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ANOTACIJA

Promocijas darba pétitas vides apstaklu izmainas un cilvéka darbibas pédas piekrastes
ezeru nogulumos, analizéjot tajos atrastas paleobiologiskas liecibas un kimiskos raditajus,
tai skaita indikatorus, kas raksturo cilvéka darbibas ietekmi.

Engures, Babites, Kaniera, Velnezera, Lilastes un Ummja ezera nogulumu pétijumi
veikti, izmantojot multidisciplinaru metozu kompleksu, kas ietver arl paleobotaniskas,
nogulumu karsé$anas zudumu un metalu sastava analizes.

Ezeru nogulumu virséja slana pétijumos atpazitas liecibas par vides apstaklu izmai-
nam un antropogénas ietekmes palielinasanos nogulumu veidosanas laika, tai skaita
ezeru aizaugSanas intensificésanos. Neatkarigi no pétito ezeru atrasanas vietas to virséjo
nogulumu sastava konstatéta tendence palielinaties metalu koncentracijai, kas, iesp&jams,
saistita ar atmosféras piesarnojumu, ko izraisijusi cilvéka darbiba.

Atslegvardi: gitija, karsésanas zudumu analize, puteksni, augu makroatliekas, smagie
metali, antropocéns.



ANOTATION

In doctoral work changes in environmental conditions and traces of human activities
recorded in the coastal lake sediment surface layer have been investigated by studies of
paleobiological evidences and chemical data, including indicators of human activities.

Sediments of Lake Engure, Lake Babite, Lake Kanieris, Lake Velnezers, Lake Lilaste
and Lake Ummis have been studied using multi-proxy data including paleobotanical,
Loss on Ignition and metal composition analyses.

Proofs of environmental condition changes and athropogenic impact during their
accumulation were indentified in the surface layer of lake sediments, including intensifi-
cation of lake overgrowing. Regardless to location of studied lakes in the composition of
upper sediment layer were found increase in content of heavy metals, which probably is
related to the atmospheric pollution caused by human activities.

Keywords: gyttja, Loss on ignition analysis, pollen, plant macroremains, heavy me-
tals, the Anthropocene.



DARBA IZMANTOTO SAISINAJUMU SARAKSTS

AAS - atomabsorbcijas spektrometrs

AD - péc Kristus dzim$anas, masu éra (latinu val. Anno Domini)
AMA - augu makroatliekas

AMS - akseleratora masas spektrometrs (anglu val. Accelerator mass spectrometry)
BC - pirms Kristus (anglu val. before Christ)

kal. g. PM - kalibrétie gadi pirms misdienam

KV - karbonatiskas vielas

LOI - karsésanas zudumi (anglu val. Loss on Ignition)

MV - mineralas vielas

OV - organiskas vielas

v.j. L. - virs jaras limena
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IEVADS

Ezeri ir dabiskas tidenstilpes sauszemes reljefa pazeminajumos jeb ezerdobés ar stavo-
$u vai loti léni teko$u tideni, kam nav tie§a savienojuma ar jiru (Leinerte, 1988; Ziverts,
2004). Jau kops ezera izveido$anas ezerdobé gandriz nepartraukti akumuléjas nogulumi,
kas tadéjadi ietver liecibas par vides apstakliem un to izmainam biezi vien tiksto$iem
gadu ilga ezera attistibas laika (Bell, Walker, 2005; Lewis, 2010). Lielaka dala ezerdobju
Latvijas teritorija ir radusas leddja un ta kusanas idenu darbibas rezultata. Lidz ar to
glacialas izcelsmes ezeri ir visizplatitakais ezeru genétiskais tips Latvija (Zel¢s, 1995).
Savukart vieni no jaunakajiem ir lagiinu izcelsmes ezeri, kas veidojusies tikai Litorinas
juras pédéjas regresijas laika pirms apméram 3000-4000 gadu, iidens limenim pazemi-
noties un laginai atdaloties no jaras (Grinbergs, 1957; Veinbergs, 1996). Tie galveno-
kart atrodas piekrasté, kas ir jaras krastam piegulo$a sauszemes teritorija (Ulsts, 1998;
Lapinskis, 2010).

Jau kop$ ezera izveidoSanas udens darbibas rezultata tiek skaloti un $kidinati iepla-
ku veidojosie iezi un nogulumi. Izskidusas vielas ietekmé Gdens kimiskas ipasibas un ari
izgulsnéto nogulumu sastavu (Leinerte, 1988). Ezera nogulumi ir viens no kontinenta-
lo nogulumu genétiskajiem tipiem, kuru sastavs ir atkarigs no lokilo geologisko apstak-
lu kopuma, ka ari no tas klimatiskas joslas rakstura, kura ezers izveidojies (O’Sullivan,
2004). Savukart nogulumu sedimentacijas intensitate atkariga no daudziem apstakliem,
ka, pieméram, no ezerdobes formas, to veidojosajiem nogulumiem, apkartéja reljefa un
ta apauguma, ezera dziluma, genézes un cilvéka ietekmes uz to (Reeves, 1968; Danilans,
1995). Ezera nogulumi sastav no neorganiska un organiska materiala, kas atnests no sa-
teces baseina (allohtons materials), ka arl no organogénajiem nogulumiem, kas parsvara
veidojas tiesi ezera (autohtons materials) no augiem un organismiem, kuri aug un dzi-
vo ezera (O’Sullivan, 2004). Nogulumi ietver arl puteksnus, kas ezera nogulumos gan
nokliist no baseina augosajiem augiem, gan ari var tikt transportéti no lielaka attaluma
ar gaisa plismam vai ar ezera sateces baseina virszemes Gdeniem (Birks, Birks, 1980).
Tadéjadi nogulumu seciba katra ezera ir nepartraukts geologisko procesu un vides iz-
mainu arhivs, kas satur informaciju par ezera un ta apkartnes dabas vésturi (Smol et al.,
2001; Bell, Walker, 2005). Lidz ar to, pétot ezeru nogulumos uzkrajusas un saglabajusas
liecibas un to fizikalos, kimiskos un biologiskos parametrus, var noskaidrot paleovides un
nogulumu uzkrasanas apstaklus un to izmainas ezera attistibas laika (Smol et al., 2001;
Bloesch, 2004; Lampert, Sommer, 2007).

Ezeru nogulumu paleolimnologisko pétijumu rezultati var sniegt butisku prieksstatu
par konkréta ezera veido$anas, nogulumu uzkrasanas vides apstakliem un to izmainam
ilgaka laika posma (Birks, Birks, 1980; Sturm, Lotter, 1995; Lewis, 2010; Klavin$ et al.,
2011; Pujate et al., 2012a; Pujate, Kalnina, 2013). Siem nogulumiem ir svariga nozime ka
pagatnes notikumu arhiviem, kas atspogulo vides mainibu ilgtermina gan ipasi attalas
vietds, pieméram, subarktiskajos vai arktiskajos apgabalos, gan arl industrialas blivi ap-
dzivotas vietas, kur dabas procesus ietekmé cilvéka darbiba (Roberts, 1998; Wetzel, 2001).
Ezeru nogulumu pétjjumu dati lauj pilnveidot izpratni par pagatnes vides apstakliem,
klimata sistémas raksturu. Tomér ezeru nogulumos ietverto paleovides izmainu liecibu
izpéte un kvantitativa novértéSana ir sarezgita, jo lidztekus mainigiem geologiskajiem



apstakliem nogulumu, it seviski ar organiskajam vielam bagato, sastavu var ietekmét bio-
tas. To raksturu, savukart, nosaka papildu vides parametri, ka, pieméram, baribas vielu
un skabekla pieejamiba, tidens kvalitate vai gaismas pietiekamiba (Birks, Birks, 1980).
Turklat, palielinoties cilvéku skaitam pasaulé un attistoties un pilnveidojoties tehnologi-
jam, arvien lielaka kltist cilvéka darbibas ietekme un slodze uz vidi, it 1pasi uz tadu jutigu
ekosistému ka ezeri (Wolfe et al., 2013).

Biokimiskas un fizikalas izmainas uz Zemes virsas saistiba gan ar nogulumu uzkra-
$anos (upés, ezeros, purvos u. c.), gan eroziju (adenstilpju krasti u. c.), ko izraisa cilvéka
darbibas, tiek uzskatitas par batiskam parmainam Zemes vésturé. Tas ir par pamatu kvar-
tara jaunaka geologiska laikmeta — antropocéna — nodali$anai (Zalasiewicz et al., 2008;
Zalasiewicz, 2013). Ezeru, bet it seviski seklo ezeru, ekosistémas ir jutigas pret klimata
mainibu un piesarnojumu, tapéc ir svarigi veikt kompleksu pétijjumu, lai ezera nogulu-
mos atpazitu regionalo (diftizo) piesarnojumu un atskirtu to no cilvéku darbibas izrai-
sita vietéja piesarnojuma. Tas var ietekmét ezeru attistibas gaitu, nogulumu uzkrasanas
apstaklus un sastavu, tai skaita ezeru aizaugsanu un organogénu nogulumu uzkrasanas
intensifikaciju (Bloesch, 2004; Bridge, Demicco, 2008; Zalasiewicz, 2013).

Pétijuma aktualitate

Ziemelu puslodes temperatiiru un klimata izmainu jaunakas rekonstrukcijas par pé-
déjiem 1000 gadiem lauj secinat, ka pirms industriala laika (pirms 1850. g.) temperatiiras
svarstibas apméram 41-64% gadijumu bija saistitas ar Saules radiacijas izmainam un vul-
kanismu. Tacu 20. gadsimta sasilSanu skatot vésturiska konteksta un salidzinot registrétos
novérojumus ar klimata lidzsvara simulacijas modeliem, secinats, ka dabiskais klimata
mainigums un globala sasil$ana parsniedz modeléto temperatiiru pédéjiem 1000 gadiem
salidzinajuma ar pédéja starpledus laikmeta attiecigo posmu (Crowley, 2000). Tas nepar-
protami liecina par antropogéno ietekmi uz klimatu, kas, savukart, rada vides izmainas,
kuras ietekmé daudzus dabas procesus un cilvéku dzives vides izmainas.

Lai varétu izprast un vadit $os procesus, pédéjos gadu desmitos tiek veikti pétijumi,
lai novértétu vides izmainas cilvéka darbibas ietekmé un meklétu tam liecibas nogulu-
mos. Paleogeografisko un paleoekologisko pétijumu dati liecina, ka cilvéks ir ietekméjis
vidi jau kop$ jaunaka akmens laikmeta (Ruddiman, 2003; Brown, 2012), iespaidojot gan
sauszemes, gan Udens ekosistémas. Tomér pirmsindustriala cilvéku darbiba un ietekme
uz ekosistémam parsvara bija lokala (Birks, 1986; Renberg et al., 2004). Ietekme ir ievéro-
jami palielinajusies kop$ lauksaimniecibas intensificé$anas (Melluma, 1990), kad méslo-
juma un pesticidu noplide ezeros radijusi paaugstinatu nitratu un fosfatu koncentraciju
(Briede, 1996). Tadél pédéjos gadu desmitos ezeru nogulumu jeb paleolimnologisko pé-
tjumu mérkis arvien biezak ir noteikt iespéjamo piesarnojumu, antropogéno ietekmi un
prognozét to iespéjamas izmainas nakotné (Klaminder et al., 2010).

Piekrastes ezeri ir unikalas un loti jutigas ekosistémas, kas batiski mainas laika gaita
dazadu dabas un cilvéka izraisitu procesu rezultata. Ka visjutigakie gan pret geologiska-
jiem procesiem, gan ari antropogéno ietekmi ir atziti Piejiras zemiené esosie piekras-
tes ezeri, tai skaita ari laglinas izcelsmes ezeri: Babites ezers, Kanieris, Engures, Liepajas,
Papes ezers u. c. (Leinerte, 1988; Morton et al., 2000). Latvija lidz §im ir maz nozimigu
piekrastes ezeru nogulumu kompleksu pétijumu, tadé] vél ir daudz jautajumu, uz kuriem
nav atbildes par vides izmainam ezeru attistibas gaita. Turklat janem veéra, ka geologiska



10

uzbive, hidrogeologiskie apstakli, klimats, zemes lietojuma raksturs un intensitate, ka
arl antropogéna piesarnojuma limenis Latvija at$kiras no situacijas citas Eiropas valstis
(Harmens et al., 2012), tapéc tiek uzskatits, ka citur veikto pétijumu rezultati nav tiesi iz-
mantojami vides procesu analizei Latvija (Kokorite, 2007). Lidz §im Ziemeleiropa veikto
pétijumu rezultati liecina, ka ticamaku prieksstatu par piekrastes, tai skaitd lagiinu izcel-
smes, ezeru ekosistému raksturu un to attistibu, var iegit, tikai izmantojot multidiscip-
linaru metozu kopumu (Lampe, 2002; Boréwka et al., 2002; Bordéwka et al., 2005; Saarse
et al,, 2009; Klavins, et al., 2011; Pujate et al,, 2011; Pujate et al., 2012). Sada pieeja péti-
jumam ir nepiecieS$ama ari tadeél, lai varétu noskirt geologisko procesu izraisitas izmainas
nogulumu sastava no cilvéku darbibas ietekmes, ka ari varétu atpazit iespéjamo holocéna-
antropocéna robezu (O’Sullivan, 2004; Pujate et al., 2014).

Lai noskaidrotu, ki mainjjusies Rigas lica piekrastes ezeru nogulumu uzkrasanas
apstakli dabisko procesu un cilvéka darbibas ietekmé, promocijas darba pétjjumam tika
izveléti piekrastes, parsvara laginu izcelsmes ezeri, kas atrodas lidzigos dabas apstaklos
Piejiras geobotaniskaja rajona, Piejiras zemienes Engures un Rigavas lidzenuma dabas
apvidos. Sie ezeri ir sekli un pasreiz intensivi aizaug (Strautnieks, 1997). Tapéc tiesi tie
ir visjutigakie pret cilvéku darbibas ietekmi, un lidz ar to sagaidams, ka, lietojot multi-
disciplinaru metozu kopumu un datu analizi, pétito ezeru aug$éjos nogulumu slanos bas
izsekojamas liecibas par antropogéno ietekmi un vides izmainu iezimes.

Promocijas darba merkis

Noskaidrot vides apstaklu izmainu un cilvéka darbibas atspogulojumu Rigas li¢a pie-
krastes ezeru nogulumu augséja slani (~ 50 cm).

Pétijuma hipotéze
Multidisciplinara pétijjuma iegitie dati liecina par pieaugosu antropogéno ietekmi

Rigas lica piekrastes ezeru nogulumu auggéja slani neatkarigi no to novietojuma rurala
vai urbana vide.

Meérka sasnieg$anai izvirziti $adi galvenie darba uzdevumi:

o veikt izvéléto ezeru nogulumu sastava fizikalas, kimiskas un paleobotaniskas analizes,
apstradat rezultatus un interpretét tos;

o péc iegitajiem datiem raksturot ezera nogulumu sastavu, noskaidrot ta izmainas
ezera attistibas gaita, ipasu uzmanibu pievérSot liecibam par iespéjamo antropogéno
ietekmi;

o izanalizét, ka iegiitie nogulumu sastava kimisko un paleobiologisko analizu dati ezeru
nogulumos lauj atpazit antropogéno ietekmi, salidzinat un raksturot to lidzibas un
atskiribas pétitajos ezeros;

o raksturot vides apstaklu izmainas un antropogénas ietekmes liecibas ezeru nogulumu
aug$éja slani un noskaidrot, vai iespéjams atpazit antropocénam raksturigas pazimes
Latvijas ezeru nogulumos.

Ezeru nogulumos atrodamo vides izmainu liecibas pétitas, izmantojot vairakas ezera
nogulumu sastava pétijuma metodes; tai skaitd sporu-puteksnu, algu un augu makroat-
lieku, citu mikrofosiliju atlieku metodi, kartografiska materiala apstradi, ka ari absolata
vecuma noteiksanu ar “C AMS un *'°Pb metodi.



11

Nemot véra lagiinu izcelsmes ezeru nogulumu jutigumu pret sedimentacijas apstaklu
izmainam, ka arl dazados uzskatus par iespéjamo antropocéna robezu un to, ka Latvijas
ezeru nogulumi praktiski nav vai ir maz piesarnoti, promocijas darba pétjjumam izvéléti
sesi Rigas lica piekrastes ezeri, kuru izveido$anos un attistibu noteikusi un ietekméjusi
Baltijas jiras attistibas stadiju baseini. Pieci no tiem ir lagiinas genézes ezeri, kuru tu-
vuma nav blivi apdzivotu vietu, t. i, tie neatrodas urbana vidé kadas pilsétas robezas,
tomér tos ir ietekméjusi gan cilvéka darbiba, pieméram, izrakts kanals, ierikoti autoceli
u. ¢, gan arl regionalais atmosféras piesarnojums. Velnezers, kas atrodas Rigas teritorija,
pétijumam izvéléts tadel, ka cilvéka darbibas ietekme ta sateces baseina un ta tuvuma ir
intensificéjusies tiesi pédéjos 50 gados, attistoties urbanai videi tie$i ezera krastos, lidz
ar to ir sagaidams, ka cilvéka darbibas ietekme biis labi atpazistama pétijuma rezultatos.
Pétijuma novitate

Latvija pirmoreiz veikti piekrastes ezeru nogulumu virséja slana multidisciplinarie
pétijumi, kas ietver nogulumu karsé$anas zudumu, sporu-puteksnu, augu makroatlieku,
metalu sastava, biologiska sastava analizes, lai noskaidrotu vides apstaklu izmainas Rigas
lica piekrastes ezeru nogulumu augséja slana (~ 50 cm) veidosanas laika, ka ari atpazitu
nogulumos robezu, no kuras sakas palielinata antropogéna ietekme, un uzzinatu, vai ir
iespéjams nodalit antropocénu.

Latvija pirmoreiz izmantota ezeru nogulumu biologiska sastava analize, kuras rezulta-
ti izmantoti ka viens no indikatoriem, kas raksturo ezeru nogulumu uzkrasanas apstaklus.

Pétijuma rezultatu aprobacija

Pétijumu rezultati apkopoti 5 zinatniskas publikacijas, ir 4 raksti kolektivajas mono-
grafijas, sniegti 17 zinojumi starptautiskas un 6 zinojumi viet&jas konferences.
Zinatniskas publikacijas
o Kalnina, L., Stivrins, N., Kuske, E., Ozola, 1., Pujate, A., Zeimule, S., Grudzinska, 1.,

Ratniece, V., 2014. Peat stratigraphy and changes in peat formation during the Holocene

in Latvia. Quaternary International, http://dx.doi.org/10.1016/j.quaint.2014.10.020

o Kalnina, L., Kuske, E., Ozola, I., Pujate, A., 2012. Fen and raised bog develoment in
the areas of former Littorina sea lagoons at the Coastal Lowland of Latvia. Peatlands
in Balance. Proceedings of the 14th International Peat congress, Sweden - Extended abs-
tract, No. 320. (Sweden, 3-8.06.2012.), pp. 320-378.

o Pujate, A.,, Kalnina, L., Klavins, M., 2012a. Changes of Lake Engure sediment-
ation conditions reflected by paleovegetation records. In: J. Burley, L. Loures,
T. Panagopoulos (Eds.), Recent Researches in Environmental Science & Landscaping.
Published by WSEAS Press, ISSN: 2227-4359, ISBN: 978-1-61804-090-9, University of
Algarve, Faro, Portugal (2.-4.05.2012.), pp. 155-160.

o Klavins, M., Pujate, A., Kokorite, I., Kalnina, L., Rodinovs, V., Ansone, L., Mazeika, .,
Jankévica, M., Bogans, E., Svagere, A., 2011. Reconstruction of anthropogenic impact
intensity changes during last 300 years in Lake Engure using analysis of sedimentary
records. Proceedings of the Latvian Academy of Sciences. Section B. Natural, Exact, and
Applied Science, volume 65 (5-6), ISSN (Print) 1407-009X, DOI: 10.2478/v10046-011-
0030-4, pp. 146-153.
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Pujate, A., Kalnina, L., Silamikele, I., 2010. Vegetacijas atspogulojums putek$nu spek-
tros Kemeru tirela takas apkartné. Latvijas Universitates Raksti, 752. séjums. Zemes
un vides zinatnes. 88.-98. Ipp.

Raksti kolektivajas monografijas

Kalnina, L., Kuske, E., Ozola, 1., Pujate, A., Stivring, N., 2013. Kadras uzkrasanas in-

tensitate dazada tipa un vecuma purvos Latvija. Intebsity of peat accumulation in mi-

res of different type and age in Latvia. Rakstu krajums: Vietéjo resursu (zemes dzilu,

meZa, partikas un transporta) ilgtspéjiga izmantosana - jauni produkti un tehnologijas

(NatRes). Sustainable Use of Local Resources (Entrails of the Earth, Forest, Food and

Transport) — New Products and Technologies (NatRes). Valsts pétljumu programma,

2010-2013. National Research Programme 2010-2013. Proceedings. ISBN 978-9934-

14-010-5. Latvijas Valsts koksnes kimijas institats, Riga, 52.-55. lpp.

Ustupe, L., Kalnina L., Pujate A., 2013. Studies of Modern Pollen ,,Rain in Seda Mire.

In: M. Klavins, L. Kalnina (Eds.), Bog and Lake research in Latvia. University of Latvia,

pp. 51-55.

Staskova, A., Cerina, A., Pujate, A., 2013. Paleovegetation changes according to

macrofossil investigation data during the decvelopment of Lake Mazais Ungurs. In:

M. Klavins, L. Kalnina (Eds.), Bog and Lake research in Latvia. University of Latvia.

pp. 45-50.

Lidzautore informativajam macibu lidzeklim: Kriimins, J., Silamikele, I., Purmalis, O.,

Stankevica, K., Kuske, E., Pujate, A., Ozola, I, Cerina, A., Ratina, L., Stivrins, N,

2012. Kidras un sapropela pétijumu metodes. L. Kalninas un M. Klavina (red.), LU

Akadémiskais apgads, Riga, 80 lpp.:

- Pujate A. ,Ezera un purva nogulumu paraugu iegGsanas panémieni un
aprikojums”;

- Kuske E., Ozola I., Pujate A., Stivrin$ N. ,,Sapropela un kadras sporu-puteksnu
analize”;

- Pujate A., Cerina A. ,Sapropeli un kadra esoso augu makroatlieku analize”.

Zinojumi un publicétas tézes starptautiskas konferences

Pujate, A., Stankevica, K., Drucka, A., Staskova, A., Cerina, A., Kalnina, L., Kuske,
K., 2014. Records of natural and human-induced environmental changes in Latvian
lake sediments. In: V. Zel¢s, M. Narti$s (Eds.). Late Quaternary Terrestrial Processes,
Sediments and History: from Glacial to Postglacial Environments, Excursion gui-
de and abstracts of the INQUA Peribaltic Working Group Meeting and field excur-
sion in Eastern and Central Latvia, August 17-22, 2014. University of Latvia, Riga,
pp. 127-129.

Stagkova, A., Cerina, A., Pujate, A., Kalnina, L., 2014. Lake Ummis and Lake Mazais
Ungurs sediments, Latvia. In: V. Zel¢s, M. Nartiss, (Eds.), Late Quaternary Terrestrial
Processes, Sediments and History: from Glacial to Postglacial Environments,
Excursion guide and abstracts of the INQUA Peribaltic Working Group Meeting and
field excursion in Eastern and Central Latvia, August 17-22, 2014. University of Latvia,
Riga, pp. 139-141.
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Kalnina, L., Cerina, A., Pujate, A., 2014. Evidence of pollen and plant macroremains from
the Gulf of Riga and costal area sediments, Baltic 2014. The 12th Colloquium on Baltic Sea
Marine Geology, Abstract Volume, Session A: Baltic Sea paleoenvironments, September
8-12, 2014, p. 61.

Kalnina, L., Cerina, A., Pujate, A., Kiziks, K., Drucka, A. 2014. Evidences of human
impact and vegetation change in some Iron Age-Medieval Livonian sites along the
lower course of River Daugava’, International Conference ,,Crusading Ecology”, section
‘Landscape change in Livonia”

Pujate, A., Kalnina, L., 2013. Distribution of pollen and plant macroremains in sediments
of Lake Babite, Pollen Monitoring Programme 9" International Meeting 26-30 September
2013, Charles University in Prague, Czech Republic. Volume of Abstracts, pp. 44-45.
Pujate, A., Kalnina, L., Ustupe, L., 2013. Reflection of the regional vegetation com-
position by pollen spectra from mire and lake areas in Latvia. Conference Landscape-
scale palaeoecology: towards quantitative reconstruction of landscape-scale vegetation
mosaics from pollen data. 6th-8th August 2013, University of Hull, Department of
Geography, Environment and Earth Sciences.

Pujate, A., 2013. Distribution of plant macrorenmains in sediments of Lake Babite.
The 2™ Conference of Doctoral School of Earth Sciences and Ecology Down to Earth,
May 16-17, 2013 Tallinn University, Estonia.

Pujate, A., Kalnina, L., Klavins, M., 2012b. Lagoon lakes in Latvia. University of Tartu,
Doctoral School of Earth Sciences and Ecology. Workshop: Training School: Palaeo-
coastlines of the Baltic Sea and Stone Age coastal settlements.

Pujate, A., Kalnina, L., Klavins, M., 2012c. Changes of Lake Engure sedimentation
conditions reflected by paleovegetation records. The 12th International Paleolimnology
Symposium. Glasgow, Scotland, 21-24.08.2012., SECC, pp. 175-176.

Staskova, A., Pujate, A., 2012. Reconstruction of paleovegetation change during the de-
velopment of Lake Mazais Ungurs according to the plant macrofossil analysis data. The
12" International Paleolimnology Symposium. Glasgow, Scotland, 21-24.08.2012., SECC,
p. 175.

Ustupe, L., Pujate, A., 2012. Studies of vegetation, modern pollen “rain” and fossil
pollen composition from raised bog monitoring sites in Latvia. Steering Group fourth
meeting and opening of raised bog exhibition ,,Secrets of Mires” of the LIFE 08 NAT/
LV/000449 EC LIFE project ,Restoration of Raised Bog Habitats in the Especially
Protected Nature Areas of Latvia” (07.02.2012.).

Ustupe, L., Pujate, A., 2012. Pollen spectra from peat, pollen traps and vegetation com-
position from the Seda Mire, North Vidzeme Biosphere Reserve, Latvia. 5" European
Symposium on Aerobiology. Poland, Krakow: ISSN: 17319404, volume 9 (2-3), p. 177.
Pujate, A., Ustupe, L., 2012. Studies of vegetation, modern pollen ,,rain” and fossil pol-
len composition from raised bog monitoring sites in Latvia. 5th European Symposium
on Aerobiology. Poland, Krakow: ISSN: 17319404, volume 9 (2-3), p. 189.

Kalnina, L., Cerina, A., Ozola, 1., Grudzinska, 1., Pujate, A., Kuske, E., 2012. Fen and
raised bog develoment in the areas of former Littorina sea lagoons at the Coastal
Lowland of Latvia. Peatlands in Balance. 14.International Peat congress, Peatlands as
historical archives, June 3-8, 2012. Abstract. Sweden, p. 320.
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Pujate, A., Kalnina, L., 2011. Comparison of vegetation and tree pollen records from
Lielais Kemeri Mire and Engure Lake, Latvia. In: A. Poska, I. A. Pidek, K. Kihno
(Eds.), Pollen Monitoring Programme VIII International Meeting 20-22 May 2011,
Tartu, Estonia. Volume of Abstracts. Tartu Ulikooli Kirjastus, Tartu, pp. 62-65.
Pujate, A., Stivring, N., Kalnina, L., Klavins, M., 2011. Sakotnéjie rezultati par Engures
ezera nogulumiem un to raksturu. Daugavpils Universitates 53. starptautiskas konfe-
rences tézes (Abstracts of the 53rd International Scientific Conference of Daugavpils
University). Daugavpils Universitate 53. Starptautiskas konferences tézu krajums,
39. Ipp.

