttu tikpat ka nav purvos, antropogéni maz ietekmé&tos un dabiskos mezos, tap&c var
pienemt, ka paslaik dabiskiem biotopiem, t.sk. TpaSi aizsargdajamiem biotopiem un sugam
invazivas sugas paslaik tieSus draudus nerada. Tomér negativo ietekmi nevar izslegt
nakotng, pieaugot invadéto teritoriju platibam un invazivo sugu atradnu skaitam, ka ari
vienkarSojoties regionam tipiskajam augu sabiedribam, ka rezultata palielinds uznémiba
pret invazivu sugu ienakSanu. Potenciali visvairak invazijai paklautas eitrofas augsto
lakstaugu audzes upju krastos, palienu plavas, meéreni mitri dabiski zalaji, ka arT dazada
tipa, Tpasi sausienu mezi migracijas koridoru un apdzivotu vietu tuvuma.

Invazivo neofitu izplatiSanas, pieaugot atradnu (donorteritoriju) un piemérotu biotopu
Tpatsvaram, likumsakarigi kliist arvien straujaka. To sekmé& ne tikai antropogéna ainavas
struktiira un urbanizacija, bet arT zemes lietojuma veidu izmainas. Liela dala paslaik Latvija
plasi izplatito invazivo neofitu bieZi sastopami celmalas, atmatas un neapsaimniekotos
zalajos, kas norada, ka zemju pameSana bitiski sekmé to izplatiSanos un Tpatsvara
palielinasanos.

Latvija invazivie neofiti veido jaunas, dinamiskas augu sabiedribas. Invazivas neofitu sugas
invadgjusas visdazadakas augu sabiedribas un augSanas apstaklus, tomér galvenokart tas ir



ruderalas vai degradStas augu sabiedribas. Iznemot nedaudzas pilniba naturalizgjusas
neofitu sugas, invazivas sugas veido nenoturigas sabiedribas ar variablu sugu sastavu.
Lielaka dala invazivo neofitu pielagotas plasam augSanas apstaklu spektram. Invazivo
neofTtu strauja izplatiba un Ipatsvara palielinaSanas ar laiku var biitiski mainit ar1 dabisko
augu sabiedribu sugu sastavu un strukttru. Invazivo neofitu izplatiSanas Latvija liecina par
floras bagatinasanos ar jaunam sugam, gan biotas un ainavas transformaciju antropogénas
slodzes izmainu rezultata.

Planojot un istenojot vietgjas biologiskas daudzveidibas aizsardzibu, invazivo neofitu
strauja izplatiba janem véra ka potencials drauds, tomér §is jautajums jaskata konteksta ar
ainavas struktiiras un zemes lietojuma veidu izmainam, kas visbiezak ir iemesls un
veicinos$s faktors invazivo sugu straujai izplatibai. Invazivo sugu apkarosana un kontrolé
butiski noverst potencialo apdraud&jumu, veicot jaunu introducéto sugu risku novert&jumu
un funkciongjoSu agras bridinasanas sist€ému, ka arT regulari apsaimniekot un apkarot
invazivas sugas to sakotngjas fazes, kas butiski uzlabotu pasakumu efektivitati un prasitu
daudz mazaku finansialo un darba ieguldijumu.
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INTRODUCTION

Neophytes are non-native plant species outside their native ranges that have been introduced
and naturalized in other regions within the last 400 to 500 years. The spread of invasive non-
native species is considered as one of the most important symptoms of the transformation of biota
worldwide (Anon., 1992; Anon., 2002). The invasion process has been largely promoted by
deliberate introduction of non-native species, development of transportation networks over the
last two centuries as well as growing anthropogenic pressure on natural ecosystems. The spread
of intentionally introduced non-native plants outside gardens, parks and plantations as well as
establishment of unintentionally introduced plants is favoured by land use changes, habitat
fragmentation and euthropication which result in increased susceptibility of native ecosystems to
establishment and spread of non-native species and communities.

Contemporary invasions are considered as one of the most important components of biotic
change and as one of the greatest threats to native biodiversity worldwide (Anon., 1992; Vitousek
et al., 1997; Dukes, Mooney, 1999; Scherer-Lorenzen et al., 2000; Princig et al., 2002; Lodge,
Schrader-Frechette, 2003; Weber, Gut, 2004) causing economic loss in many countries (Pimental
et al., 2000). Invasive species may significantly alter local ecosystems and ecosystem functions,
promote homogenization of biota (McKinney, Lockwood, 1999), and can cause extinctions of
species (Vitousek et al., 1997; Dukes, Mooney, 1999; Hobbs, 2000; Scherer-Lorenzen et al.,
2000).

In Latvia, naturalized non-native plant species comprise ca. 1/3 of vascular plant flora
(Gavrilova, Sulcs, 1999). According to Gavrilova, Sulcs (1999), the archeophytes (plant species
introduced before the 17th century) as fully naturalized species are considered as native plants,
thus only neophytes belong to the non-native flora. Nowadays large numbers of non-native plants
formerly being rarely found in wild become more and more widespread gaining increasingly
important role in native plant communities. However, most of the non-natives are still rare and do
not form new communities significantly distinct from the native ones by composition and
structure, thus perhaps most of them do not cause any significant impacts on local ecosystems.
Hence, more emphasis should be put on the assessment of the spread and dynamics of invasive
and potentially invasive plant species. In studies of invasive distribution and dynamics, both
regional and global aspects of the problem should be taken into account. Growing urbanization
impacts and development of transportation networks, changes in land use and transformation of
landscape in relation to socio-economic changes, climate warming and euthropication promote
the degradation of natural habitats and transformation of native vegetation types, thus facilitating
increasing spread of invasive plant species.

Studies of invasive neophytes are needed to assess the current situation in Latvia and to find
out appropriate, scientifically grounded approaches for actions toward establishment of control
systems for invasive species. In Latvia, over the last two centuries, large amount of information
on invasive flora has been accumulated — literature, herbaria and notes forming an irreplaceable
information basis for further research. First notes on non-native plants were mentioned as early as
in the 18th and 19th centuries by the early Baltic nature researchers, e.g. Fischer (1778), Grindel
(1803), Wiedemann & Weber (1852) and others. From the end of the 19th century up to the
second half of the 20th century there was a rising interest on neophyte flora, thus by time the
number of studies increased (e.g. Klinge, 1887; Lehmann, 1895; Kupffer, Lackschewitz, 1904;
Rothert, 1915; Rasins, 1960). In Latvia, traditionally the studies on invasive plant species are
predominantly related to the diversity of neophyte species, particularly the diversity of adventive
flora (Miihlenbach, 1927, 1934; lymu, 1972, 1976, 1977) including distribution patterns and
migration of particular species. Over the last years, some studies on the phytsociology and
ecology of some neophyte species were published (e.g. Laivips, Jermacane, 1999; Laivins, 2003;
Laivins, Gavrilova, 2003; Laivigs$ et al., 2006; Laivins, 2008). Nevertheless, the current level of
investigation on invasive neophytes is insufficient. In Latvia, the assessment of invasiveness
status (NOBANIS, www.nobanis.org) has been estimated just approximately on the basis of
expert knowledge. There are few studies related to factors limiting the spread of invasive plants,
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little attention has been paid to the spreading tendencies and impacts on invaded ecosystems
(Rudzite, 2008).

Since invasive neophytes are one of the most dynamic and rapidly changing components of
biota, studies on their actual distribution and limiting factors are essential in order to find out the
potential consequences. The invasive spread exceeds the borders of one country, thus the studies
on invasive flora of Latvia are needed to participate in understanding the problem not only on
local, but also on regional and global scales to participate in international research networks (e.g.
DAISIE, www.europe-aliens.org).

The aim of the study was to find out the relation between the dynamics of invasive neophytes
and environmental factors on a regional scale in Latvia.

The objectives

e To map the distribution of invasive plant species on various scales and to perform a
guantitative analysis of the neophyte distribution and dynamics on a country-scale and in two
model areas: the Abava Valley and Kemeri National Park;

¢ To find out the mechanisms and corridors of the spread of invasive plant species in Latvia;

e To analyze the relation among the distribution of neophytes, landscape structure, land use
types and socio-economic and historical factors on a country-scale and in both model areas;

e To describe and classify the communities formed by invasive neophytes as well as to analyze
their ecology and impacts on invaded native plant communities.

Theses proposed for defending

e The composition of invasive neophyte species, their population density, distribution pattern
and spread is a significant symptom of the transformation of biota and landscape which is
tightly related to the changing land use types, migration corridors, socio-economic, and
historical factors.

e Invasive neophytes form new, dynamic plant communities which occur mainly in
anthropogenically disturbed habitats, however, by time their rapid spread and increasing
abundance might significantly alter the composition and structure of native plant communities.
As a result of increasing anthropogenic pressure, the spread of invasive neophytes in Latvia
indicate both enrichment of the native flora with new species and transformation of biota in a
changing environment.

Novelty of work

e For the first time in Latvia, quantitative analysis of the distribution patterns and dynamics of
neophyte flora was done in the context with landscape structure and transformation of biota.

¢ An electronic data basis of neophyte distribution was compiled which is easily joinable to the
geographical information systems. For the first time in Latvia, distribution maps of several
invasive neophytes were prepared and published, the spreading history of invasive species was
reconstructed, and the ecology of several species was analyzed. The data basis is a significant
part of the floristic information system on a country-scale, and is an appropriate tool for
estimating the current distribution of neophytes and predicting the transformation of biota.

e A floristic survey of neophyte species was done into two model areas, where the current
distribution of all neophytes was investigated. The data basis compiled for the analysis in this
study can be used for further studies and monitoring. The results can be extrapolated to similar
areas in Latvia.

e The neophyte plant communities were described and classified. The results provide an insight
into the structure and ecology of syntaxons allowing to understand not only their suitability to
certain environmental conditions, but also the potential spread into new habitat types and
impacts on invaded plant communities.
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Approbation of work

The results were published in 7 scientific articles and presented in 9 international and 4 local
scientific conferences. The titles of articles and published abstracts are listed in Appendix 1.

