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Pétijuma pamatteritorija ir Liepajas ezera piekraste, projekta GrassLIFE2 ietvaros tiks
atjaunotas dabiskas plavas, tas ir Eiropas Savienibas LIFE programmas finanséts projekts, kura
mérkis ir atjaunot izziidoSos zalajus Latvija un veicinat to ilgtsp&jigu apsaimniekosanu
(GrassLIFE 2019).

Misdienas daudzi no aizsargdjamajiem zalaju biotopiem ir sliktd aizsardzibas stavokli, jo
ieprieks$ ir bijusi intensivaka apsaimniekoSana, mé&sloSana, pamesana, tas ir radijis zalajos
nepiemérotu vegetacijas struktiiru kop&jai biotopu daudzveidibai, kas zalajiem ir raksturigi un
viena no §Tm problémam ir ekspansivas lakstaugu sugas. Dabisko zalaju atjaunoSana viens no
uzdevumiem ir $o ekspansivu sugu ierobezoSana, ko veic izvéloties atbilstosako ierobezoSanas
veidu atkariba no savairoSanas iemesla un sugas daudzuma zalaja. Lai noveért&tu atjaunoSanas
sekmes, nepieciesams noskaidrot $o augu sugu izplatibu un tas izmainas atjaunosanas faktoru
ietekmé. Ekspansivas sugas ir daudz un dazadas, bet $aja darba uzmaniba tiek pievérsta
zilganajai molinijai un parastajai cinusmilgai, §1s sugas ir maz pétitas ar attalinatam metodem.
Abas pétamas sugas ir graudzales, un to uzskaite ir laikietilpiga, tacu, attistoties tehnologijam,
ir radusas iesp€jas sugu karteSanu veikt izmantojot talizp&ti. P€tamas sugas aug bliva cera, kas
veido cinus, tiesi §1IpaSiba palielina iesp&ju sugas kartet ar attalinatam metodem.

Bezpilota gaisa kugis jeb drons tiek uzskatits par efektivu instrumentu ka kartét augu sugas
attalinati, ar ta palidzibu ir iesp€jams ieglt augstas izSkirtsp&jas aerofotoattélus, izveidojot
ortofoto ir iesp€ams nokartet atseviSkas augu sugas un veikt teritorijas monitoringu gan
Istermina, gan ilgtermina (Jones et al. 2010).

2023. gada pavasari, vasara un rudent tika veikti lauka darbi - lidojumi ar bezpilota gaisa kugi
DJI Phantom 4 RTK 35m, 50m un 70m augstuma, augu sugu zinatniskais monitorings, p&tamo
augu sugu cina diametra mériSana, augu individu precizo koordinatu uznemsSana ar GPS
uztvérgju Emlid Reach RS2 kopa ir iegitas 259 koordinatas zilganas molinijas augu
eksemplariem un 273 parastai cipusmilgai.

Petfjums ietver metodiska darba iztradi. Darba meérkis ir noskaidrot zilganas molinijas un
parastas cinusmilgas augu individu kartéSanas iesp&jas, izmantojot datorredzes metodi un ar
bezpilota gaisa lidaparatu ieglito augstas izskirtspgjas ortofoto, noskaidrot metodes precizitati,

secinot kura sezona un augstuma to vislabak izdodas veikt.
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Lai p&tamas augu sugas varétu nokartét, darba tiek izmantota datorredzes metode, ta ietver
objektu bazéto attelu atpazisanu (anglu val. - Object based image analysis jeb OBIA). STmetode
ir alternativa tradicionalajai uz pikseliem balstitajai att€lu klasifikacijai, kur katram pikselim
tiek pieskirta klase, §T metode segmente att€lu, sagrup&jot pikselus vektoru objektos, nemot
veéra objekta formu un izmeru, ka ar1 spektralas 1pasibas (GisGeography 2024).

Pirmais solis objektu bazetaja att€lu atpaziSana ir segmentacijas process, segmentacijas
veiksSanai tiek izmantots Orfeo toolbox brivpieejas spraudnis, kas tika atvérts ar QGIS 3.34.4
programmas palidzibu. Segmentacijas rezultata tiek iegiits vektordatu slanis, kura katrs
poligons attélo kada objekta robezas. Veicot segmentaciju, nepiecieSamie parametri tika
pielagoti gan aprékinot segmenta minimalo laukumu péc lauka darbos iegiitas informacijas par
auga diametru, gan eksperimenta veida vizuali pielagojot, lai izveidotie segmenti pec iespejas
precizak atbilstu abu p&tamo augu sugu kontiiram. Orfeo toolbox visbiezak tiek pielietots
pilsétvides pétijumos, pamata izmantojot satelitatt€lus, tas norada uz metodes pielietoSanas
trukumu pétijumos, kas fokus€jas uz augu sugu klasifikaciju, izmantojot acrofoto (Luka et al.
2019). Nakosais solis ir klasifikacijas veikSana, katram pikselim pieSkirot konkrétas klases
vertibu, klasifikacija tika veikta ar SNAP 9.0.0 programmu, klasifikacijai tika izmantots
Random Forest klasifikacijas algoritms. Nakosais pétijuma solis ir apvienot segmentacijas
procesa iegiitos segmentus ar klasifikacijas rezultatu. Katra segmenta atrodas noteikts pikselu
skaits un katram pikselim ir pieSkirta konkréta klase, ko tas satur. Péc klasifikacijas rezultata
iegiitas informacijas, katram segmentam tiek pieskirta sava klase, attiecigi - kuras klases pikseli
taja atrodas visvairak. Pedgjais pétijuma solis ir salidzinat segmentu klases ar lauka darbos
iegiitajiem augu individu GPS punktiem un aprékinot kliidu secinat, cik precizi ir sanakusi
petamo sugu noteikSana.