Kalnina, L., Pujate, A., Namateva, A., 2010. Comparison of vegetation, modern pollen
»rain” and fosil pollen composition from Kemeri and Teici monitoring sites, Latvia.
8" European palaeobotany-Palynology Conference 2010, 6-10 July 2010 Budapest,
Hungary. Programm and Abstracts, pp. 128-129.

Promocijas darbs sastav no ievada, 4 nodalam, secinajumiem, 58 attéliem, 12 tabu-

lam, pétijuma izmantoti 458 literatiiras avoti.

Sis darbs izstradats ar Eiropas Sociala fonda atbalstu projekta ,, Atbalsts doktora studi-

jam Latvijas Universitatée”
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1. PETIJUMA TEORETISKAIS PAMATOJUMS

Ezers ir dabiska iek$zemes tidenstilpe, kas izveidojusies reljefa pazeminajuma, kuru
no visam pusém norobezo sauszeme (Wetzel, 2001; Loffler, 2004), un tam nav tiesas
tdens apmainas ar okeanu (Likens, 1985a; Hairson, Fussmann, 2002). Ezerdobes morfo-
logiskie elementi ir ezera gultne, piekraste un krasts. Ezers ir viens no nozimigakajiem ai-
navas elementiem, kas sastopams visos pasaules kontinentos (Bronmark, Hansson, 2001).
To morfologija var mainities geologisko procesu, tai skaita nogulumu uzkrasanas, rezul-
tata. Nogulumi ezeros veidojas gan no taja nonakusajam mineralajam vielam, augu un
dzivnieku atliekam, gan ari no augsnes dalinam un cita nebiologiskas izcelsmes materiala
no ezera sateces baseina, retak — no atmosféras. Nogulumi ezeros ir atskirigi péc fizika-
lajam, kimiskajam un biologiskajam ipasibam, ko nosaka terigéno nogulumu sastavs un
apjoms, ka arl biogéno un kimisko vielu klatbtitne (Likens, 1985a, b; Bridge, Demicco,
2008). Visu ezeru udenus un lidz ar to ari nogulumus ietekmé tajos notiekosie ekologiskie
un biokimiskie procesi (Lotter, Birks, 2003).

Ezeri ir svarigs ekosistému dinamikas pétijumu objekts, aplikojot mijiedarbibu starp
biologiskajiem, kimiskajiem un fizikalajiem procesiem. Tomér izpéti sarezgi tas, ka to at-
tistibu un nogulumu raksturu nosaka daudzi faktori: sateces baseina geologiska uzbiive,
sateces baseina topografija, nokrisnu daudzums un to sastavs, virszemes notece, grunts-
tdenu pieplade un to sastavs, cilvéka saimnieciska darbiba, biologiskie procesi u. c. (Last,
Smol, 2001a, b). Tadél ezeru nogulumu pétjjumos tiek lietotas dazadas metodes un ana-
lizes, lai, salidzinot iegiitos rezultatus, péc iespéjas precizak varétu atpazit nogulumos ie-
tvertos pieradijumus par vides apstakliem to uzkrasanas laika.

Arvien biezak tiek veikti starpdisciplinari pétijumi, kad viena nogulumu griezuma iz-
pété lieto vairaku izpétes metozu kompleksu (multi proxy dati). Pieméram, H. H. Birka
un H. J. B. Birks (2006) norada, ka multidisciplinari pétijumi jeb dazadu metozu kom-
pleksa lietojums viena urbuma pétijumos lauj iegiit vairak datu par vienu un to pasu dzi-
lumu/laiku un ka tie sniedz daudz plasiku informaciju par pétimo laikposmu. Sados pé-
tljumos ir svarigi ievérot vairakas pamatprasibas, tai skaita skaidri definét pétijuma meérki
un hipotézes, urbsanas panémienus, pamatot pétijuma vietu izvéli, hronologiju, rezultatu
interpretaciju un prezentaciju. Ka vieni no nozimigakajiem tiek uzskatiti sporu-putek$nu
un augu makroatlieku pétijumi, uzsverot, ka ezera vésturi nevar rekonstruét, nezinot sa-
teces baseina vésturi (Birks, Birks, 2006).

Ezeru nogulumu jeb paleolimnologiskie pétijumi ir balstiti uz detalizétam nogulumu
analizém, tostarp fizisko, kimisko ipasibu un dazadu biologisko liecibu, pieméram, fosilo
kramalgu, kladoceru, ostrakodu, gliemju, putek$nu un augu makroatlieku, analizém.

Termins ,,paleolimnologija” célies no grieku vardiem paleon ‘vecs, limne ‘ezers, logo
‘pétijums. Ta ir ciesi saistita ar ezeru nogulumu pétijumiem, limnologiju un paleoekolo-
giju (Birks et al., 2000; 2004). Paleolimnologiskie pétijumi ietver ezeru nogulumu pétiju-
mus ar dazadam metodém, lai rekonstruétu paleovides parmainas, kas saistitas ar tadiem
notikumiem ka klimata parmainas un cilvéka darbibas ietekme. Tai ir svariga nozime
ezeru nogulumos atrodamo liecibu uzkrasanas vides raksturo$ana, nemot véra vides iz-
mainas, tostarp paskabinasanos, eitrofikaciju, metalu piesarnojumu, organiska oglekla un
nogulumu uzkrasanas intensitati (Battarbee, Bennion, 2011).
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Paleolimnologija ka atseviska disciplina izveidojas 20. gs. otraja pusé (Smol, 2008),
atdaloties no limnologijas, un $aja nozaré veiktajiem pétjjumiem pamata ari ir multidis-
ciplinars zinatnisks pétjjumu kopums par ieks§zemes tideniem, jo ezera ekosistéma ir lim-
nologisku pétijumu kompleksa objekts (Wetzel, 2001; Cole, 2009; Seddon et al., 2014).
Biezi vien paleolimnologisko pétijumu rezultati nepieciesami, lai prognozétu ekosistémas
attistibu nakotné un risinatu problémas, kas konstatétas gan akadémiskos, gan lietiskos
pétijumos. Ta balstas uz starpdisciplinariem nogulumu pétijjumiem, ieklaujot ar geologi-
ju, fiziku, kimiju un biologiju saistitas metodes.

Pétijumi ezeros vésturiski bija vérsti uz konkrétam témam, pieméram, ezera basei-
na dziluma mérjjumiem vai kada organisma klatbatni ezera. Tikai 19. gs. beigas Sveices
zinatnieks Fransua Alfonss Forels (LofHler, 2004), kas tiek uzskatits par limnologijas pa-
matlicéju un kam bija loti plasa interese par ezeru ekosistémam un tajas notiekosajiem
procesiem, organizéja visaptverodus Zenévas ezera pétijumus, tai skaitd ari nogulumu
izpéti (Vincent, Bertola, 2012). Taja pasa laika Amerikas Savienoto Valstu tidens ekosis-
tému pétnieks Stivens Forbss ierosinaja pétit visu biotisko, abiotisko sistému, kas ietver
visu ezera ekosistému (Cole, 2009). Tolaik ta bija principiali jauna koncepcija, kas lidz
misdienam ir limnologisko pétijumu pamata. Ekosistémas koncepcija pavéra jaunu zi-
natnisko izpratni tada limeni, kadu nevaréja sasniegt, tikai veicot pétijumu par atsevisku
ekosistémas sastavdalu (Cole, 2009).

Ezera nogulumu pétijumi biezi vien tiek veikti, lai rekonstruétu tidens limena izmai-
nas nogulumu uzkrasanas laika, ka ari sauszemes apstaklus ezera sateces baseina un re-
gionalas ainavas raksturu (Birks et al., 2000; Birks, Birks, 2006). Faktori un procesi, ko
atspogulo konkréta ezera ekosistémas rekonstruéto izmainu modeli, lauj izprast procesus,
kas izraisa §is izmainas, pieméram, klimata, temperattras un nokri$nu vai ari cilvéka dar-
bibas parmainas, kas parsvara ietekmé ezera ekosistému un nogulumu uzkrasanas rakstu-
ru (Birks et al., 2000; Lotter, Birks, 2003).

Pédéjos gadu desmitos pétijjumos pievérsta uzmaniba ari tam, ka ezeru nogulumu vei-
dosanos var ietekmét ezera novietojums un morfometrija, ka ari ezeru krastu raksturs,
kas, savukart, ir ciedi saistits ar ezera geologiskajiem un biologiskajiem raditajiem, kuri
turpretim ietekmé ezera nogulumu sastavu (Lotter, Birks, 2003). Nogulumu uzkrasanas
intensitati un sastavu var iespaidot ari ezeru krastu ipasibas. Saposmotaki un stavaki
krasti sekmé intensivaku materiala iepladi no apkartéjas teritorijas un lidz ar to ietekmé
nogulumu sastavu, kas ezeru seklakaja piekrastes zona veidojas atskirigak no ta dzilakas
dalas. Piekrasté parasti ir pietiekami sekls, tadél saules starojums var ieklat lidz ezera no-
gulumiem un ietekmét Gdensaugu fotosintézi, tadéjadi veicinot makrofitu attistibu. Tiem
atmirstot un nosézoties ezera nogulumos, palielinas organisko vielu saturs nogulumos.
No piekrastes zonas Gdens dziluma ir atkariga Gdens augu izplatiba un lidz ar to ari orga-
nogéno nogulumu veidosanas raksturs (Wetzel, 2001).

Kaut ari paleolimnologija joprojam tiek uzskatita galvenokart par aprakstosu zinatni,
ta palidz attistit dazadas statistikas metodes un modelus, kas lauj labak interpretét da-
tus un izstradat prognozes par vides apstaklu iespéjamam izmainam (Battarbee, 1999).
Izmantojot multidisciplinaru pétijumu metozu kompleksu pieeju, jau ir panakts ievéro-
jams progress izpratné par dazadu saldiidens ekosistému attistibas raksturu un to ietek-
meéjosiem faktoriem (Birks, Birks, 1980; Smol, 2008). T4, pieméram, nogulumu daté$ana
ar "C un ?'°Pb ir uzlabojusi hronologisko izskirtspéju, kas savukart lauj noteikt, kad tiesi
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ir mainijusies nogulumu uzkrasanas apstakli (Bronk Ramsey, 2009). Tas ir loti svarigi,
lai novértétu ezeru nogulumos esoso vides izmainu iemeslus un antropogénas ietekmes
célonus.

1.1. Ezeru nogulumi ka vides izmainu arhivs

Nogulumi ezeros uzkrajas nepartraukti kop$ to izveidosanas daudzos gadijumos vai-
rakus ttkstosus gadu vai pat ilgak (Bloesch, 2004; Shotbolt et al., 2005), veidojot slanotu
kartojumu, kur katram nogulumu slanim ir attiecigs vecums. Tomeér ne vienmér §i attie-
ciba ir lineara (Moore, Webb, 1978). Ezeru nogulumos, atskiriba no augsto purvu kadras,
nav sastopamas lejupslidosas kustibas, kas deformé slanu sagulumu. Tomér ezeru nogu-
lumu auggéjos slanus var sajaukt organismi, kas tajos uzturas, ka ari Gidens turbulence, it
seviski tas ir izteikts lieliem, sekliem ezeriem (Bloesch, 2004). Dazadu tipu ezeros nogu-
lumi uzkrajas dazada atruma, pieméram, eitrofajos ezeros nogulumu uzkraganas temps ir
vislielakais, to veicina palielinatais organisko vielu daudzums (Bell, Walker, 2005). Tapat
janem véra tas, ka augu detrits, kiidra un cita veida organiskais materials no augsnes var
tikt erodéti ezera apkartné un ienesti ezera. Tapéc ogliSu vai organiska materiala klat-
batne nogulumos ne vienmeér ir izmantojama nogulumu absoliita vecuma noteiksanai.
Nogulumu secibu var butiski ietekmét ari iidens limena svarstibu, klimata (temperatiiras,
nokri$nu) izmainu un cilvéka darbibas rezultata aktivizéjusies erozijas procesi baseina
krastos un sateces baseina.

Nogulumi ietver gan biologiskas atliekas no pasa ezera un ta apkartnes, gan ari aug-
snes dalinas un citas nebiologiska izcelsmes materiala dalinas no ezera sateces baseina
un no atmosféras. Cilvéks, iejaucoties dabas procesos, ari var ietekmét ezera nogulumu
ipagibas, tas janem véra, analizgjot tiesi pédéjos gadu tukstosos veidojusos nogulumus.
Ta, pieméram, Polijas ziemelos esos$a Jasiena ezera nogulumu pétjjumi parada attiecibas
starp cilvéku saimniecisko darbibu un nogazu noskalosanas procesu subatlantiskaja laika
(Majewski, 2014). Saja sateces baseina erozijas un denudacijas ieleju ietekméjusi ilgstosa
cilvéka saimnieciska darbiba agrinaja dzelzs laikmeta un pirmsromiesu perioda, kad at-
meZzo$ana izraisija kalnu un pauguru nogazu procesu aktivizésanos. Tas rezultata vecakie
nogulumi biezi vien tika izskaloti un parsedza no nogazém noslidéjusos jaunakos nogu-
lumus, vecuma datéjums ir 450 gadi BC-100 cal. AD gadu.

Nogazu procesu intensificé$anas var biit saistita ar klimata parmainam, kas izraisa
temperatiiras pazeminasanos un mitruma palielinasanos (Majewski, 2014). Lidz ar to se-
cigi analizéti nogulumi katra ezera ir ka nepartraukts vides arhivs (Oldfield, 1977; Smol,
2002), kas satur informaciju par ezeru un ta apkartnes vésturi (Shotbolt et al., 2005). Saja
nogulumos ietvertaja arhiva ir liela liecibu dazadiba, tadeé] ir svarigi lietot dazadas me-
todes un analizes, kur viena metode papildina citu, lai, salidzinot iegitos rezultatus, péc
iespéjas precizak varétu rekonstruét paleovides apstaklus.

Nogulumu uzkrasanas intensitate ezeros ir atkariga no dazadiem geologiskiem pro-
cesiem un vides apstakliem, kas savukart ir jutigi pret klimata parmainam, reagéjot uz
temperatiras svarstibam (Harrison et al., 2002).

Ezera nogulumu uzkrasanas daudzums un sastavs var sniegt informaciju par ezeru un
ari ta sateces baseinu. Pieméram, zemienu ezeri, kuru sateces baseina teritorija ir mezi un
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lauksaimniecibas zemes, biezi uzrada lielaku organisko vielu klatbatni (Kim et al., 2014)
neka ezeri kalnu regionos (Upadhyay et al., 2012). Ari pétijumi Latvija atspogulo vegeta-
cijas izmainas ezera nogulumos salidzino$i neliela regiona (Rutina et al., 2012; Staskova
et al., 2013; Koff, Terasmaa, 2011), kur izpauzas katras vietas individualas ipatnibas - sa-
teces baseina reljefs, nogulumu sastavs, vegetacija, mitruma rezims un cilvéku darbibas
intensitate.

Augu un dzivnieku makroatlieku daudzums un sastavs ezeru nogulumos atspogu-
lo vides izmainas, kas var bat dazadu hronologisku notikumu arhivs (Levi et al., 2014).
Pieméram, identificéjot augu atliekas ezeru nogulumos, var spriest par pagatnes vegetaci-
ju ezera un pat ta sateces baseina. Parasti nogulumos bez augu makroatliekam (séklas, la-
pas, stumbri, saknites u. c.) saglabajas arl puteksni un citas makroskopiskas un mikrosko-
piskas atliekas (diatomejas, ostrakodi, amébas, oglisu putekli, minerali u. c.). Nogulumi
satur arl daudzas citas atliekas, pieméram, kapuru galvas kapsulas, odu atliekas, vaboles
un vézveidigos (kladoceras vai ostrakodi) (Smol et al., 2002), kas var tikt izmantoti da-
zadu notikumu identificé$anai (Korhola, Rautio, 2002; Holmes, 2001). Analizéjot putek-
$nu spektrus ezeru nogulumos, var netiesi rekonstruét vegetacijas attistibu (Birks, 1986;
Erdtman, 1954), kas faktiski ir saistita ar klimata izmainam ilgaka laika posma.

Vides izmainu pétijumos nesena pagatné blakus citam metodém var izmantot meteo-
rologiskos datus vai vésturiskos dokumentus. Pasaulé instrumentalo mérijumu ierakstus
saka veikt laika posma no 1850. gada lidz 1880. gadam (Hansen et al., 1981; Brohan et al,,
2006). Ta¢u par senakas pagatnes pirmsinstrumentaliem mérijjumiem laika notikumu pé-
tiSanai, kad detala uzskaite netika veikta, pieméram, viduslaikos Eiropa (450.-1450. g.),
datu praktiski nav. Tapéc paleovides pétijumos ir oti svarigi ar dazadu analizu palidzibu
no ezeru nogulumu arhiva iegit maksimali daudz datu (Ljungqvist, 2010), kas papildina
cits citu.

1.2. Piekrastes ezeru attistiba

Ezeru izcelsmi, attistibu un nogulumus zinatnieki ir pétijjusi jau vairak neka 180 gadus
(Reeves, 1968; O’Sulivan, 2004). Daudzo pétijjumu rezultata nodaliti 11 ezeru genétiskie
tipi un 76 apakstipi péc to izcelsmes (Hutchinson, 1957; Cohen, 2003), noskaidrotas vides
apstaklu izmainas ezeru attistibas gaita. Dala no tiem kadreiz ir bijusi piekrastes lagiinas,
kas ir jaunas un dinamiskas sistémas, tomér tas var but islaicigas attieciba pret geologisko
laiku. Tas ir sastopamas gandriz 15% no pasaules krasta linijam (Kusky, 2005; Nybakken,
2003). Dala $o laginu, pazeminoties jiras limenim, ir pilniba atdalijusas no jiras un klu-
vusas par piekrastes saldadens baseiniem.

Piekrastes, tai skaita lagtinas izcelsmes ezeru ekosistémas nogulumu, pétijumu rezul-
tati sniedz noderigu informaciju gan par jiras limena izmainu raksturu (So ezeru ekosis-
témas ir loti jutigas pat tad, ja pastav nelielas jiras limena variacijas (Carter et al., 1989;
Dominguez et al., 1987; Kraft et al., 1981; Morton et al., 2000)), gan par cilvéka darbibas
ietekmi.

Musdienas Latvijas teritorija ir 2256 ezeri, kas lielaki par 1 ha, un kopuma tie aiznem
1,5% no valsts teritorijas platibas (Leinerte, 1988). Starp tiem dominé glacialas izcelsmes
ezeri, kuru ezerdobes ir izveidojusas pédéja apledojuma ledaja darbibas rezultata. Tacu
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piekrasté, kas tiek definéta ka jiras vai iekszemes tidenstilpes krastam piegulosa sausze-
mes teritorija, reljefa veido$ana péc ledaja atkapsanas ievérojama nozime ir bijusi ari jiiras
limena svarstibam un geologiskajiem procesiem Baltijas jiras attistibas stadiju laika.

Latvijas piekrasté daudzviet saglabajusas krasta reljefa formas, kas veidojusas agrako
Baltijas juras stadiju baseinu laika. Ipasi plasi ir sastopamas Litorinas laika akumulativas
reljefa formas, kuras tiek aktivi parveidotas vélaku geologisko procesu rezultata (Ulsts,
1998). Laika gaita parveidojusies ari lagiinas izcelsmes saldiidens baseini, kas atrodas
Litorinas jaras akumulacijas lidzenumos un kas musdienas ir ievérojami vai pat pilnigi
aizaugusi.

Péc Baltijas ledus ezera, Ancilus ezera un Litorinas jiiras regresijas laginas zaudéja saik-
ni ar jaru un, pakapeniski atsalojoties, kluva par saldidens baseiniem. Lagiinas genézes
ezeri ir vieni no jaunakajiem ezeriem Latvijas teritorija, to vecums ir ap 3000-4000 gadu.
To veido$anas aizsakas viena no Baltijas jiiras attistibas stadijam - Litorinas jiras laika,
kuras limenis bija augstaks par tagadéjas Baltijas jiras limeni un kuras krasti iesniedzas
dzilak sauszemé.

Sakumstadija, kad neliels jaras licis atdalijas no paréjas teritorijas ar zemiidens sékliem
vai nepilnigi izveidotiem virstidens smil$u valniem un kapam, radas embrionala lagtina
(biezi $ie norobezojumi veidojusies uz nogulumu pacélumiem, kas radusies iepriekséjo
apledojumu laika). Lagiinas iidenim bijis grati sajaukties un apmainities ar jaras tideni,
$o procesu ir traucéjusi sanesu veidojumi. Kad pazeminajas jiras limenis vai ari sane-
$u veidojumi kluva lielaki un augstaki, lagiina no jaras atdalijas pilniba (Leinerte, 1988).
Salidzinajuma ar Baltijas ledus ezera nogulumiem Litorinas nogulumu mineralajam sa-
stavam raksturigs lielaks kvarca un granatu ipatsvars, bet mazaks karbonatu, vizlas, apa-
titu ipatsvars. Vairakos pétijjumos konstatéts, ka Litorinas jiiras transgresija notikusi vis-
maz divas reizes (Grinbergs, 1957; Aboltina-Presnikova, 1960; Grinbergs, Guzlena, 1964;
Gudelis, Kénigsson, 1979; Bitinas, Damusyté, 2004). Péc otras transgresijas Litorinas jiira
atkal atkapas, izveidojot tagadéjo Baltijas jaru (Veinbergs, 1996).

Péc tam sekoja lagiinas ezera stadija, kad atklata jira vél joprojam ietekméjusi lagtnu,
jo caur krasta sanesiem filtréjas vai ari stipru vétru laika pari krasta saneiem parslacas
juras Gdens. Tikai tad, kad jira pilniba vairs neietekméja lagtinu, izveidojas piejaras ezers
(Leinerte, 1988).

Piekrastes ezeri parasti médz but plasi, bet sekli (ne dzilaki par 10 m). Latvija gar
Baltijas jaru un Rigas lica piekrasti ir daudz lagiinas izcelsmes ezeru, pieméram, Tosmares,
Papes, Liepajas, Babites, Kaniera, Juglas, Engures, Baisnieku ezers, Lielais Baltezers un
Mazais Baltezers, un vél citi. Laglinas tipa ezeri ir visjutigakie pret antropogéno ietekmi
(Liepa u. c., 1989). To attistibu un raksturu ietekmé gan atrasanas vieta, gan ezerdobi vei-
dojosie nogulumi, ieteko$as un iztekosas tidensteces, gruntstidens limenis, gan ari cilvéka
darbiba u. c.

Ezeru attistiba ir atkariga no ta noteces apstakliem, platibas, ezerdobes formas un dzi-
luma. Liela nozime ir ezerdobes raksturam — nogazu slipumam, tidens sateces baseina pla-
tibai un apmezotibai (Danilans, 1995; Rafferty, 2011). Atkariba no $iem ezerdobi raksturo-
josiem lielumiem nogulumu uzkrasanas ezeros médz but atskiriga. Pastav pienémums: jo
ezers ir seklaks, jo taja straujak uzkrajas organogénie nogulumi un tas atrak aizaug.

Parasti aizaug$ana ir raksturiga ezeriem ar plasu un seklu litorales joslu. Tadas vietas
ievie$as mitrumu milo$as augu sugas — grisli, kosas, kalmes, niedres, puplaksi u. c. Ezera
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seklakajas vietas, atmirusajam mitrumu miloSo augu kartam nepartraukti parklajoties, vei-
dojas nogulumi, kurus Gdens ar laiku vairs nespéj parsegt. Aizaugsana vienmér sakas no
aizvéja puses un no krasta. Ta ka Latvija valdosie v&ji ir ziemelrietumu véji, tad austrumu
piekraste parasti ir vairak izskalota un nogulumiem ir gratak uzkraties (Leinerte, 1988).

Dala zinatnieku izskir 3 ezeru aizaugsanas veidus — no baseina dibena, no baseina
virsmas (paraug$ana) un intra aquatic — aizaug$ana ar tadiem tdensaugiem ka pleisto-
fiti (brivi peldosi augi) un istie hidrofiti (ideni augosi augiem). Aizaugsanai no baseina
virsmas raksturigi, ka densaugi un purva augi veido peldosu augu paklaju, kurs izplatas
horizontali, samazinot atklato tidens platibu. Tacu intra aquatic aizaugSanas procesu iero-
sina un uztur Gdensaugi — pleistofiti un istie hidrofiti, kuri ir vaji nostiprinati vai vispar
nav nostiprinati ezera dibena grunti (Korhola, 1995; Ellenberg, 2009).

Pédéjo gadu pétijumos ir konstatéts, ka visbitiskak aizaugsanu ietekmé peldoso augu
biomasas strauja palielinasanas. Peldoso augu dominance $ajos ezeros ir saistita ar pri-
maras produkcijas daudzveidibas samazinasanos, jo to noénojums traucé augt daudzu
fitoplanktona un iegremdéto makrofitu sugu parstavjiem (Smith, 2014). Turklat palielina-
ta baribas vielu pieejamiba veicinaja $o augu dominanci, radija izmainas biotopu struk-
taras un anoksijas rezultata samazinajas dzivnieku daudzveidiba (Scheffer et al., 2003;
Villamagna, Murphy, 2010; Feuchtmayr et al., 2009; Netten et al., 2010). Tomer citi fakto-
ri var negativi ietekmét peldosu augu reakciju uz baribas vielu daudzumu. Tas Ipasi attie-
cas uz Gdensziedu dzimtas augiem (Araceae: Lemnoideae un Wolftioideae), kas parsvara
aug skaba lidz neitrala vidé (Hillman, 1961; McLay, 1976). Pieméram, trejdaivu adens-
zieda Lemna trisulca aug$anai nav pielaujamas pH vértibas virs 8 (Keddy, 1976). Tapéc
arl dominé peldo$o augu taksoni, kas izturigi pret augstu pH limeni, pieméram, citam
lécu gintim, zilalgém un diegveida zalalgém (McLay, 1976; Gopal, Goel, 1993; O’Farrell
et al, 2011). Vél viens ietekméjoSais faktors ir konkurence starp augu gupam. Pieméram,
M. Sefers (Scheffer et al., 2003) uzskata, ka brivi peldosas sugas var konkurét ar zemiidens
augiem cina par slapekli (ideni un nogulumos) un apgaismojumu.

Nogulumu uzkraganas atrums ezeros, kurus nav ietekméjusi cilvéka darbiba, var
sasniegt 1-2 mm gada. Pédéjo 2000-3000 gadu laika, un jo Ipasi pédéja gadu simteni,
daudzos ezeros tas ir ievérojami palielinajies (Leinerte, 1988). Straujas ezerdobes aizpil-
disanas iemesls ir cilvéka saimnieciska darbiba, kas izraisa pastiprinatu biogéno un mine-
ralvielu dalinu ieklasanu tdeni kopa ar notekiideniem. Nelabvéliga ietekme ir ari mezu
izcirSanai un lauksaimnieciskajai darbibai krastu nogazés, melioracijai, mineralméslu,
pesticidu izmanto$anai lauksaimnieciba un atmosféras piesarnojumam. Lidz ar to antro-
pogéna darbiba veicina intensivu ezeru eitrofikaciju un tie zaudé savas pasattirisanas un
organisko vielu mineralizacijas spéjas. Visizteiktak $ie procesi norit seklos ezeros, pie ku-
riem pieskaitami ari visi lagiinu genézes ezeri un pétijjumam izvélétie ezeri.