MATERIAL AND METHODS

Species studied

The distribution patterns of 14 invasive neophyte species and factors influencing their spread
were studied: garden escapees — Aster salignus, Solidago canadensis, S. gigantea, Petasites
hybridus, Helianthus tuberosus, Echinocystis lobata, Reynoutria japonica, R. sachalinensis,
Lupinus polyphyllus, Impatiens glandulifera; adventive species (unintentionally introduced
species) — Rumex confertus, I. parviflora, Bunias orientalis, and Heracleum sosnowskyi, a fodder
crop. All selected species are non-natives with a high invasion potential.

Mapping of distribution

Following sources of data were used for compilation of the distribution data basis: herbaria of
the Faculty of Biology, University of Latvia, herbaria of the Institute of Biology, University of
Latvia, herbaria collected by A. Rasins, herbaria of the National Botanical Garden, herbaria of the
Nature Museum of Latvia, data from the Faculty of Geography and Earth Sciences (by M.
Laivins), data from Laboratory of Geobotany, Institute of Biology, University of Latvia (by M.
Laivin$ and L. Engele), data of floristic surveys from Institute of Biology, University of Latvia,
unpublished materials from Kemeri National Park, public monitoring data from North-Vidzeme
Biosphere Reserve (Anon., 2006), literature records and data obtained in personal
communication. Majority of data were collected by the author in field surveys in a period from
2005 to 2008. The field survey covering ca. 52 % of the territory of Latvia (Fig. 1) was performed
in 2005 to 2008 using a regular 5 x 5 km grid (Laivins, Krampis, 2004).
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Fig. 1 Surveyed 5 x 5 km quadrates (2005-2008).

The survey was carried out using a route method. The potential localities of neophytes were
included in the routes, e.g. human settlements and their surroundings, anthropogenically disturbed
and degraded habitats, roadsides and railways, riparian habitats, agricultural lands, parks around
manor houses and their surroundings etc. as well as localities known from herbaria and literature.

The data base of species localities contains following information: species name, geographic
locality, geographical coordinates in LKS-92 system, habitat type, author, source of information,
recording year, and notes. Full lists of localities recorded until 2008 are published in Priede
(2008).



Distribution of all selected species in presented in 5 x 5 km grid, which is identical to the
topographic map grid in Latvia and can be easily transformed into grid units of different size
(Laivins, Krampis, 2004; Gavrilova u.c., 2005). GIS software ESRI ArcGis 9.0 was applied in
mapping. A distribution data base containing north and east coordinates for each locality were
transformed into shape files storing all localities as point features. All points falling into a cell
were selected and enclosed into the quadrate. Presence of species (at least one locality) within a
guadrate was marked by a black square.

Description, classification and analysis of plant communities

The plant communities were described using the Braun-Blanquet method, in each plot total
vegetation cover and cover of each species was estimated in percent. The plot size varies from 4
to 25 m”. Neophyte stands were described in randomly selected sites typical for the particular
species. A relatively homogenous neophyte stand was considered as a separate community if the
dominating neophyte covered at least 30 % of total herbaceous layer. Only herbaceous layer was
described excluding the moss layer. Phytosociological relevés described by M. Laivins were
included in the analysis.

Phytosociological relevés were stored in the TURBO(VEG) data base (Hennekens, 1995).
The classification was performed using the Two-way indicator species analysis (TWINSPAN)
(Hill, Smilauer, 2005). Relevés were grouped according to the TWINSPAN division into groups.
Since all stands were dominated by one species with low proportion of accompanying species, the
dichotomical division was performed up to the second or third level. Majority of relevés were
characterized by species composition not typical for association or higher syntaxonomical units,
the abundance of accompanying species was low and varied from site to site, therefore the
classification was largely deductive. Mainly species with higher constancy were chosen as the
characteristic species for the syntaxonomical groups with distinct ecology.

In the Central-European phytosociological classification system, most of the neophyte
communities are classified as derivate communities belonging to higher syntaxonomical units and
named after the dominating species (Kopecky, Hejny, 1974; Laivins, Jermacane, 2001). Due to
the high variability and lack of characteristic species, in most cases it is not possible to divide
communities on the association level, therefore the neophyte communities are classified under
higher syntaxons (Mucina et al., 1993; Oberdorfer, 1993; Pott, 1995; Schubert, 2001).

Ecology of plant communities was analyzed by means of indirect ordination method using the
species composition and mean Ellenberg values (Ellenberg et al., 1992) for each relevé. In the
ordination matrix, presence/absence data were used. Ordination was performed using detrended
correspondence analysis (DCA), program package PC ORD 4.25 (McCune, Mefford, 1999).

In order to characterize the dominance relationship between species and the role of neophytes
within the plant community, Pearson correlation was applied. The correlation coefficients
between the total number of species within the community and the cover of the dominating
neophyte species were calculated.

The species nomenclature follows: Gavrilova, Sulcs (1999) and the German flora and
vegetation data basis (FloraWeb, www.floraweb.de). The nomenclature of plant communities
follows: Mucina et al. (1993), Oberdorfer (1993), Dierschke (1994), Pott (1995), Schubert (2001),
Borhidi (2003).

Neophyte distribution in model areas

Two model areas were studied — the Abava Valley and Kemeri National Park (KNP). The
neophyte flora was inventoried in a period from 2006 to 2008; all localities and their geographical
coordinates of terrestrial neophytes and their geographical coordinates in LKS-92 system as well
as invaded habitat types were stored in the data base. The species localities were fixed as point-
like features, in some cases as polygons or linear objects. 1 x 1 km grid was used for mapping the
distribution of neophytes. In each grid unit (159 quadrates in the Abava Valley and 419 in KNP)
the total number of neophytes was calculated. As the second variable group the presence/absence
of neophytes ignoring the number of species was used.
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In order to analyze the impact of landscape structure on the distribution and spread of
neophytes, several landscape indices were used. Following landscape elements were chosen:
patch-like structures (forests, wetlands, open landscapes (agricultural lands), human settlements,
and allotments); linear objects (roads, railways, streams); point-like objects (waste grounds,
industrial objects, graveyards).

Regardless of the coverage, point-like objects (waste grounds, industrial objects, graveyards)
and railway were attributed with indices 1 or 0 (presence/absence), whereas in a case of other
landscape variables the index was related to the area or lengths/width (forests, wetlands,
settlements, allotments, roads, streams). The presence of landscape elements was generalized
using approximate cover in percent, length or width of landscape units that was divided into
classes. Each grid unit (quadrate) was attributed by the relevant landscape indices.

The satellite map on scale 1: 50 000 and aerial photos were used as the major data sources.
Additionally, the configuration and types or landscape units were defined more accurately in field
surveys. ESRI ArcGis 9.0 software was applied in mapping and analysis of distribution of
landscape units and species.

In order to find out the relation between the spatial distribution of landscape units and species
distribution, DCA analysis (PC ORD 4.25 program package (McCune, Mefford, 1999) was
applied. In the main matrix the landscape indices were used as variables, in the second matrix —
the number of neophyte species per quadrate and the presence/absence data on each neophyte
species within the 1 x 1 km grid. To test the normality of the distribution of samples,
Kolmagorov-Smirnov test was applied using SPSS for Windows 13.0 program.

RESULTS AND DISCUSSION

Distribution of invasive neophytes in Latvia

The lists of localities and distribution maps of the selected 14 invasive neophytes were
published in a separate paper (Priede, 2008). The distribution patterns of invasive neophytes
coincides with the spatial distribution of human settlements (donor areas), road network and river
valleys which serve as migration corridors. The frequency of invasive species is defined also by
the similarity of the introduced region to their native ranges, dispersal mode, and species ecology
as well as historical and socio-economic factors. On a country scale, no peculiarities in regional
distribution were found for the majority of invasive garden escapees that could be defined by
climatic, edaphic or other natural abiotic physiogeographic factors. Thus the distribution pattern
and spread of neophytes is predominantly determined by anthropogenic rather than natural
factors.

The distribution and the largest abundance of invasive neophytes (within 5 x 5 km grid)
coincides with the spatial distribution of settlements, road and hydrological network, and on a
great extent also to the largest agricultural massifs which, at the same time, are relatively densely
inhabited (Fig. 2). On the contrary, the least number of neophytes was found in sparsely inhabited
large forest and wetland regions, namely, in most cases they were absent in sparsely inhabited
areas dominated by natural habitats or habitats slightly affected by humans. The blank, neophyte-
absent regions are characteristic with sparse road networks, and the settlements are located far
from each other. Most of areas are not suitable for the spread of invasive species, hereto there are
very few propagule sources (donor areas). Doubtless, the density of neophyte localities on the
regular grid network were somewhat influenced by the field survey routes and intensity of species
inventory in various regions of Latvia (Fig. 1).



Fig. 2 Distribution of invasive neophytes in Latvia within 5 x 5 km grid. The intensity of colouration
indicates the number of species (1 to 14) per quadrate.