Licla nozime 1pasi ilgtermina p&tijumos ir precizam vegetacijas monitoringam, tapec ir biitiski
izveleties piemérotako tehniku konkréta monitoringa veikSanai. Vairakos petijumos ir uzsverts,
ka augu sugu kart€Sana ir precizaka, ja aerofoto iegiiSanai izmanto bezpilota gaisa kugi ar
multispektralo kameru (Loépez-Granados et al. 2016). Tapat precizitate ir augstaka, ja
kartejamais augs izcelas vizuali - ar formu, krasu vai ideala gadijjuma zem ta vai tam apkart ir
kads fons, kas augu izcel, pieméram, idens. P&tijuma procesa tika secinats, ka zilgana molinija
péc krasas izcelas nedaudz vairak neka parasta cipusmilga, tatu abi p&tamie augi butiski
neizcelas zalaja struktira, tas ir, ap tiem nav atskirigs fons, kas tos izcel, $is iemesls var biitiski

ietekmét karteSanas rezultata precizitati.
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Pladu ietekme izpauzas divejadi uz cilvéku - sociali un ekonomiski, ka arT uz ekosisttmam
(piem&ram, ekologisko stavokli un piesarnojuma izplatisanos). Misdienu klimata pasiltinaSanas
izmaina pladu sezonalitati no sniega kuSanas dominantes uz sniega-lietus dominanti upju
hidrogiskaja rezZima mérenajos platuma grados, kas ietekmé tidens apsaimnieko$anas strategiju —
plidu riska mazinasanu, dzerama tidens nodros§inasanu un hidronergétiku (Matti et al., 2017; Bari
et al., 2023). Visbiezak plidu analiz€ izmanto hidrologisko parametru ka gada maksimalo
caurplidumu. Misu pétijuma mérkis ir noskaidrot Latvijas upju gada maksimala carpliduma
apjoma un ta iestaSanas datuma sezonalas un ilgtermina izmainu tendences un regionalas ipatnibas
no 1950./51.-2021./22. hidrologiskajam gadam.

P&tljuma datu analizé pamata izmantots gada maksimalais caurplidums (Qmax, m3?) un ta
iestaSanas datums (laiks). Datu laika rindas analizétas ar statistiskajam metodém. Sezonalitates
analiz€ izmantoti matematiskie aprékini (procentos un procentpunktos) un cirkulara jeb virziena
statistika péc Releja testa (Rayleigh test), kur dati apstradati ar datorprogrammatiru “R”
4.3.2.versiju (R Core Team, 2023). Savukart trendu statistika izmanotas trTs metodes: “Teila-Sena
metode” (Theil-Sen method) trenda slipuma un “Manna-Kendala tests” (Mann-Kendal test) trenda
aprékinaSanai katrai hidrologiskajai novéro$anas stacijai (HNS) ar datorprogrammatiiru
“MAKENSENS” (Salmi et al., 2002), ka ari “Valkera tests” (Walker test) trenda statistikas
aprékinasanai regionalaja lIimeni (Wilks, 2006). Visiem testiem nozimibas limenis noteikts pie
a<0,05.

Pétijums veikts par 32 upju HNS datu laika rindam, kuras sadalas pa cetriem hidrologiskajiem
rajoniem péc L. Glazacevas (Glazacheva, 1980): Rietumu, Centralais, Ziemelu un Austrumu
(1.att.); ka arT trijos pétijuma periodos: 1950./51.-2021./22. — ietver visu periodu; 1950./51.-
1986./87. — periods, kur klimata parmainas ir nebttiskas un 1987./88. -2021./22. — periods ar

butisku klimata parmainu ietekmi uz upju noteci, kur 1987. gads tiek saukts par “lizuma punktu”
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hidroklimatiskajas datu rindas (Klavins et al, 2007; Briede et al., 2022). Ar sezonu tiek saprats tris
ménesu kopums, ka parasti to izmanto hidroklimatiskajos p&tijumos: pavasaris (MAM), vasara
(JJA), rudens (SON) un ziema (DJF). Saja p&tijuma izmantots hidrologiskais gads, kas sakas ar
teko$a gada 1. oktobri un beidzas nakama gada 30. septembri (International Glossary of Hydrology,
World Meteorological Organization No 385). Ikdienas caurpliduma dati iegiti no Latvijas Vides,
geologijas un meteorologijas centra datu bazes. Iztriikstosie dati iegiiti no kompaktdiska (Ziverts

un Striibergs, 2000) un linearas regresijas analizes, kur determinacijas koeficents r? > 0,7.
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l.attels. P&tijuma izmantoto upju hidrologisko novéroSanas staciju (HNS) atrasanas vietas un

hidrologiskie rajoni: | — Rietumu; Il — Centralais; 11l — Ziemelu un IV — Austrumu.

Gada Qmax novérojumu skaita izmainas pétijuma perioda no 1950./51.-1986./87. hidrologiskajam
gadam analize paradija, ka Qmax visvairak Latvijas upgs ir iestajies aprilt (56% gadijumu) un ta
Ipatsvars pieaug virziena no rietumiem uz austrumiem. Respektivi, vismazak Qmax noverots
Rietumu hidrologiska rajona (HR) upém 39% no kopgja perioda novérojumu skaita, bet visvairak
— Austrumu HR 81%. Ka nakamais nozimigakais mé&nesis ir marts no 11% Austrumu HR 1idz 27%
Rietumu HS un Latvija kopuma — 18%. Gada Qmax vismazak vai pat nemaz nav noveérots vasaras
ménesos (jUnija, julija un augusta) visos HRs un sastada no 0-0,8%. Ziemelu HR Qmax gadijumu
skaits ir nedaudz lielaks, salidzinot ar par&jiem HR.
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Var secinat, ka butiska klimata pasiltinasanas ietekmes rezultata uz upju noteci perioda no
1987./88.-2021./22. hidrologiskajam gadam, Latvija kopuma gada Qmax v&l joprojam visbiezak
noverots aprilt (29%), tam seko marts (23%) februaris (15%) un janvaris (13%), maijs (4,8%) un
decembris (4,6%). Salidzinot hidrologiskos rajonus, Austrumu un Ziemelu HRS visbiezak gada
Qmax noverots aprili, attiecigi par 42% un 36%. Savukart Centralaja HR — marta 31% un Rietumu
HS februari un janvari, attiecigi 22% un 21%. Visos HRs gada Qmax aizvien biezak bija iestajies
agrakos ménesos, t.i., decembrT, janvari, februari un marta. Vismazak gada Qmax gadijumu skaits
bija noveérots visos HRs vasara un rudent, attiecigi 0-3,3% un 0-5,7% no kop&ja novérojumu skaita
pétijuma perioda.

Salidzinot abus pétijuma periodus (t.i., 1987./88.-2021./22. pret 1950./51.-1986./87.), ka tas bija
sagaidams, tad vislielakas procentualas izmainas Latvijas up€s ir konstatétas aprili, februari un
janvari, attiecigi par -33, 14 un 11 procentpunktiem. Aprila ménesi vislielakais Qmax novérojumu
skaita samazinajums bija Austrumu un Ziemelu HRS (attiecigi par -39 un -38 procentpunktiem),
vismazakais - rietumu HR (-26 procentpunktiem). Savukart lielakais novérojumu skaita picaugums
konstatéts februara ménest Rietumu un Centralaja HRs, attiecigi par 22 un 19 procentpunktiem,
bet marta Austrumu HR par 16 procentpunktiem un janvara ménesi Ziemelu HR par 14
procentpunktiem.