Dabiskas aizaug$anas un antropogénas darbibas rezultata tikai nedaudz ezeru Latvija
saglabajusies mezotrofi. Vairakums no tiem, pat dzilie, ir eitrofi un distrofi, stipri vai pil-
nigi aizaugusi ar Gdensaugiem (Leinerte, 1988). Ezeriem aizaugot, to seklakajos licos sak
veidoties kiidra, jo tur ir liela biomasa, kurai atmirstot sakotnéji veidojas kiidraina gitija,
kur, krastmalas un meldru un niedru joslas augiem ejot boja, paliek parsvara rupjas augu
atliekas. Tendence, kad purvi veidojas, aizaugot ezeriem, kuros virs gitijas uzkrajas kidra,
vérojama gan Baltkrievija, gan ari Latvija, kur katrs tresais purvs attistas vieta, kura kad-
reiz bijis ezers, un tajos zem kidras iegul gitija (Kurzo et al., 2004; Kalnina et al., 2014b).
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1.3. Ezeru nogulumu piesarnojums

Ezeros tiek ieskalotas un nogulumos uzkrajas dazada rakstura dalinas no sateces ba-
seina. Tadéjadi ezeri darbojas ka erozijas procesos radusos suspendéto nogulumu uztvé-
r&ji jau kops pédéja ledaja deglaciacijas (Finger et al., 2006; Bezinge et al., 1989; Wessels,
1998).

Si iemesla dé] ezeru nogulumi biezi vien satur augstiku piesarnojuma limeni salidzi-
najuma ar to tuvako apkartni, jo ezeros ieplast Gdeni no plasas sateces baseina teritorijas.
Gan ezeru tdenos, gan ari to gultnes nogulumos atspogulojas sateces baseina notieko-
$ie procesi un darbibas. Izlijusas kimiskas vielas var aizplist ar iidenstecém uz ezeriem.
Dazada veida piesarnojums ietekmé tidens kvalitati ezeros un citus saldiidens resursus
visa pasaulé. Ipasi jutigi pret piesirnojumu un antropogéno ietekmi ir lagiinu ezeri.
Piesarnojums tajos noklist dazados veidos gan no riipniecibas, gan arl no lauksaimnie-
cibas vai komunalajiem avotiem. Ezeros tiek ienesti pesticidi, herbicidi un piesarnojums
no kanalizacijas. Ezera iidens piesarnojums butiski ietekmé arl ezera nogulumu kimisko
un fizikalo sastavu. Ezeru nogulumu piesarnojums galvenokart ir atkarigs no piesarnoju-
ma avotiem sateces baseina. Piesarnojums parasti tiek klasificéts péc ta, vai tas ir vai nav
punktveida piesarnojums. Augsta piesarnojuma koncentracija parasti nak no punktveida
avotiem ezera krasta un/vai sateces baseina (Bloesch et al., 1995). Punktveida piesarnoju-
mu ir vieglak samazinat un novérst neka diftizo piesarpojumu, jo tas nak no kadas kon-
krétas vietas.

Piemeéri punktveida piesarnojumam: riipniecisko atkritumu izgasana, notekiideni no
notektidenu attiri$anas iekartam un citas bistamas kimiskas nogulsnes (pieméram, kodol-
atkritumus). Ari siltums var radit piesarnojumu. Pieméram, elektrostacijas biezi izmanto
udeni, lai atdzesétu parkarsusas iekartas. Izlietotais karstais tdens noklast ezeros un mai-
na ezera temperatiru. Tada piesarnojuma forma ka siltums var bat kaitigs un nogalinat
dzivibu Gdeni, tostarp jutigas zivju sugas.

Ja piesarnojums rodas no vietam, kas atrodas talu prom no tdenstilpes, vai ja ir loti
daudz mazu, difazu avotu, tad tas nav uzskatams par punktveida piesarnojumu. Tad tas
var bt klasificéjams ka diftizais piesarnojums, kam raksturigs piesarpojums, kas ienak
tdensobjekta un ko nevar sasaistit ar konkrétu avotu atrasanas vietu (Klavins et al., 2008).
Drizak tads piesarpojums nak no daudziem diftiziem avotiem un nelielos daudzumos,
bet koncentréjas ezeros un ietekmé saldiidens resursu.

Diftizais piesarpojums ietver lauksaimniecibas noteci (pesticidi, mineralmesli, kits-
mésli), skabos lietus, nitrata nogulsné$anos un izskalo$anos no septiskam tvertném.
Diftizais piesarnojums veido lielako dalu no piesarnojuma tadens sistémas, ka ari ietver
daudzas aktivitates, kas notiek apkart ezeriem. Ezerus var ietekmét arl atmosféras piesar-
nojums, bet smago metalu koncentracija parasti ir zema.

Saldtdens ezeri piesarnojosas vielas sanem no atmosféras (antropogénas izcelsmes),
un tas var ienest un sedimentét arl upju tdeni no sateces baseina. Eiropa kops indus-
trializacijas sakuma dominéjosais antropogénais smago metalu avots ir atmosféra (De
Vleeschouwer et al., 2007). Ievérojami piesarpojuma avoti ir arl industrialie atkritumi,
lauksaimniecibas notekaideni, noteces un atmosféras nokrisni, kas batiski ietekmé virsze-
mes Gdenus un lidz ar to ari ezeru nogulumus (Karlsson et al., 2010). Méslojuma un lauk-
saimniecibas pesticidu, un pilsétu kanalizacijas noplade ezeros rada paaugstinatu nitratu
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un fosfatu koncentraciju (Briede, 1996). Lietusiidens satur daudz dazadu piesarnotaju,
pieméram, smagos metalus (svins, cinks, var§, kadmijs, hroms un nikelis), organiskos sa-
vienojumus, baribas vielas un cietas vielu dalinas (Marsalek et al., 1997).

Lai ar piesarnojuma limenis ezeru ekosistémas Latvija parasti ir tuvu fona limenim
(Klavins et al., 1995, 2012; Briede, 1996), tomér biezi vien tas ir ietekmé&jusi cilvéka dar-
biba, kas veicinajusi parmérigu baribas vielu piepliidi un uzkrasanos, tadéjadi palielinot
daudzu ezeru primaro produktivitati un radot izmainas to vidé (Jankévica u. c., 2012).
Kimiskais piesarnojums var nonakt ezera skabo lietu ietekmé. Skabie lieti konstatéti ari
Latvija, ta¢u nokri$nu tdenos analizéto vielu koncentracijas un to izkriSanas moduli
neliecina par butiskiem lokala piesarnojuma avotiem vai parrobezu piesarnojuma ie-
tekmi (Klavins et al., 2008). Si probléma ir aktuala valstis, kuras pamatieZi un augsnes
ietekmé mazmineralizétu tideni ezeros, pieméram, Skandinavijas valsts, kuras pamat-
iezis ir granits. Latvija loti neliela dala ezeru ir mazmineralizéti. Skabo lietu ietekmei
visvairak ir paklauti ezeri ar vaji skabu pH un mazu kopéjo jonu koncentraciju, tas
nosaka zemu preto$ands spéju pret paskabinasanos. Lidzigs process ar pH izmainam
notiek augsné, tas sekmé smago metalu izskalo$anos un iekla$anu ezera. Smagie me-
tali skaba ideni neveido neskistosus savienojumus un klast viegli pieejami dzivajiem
organismiem.

Smagie metali, kas akumuléjas tidenstilpju sateces baseinu @ideni, biota vai nogulumos,
mainoties vides fizikalkimiskajam Ipasibam, var tikt iesaistiti vielu biogeokimiskas aprites
ciklos. Tie ir visnoturigakas piesarnojosas vielas ezeru ekosistémas, jo ir izturigas pret
sadalisanos, slikti $kist tideni, adsorbéjas un uzkrajas ezera nogulumos (Jain et al., 2008).
Tapéc ezeru nogulumi var tikt izmantoti to smago metalu pétisanai, kas tiek ienesti ezera
vidé dabisko un antropogéno procesu ietekmé (Thevenon et al., 2011, 2013). Veicot péti-
jumus ezeru nogulumos un nosakot smago metalu koncentracijas un to limenus, iegiitos
datus var izmantot par vides piesarnojuma indikatoriem, novértéjot vides piesarnojuma
limeni adenstilpju sateces baseinos (Salomons, Forstner, 1984). Tomér Sie dati jaizvérté ar
lielu piesardzibu, jo nogulumu sastava var bt ari dabigas izcelsmes metali.

Nogulumu pétijumu dati liecina, ka malu minerali, mala agregati un smagie minerali
ir galvenais smago metalu avots nogulumos. Fe/Mn oksidi, karbonati un sulfidi ir domi-
néjosie smago metalu autohtono frakciju akumulé$anas fazés. Ezeru nogulumu pétijjumu
dati, kurus ietekméjusi skabie nokrisni, liecina, ka cinks, kobalts un nikelis galvenokart
atbrivojas no viegli reducéjosos nogulumu frakcijam, bet kadmijs - no organiskajam
frakcijam. Turpret], ja pH ir 4,4, ne svins, ne var$ praktiski neatbrivojas vai atbrivojas
neliela apjoma (Forstner, 1982).

Vairaki zinatnieki ir méginajusi nodalit un grupét metalu izcelsmes avotus, litologis-
kos un antropogénos metalu izcelsmes avotus (Salomons, Forstner, 1984). Konstatéts, ka
dabiska izcelsme ir raksturiga tadiem elementiem ka cinks, rubidijs, stroncijs, turpretim
kobalta, hroma, nikela, vara, kadmija, dzivsudraba un svina paaugstinatas koncentracijas
norada uz antropogénas iedarbibas intensitates palielinasanos. Analizéjot $os rezultatus,
secinats, ka starp nodalitajam divam metalu grupam pastav elementu mijiedarbiba un
tie var saistities dazadas kombinacijas. Konstatéts, ka mangana un dzelzs koncentracijas
paaugstinasanas antropogénas darbibas rezultatad var paatrinat Gdenstilpju eitrofikaciju,
ka ari So elementu uzkrasanas var izraisit citu elementu akumulaciju (Salomons, Forstner,
1984).
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Metalu koncentracija un izplatiba ezeru nogulumos biezi tiek izmantotas, lai izpétitu
to uzkrasanas hronologiju un piesarnojoso vielu telpisko izplatibu (Owen, Sandhu, 2000;
Spencer, 2002; De Carlo, Anthony, 2002).

Metalu saturs ezera nogulumos ir ciesi saistits ar So vielu pieplides daudzuma inten-
sitati ezera, ka ari ar ta trofijas stavokli (Kokorite, 2007). Galvenais faktors, kas nosaka
vielu pieplades daudzumu, lidz ar to ari dabisko metilu koncentraciju ezera sateces ba-
seina, ir aug$nu granulometriskais sastavs, organisko vielu daudzums un struktara, ka ari
reljefa raksturs sateces baseina. Biezi ievérojama dala ezera nogulumos eso$o metalu ir
saistiti kimiskos savienojumos un kompleksos ar tadam organiskajam un neorganiskajam
vielam, kas dzivajiem organismiem ir griti asimiléjamas (Briede, 1996). Par butisku tiek
uzskatits vides un tatad ari nogulumu piesarnojums ar metaliem. Kaut arl metalu iesais-
tiSanas vielu geokimiskas aprites ciklos norit relativi mazintensivi, tomér antropogénas
darbibas rezultata no litosféras nonak ievérojams daudzums razo$ana izmantoto metalu,
un tie atgriezas vidé razosanas procesu blakusproduktu veida. Aktuals ir jautajums par $o
elementu pieplades daudzumu, kas nosaka $o elementu koncentraciju un akumulacijas
procesa intensitati tidens ekosistémas (Briede, 2006), ka ari var ietekmét ezeru nogulumu
kimisko sastavu.

Analizéjot mikroelementu uzkrasanos dazados nogulumu posmos adenstilpés (eze-
ros), var iegit informaciju par kopéjo regionalo piesarnojuma limeni, bet mikroelementu
uzkrasanas modelu analize nogulumu profilos var palidzét rekonstruét antropogénas ie-
tekmes vésturi. Pétot un analizéjot mikroelementu koncentraciju dazadas izcelsmes eze-
ru nogulumos Latvija, tika analizéti to ietekméjosie faktori (Klavins et al., 1995, 2011;
Briede, 1996). Tika konstatéts, ka metala koncentracijas ezeru nogulumos Latvija ir tuvas
koncentraciju fona limeniem, kas bitiski atskiras no ezeru nogulumiem Rietumeiropas
valstis. Analizéjot elementu koncentracijas izmainas nogulumu profilos, var iegat infor-
maciju par tendencém tadu nogulumu sastava, kas uzkrajusies pédéjo 150 gadu laika, un
par lidzsvaru starp dabas un cilvéka izraisitas akumulacijas procesu (Steinnes, 1990). So
datu interpretacija ir komplicéta, jo nav pietiekami daudz ilgtermina vides pétijumu datu,
kas varétu sniegt informaciju par agrako antropogéno piesarnojoso vielu fona limeni un
metalisko mikroelementu uzkrasanas intensitati. Tadé] ir svarigi izpétit ezera dzilako sla-
nu nogulumus, kurus, visticamak, nav ietekméjusi procesi, kas saistiti ar cilvéka darbibu
(Shotyk et al., 1998; Arnaud et al., 2004).

Pétijumos konstatéts, ka smago metalu koncentracijas Latvijas ezeru nogulumos par-
svara ir tuvu fona limenim. To var izskaidrot ar geokimisko faktoru raksturu un nogu-
lumu daudzveidibu sateces baseina, ka arl ar minimalu antropogéno noslodzi. Taja pasa
laika vairakos ezeros un to nogulumos ir izteikta tiesi antropogéna ietekme. Tas it seviski
attiecinams uz transporta punktveida avotu ietekmi (Klavins et al., 2012). Viens no batis-
kakajiem piesarnotajiem gan Latvija, gan pasaulé ir atmosféras piesarnojums. Ta galvenie
avoti ir degSanas procesi, jo Ipasi degSana, elektroenergijas razosana, sadedzinasana un
iek§dedzes motors (Battarbee et al., 1988; Duce et al., 1991; Hutton, Symon, 1986; Nriagu,
1989; Nriagu, Pacyna, 1988).

Smago metalu sastava analize ezera nogulumu profilos lauj iegiit informaciju par to
daudzuma izmainam un piesarnojumu ezerdobes nogulumos vésturiska griezuma, ka ari
atspogulo to izgulsnésanos gaitu ilgtermina, dodot iesp&ju novértét nesenu metalu piesar-
nojumu un to salidzinat ar dabisko limeni (Eades et al., 2002).
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Saldidens ezeru nogulumu, kuriem ir noteikts vecums, analize tiek izmantota, lai
rekonstruétu cilvéka darbibas rezultata radita svina Pb emisijas vésturi atmosféra kop$§
romiesu laikiem, viduslaiku derigo izraktenu ieguves perioda, industrialas revoliicijas un
véla industriala perioda 20. gs. beigas. To pierada svina koncentracijas un izotopu anali-
zes (**Pb/*Pb) attiecibu izvértésana, kas regulari katru gadu tiek veikta Zviedrija cetros
ezeros, lai nodro$inatu atmosféras svina piesarnojuma uzskaiti pédéjo 3000 gadu laika
(Braennvall et al., 1999). Rezultati skaidri liecina par gaisa piesarnojumu nogulumos no
grieku un romiesu kulttiras laikiem pirms 2000 gadu. Kops 900. gada bija novérojams
pastavigs atmosféras svina piesarnojuma pieaugums nokrisnos. Nogulumos ieziméjas ari
ievérojama svina daudzuma palielinaganas atmosféra pirms 1200. un 1530. gada, un S$is
daudzums salidzinams ar pasreizéjo limeni. Sie piki vésturiski atbilst metalu razoanas
uzplaukumam Eiropa (Braennvall et al., 1999). Zviedru pétijums liecina, ka miasdienu at-
mosféras piesarnojums Ziemeleiropa ir izveidojies jau viduslaikos, nevis industrializacijas
perioda. Atmosféras svina piesarnojums nogulumos vésturiski ir palielinajies par tik, par
cik parasti pienemts industrialas revolticijas laika (1800) (Braennvall et al., 1999).

Svins tiek izmantots ka viens no prioritarajiem elementiem, kas parada antropogéno
piesarnojumu virséjos ezera nogulumos, jo, pieméram, Niderlandes zinatnieki biezi ap-
galvo, ka augsne bez antropogénas ietekmes vairs nepastav (Van der Meent et al., 1990;
Klaminder et al., 2010). Zinatniskaja literatara Joti biezi tiek minéta ta plasa izplatiba
(Komdrek et al., 2008) un ta spéja ar gaisa masam izplatities pat tadas vietas ka Grenlande
(Rosman et al., 1993) un Antarktida (Vallelonga et al., 2002). Latvija nav izplatitas svi-
na ieguves riidas, kas varétu but ta dabiskais avots, tadé] svina daudzuma palielinasanas
var bt saistita ar antropogéno ietekmi (Faure, 1986; Briede, 1996; Nikodemus, Brumelis,
1998; Klavins, 2000; Nikodemus et al., 2004).

1.4. Butiska antropogénas ietekmes palielinasanas un antropocéns

Pédéjos gados plasas diskusijas ir izraisijusi uzskati par to, ka nogulumu veido$anas
apstakli nesena laika posma ir batiski mainijusies (Kolbert, 2006; Zalasiewicz, 2013). Jau
2002. gada Nobela prémijas laureats Niderlandes kimikis P. Krutzens (Crutzen, 2002)
pazinoja, ka més dzivojam nevis holocéna, kur§ sacies pirms 11 700 gadu, bet jau an-
tropocéna, kam raksturiga bitiska cilvéka darbibas ietekme, tai skaita uz geologiskajiem
procesiem (Kolbert, 2006). Gan Zemes virsas biokimiskas un fizikalas izmainas, ieskaitot
nogulumu uzkrasanos tdenstilpés, purvos u. c., gan dabas un cilvéku darbibas izraisita
erozija tiek uzskatitas par butisku pagrieziena punktu Zemes vésturé, kas tiek dévéts par
antropocéna laikmetu (Zalasiewicz et al., 2008; Zalasiewicz, 2013).

Termins ,,antropocéns” tiek lietots, lai raksturotu Zemes véstures neseno posmu, kura
laika cilvéki ar savu darbibu ir ietekméjusi Zemes sistému. Pédéjos gados $o laika posmu
daudzi zinatnieki uzskata par jaunu geologisku epohu (Brown et al., 2013). Sads jauns
geologiska laika intervals tiek apskatits daudzos zinatniskajos rakstos, tai skaita zurnalos
Anthropocene, The Anthropocene Review un monografijas (Kolbert, 2006; Crutzen, 2006),
par to tiek diskutéts konferencés un simpozijos, ka arl pirmaja stratigrafijas kongresa
2013. gada jalija Lisabona. Vairaku zinatnieku prezentacijas un diskusijas (Brown, 2014;
Cohen, 2014; Zalasiewicz et al., 2014; Wagreich, 2014; Waters et al., 2014) tika méginats
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sniegt gan antropocéna teorétisku pamatojumu, gan arl empiriskus pieradijumus, ko
atspogulo geologiskas liecibas (Zalasiewicz, 2013). P. J. Krutzens un E. F. Stoermers
(Crutzen, Stoermer, 2000) piedavaja terminu ,antropocéns’, pirms vél nebija pienemti
kritériji ta nodali$anai, un tas atskiras no ta, ka parasti tiek definétas $adas stratigrafiskas
vienibas (Waters et al., 2014).

Stratigrafisko pétijumu par vides izmainu gaitas paatrinaganos saistiba ar cilvéku dar-
bibu mérkis bija noteikt atbilstodus stratigrafiskus kritérijus, kas norada uz antropogénu
ietekmi, kura atspogulojas nogulumu struktiira, tai skaita ari ezeru nogulumos, tadéjadi
paplasinot pétijumu metozu lietojumu un pieejamo datu apjomu (Kaufman et al., 2009;
Zalasiewicz et al., 2008, 2010). Tas laus risinat $o jauno problému par jaunas stratigra-
fiskas vienibas nodali$anu un termina ,antropocéns” izmantosanu (Crutzen, Stoermer
2000; Crutzen, 2002; Steffen et al., 2007).

Zinatniskajas diskusijas joprojam ir aktuals jautajums par to, kad tad ir sacies antro-
pocéna laikmets. Zinatnieki ir vienojusies par galvenajiem antropocéna nodali$anas kri-
térijiem, tacu vél ir plasas diskusijas par pielietojamajam pétljumu metodém, ka ari ir at-
$kirigi uzskati par laika intervalu, kad antropocénu varétu nodalit no holocéna. Péc dazu
zinatnieku domam, minétais intervals attiecas uz laiku (ar logiski pieradamu biokimisko
parmainu, kuras izraisijusi cilveki, ciklu pasaulé), kas sakas ar 18. gadsimtu péc Dzeimsa
Vata akmenoglu dedzinasanas izgudrojuma energijas izmanto$anai un acimredzami pa-
atrinajas 20. gs. vidi, tadéjadi par ta sikumu vini uzskata 1950. gadu. Sis laiks ieziméjas
nogulumos daudzas vietas pasaulé un labi atpazistams Gdenstilpju nogulumos (Curtin
et al,, 2006). Tas visbiezak ir saistits ar gaisa piesarnojuma palielinasanos, kas var radit
problémas gan vietéja, gan regionala limeni, ka ari var izraisit eitrofikaciju, smago metalu
koncentracijas un cieto dalinu (puteklu) palielinasanos.

Zinatnieki ir ierosinajusi dazadus $a posma sakuma datumus, kas atspogulo dazadus
kritérijus attieciba uz to, kad cilvéku sabiedribai pirmo reizi bija svariga nozime, veido-
jot Zemes ekosistému (Smith, Zeder, 2013). Tacu, ka liecina vairaku pétijumu rezultati,
antropocéna sakums var bat loti atskirigs dazadas vietas pasaulé. Turklat ne vienmér var
korekti noteikt, vai konstatétas izmainas ir cilvéku darbibas vai dabas procesu rezultats.
Vietam rekonstruétas klimata izmainas 19. gs. sakuma, iesp&jams, ir saistitas ar klimata
pasiltinasanos péc maza ledus laikmeta (Holmgren et al., 2010).

Zinatnieki ir centusies noteikt antropocéna laikmetu, izmantojot dazadu disciplinu
pétljumu metodes, lai identificétu holocéna-antropocéna pareju. Tas noteikSana balstas
uz nogulumu stratigrafiju, atmosféras un biotisko mainibu, bet rodas jautajums, kam dot
prieksroku, nosakot $o laika pareju, un vai pareja bitu izsekojama globala vai regionala
méroga (Smith, Zeder, 2013). Pédé&jos 10 gados daudz ir diskutéts par antropocéna laik-
metu, un viena no rakstiem (Steffen et al., 2011) nonakts pie vienpratiga risinajuma, ka
antropocéna sakums ir 1800. gads. V. Stefena un vina kolégu raksta (Steffen et al., 2011)
ir spéciga argumentacija par pastavosajiem geologiskajiem standartiem un antropocéna
sakumu ieziméjosiem indikatoriem.

Tomér pamatoti nodalit, kur beidzas holocéns un kur sakas antropocéns, vél lidz $im
nav izdevies, tapéc zinatnieki piedava alternativu, ka antropocéns ir ka holocéna laika-
biedrs, un to atzimé ka apakslaiku. Ir ari pieradijumi par vairakam dazada veida cilvéku
darbibam pirms pleistocéna-holocéna robezas (Groube, 1989; Smith, 2011), tomér §is ie-
priekséjas cilveka darbibas ir tikai nedaudz spé&jusas ietekmét konkréto vietu.
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Zinatnieki konstatéja vides parmainas, kuru sakums datéts ar 1750.-1800. gadu un
kuras saistitas ar industrialo revoliiciju un globalam atmosféras izmainam. Sajos pédéjos
divos gadsimtos cilvéku darbibas ietekme ir kluvusi skaidri pamanama. Apzinatas cilvéka
darbibas rezultata veiktas ainavu un zemes apsaimniekosanas izmainas, derigo izraktenu
iegtiSana, Zemes virsas formas izmainas ir iezimes, kas raksturigas attistibai, kura ir paat-
rinajusies pédéjos divos gadsimtos. Liela méroga raksana, transporta intensitates palieli-
nasanas, masdienu geologisko procesu intensifikacija, augsnes erozija utt. ir procesi, kas
rada jaunus geologiskos procesus, kurus intensificéjusas jaunas antropogénas ietekmes un
kuru iezimes varétu izmantot par diagnostikas pamatu antropocéna nodali$anai (Waters
et al., 2014).

Kaut ari tiek apspriestas dazadas noteico$as iezimes, kas raksturigas misdienam, pie-
méram, iedzivotaju skaita pieaugums, urbanizacija, modifikacijas ainava, Krutzens un
Stoermers (2000) norada ari uz tadam globala méroga atmosféras izmainam ka oglekla
dioksida un metana pieaugums, kas radies industrialas revolicijas laika. Sis ir ari laiks,
kad dati, kas iegiiti no ledus serdém, parada atmosféras piesarnojuma koncentracijas pie-
auguma sakumu - siltumnicefekta gazes, jo ipasi CO, un CH,, ko zinatnieki skaidro ar
Dzeimsa Vata tvaika dzinéja izgudrojumu.

Taja pasa laika, kad zinatnieki bija gatavi ierosinat holocéna-antropocéna robezu
18. gs. otraja pusé (Crutzen, Stoermer, 2000) ka noteiktu vienotu pasaules méroga mar-
kieri, tomér paradijas jauni viedokli, jo daudzi zinatnieki ari atzist, ka cilvéku raditas iz-
mainas Zemes ekosistéma ir notikusas pakapeniski, arvien palielinoties visa pécleduslaik-
meta pédéjos 10 000-12 000 gados (Smith, Zeder, 2013).

Savukart augsnes zinatnieki G. Certini un R. Scalenge apgalvo, ka datét antropocéna
sakumu péc atmosféras sastava izmainam ir nekorekti (Certini, Scalenghe, 2011). Ta vieta
par markieri tie ierosina izmantot antropogéno augsnes slani, kas atspogulo, pieméram,
atkartotu arSanu, pievienotos méslosanas lidzeklus, piesarnojumu, sablivésanos vai baga-
tinasanos ar artefaktiem. Vinu skatljuma pedosféra ir neapSaubami labakais markieris $a-
dam cilvéku izraisitam izmainam kopéja vidé un liecina par to, ka antropocéns ieziméjas
aptuveni 2000 gadus BP (Smith, Zeder, 2013).