Higher density of neophyte localities is related to larger frequency of cultivation of invasive
plants. Therefore, the role of donor areas and their spatial distribution in combination with the
suitability of habitats as well as regional or local peculiarities in selecting the planting material is
crucial in the spatial distribution pattern of invasive neophytes. Some widespread invasive
species, e.g. Solidago canadensis, Aster salignus, Impatiens glandulifera, Lupinus polyphyllus,
are being continuously cultivated throughout the country, whereas most of clonal species, e.g.
Reynoutria sp. and Petasites hybridus with a rather long history of spreading outside cultivation
are characteristic with their island-like distribution pattern which is caused by regional
differences in selecting planting material. The density of localities of these species is high in
some regions, while in many others they are absent. Thus, the regional peculiarities of neophyte
distribution is tightly related to the popularity of certain species among local inhabitants that
brought the certain exotic ornamental or medical plant species to their gardens and distributed
further.

The agglomeration of the Riga City and some other largest Latvian cities are outstanding
with high diversity and density of neophyte localities as for most of the selected 14 invasive
species, while the number of neophyte species and frequency of localities decrease by distance
from the cities. Roads and railways serve as dispersal corridors. In some cases, the distribution
pattern of neophytes coincides with the hydrological network (species which occur in riparian
habitats also in their native ranges, e.g. Aster salignus and Echinocystis lobata). Some species are
found in both habitats similar to their native ranges and in disturbed sites, e.g. Rumex confertus
which occurs mostly in riparian floodplain meadows in its native range spreads mainly on
roadsides forming dense stands in the introduced range. In Latvia, the distribution of R. confertus
coincides both with the road network and partly with the river network, particularly with some
largest river valleys where the species grows either in natural grasslands.

The most pronounced regional differences in the spatial distribution were found for two
adventive species: Rumex confertus and Bunias orientalis. Both species belong to the most
successful invasives in Latvia being common in the agglomeration of the Riga City and along the
largest highways and railways to the east from Riga as well as in Central and East Latvia, while
being rare and found as scattered individuals in West Latvia. The east-west direction difference in
the distribution of both species is determined by the directions of their initial introductions via
hay transport and by railway from the east, therefore they are more abundant and common in the
surroundings of Riga and the Riga-Daugavpils highway. Nevertheless, new localities of both
species are being discovered over the last years in West Latvia.

No regional distribution peculiarities were revealed concerning Impatiens parviflora, a fully
naturalized and frequent invader in various habitats, which most commonly occurs in the



surroundings of settlements and roads as well as in semi-natural, slightly disturbed forest habitats
(most often in the vicinity of settlements).

The distribution of Heliantus tuberosus and Solidago gigantea is uneven. In Latvia, currently
both species occur rather rarely, mostly in anthropogenically disturbed habitats. H. tuberosus has
been widely cultivated throughout the country where it sometimes remains in the former
cultivation fields for several years, however, in most cases due to competitive pressure it vanishes
in later succession stages. Relatively stable, nearly mono-specific populations of H. tuberosus
occur in urban environments on altered, nutrient-rich substrates; rarely it is found in riparian
habitats as co-dominant or accompanying species in nithrophilous tall herb communities. In
comparison to its widespread congener Solidago canadensis, the rare S. gigantea was introduced
later and was never that popular as a garden ornamental, namely, it was not planted in gardens in
all the territory of Latvia, therefore it is found as a naturalized, highly invasive neophyte only in
the vicinity of the Riga and Jarmala Cities.

Lupinus polyphyllus and its varieties are grown throughout the territory of Latvia in gardens
as ornamentals. Over the 20th century, the species was sown in fallows, clear cuts and possibly
also roadsides as green manure crop. Some localities — the former cultivation sites — are known
since the 1930’s, when the plant became popular and was sown in large field areas. Commonly
the species had spread along the roads and forest edges in the vicinity of the introduction sites.
The current distribution pattern of L. polyphyllus is, to a great extent, determined by the
frequency of cultivation over the previous decades, suitability of habitats and the connectivity
between the introduction sites and suitable habitats via roads.

Over the last decades, Heracleum sosnowskyi, the most common and abundant non-native
plant invader in Latvia, is being cultivated in many localities in Latvia. The frequency of
cultivation and the biological traits of the species allowed rapid spread and establishment of large,
mono-specific stands into various habitats throughout the country. H. sosnowskyi is the only
species from the selected 14 ones, that is predominantly related to abandoned agricultural lands
instead of vicinity of settlements as in case of other invasives. The spread of the species is largely
related to linear landscape structures (mainly roads and streams) ensuring connectivity and
successful penetration into new areas.

Overall, the territory of Latvia is covered by 2783 quadrates of size 5 x 5 km. Table 1 shows
the total number and percentage of invaded quadrates in relation to the time of introduction and
time of naturalization.

Table 1 Number and percentage of invaded quadrates in relation to the time of introduction and
naturalization.

Species Number of | Percentage of Time of Beginning of
invaded invaded introduction* | naturalization**
quadrates quadrates

Rumex confertus 428 15.4 1920 1920
Heracleum sosnowskyi 329 11.8 1940s 1940s
Solidago canadensis 327 11.7 1805 ~ 1950s
Lupinus polyphyllus 250 9 1916 1916
Reynoutria japonica 237 8.5 1874 20th century
Bunias orientalis 241 8.6 1805 1805

. parviflora 147 5.3 1895 1895
Impatiens glandulifera 134 4.8 1898 1898

R. sachalinensis 122 4.4 1874 20th century
Aster salignus 115 4.1 1890s ? 1890s ?
Petasites hybridus 112 4 1778 20th century ?
Echinocystis lobata 69 2.5 1960s 1970s
Helianthus tuberosus 60 2.2 ~1700 20th century ?
S. gigantea 14 0.5 1980s ? 1990s

* The first record of deliberately or accidentally introduced species in Latvia; ** first record of the species

in wild (naturalized) (based on literature or herbaria data).




Since the beginning of the 19th century up to the second half of the 20th century a growth in
numbers of localities was found for all studied species (Table 2). Rapid increase of localities was
characteristic for the 1970's, which is related to the lag phase (or the latent period) and following
rapid expansion of invasive species, and to the increased intensity of floristic surveys in the
1970’s. In the 1980’s, mapping of several invasive neophytes was begun and continued in 2005 to
2008, while the period between 2001 and 2004 is characteristic with comparatively low number
of new neophyte localities. Though the number of new recorded localities characterizes not only
the actual spread of a particular species, but also the intensity of research, the starting point of
expansion of many invasives might have been the 1970’s and 1980’s. Logically, the rapid
invasion is promoted by the increasing number of new donor areas — the propagule sources.

Table 2 Changes in the cumulative number of species records.

Number of records / Period of time

Species <1900 1901 - 1941 - 1971- | 2001- | 2005 -

1940 1970 2000 2004 2008
Aster salignus 1 9 22 100 104 168
Solidago canadensis * 3 9 184 199 564
S. gigantea - - - 4 9 23
Petasites hybridus 16 21 24 99 105 149
Helianthus tuberosus * * * 40 42 97
Echinocystis lobata - - - 59 69 95
Reynoutria japonica 2* 10 11 204 223 307
R. sachalinensis 2* 15 17 96 112 146
Rumex confertus - 4 5 48 4 206
Lupinus polyphyllus - 11 26 165 189 343
Bunias orientalis 30 72 83 146 340 471
Impatiens glandulifera 1 5 16 69 79 204
I. parviflora - 9 15 92 96 229
Heracleum sosnowskyi - - 1 142 268 522

* The species was introduced in Latvia, however, it is not known whether in cultivation or escaped.

Considerable relation between the time of introduction (intentional or unintentional) and
current distribution was found only in few cases. Most of the neophyte species became
naturalized around the end of the 19th century and/or the beginning of the 20th century and occur
rather rarely, while some other species introduced around the first half or mid 20th century are
among the most frequent neophytes (Table 1). Generally, if comparing the 14 studied species, the
latest introduced species have spread more successfully within a shorter period of time than those
introduced earlier.

Overall, since their introduction an exponential growth of the number of localities is
characteristic for all studied species. Significant relation was found between the introduction time
and the cumulative number of records of all 14 studied neophyte species (Fig. 3). Nevertheless,
the invasion success of a particular species is largely related to the biological traits, number of
repeated introductions, dispersal mode and suitability to certain habitat types. The spreading
history of all 14 studied neophytes suggests that the length of the time period between the
introduction and spreading in wild, and the course of invasion are hardly predictable.

According to NOBANIS (www.nobanis.org) data, the dynamics of the non-native flora of
Latvia show that the number of newly arrived neophyte species has been growing over the last
two centuries (Fig. 4). Most of new non-native plant species were first recorded in the second half
of the 20th century. A similar relation was found in the dynamics of the 14 studied invasive
neophytes (Fig. 3).

The military actions and movement of troops over the last three centuries including both world
wars resulted in unintentional introductions of many new non-native plant species (Klinge, 1887;
Lehmann, 1895; Malta, 1934; Miihlenbach, 1934). Similarly to Central Europe (Sukopp, 2002)
and other parts of the world, in Latvia the urban flora has been significantly influenced by
military actions creating suitable habitats for spreading of ruderal, i.a. non-native and invasive
species newly arrived during the war (Kupffer, 1922). Development of transport networks,
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railways and increasing transportation since the 19th century has been the greatest agent of new
species arrivals ensuring their migration more rapidly than ever before. Currently transport is one
of the most important pathways of non-native species migration. Construction of roads and
railways and their exploitation is related to regular anthropogenic disturbances promoting spreading
of ruderal species including most of invasive neophytes and establishment and spread of neophyte
communities.
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Fig. 4 Cumulative number of neophyte species in Latvia (data source: www.nobanis.org).