Gada Qmax gadijuma mazakas skaita izmainas Latvija kopuma novérotas vasaras un rudens
samazinajies — augusta (-0,1) un septembrT (-1,0). Novérojamas regionalas atskiribas, pieméram,
Rietumu HR Qmax gadijuma skaita daudzums ir samazinajies ar1 oktobrT un novembri, attiecigi
par -1,5 un -2,0 procentpunktiem.

Izmantojot cirkularas statistikas metodi péc Releja testa, var noteikt gada Qmax sezonalitatates
izteiktibu (stiprumu), kuru nosaka p&c R vertibas (jeb radiusa garuma). Tas ir, jo R veértiba ir tuvak
skaitlim viens, jo sezonalitate ir vairak izteikta (2. att.). Novérojuma perioda no 1987./88.-
2021./22. hidrologiskajam gadam mazaka vidéja R vértiba bija noteikta Rietumu HR (R=0,66),
tam seko Ziemelu (R=0,81), Centralais (R=0,86), Austrumu (R=0,97), bet Latvija kopuma R=0,90.
Savukart péc gada Qmax vidgjiem iestasanas datumiem hidrologiskie rajoni ir izkartojusies $ada
seciba: Rietumu HR — 5. marts, tam seko Centralais — 29. marts, Ziemelu — 6. aprilis, Austrumu —

10. aprilis un Latvija kopuma vidgji — 30. marts.



1950/51 - 1986/87 1987/88 - 2021/22 1950/51 - 2021/22

Oktobris Oktobris Oktabris

Septembris Novembris Septembris Novembris Septembris Movembris

Augusts Decembris Augusts Decembris Augusts

Julijs Janvaris  Julijs Janvaris Ul

Janijs Februaris Junijs Februaris Jinijs

Maijs Marts Wais Marts Wais Marts

Aprilis AprTlis AprTlis

Regions . Rietumu . Centralais . Ziemelu . Austrumu Latvija

Decembris

Janwaris

Februaris

2.attls. Cirkularas statistikas metodes (péc Releja testa) rezultati.

Sada hidrologisko rajonu seciba gan R garuma vértibai, gan gada Qmax iestasanas datumam
saglabajas ari par€jos pétijuma periodos. Ja salidzina pétijuma peiodu 1987./88.-2021./22. pret
1950./51.-1986./87., tad gada Qmax R garuma vértibas ir nedaudz mazakas gandriz visiem
hidrologiskajiem rajoniem un Latvija kopuma, izpemot Rietumu HR. Savukart gada Qmax
iestasanas vid&jais datums novérots agrak visiem hidrologiskajiem rajoniem un Latvija kopuma.
Tas biitu skaidrojums ar to, ka paliek siltakas ziemas un pavasara pali novérojami atrak un to
apjoms ievérojami samazinas. Turklat pavasara palu veidosanas ir atkariga no sniega kuSanas un
lietus tidenu komponensu izmainam.

Releja testa rezultati paradija, ka hipotéze par vienveidibu tiek noraidita un pastav butiska novirze
no vienveidibas visos pétamajos baseinos (1<0,0001). Tas parada, ka gada Qmax pastav izteikta
sezonalitate visos Latvijas upju baseinos, kuriem raksturigs sniega kusanas tidenu un jaukta tipa
sniega kusanas, ka arT lietus tidenu noteces rezims ar izteiktu vienu piki gada hidrografa un kuriem
ir izteikta asimetrija.

Lai trenda statistikas rezultati butu salidzinami starp dazada izméra upju baseiniem, gada Qmax
tika parrekinats par Tpatngjo noteces moduli (Mmax, Ls? km?). Péc Teila-Sena slipuma metodes
tika aprékinatas trenda vértibas, kas parada gada Mmax apjoma izmainas desmitgadé. Pétijums
paradija, ka Latvijas upeém Mmax apjoma trenda vértibas mainas no 0,8 (Riva-Pieviki) lidz -5,7
(Ogre-Lielpeci) Ls™ km dekade? (3.attéls). Desmit upju novérojuma stacijas trenda vértiba bija

vienada vai lielaka par -4 Ls™* km dekadé™. Vislielaka vidgja trenda vértiba ir Centralajam HR




(-4 L/st km dekadé™) un Zieme]u HR (-3 Ls* km dekad&™), vismazakas — Rietumu un Austrumu
HR, attiecigi -2,6 un -2,7 I/s* km*? dekadé™. Latvija vid&ji trenda vértiba sastadija -3 Ls* km
dekade™.
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3.attéls. Gada Mmax apjoma trenda statistikas rezultati, izmantojot Manna-Kendala testu (tumsi
zilo un roza krasu simboli) un Teila-Sena metodi (skaitli pie simboliem). Ja vid&ja trenda vértiba

ir pozitiva, tad ar1 trends visas HNS bis pozitivs un otradi.

Manna-Kendella testa rezultati paradija (3. att.), ka visam pétitajam upém gada Mmax apjoma
trends ir negativs, iznemot Riva-Pieviki stacijai, kurai tas ir pozitivs, bet statistiski nebitisks trends.
Divam Rietumu HR upju stacijam (Barta-Dikupji un Irbe-Vicaki) un ¢etram Ziemelu HR upju
stacijam (Gauja-Sigulda, Vaidava-Ape, Salaca-Lagaste un Salaca-Mazsalaca) trendi ir negativi un
statistiski nebutiski. Pargjas pétito upju stacijas gada Mmax apjomam trendi bija negativi, statistiski
biitiski pie a<0,05 ticamibas Itmena, tas ir 81% gadijumos.