Termina ,,antropocéns” ievieSana (Crutzen, Stoermer, 2000) ir radijusi plasu dazadu
nozaru zinatnieku interesi. Tika veikti jauni pétfjumi, kur tika konstatéts, ka viena no
pirmajam ietekmém ir tie$i lauksaimniecibas attistiba, tomér batiski ta ir sakusies tikai
péc industrialas revoliicijas sakuma. Ir skaidrs, ka tadéjadi antropocéna pamatojums ne-
balstas uz jautajumu par precizu ekvivalenci ar iepriekséjiem laikmetiem, kad nenotika
dramatiskas fiziskas un biologiskas cilvéku darbibas izraisitas izmainas.
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2. PETIJUMA MATERIALI UN METODES

Iepazistoties ar agrak veiktajiem Rigas lica piekrastes ezeru un to apkartnes nogulu-
mu pétijumu rezultatiem (Ludwig, 1908; Aboltina-Presnikova, 1960; Saule-Sleins, 1960;
Grinbergs, Guzlena, 1964; Alksnitis, 1992; Eberhards, Saltupe, 2000 u. c.), tika konstatéts,
ka tie galvenokart sniedz tikai visparigu ieskatu ezeru attistiba un nogulumu uzkraganas
gaita. Savukart, analizéjot zinatnisko literatiru par dazadu metozu izmanto$anu paleo-
limnologiskajos pétijumos un liecibu ieguvé un par cilvéka darbibas ietekmi uz nogulumu
uzkrasanas raksturu, tika konstatéts, ka, lai novértétu pasreiz notieko$o procesu un pro-
gnozétu to dinamiku nakotné, ir svarigi pétit tiesi virséjos ezeru nogulumus (Dean, 1974;
Birks et al., 2004; Curtin et al., 2006; Birks, Birks, 2006; Majewski, 2014 u. c.). Rigas lica
piekrastes ezeru nogulumos ietvertaja pagatnes vides izmainu arhiva ir liela liecibu daza-
diba, tade] ir svarigi lietot vairakas metodes un analizes, kuru dati papildina cits citu, lai,
salidzinot iegtitos rezultatus, péc iespéjas precizak varétu rekonstruét paleovides apstak-
lus (Oldfield, 1977; Smol, 2002). Misdienas lielaka dala augstas izskirtspéjas multidiscip-
linarie pétijumi balstiti tie$i uz ezeru nogulumu izpéti (pieméram, van der Knaap et al.,
2000; Brazdil et al., 2005; Striewski et al., 2009; Shotbolt et al., 2005; Majewski, 2014). Saja
pétljuma metozu kompleksa tika ietvertas nogulumu sastava un tajos uzkrajusos metalu
sastava analizes, ka ari paleobiologiskds metodes, jo ezeru nogulumos uzkrajusas augu un
dzivnieku atliekas sniedz butisku informaciju par vides apstaklu izmainam gan ezera, gan
ta apkartné nogulumu uzkraganas gaita (Smol, 2001; Bell, Walker, 2005; Douglas, 2007).

2.1. Petijumu teritorijas

Pétijumam izveéléti pieci piekrastes ezeri, kuri veidojusies galvenokart Baltijas juras
attistibas stadijas — Litorinas jiras — izraisito procesu rezultata. To izvéli noteica tas, ka
« Litorinas jaras laginu nogulumi visplasak izplatiti Rigas lica dienvidu dala (Ulsts,
1957), kur ir visvairak lagiinas genézes ezeru, kam ir lidziga izcelsme, tomér to
attistiba ir atskiribas, ko rada ezerdobes un apkartnes geologiska uzbtive, ezeru
izmeérs, hidrologiska rezima raksturs un cilvéku darbibas ietekmes limenis;

o piekrastes ezeri ir salidzino$i jauni, sekli laginas genézes ezeri, kas izveidojusies

pirms apméram 4000 gadu, Litorinas jirai regreséjot, bet jau butiski mainijusies;

o ezeri atrodas nevis urbana, bet nosaciti dabiska vidé, tadé] sagaidamas antropogé-

nas ietekmes biis vieglak atpazit.

Papildus $iem lagiinu izcelsmes ezeriem tika pétits ari Velnezers, kas ir glaciokarsta
ezers vai Baltijas ledus ezera relikts, ko $obrid ieskauj Juglas gulamrajona piecstavu ékas.
Sis ezers pétijumam izvéléts tapéc, ka to ietekméjusas biitiskas vides izmainas.

Baltijas jtras Litorinas jaras stadijas beigu posma, pazeminoties tidens limenim, gar-
krasta sanesu pliismas ietekmé Rigas lica piekrasté lagiinas pamazam pilniba tika noro-
bezotas no jiiras un kluva par sekliem saldiidens baseiniem (Ulsts, 1957; Ignatius et al.,
1981; Veinbergs, 1996). Tada genéze raksturiga arl promocijas darba pétitajam Babites,
Kaniera, Engures, Ummja, Lilastes ezeram (2.1. att.), iznemot Velnezeru, kura izcelsme
un attistiba, neskatoties uz ta novietojumu Baltijas ledus ezera un Litorinas jiras robe-
zas, ir atskiriga. Visi pétijjuma ieklautie ezeri atrodas Piejiras zemiené, kas ietver bijusas
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2.1. attéls. Pétito ezeru atrasanas vietas Litorinas jiras akumulacijas lidzenuma starp Litorinas
juras un masdienu Baltijas jaras krastu linijam
Figure 2.1. Location of the lakes under study on the accumulation plain of the Littorina Sea
accumulation plain, between the Littorina Sea shoreline and the present-day coast of the Baltic Sea

Litorinas jiiras akumulacijas lidzenumus. Engures ezers atrodas Engures lidzenuma, bet
Kanieris un Babites ezers Rigavas lidzenuma rietumdala. Ummis, Velnezers un Lilastes
ezers atrodas Rigavas lidzenuma austrumu dala, kur tas robezojas ar Ropazu lidzenumu.

Pétijumam izveéléti pieci lagtinas genézes ezeri, kuru tuvuma nav lielu apdzivotu vietu,
t. i,, tie neatrodas urbana vidé kadas pilsétas robezas. Tomeér tos ir ietekméjusi cilvéka
darbiba, pieméram, izrakts kanals, neliela attadluma no ezera atrodas autoceli, saimnie-
ciska darbiba sateces baseina u. c. Velnezers, kas musdienas atrodas urbana vidé Rigas
teritorija, ir attistijies dabiska vidé, bet pédéjos 70 gados ta apkartné ir notikusas krasas
izmainas, butiski palielinoties antropogénajai slodzei.

Darba pétitie lielie ezeri ir sekli, to vidéjais dzilums ir no 0,5 m, bet mazakie (Ummis
un Velnezers) ir vidéji 6 m dzili. Visos pétitajos ezeros ir novérota eitrofikacijas intensi-
ficésanas, kas izpauzas ka ezeru aizaugsSana. Eitrofikacijas procesa pastiprinati var veido-
ties organogénie nogulumi. Ka uzskata M. Leinerte (1996), piekrastes ezeru stavoklis ir
pasliktinajies saimniecisko notekiidenu iepludinasanas dél, lidz ar to kadreizéjie ar augu
baribas vielam vaji apgadatie ezeri kop$ pagajusa gadsimta 50. gadiem cie$ no slapekla,
fosfora un organisko vielu parbagatibas.
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Analizéjot pagajusa gadsimta 50. gados veiktos Latvijas ezeru pétijumus un izvértéjot
tajos iegtitos hidrokimiskos raditajus, tika atrastas kopsakaribas starp ezeru izvietojumu
ainava un Gdens kimiskajam Ipasibam. Konstatéts, ka Gdens sastavs mainas atkariba no
ezera atra$anas vietas un augstuma virs jiras limena. Pavisam nodalitas 3 ezeru grupas.
Pirmaja grupa apvienoti augstienu ezeri, kas atrodas augstak par 120 m v.j.l. Otraja
grupa apvienoti ezeri, kas atrodas 120-20 m v.j. L. Tre§aja grupa ietilpst ezeri ar mazaku
tdens dzidribu neka pirmajas divas grupas un ar paaugstinatu organisko vielu saturu. Tie
ir Piejiiras zemienes ezeri, kas atrodas zemak par 20 m v.j. L. (Per, Skolnikova, 1955; Pera,
Ramane, 1959). Ta¢u minétas likumsakaribas ir saistitas ari ar tadu nogulumu geokimis-
ko sastavu, kuros ir izveidojusas ezerdobes. Latvija pirmas grupas ezeru ezerdobes galve-
nokart ir glaciogénas izcelsmes, un tas ietver morénas smilSmala vai malsmilts nogulumi,
retak glaciolimniskie vai glaciofluvialie nogulumi. Savukart 3. grupas ezeri parasti ir sekli
un atrodas piekrasté, kur ledaja veidotas ezerdobes ir parskalotas un parveidotas, uzkra-
joties baseinu nogulumiem - smiltim, maliem, aleiritiem vai gitijai.

Organogéno ezera nogulumu veido$anas ir ciesi saistita ar vegetacijas attistibu un bio-
masas daudzumu. Tagadéja Latvijas vegetacija ir sakusi veidoties pécleduslaikmeta péc
pédéja apledojuma deglaciacijas, kam sekoja ievérojamas klimatiskas izmainas, kas vei-
cinaja arl vegetacijas attistibu un izmainas (Galenieks, 1936; Danilans, 1998). Sakotnéji
daba bija mainijusies tikai klimata ietekmé, bet lidz ar cilvéku prasmju attistibu, to skaita
palielinasanos un darbibas aktivizésanos vidi ietekméjis ari cilvéks (Behre, 1981; Lowe,
Walker, 2014).

Masdienas Latvijas teritorija atrodas boreonemorala biogeografiskaja regiona, kur
mezi parsvara ir veidojusies dabiski (Prieditis, 1999; Kasparinskis et al., 2014). Tomér to
sastavs un izplatiba ir bijusi mainigi jau kop$ holocéna sakuma (Strods, Zunde, 1999). Ka
liecina nogulumu paleobotaniskie pétijumi, mezu, plavu, tirumu un purvu savstarpéjas
attiecibas gadu gaita ir mainijusas gan klimatisko apstaklu, gan cilvéka darbibas ietekmé
lagiinu ezeru krastos, ka ari sateces baseina (Kalnina et al., 2012; Kalnina et al., 2014a).

Promocijas darba pétitie ezeri ietilpst Piejiras geobotaniskaja rajona, kur aug$nu
cilmiezi parsvara ir smiltis, zem kuram sastopams gan morénu smil$mals, gan ari devo-
na nogulumiezi (Kabucis, 1995). Pétijjuma teritorijas Piejiras zemienes lidzenumos Rigas
lica dienvidgala ir raksturigs augsts gruntsiidens limenis. To ietekmé apgritinata dabiska
drenaza, jo zemes virsai ir raksturigs neliels kritums un noteci kavé kapu grédu barjeras,
ka ari vaji caurlaidigi nogulumi zem smilts slaniem (Juskevics et al., 1999), un tas ari ir
ietekméjis purvu intensivu veido$anos.

2.1.1. Engures ezera un ta apkartnes raksturojums

Engures ezers ir lielakais laglinas genézes ezers Latvija, kas ir attistijies, pazeminoties
tdens limenim Litorinas juras regresijas rezultata, kad izveidojas 20 km gara smil$u stré-
le, kas lagiinu atdalija no jiras. Ta sakotnéji radas ka liels zemidens séklis, kas vélak pa-
célas virs tidens limena, atdalot no atklatas jiras vairaku kilometru platu lici (Eberhards,
Saltupe, 2000). Misdienas ta ir 1,5 km lidz 2,5-3 km plata zemes josla, kura atdala
Engures ezeru no Rigas jiras lica. Ezers aiznem 35 km? ar aizaugu$o dalu un salam -
41,31 km? lielu platibu, atrodas Rigas li¢a rietumu piekrasté starp Enguri un Mérsragu,
Piejiras zemiené Engures lidzenuma (2.1. att.), kur kvartara nogulumi parsvara sastav no
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4-8 m biezas izskalotas sarkanbriinas vai briinas Latvijas leduslaikmeta morénas mals-
milts. Virskarta daudz laukakmenu (Marnieks, 1999). Lielako dalu lidzenuma klaj dazad-
graudaina smilts, vietam ar grants un olu piemaisijumu vai starpkartam. Glaciolimnisko
malu slanis izplatits nelielas platibas, parsvara morénas virsmas pazeminajumos tas sa-
glabajas 1-2 m biezs. Dazadgraudaina, galvenokart smalkgraudaina smilts ar aleiritu pie-
maisijumu izplatita $aura josla gar Rigas lica krastu un Engures apkartné bijusas Litorinas
jaras lagtinas teritorija (Juskevics et al., 1999).

Engures ezera garums ir lidz 19 km, platums lidz 4,5 km, bet dzilums neparsniedz
2,1 m (vidéji 0,4 m). Tas ir sekls, stipri aizaudzis (73%) ezers, kura krastos mezi aiznem
50%, bet plavas un lauksaimniecibas zemes 29% (Aunins u. c., 2000; Springe u. c., 2000).
Ezera sateces baseins aiznem 644 km?, veidojot vienu no unikalakajam vietam Piejuras
zemiené. Si iemesla dé] ezera un ta apkartnes teritorija 1998. gada izveidots dabas parks
»Engures ezers” (EEDP), kura ir ari Rigas lica piekraste no Mérsraga lidz Engurei. Tacu
ka aizsargajama dabas teritorija ta jau ir kop$ 1957. gada, kad tika noteikts Iipass rezims
putnu aizsardzibai (Mihelsons, Lejins, 1960), bet ki dabas parks ,,Engures ezers” ir ie-
klauts Ramsares konvencijas sarakstos (Viksne, 1997; Ramsar sites, 2014).

Engures ezers pétijumam tika izvéléts tadeél, ka ir liels, sekls lagiinas izcelsmes ezers ar
sarezgitu hidrologisko rezimu, kuru batiski ir ietekméjusi cilvéka darbiba, kad 1842. gada
tika izrakts kanals (Ludwig, 1908), kas ezera ziemelu galu pie Mérsraga savienoja ar jiru
(2.2. att.). Pirms tam ezeram dienvidu gala bija dabiska notece uz jaru.

Lidz ar kanala izrak$anu ne tikai pazeminajas ezera limenis (1,5 m), bet ari mainijas
hidrologiskais rezims, jo izveidojas tiesa saikne ar jaru un visapkart ezeram atklajas pla-
$as teritorijas, kas tika saimnieciski izmantotas (Ludwig, 1908; Eberhards, Saltupe, 2000).
Veélak vietas ar mitrakam un neaugligikam augsném ar laiku attistijas mezs. Lielakaja
dala Engures lidzenuma gruntstidens limenis atrodas 0,5-1,0 m zem zemes virsas. Reljefa
ipatnibu dé] Engures lidzenuma ir pavajinata virszemes notece un augsts gruntsiidens
limenis, tadé] daudz zemo purvu, ko médz dévét par plavam vai ielejam. Lielaka dala
no tiem atrodas josla no Rojas lidz Engures ezeram, dala starp kapu valniem (Juskevics,
1999). Ta krasti ir parpurvojusies, tadé] grati pieejami, it seviski rietumu krasts, kur do-
miné lapu koku mezi, kas palu laika applast.

Engures ezers ir caurtekoss. Taja ietek Kalnupe no Ridelu dzirnavezera, Alksnaju gra-
vis, Bazanu gravis, Dursupe, Dzedrupe, Jurgupe, Krievraggravis, Melnupe, Pel¢upe, ka
arl vairakas citas Gdensteces. No ezera pa Engures ezera kanalu tideni ietek Rigas lici.
Ezerdobe ir nelidzena, gar tas malu uzkrajusies smilts un zalu kadra, kas veidojusies,
ezeram aizaugot. Ezera vidusdala izplatita cieta mineralgrunts, tai skaita dolomiti, bet
padzilinajumos danas, aleiritisks mals, aleirits un lidz 6 m biezi gitijas nogulumu slani
(Eberhards, Saltupe, 2000).

Laika posma no 1956. gada lidz 2007. gadam virsiidens vegetacijas palielinajas no 30%
lidz 58,6% ezera, un tas liecina, ka ezeram ir raksturiga eitrofikacijas procesu intensificé-
$anas (Viksne u. c., 2011). Misdienas virstidens aizaugums veido 65% no ezera platibas
(Strautnieks, 1995; Eiroprojekts, 2012).

Ezera udens limenis péc Mérsraga kanala izraksanas pazeminajas par 1,5 m, bet ta
tdens spogula platiba samazinajas uz pusi - no 90 km? lidz 45 km?* - un turpina sa-
mazinaties ezera aizaugSanas ietekmé. Limena pazeminasanas rezultata izveidojas plasas
plavas, seviski ezera rietumu krasta, agrak parpurvotie piekrastes mezi kluva ievérojami
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2.2. attels. Engures ezera novietojums un nogulumu pétijumu vietas (EE). Ar melniem punktiem
atzimétas autores veikto pétijumu vietas, bet ar pelékiem - agrako pétjjumu vietas
Figure 2.2. Lake Engure location and study sites(EE). Black point show sites investigated in frame
of this studty, but grey - sites from earlier studies

sausaki, bet dalu no agrak mitrajam plavam varéja izmantot ka aramzemi. Ezera aus-
trumu krasta péc limena pazeminasanas saka veidoties mezaudzes ar parasto priedi ka
dominégjoso kokaudzes sugu, ka ari atklajas plasi smilSu lauki, kuru smiltis, véja nestas,
veidoja jaunas kapas. Zemakas vietas, ka ari jauno kapu ieplakas attistijas bagatie zalu
purvi — kalkaini zalu purvi (Pakalne, Kalnina, 2005).

Misdienas gandriz puse (48%) no kopéjas Engures ezera sateces baseina platibas tiek
intensivi izmantota lauksaimnieciba (mezi un kraméji veido tikai aptuveni 30%), un tai
ir daléji reguléjams hidrografiskais tikls (Eberhards, Saltupe, 2000). Tacu pasu ezeru mas-
dienas no visam pusém aptver mezi, ko jiras pusé veido galvenokart priezu audzes, savu-
kart rietumu pusé jaukti skujkoku-lapkoku mezi. Agrakas grislu plavas ezera austrumu
un rietumu pusé ir izzudusas, krasta niedrém saklaujoties ar mezu. Aptuveni 40% ezera
platibas klaj virsadens augaja audzes, galvenokart niedres, kuram ir tendence izplesties.
Ezera ievérojama virsidens augaja ekspansija ar parasto niedri ir novérota pédéjos 50
gados (Brizs, 2012).
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2.1.2. Babites ezera un ta apkartnes raksturojums

Babites ezers (2.1. att.) atrodas Piejiiras zemienes Rigavas lidzenuma 0,2 m virs jaras
limena. Ezers atrodas starp divam kapu grédam - Priedaines grédu un Kalnciema grédu,
kas stiepjas no Lielupes pie Kalnciema gar Babites ezera dienvidmalu (3 km attdluma no
ezera) (Ludwig, 1908; Kublacovs, 2007).

Babites ezers ir lagiinas izcelsmes ezers, kas izveidojas Baltijas juiras Litorinas stadijas
otras regresijas laika, pazeminoties jliras limenim un garkrasta sanesu plasmas ietekmé
(Aboltina-Prespikova, 1960). Sena Litorinas juras krasta linija stiepjas gar Babites ezera
dienvidu krastu. Péc Babites lagiinas nogulumu pétijumiem E. Grinbergs un A. Guzléna
(Grinbergs, Guzlena, 1964) secinajusi, ka Babites lagtinas dzilakaja dala péc Litorinas ji-
ras limena pazeminaganas izveidojies ezers. Ka liecina A. Aboltinas-Presnikovas pétiju-
mi, ezera gultnes pamatné iegulosas smiltis un smil$aina gitija satur saldadens diatom-
ejas, bet puteksnu dati liecina par $o nogulumu uzkraganos pirms klimatiska optimuma
(Aboltina-Prespikova, 1960). Salidzinot diatomeju un putek$nu analizu datus, konsta-
téts, ka gitijas slani, kas uzkrajies parejas laikd no boreala laika uz atlantisko, paradas,
bet augstak griezuma ari dominé iesaltidens diatomejas, kas liecina par Litorinas jaras
transgresiju un iesalo jiras Gdenu ieplisanu Babites ieplaka. Nogulumos, kas uzkrajusies
péc klimatiska optimuma, atkal dominé saldiidens diatomejas, kas liecina par saldiidens
baseina apstakliem lagiina. Tas lauj secinat, ka Babites lagtinas teritorija ezera apstakli iz-
veidojusies pirms apmeéram 5-4 tikstosiem gadu (Juskevics u. c., 1999). Tacu péc diatom-
eju analizém konstatéti vél divi nogulumu dziluma intervali, kuros atrastas ari iesaliidens
diatomejas, kas liecina par tidens limena svarstibam (Grinbergs, Guzlena, 1964).

Holocéna Babites ezera un ari paréja Babites lagtinas teritorija veidojusies Baltijas ji-
ras attistibas stadiju nogulumi: smalkgraudaina, retak dazada rupjuma smilts, smilSains
aleirits un aleiritiska smilts, aleiriti, vietam senajas laglinas sastopama gitija, upju, ezeru
un purvu nogulumi (Aboltina-Presnikova, 1960; Juskevics u. c., 1999). Zem tiem iegul
sarkanbriina un briina morénas malsmilts ar gransainas un olainas smilts starpkartinam,
kuras parsedz glaciolimniskie nogulumi ar smalkgraudainu, aleiritisku smilti (Juskevics
u. ¢, 1999). Agrak veiktie geologiskie pétijumi Babites ezera tuvuma parada, ka Rigas
lica dienvidu piekrasté ir mainigs kvartara nogulumu biezums, kas uzgul augséja devona
dolomitiem (Aboltina-Presnikova, 1960). Babites ezera Gates ziemelu krasta pie Lielupes
devona dolomiti sasniegti 16 m dziluma. Saja urbuma virs devona dolomitiem uzgul
1,30 m biezs smilts slanis ar saldidens molusku fosilijam. Virs §i slana uzgul 12 m biezs
nedaudz smil$ains gitijas slanis, vietam ar kiidras ieslégumiem un niecigam smil$u starp-
kartinpam (Aboltina-Presnikova, 1960).

Misdienas ezera platiba ir 25,56 km? (2555,7 ha). Tas ir septitais lielakais ezers Latvija.
Kopa ar salam ta platiba veido 25,83 km?, ta garums DR-ZA virziena ir 13,5 km, ezera lie-
lakais platums ir 2,7 km (preti Spunnupei). Babites ezera vidéjais dzilums ir 0,9 m, lielakais
dzilums - 1,7 m (dzilums, ieskaitot diinas un sapropeli (gitiju), ir 4-5 m) (Rieksts, 1994).
Lai gan ezers ir sekls, izvértgjot Babites ezera dzilumu karti (VMPI, 1975), ezera dzilumu
maksimumi galvenokart ir koncentréjusies ezera DR dala. Par iemeslu DR dalas lielakajiem
dzilumiem ir uzskatama Lielupes ietekme, kas agrak, iesp&jams, ir vairakkart mainijusi savu
gultni, salidzinot uz masdienam. Ezeram ir diinaina gultne. Ta krasti daudzviet ir purvaini,
ko veicina lézenais reljefs un augstais gruntsiidens limenis ezera teritorija. Parpurvosanas
un aizaugSanas procesam turpinoties, ezera platiba samazinas (Pukitis, 2008).
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Babites ezeru no rietumiem un ziemeliem ieklauj Lielupe, kas ir potamala tipa
upe (éni tekosa), ko no ezera atdala 1-2 km plata Litorinas seno kapu josla (2.3. att.).
Rietumos talu ezera iestiepjas Lielupes attekas Gates delta un gultnes kanali. Gates ga-
rums ir 1,5 km, platums 120-140 m, dzilums aptuveni 5 m. Gate sadalas vairakos zaros —
Téva, Lielaja, Vidus un Mates gaté, kas savukart dalas vél sikakos atzaros. Agrak atsevis-
kas joslas tika regulari tiritas (Ziverts, 1995). Ezera rietumdala pa Gates deltu Lielupes
tdeni iepliida ezera tikai palu laika (parsvara adens no ezera plada uz Lielupi), bet, kad
19. gadsimta tika izrakts Spunnupes kanals (1816-1817), Babites ezera rietumu dala klu-
va caurtekos$a (Rieksts, 1994; Estonian, Latvian & Lithuanian Environment, 2009). Tacu
saistiba ar Lielupes lejteci un apkartéjo zemieni veidojas sarezgits ezera hidrologiskais
rezims. Lielupes pladu un Rigas lica véjuzplidu ietekmé Babites ezera limenis paaug-
stinas apméram par 2 m. Ezera krasti lielakoties ir iedambéti, izveidojot vairakus polde-
rus (pirma polderu siknu stacija ,,Babite” sakta buvét jau 1936. gada), lai iegitu papildu
lauksaimniecibas zemes (Cildermanis, 1970). Sobrid Babites pagasta atrodas 5 polderi un
stiknu stacijas (Meliorprojekts, 2006).

Lai uzlabotu Babites ezera hidrologisko stavokli, 1988. gada ezera austrumu gala
tika izrakts Varkalu kanals (Ziverts, 1998) un ieprieks izraktais Spunnupes kanals aiz-
bérts (VMPI, 1977). Tadéjadi Babites ezers kluva caurtekoss visa ta garuma, atslogojot no
maksimaliem caurplidumiem Lielupes posmu gar Jirmalu un ties$i novadot ezera lielako
pieteku — Nerinas (18 km) un Dzilnupes (13 km) - un stiknu staciju Gdenus uz jaru. Bet
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2.3. atteéls. Babites ezera novietojums un nogulumu pétijumu vietas (BE). Promocijas darba veikto
pétijumu vietas ir atzimétas melna krasa, bet agrako pétijumu vietas — peléka krasa

Figure 2.3. Lake Babite location and study sites (BE). Sites investigated in the frame of current
study are marked in black colour, but earlier studied sites in grey
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janem veéra, ka lidz ar Lielupes Gdenu caurplidumu ezera var nonak arl Lielupes iidenu
piesarnojums (Brookes, 1994).

Péc Eiropas Savienibas biotopu klasifikatora, Babites ezers ir eitrofs ezers ar iegri-
mus$o Gdensaugu un peldaugu augaju (Engele, Sniedze-Kretalova, 2013a), kur peldla-
pu vegetacijas josla dominé dzeltena lépe Nuphar lutea un balta Gdensroze Nymphaea
alba. legrimusas vegetacijas josla gar krastiem aug varpainad daudzlape Myriophyllum
spicatum, ka arl mieturu daudzlape M. verticillatum. Biezi sastopama iegrimusi ragla-
pe Ceratophyllum demersum, apallapu Gdensgundega Batrachium circinatum, puslenes
Utricularia spp., ka ari skaujosa glivene Potamogeton perfoliatus un kemmveida glivene
P, pectinatus. Galvenokart gar ezera dienvidu krastu aug mieturalgu audzes ar dominéjo-
$o sugu - strupo nitelliti Nitellopsis obtusa, kas vietam veido blivas audzes. Vietam kon-
statéta ari trausla mieturite Chara globularis. Babites ezera mieturalgu jeb mieturisu au-
dzes ir apaugusas ar citu algu pavedieniem, kas var pasliktinat to augSanu ezera, jo augam
tiek samazinata gaismas pieklasana (Estonian, Latvian & Lithuanian Environment, 2009).