Invaded habitats

The structure of invaded habitats characterizes the ecology of species. Large proportion of
invaded habitats was human-created or disturbed such as roadsides, railway verges, dump sites
and various urban habitats. Abandoned cultivated and ruderalized grasslands and fallows
comprise a significant part of the invaded habitats. Some species are often found in riparian
habitats (Fig. 5).



M Cultivated grasslands/Fallows

[ Ruderal/Dump sites
80% -
B Roadsides/Railway verges

A

ZINNN====

Riparian/Lakeshore habitats
60% -

Forests/Forest edges

zzz I

czz 1IN
7

& Parks/Greeneries/Gardens

40% A

i
gz I

@ Shrublands

20% - B Wetlands

ZInnns=

O Ditch verges

i
[ ZZ

O Other

|

N

AST SOL SOL PET HEL ECH RUM LUP IMP IMP HER BUN
SAL CAN GIG HYB TUB LOB CON POL GLA PAR SOS ORI

Fig. 5 Invaded habitats*.

Abbreviations in the figure: AST SAL — Aster salignus, SOL CAN - Solidago canadensis, SOL GIG —
Solidago gigantea, PET HYB — Petasites hybridus, HEL TUB — Helianthus tuberosus, ECH LOB -
Echinocystis lobata, RUM CON — Rumex confertus, LUP POL — Lupinus polyphyllus, IMP GLA -
Impatiens glandulifera, IMP PAR — Impatiens parviflora, HER SOS — Heracleum sosnowskyi, BUN ORI —
Bunias orientalis.

* Since being clonally spreading plants, which invade mostly the surroundings of initial planting sites in
abandoned gardens, parks etc., both Reynoutria species were excluded from the analysis.
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Factors influencing the neophyte distribution on a country-scale

Majority of intentionally introduced ornamentals — the currently naturalized neophytes in
Latvia have been grown throughout the country, therefore their spatial distribution pattern and the
distribution of donor areas are defined by human impacts rather than physiogeographical natural
factors. The dispersal of adventive plants on greater distances is influenced mainly by
unintentional human-related factors such as transportation and cargo shipment, perhaps also
migration of wild animals. The distribution of invasive neophytes is predominantly determined by
the spatial distribution of donor areas, suitable habitats and dispersal routes or migration corridors
ensuring connectivity. The same refers to adventive species; their dispersal success is strongly
influenced by dispersal chances — migration routes and agents as well as habitat suitability.

In few cases regional differences on a country-scale in the distribution of neophytes were
found (Priede, 2008) being related mainly to anthropogenic factors, while natural
physiogeographical factors are of minor importance. Lambdon et al. (2008) gave examples of
regional differences in the distribution pattern of several invasive plant species on European scale
which allowed separating biogeographic zones with specific nephytes. For instance, Heracleum
sosnowskyi which is widespread in the East and South East Baltic region (including Latvia) does
not occur in Scandinavia and to the east and south from Poland and East Germany (Lambdon et
al.,, 2008). Similarly to H. sosnowskyi, the Caucasian endemic species Galega orientalis
introduced as a fodder crop is considered as highly invasive in Estonia (Kangur et al., 2005;
Oopik, Pulk, 2008) and is on an active naturalization phase in Latvia (Laivins, Mangale, 2005),
while being absent in the rest of Europe. The European-scale differences in neophyte distribution
are mainly related to anthropogenic factors, the composition of introduced plant flora, migration
routes and connectivity of regions.

Large proportion of non-native flora in the North European and Baltic regions is composed
by neophytes originating from climatically similar regions in Europe (Central and West Europe)
or other parts of the world (mainly the Far East and North America). According to NOBANIS
(www.nobanis.org) data, the largest proportion of neophytes in Latvia originate in Europe and
Asia (44 and 35 %, respectively), while 10 % of species come from North America. African and


http://www.nobanis.org/

South American species comprise 5 and 1 %, respectively, while the origin of 5 % of the
neophyte species remains unknown. This fact suggests that the naturalization and invasion
success of a particular species is, to a great extent, determined by climatic match between the
native and introduced range.

In Latvia, climatic and in some cases edaphic peculiarities determine the distribution pattern
of some introduced woody species, i.a. some naturalized, invasive taxons, e.g. Acer
pseudoplatanus, Abies alba, Fagus sylvatica (Lange u.c., 1978; Svilans, 2004) and Aronia
prunifolia (Priede, 2009). Their distribution is largely related to the differences in the
continentality and zonality gradients on a country-scale, respectively, increased continentality in
west-east direction and zonality in south-north direction (Svilans, 2004; Laivin$ u.c., 2007).
Perhaps the invasion success of several invasive neophytes is promoted by increased length of
vegetation season and minimal temperatures, e.g. the frost-intolerant Impatiens sp. and
Reynoutria sp. (Beerling, Perrins, 1993), though they are relatively rare in Latvia if comparing to
Central and West Europe, and their current distribution is insufficient to prove this assumption.

In Latvia, the coincidence of larger abundance of the 14 invasive neophytes with lowland
areas and mild coastal climate zone (Fig. 2), most probably, is defined by the spatial pattern of
settlement density and consequently more intensive introduction of non-native species as well as
to more developed transportation within coastal areas and the largest mouths of rivers rather than
climatic limitations.

The distribution of neophytes in model areas

In order to perform a detailed analysis of the distribution pattern and the factors influencing
the distribution and spread of neophytes, two relatively small, but mutually different areas were
studied: the Abava Valley and Kemeri National Park (KNP). Each model area represents different
landscape patterns typical for Latvia. In both areas the composition and peculiarities of neophyte
flora as well as the factors influencing the spatial distribution and spreading of neophytes were
analyzed.

The composition of neophyte flora and the total number of neophyte species were different in
both areas, which is largely related to different landscape patterns, land use, socio-economic and
historical factors as well as to the total area of each territory. In the Abava Valley, the total
number of neophytes was 53, while in KNP it reached 97 species. Majority of species in both
territories were garden escapees: in the Abava Valley — 47 species, and 80 species in KNP.
Smaller proportion was comprised by adventive species (6 in the Abava Valley and 17 species in
KNP). The number of species belonging to one or the other group characterizes the particular
territory, mainly the spatial pattern and character of human settlements and the density of
transportation network. In the Abava Valley, the neophyte flora consists mostly of intentionally
introduced and naturalized garden escapees and ornamentals, while the adventive flora is
comprised by segetal species common on a country-scale. In KNP, the naturalized garden
ornamentals comprise the largest proportion of neophytes. The composition of neophyte flora in
KNP is strongly affected by the vicinity of large cities and town, presence of several highways,
railway and large rivers promoting not only long-distance immigration of invasive naturalized
ornamentals, but also the arrival of several adventive species via roads and railways.

The frequency of some widespread species is consonant with the dominating land use types
and distribution of suitable habitats. In the Abava Valley, the most frequent light-demanding
neophytes related to open (non-forested) landscapes spread mainly in agricultural land use types —
in fallows, abandoned grasslands and arable lands, on roadsides, garden boundaries and ruderal
sites, indicating that the open and/or mosaic-like landscapes prevail. In KNP, the large proportion
of forest-related neophytes indicates that the landscape is dominated by forests, while the
propotion of light-demanding species is relatively low.

Similarly to the country-scale distribution pattern of invasive non-native species, in both
model areas the localities of neophytes coincide mainly with the spatial pattern of settlements,
population density, and the road network (Fig. 6, 7). The relation is tighter in KNP, whereas the
neophyte distribution in the Abava Valley obviously concurs with the hydrological network and
the parallel road network. In both areas the highest density of neophyte localities were found in



the towns and villages and their surroundings, along roads (mainly along the major roads) and in
the valleys of the largest rivers. In homogenous forest and wetland patches almost no neophyte
localities were found indicating the resistance of natural habitats, particularly if no connection
with the roads and settlements exist.
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Fig. 6 Total number of neophyte species in 1 x 1 km Fig. 7 Total number of neophyte species in 1 x 1
grid in the Abava Valley. km grid in KNP.

In the Abava Valley, using an ordination method of indirect gradient analysis (DCA), the
distribution of quadrates by the total number of neophytes was explained by the 1st and 2nd DCA
axis with the eigenvalues 0.27 and 0.18, respectively, while the 3rd axis was of minor importance
with eigenvalue 0.10. Overall, no statistically significant gradients determining the spatial pattern
of neophytes were found. Due to the patchiness of landscape and high heterogeneity within a
quadrate, none of the landscape-scale factors prevailed. The localities of neophytes are obviously
related to small-scale local factors as well as to coincidence of the particular environmental
conditions and life forms of certain species. The largely parallel spatial pattern of rivers, roads
and settlements as well as of the cover of forests and agricultural, open landscapes were found to
be the most significant factors. The patchy landscape of the Abava Valley is characteristic with
ecotones of various landscape elements, e.g. forests and agricultural lands, agricultural lands and
roads etc. promoting the establishment and migration of neophytes.

In KNP, the distribution of quadrates by the total number of neophytes was explained by the
1st and 2nd DCA axis with eigenvalues 0.62 and 0.33, respectively, while the eigenvalue of the
3rd axis was low (0.17). Though no well-pronounced grouping of invaded quadrates was found,
the most significant relation was found between the neophyte distribution and settlements and
roads, whereas in the quadrates covered by forests, wetlands and/or open landscapes the
neophytes were absent or occasional localities were found. The heterogeneous quadrates with
interacting different landscape elements indicate the importance of ecotones (e.g. forest-road
contact zones), though do not statistically prove the significance of one or another landscape
element. In comparison to the Abava Valley, where the hydrological network is among the most
important routes of neophyte migration, in KNP the river network is not related to settlements and
roads, therefore in a case of neophytes the rivers as migration corridors of minor importance.