Ka redzams 4. attéla, péc Teila-Sena metodes Latvijas upém gada Qmax iestaSanas datuma (dienu
skaits no atskaites datuma 1. oktobra) trenda vértibas mainas no -1 diena dekadg™ (Imula-Pilskalni,
Daugava-Daugavpils un Daugava-Jékabpils) 1idz -8 dienam dekade ! (Barta-Diikupji un Riva-
Pieviki). No 32 pétamajam upju stacijam 9 stacijam ir trenda vertiba vienada vai lielaka par -5
dienam dekadé . P&ttjums paradija, ka vislielaka vid&ja trenda vértiba bija Rietumu HR upem (-6
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dienas dekadé 1), tam sekoja Centralais un Ziemelu HR (-4 dienas dekad&™®) un Austrumu HR (-2
dienas dekad&™). Latvija kopuma trenda vértiba sastada -4 dienas dekad&™. Tas biitu skaidrojam ar
to, ka paliek siltakas ziemas un pavasara pali novérojami atrak, un to apjomi ievérojami samazinas
ar mazak vai vairak izteiktu gradaciju no rietumiem uz austrumiem, Kas ir lidzigs Latvijas klimata
meridionalajai zonalitatei.
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4 attels. Gada Qmax iestasanas datuma trenda statistikas rezultati, izmantojot Manna-Kendala testu
(tumsi zilo un roza krasu simboli) un Teila-Sena metodi (skaitli pie simboliem). Ja vidgja trenda

vertiba ir pozitiva, tad ar1 trends visas HNS biis pozitivs un otradi.

Manna-Kendala testa rezultati paradija, ka visam Latvijas upém ir novérojams negativs trends.
divdesmitvienai noverosanas stacijai jeb 66% gadijumos trendi bija statistiski butiski pie 0a<0,05

un a<0,01 ticamibas limeniem.

Valkera testa rezultati paradija, ka gada Mmax apjomam un Qmax iestasanas datumam ilgtermina
izmaipas regionu Itmeni bija statistiski nozimigas pie 0<0,01 ticamibas limepa visiem
hidrologiskajiem rajoniem un Latvija kopuma, bet Centralaja HR upes trends bija statistiski biitisks

pat pie p<0,001 ticamibas Itmena.



Saja pétijuma tika arT mekleta sakariba, kada pastav starp gada Mmax apjomu un gada Qmax
iestasanas datumu. legiitie rezultati paradija, ka nav izteikta sakariba starp Siem raditajiem, jo

pastav salidzinosi liela datu izkliede.
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FISH INTRODUCTION IN LATVIA
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University of Daugavpils, e-mail: Janis.Birzaks@du.lv

Fish are simultaneously one of the most introduced and most threatened animal groups (Gozlan
et al. 2010). Fish introductions have been made for many different reasons, but have mainly
been driven by aquaculture (Welcomme, 1992). Aquaculture also includes the trade, import,
transport, and intentional or accidental release of live freshwater fish (Btitton et al., 2011). It is
and will remain the most important pathway for fish introductions (Rabitsch et al., 2013). In
Latvia, most of the non-native species were initially introduced for stocking into natural
watercourses, but were subsequently reintroduced later, both for aquaculture and for release.
In Europe, the introduction of fish began with the spread of Christianity (Balon, 1995), but on
a larger scale began in the 19th century with the development of artificial fish farming
technologies and improvements in the transport of alive fish (Welcomme, 1992). After World
War 11, it increased, declining substantially from the 1990s (Britton and Gozlan, 2013). In
Latvia, the introduction and translocation of non- native fish species was a common fisheries
management practice from the 19th century onwards (Andrusaitis, 1960; Aleksejevs and
Birzaks 2011), which has persisted to some extent today.

History of fish introduction in Latvia

In total 28 species have been introduced into Latvian inland waters, of which four have
naturalised. They represented 9.5% of the Latvian freshwater fish fauna, which includes 42 fish
and lamprey species (Aleksejevs and Birzaks, 2011).

The introduction of fish into Latvia can be divided into three periods: 1) from the Middle Ages
to 1940, 2) the Soviet period from 1940 to 1990, when Latvia was occupied and incorporated
into the USSR, and 3) from the 1990s to the present.

Six fish species were introduced into Latvia during the first introduction period: carp Cyprinus
carpio, sterlet Acipenser ruthenus, rainbow trout Oncorhynchus mykiss, Peipsi whitefish
Coregonus maraenoides, brook trout Salvelinus fontinalis. Carp is believed to have been
cultivated in ponds belonging to monasteries from the 13th century (Andrusaitis, 1960).

In Latvia, the highest number of alien species was introduced between 1940 and 1990 (second
period) - 21 species: Prussian carp Carassius gibelio, ripus Coregonus ladogae, ludoga
Coregonus luttoka, Baikal cisco Coregonus migratorius, inconnu Stenodus nelma, peled
Coregonus peled, broad whitefish Coregonus nasus, volkhov witefish Coregonus baerii,
striped bass Morone saxatilis, grass carp Ctenopharyngodon idella, black carp
Mylopharyngodon piceushardson, bighead carp Hypophthalmichthys nobilis, silver carp
Hypophthalmichthys molitrix, beluga Huso huso, Russian sturgeon Acipenser gueldenstaedtii,

Siberian sturgeon Acipenser baerii, chum salmon Oncorhynchus keta, pink salmon
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Oncorhynchus gorbuscha, coho salmon Oncorhynchus kisutch and Amur sleeper Percottus
glenii. Most of the species introduced during this period were from the European and Asian
parts of the former USSR.

Since 1990 (third period), only one species Atlantic sturgeon Acipenser oxyrinchus has been
introduced into Latvia.

Objectives, rationale and results of fish introductions

The goals and motivation of the introduction of non-native fish species have been very diverse.
In Eastern Europe, it has typically been carried out through the introduction of new species for
aquaculture, supplementation of existing stocks with new species for fisheries or angling
purposes, ornamental and aquarium purposes, accidental releases, biomanipulations and
unknown ("trivial") reasons (Hol¢ik, 1991).

The first hatchery in Latvia was established in 1885, followed by several others built between
then and 1939. In 1929, a state-owned and subsidized hatcheries was established. Their main
function was the rearing of juveniles of native fish species for restocking, as well as the

hatching of non-native fish species (Andrusaitis, 1960).

Table 1. Stocking of non- indigenous fish in waterbodies by periods

Period Type of waterbody Rate of introduction
Lakes Rivers Reservoirs Number of Number of
stockings introduced
species
I <1940 38 14 0 116 6
I 1941- 1990 | 308 16 40 2007 21
I >1990 66 10 19 233 1

Latvia's occupation and incorporation into the USSR in 1940 and until its collapse in 1990-
1991 (second period), the most extensive introductions were carried out. This was largely
driven by the post-war recovery and ambitious plans of hydropower development in the region.
Significant losses to fisheries were predicted due to the loss of reproductive habitats of
diadromous species in the rivers and a decline of the biological productivity of the Gulf of Riga
(Pischula, 1960; Malikova, 1966; Surin at al., 1967; Golovkov and Kuzmin, 1969; Rimsh,
1977).