Babites ezera ir novérojama pastiprinata ezera aizaugSana (Estonian, Latvian &
Lithuanian Environment, 2009). To nosaka gan dabiga, gan antropogéno faktoru dar-
bibas rezultata radita eitrofikacija. Ezera antropogénais piesarnojums ir pladis no lauk-
saimniecibas zemém, apdzivotam vietam un riipnieciskas darbibas ezera sateces baseina.
Ezera stavokli ietekméjusi arl melioracija, kanalu izbtve un limena regulé$ana (Estonian,
Latvian & Lithuanian Environment, 2009). Babites ezera aizaug$ana notiek gan no kras-
tiem, gan ezera, un to veicinajusi maksligas salas izveide ezera austrumos (1988) putniem
(Estonian, Latvian & Lithuanian Environment, 2009). Sada ezera aizaug$ana vél vairak
pastiprina eitrofikacijas procesus, ka ari apdraud jiras najadas Najas marina audzes. Ari
biogénas vielas veicina pavedienveida zalalgu savairo$anos, kas samazina gaismas iekli-
$anu tdeni. Tapat iespéjama atsevisku makrofitu savairosanas, kas, visticamak, var izkon-
kurét reto aizsargdjamo augu jiras najadu Najas marina Babites ezera.

Saskana ar daljjumu virszemes Gdensobjektos Babites ezers atrodas Lielupes upju
baseina apgabala un ir izdalits ka atsevisks ezera Gidensobjekts ,,Babites ezers E032”, un
atbilst 2. ezeru tipam: loti sekls brantdens ezers ar augstu Gdens cietibu. Tas saskan ari
ar Latvijas Vides, geologijas un meteorologijas centra virszemes tidensobjektu kvalitates
ikgadéjo tdensobjektu ekologiskas kvalitates novértéjumu rezultatiem 2006., 2007. un
2008. gada, kad Babites ezera tidens kvalitate atbilda loti sliktas vai sliktas kvalitates ade-
nim (LVGMC, 2009).

2.1.3. Kaniera ezera un ta apkartnes raksturojums

Kanieris (2.1. att.) ir viens no ezeriem, kas ieklauts Kemeru Nacionala parka teritori-
ja un atrodas Piejiiras zemienes Rigavas lidzenuma rietumu dala, bijusas Litorinas jiras
lagiinas teritorija, 2,1 m virs jaras limena (2.4. att.). Kaniera ezera platiba ir 927,6 ha,
ta garums dienvidrietumu-ziemelaustrumu virziena ir 5,2 km, lielakais platums 3,6 km
(Lamane, 1995). Ezera vidé&jais dzilums ir 0,6 m (v/u ,,Meliorprojekts” 1994. gada dati),
bet lielakais dzilums - 1,8 m. Ezera kopéja sateces baseina platiba ir 330 km? un taja
ietilpst arl Slocene, kura iepliist Tukuma attiriSanas iekartu notektdeni, tapat ari ezera
nonak Gideni no meza melioracijas gravjiem un Valguma ezera (Lamane, 1995).
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Ezera teritorijas un ta apkartnes teritorijas geologiskai uzbuvei ir raksturigs tas, ka
neliela dziluma iegu] augsdevona dolomitu slani, kas ari atsedzas Kaniera ezera dibena
(D, slp, D, p), ka ari juras zemudens nogazé pretim Ragaciema ragam. Sos karbonatis-
kos nogulumiezus parsedz kvartara pédéja apledojuma nogulumi, kas sastav galvenokart
no zilganpelékas morénas ar grants un olu piejaukumu. Virs tiem iegul parsvara rupj-
graudaina smilts un karbonatisku iezu atltizas. Agrak eksistéjusas Litorinas jiras laginas
iekséjais krasts sakrit ar aptuveni 5 m izohipsu un ir morfologiski izteikts daba (Ulsts,
1957). Kaniera ezera nogulumi, attistiba un uzbtve ir salidzino$i maz pétita. Ta agrakie
izpétes darbi bija saistiti galvenokart ar arstniecisko dinu ieguvi. Kaniera ezera organo-
génie nogulumi ir sakusi uzkraties, sakot ar holocéna klimatiska optimuma vidusposmu
(Jakubovskis, 2006).

Ezera udens limenis tika vairakkart mainits. 20. gadsimta sikuma tas bija
2-2,3 mv.j.1, péc tam tas tika vairakkart pazeminats. Masdienas ezers ir ievérojami aiz-
audzis, it Ipasi rietumu un ziemelu dala (Lamane, 1995), tatu joprojam tas ir Latvijas
13. lielakais ezers péc platibas (Smalinskis, 1997). Péc fizikalkimiskajam ipasibam pieskai-
tams pie eitrofiskajiem ezeriem ar distrofo ezeru pazimém. Ezera platiba 1932. gada bijusi
1259 ha. Savukart 1951. gada platiba novértéta ap 180,7 ha, bet dzilumi attiecigi 1,0 m
un 0,6 m. Péc Latvijas PSR Hidrometeorologiska dienesta parvaldes 1964. gada datiem,

2.4. attels. Kaniera ezera novietojums un nogulumu pétjjumu vietas (KE)

Figure 2.4. Lake Kanieris location and study sites (KE)
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ta bijusi 190 ha, bet péc Valsts melioracijas projektésanas institita 1975. gada datiem -
1127,8 ha, bet dzilumi attiecigi 1,8 m un 0,6 m. Savukart péc 1987. gada topografiskas
kartes tiesi aprékinata platiba vienada ar 925 ha.

Ezera krasti ir zemi, vietam lézeni, ar senaka jliras baseina terasém, krasti rietumu un
ziemelu mala staigni, diipaini (Sirovs, 2013). Krasta liniju dienvidos un austrumos izrobo
li¢i un pussalas. Ezera ir 14 salas (0,14 km?), no kuram 5 ir maksligi veidotas. Ezerdobe ir
lidzena, tas austrumdalu veido dolomiti, kas klati ar danu slani, kur$ dazadas ezera vietas
ir atikirigs, bet vietam paradas nedaudz smil$aini nogulumi (Sirovs, 2013).

No rietumiem Kaniera ezera ieplast lielaka upe Slocene (Pulkaine) ar vidéjo caur-
plidumu 2,44 m*/s (Limane, 1995), mazaka Medupite un vairaki gravji. Paslaik Kaniera
tdeni uz Baltijas jaru plist pa 0,7 km garo Starpinupiti. Ziemelos un ziemelaustrumos
Kapieri no Baltijas jiras atdala apméram 1 km plata sauszemes josla (Smalinskis, 1997).
Sateces baseins 1972. gada bija 357 km? Austrumu krasti stingri, pieejami, zemi; D, DR -
purvaini, lézeni; R- staigni, grati pieejami; Z - danaini. Krasta liniju dienvidos un aus-
trumos izrobo li¢i un pussalas (Limane, 1995). Ezera apkartné ir krimaji (austrumos cels
starp Lapmezciemu un Antinciemu), purvs bez piebraucamiem celiem ezera rietumpusé,
Lapmezciems, cel§ Jirmala-Engure, ezera ziemelos Ragaciems.

Musdienas Kaniera ezers ir loti sekls, bet, ka liecina M. Galenieces veiktie pétijumi,
pirms apméram 8000 gadu tas dzilakaja vieta sasniedzis pat 18 m dzilumu (Galeniece,
Eglitis, 1964). Visu urbuma griezumu galvenokart veido kalkaina gitija. M. Galeniece ir
konstatéjusi, ka Kaniera ezera nogulumu uzkrasanas sakrit ar priedes puteksnu liknes
maksimumu, bet jau 14 m dziluma priedes puteksnu likne strauji krit un palielinas alksna
un platlapju puteksnu liknes, savukart virs §1 horizonta paradas augséjais egles putek$nu
maksimums, bet vél augstak — priedes puteksnu maksimums. Autore atzimé, ka ar plat-
lapju liknes pieaugumu lidztekus palielinas ari iesalidens diatomeju Campylodiscus clype-
us, Nitzschia scalaris un citu klatbiitne, kuras raksturigas Litorinas jaras nogulumiem.
Zemak zem $i slana iesalidens diatomejas netika konstatétas. Egles maksimuma horizon-
ta Campylodiscus clypeus tiek sastapts lielos daudzumos, savukart augstak griezuma tiek
atrastas tikai saldiidens diatomejas (Grinbergs, 1957).

Ezera udens limenis tika pazeminats, izrokot 1,3 km garu kanalu (Starpinupe), kas to
savienoja ar Rigas lici (Lapmezciema rajona), kur tika izveidota osta. Kanals tika vairak-
kart padzilinats, izlauzot apaksa eso$o dolomitu (Vitins, 1941). Tomér 20. gs. 40. gadu
sakuma, Starpinupes noteka ierikojot aizsprostu, ezera Gdens limenis pacelts. Laikd no
1945. lidz 1965. gadam Kaniera ezera Gdens limenis bija aptuveni 1,3 m v.j. 1, tapéc ezers
bija sadaljjies vairakas lamas ar kopéjo platibu 1,9 km? un ezera paliene parpurvojas.

Kanpiera ezera Gidens limeni atjaunoja 1965. gada ta agrakaja limeni, reguléjot to ar
aizsprostiem, divu slizu sistému, kas atradas maksligaja noteka uz jiaru - Starpinupité un
agraka noteka uz Dunieri - Slocené. 2006. gada nogalé sliizas atjaunotas un automatizétas.

Pirmas Latvijas brivvalsts laika, kad ezera limenis bija stipri pazeminats, piekrastes
mitras plavas tika izmantotas ganibam un siena ieg@iSanai. Atjaunojot ezera limeni ar
dambju un slazu palidzibu, privatiem zemes Ipasniekiem piederosas platibas tika appla-
dinatas (KNP DAP). Sobrid Kaniera ezera novérojams, ka tas ir aizaudzis pa visu ezera
perimetru, bet Ipasi plass vegetacijas aizaugums vérojams ezera D, ZR un DA, kur, 20 ga-
dus uzturot zemu adens limeni, bija parpurvotas un sausas teritorijas.
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Kaniera krastos sastopamas ari daudzas retas augu sugas. Ipasi aizsargajamas augu su-
gas Kaniera ezera ir diza aslape Cladium mariscus, juras najada Najas marina (aug udens
klajumos starp niedru audzém), pusgrimusi raglape Ceratophyllum submersum, purva
diedzene Zannichellia palustris. Virstidens aizaugumu veido galvenokart parasta niedre
Phragmites australis, bet grunts lielako dalu aiznem mieturalgu Characeae audzes.

2.1.4. Lilastes ezera un ta apkartnes raksturojums

Lilastes ezers atrodas Rigas lica dienvidaustrumu krasta apméram 2 km no jaras, vie-
ta, kur Litorinas jiras krasta linija ir neizteikta (2.1. att.). Péc dabas apvidu iedalijuma
Lilastes ezers atrodas Rigavas lidzenuma un ietilpst Rigas lica lielbaseina, ka ari atrodas
Gaujas baseina ietekmé (Rigas lica Vidzemes baseina) (Turlais, 1999). Ap ezeru palu laika
applast 59 ha liela teritorija (Meliorprojekts, 2007).

Ezera ietek tideni no Diinezera, ka ari ietek Melnupe, bet iztek Lilastes upite (Ludwig,
1908), kas savus adenus ienes jura (2.5. att.). Ezera tidens spogula virsmas platiba ir
183,6 ha. Lilastes ezera krasta linijas garums ir 7,5 km, ezera ir sala, kas aiznem 3,5 ha
(VMPI dati). Lilastes ezers raksturojams ar $adiem parametriem: maksimalais dzi-
lums 3,2 m, vidéjais dzilums 2,0 m, maksimalais garums 1,72 km, maksimalais platums
1,45 km, vidéja tidens limena absolata augstuma atzime ir 0,5 m, maksimala - 1,2 mv.j. L
Ezera sateces baseina laukums ir 144 km? gada vidéja notece — 260 mm. Ezera krasti ir
lézeni, smil$aini, zemi, bet ta dibens ir lidzens, dinains un smil$ains (Tidrikis, 1995).

Tas ir eitrofs ezers, kura kopéjais aizaugums ir 20%, bet virsidens aizaugums 10%.
To galvenokart veido glivenes, tidensrozes, niedres, vilkvales, meldri, el$i, daudzlapes,

’ -
L3 Lilastes ezers

2.5. attéls. Lilastes ezera novietojums un nogulumu pétijjumu vietas (LE)

Figure 2.5. Lake Lilaste location and study sites (LE)
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elodejas, bet ezera krastus - galvenokart kapas un eolie nogulumi vQ, (smilts), bet
rietumos no ta - Litorinas jaras nogulumi mQ/" (smilts, grants, aleirits) (LVGD
Kvartargeologija). 1991.-1992. gada tika meklétas ezera sapropela (gitijas) atradnes Rigas
rajona un pétits ari Lilastes ezers (Alksnitis, 1992). Lilastes ezera izgulsnéjusies ievérojami
organogéna — dzelzaina aleiritiska silikatu sapropela — krajumi, jo ta vidéjais biezums at-
radné sasniedz 5,1 m. Sapropelis ir ar augstu pelnainibu (lielu mineraldalinu piejaukumu)
(vidéji 57-70% un FeO 6,1-9,1%, vid&ji 8,1%) (Alksnitis, 1992).

Sapropeli ar augstu pelnainibu var izmantot augsnes méslosanai (Vides parskata 1. re-
dakcija Saulkrastu novada teritorijas planojumam 2012.-2024. gadam).

2.1.5. Ummja ezera un ta apkartnes raksturojums

Ummis ir ezers, kas atrodas Rigavas lidzenuma austrumu dala, ezerdobe ir izveido-
jusies Litorinas jaras akumulacijas lidzenuma pazeminajuma 2,9 m augstuma v.j.1. (2.1.,
2.6. att.) Ezerdobi un arl ezera ziemelu krastu veido smalkas lidz vid&ji rupjas Litorinas
jaras smiltis, bet dienviddala tas parsedz eolie nogulumi (Spruds, 2006). Apkartnes rel-
jefs veidojies Baltijas ledus ezera un Litorinas jaras darbibas rezultata un ari kadreizéjas
Gaujas deltas ietekmé (Eipurs, 1998). Ummja ezera rajona pamatiezu virsu veido augs-
devona Gaujas svitas smil$akmeni, aleiroliti un mali, kurus klaj lidz 70 m bieza kvartara
nogulumu karta.

Ezera tdens virsmas platiba ir 25,4 ha, ta tilpums ir 0,74 milj. m’. Ezera vidéjais dzi-
lums ir 2,9 m, bet maksimalais dzilums - 6,2 m ezera vidusdala (Sprads, 2006). Pétijuma
tika mérits ezera dzilums, konstatéjot maksimalo ezera dzilumu - 9,2 m (2.6. att.). Udens
apmaina ezera notiek reizi 3 gados. Vasara un ziema lidz ar idens noslanosanos dzila-
kajas vietas izveidojas bezskabekla zona (Spruds, 2006). Ezera krasti ir 1ézeni, smilSaini,
licos - zemi, bet rietumu dala - slipi, Iidz 2 m augsti. Ezerdobe ir lidzena, smilSaina, bet
ta vidusdala konstatétas danas (lidz 0,5 m biezuma).

Ummja ezera krasta linijas garums ir 2,5 km un sateces baseina laukums - 0,99 km?.
Péc hidrologiska rezima Ummis ir beznoteces ezers ar nelielu sateces baseinu (aptuveni
1 km?) (Eipurs, 1998), kuru liels cilvéku skaits vasaras izmanto rekreacijas noltkos, radot
lielu negativo slodzi. Ezeru apsekojot daba, var novérot, ka §1 iemesla dé] ta krasti aizaug
ar niedrém, un cilvéki izbrada lobéliju audzes ezera dienviddala. Ari zinatniskaja litera-
tard ir minéts, ka pédéjos gadu desmitos lielaka dala $adu tiru beznoteces ezeru (baribas
vielam nabadzigie un ziemelnieciskie lobéliju-ezerenu ezeri, kuros sastopamas lobéliju-
ezerenu augu kompleksa sugas) ir aizaugusi un tiek novérota pastiprinata tidens ziedé-
$ana. Galvenais Ummja ezera apdraudétajs ir cilvéks, kas to izmanto rekreacijas nola-
kos, radot biogéno piesarnojumu ezera (galvenokart ar fosfora savienojumiem) (Sprids,
2006).

Péc udens fizikalkimiskajiem un biologiskajiem raditajiem, Ummis ir mezotrofs ezers
(LVA, 2001), kura vérojami cilvéka darbibas izraisiti eitrofikacijas procesi — piekrastes
seklidens dalas aizaug8ana ar niedrém un tidens ziedésana.

Ummis atrodas Carnikavas novada Piejliras dabas parka teritorija, kura 1996. gada ir
nodibinats dabas liegums “Ummis’, lai aizsargatu taja sastopamos Latvija Ipasi aizsarga-
jamos biotopus: augu sabiedribas ar Dortmana lobéliju un ezereném, ka ari aizsargajamo
augu sugas: gludsporu ezereni, Dortmana lobéliju un sipolinu doni. Ezera aug makrofiti:
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2.6. attels. Ummja ezera novietojums un nogulumu pétijumu vietas (UE)

Figure 2.6. Lake Ummis location and study sites (UE)

niedres, pameldri, glivenes, abinieku strenes, varnkajas, grisli, ezerenes, lépes, pariss.
Ummis ir mezotrofs jomu ezers ar kopéjo aizaugumu 7%, virszemes aizaugumu 5%.

Latvijas vides agentiras veiktajos pétijumos konstatéts, ka Ummja ezera ir 16 tdens-
augu sugu, taja skaita ari loti bagatas un vitalas gludsporu ezerenes, sipolinu dona un
Dortmana lobélijas atradnes (LVA, 2001).

Ezera dienvidu krasta, $auraka (0,5-1 m) josla ari rietumu un ziemelaustrumu krastos
izveidojusies loti savdabiga un Latvija unikala amfibisko augu josla, kas raksturiga (oligo-
trofiem) ezeriem, kuri ir nabadzigi ar baribas vielam, un kas atkariba no tdens limena ir
pilniba vai dalgji applidusi. Taja uz smilSainas grunts sastopamas augu sabiedribas, ko
veido Dortmana lobélija Lobelia dortmanna, sipolinu donis Juncus bulbosus, adatu pa-
meldrs Eleocharis acicularis, plasa gundega Ranunculus reptans. Minétas augu sugas veido
vitalas audzes, tikai ki pavaditajsugas Sajas augu sabiedribas sastopami purva pameldrs
Eleocharis palustris, parastd niedre Phragmites australis, uzpistais un pukauglu grislis
Carex rostrata un C. lasiocarpa un citas augu sugas. Mitrajos krastos sastopams arl palu
staipeknitis Lycopodiella inundata.

Virsidensaugu josla dominé un 5 m, vietam pat 10-50 m platas joslas veido parasta
niedre Phragmites australis. Biezi sastopami purva pameldra Eleocharis palustris un uz-
pusta grisla Carex rostrata audzes, un stava grisla Carex elata cini.

Peldlapu augu josla fragmentara, to veido abinieku stirenes Polygonum amphibium au-
dzes. Iegrimus$o augaju veido gludsporu ezerenes Isoétes lacustris audzes. Vitalas un blivas
ezerenu audzes sastopamas visa ezera litoralé 0,7-2,5 m dziluma (Laime, 2004; Sprads,
2006).

Ummja ezers ir viens no Latvijas un Baltijas lobéliju-ezerenu ezeriem, viens no Latvija
retajiem mezotrofajiem ezeriem, tas ir ari Eiropas Savienibas nozimes aizsargajamais bio-
tops: oligotrofu lidz mezotrofu augu sabiedribas mineralvielam nabadzigas tdenstilpés
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un to krastmalas (3130). Ummja ezera ir ari plasas un dzivotspéjigas Latvijas ipasi aiz-
sargajamo augu sugu (gludsporu ezerenes Isoétes lacustris, Dortmana lobélijas Lobelia
dortmanna un sipolinu dona Juncus bulbosus) atradnes, sastopamas ari Ipasi aizsargaja-
mas augu sugas (palu staipeknitis Lycopodiella inundata un udenu érkskuzale Scolochloa
festucacea) (Spruds, 2006).

2.1.6. Velnezers un ta apkartnes raksturojums

Velnezers atrodas Rigavas lidzenuma Piejiiras zemiené, Rigas austrumu dala - Juglas
apkaimes centralaja dala, dzivojamo maju rajona (2.1.; 2.7. att.). Velnezers veidojies
Baltijas ledusezera akumulativas abrazijas un Litorinas jiras lidzenuma, ko $kérso senis
Daugavas ieleja un citu hidrografisko tiklu un strautu ielejas, ka arl komplicé kapu ma-
sivi un purvaini apvidi (Brangulis u. c., 2000). Par Velnezera izcelsmi ir atskirigi viedok-
li. Biezi vien tiek uzskatits, ka tas ir Baltijas ledusezera relikts (Limane, 1998), tomér
ezerdobes raksturs un zem ezera nogulumiem uzkrajusies hipnu kidra liek domat, ka
Velnezers, visticamak, ir glaciokarsta izcelsmes ezers. Iespéjams, ka ta attistibu ir ietek-
méjusi geologiskie procesi ari vélako Baltijas jiras attistibas stadiju baseinu laika. Péc
R. AlksniSa (Alksnitis, 1992) datiem, Velnezera nogulumi uzkrajusies vienmérigi un
nogulumu apaksa ir atrodama zilalgu gitija un kadra, kuras, iespéjams, izveidojusas no
preboreala lidz atlantiskajam klimata periodam pirms ~ 10 000-5000 gadu, un tas liecina
par udens limena svarstibam.

Velnezers ir beznoteces ezers, kur§ barojas galvenokart no gruntsiideniem. Ta garums
ir 270 m un platums - 130 m, krasti 1ézeni, bet ezerdobes gultne ir danaina (Limane,
1998). Ezera vidéjais dzilums - 3,50 m, maksimalais - 6,00 m (Lamane, 1998), bet

~
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Figure 2.7. Lake Velnezers location and study sites (VE)
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promocijas darba veiktie mérjjumi paradija, ka vidéjais ezera dzilums ir 4,00 m, bet
maksimalais dzilums ir 7,40 m. Velnezera platiba ir 3,5 ha, bet spogulvirsmas laukums -
2,8 ha, kas norada uz sekliidens zonas aizaugSanu. Velnezers pieder pie eitrofiem ezeriem
(Lamane, 1998).

Lidz 19. gadsimta sakumam Velnezers ir attistijies dabiska, cilvéka darbibas prak-
tiski neietekméta vidé. Tacu 19. gadsimta sakuma Jugla strauji attistijas rapnieciba, jo
1812. gada tika nodibinata cukura manufaktira, 1827. gada Strazdumuiza - pirma linu
audumu manufaktara, 1859. gada Juglas muiza izveidota papirfabrika, 1873. gada tika
atvérta sérkocinfabrika ,Valkanda”, 1899. gada - mucu fabrika ,,Merkurijs” un kimiska
tabrika ,Gloveris”.

Juglas apkaime turpinaja biit nozimigs razo$anas centrs arl Latvijas pirmas republikas
un LPSR pastavésanas laika. Velnezera krastos 20. gs. 60. gados sakas intensiva biivnieci-
ba, tika izcirsts ari apkart ezeram augogais priezu mezs, nolidzinatas kapas un 80. gados
tika uzbtivétas lielpanelu piecstavu dzivojamas ékas (Jérans, 1988; Limane, 1998).

Padomju gados Juglas teritorija ipasi ieziméjas ka tekstila rapniecibas rajons, Seit
atradas fabrikas ,Rigas audums” un ,Rigas manufaktira” (Jérans, 1988). Analizgjot
1997. gada Velnezera Gdens hidrokimisko analizu datus (Rigas domes Vides aizsardzibas
parvalde, 1998), var secinat, ka Velnezera Gidens piesarnojums ar suspendétajam un izski-
dusajam vielam ir mainigs no minimala lidz vidéjam. Izskidusais skabeklis vértéjams ka
pietiekoss, bet N-NH, un NO, jonu daudzums atbilst jau piesarnotai un stipri piesarnotai
klasei. Sie biogénie elementi Gideni galvenokart noklaist organisku atkritumu (notekiide-
nu, ekskrementu) un sadzives un rapniecisko atkritumu dél.

2.2. Lauka pétijumi

Uzsakot lauka pétijjumus, tika apkopota pieejama informacija, kartografiskais mate-
rials un tika izvélétas vietas ezera nogulumu ievaksanai, nemot véra ari planoto analizu
prasibas, ko ir aprakstijusi H. J. B. Birks un H. H. Birks (Birks, Birks, 1980). Ezera nogulu-
mu monoliti tika ievakti ziema, kad ezerus klaja bieza ledus karta, kas noderéja ka stabila
platforma. Nogulumi ir veidojusies noteikta hronologiska seciba (Faegri, Iversen, 1974;
Csuros, 1994), tadeé] bija svarigi neizjaukt So kartibu, iegiistot paraugus. Konsolidétie no-
gulumi tika jevakti ar miksto nogulumu urbi. Par pamatu urbsanas un paraugu nonem-
$anas metodikai tika izmantotas rokasgramatas un apraksti (Moore, Webb, 1978; Faegri,
Ivesen, 1975; Wright et al., 1984; Glew et al., 2001).

Lauka darbu pétijumu gaitd nepiecieSamo nogulumu monoliti tika iegiti, urbjot un
nonemot gan pilnu griezumu, gan tikai augséjo 50 cm nogulumu slani, kas paredzéts
detalakiem pétijjumiem, lai noteiktu nogulumu sastava ipasibas, ka ari lai meklétu liecibas
par cilvéka darbibas ietekmi. Iegiito nogulumu serzu diametrs, ieglistot ar miksto nogu-
lumu urbi, ir 5 cm, bet ar modificéto pistona urbi — 3 cm. Tika atziméti un pierakstiti
visi vizualie novérojumi un meérijjumi. Novérojumiem uz lauka var bat liela nozime iegt-
to datu interpreté$ana. legiitie nogulumu paraugi tika transportéti un sadaliti paraugos
Latvijas Universitates Geografijas un Zemes zinatnu fakultates Kvartarvides laboratorija
atbilstosi katras pétijjumu metodes prasibam.
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Vaji konsolidéto nogulumu paraugu iegiisanai tika izmantots modificéts pistona urbis,
kam par pamatu tika npemts mikrobentometrs, un tam tika piestiprinata 1 m gara caurspi-
diga caurule. Atkariba no izpétes ezera dziluma un vietas urbsana ar modificéto pistona
urbi tika lietotas divas dazadas urbsanas metodes jeb pieejas, ko aprakstijusi A. Murdohs
un J. Azkue (Murdoch, Azcue, 1995):

1) pirma urb$anas metode balstas uz gravitacijas spéka ietekmi, kad pistona urbim
tiek pielikti atsvari un urbis tiek ielaists nogulumos ar virves palidzibu un iespiezas nogu-
lumos ar gravitacijas spéku;

2) izmantojot otro metodi, urbim pievieno metala stienus un tas tiek iespiests virséjos
nogulumos. Nogulumu paraugi, kas iegiiti ar modificéto pistona urbi, tika transportéti
vertikala stavokli.

Katra pétitaja ezera tika ievakti vismaz divi aug$éjo nogulumu urbumu monoliti daza-
das ezera vietas, lai varétu péc iespéjas korektak interpretét iegiitos rezultatus.

Engures ezers

Darba autore Engures ezeru nogulumu pétijumus uzsaka 2011. gada. Lauka darbu lai-
ka tika ievakti nogulumu paraugi talakajiem pétjjumiem laboratorija, izmantojot gan mo-
dificéto pistona urbi, gan miksto nogulumu urbi. Ta ka ezers aiznem plasu teritoriju un
dazadas vietas ezera nogulumu uzkrasanas apstakli ir atskirigi, paraugi tika ievakti vairakas
vietas — Engures ezera (urbumi EE_11; EE_2) un ta aizaugudaja teritorija (urbums EE_12)
(2.2. att.).