In both areas, the spread of neophytes was driven by the dominating land use types, whereas
several landscape elements included in the analysis (railway, waste grounds, industrial objects,
allotments and graveyards), though often being donor areas of neophytes with comparatively high
invasion rates, are rare and do not appear as statistically significant determinants.

Overall, the territory of KNP is more homogenous than the Abava Valley and is dominated
by large, invasion-resistant landscape patches, thus the neophytes concentrate around
anthropogenically disturbed habitats more tightly than in the Abava Valley. The landscape in the



Abava Valley is patchy. The 1 km? quadrate, the smallest unit used in the landscape analysis, can
contain large variety of landscape elements, which, first of all, do not allow separating the most
significant influencing factors, and, secondly, the patchiness of landscape creates large ecotone
zones suitable for spreading of neophytes.

Regular quadrate grid is applicable in landscape-level analysis of the neophyte distribution
patterns, however, the results might be considerably influenced by the size of a quadrate. In the
Abava Valley, a relatively small and heterogeneous area, smaller size, e.g. 0.5 x 0.5 km or 0.25 x
0.25 km grid would be more appropriate allowing to diminish the interaction of different
landscape elements and to highlight the most important factors. The presently used 1 x 1 km grid
excluded locally important point-like objects, which may be crucial in determining the neophyte
distribution, e.g. small dump sites, sites of intentional introductions outside gardens and parks etc.
which often serve as propagule sources for further expansion. As suggested by the use of the
selected method of analysis, though the results show the major landscape-level interactions
properly, the generalization of landscape structure resulted in rather robust outcome, particularly
in the case of the Abava Valley excluding the role of some locally important factors.

Comparing both territories, the density of population and human settlements (the major
sources of neophyte propagules and simultaneously highly invasible habitats) are higher and more
evenly located in the Abava Valley than in KNP. The proportion of agricultural lands is higher in
the Abava Valley as well, therefore the distribution of neophyte localities are more scattered than
in KNP. The fragmented landscape - the mosaic of open and forested lands, is composed by
relatively small patches, while in KNP large areas are covered by uninhabited forest and bog
massifs, thus the neophytes concentrate in small areas in the surroundings of settlements and the
adjacent allotments, grasslands, fallows and abandoned industrial objects. Roadsides crossing the
homogenous landscape patches connect the donor areas and serve as the major migration routes
for many non-native plant species.

In both territories the occurrence and diversity of neophytes on roadsides and railway verges
were considerably influenced by the adjoining forests, agricultural lands and settlements. The
concentration of neophytes along roads is more pronounced in KNP than in the Abava Valley. In
KNP, the roads cross mainly forested areas unsuitable for establishment of neophytes, therefore
they concentrate in the intersection zone. In contrary, in the Abava Valley, majority of roads
adjoin to open or patchy landscapes which are susceptible to invasions of light-demanding
neophytes. In both model areas, the neophytes occur along roads of various size and transport
intensity including highways, local unpaved roads, streets, rarely along forest roads and
firebreaks. The composition of roadside neophyte flora is slightly different in both cases.
Similarly to the role of roadsides as contact zones of different landscape elements, the forest-road
interaction zone plays a significant role as a suitable habitat for several light-demanding, mainly
woody species. The establishment of neophytes in the contact zones is evidently promoted by
euthropication of the forest understory and increased light availability.

Due to the dissimilarities of the spatial pattern of watercourses in both model areas, there are
considerable differences in the distribution of neophytes on riverbanks. The landscape
connectivity via rivers is highly important in the Abava Valley which is proved by high relatively
high abundance of neophytes along the rivers, while in KNP the correlation is insignificant. In
KNP, in few cases a long-distance immigration of neophytes via riparian corridors was found,
while majority of habitats along the rivers are unsuitable for establishment of neophytes.

Similarly to large-scale linear structures (roads and rivers), smaller human-created linear
structures, e.g. unpaved forest roads, paths, firebreaks, electric power lines, have a significant role
in the migration of species. The ecological role of such structures is similar to other regular
natural or human-caused disturbances creating suitable conditions for establishment and spread of
several invasive light-demanding neophytes. Due to the limited light availability or competitive
pressure within the forest patches they concentrate and migrate along the linear structures.

Though statistically insignificant as landscape elements, the small point-like or patch-like
structures such as graveyards, waste grounds, quarries and industrial objects and their vicinity are
often related to higher concentration of neophytes than in more homogenous patches. The objects
serve as propagule source of intentionally or unintentionally introduced species.



The relatively homogenous landscape patches (large massifs of forests, wetlands, arable
lands, regularly managed grasslands) have a buffer function being resistant against the
establishment of non-native species and hindering their spread. In both model areas the blank
guadrates where no neophytes were found coincide with large patches of forests, wetlands and
agricultural lands.

The patch structure and heterogeneity, area and configuration as well as connectivity to other
landscape patches and corridors play a significant ecological role. The patches with high inner
heterogeneity and dynamic environment with high frequency of disturbances and high resource
availability are the most susceptible to neophyte invasions, thus they are the most invaded, e.g.
urban areas.

Large numbers of neophytes in both territories are related to ecotones — mostly they occur on
the interaction zone between settlements and forests, settlements and agricultural, open
landscapes or agricultural lands and forests. The ecotone effect is significant also in highly
fragmented landscapes with small patchy structure and high density of corridors ensuring the
connectivity and migration.

Neophyte dynamics in model areas

In the analysis of neophyte dynamics data from several herbaria (Inistute of Biology and
Faculty of Biology, University of Latvia) and literature sources (Seezen, 1866; Kupffer, 1934;
Galenieks, 1957; Rasins, 1960; Anon., 2002; Cepurite, 2006, 2008; Tabaka, Knsasuns, 1981) and
data basis (Kemeri National Park and Faculty of Geography and Earth Sciences, University of
Latvia) were compared to the latest inventory data (2006—2008) on both model areas.

Comparing the occurrence of neophytes in the Abava Valley in 1981 (Ta6aka, Kiussumns,
1981) and the inventory results of 2006-2008, the number of neophytes have nearly doubled. In a
30-year period the number of neophytes has increased for 28 species (Table 3).

Table 3 Changes in the number of neophyte species in the Abava Valley comparing 1981 and 2008.

Total number of neophyte species in 1981 37
Neophyte species found repeatedly in 2006-2008 27
Extinct 12
Increase in distribution and frequency 8
Decrease in distribution and frequency 0
No significant changes in distribution and frequency 20
Newly found neophyte species in 2008 28
Total number of neophyte species in 2008 53

The major changes in the number of neophyte species occurred on the expense of rare,
locally spreading herbaceous garden escapees, some rather frequently found invasive woody
species and several widespread invasives, e.g. Solidago canadensis, Aster salignus, Echinocystis
lobata, Heracleum sosnowskyi, Impatiens parviflora, 1. glandulifera, Helianthus tuberosus,
Lupinus polyphyllus, Acer negundo etc. Presently, majority of these species rapidly invade not
only ruderal, weedy sites, abandoned allotment areas and fallows, but also spread in riparian
habitats, forests and shrublands, while the other recently arrived species are still rare or very rare.
Since being related to ephemeral ruderal plant communities, several rare adventives and garden
escapees recorded at the beginning of the 20th century were not repeatedly found in the Abava
Valley.

In KNP, comparison of the list of recorded neophytes on various time periods in the past and
the latest neophyte list from 2006-2008 proves that there has been significant increase in numbers
of non-native species (Table 4).



Table 4 Changes in the number of neophyte species in KNP in the time period from the 19th century to

2008.
Total number of neophyte species until 2003 44
Neophyte species found repeatedly in 2006-2008 35
Extinct 9
Newly found neophyte species in 2008 60
Total number of neophyte species in 2008 95

Similarly to the Abava Valley, the number of neophytes in KNP has grown during the last
two decades. The process of neophyte establishment has been substantially affected by land use
changes, land abandonment and reduced land management intensity within settlements,
uncontrolled dumping of garden waste and intensive transportation and road network. The bulk of
newly found neophytes comprise 60 species, while only nine are extinct (Table 4) — mainly rare
adventive species. Similarly to the Abava Valley, in KNP the presently most common invasive
garden escapees were not recorded during the last decades, which means that they have
established and rapidly spread over the last 10 -15 years, e.g. Solidago canadensis, S. gigantea,
Bunias orientalis, Rumex confertus, Heracleum sosnowskyi, Impatiens parviflora, Aronia
prunifolia etc.

Distribution pattern of neophytes in context with landscape change

In Latvia, in a case of many neophytes including the invasive ones the changes in their
distribution are, to a great extent, related to the landscape change over the 20th and the beginning
of the 21st centuries. Over the 20th century, the forest cover has increased, while the areas of
agricultural lands decreased, thus increasing the patchiness and ecotone zones in landscape
(Terauds et al., 2008). Over the last decades there is a continuous decline in cover of agricultural,
open landscapes and increase in forest cover throughout the country (Anon., 2008). As proposed
by some landscape studies in Latvia, the total number of forest patches has decreased during the
second half of the 20th century on the expense of overgrowing agricultural landscapes (Rasa,
Nikodemus, 2008; T&rauds et al., 2008). The ongoing large-scale landscape changes as well as
euthropication of forests caused by air pollution and recreational impacts (Laivins, 2008) promote
the spread of invasive neophytes. The rapid invasion and frequency of some invasive plant
species typical for abandoned fields and grasslands, e.g. Solidago canadensis and Heracleum
sosnowskyi over the last two decades prove that the abandonment of agricultural lands and
decreasing intensity of farming due to socio-economic situation in the 1990’s have significantly
contributed to the expansion of invasive neophytes.