Fish introductions have been significantly reduced since 1990 (Table 1). This was linked to the
sturgeon recovery plan in the Baltic Sea basin, when Atlantic sturgeon stocking material was
imported from Canada. Recent research suggests (Popovic et al., 2014) that it is the



introduction of a non-native species, which would perhaps fill the ecological niche of a lost
native species.

In most cases, the introduced species failed to reproduce and disappeared from the recipient
biota. Acclimatization does not necessarily result in increased fisheries and economic benefits.
In the former USSR, which was a leader in fish introductions in Europe, only 3% of the
stocking of alien fish resulted in a significant increase in commercial catches (Lifshits and
Belousov, 1987). The results of the introduction and subsequent acclimatization were often
over-optimistic and did not match the expected results.

Catches of introduced species in commercial, subsistence and recreational fisheries have in
some years been no more than 3% of the total catch in inland waters of Latvia. Rainbow trout,
carp, charr and Acipenseridae family and “Chinese carps” (grass, silver, bighead, and black
carp) species are able to acclimatise to Latvian conditions and their populations (casual
populations) can only persist with human help. Stocking of Coregonidae family species
resulted in the establishment of small and economically insignificant populations of Peipus
whitefish and peled in the lakes Raznas, Alauksts, Lielais Nabas and Mazais Nabas (Aleksejevs
and Birzaks, 2012). Prussian carp and Amur sleeper naturalized and are found throughout the
country and inte coastal waters of the Gulf of Riga (Vetemaa, 2005; Birzaks and Nitcis, 2023).
Overall, the introduction of alien species into the natural waters of Latvia has failed; it did not
provide new opportunities for economically important food fisheries.

In contrast to the generally ineffective introduction of fish by stocking in the wild, some species
have become beneficial in aquaculture. Latvia's modern agquaculture structure was established
after the collapse of the USSR in 1991. Total aquaculture production, driven by carp farming
in ponds, fell from 3000 to 500 t. In addition to the carp and rainbow trout farmed during the
Soviet period, the Acipenseridae (Siberian sturgeon, sterlet, and hybrid bester) and Salmonidae
(artic charr) were introduced, while peled farming was discontinued. Aquaculture is the only
fishery sector in Latvia that has benefited from fish introductions in terms of increased diversity
of production.

Impact of introduced species

In addition to the clear benefits for aquaculture, fish introductions have had a wide range of
negative impacts and associated consequences. The integration of an introduced species into
an ecosystem is associated with risks to biodiversity through habitat modification, predation
and competition, and the spread of new diseases and parasites (Cucherousset et al., 2011). The
impact of Amur sleeper as a predator on biota has been more extensively studied. In Latvia, its
impact on protected species of toads and newts has been assessed as negative (Pupins et al.,
2023).



C. gibelio can cause significant changes in the structure of fish communities, becoming the
dominant species. Recently, gibel carp has become one of the most abundant and dominant
Cyprinidae species in the coastal waters of the Gulf of Riga, likely having a significant impact
on food chains (Vetemaa et al., 2005).

Introduced species can carry diseases and parasites that can infect native fish species. The eel
nematode Anguillicolla crassus and the Asian fish tapeworm (Bothriocephalus acheilognathi)
were introduced into Europe and are now also found in Latvia during transport of live fish for
aquaculture (Koops an Haartmann 1989; Vismanis, 1998).

Conclusions and prospects

Aquaculture and related trade, import, transport and intentional or accidental release of live
freshwater fish are the most important factors for fish introductions in Latvia. Although no
significant impacts of introduced fish species on biodiversity have been observed in Latvia so
far, the situation may change in the future. This will be determined by the potential impacts of
climate change and their interactions with anthropogenic modifications to freshwater
ecosystems that have taken place in the past, In particular, the breaking down of geographical
barriers between rivers created potential implementation pathways.

Due to current climate change and its interaction with other natural and anthropogenic changes
in freshwater ecosystems, species (including invasive) introduced and able to naturalize in
milder climates are spreading northwards (Carosi et al., 2023). In Latvia, a small country in
terms of area, changes in the distribution ranges and abundance of warm- and cold-water
species are also being observed (Aleksejevs and Birzaks, 2010; Aleksejevs and Birzaks, 2011).
It can be foreseen that species already naturalized in geographically close areas to the SE of
Latvia in Lithuania and Belarussia could potentially be introduced into Latvian freshwaters.
Potentially, these could be Ictiluriade (Ameiurus spp.) and Centrarchiade (Lepomis spp.)
families.

Experience also shows that even the most stringent control measures have been ineffective or
insufficiently effective because the pathways of spread are so diverse and often uncontrolled.
Given that alien species are still being introduced for both aquaculture and fisheries
enhancement, it is more likely that introductions of species, with all their consequences, will
continue (Britton et al., 2010). Nevertheless, even with the best management strategies and
practices, new species will be introduced. Specific management measures for mixed fish
communities with both native and non-native components will need to be developed to protect
native species. There is also a need for a better understanding of the interaction between
anthropogenic environmental change and climate warming on the distribution of alien species

and their effects on native species, their communities, and their habitats.
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IDENTIFICATION AND ASSESSMENT OF CULTURAL ECOSYSTEM SERVICES IN
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The identification and assessment of cultural ecosystem services is gaining increasing importance
in biodiversity protection and sustainable management processes at international level. In the last
decade, successful preconditions for the improvement of this field of research have also developed
in Latvia. Of particular appreciation are the multidisciplinary studies published within the
framework of ILTER (International Long-Term Ecological Research Network) for the development
of a conceptual model for the Engure ecoregion (Engure Ecoregion, 2013). Currently, the recent
document at the national level - "Plan for the Implementation of Landscape Policy" defines
relatively broadly the importance of cultural values in nature protection, including in the context of
biodiversity, preserving and developing the unified cultural and natural heritage, promoting
economic activity, as well as strengthening the identity of place, improving the quality of life of
people (Plan for the Implementation of Landscape Policy, 2024). Significant is the section dedicated
by the UN-organised Millennium Ecosystem Assessment stating that cultural services provide
recreational, aesthetic, and spiritual benefits; cultures, knowledge systems, religions, and social
interactions have been strongly influenced by ecosystems, Cultural Services are the nonmaterial
benefits people obtain from ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and aesthetic experiences (Millenium Ecosystem Assessment, 2005).
Conceptual Framework adopted by the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) includes six interlinked elements, including anthropogenic assets,
constituting a social-ecological system, promotes biodiversity conservation and other relational and
instrumental values associated with human health and cultural identity (IPBES, 2015). Academic
researches indicate a number of approaches to the definitions and interpretation of cultural
ecosystem services. Some publications analyse the Life Framework of VValues developed by IPBES:
framing of people—nature relations: Living from Nature (respect for tradition, livelihood,
employment and revenue, heritage relatation to living from nature); Living in Nature (respect for

tradition, protecting the environment, place-based identity, historic and scenic values); Living with
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Nature (desire to protect nature or heritage, living well with other species); Living as Nature
(heritage of cultural and natural landscapes and identities are inextricably linked); (Willemen et al.,
2023; Azzopardi et al., 2023). Cultural ecosystem services are understood as relational processes
and entities that people actively create and express through interactions with ecosystems (Fish et
al., 2016).