Ezera dienvidgala (EE_11) ar modificétu pistona urbi tika iegita 67 cm gara nogu-
lumu serde, bet ezera vidusdala tika veikts urbums EE_2 (2.2. att.), kur zem 1,6 m dzila
tdens slana tika panemta 1,5 m gara nogulumu serde (dziluma intervala no 1,6 lidz 3,1
m).

Lauka darbu laika 2011. gada tika ievakts 60 cm gar$ ezera nogulumu monolits, ku-
ram tika veikta sporu-puteks$nu analize ar intervalu 1 cm.

Babites ezers

Lauka darbi Babites ezera veikti divas sezonas (19.02.2013. un 19.02.2014.). Pirmo
lauka darbu laika tika iegiiti nogulumi analizém laboratorija no urbuma BE_1 (2.3. att.).
Analizém tika pagemti nogulumi 3-0 m intervala, kur nulle ir ezera nogulumu virsa.
Virs tas atradas 20 cm ledus un 1 m biezs idens slanis. LKS92 koordinatas 1. urbumam
(BE_1) E: 484401, N: 308615.

Otro lauka darbu laika tika iegtti ezera nogulumu paraugi no urbuma BE_2 dzilu-
ma intervala 1,5-0 m, kur virs nogulumiem bija 90 cm Gdens un 35 cm biezs ledus sla-
nis. Paraugi no urbuma BE_8 tika panemti intervala 5-0 m, kur nogulumus sedza 90 cm
tdens un 30 cm biezs ledus slanis. LKS92 koordinatas urbumam BE_2 E: 486826, N:
309894 un urbumam BE_8 E: 486576, N: 309732.

Kaniera ezers

Darba autore Kaniera ezera nogulumu pétjjumus veica 2012. un 2014. gada ziema.
2012. gada tika ievakta viena ezera nogulumu serde (2,6 m, KE_1 urbums, 2.4. att.), kuras
virséjiem 50 cm tika veiktas LOI, sporu-putek$nu, AMA un ezera nogulumu biologiska
analize.
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2014. gada lauka darbu laika papildus tika ievakti ezera nogulumu monoliti (KE_2,
KE_3 urbumi) laboratorijas pétijjumiem, lai iegitu vairak datu par virséjo ezera nogulu-
mu raksturu un ipasibam (2.4. att.).

Kaniera ezera veikto urbumu vietu (2.4. att.) koordinatas ir $adas: LKS92 KE_1 E:
468392, N: 318282; KE_2 E: 469109, N: 318388; KE_3 E: 467346, N: 317477.

Lilastes ezers

Lauka darbi Lilastes ezera veikti 2013. un 2014. gada marta, kad ezeru klaja bieza
ledus karta (2.1. att.). Ezera nogulumi (40 cm, LE_2 urbuma), kas ievakti 2013. gada ar
gravitacijas pistona urbi, tika sadaliti paraugos ik pa 2 cm, kopa sagatavoti 20 paraugi
karsésanas zudumu analizei. Dzilakie ezera nogulumi (gitija) tika ievakti ar miksto nogu-
lumu urbi. Lauka darbi tika veikti kopa ar igaunu kolégiem no Tallinas Tehnologiju uni-
versitates Geologijas institita. Ezera nogulumos, kas tika ievakti ezera vida LE_2 urbuma
(2.5. att.), netika atrastas augu makroatliekas, tapéc 2014. gada lauka darbos tika ievakti
nogulumi ezera piekrastes rietumdala (litoralé), kur ir sastopams makrofitu augajs, kas
biezi vien nosaka arl ekologiskos procesus ezeros (Ellenberg, 2009).

Urbumu koordinatas ir $adas: (LKS92) LE_1 E: 521220, N: 337474; LE_2 E: 521005,
N: 337358; LE_3 E: 520926, N: 337852; LE_4 E: 521114, N: 336741.

Ummis

Lauka darbi Ummja ezera notika 2013. gada marta, kad ezera tika veikti zondé&jumi
un péc zondéjumu analizes urbti nogulumi ezera austrumdala (UE_1; UE_2; 2.6. att.),
lai iegtitu paraugus karsésanas zudumu, augu makroatlieku, metalu sastava un ezera no-
gulumu biologisko analizu veiksanai. LKS92 koordinatas urbumam UE_1 E: 520215, N:
336099; UE_2 E: 520168, N: 335923.

Velnezers

Lauka darbi Velnezera tika veikti 2014. gada februari ezera vidii no ledus (VE_1 ur-
bums) un 2014. gada jinija aizaugusaja ezera krasta (VE_2 urbums) (2.7. att.). Urbumu
koordinatas Latvijas koordinatu sistéma (LKS 92) ir §adas: VE_1 E: 515027, N: 314737 un
VE_2 E: 515016, N: 314664.

Velnezera veikta VE_1 urbuma vieta Gdens dzilums bija 6,55 m, bet zem ta tika iegiita
2,45 m gara nogulumu serde, sasniedzot Joti blivu hipnu kiaidras slani, kuru nebija iespé-
jams caururbt ar miksto nogulumu urbi.

Ezera dienvidu krasta veikta VE_2 urbuma nogulumu biezums bija 2,5 m, jo blivas
hipnu kadras slana dé] tehniski nebija iespéjams urbt dzilak.

2.3. Laboratorijas analizu metodes

LU GZZF Kvartarvides laboratorija lauka darbos iegiitie ezera nogulumu monoli-
ti tika vélreiz vizuali novértéti un dokumentéti. Rezultata tika veidots sakotnéjais ezera
nogulumu raksturojums, kas vélak tika papildinats un uzlabots, nemot véra karsésanas
zudumu analizes rezultatus.
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Karsésanas zudumu, sporu-puteksnu un augu makroatlieku analizu rezultati tika at-
spoguloti diagrammas, kas veidotas ar datorprogrammu TILIA, kuras nodro$inajuma pa-
keti 1992. gada izveidoja Ilinoisas muzeja (Illinois State Museum) zinatnieks E. Grimms.
Ta sastav no programmu tikla, ar kura palidzibu var manipulét, analizét un grafiski atté-
lot $o analizu datus.

Kargu ilustrativais materials sagatavots ar ArcGis-10 datorprogrammu, par pamatu ne-
mot topografiskas kartes no vietnes http://kartes.geo.lu.lv.

Magnétiska jutiguma metode veikta Tallinas Tehnologiju universitates Geologijas in-
stitfita ar taja eso$o aprikojumu, MS2 sistémas aparatu un MS2E sensoru, bet iegiito datu
apstradei izmantota Bartington datorprogramma.

2.3.1. Karsésanas zuduma analize

Metodes izvéles pamatojums

Karsésanas zudumu metode tika izmantota, lai identificétu attieciga nogulumu slana
biezumu un sastavu (Santisteban et al., 2004), un ta izmainas atkariba no ezera attisti-
bas gaitas un paleogeografiskiem apstakliem, un iespéjamas cilvéka darbibas ietekmes.
Si metode tiek plasi lietota paleolimnologisko pétijumu veiksanai, lai novértétu nogu-
lumu organisko, karbonatisko un mineralo vielu procentualo daudzumu un ta izmainas
nogulumos.

Pétijuma metodes pamata tika izmantots visparinajums, ka ezera nogulumos uzkra-
jies divéjads ogleklis — organiskais ogleklis, kas uzkrajies atmiru§o augu un dzivnieku fo-
siliju audos, un neorganiskais ogleklis, kas galvenokart ir kalcija karbonats (Dean, 1981).
Ar karsé$anas zuduma analizi ir iespéjams noteikt $o karbonatisko un organisko vielu
daudzumu un to izmainas dazados nogulumos (Dean, 1974). Aprékinatais organisko vie-
lu saturs ezera nogulumos lauj rekonstruét paleovides apstaklu izmainas ezera attistibas
gaita (Meyers, 1997; Shuman, 2003).

Metodes apraksts

Metode sava butiba ir loti vienkarsa (Santisteban et al., 2004) - tika mérits masas zu-
dums noteiktaja temperattira.

Nogulumu paraugi karsésanas zudumu analizei tika pemti ik pa 1 cm no nogulu-
mu monolita ar iesvaru 1 cm?® un salikti ieprieks izkarsétos un nosvértos porcelana tige-
los. Péc paraugu nosvérsanas tie tika zavéti Nahita drying oven Model 631/632 zavskapi
105 °C 24 h, atdzeséti eksikatora un atkal nosveérti ar ES 225SM-DR-Semi-Micro Balance
svariem ar precizitati lidz 0,0001 g. Lai noteiktu iesvara organisko vielu daudzumu, pa-
raugi tika karséti Omron E5CK-T mufelkrasni 4 h 550 °C, bet, lai noteiktu karbonatisko
vielu daudzumu, paraugi tika karséti 2 h 950 °C (Dean, 1974; Heiri et al., 2001; Boyle,
2001; Santisteban et al., 2004). Iegtitie dati tika ievaditi datorprogramma Microsoft Office
Excel 2007, un ar formulu palidzibu (Heiri et al., 2001) tika aprékinats organisko, kar-
bonatisko un mineralo vielu procentualais daudzums ezera nogulumu paraugos. legiitie
karsésanas zudumu analizes rezultati tika atspoguloti diagramma, kas iegtita ar dator-
programmu TILIA (Grimm, 2012).

2.1. tabula ir apkopotas nogulumu monolitu nemsanas vietas un analizétais slana bie-
zums, kuram analizéti karsésanas zudumi.
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2.1. tabula
Ar karséSanas zudumu analizi pétitais ezeru nogulumu slana biezums
Table 2.1.
Thickness of lake sediment layer analysed by Loss on Ignition
Pétijuma vieta Urbuma numurs Analizétais slana biezums
Engures ezers EE_11 0-67 cm
EE_2 0-150 cm
EE_12 10-100 cm
Babites ezers BE 2 0-90 cm
Kaniera ezers KE_1 0-78 cm
KE_2 0-90 cm
KE_3 0-100 cm
Lilastes ezers LE_1 0-166 cm
LE_2 0-76 cm
Ummja ezers UE_2 0-100 cm
Velnezers VE_1 0-90 cm
VE_2 0-240 cm

Tika konstatéts, ka pétito ezeru nogulumu urbumiem karsésanas zudumu analizes re-
zultati ir atskirigi, un §is atskiribas palidzéja apzinat izmainas gan viena ezera, gan starp
pétitajiem ezeriem.

2.3.2. Sporu-puteks$nu analize

Metodes izvéles pamatojums

Sporu-puteksnu analize tika izmantota tapéc, ka ta paver plasas iespéjas paleolimno-
logija, kas lauj gan pétit nogulumus, kuri ir nabadzigi ar makroskopiskam augu atliekam
(Moore, Webb, 1978), gan ari netiesi tos datét. Sakotnéji metode tika lietota, lai izpétitu
klimata izmainas (von Post, 1946), bet pédéja laika ta tiek atzita ka nozimiga ari vegetaci-
jas sastava izmainu atspogulotaja, jo saistas ar cilvéku darbibu, sukcesijas izmainu un citu
biotisko un abiotisko vides faktoru izpéti (Bennett, Willis, 2002). Analizes batiba ir tada,
ka puteksni uzkrajas purvu vai ezera nogulumos, vecakiem slaniem kartas parklajoties ar
jaunakiem. Lidz ar to katrs attiecigais nogulumu slanis sniedz liecibu par attieciga laika
augu sugam (Galenieks, 1935).

Saja pétijuma sporu-putekinu analize tika lietota vegetacijas attistibas rekonstrukci-
jai. Putek$nu pétijumu rezultati ieziméja vegetacijas mainibu. Péc puteksnu diagrammu
analizes tika noteiktas ilgtermina ekologiskas vadlinijas un procesi, pieméram, koku sugu
izplatiba un dinamika, jaunu sugu ievie$anas, ka ari jaunu augu sabiedribu veidosanas un
to atkariba no klimatisko apstaklu izmainam. Analize palidz izprast ari lauksaimniecibas
un cilvéku darbibas nozimi, to, ka ta iedarbojas uz apkartéjo vegetaciju (Seppd, 2007).

Metodes apraksts

Paraugi sporu-puteks$nu analizei tika sagatavoti un analizéti péc B. E. Berglunda un
M. Ralskas-Jasievicsovas (Berglund, Ralska-Jasiewicsowa, 1986) standartmetodes, un sa-
gatavotais paraugs analizéts ar biologisko gaismas mikroskopu (Bennett, Willis, 2002).
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Putek$nu paraugiem, kuri bija parak gaisi un kurus tapéc bija griti saskatit, tika izmanto-
ta iekraso$anas metode ar fuksinu. Puteksni tika identificéti un klasificéti péc to formas,
struktiiras un tekstaras (Sengbusch, 2003).

Nogulumu paraugi tika nemti no attirita nogulumu monolita ar intervalu 1 cm. No
attieciga dziluma tika panemts 1 cm® paraugs un ielikts poliopropiléna mégené, kas tika
aplieta ar 10% HCI un atstata izreagét, lai atbrivotos no kalcija karbonatiem. Kad paraugi
bija izreagéjusi, tie tika centréti 5 min ar 3000 apgriezienu min, bet péc tam dekantéti (tika
noliets liekais $kidrums). Centrésanai tika izmantota Laboratory Centrifuge LMC - 3000
centrifiiga. Péc paraugu apstrades ar skabi tie tika mazgati ar destilétu Gdeni — paraugus
aplej ar vienadu daudzumu destiléta Gidens, samaisa ar stikla ndjinu un atkal centré, tapat
ka aprakstits ieprieks, un péc tam dekanté. Lai iz§kidinatu huminskabes (nepiesatinatos
augsnes koloidus), paraugi tika apstradati ar KOH silta tdens peldé 10 min, tad atkal tie
tika centréti 5 min ar 3000 apgriezienu min, tad dekantéti. Péc paraugu dekantésanas tie
tika mazgati ar destilétu tideni, lai tos sagatavotu apstradei ar skabi (acetolize). Acetolizes
process tika iedalits divos posmos:

1) mégeném ar paraugiem tika pielieta 99,8% etikskabe (CH,COOH), lai parau-

gos samazinatu Gdens daudzumu. Péc tam mégenes atkal tika centrétas 5 min ar
3000 apgriezienu min un péc tam dekantétas;

2) dekantétajiem paraugiem pakapeniski tika pieliets ieprieks sagatavots Skidums
no 9 dalam etika anhidrida (C,H_H,) un 1 dalas 95% sérskabes (H,SO,). Péc tam
tie tika silditi Gdens peldé 5 min. Nakamaja soli atkal tie tika centréti un liekais
$kidrums noliets. Saja posma tika atdaliti polisaharidi, kas atrodami uz puteksnu
virsmas un citoplazma. To atdaliSana ievérojami atvieglo puteks$nu identificésa-
nu. Polisaharidi, pieméram, celuloze, ir nozimiga nogulumu komponente, tapéc
tas atdaliSana palidz nogulsnés koncentrét tikai puteks$pus (Berglund, Ralska-
Jasiewicsowa, 1986). Nakamaja soli paraugi tika aplieti ar destilétu Gdeni, centréti
un dekantéti. Péc dekantéSanas paraugi tika aplieti ar nelielu glicerina daudzumu
(5 ml), samaisiti un uz isu bridi ielikti silta Gdens peldé. Kad glicerins bija kluvis
skidraks, tas tika samaisits ar izgulsnétajiem puteksniem un parliets no lielajam
mégeném uz mazakam, kur paraugi nostavéjas 2 nedélas un tad tika analizéti ar
Primo Star gaismas mikroskopu 400-1000 reizu palielinajuma.

Putek$nu noteiksanai tika izmantoti dazadi noteicéji, pieméram, Textbook of pollen
analysis, An illustrated guide to pollen analysis, An introduction to pollen analysis, Pollen
terminology (Faegri, Iversen, 1966; Moore, Webb, 1978; Erdtman, 1954; Hesse, Halbritter,
Weber, Buchner, Frosch-Radivo, Ulrich Somaini, 2009), LU GZZF puteksnu references
paraugi un apraksti no interneta.

Sporu-puteksnu analize tika veikta Engures, Babites, Kaniera un Lilastes ezera nogu-
lumu griezumiem. Lai varétu spriest par regionalo vegetacijas dinamiku ezera attistibas
laika, Babites ezera urbuma BE_6 nogulumiem analize veikta visa nogulumu slana biezu-
ma (2.2. tab.).

Darba autore sporu-puteksnu analizes gaita iegiitos datus ievadija datorprogramma
TILIA, iegustot diagrammas.

Ummja un Velnezera nogulumiem netika veikta sporu-puteksnu analize, jo to spo-
gula laukums un sateces baseins ir loti mazs un, visticamak, neatspogulotu kultiiraugu
puteksnu klatbutni virséja slani tada méra, lai varétu spriest par kultivéto un ruderalo
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2.2. tabula
Ar sporu-puteks$nu analizi pétita ezera nogulumu slana biezums
Table 2.2.
Thickness of lake sediment layer analysed by pollen analysis
Urbuma vieta Urbuma vieta Analizétais dziluma intervals
Engures ezers EE_11 0-60 cm
Babites ezers BE_6 0-300 cm (intervala ik pa 5 cm)
BE_2 0-50 cm (intervala ik pa 2 cm)
Kaniera ezers KE_1 0-44 cm (intervala ik pa 5 cm)
Lilastes ezers LE 1 0-50 cm (intervala ik pa 3 cm)
LE_2 0-50 cm (intervala ik pa 2 cm)

augu izplatibu regiona. Turklat tiek uzskatits, ka mezs ap ezeriem (pieméram, Ummja
ezera apkartne) noder ka filtrs, caur kuru lakstaugu puteksni netiek cauri, bet atsevisku
lakstaugu puteksni ezera centralaja dala nonak no attalakam vietam (Kangur, 2009).

2.3.3. Augu makroatlieku analize

Metodes izvéles pamatojums

Pétijuma metodes pamata tika izmantots visparinajums, ka augaja diferenciaciju no-
teiktos laika intervalos katra rajona nosaka regionalie faktori, tapéc augaja sastavs un iz-
platiba lauj rekonstruét atbilstoSos pagatnes apstaklus (Abolting, 2004), jo ezers ir vide,
kur nogulumos izgulsnéjas, iekonservéjas un saglabajas ezera auguso tidensaugu atliekas
(Smol, Glew, 1992). Ezera nogulumos var uzkraties ari ieskalotas augu makroatliekas no
ezera piekrastes un ta sateces baseina. Tapéc $§1 metode tika lietota ezera nogulumu péti-
jumiem, jo lauj iegtit informaciju par Gidensaugu daudzumu un sastavu konkréta nogulu-
mu slana uzkraganas laika, lai rekonstruétu apstaklus ezera (Birks, 2001; Pujate, Cerina,
2012), nemot véra to, ka tadas augu atliekas ka séklas maz parvietojas (Dieffenbacher-
Krall, 2007). Tas parasti ir atrodamas netalu no auga augsanas vietas un atspogulo eze-
ra un ta krastos augo$as vegetacijas sastavu (Birks, Birks, 1980; 2000). Tomér, analizgjot
koku riekstinu izkliedi un sastopamibu ezera nogulumos, tika nemtas véra katras sugas
izkliedes ipatnibas (Delcourt, Delcourt, 1991).

Darba autore analizéja specialo literatiiru par to, kadas augu sugas misdienas aug pé-
tamajos ezeros, lai varétu salidzinat augu makroatlieku analizes rezultatus ar masdienu
vegetacijas sastavu. Makroatlieku analizes dati saméra precizi atspogulo lokalas teritori-
jas vegetacijas izmainas (Zhao et al., 2006; Pujate, Cerina, 2012), un péc tam var spriest
arl par vides apstaklu izmainam ilgaka laika posma (Wasylikowa, 1986; Warner, 1990).
Savukart atrasto ogliSu fragmentu klatbiitne nogulumos norada uz degsanu, kas parasti
tiek saistita ar cilvéka darbibu (Canellas-Bolta et al., 2012).

Metodes apraksts
Paraugi augu makroatlieku analizei tika iegiiti un sagatavoti péc standarta metodes
(Birks, 2001) - nogulumu monoliti analizei tika sadaliti paraugos ik pa 5 cm un skaloti
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caur sietu, kura acs izmérs ir 25 mikroni. Udens strikla nedrikstéja bat parak stipra,
lai nesabojatu atliekas, bet pietiekosi spéciga, lai aizskalotu nevajadzigo materialu. Kad
no parauga nekas vairak neskalojas lauka (tidens kluva dzidrs), tas tika parlikts plasti-
kata maisina ar noslédzamu galu, lai saglabatu paraugu mitru. Augu makroatlieku izla-
siSana, identificéSana un skaitiSana notika zem stereoskopiska binokulara mikroskopa
Optika ST-45-2L ar palielinajumu 40 reizes. Izlasitas séklas tika liktas specidlos makroat-
lieku traucinos jeb kameras. Séklu identificésanai tika izmantoti dazadi noteicéji (piem.,
Rasinsg, 1954; Velichkevich, Zastawniak, 2008), ka ari interneta resursi.

2.3. tabula ir apkopotas urbumu vietas un nogulumu slani, kam tika veikta augu
makroatlieku analize.

2.3. tabula
Ar augu makroatlieku analizi pétita ezera nogulumu slana biezums
Table 2.3.
Thickness of lake sediment layer analysed by plant macroremains
Pétijuma vieta Urbuma numurs Analizétais slana biezums
Engures ezers EE_11 0-55cm
Babites ezers BE_2 0-300 cm
Kaniera ezers KE_1 0-80 cm
KE_2 0-50 cm
KE_3 0-95 cm
Lilastes ezers LE_1 0-95 cm
LE_3 0-40 cm
Ummja ezers UE_2 0-100 cm
Velnezers VE_1 0-250 cm

Iegiitais augu makroatlieku sastavs tika atainots datorprogramma TILIA.

2.3.4. Metalu sastava noteikSana

Metodes izvéles pamatojums

Kimisko elementu daudzums ezeru nogulumu sastava raksturo ne tikai nogulumu
kimiskas ipasibas, bet arl piesarnojumu, kas tajos nonak ar virszemes iideniem un ar at-
mosféras nokri$niem un var atklat ari informaciju par vides izmainam, kas saistitas ar cil-
véka darbibu (Birks, Birks, 1980; Oldfield et al., 2003; Yang, Rose, 2005). Tapéc pétijjuma
tika noteikts ari metalu saturs nogulumos.

Metodes apraksts

Ezera nogulumu monoliti (50 cm) tika sadaliti paraugos, kas tika homogenizéti,
izmantojot ahata piestu. Analizei tika nemti 0,5 g sausa parauga (zavéti 105 °C 12 h)
(Csuros, Csuros, 2002). Paraugs tika apliets ar 25 ml 50% HNO, un 5 ml H O, (Tessier
et al,, 1979; USEPA, 1996), laujot tam izreagét 24 h. Péc tam paraugs tika karséts (lidz
varidanas temperatirai), kamér puse ir iztvaikojusi, un tika pieliets vél 25 ml 50% HNO,,
atkal uzkarséts lidz virSanai un atdzeséts. legitais $kidums tika filtréts caur filtrpapiru
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un at$kaidits lidz 50 ml ar destilétu Gdeni. Smagie metali tika noteikti ar PerkinElmer
Instrumentu AAnalyst 200 ar liesmas atomizaciju, kas no vides piesarnojuma analizes
viedokla ir korektaka (Hédrejarv, Ott, 1988; Krumgalz, Fainshtein, 1989; Briede, 1996).
Parauga tika noteikti §adi elementi: Na, Mg, K, Ca, Fe, Mn, Co, Ni, Cu, Zn, Cd, Pb. Hroms
tika noteikts acetiléna-N,O liesma. Absorbcija tika mérita ar fona korekciju.

Pétijuma tika sagatavoti tris ,,tuksie” paraugi tada pasa veida un izmantoti ka standar-
ta paraugi. 10% paraugu tika mériti atkartoti, lai kontrolétu kvalitati. Analitiska precizi-
tate, kas paralélajiem paraugiem tika mérita ar relativo standartnovirzi, bija mazaka par
10%.

2.4. tabula ir apkopotas nogulumu monolitu nemsanas vietas metalu sastava analizei
un analizétais slana biezums.

2.4. tabula
Ar metalu sastava analizi pétitais ezera nogulumu slana biezums
Table 2.4.
Thickness of lake sediment layer analysed by metal composition
Pétijuma vieta Urbuma numurs Analizétais slana biezums
Engures ezers EE 11 0-50 cm
Babites ezers BE_2 0-50 cm
Kaniera ezers KE_2 0-50 cm
KE_3 0-54 cm
Lilastes ezers LE 1 0-50 cm
Ummja ezers UE_2 0-50 cm
Velnezers VE_1 0-50 cm

2.3.5. Ezera nogulumu biologiska sastava analize

Metodes izvéles pamatojums

Ezera nogulumu biologiska sastava analize tika izmantota, lai noteiktu nogulumu tipu
un vides apstaklu izmainas nogulumu uzkrasanas gaita. Metodes batiba ir §ada: izman-
tojot idens suspensiju no ezera nogulumiem, noteikt procentualo attiecibu atlieku siste-
matiskajam grupam, lai varétu noteikt nogulumu veidu (Wunsam et al., 1995; Lai et al.,
2003; Beszteri, 2007).

Pétijuma metodes pamata tika izmantots visparinajums, ka, palielinoties baribas
vielu iepliidei ezera, var tikt sekméta fitoplanktona primaras produkcijas veido$anas
(McQuatters-Gollop et al., 2009), kas var izraisit fitoplanktona sugu sastava izmainas
(Jurgensone, 2011). Dazadas sugas var atspogulot dazadus vides apstaklus (piem., idens
temperatiiru, gaismas intensitati, trofijas limeni). Mikroskopiskas alges var veidot butisku
fitoplanktona masas dalu, un tam ir liela nozime ezeru ekosistému saglabasana, jo alges
veido dazadu adens dzivnieku baribas bazi (Warner, 1990), bagatina Gideni ar molekularo
skabekli, ka arT kalpo par oglekla “siikni”, uznemot atmosféras oglskabo gazi CO, karbo-
natjonu veida. Sis mikroskopiskas atliekas var noradit uz hidrologisko apstaklu izmainam
nogulumu uzkrasanas laika (Hooghiemstra, 2012). Labvéliga tidens vidé, kas bagata ar
silicija dioksidu, diatomejas var paradities liela daudzuma.
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Pétijuma alges tika noteiktas, izmantojot noteicéjus (Katz et al., 1977; Canter-Lund,
Lund, 1995; Jankovska, Komarek, 2000; Serediak, Huynh, 2011). Citas mikroskopis-
kas atliekas tika identificétas, izmantojot dazadu zinatnisko literatiiru (van Geel, 1998;
Charman et al, 2000; Clarke 2003; Barthelmes, 2006; Mazei, Tsyganov, 2006; Booth,
2008; Booth et al., 2008; Glime, 2012).