The invasion process is related to the ruderalization of habitats, particularly in urban areas.
The first half of the 1990’s was characteristic with rapid abandonment of building sites and
building constructions creating suitable habitats for invasive ruderal neophytes. On the same time,
large areas of formerly managed suburban and urban allotments were gradually abandoned, thus
allowing overgrowing of fallows and enhancing vast invasion of garden escapees such as
Solidago sp., Impatiens glandulifera, Echinocystis lobata etc.

In agricultural lands with low population density in remote rural areas the number of
neophytes is comparatively low even in the surroundings of habitats with high invasion potential,
e.g. abandoned farmsteads and farms. Low transportation intensity hinders the immigration of
non-native plants, thus the forest- or agriculture-dominated homogeneous landscapes are the main
reason for absence or low numbers of non-native species. Nevertheless, the ongoing
ruderalization of grasslands, abandonment of arable lands and, most probably also burning of the
last year’s grass are significant processes favouring the spread of many invasive tall herbs, e.g.
Solidago canadensis, Heracleum sosnowskyi, Bunias orientalis, Rumex confertus. Abandoned
grasslands and fallows in the surroundings of donor areas are of particular importance as
potentially invaded sites. If predicting the changes in the distribution of invasive species, one
should bear in mind that majority of invasive tall herbs are light-demanding and typical for initial
stages of secondary succession, thus overgrowing of abandoned agricultural lands might diminish



the habitat availability, particularly in remote rural areas with small number of potential
propagule sources and low possibility of repeated introductions.

In Latvia, there are no long-term monitoring data available on the dynamics of invaded
vegetation, however, as suggested by the studies of vegetation dynamics elsewhere, in abandoned
grasslands and fallows (Rejmanek et al., 2005) there is not only declining diversity of native, but
also non-native plant species including the diversity and abundance of invasive light-demanding
neophytes.

In predicting the invasive spread in the future, several important influencing factors and
interactions should be taken into account. First of all, the spread of invasive plants is directly
related to the vicinity of potential donor areas, their character and development, e.g. the revival of
presently abandoned built-up areas within the settlements might diminish the presence and
abundance of neophytes in the particular area, while their spread and persistence is strongly
facilitated by availability of unmanaged, weedy sites. On the same time, the development of
greeneries into new areas might be related to repeated introductions of ‘traditional’ invasive
ornamentals and introduction of new ones.

Land use changes and degradation of ecosystems can strongly affect the spreading of invasive
neophytes. As suggested by the presently large number of neophyte localities on fallows and
grasslands, the rapid expansion of invasive plants is a direct result of ruderalization of native
vegetation, particularly in the surroundings of settlements. In some regions of Latvia, despite the
absence of donor areas, several species with pappus-bearing seeds has successfully migrated over
long-distances and established into remote areas (e.g. Solidago sp., Aster salignus). Degradation
of forest ecosystems is caused not only by regular human or natural disturbances, e.g. recreational
pressure, but also the regional-level air pollution and euthropication of forest soils. Fragmentation
of homogenous forest patches enhance their invasibility by increased connectivity via forest
roads, clear cuts and wind-falls, thus elongating the ecotones and creating suitable niches for
many invasive species.

Presently the biodiversity and traditional landscape is threatened rather by fragmentation and
synanthropization than the spread of invasive species which is obviously an important symptom
of landscape change and degradation of biodiversity, though not the reason. In order to control the
invasive spread, from the point of view of nature conservation, it is more important to curtail the
role of factors driving the landscape change, to control the degradation of native vegetation types
and to maintain the open landscapes by managing the agricultural lands and roadsides. The
control and eradication of invasive plant species is labour- and time-consuming, costly and often
ineffective process. On the other hand, the restoration of grasslands and other agricultural lands
might be considerably cumbered by large abundance of invasive neophytes, thus preventive
actions are needed to control the invasive spread in the early spreading phases. Doubtless, the role
of invasive neophytes should be taken into account in planning the conservation of regional- and
local-scale diversity of native species and communities. In order to avoid wasting of financial
resources in controlling ‘neutral’ non-native plant species or trying to eradicate well-naturalized,
wide-spread species on late invasion phases, the control actions must be timely and ecologically
and economically grounded integrating the best science-based approaches.

The risk assessment schemes for assessment of potential risks of introduced species has been
worked out and applied in many countries throughout the world (e.g. ALARM,
www.alarmproject.net.ufz.de). Over the 20th century in Latvia, several problematic invasive
neophytes were intentionally introduced, cultivated and popularized as valuable forage crops or
ornamentals. Many of them did not ever became popular in Latvia, therefore are found in wild
rarely. The naturalization and overwhelming spread of several non-native, intentionally
introduced species and the ongoing expansion of native and non-native ruderal species is largely
related to the lack of timely assessment of the potential invasivity as well as the reflection of
economical changes in the landscape.


http://www.alarmproject.net.ufz.de/

Comparison of the neophyte distribution in Latvia and Europe

Invasive neophytes are spreading throughout Europe, however, in Latvia the the spread of
many currently widespread neophytes began later than in Central and West Europe. This fact is
related to the time and frequency of introduction as well as to the spatial distribution of
introduction sites and their density. Generally, in North Europe and the Baltic region the period of
naturalization of introduced species is longer than in the rest of temperate Europe, which is, most
seemingly, related to colder climate conditions. In the latent period or lag phase the introduced
species occurs in wild, nevertheless it is rare (PysSek, Prach, 1995; Parker, 2001). Comparing the
cumulative number of several neophyte species over the last two centuries in Latvia (Table 2) and
in Central and West Europe (Perrins et al., 1993; Pysek, Prach, 1993, 1995; Vasic, 2005; Essl,
2007) in both cases an upward trendline was found. Respectively, after undergoing the lag phase
the majority of common invasive neophytes move to invasive phase.

Many widespread invasive plant species such as Impatiens glandulifera, I. parviflora, Elodea
canadensis, Solidago canadensis, S. gigantea, Echinocystis lobata etc. are common for both
Latvia and other countries of temperate Europe, whereas several adventive species widespread in
Latvia, e.g. Bunias orientalis and Rumex confertus are rare or absent in Central and West Europe.
Since many of them originate in East Europe and/or West Asia, they migrate to the west. The
adventives are predominantly spreading along roads and railways, and Latvia is one of the transit
regions crossed by their westward migration routes.

The highest invasion rates in Europe including the geographically and climatically similar
Central Europe are characteristic for agricultural lands, urban and industrial areas, while the
lowest rates are related to natural grassland and forest habitats, and xerophytic and alpine
vegetation types (Chytry et al., 2008b; Lambdon et al., 2008). Though there are considerable
differences in the invasion level in Central and North Europe determined by the species
introduction time, the dissimilarities might be largely defined the proportion of anthopogenically
disturbed and natural habitats, respectively, the land cover in Central Europe is more formed by
human- made landscape structures and habitats than in the Baltic and North European regions,
therefore the number of neophytes and the invasion rate in Latvia is lower than Central Europe.

In Latvia, no analysis of the distribution of all neophytes present in Latvia is done,
nevertheless, the structure of habitats invaded by the studied 14 neophytes prove that the situation
is similar to the rest of temperate Europe (Fig. 5). Majority of localities of invasive neophytes
concentrate in the surroundings of donor areas — predominantly urban areas, and transportation
networks, while large massifs of agricultural lands are presently relatively slightly invaded. In
few cases neophytes and neophyte communities were found in natural habitats, e.g. dry
grasslands or slopes with mineral-rich springs. Neophytes were not found in natural bogs and
fens, they were rarely found in undisturbed forest habitats.

The habitat invasibility in Latvia concerning various species is different. Roadsides,
cultivated grasslands, fallows and overgrown natural grasslands, ruderal sites and waste grounds
are the most susceptible to non-native plant invasions, while the proportion of other habitat types
is insignificant except riparian habitats which are invaded rather frequently. Disturbance regime
can play a key role in creating opportunities for invading species (Falifiski, 1998; Chytry et al.,
2008a). Hereto, the presence of potential donor areas and migration routes might have a crucial
role.

Chytry et al. (2008b) mentioned that in the Czech Republic there are some habitat types which
occur in areas with intermediate to high propagule pressure but contain relatively low proportions
of non-natives. The reasons are related to the habitat resistance and naturalness. The regional
distinctions are, to a great extent, related to the differences in introduction and naturalization time
in Central and West European and North and East European regions. In most cases, the
introduction and naturalization of non-native species was earlier in Central and West Europe than
in North and East Europe, thus in Latvia several common invaders typical for Central Europe are
rare, in spite of potentially suitable habitats are more widespread than the actual distribution of
the species. The absence of invasive species in many locations with suitable conditions is
predominantly determined by the absence of donor areas in large forest and wetland massifs with



low density of settlements. In Latvia, the relatively larger proportion of natural and
anthropogenically disturbed habitats and lower population density than in Central and West
Europe is the main reason for comparatively lower invasion level. Perhaps for some species the
role of limiting climatic factors might be crucial, e.g. in a case of Reynoutria sp. which are not
fully naturalized though introduced both in Central Europe and Latvia around the mid 19th
century. In Latvia, except very few cases Reynoutria sp. spread only in dumps of garden waste
and the vicinity of gardens and parks, while in Central Europe both Reynoutria sp. are found not
only in ruderal sites, but also successfully invade the river banks.

Neophyte communities

Neophyes form new plant communities for Latvia being different from the local ones by
species composition and structure. The neophyte communities are species-poor, commonly with
unstable species composition. The described herbaceous neophyte communities belong to
phytosociologically unsaturated communities, which are hardly distinguishable on the association
level. Often they lack species characteristic for higher of lower syntaxonomical levels, therefore
they are classified under the highest syntaxons on a class, order or alliance levels as derivate
communities.