There is underestimated the potential of sustainable tourism and ecotourism in the Engure ecoregion,
especially the use of cultural ecosystem services and biodiversity resources. Such an approach is
already of increasing importance in similar ecoregions elsewhere in the world. Understanding the
future is fundamentally important for making adequate business and industry strategies,
management decisions, informing policy makers, and contributing to a development of sustainable
tourism (Haukeland et al., 2023), sharing information with tourists about the natural history of
different wildlife species and their habitats and by helping tourists to interpret the behaviours they
witness (Sthapit et al., 2023), paths and trails are essential for movement, access, and egress,
provide opportunities for social interaction (Fossgard and Stensland, 2021), it represents a local
knowledge case, with the purpose of exploring local stakeholders’ opinions on ecotourism,
assessing ecotourism as a learning tool to link conservation and sustainable development objectives
(Mondino and Beery, 2019), natural and cultural heritage is at the heart of the nature-based tourism
experience, quality experiences are often dependent on more than that heritage (Mandic¢
and McCool, 2023).

Significant resources of cultural ecosystem services are located in the parishes of the Engure
ecoregion municipalities: 87 cultural monuments under state protection belong to archaeological,
architectural, artistic, historical and industrial heritage typology groups (Heritage, 2024), diversity
of Livonian and Curonian ethnography, including the names of species and habitats, toponyms
(e.g. Livonian language: Angorkila - the village of Engure) and hydronyms.

The research and management capacity of cultural ecosystem services has also increased due to the
interdisciplinary study programme "Cultural Environment Heritage" established at the Faculty of
Geography and Earth Sciences of the University of Latvia, research conducted by the faculty
scientists in paleobotany, paleogeography, human geography, ecology and environmental
management. It is essential to link the development of the municipal strategies, development
programmes and spacial planning of the Engure eco-region to the identification and assessment of
cultural ecosystem services acompanied by active public participation. Good practice in the

functioning of the conceptual model of the Engure ecoregion will serve as a basis for the



development of further scientific research in earth and environmental sciences, academic

discussions and the creation of equivalent ecoregions.
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LU Geografijas un Zemes zinatnu fakultate, 2LU Biologijas institiits, e-pasts: Viesturs.Melecis@Iu.lv,
Gunta.Springe@lu.lv

Kops 2015. gada Latvijas Universitate ir piedalijusies ¢etros HORIZON 2020 projektos
(eLTER, Advance-LTER, eLTER PPP un eLTER PLUS) kuru mérkis ir kop&jas Eiropas
ilgtermina ekologisko pétijumu infrastruktiiras izveidosana. Saja laika perioda ir izstradata
Eiropas LTER infrastruktiras shema un darbibas principi. Galvenajos vilcienos izstradata
petijumu programma, kontrol§jamo parametru saraksts un metodiskie noradijumi So parametru
mérisanai. Veikta dalibvalstis eso$o pétijumu vietu klasifikacija péc to ekologiskas struktiiras,
pétijumu programmas icklautajiem parametriem un veicamo novérojumu bieZuma, izdalot 3
pétijumu vietu kategorijas. Sobrid tiek diskutéta pétijumu metozu izvéle un precizétas
potencialas izmaksas. Lai p&tijumu vieta tiktu icklauta Eiropas LTER sistéma ka 1. vai 2.
kategorijas vieta, tai ir jaatbilst WAILS (Whole system Approach for In-situ & Long-term
environmental System research on life supporting systems) principiem. Tie ietver 5 galvenos
sistémas blokus: Atmosphere, Hydrosphere, Geosphere, Biosphere un Sociosphere ka LTSER
platformas pamatbloku. Lai konkrétas dalibvalsts pétijumu vietas kvalificétos Eiropas LTER
1. vai 2. kategorijai, tam ir nepiecieSams paplasinats ilgtermina pétijjumu parametru saraksts,
kas ietvertu 4 galvenos blokus. Tas ir nopietns izaicinajums Latvijai, lai kltitu par pilntiesigu
Eiropas LTER dalibvalsti.

Latvijas ekosistému ilgtermina pétijumi lidz Sim pamata bija orientéti uz ekosisteémas
biokomponentu (Biosphere). Sajos pétijumos 15-20 gadu laika uzkrati dati par sauszemes,
ieks§€jo udenu un jiiras biokopu un sugu populaciju izmainam, kas deva nozimigu ieguldijumu
starptautiska ITmena pétijumos par vides un ekologiskajam izmainam Eiropa un pasaulé un
atspogulojas augsta Iimena starptautisko zinatnisko Zzurnalu publikacijas (Vihervaara et al.
2013; Dick et al., 2014; Angelstam et al., 2018; Dick et al., 2018; Djukic et al. 2018; Jourdan
et al. 2018; Angelstam et al., 2019; Muelbert et al., 2019; Pilotto et al. 2020; Kwon et al., 2021;
Haase et al., 2023). Vienlaikus jaatzist, ka ierobezoto finansu resursu d€] sauszemes
biokomponenta pétijumu datu interpretacija lidz Sim parsvara izmantoti tikai
hidrometeorologisko staciju dati par klimatisko faktoru izmainam. Attieciba uz
hidroekosistému pétijumu vietam stavoklis ir labaks, jo paraléli biokomponenta izpétei veikta

arT dazu hidroekosistému fizikalo un hidrokimisko parametru registracija.
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Sada dalgji vienpusiga ekosistému ilgtermina p&tijumu nacionala programma izskaidrojama ar
zemo finanséjumu un no ta izrictoSo nepietieckamo Latvijas iesaisti Eiropas un pasaules
nozimigako pétijumu programmas un projektos. Neliels ieskats par Latvijas vietu svarigakajas
starptautisko ekologisko p&tfjumu programmas un projektos.