Metodes apraksts

Paraugi no ezera nogulumu monolita tika sagatavoti, nemot 1 cm’ svaiga parauga un
pievienojot mégené destilétu Gdeni lidz 10 ml atzimei. Vienmériga suspensija tika iegiita,
sajaucot visu ar stikla niijinu, un uzdulkota ar pipetes palidzibu. No §is suspensijas tika
panemts 1 ml, ievietots cita mégené un atSkaidits ar destilétu tdeni lidz 10 ml atzimei,
samaisits. Paraugi, kuriem atlieku daudzums gaismas mikroskopa redzeslauka bija parak
liels, tika atkartoti atskaiditi. Analizétajos paraugus tika noteikts procentuali augstakais
augu atlieku daudzums (Wunsam et al., 1995; Beszteri, 2007), kramalges jeb diatome-
jas, zilalges, zalalges, zeltalges, dzivnieku atliekas, sporas un puteksni, un citas atliekas.
Uzskaite tiek veikta lidz 500 atliekam. Ezera nogulumos eso$o mikroskopisko atlieku no-
teik$anai tika izmantoti dazadi augu atlanti un noteicéji.

2.5. tabula ir apkopotas nogulumu monolitu nemsanas vietas un analizétais slana bie-
zums, kam veikta ezera nogulumu biologiska sastava analize.

2.5. tabula
Ar ezera nogulumu biologisko analizi pétitais ezeru nogulumu slana biezums
Table 2.5.
Thickness of lake sediment layer analysed by biological composition
Pétijuma vieta Urbuma numurs Analizétais slana biezums
Engures ezers EE_11 0-50 cm
Babites ezers BE_2 0-290 cm
Kaniera ezers KE_1 0-60 cm
Lilastes ezers LE 1 0-50 cm
Ummja ezers UE_1 0-50 cm
Velnezers VE_1 0-250 cm

2.3.6. Nogulumu magnétiska jutiguma noteiksana

Metodes izvéles pamatojums

Pétijuma metodes pamata tika izmantots visparinajums, ka jebkurai lietai daba, tai
skaita ari dazadiem nogulumiem, ir savs magnétiskums (Thompson, Oldfield, 1986).
Lidzigi, ka tiem tiek noteikts kimiskais sastavs, var tikt raksturots to magnétiskais juti-
gums. Zinatnieki pagajusaja gadsimta atklaja, ka magnétiskums var palidzét raksturot,
klasificét dazadas vielas un nogulumus, ki arl konstatéja, ka magnétiskais jutigums at-
spogulo tadas sedimentacijas apstaklu izmainas ezera ka, pieméram, Gdens limena izmai-
nas vai klimatiskas izmainas, un atklaja antropogéno ietekmi un/vai aktivitati, augsnes
eroziju u. c. Tadéjadi magnétiska jutiguma analizes rezultati lauj labak izprast teritorijas
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vésturisko attistibu (Bartington Instruments Limited, 1995). Tapéc ar magnétiska jutigu-
ma metodi Engures ezeram tika noteiktas ezera nogulumu izmainas. Magnétiska jutigu-
ma mérijumiem butu japarada dzelzs saturoso mineralu daudzums nogulumos.

Metodes apraksts

Izmantojot MS2 Bartington instrumentu ar virsmas skenésanas sensoru MS2E, ie-
gitajiem EE_2 urbuma paraugiem tika noteiktas k (k-Kappa) vértibas (Bartington
Instruments Limited, 1995). Pirms lieto$anas sensors tika kalibréts, par magnétiska ju-
tiguma relativo nulles punktu izmantojot telpas gaisu. Mérjjumi tika veikti ik pa 1 cm
(pavisam veikti 500 mérijumi).

2.3.7. Nogulumu vecuma noteiksana

Metodes izvéles pamatojums

Nogulumu vecuma noteiksanai tika izvéléta metode, kas lava precizét nogulumu un
to izmainu laiku.

Lai izveidotu vecuma un dziluma modeli nogulumu griezumam, nepiecie$amais dateé-
jumu skaits ir atkarigs no precizitates, kas nepiecieSama pétjjuma meérkim, un nogulumu
uzkrasanas gaitas sarezgitibas (Telford et al., 2004).

Engures ezera nogulumi no EE_11 urbuma ir datéti ar svina *°Pb metodi (pussabruk-
$anas periods 22,3 gadi), kas ir labi izmantojama metode tiesi virséjo ezera nogulumu
datésanai (Krishnaswamy et al., 1971). DatéSana tika veikta, lai ieglitu péc iespéjas preci-
zaku informaciju par to, kad tiesi notikusas vides izmainas.

Metodes apraksts

1. No Engures ezera EE_11 urbuma ar modificéto pistona urbi ievaktie virséjie nogulu-
mi 15 cm biezuma tika detali pétiti un tika noteikts to vecums ar svina ?°Pb meto-
di ik pa 2,5 cm. Nogulumu paraugi *'°Pb datéSanai tika sititi uz Botanikas institiitu
Lietuva, kur Radioizotopu izpétes laboratorija izmanto gamma spektrometru nogulu-
mu vecuma noteiksanai. Kalibréjot iegtitos rezultatus, tika noteikts ezera nogulumu
vecums ari nogulumu slaniem lidz 30 cm dzilumam.

2. Konvencionala radioaktiva oglekla (*C) izotopu datésanas metode tika izmantota
Engures ezera nogulumiem (EE_3) ta aizaugusaja dala (EE_12). Daté$anai tika ievak-
ta attieciga slana masa 5 cm intervala, kopa ievacot 0,5 kg nogulumu, kas tika glabati
melnos necaurspidigos maisos. Ievaktie nogulumu paraugi (3 no katra urbuma) tika
satiti uz Tallinas Tehnologiju universitates Geologijas instittitu, kur Enna Kaupa (Enn
Kaup) vadiba paraugi tika apstradati.

3. AMS (akseleratora masas spektrometrijas) metode tika lietota Velnezera aizaugusas
dalas nogulumu (VE_2) datésanai. Sis metodes pamata ir attieciga slana (ar inter-
valu 5 cm) augu makroatlieku absolitd vecuma AMS "C datéSana, kas tika veikta
pieciem dziluma intervaliem Skotijas Svéta Endrji universitates Vides izpétes centra.
Laboratorijas kods SUERC (GU34944).

Pétijuma Engures un Velnezera nogulumu radioaktiva oglekla datéjumi tika kalib-
réti ar CLAM datorprogrammu, ko ir izstradajis M. Blauvs (Blaauw, 2010), iegiistot
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vecuma un dziluma modeli. Datu kalibracija ar vecuma un dziluma modeli nepie-
cieSama, lai ieglitos laboratorijas rezultatus varétu parvérst kalendarajos gados. Par
nogulumu kalendaro gadu atskaites punktu pienemts 1950. gads.

SUERC-55118 (2614,31)
68,2% varbutiba
814 (68,2%) 789 kal. gadi pirms Kristus
95,4% varbutiba
830 (95,4%) 771 kal. gadi pirms Kristus
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2.8. attéls. Piemérs: Velnezera aizaugo$as piekrastes zema purva nogulumu “C daté$anas rezultatu
kalibréSanas diagramma: 2 standarta novirzes 2614 + 31 kal. gadiem PM

Figure 2.8. Example: Calibration of a '“C date 2614 + 31 **C BP at 2 standard deviation of the
dating results from the fen peat of the overgrowing shore areas

Datu kalibrésanai vecuma un dziluma modelim tika izmantota varbitibas kalibrésana,
lai aprékinatu kalendaros gadus, ka to aprakstijis J. van der Plihts un V. G. Miks (van der
Plicht, Mook, 1989). Vecuma un dziluma modeli ir veidoti, izmantojot R programmu.

2.3.8. Datu statistiska apstrade

Metodes izvéles pamatojums

Péc tam, kad metalu sastava analizé tika iegtti dati, tika veikta statistiska analize, kas
balstas uz Pirsona korelaciju, kura lauj novértét datu kopu savstarpéjo saistibu. Statistikas
metodes lauj analizét ari kopsakaribas starp dazadam datu kopam, kas ir viena objekta
(3aja gadijuma nogulumu) dazadu pazimju vértibu kopas (metala koncentracija, organis-
kas vielas, karbonati un mineralvielas) (Liepa, 1974).

Ar So metodi tika analizéta metalu elementu un karsé$anas zudumu rezultatu ko-
relacija. Sim mérkim tika izmantota korelacijas aprékina gaita iegiitie tabulas rezultati.
Korelacijas koeficienta statistiskas nozimibas novérté$ana notiek, salidzinot aprékinato
korelacijas koeficientu ar kritisko vértibu korelacijas koeficientu. Saja pétijuma tika no-
skaidrotas sakaribas starp metalu elementiem ezera nogulumos un karsésanas rezultatiem
(ar sarkanu liniju apzimétas pozitivas korelacijas un ar zilu liniju — negativas korelacijas).
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Ordinacijas analizes veik$anai tika izmantoti izejas dati no katra ezera viena urbuma
lidz 50 cm dzilumam, cenSoties atrast galvenas likumsakaribas (trendus) nepartrauktu
asu forma. Analizes mérkis ir paradit ezera nogulumu izpétes rezultata iegiitos datus ar
samazinatu ortogonalu asu palidzibu tada veida, lai §is asis paraditu galvenas likumsaka-
ribas datos. Vairums ordinacijas metozu balstas uz eigenvektoru aprékinasanu, pamatojo-
ties uz saistibu matrici.

Galveno komponensu analizes (PCA) galvena bitiba ir, ka dazas pirmas komponentes
varés izmantot, lai ieglitu zemakas pakapes kopsavilkumu par $iem mainigajiem turpma-
kajam analizém.

Izmantojot PC-ORD Versions 5 (McCune, Mefford, 1999), veikta iegiito kimisko ele-
mentu, litologijas, dziluma un vegetacijas datu komponentanalize un rezultati attéloti
Biplot grafikos. PCA ir visbiezak lietota daudzfaktoru statistiska metode, ko izmanto, lai
izskaidrotu asociacijas un mikroelementu izcelsmi (Loska, Wiechuta, 2003).

2.3.9. Kimisko elementu anomalijas koeficienta aprékinasana

Anomalijas koeficients biezi tiek izmantots, lai at§kirtu antropogénas darbibas rezul-
tata pieplastosos metalus no ezera nogulumu sastava dabiski eso$ajiem metaliem un ta-
déjadi noveértétu antropogénas ietekmes pakapi (Han et al., 2006). Lai aprékinatu nogu-
lumu monolitos eso$o smago metalu anomalijas faktoru, Ipasi svarigi ir noteikt So smago
metalu fona vértibas. Dabisko fona limeni mikroelementiem var noteikt daudzos veidos
(Martinez Cortizas et al., 2002; Shotyk et al., 1998; Shotyk et al., 2001). Darba autore par
fona limeni ir pienémusi pétita griezuma dzilakaja dala konstatéto zemako metala kon-
centraciju, kur nogulumu slani ir ar vismazako antropogéno ietekmi jeb ir ka ,,dabigs”
metala satura koncentracijas raditajs (Shotyk, 1998; Shotyk et al., 2001; Yang, Rose, 2005).

Anomalijas koeficients tika aprékinats péc modificétas P. Buata-Menarda un
R. Ceseleta (Buat-Menard, Chesselet, 1979) formulas:

EF = Mus/Mb ,

kur EF - anomalijas koeficients,
Mus - metala saturs aug$éjos ezera nogulumos,
Mb - fona limena koncentracija.

Darba gaita iegitie analizu dati no katras pétijumu metodes tika apkopoti, izmantojot
datorprogrammu MS Excel 2007. Atbilstosi katras metodes Ipatnibam talak tas tika vizu-
alizétas ar datorprogrammam TILIA, MS Excel, Bartington, CLAM, ArcGIS un Pcord5.
Péc iegiito datu apstrades rezultati tika analizéti, salidzinati un interpretéti.
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3. REZULTATI UN TO INTERPRETACIJA

Lai péc iespéjas precizak varétu atpazit nogulumos ietvertas liecibas par vides izmai-
nam un cilvéka darbibas ietekmi uz nogulumu sastavu to uzkrasanas laika un lai piera-
ditu to, ka ezeru attistibu un nogulumu raksturu ietekmé daudzi faktori (Wetzel, 2001),
veikts multidisciplinars pétijums. legiitie rezultati interpretéti un salidzinati vienas meto-
des ietvaros viena un ta pasa ezera dazados urbumos, un noveérteéts ari, ka vienas analizes
dati papildina citus datus.

3.1. Engures ezera nogulumi

Interpretéjot iegiitos rezultatus, tika izmantoti ari agrak veikto Engures ezera nogu-
lumu pétijjumu rezultati (Springe et al., 2007; Springe u. c., 2010; Kalnina et al., 2011;
Strautnieks et al., 2012).

3.1.1. Nogulumu sastavs un vecums

Analizéjot Engures ezera nogulumu karsé$anas zudumu analizes rezultata iegitos
datus, konstatéts, ka butiskas izmainas nogulumu sastava ir tiesi griezuma auggéja slani
(3.1. att.) no 20 lidz 0 cm, kur strauji palielinas karbonatisko vielu daudzums. Dziluma
intervala 67-47 cm karbonatisko vielu daudzums vidéji ir 4% un dziluma intervala
47-20 cm tas nedaudz palielinas lidz 5%, bet, sakot no 20 cm dziluma lidz nogulumu
griezuma augsai, ir vérojama strauja karbonatisko vielu palielinasanas, kas sasniedz 20%.
Si robeza diagramma (3.1. att.) ieziméta ar horizontalu liniju, kas norada limeni, no kura
palielinas karbonatisko vielu daudzums nogulumu sastava, un tas, iespéjams, saistits ar
Meérsraga kanala izraksanu. Domajams, ka $1s izmainas ir saistitas ar kalcija jonu dau-
dzuma palielinasanos tideni. Ezera Gdenim klastot piesatinatam ar kalcija joniem, taja
izgulsnéjas kalcija karbonati. Bet, ta ka $ada karbonatisko vielu daudzuma strauja palieli-
nasanas ir notikusi tikai E_11 griezuma virséja nogulumu slani, kur$ uzkrajies péc ezera
limena pazeminasanas, tad darba autore to skaidro gan ar fotosintézes procesiem, kas var
radit kalcija karbonatu izgulsné$anos, kad augi uznem CO, (oglekla dioksidu) un kalcija
jonus un paaugstina pH limeni, gan arl ar cilvéka darbibas izraisitu karbonatisko vielu
ieskalo$anos no nogulumiem, mainot tidens limeni ezera. Novértéjot nogulumu sastavu,
var secinat, ka augséjo griezuma dalu (20-0 cm) veido vaji konsolidéta gitija, kas pama-
zam klast blivaka.

Analizgjot organisko vielu daudzuma izmainas urbuma EE_11 nogulumu sastava, var
konstatét, ka no 47 cm dziluma lidz nogulu slana virsai ir vérojama vienmériga organisko
vielu uzkrasanas. Ta nedaudz samazinajusies salidzinajuma ar organisko vielu maksimalo
daudzumu nogulumu sastava dziluma intervala 47-40 cm (3.1. att.).

Karsésanas zudumu analizes rezultati (3.1. att.) liecina par izmainam nogulumu sasta-
va 62 cm dziluma, kad strauji palielinds mineralo vielu daudzums. Iespéjams, §1s izmainas
ir izraisijusas ezera tidens limena svarstibas. Maz ticams, ka tas batu saistitas ar cilvéka
darbibu, bet, ta ka $im nogulumu slanim nav noteikts absoliitais vecums, tad tie ir tikai
provizoriski minéjumi (Pujate et al., 2012 a; b).
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3.1. attels. Engures ezera EE_11 urbuma nogulumos noteiktais organisko vielu saturs,
karbonatisko vielu un mineralo vielu daudzums. Ar horizontalu liniju 20 cm dziluma atziméts
limenis, no kura palielinas karbonatisko vielu daudzums nogulumu sastava, un tas atbilst
periodam, kad tika izrakts Mérsraga kanals
Figure 3.1. Content of organic, carbonatic and mineral matter from core EE_11 from Lake Engure

sediments. Horizontal line at the 20 cm shows level from where increase amount of carbonates in the
composition of sediments and it corespond to the year 1842 when Mérsrags Canal was excavated
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3.2. attéls. Engures ezera virséjo nogulumu (EE_11) vecuma un dziluma modelis, kas izveidots,
izmantojot '°Pb datéjumu rezultatus

Figure 3.2. Age-depth curve of 2°Pb dating from EE_11 core sediments of Lake Engure
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Engures ezera virs¢jo nogulumu detalas (ik pa 1 cm) datéSanas rezultati (3.2. att.)
apstipringja, ka karbonatisko vielu strauja uzkrasanas nogulumos ir saistita ar 1842. gada
notikumiem ezera, kad tika izrakts kanals, kas ezera ziemelu galu pie Mérsraga savienoja
ar juru.

EE_2 griezuma apakséja dala dziluma intervala 310-290 cm uzkrajies aleirita slanis,
kas veidojies pirms 9408-9240 kal. g. PM. Saja nogulumu slani organisko vielu saturs bija
neliels, sasniedzot tikai 6%, bet dominéja mineralas vielas, kas sasniedzs 89% (3.3. att.).
Karbonatisko vielu daudzums $aja aleirita nogulumu slani neparsniedza 10%. Virs alei-
rita 125-110 c¢m intervala uzkrajies kiidras slanis, kura strauji palielinas organisko vielu
daudzums, sasniedzot 63%, bet mineralo vielu daudzums samazinas lidz 34% un karbo-
natisko vielu saturs lidz 2%.

Straujas izmainas nogulumos tika konstatétas 105 cm dziluma (no nogulumu vir-
smas), kur uzkrajies kiidrainas gitijas slanis, kas atbilst apméram 8800 kal. g. PM. Saja
slani organisko vielu procentualais daudzums samazinas lidz 45%, bet mineralvielu dau-
dzums pieaug lidz 52%. No 100 cm dziluma griezuma uz auggu kidraino gitiju parsedz
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3.3. attéls. Engures ezera EE_2 urbuma nogulumos noteiktais organisko vielu saturs, karbonatisko
vielu un mineralo vielu daudzums

Figure 3.3. Content of organic, carbonatic and mineral matter from core EE_2 of Lake Engure
sediments
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kidras slanis, kur organisko vielu saturs ir vél lielaks neka apakséja kiidras slani, sasnie-
dzot vairak neka 80%, bet karbonatiskas vielas praktiski netika konstatétas. Tas atkal ne-
liela daudzuma nogulumu sastava paradas parejas intervala no kadras uz aleiritisku gitiju
80 cm dziluma un turpinas lidz griezuma auggai, neparsniedzot 3%. Griezuma no 75 cm
dziluma lidz nogulumu virsai ir uzkrajies aleiritiskas gitijas slanis, kura organisko vielu
daudzums strauji samazinas lidz 18% un attiecigi mineralvielu daudzums palielinas lidz
80% (3.3. att.).

Urbuma EE_3 nogulumiem (urbums veikts tiesi blakus (15 cm attaluma) urbumam
EE_2) noteikts absolitais vecums (3.1. tab.), izmantojot konvencionalo radioaktiva oglek-
la ("*C) izotopu datésanas metodi un programmu R; izveidots vecuma un dziluma mo-
delis (3.4. att.). Analizé&jot §i griezuma vecuma un dziluma modeli (3.4. att.), redzams,
ka strauja nogulumu uzkrasanas notikusi ezera attistibas sakuma, kad ~ 2000 gadu laika
ir uzkrajies 90 cm biezs nogulumu slanis. Savukart virséjie 50 cm ir uzkrajusies ~ 7000
gadu laika. Analizéjot So modeli un nemot véra pétjjuma meérki, konstatéts, ka precizakai
nogulumu uzkrasanas intensitates rekonstrukcijai attieciba pret laiku batu nepieciesami
vél papildu datéjumi virséjiem ezera nogulumiem. Dziluma un vecuma modelis uzrada,

3.1. tabula
Konvencionala radioaktiva oglekla (**C) izotopu datésanas rezultati
Table 3.1.
Data of Conventional radiocarbon (*C) isotopes dating results

Parauga Nr. | Dzilums (cm) | Vecums (**C g. PM) | Vecums (kal. g. PM) Nogulumi
Tln 3251 220-230 6900 + 120 7215 gitija ar organisko
vielu piejaukumu
Tln 3252 250-260 7825 + 65 8820 kadra
Tln 3253 280-290 8230 + 65 9295 kadra
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3.4. attels. Engures ezera EE_3 urbuma nogulumu vecuma un dziluma modelis

Figure 3.4. Age-depth model from Lake Engures sediments of core EE_3
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ka nogulumu uzkrasanas atrums ir loti mazs (~ 7 mm 100 gados), kas neliekas ticams.
Iespéjams, ka pasi augséjie nogulumi $aja ezera dala ir tikusi erodéti vai ari ir pargulsnéti
Litorinas jiras transgresijas-regresijas idens limena fluktuacijas rezultata. Par to liek do-
mat ne tikai nelielais nogulumu uzkrasanas apjoms, bet ari praktiski nemainigais nogulu-
mu sastavs griezuma augséja dala (3.3. att.).

Urbuma EE_12 nogulumu karsé$anas zudumu analizes rezultati (3.5. att. A) un péc
"C datéjumu rezultatiem izveidotais vecuma un dziluma modelis (3.5. att. B) parada no-
gulumu uzkraganas gaitu pédéjos 6000 gados.

Engures ezera dienvidu gala nogulumu (tie izveidojusies, aizaugot ezera licim
(EE_12 urbums)) veikta analize parada, ka organisko vielu daudzums nogulumu sastava
straujak palielinajies, sakot no 87 cm dziluma, kad pirms apméram 5700 kal. g. PM uz-
krajusies smil$aina gitija. Tas sastava pieaug ari karbonatisko vielu daudzums, savukart
mineralo vielu ipatsvars samazinas. Tas var liecinat par ezera limena pazeminasanos un
seklako licu aizaugSanas sakumu. Griezuma virziena no pamatnes uz auggu virs smalkas
smilts nogulumiem, sakot no 86 cm dziluma, samazinas smilts dalinu daudzums un sak
uzkraties smilSaina gitija, kuru 65 cm dziluma parsedz kadraina gitija ar smilts un aleirita
dalinu piejaukumu.

SmilSainas gitijas slanim 79-60 cm dziluma, kas veidojies pirms apméram 5200-
5000 kal. g. PM, raksturigas gan mineralo vielu daudzuma, gan organisko un karbonatisko
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3.5. atteéls. Engures ezera aizaugusa dienvidgala li¢a (EE_12 urbums) nogulumos noteiktais
organisko vielu, karbonatisko vielu un mineralo vielu daudzums - A; vecuma un dziluma
modelis - B

Figure 3.5. Content of organic, carbonatic and mineral matter from southern overgrown part of
Lake Engure (core EE_12) deposits — A; Age-depth model - B
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vielu daudzuma svarstibas. Tas liecina par ezera Gdens limena fluktuacijam. Lidziga aina
ir vérojama arl nogulumu griezuma dziluma intervala 32-23 cm, kur nogulumu sastava
palielinas mineralo dalinu daudzums, bet organisko vielu saturs krit lidz 20%. Griezuma
aug$éja intervala (23-0 cm) nogulumu uzkraganas laika pédéjos 1300 gados butiski mai-
nas nogulumu uzkrasanas apstakli un organisko vielu daudzums sak strauji palielinaties,
sasniedzot 50-60%. Nedaudz palielinas arl karbonatisko vielu daudzums. Ezera nogu-
lumu karsé$anas zudumu analizes diagramma (3.5. att.) virséjos 5 cm ir vérojama vél
straujaka organisko vielu uzkrasanas, kas liecina par ezera aizaugSanu un zema purva
veidos$anos.

3.1.2. Nogulumu biologiskais sastavs

Ezera nogulumu uzkrasanas apstakli ir mainigi gada griezuma (Annevile, Peletier,
2000), to izraisa katras sezonas laikapstakli un biotas dzives cikls ezera. Ziema, ledus
un sniega laika, ievérojami samazinas augiem pieejamais gaismas daudzums. Savukart
pavasari ar sniega kuSanas tideniem ezera nonak papildu uzturvielas, ko uzreiz izmanto
tdensaugi (makrofiti), tapéc tie strauji pieaug netalu no krasta un var bit ,,skaidra tdens”
faze (Carpenter, Lodge, 1986; Gulati, van Donk, 2002; Hosper et al., 2005). Tas butiski
ietekmé nogulumu sastavu.

Makrofitu aug$ana paléninas no vasaras vidus lidz rudenim, un tad ienestas baribas
vielas un baribas vielas no makrofitu sadaliSanas klast pieejamas algém. Pieejamas baribas
vielas kopa ar siltu Gideni un bagatigu saules gaismu var izraisit intensivu algu augsanu, ta
saucamo Udens ziedésanu. Rudeni samazinas dienasgaismas daudzums, tidens tempera-
tira krit, samazinas algu augsana un ezera Gdens vélreiz var bt dzidraks. Tapéc paraugi
ezera nogulumu biologiskajam sastavam ievakti ziemas perioda, lai neparaditos, pieméram,
palielinats algu daudzums virséjos paris centimetros un lai datus bitu vieglak salidzinat.

Engures ezera nogulumu biologiskas analizes gaita augstako augu atliekas loti neliela
skaita tika konstatétas visa pétitaja nogulumu griezuma (3.2. tab.). Biezi vien atliekas bija
tik mazas, ka nebija iespéjams noteikt augu sugas. Mazliet vairak (5%) nogulumos tika
konstatétas sporas un puteksni (sastavu sk. 3.1.3. nodala). Pétita ezera nogulumu griezu-
ma amorfa detrita daudzums svarstas no 10 lidz 15% no kopéja parauga.

Veicot ezera nogulumu biologisko analizi, tika konstatétas ari faunas atliekas, kas visa
griezuma bija ap 15%. Zooplanktona grupa — kladoceras (Cladocera) - ir sastopama visa
analizétaja virséjo nogulumu slani. Kladoceras var izmanto ari ka bioindikatorus adens
piesarnojuma noteikSanai. Bet, ta ka $ai grupai ir parak plasa tolerances likne un lidz
sugai tas nav noteiktas, tad $aja gadijuma tas nav izmantojamas ka indikatori pétita ezera
nogulumiem. Augséjos nogulumos lidz 25 cm dzilumam tika konstatétas ari gliemenvézu
(Ostracoda) atliekas, kas var labi saglabaties nogulumos (Siveter et al., 2010). Gliemenvézi
dzivo gan saldtideni, gan jiiras iideni uz grunts. Partiek no detrita, augiem un to atliekam.
Barojas ari ar dzivnieku baribu, ipasi ar idensdzivnieku atliekam. Iespéjams, gliemenvézu
savairo$anas saistita ar izmainam nogulumos, kad péc Mérsraga kanala izraksanas tidens
kluva karbonatiskaks un labvéligaks ostrakodu attistibai. Nogulumos tika konstatéti ari
Rhizopoda (Protozoa) jeb saknkaji (vienstni).

Kramalges jeb diatomejas $aja ezera nogulumu griezuma ir parstavétas visvai-
rak - 20-30% (3.2. tab.), lidz ar to, balstoties uz N. Kordes (1960) biostratigrafisko
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iedalijumu, ir noteikts ezera nogulumu veids - diatomeju gitija. No diatomejam virsé-
jos ezera nogulumos tika konstatétas Melosira sp., Fragilaria sp., Navicula sp., Pinnularia
sp., Cymbella sp., Gomphonema sp., Pleurosigma sp., Surirella sp., Cocconeis sp., Caloneis
sp., Pleurosigma, Nitzschia sp., Cyclotella spp., Stauroneis, Asterionella formosa. Galvenais
kramalges Melosira sp. limitéjosais resurss ir gaisma un fosfors (Kilham, 1990), un, ta ka
visa $aja griezuma fosfora koncentracija ir pietiekosi augsta (Klavins et al., 2012), tadé]
§1 kramalge ir sastopama visa pétitaja nogulumu griezuma. Kramalgém Navicula sp. un
Fragilaria sp. ir loti plasa ekologiska amplitida (Dam et al., 1994). Kramalge Pinnularia
sp. ir tipiska bentosa iemitniece.