Similarly to the neophyte communities described in Central Europe (Mucina et al., 1993;
Oberdorfer, 1993; Pott, 1995), the neophyte communities in Latvia are largely monodominant.
The dominating neophyte species are accompanied by nitrophilous tall herbs from Galio-
Urticetea and Artemisietea vulgaris, and grassland species from Molinio-Arrhenatheretea, rarely
from Festuco-Brometea or Trifolio-Geranietea phytosociological classes. The constancy of
species and, consequently, the typicality of the species for the particular community are
influenced by the number of analyzed relevés and condition on the selected sites for the
description of vegetation.

The neophyte communities in Latvia are characteristic with high species variability, well
pronounced dominance of one species and small number of accompanying species with low
cover. The upper vegetation layer is dominated by the neophyte (rarely more than one neophyte
species), while the accompanying species are found in one or two undergrowth layers.

Most commonly, the neophytes colonize ruderal plant communities, sometimes they may
occur in natural plant communities as well, though in the last case they do not affect the structure
of invaded community, therefore a distinct plant community may not be separated. The stability
and constancy of the species composition and structure in a neophyte community is, to a great
extent, determined by the introduction time and naturalization degree of the particular species.
The earlier the species arrived, the larger is the probability for a neophyte to become widespread
and invasive (PySek, Prach, 2005). In most cases, the neophytes which had run wild
comparatively recently have not found their suitable ecological niche within the new distribution
range and therefore might be found in contrastingly different conditions (e.g. the recently
naturalized invader Solidago gigantea in Latvia is being found both in moist, flooded sites and
dry, sandy, human-disturbed grasslands and roadsides). Consequently, the adaptability to various,
contrasting growing conditions strongly influences the stability and variability of the composition
of the accompanying species, thus the communities are classified as derivate communities. On a
contrary, the well-naturalized neophytes are more or fully acclimatized, the growing conditions
are less variable, and the species may be found not only in ruderal sites, but also in semi-natural
or even natural habitats, e.g. in tall herb riparian communities on river banks. The composition of
the latter neophyte communities is more stable with higher constancies or accompanying species
(e.g. in Petasites hybridus and Impatiens glandulifera communities).



The syntaxonomical structure of described plant communities:

Cl. Galio—Urticetea
DC. Solidago canadensis

O. Calystegietalia sepium
DC. Aster salignus
DC. Echinocystis lobata
DC. Impatiens glandulifera, var. Phragmites australis
DC. Impatiens glandulifera, var. Aegopodium podagraria
DC. Solidago canadensis

O. Glechometalia hederaceae
All. Aegopodion podagrariae
DC. Aster salignus
DC. Heracleum sosnowskyi
DC. Lupinus polyphyllus
DC. Petasites hybridus

Cl. Artemisietea vulgaris
DC. Bunias orientalis
DC. Helianthus tuberosus
DC. Solidago canadensis
DC. Solidago gigantea

CIl. Molinio—Arrhenatheretea
DC. Rumex confertus

O. Arrhenatheretalia elatioris
DC. Bunias orientalis

Cl. Festuco—Brometea
DC. Lupinus polyphyllus

In the DCA analysis, the neophyte communities are well-differentiated by ecological
conditions. The distribution of relevés within the ordination space is explained by DCA Axis 1
with eigenvalue 0.58, DCA Axis 2 and DCA Axis 3 with eigenvalues 0.33 ir both cases. Among
the calculated mean Ellenberg’s indicator values moisture and nitrogen appear as the major
gradients grouping the neophyte communities into two large groups distinguished by the Axis 1
(Fig. 8). The correlation coefficient among the three DCA axis and the mean Ellenberg’s values
was statistically significant (0.62) only for moisture (Table 5).

Table 5 Correlations between DCA axis and environmental parameters (Ellenberg’s values).

Parameter DCA Axis1 | DCA Axis 2 DCA Axis 3
Light (L) -0.38 -0.08 -0.19
Temperature (T) 0.09 0.19 -0.37
Continentality (C) -0.21 -0.2 -0.25
Moisture (M) 0.62 -0.11 0.11
pH 0.3 0.05 0.02
Nutrients (N) 0.59 0.3 -0.02

In order to characterize the ecology of neophyte communities, mean Ellenberg’s values were
calculated for each relevé (Table 6). Lupinus polyhpyllus communities belonging to Festuco-
Brometea class occur both on nutrient-poor, dry soils, while poor soils slightly moister and richer



in nutrients are characteristic for L. polyphyllus communities belonging to the alliance
Aegopodion as well as several relevés with Solidago gigantea, S. canadensis, Bunias orientalis
and Rumex confertus.

Majority of described neophyte communities typically occur on moderately nutrient-rich,
moderately moist soils (Helianthus tuberosus, Rumex confertus, Aster salignus, Solidago
canadensis, some relevés from Solidago gigantea and Aster salignus communities), while
Heracleum sosnowskyi communities commonly prefer moderately moist, rich soils. Nitrophilous
tall herb communities with Impatiens glandulifera, Petasites hybridus, Echinocystis lobata and
Aster salignus are found on moist, nutrient-rich soils.

Table 6 Mean Ellenberg’s values for neophyte species groups.

Ellenberg’s values™
Plant communities L T C M R N
Aster salignus communities 6.7 | 58 | 47 | 60 | 70 | 6.8
Bunias orientalis communities 70 | 57 | 47 | 51 | 71 | 6.2
Echinocystis lobata communities 69 | 62 | 42 | 65 | 74 | 7.6
Helianthus tuberosus communities 72 | 61 | 42 | 55 | 68 | 6.8
Heracleum sosnowskyi communities 6.6 | 57 | 38 | 5.8 | 6.7 | 6.9
Impatiens glandulifera communities 63 | 58 | 38 | 6.2 | 7.0 | 6.9
Lupinus polyphyllus communities 681 | 54 | 41 | 51 | 6.0 | 58
Petasites hybridus communities 66 | 51 | 35 | 68 | 70 | 7.0
Rumex confertus communities 6.9 | 47 | 42 | 54 | 69 | 6.6
Solidago canadensis communities 71 | 55 | 45 | 54 | 65 | 6.1
Solidago gigantea communities 72 | 5.6 5 52 | 65 | 6.1
* See the abbreviations in Table 5.
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Figure 8 DCA ordination of relevés (total number = 252), the gradients are defined by mean
Ellenberg’s values for each relevé. N — nitrogen, M — moisture.

Symbols in the figure: 1 — Aster salignus, 2 — Bunias orientalis, 3 — Echinocystis lobata, 4 —

Helianthus tuberosus, 5 — Heracleum sosnowskyi, 6 — Impatiens glandulifera, 7 — Lupinus polyphyllus, 8 —
Petasites hybridus, 9 — Rumex confertus, 10 — Solidago canadensis, 11 — Solidago gigantea.



Impacts of neophyte species on the invaded communities

In order to assess the impact of neophytes on the invaded native plant communities, Pearson
correlation between the total number of species per relevé and the cover of dominating neophyte
species in each species group was calculated. Additionally, for each species group dominated by a
particular neophyte species, Shanon’s diversity index and eveness were calculated. Statistically
significant negative correlation was found between the cover of several grassland invaders and
the total number of species per relevé, suggesting that the presence of neophytes and their large
abundance, in many cases, negatively affects the species diversity and the structure of grassland
vegetation. Almost in all cases, correlating the total number of species and the cover of
dominating invader, medium strong correlation (0.33-0.66) was found (Table 7). The strongest
relation was found for Solidago canadensis, Lupinus polyhpyllus and Echinocystis lobata
communities, suggesting that the large cover of the particular neophyte negatively affects the
diversity of native species and their covers. It is particularly relevant to invaded grassland
communities which are initially the richest in species among the described communities. On a
course of natural succession and degradation of grassland vegetation structure and species
composition, either natural grasslands can be potentially invaded. Most probably, the invasion of
neophytes indicates the ruderalization and decline of native diversity. Nevertheless, the
establishment of neophytes itself does not unambiguously mean a negative impact on
biodiversity, since a similar effect — decline of native species diversity and abundance on expense
of one or few species — can be caused by native tall herb ruderal species. The expansion of both
native and non-native expansive/invasive species is a simultaneous process indicating degradation
of ecologically specific plant communities and the characteristic native plant communities.
Hereto, the analysis did not show the process in long-term perspective which might display
different results. In this case, the impacts of invaders are not objectively separatable from other
biotic and abiotic factors.

Very low correlation coefficients were found in Heracleum sosnowskyi and Petasites
hybridus communities, which except recently invaded sites are typically monodominant with very
poor composition of accompanaying species. Unambiguously, both species significantly
transform the invaded plant community.

Table 7 Correlation coefficients and mean diversity indices for relevé groups.

Correlation
between the total
: Mean
. species number . Shanon

Plant community species . Eveness

and the cover of . index

e richness

the dominating

neophyte species
Aster salignus communities -0.34* 7.1 0.75 0.39
Bunias orientalis communities -0.31* 10.8 1.60 0.67
Echinocystis lobata communities -0.53* 5.7 1.14 0.68
Helianthus tuberosus communities -0.49* 6.2 0.90 0.48
Heracleum sosnowskyi communities 0.07 7.3 0.68 0.35
Impatiens glandulifera communities -0.33* 6.7 0.90 0.48
Lupinus polyphyllus communities -0.60** 12.5 1.72 0.68
Petasites hybridus communities -0.003 5.7 0.70 0.42
Rumex confertus communities -0.37* 9.5 1.38 0.62
Solidago canadensis communities -0.63** 10.1 1.30 0.57
Solidago gigantea communities -0.36* 7.3 0.75 0.38

Correlation is significant at * p < 0.05, ** p < 0.01

The largest number of species occurs in ‘neophyte grassland communities’ — communities
with Bunias orientalis, Lupinus polyphyllus, Rumex confertus and Solidago canadensis, mostly



because the composition of invaded communities is initially more diverse and species-richer than
that of ruderal sites, roadsides and banks of rivers.