EU BON - ir 7. ietvara programmas projekts. Realiz€ novatorisku piecju biologiskas
daudzveidibas informacijas sistému integracijai no lokali iegiistamiem un talizp&tes datiem, lai
savlaicigi un pielagoti risinatu vides politikas un informacijas vajadzibas. Sugu un
biodaudzveidibas telpiska sadalijjuma modelu veidoSana izmantojot rezga kvadratu principu
sugu sadalifjuma prognozé$ana pie dazadas izSkirtsp&jas (2012.-2017. g¢.). Latvija nav
iesaistita.

ENVRIplus - programmas Apvarsnis 2020 projekts, kas apvieno vides un Zemes sist€ému
pétniecibas infrastruktiiras, projektus un tiklus, iesaistot tehnisko specialitasu partnerus, lai
izveidotu saskanotaku, starpdisciplinaraku un sadarbspé&jigaku vides pétniecibas infrastruktiiru
kopu visa Eiropa (2016. - 2019. g.). Latvija nav iesaistita.

Lifewatch ERIC - Eiropas infrastruktiiras konsorcijs, kas nodroSina e-zinatnes pé&tniecibas
iesp&jas zinatniekiem, kuri v€las papildinat miisu zinaSanas un padzilinat misu izpratni par
biologiskas daudzveidibas organizaciju un ekosisttmu funkcijam un pakalpojumiem, lai
atbalstitu pilsonisko sabiedribu galveno planétas problému risinasana. Dibinats 2017. g. Ar
centru Sevila Spanija, sadarbiba ar Daniju). Latvija nav iesaistita.

GEOS - Global Earth Observation System. GEOS ir iesaistitas vairak neka 100 valstis un
ar vairak neka 100 iesaistito organizaciju. Misija ir izveidot Globalo Zemes novérosanas
sistému sistetmu (GEOSS). GEOSS ir koordin&tu, neatkarigu Zemes novérosanas, informacijas
un apstrades sisttmu kopums, kas mijiedarbojas un nodros$ina piekluvi dazadai informacijai
plasam lietotaju lokam gan valsts, gan privataja sektora. GEOSS saista §is sist€émas, lai
stiprinatu Zemes stavokla monitoringu. lesaistitas 115 valstis, piedalas Latvijas Vides,
geologijas un meteorologijas agentira.

ICOS - Integrated Carbon Observation System. Consorcija misija ir veikt standartiz&tus,
augstas precizitates ilgtermina petijumus, lai padzilinatu izpratni par oglekla ciklu un sniegtu
sabiedribai nepiecieSamo informaciju par siltumnicefekta gazém. Piedalas 14 Eiropas valstis,
Latvija nav iesaistita.

EXPEER - Experimentation in Ecosystem Research. Projekta uzdevums apvienot galvenas
noveroSanas, eksperimentalas, analitiskas un modeleSanas iekartas ekosistemu pétnieciba

Eiropa, lai tas varétu izmantot, kop&jas Eiropas P&tniecibas telpas (ERA) strukturéSana un



uzlaboSana sauszemes ekosisttmu pétnieciba. FP7 projekts (2010. — 2015.g.). Projekta
piedalijas 38 Eiropas valstu un Izra€las p&tniecibas institiicijas. Latvija nav iesaitita.
EnvEurope - Vides kvalitates un spiediena novert€jums visa Eiropa ka integréta un kopiga
sistéma ekosistému uzraudzibai. Life projekts, 11 dalibvalstis (2010. — 2013. g.). No Baltijas
valstim iesaistita tikai Lietuva.

AlterNet - apvieno starptautiskus dabas un socialo zinatnu p&tniekus no 21 Eiropas valsts, lai
integrétu musu izpratni par biologisko daudzveidibu, ekosisttmam un pakalpojumiem, ko tie
sniedz sabiedribai, un raditu platformu jégpilnai sazinai ar politikas veidotajiem un sabiedribu.
Latvija nav parstavéta.

ILTER - International Long Term Ecological Research Network. Starptautiskais ilgtermina
ekologisko pétijumu tikls dibinats 1980. gada péc ASV iniciativas, ta programma tika un
sakotngji to finansgja ASV Nacionalais zinatnes fonds (NSF). Paslaik tikla ir 39 dalibvalstis.
Ar NSF atbalstu Latvija tika uznemta ILTER 2004. gada.

IMP - Integrated monitoring program of terrestrial ecosystems. Péc mikrosateces baseina
principiem organizeta starptautiska programma. Latvija bija ierikotas divas kompleksa meza
monitoringa stacijas Taurené un Rucava, kur tika veikti kompleksi meza ekosist€émas
ilgtermina p&tijumi no 1995. — 2008. gadam.

Eiropas LTER infrastruktiira biitiba baz€jas uz minéto projektu iestradném. Valstim, kuras
bijusas vai joprojam ir iesaistitas $ajas programmas, ilgtermina p&tijumu vietas ir aprikotas
atbilsto§i WAILS prasibam un daudzas no tam turpinas funkcion€t ar minimalam izmainam ar1
Eiropas eLTER izveidotaja infrastruktiras programma. Latvijai $ai zina nepiecieSami butiski
ieguldijumi infrastrukttra, lai ta klutu par pilntiesigu dalibvalsti topoSaja eLTER ESFRI
struktlira un varétu parstavét musu valsti uz starptautisko ekologisko pétijumu programmu

fona.
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ZEMEM: ILGTERMINA TENDENCU NOVERTEJUMS
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Udensobjektu kvalitate ir mainiga laika un ir atkariga no daudzu faktoru ietekmes, t.sk.,
antropogéno un dabisko faktoru. Lai prognoz&tu augu baribas vielu nopliides, nepiecieSams veikt
virszemes udensobjektu kvalitates izmainu ilgtermina tendenéu noveértéSanu. Hidrologisko
parametru tenden¢u novérté$anai tiek izmantots neparametriskais Manna-Kendala tests. Testa tick
izvertétas parametru ilgtermina mainibas tendences (augSupejosa vai lejupejosa) un biitiskuma
Iimenis (Stilnacke et al., 2003). Udens paraugu ievaksana drenu lauku (sesi pétijuma objekti),
mazo sateces baseinu (devini pétijuma objekti) un mazo un vid&jo upju izp&tes limenos (divdesmit
tris petijuma objekti) (1. attels) tiek veikta Latvijas Biozinatnu un tehnologiju universitates Tstenota
Lauksaimniecibas note¢u monitoringa ietvaros. Udens paraugu kimiskais sastavs tiek noteikts

akreditetas laboratorijas.
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1. att. Pétijuma vietu raksturojums
Pétijuma merkis ir novertet slapekla (kopgjais slapeklis, nitratu-slapeklis, amonija-slapeklis) un
fosfora (kopgjais fosfors, ortofosfatu-fosfors) savienojumu koncentraciju ilgtermina tendence

monitoringa objektos, izmantojot Manna-Kendala testu.