The largest proportion of species found in the relevés are common and widespread
throughout the country. Nitrophilous tall herbs and grasses are the most common the
comparatively high constancy. Ecologically tolerant grassland species frequently found in
grasslands, weedy sites, roadsides, fallows and ruderalized forest understory are among the most
common accompanying species in the neophyte communities.

Though the grassland species are the most frequent, native species characteristic for specific
ecological conditions and natural grasslands only (so called indicator species of natural
grasslands) are very rare in neophyte communities. Rare, endangered species were absent in the
relevés. The rarity or absence of common natural grassland species and ecologically intolerant
species suggest that natural or semi-natural communities are presently invaded rarely.

In comparison to anthropogenic nithrophilous vegetation, the semi-natural tall herb
communities, e.g. riparian tall herb fringe communities are less invaded. The species from segetal
communities were found rarely. In some cases, other invasive neophytes were found as co-
dominating or accompanying species.

Presently, according to the phytosociological analysis and the character of invaded habitats
(predominantly human-disturbed habitats), majority of the neophyte species included in this study
do not significantly negatively affect the native species and community diversity in Latvia,
though the expansion of non-native invasive plants itself indicates the degradation of native
vegetation. Nevertheless, | must emphasize that the study included limited number of neophyte
communities and relevés, therefore the results cannot be generalized and the extrapolated to all
non-native plants present in Latvia. Additional studies of various vegetation types on different
invasion phases as well as application of long-term monitoring would give more feasible results
on the impacts on invasive species at local and regional scales.

Albeit the impacts of neophytes are widely acknowledged as negative, particularly their
negative effects on rare, endangered plant species (McKinney, Lockwood, 1999; Anon., 2002;
Anon, 2003), in Latvia there are no cases documented, when an invasive species would has
caused extinction of native, ecologically intolerant or rare plant species. According to my own
field experience, neophytes have rarely invaded localities of rare grassland species, however, the
habitats were degraded due to natural succession and their status was not favourable for existence
of the particular native species. In my opinion, the native vegetation and species can be
significantly negatively affected by expansion of Heracleum sosnowskyi, while the other species
studied are rarely found in natural habitats. Nevertheless, one must bear in mind that the
increasing number of neophyte localities means increasing number of new donor areas, promoting
their spread into new territories including natural and semi-natural vegetation types.

Large proportion of natural and semi-natural communities invaded by neophytes are affected
by human impacts or formed as a result of regular management (e.g. grassland communities) and
later on degraded on a course of natural succession. The decline of native species diversity is
caused also by natural degradation of plant communities or changes in the site conditions,
therefore the role of newly established neophytes is similar to that of native ruderal species
(Meiners et al., 2001; Thiele, Otte, 2007). Maskell et al. (2006) compared the phytosociological
data from two periods in Great Britain and likewise concluded that neophytes are symptoms of
disturbance and land-use change rather than a direct threat to biodiversity.

As a result of natural succession and competitive pressure, many neophyte species specialize
to conditions suitable for their growth, which is suggested by the invaded habitat structure as well
(Fig. 5). The invasivity of a particular neophyte species depends on the susceptibility and
properties and naturalness of habitat, thus allowing an overwhelming dominance or status of an
accompanying species of the neophyte(s) in the invaded community. In some cases, large areas
are dominated by invasive neophyte(s), however, mostly sites under various levels of disturbance
such as abandoned waste grounds, fallows, roadsides and railway verges, and river banks in urban
areas with low native species diversity are excessively colonized by non-native invaders.

As an exception, Heracleum sosnowskyi have noticeable effect both either natural or human-
disturbed habitats in various ecological conditions modifying the native communities of natural



grasslands and riparian communities. Due to its large biomass, high stem and large leaves it
creates shading inducing rapid decline of native plants. Similar effects are observed in Petasites
hybridus communities. The plant with its large leaves create shaded environment unsuitable for
light-demanding species, and, additionally, the decomposition of its biomass significantly
enriches the soil transforming the substrate conditions. Comparing both neophyte species, the
effect on native invaded communities is somewhat similar, but, unlikely to H. sosnowskyi, P.
hybridus invades almost only the vicinity of the plantings spreading only vegetatively, while H.
sosnowskyi spreads both vegetatively and generatively which has insured its enormous invasion
success.

The spread of invasive neophytes and their impacts in dune ecosystems and species-poor,
natural habitats are likely to be different due to the dynamic, extreme environment with large
number of vacant ecological niches and available resources that might result in overwhelming
spread of some invasive neophytes with negative impacts on native flora and the structure and
composition of invaded plant communities (Rudzite, 2008; Isermann et al., 2007; Isermann,
2008). Nevertheless, the resistance to the expansion of neophytes in a dune as well as in other
types of ecosystems is strongly influenced by its naturalness and level of anthropogenic pressure.



CONCLUSIONS

The peculiarities of the distribution and frequency of particular invasive neophytes in Latvia are
determined by the similarity of the native habitats to those in the introduced range, dispersal
mode and ecology as well as historical and socio-economical factors causing transformation of
landscape and biota. On a country-scale, no well-pronounced regional distribution peculiarities
influenced by natural physiogeographical factors were found for most of the studied invasive
naturalized ornamentals. Different abundance of localities in the east-west direction was found for
some adventive species which is related to their immigration from the east and the spreading rate.
The distribution of neophytes is predominantly determined by anthropogenic rather than natural
factors, hence the regional distribution peculiarities, if any, are defined by the spatial pattern of
the propagule sources, the connectivity of donor areas and suitability of habitats.

The landscape structure of the model areas largely represent the overall situation in Latvia, thus
the results of the analysis of the neophyte distribution in model areas is applicable for similar
areas and allows predicting the invasive spread in the future. On a great extent, the composition
and dynamics of the neophyte flora in the model areas reflects the popularity of certain garden
ornamentals over different periods of time. The distribution pattern is tightly related to the
suitability to habitats and migration corridors.

On a country-scale, the total number of neophytes has exponentially increased over all the period
of time since the 18th century. Similar relation was found for the studied 14 neophyte species —
since their naturalization in Latvia, the number of localities has rapidly increased. As presented
by the analysis of the neophyte dynamics in both model areas, the total number of neophyte
species has significantly increased over the last decades, mainly on the expense of wide-spread,
highly invasive species, while comparatively few non-invasive, rare adventive species have
vanished.

In most cases, no relation between the time of introduction and the current distribution for
particular species was found indicating that the dispersal mode, migration routes and vectors as
well as the density and connectivity of propagule sources (donor areas) play the major role in
invasive spread in Latvia.

Disturbed and anthropogenically modified habitats, particularly in urban areas, settlements and
their surroundings, on roadsides and railway verges, abandoned waste grounds and weedy sites,
riparian habitats in the vicinity of the settlements are the most invaded ones. The invasion level is
tightly related to the vicinity of donor areas, availability of ecological niches and
anthropogenically disturbed habitats.

Presently and potentially, the most considerable pressure of invasive species to natural habitats
was found along the migration corridors (roads, railways, and rivers). Few localities of neophytes
were found in natural grasslands; neophytes were absent or very rare in natural wetlands and
forests suggesting that currently the natural habitats including habitats and plant species under
protection are not threatened by non-native invasions. Nevertheless, the negative impacts might
appear in the future by growing number of neophyte localities and abundance. In combination
with the degradation and homogenization of the regionally typical plant communities, the
susceptibility of natural habitats to establishment of non-native plants increases. Presently, the
most susceptible to neophyte invasions are the tall herb fringe communities in riparian habitats,
floodland meadows, moderately moist meadows, and different types of dry and moderately rich
forests, especially those bordering with the migration corridors and settlements.

The rate of invasive spread increases by growing number of localities (donor areas) and
proportion of suitable habitats. The process is favoured not only by anthropogenically disturbed
landscape structures and urbanization, but also the land use changes. Large proportion of the
wide-spread invasive neophytes are found on roadsides, fallows and abandoned grasslands
suggesting that the abandonment and lack of land management are very important drivers of
increasing invasion level and rate.



Invasive neophytes form new, dynamic plant communities distinct from the native ones. The
invasive neophytes have invaded various plant communities and ecological niches, though mostly
ruderal, regularly disturbed communities. Besides few fully naturalized non-native species,
majority of invasive neophytes form highly dynamic, unsaturated communities with variable
species composition and may occur in different, rather contradictory situations. By time, the
establishment and increasing abundance of non-native populations might negatively affect the
composition and structure of native communities. Overall, the enrichment of native flora with the
neophyte species is a symptom of changing biota and transformation of landscape as a results of
anthropogenic pressure.

In planning and implementation of native biodiversity, the neophyte invasions should be
considered as potential threat to native species and communities. Nevertheless, since the invasion
process is tightly related to the large-scale changes in landscape structure and land use intensity,
the problem cannot be simplified. In order to control the potential negative effects of neophyte
spread, the actions must prevent introductions of new invasive plants by implementing risk
assessment systems. A functioning early warning system helps to eradicate potentially invasive
species in their early invasion phases. Timely and regular control of invasive neophytes might
considerably improve the effectiveness of actions with lower financial and labour investments.
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