Petijuma iegutie rezultati liecina, ka drenu lauka izp@tes Iimeni Cetros no seSiem pé€tijuma
objektiem Nkop Un NOs-N koncentraciju ilgtermina vertibam konstatéta lejupejosa tendence
(statistiski ticami (p < 0.05) divi rezultati), augSupejosa tendence NH4-N koncentraciju ilgtermina
vertibam konstatéta piecos petijuma objektos (statistiski ticams viens rezultats), savukart Pop Un
PO4-P koncentraciju ilgtermina vertibam piecos peétijuma objektos konstatéta lejupejosa tendence
(statistiski ticami Cetri rezultati). Maza sateces baseina izp€tes Iimeni seSos no deviniem pétijuma
objektiem Nkop Un NOs-N koncentraciju ilgtermina veértibam konstatéta augSupejoSa tendence
(statistiski ticami tris rezultati), lejupejoSa tendence NHs-N koncentraciju ilgtermina vertibam
konstatéta piecos pétijuma objektos (statistiski ticams viens rezultats), savukart Pkop Un PO4-P
koncentraciju ilgtermina verttbam septinos pétijuma objektos konstat€ta lejupejosa tendence
(statistiski ticami astoni rezultati). Beérzes upes dalbaseinu izpé€tes Itmeni 12 no 15 pétijuma
objektiem Nkop koncentraciju ilgtermina vértibam konstatéta augSupejoSa tendence (statistiski
ticams viens rezultats), 14 petijuma objektiem NO3-N koncentraciju ilgtermina vertibam konstateta
augSupejosa tendence (statistiski ticams Cetri rezultats), augSupejosa tendence NHs-N
koncentraciju ilgtermina verttbam konstat&ta 11 p&tijuma objektos (statistiski ticami divi rezultati),
savukart Pkop koncentraciju ilgtermina veértibam 11 monitoringa objektos konstatéta lejupejosa
tendence (statistiski ticami seSi rezultati) un POs-P koncentraciju ilgtermina veértibam 13
monitoringa objektos konstateta lejupejosa tendence (statistiski ticami devini rezultati).

Ipasi jiitigo teritoriju upju izpétes Iimeni &etros no astoniem pétfjuma objektiem Niop Un NO3-N
koncentraciju ilgtermina veértibam konstatéta augSupejosa tendence, augSupejosa tendence NHs-N
un Pkop koncentraciju ilgtermina veértibam konstatéta seSos pétijuma objektos (statistiski ticams
viens rezultats), savukart PO4-P koncentraciju ilgtermina vertibam septinos monitoringa objektos
konstateta lejupejosa tendence.

Kopuma izvertgjot Manna-Kendala tendencu testa vertibas verojamas atSkiribas gan izpétes
Iimenos, gan monitoringa objektos, tacu noveérojama tendence Nkop koncentracijam palielinaties un
Pkop vertibam samazinaties. legiitie rezultati liecina, ka, lai uzlabotu virszemes tidensobjektu
stavokli nakotné, nepiecieSams pastiprinati pieveérst uzmanibu slapekla savienojumu

koncentracijam notece.
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Misdienu vides piesarnojums ar dazadiem toksiskiem savienojumiem ir probléma, kas rada
draudus tidens un sauszemes ekosisttmam un sabiedribas veselibai. Piesarnojuma ietekmes
novertésanai tiek izmantotas dazadas metodes, to skaita fitotoksicitates testi, kas lauj aprakstit
jebkadu nelabvéligu ietekmi uz augu augsanu, fiziologiju vai vielmainu, ko izraisa dazadi toksiski
savienojumi. Viens no organismiem, kas plasi tiek izmantots ka vides fitotoksiskuma indikators, ir
parasta spirodela Spirodela polyrhiza Schleid.

Nelielais izmérs, strauj$ augSanas atrums, daudzveidiga morfologija un neotenisks dzivesveids
padara Sos augus ideali piem&rotus laboratorijas p&tijumiem (Fourounjian et al. 2021). Latvija LZA
(tagad — LU) Biologijas institata ir izveidots Spirodela polyrhiza Schleid. klons CR, kur$ sakotngji
ticis izmantots autotransporta izmesu fitotoksiskuma izpéte. Testa rezultati pieradijusi ari
Skrundas radio lokacijas stacijas elektromagnétiskas radiacijas negativo ietekmi uz dzivajiem
organismiem (Magone 1996).

Turpmakajos gados Sis klons veiksmigi izmantots dazadu vidi ietekm&joSo faktoru novertesanai.
LU Geografijas un Zemes zinatnu fakultaté veikti vairaki studentu zinatniskie pétjjumi, kas
apliecina, ka spirodelu tests ir labs fitotoksiskuma indikators. Udenu ekosistému stavokla izpete
tests izmantots, lai novertétu tdens kvalitati Daugava dabas lieguma "Daugava pie Kaibalas"
teritorija (LukaSunas 2014), peldiidenos (Timma 2014), ka ari pilsétvidé - Rigas ezeros (Sturma
2009). Petijumi Riga apliecina sniega piesarnojumu (Plingeu, 2002, Makarenko 2011). Savukart
Plavnieku izgaztuvé ir konstatéts augsnes piesarnojums, kas izraisa spirodelu turionu hlorozi un
deformacijas (Seiko 2012). Parbaudits notekiidenu diinu fitotoksiskums ar uzsvaru uz smago
metalu ietekmi (Sulte 2009). Smago metalu toksiska ietekme uz spirodelam paradas arf Marupites
sedimentos (Valters 2017). ST pétijuma rezultati talak izmantoti zinatniska raksta (Springe et al.
2024). Interesanti rezultati iegiiti, analiz€jot dazadu kosmétisko lidzeklu (Helmane 2021) un velas
mikstinataju ietekmi uz spirodelam (Dauga 2022). Veiktie pétijumi apliecina, ka Spirodela
polyrhiza Schleid. klons CR labi atspogulo gan dabas vides substratu (iidens, sniegs, augsne), gan

notekiidenu diinu un maksligi raditu savienojumu fitotoksiskumu.
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