Kramalgei Nitzschia sp. ir daudz piesarpojumam tolerantu sugu (Dam et al., 1994),
kas labi korelé ar metalu diagrammam. Nitzschia sp. ir sastopama 50-25 cm dziluma, bet
virsgjos slanos ta izzad, kad palielinas metalu koncentracija nogulumos. Zinatniskaja lite-
ratiira So ginti dazreiz sauc Nitzschia. Nitzschia ir sastopama visa pasaulé gan uz jaras, gan
uz ezera grunts. Kramalge Nitzschia acicularis tiek uzskatita par eitrofu ezeru indikatoru.

Pétitaja griezuma tika konstatétas ari zilalges, kur no 25 lidz 1 cm intervalam dominé
Aphanothece clathrata, Anabaena spp., bet no 25 cm dziluma paradas Gloeocapsa zilalge.
Aphanothece clathrata raksturigs zemam trofijas limenim (Druvietis, 1997). Anabaena ir
toksiska zilalge, kas savairojas eitrofikacijas ietekmé un var bt ka indikators eitrofiem un
hipertrofiem ezeriem (Druvietis, 1997). Tas savairojas iidens ziedésanas laika, kad ir pa-
augstinata idens temperatiira (apméram +20 °C un vairak). Zilalge Gloeocapsa sp. saista
slapekli un parvérs to tados organiskajos savienojumos ka nitrati un amonjaks (World
Health Organization, 2009), kas ir nozimigs citiem organismiem, kuri barojas ar organis-
kajiem savienojumiem.

Viens$tinas un Skiedrveidigas zilalges ir gandriz vienmér klatesosas saldtiidens ezeros
un biezi veido blivas populacijas vai izraisa Gdens ziedé$anu eitrofos tidenos. Mérenas
zonas ezeriem ir raksturiga tidu sugu sezonala pécteciba, kuras izraisa ziedésanu. Si péc-
teciba izpauzas ka atbilde uz fizikalkimisko apstaklu radito siltuma stratifikaciju. Parasti
$kiedrveida formas (Anabaena sugas un Gloeotrichia sp.) pirmoreiz attistas driz péc pava-
sara iestasanas vai vasaras sakuma. Galvenie faktori, kas nepiecie$ami, lai noteiktu plank-
tona populacijas attistibu, ir gaisma, temperatiira, pH, augu baribas vielu koncentracija
un izskiduso organisko vielu klatbatne.

Pétijuma bez zilalgém nogulumos konstatétas ari zalalges - Cosmarium sp.,
Scenedesmus sp., Tetraedron sp., Staurastrum sp., Pediastrum sp. —, kuras veido 5% no no-
gulumu biologiska sastava. Zalalges Staurastrum sp. augsana ezera liecina par pietiekosu
organisko vielu, it ipasi organiska slapekla, klatbatni adenstilpé (Graham, Wilcox, 2000).
No zalalgém Pediastrum tika konstatétas vairakas to sugas un variacijas (50-10 cm), tai
skaita Pediastrum boryanum, Pb. var. longicorne, Pb. var. undulatum, P. integrum, P. int.
var. perforatum, mazak ir P. kawraiskyi, P. duplex un P. muticum. Zalalge Pediastrum
boryanum ir musdienas visplasak izplatita no visam Pediastrum sugam, relativi nejutiga
pret trofiskuma apstakliem ezera, tapat ari vairak sastopama eitrofos Gdenos (Komarek,
Jankovska, 2001), jo spéj augt diinainos ezeros pat ar noénojumu. Zalalges razo orga-
niskas vielas no tdeni iz§kidu$ajam mineralvielam, galvenokart slapekla un fosfora.
Konstatéta Pediastrum kawraiskyi ir tiesi vairak izplatita valstis, kas atrodas Baltijas jiras
krastos (Héllfors, 2004). Pediastrum duplex dod prieksroku relativi siltiem un eitrofiem
apstakliem.
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Ezera nogulumu biologiskaja analizé katra parauga tika konstatétas ari atseviskas zelt-
alges (< 1%).

Dabas parka ,,Engures ezers” dabas aizsardzibas plana minéts, ka $obrid ezera kon-
statéts vairak neka 150 algu sugu, no kuram dominé Dinobryon sertularia, D. divergens,
Scenedesmus spp., Ankistrodesmus spp., Gymnodinium spp., Peridinium bipes, Ceratium
hirudinella, Fragilaria spp., Gomphonema sp., Stauroneis sp., Navicula spp., Cocconeis pe-
diculus, Cocconeis placentula, Microcystis pulverea, Aphanothece clathrata, Merismopedia
tenuissima, Anabaena spp., Synedra acus. Salidzinot Sos datus ar darba autores veikto eze-
ra nogulumu biologisko analizi, var redzét, ka nogulumu pétijumos nav konstatétas visas
pasreiz ezera dominéjosas algu sugas.

3.2. tabula
Engures ezera nogulumu (EE_11) biologiskais sastavs
Table 3.2.
Data of organic composition from Lake Engure sediments (EE_11)
NDzdums, cm Domingjosas augu un dzivnieku atliekas,%
ogulumu veids
0-5 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija — smil$aina | Dzivnieku atliekas | Ostracoda, Cladocera, Rhizopoda, Copepoda 15
ar karbonatiem | Amorfais detrits 15
Diatomejas Melosira varians, Fragilaria spp., Navicula, 20
Pinnularia
Zilalges Aphanothece clathrata 5
Zalalges Cosmarium, Scenedesmus 5
Zeltalges Dinobryon sp. <1
5-10 Augstakie augi <1
Diatomeju Puteksni, sporas >
gitija — smilSaina | Dzivnieku atliekas | Ostracoda, Cladocera, Rhizopoda 10
ar karbonatiem | Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 25
Pinnularia, Cymbella spp., Gomphonema,
Pleurosigma
Zilalges Aphanothece clathrata 5
Zalalges Cosmarium, Scenedesmus, Tetraedron, Staurastrum 5
Zeltalges <1
10-15 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija — smilSaina | Dzivnieku atliekas | Ostracoda, Cladocera, Rhizopoda 15
ar karbonatiem | Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 25
Pinnularia, Cymbella sp., Gomphonema, Surirella,
Synedra acus
Zilalges Anabaena spp. 5
Zalalges Cosmarium 5
Scenedesmus, Pediastrum, Staurastrum <1
Zeltalges <1
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3.2. tabulas turpindajums

Dzilums, cm

Domingjosas augu un dzivnieku atliekas,%

Nogulumu veids
15-20 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija - smil$aina | Dzivnieku atliekas | Ostracoda, Cladocera, Rhizopoda 15
ar karbonatiem | Amorfais detrits 10-15
Diatomejas Melosira varians, Fragilaria spp., Navicula, 25-30
Pinnularia, Cymbella sp., Cocconeis, Surirella,
Caloneis, Pleurosigma, Dinobryon spp.
Zilalges Aphanothece clathrata 10
Zalalges Cosmarium, Scenedesmus, Tetraedron, Pediastrum 5
Zeltalges <1
20--25 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija - smilSaina | Dzivnieku atliekas | Ostracoda, Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira sp., Fragilaria spp., Navicula, Pinnularia, 30
Cymbella sp., Gomphonema Cocconeis, Surirella,
Pleurosigma, Niztschia
Zilalges Aphanothece clathrata <1
Zalalges Cosmarium 10
Scenedesmus, Pediastrum, Staurastrum <1
Zeltalges <1
25-30 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija - smilSaina | Dzivnieku atliekas | Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira sp., Fragilaria spp., Navicula, Pinnularia, 30
Cymbella sp., Stauroneis, Pleurosigma, Cyclotella
Zilalges Gloeocapsa <1
Zalalges Pediastrum 5
Cosmarium 5
Scenedesmus <1
Zeltalges <1
30-35 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija — smil$aina | Dzivnieku atliekas | Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 30
Pinnularia, Cymbella sp., Stauroneis, Pleurosigma,
Cyclotella
Zilalges Anabaena <1
Zalalges Pediastrum 5
Cosmarium <1
Scenedesmus <1
Zeltalges <1
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3.2. tabulas turpinajums

Dzilums, cm

Domingjosas augu un dzivnieku atliekas,%

Nogulumu veids
35-40 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija - smil$aina | Dzivnieku atliekas | Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 30
Pinnularia, Stauroneis, Asterionella formosa,
Surirella, Nitzschia, Pleurosigma, Cyclotella
Zilalges Anabaena, Gloecapsa 5
Zalalges Pediastrum, Scenedesmus 5
Zeltalges <1
40-45 Augstakie augi <1
Diatomeju Puteksni, sporas 5-10
gitija - smilSaina | Dzivnieku atliekas | Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 30
Pinnularia, Cymbella, Caloneis, Cocconeis, Surirella,
Asterionella formosa, Pleurosigma
Zilalges Aphanothece clathrata, Gloecapsa <1
Zalalges Cosmarium, Scenedesmus, Pediastrum 5
Zeltalges <1
45-50 Augstakie augi <1
Diatomeju Puteksni, sporas 5
gitija - smil$aina | Dzivnieku atliekas | Cladocera, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira varians, Fragilaria spp., Navicula, 30
Pinnularia, Cymbella, Caloneis, Cocconeis, Surirella,
Asterionella formosa, Pleurosigma, Cyclotella
Zilalges Gloecapsa 5
Zalalges Scenedesmus, Pediastrum 5
Zeltalges <1

Engures ezera atrastas epifitona kramalges (Fragilaria spp., Cymbella spp.) liecina, ka
ezers ir vaji eitrofs. Ari ieprieks veiktie fitoplanktona pétijumi Engures ezera liecina par
dzidra tdens ezeru ar vaji izteiktu eitrofikaciju (Spuris, 1960; Druvietis, 1997).

3.1.3. Sporu-puteksnu sastavs

Putek$nu savstarpéjo attiecibu izmainas, to liknu kapumi un kritumi Engures ezera
sporu-puteks$nu diagramma lava nodalit tris lokalas puteksnu zonas (3.6. att.).
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Analiz&jot sporu-puteksnu procentualo diagrammu (3.6. att.), redzams, ka dominéjo-
$ie ir koku puteksni, kuru sastava virséjos nogulumos (zona EE_11 III) visvairak ir bérza
Betula, priedes Pinus, alk$na Alnus un egles Picea puteksni. Koku sastava masdienas do-
minéjosas priedes Pinus putek$nu daudzums griezuma apakséja dala (zona EE_11 I) ir
salidzinosi neliels (~ 30-15%) un biatiski palielinas tikai griezuma augs$éjos 45 cm, kad
samazinas alksna Alnus putek$nu ipatsvars. Savukart dzilakajos ezera nogulumu slanos
(zona EE_11 I) ir lielaks alk$pa Alnus un platlapju puteksnu daudzums, tai skaita ozola
Quercus, viksnas Ulmus, liepas Tilia.

Ka cilvéka ietekmes indikatoru var uzskatit linu Linum un rudzu Secale cereale pu-
tek$nu klatbtitni. Pirmie rudzu puteksni paradas paraugos, kas nemti 55 cm dziluma
(zona EE_11 I), bet nepartrauktu likni veido no 40 cm dziluma uz griezuma augsu. Tas
liecina par rudzu audzé$anu ezera apkartné apméram pédéjos 500 gados, bet to intensi-
vaka audzésana sakusies pirms apméram 200 gadiem. Par to liecina gan lielaks rudzu pu-
tek$nu daudzums, gan ari rudzupuku puteksnu klatbatne. Tas ir ieviesusas lidz ar rudzu
audzésanas sakumu (Behre, 1986). Linu puteksni atrasti galvenokart griezuma apakséja
dala 57-60 cm dziluma.

Putek$nu sastava ir ievérojams daudzums lakstaugu puteksnu, kuri nogulumos fluk-
tué, tomér ieziméjas kopéja tendence palielinaties to sugu dazadibai un daudzumam lidz
pat 30% griezuma auggéjos 25 cm. Tas liecina par daléji atklatas mozaikveida ainavas vei-
dosanos pirms apméram 300 gadiem. Sada tendence raksturiga ari iidensaugu putekinu
daudzumam, kas netie$i norada uz tidensaugu sugu un daudzuma palielinasanos ezera
nogulumu uzkrasanas laika, un tas, savukart, liecina par ezera eitrofikacijas procesu in-
tensificéSanos. Paraugos konstatétas ari vairakas zalalgu Pediastrum sugas.

3.1.4. Makroatlieku sastavs

Augu makroatliekas (AMA) labi atspogulo tie$i to augu sastavu, kas veidojis vegeta-
ciju tai vieta, kur konkrétais nogulumu slanis uzkrajies. Tadéjadi tas sniedz liecibas par
vésturiskajam vides izmainam laika gaita. Tapéc lauka darbu laika paraléli jau ieprieks
minétajam analizém no nogulumiem tika ievakta ari nogulumu serde makroatlieku anali-
zei no EE_11 urbuma. No iegiitajiem datiem tika izveidota diagramma (3.7. att.), kur 0 ir
ezera nogulumu virsa. Interpretéjot datus, tika nemta véra ari informacija par agrakajiem
Engures ezera vegetacijas pétijumiem (Spuris, 1960; Sabardina, 1968; Aunins$ u. c., 2000;
Zviedre, 2001; Gavrilova u. c., 2005). Analizéjot diagrammu, var konstatét, ka griezuma
tdensaugu atlieku daudzums strauji palielinas virséjos 20 cm.

Visa nogulumu profila dominé mieturalgu jeb mieturiu oogoniji (3.8. att.), kas ir
auga sievi$kais gametangijs (Zviedre, Dekere, 2005), kura attistas ol$tina. Mieturalgu
oogoniju daudzums strauji palielinas intervala 10-5 cm, sasniedzot pat 95 vienibas uz
62 cm’. Misdienas ezera ir konstatétas 10 mieturi$u sugas (Grinberga, Zviedre, 2013).

Vilkvalites Typha sp. (auglis ar irbula palieku) ir sastopamas lidz 35 cm dzilumam in-
tervala 35-25 cm un 15-1 cm. Vilkvalites ir parmitru vietu lakstaugi, kas ir plasi izplatiti
aizaugosos seklidenos.

Griezuma virséjos nogulumos (5-20 cm) paradas kemmveida glivenes Potamogeton
pectinatus augli, kas ir ieapali riekstini ar grumbulainu $kautni un isu knabiti. Suga bie-
Zi sastopama jiras piekrastes seklidenos, pie kuriem pieskaitams ari Engures ezers. No
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glivenu sugam augséjos nogulumos (15-1 cm) tika konstatéti ari retas iesartas glivenes
Potamogeton rutilus augli, kas ir spidigi, gludi, sarti brani riekstini ar liektu knabi.

Ezera nogulumu EE_11 urbuma intervald 15-1 cm tika atrasti ari idensgundegas
Batrachium sp. riekstini. Udensgundegu gints vairakums aug ziemelu puslodes mérena
un auksta klimata josla, sastopama saldiidens ezeros vai 1éni tekosos Gdenos.
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3.7. attéls. Engures ezera nogulumu augu makroatlieku sastavs (EE_11 urbums)

Figure 3.7. Plant macroremain diagram for the sediments of Lake Engure (core EE_11)

1 mm
I

3.8. attéls. Mieturites oogonijs (Characeae gen.) (EE_11 urbums)

Figure 3.8. Chara oogonia (Characeae gen.) from core EE_11
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Nogulumos atrastas ari haloragu dzimtas Haloragaceae augu makroatliekas, ko par-
stav daudzlapes Myriophyllum auglis — Cetru riekstinu skaldauglis, kas tika konstatéts eze-
ra nogulumu intervala 25-15 cm. Sis gints parstavji raksturigi saldiidens augu sabiedribai.

Engures ezera nogulumos tika konstatéti ari bérza Betula riekstini (24 cm un 50 cm
dziluma) un egles Picea skujas fragments (35 cm dziluma).

Augu makroatlieku diagramma (3.7. att.) var redzét, ka virséjos nogulumos (20-0 cm
dziluma no nogulumu virsmas) par eitrofikacijas procesu intensificésanos, ko izraisijusi
cilvéka darbibas ietekme, liecina to iidensaugu séklu dazadibas un daudzuma palielinasa-
nas, kam patik seklas un baribas vielam bagatas tdenstilpes.

3.1.5. Metalu sastavs

Nogulumi, uzkrajoties iidens vidé, darbojas ka nozimigakais metalu uzkrajéjs (Caccia
et al., 2003) un ari ka avots piesarnojuma identificé$anai (Adams et al., 1992; Burton,
Scott, 1992). Ezera tdens hidrokimiskajam sastavam ir raksturiga vidéja mineralizacijas
pakape, un taja dominé HCO,, Ca** un Mg*? joni. Hidrogénkarbonatu koncentracija vei-
do lidz 60-70% no tadu jonu daudzuma, kuri raksturo kopéjo mineralizaciju.

Kimiskas analizes gaita noteikti 13 kimiskie elementi, kas péc to vidéjam abso-
latajam koncentracijam virséjos ezera nogulumos (15-0 cm) sakartojas $ada rinda:
Ca>Fe>Mg>K>Na>Mn>Zn>Pb>Cu>Cr>Ni>Co>Cd. Savukart griezuma zemakaja in-
tervala (50-15 cm) elementi veido $adu rindu: Ca>Fe>K>Na>Mg>Mn>Zn>Cu>Ni>
Cr>Co>Pb>Cd. Vietu koncentraciju sadalijumu rinda mainijusi Mg, K, Na, Pb, Cu, Cr,
Ni un Co. Abos absolato vértibu sadalijjuma gadijumos dominé Ca un Fe saturs nogu-
lumos. Ca daudzumu nogulumos ietekmé ezera ieplastosie virszemes Gideni un grunts-
tdenu pieplade, ka ari parasti tas ir ciesi saistits ar augu augSanas procesiem. Kaut ari
specialaja literattira tiek minéts, ka Ca joni sorbéjas uz dzelzs oksida kompleksu virsmam
(Syrovetnik et al., 2007), tomér Fe un Ca savstarpéja korelacija Engures ezera nogulumos
nav noveérota.

Metalu sastava diagramma (3.9. att.) uzrdda elementu koncentracijas strau-
ju pieaugumu virséjos 15 c¢m, iznemot Na un Mg, kuru saturs samazinas (2819-46 un
3631-2440 mg/kg). Vislielakas fluktuacijas ir vérojamas Ca no 26 cm dziluma lidz mis-
dienam. No 50 lidz 26 cm Ca bija robezas no 10797 lidz 13266 (vid. 11625) mg/kg, bet
péc tam tas svarstas robezas no 6403 lidz 29353 mg/kg. Sadas Ca koncentracijas svarsti-
bas pédéjos 300 gados, iespéjams, ir saistitas ar Gdens limena svarstibam Engures eze-
ra. Lidzigas tendences sava pétijjuma par purvu iidens limenu svarstibam ir novérojusi
A. V. H. Damane (Damman, 1978) un I. Silamikele (Silamikele, 2010).

Cr, Co, Ni un Cu mérijumu rezultati parada elementu koncentracijas palielind$anos
virséjos 20 cm (3.9. att.). Neskatoties uz to, koncentraciju pieaugums fluktué visiem $iem
kimiskajiem elementiem ar lidzigu tendenci. Cr koncentracijas pieaugums nogulumos
parsvara ir saistits ar industrialo darbibu (Nikodemus et al., 2004).

Palielinata smago metalu koncentracija visbiezak konstatéjama nogulumos, kurus ir
ietekméjis industrializacijas un urbanizacijas raditais piesarnojums (Allen, Rae, 1986;
Barcellos et al., 1991; Lottermoser, 1998; Gallasso et al., 2000; Manta et al., 2002; Feng
et al., 2004; Pekey, 2006).
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3.9. attéls. Engures ezera EE_11 urbuma nogulumu metalu sastavs (Klavins et al., 2012)

Figure 3.9. Metal composition diagram for the sediments of Lake Engure core EE_11
(Klavins et al., 2012)

Pétijuma konstatéts, ka griezuma EE_11 nogulumos Fe koncentracijai ir tendence
pieaugt no 6000 mg/kg 30 cm dziluma lidz 20000 mg/kg 1 cm dziluma. Savukart Mn
koncentracija nogulumos rada nevienmeérigu uzkrasanos ar tendenci saturam palielina-
ties no 50-15 cm (196-553 mg/kg) dziluma, savukart no 15-4 cm koncentracijas strauji
samazinas (lidz ~ 300 mg/kg) un tad virséjos 4 cm atkal pieaug virs 400 mg/kg (3.9. att.).

Engures ezera nogulumos, tapat ki I. Silamikeles (Silamikele, 2010) pétijuma par ki-
misko elementu akumulacijas raksturu augsto purvu kadra, vertikalais sadalijums uzrada
ciesu sakaribu starp Fe un Zn.

Lai noskaidrotu, kuri elementi sava starpa korelé un kas §is kopsakaribas nosaka,
EE_11 urbuma nogulumos tika veikta metalu sastava un karsé$anas zudumu (turpmak
teksta LOI) analizu rezultatu statistiska korelacija. Korelétais apjoms ir 50 paraugi, tad
attiecigi statistiski nozimigs rezultats ir |r| > 0,364 (Liepa, 1974). Korelacija paradija po-

zitivas saites starp Pb-Cd-Zn-Cu-Ni-Co-Cr-Fe-K-karbonatiskam vielam (turpmak teksta
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KV). Visiem $iem elementiem ir negativa korelacija ar mineralajam vielam (MV), orga-
niskajam vielam (OV), Na un Mg. Pozitiva korelacijas saite starp Na un Mg (r = 0,926)
norada uz to, ka $ie elementi saistiti ar jaras tidens iepladi ezera (Berg et al., 1996). Ca un
Mg nav korelacijas ar citiem elementiem (3.10. att.).
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3.10. attels. Engures ezera (EE_11) nogulumu metalu un LOT statistiska korelacija (p > 0,01)

Figure 3.10. Major elements and heavy metals statistically significant element correlations
(p > 0,01) in Engure sediments

Lai varétu precizak raksturot nogulumu sastavu, darba autore izmantoja rentgena
metodi LLU Veterinarmedicinas fakultates Kliniskaja institiita, Radiologijas laborato-
rija. legutie rezultati tika prezentéti 12. paleolimnologijas simpozija Glazgova (Pujate
et al., 2012c), un tie sniedza detalaku informaciju par nogulumu blivumu un konsistenci.
Novérotas blivuma izmainas lava labak izprast lielaku metalu koncentraciju veido$anos
blivakos nogulumos (Klavins et al., 2011), ka ari atpazit antropogéno ietekmi augséja no-
gulumu slana (15-0 cm) veido$anas laika, kur, neskatoties uz nogulumu blivuma sama-
zinasanos, palielinas metalu koncentracijas, it seviski nogulumos, kas uzkrajusies pédéjos
80 gados (3.9. att.).

3.1.6. Nogulumu magnétiskais jutigums

Tallinas Tehnologiju universitates Geologijas institlita laboratorija divu urbumu
(EE_12 un EE_2) nogulumiem tika noteikts magnétiskais jutigums, kas uzrada nogulu-
mu uzkraganas apstaklu izmainas. Pieméram, magnétiskais jutigums var atspogulot tadas
sedimentacijas apstaklu izmainas ezera ka tidens limena svarstibas vai klimatiskas izmai-
nas, antropogéna ietekme un/vai aktivitate, augsnes erozija u. c.

Engures ezera nogulumi uzradija zemas, loti zemas un pat negativas k (Kappa) vér-
tibas, kas lauj secinat, ka abu analizéto griezumu EE_12 un EE_2 (3.11. att.) nogulumu
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sastava galvenokart dominé diamagnétiskas grupas parstavji, kas ietver tideni, kvarcu,
kalcija karbonatus un organiskas izcelsmes materialu (Bartington Instruments Limited,
1993). Iznémums ir EE_12 urbuma nogulumu intervals no 60 lidz 50 cm, kam raksturigs
zems, bet nedaudz augstaks magnétisms, kas, savukart, raksturigs paramagnétiskajai gru-
pai, ko parstav daudzi dzelzi saturosi minerali un sali, biotits, olivins un pirits.

Engures ezera aizaugusa lica 90 cm gara noguluma (EE_12) magnétiska jutiguma re-
zultati uzrada loti mazas svarstibas (3.11. att. A). Turklat aug$éjos 10 cm veidoja Gdens un
vegetacija, kam netika veikti mérijumi. Iegttie rezultati parsvara uzrada vértibas ar mi-
nus zimi. Zemie jutiguma liknes radijumi (-4 k) ir atbilsto$i organogéniem nogulumiem,
jo kidra un kadraina gitija parasti ir neliels magnétisko mineralu piejaukums (Oldfield
et al., 1979).

Engures ezera EE_2 urbuma nogulumu magnétiska jutiguma dati uzrada vél mazakas
svarstibas neka EE_12 urbuma nogulumiem (4.11. att. B). Mérijumu rezultatu likne 2,5 m
dziluma uzrada parravumu, kas, iespéjams, saistits ar nogulumu monolitu savieno$anu.
Ari §1 griezuma magnétiska jutiguma rezultati rada negativas vértibas, kas varétu lieci-
nat par karbonatiskiem nogulumiem $ajos intervalos. Tacu griezuma apakséja dala véro-
jams tie$i pretéjs rezultats, jo palielinds gan magnétiska jutiguma veértibas, sasniedzot 4 k,
gan ari karbonatisko vielu daudzums, kas ir viens no lielakajiem (10%) visa analizétaja
intervala.

0 ‘
A B 1600
100 s 1700
= ]
200 L 1800 {
é 1900 §
300 <S 2000
€ > € 1100
€ 400 % IS 2
@ g 2200 B
£ so00 § >
3 =. 2300
N a es
O 600 2400 S
700 2500 $
<£ 2600 l
|
800 <z 2700 n
500 ‘5 2800
< z
b 2900
1000 ul 3000 B
6-5-4-32-10123456
-10-8-6-4-20 2 4 6 8 10
k - Kappa, Sl vienibas k - Kappa, Sl vienibas

3.11. attels. Nogulumu magnétiska jutiguma analizes rezultati
EE_12 urbuma griezumam - A; EE_2 urbuma griezumam - B

Figure 3.11. Results of magnetic susceptibility from sediment
core EE_12 - A; core EE_2 - B
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Analizéjot Engures ezera nogulumu magnétiska jutiguma rezultatus, tika konstatéts,
ka nogulumu sastava ir neliels magnétisko mineralu piejaukums, tadé] $is analizes lietosa-
na ne vienmér lauj noteikt ezera nogulumu sastava izmainu raksturu un ta netika veikta
citos ezeru nogulumu pétijumos, kas apskatiti Sai promocijas darba.

3.2. Babites ezera nogulumi

Babites ezera nogulumi tika pétiti, lietojot karsésanas zudumu, augu makroatlieku,
sporu-puteksnu, metalu un ezera nogulumu biologiska sastava analizes.

3.2.1. Nogulumu sastavs

Iegitie karsésanas zudumu analizes rezultati uzrada vairakas izteiktas izmainas nogu-
lumu sastava (3.12. att.).
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3.12. attéls. Babites ezera BE_2 urbuma nogulumos noteiktais organisko vielu saturs,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.12. Content of organic, carbonatic and mineral matter from Lake Babite sediments
(core LE_2)
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BE_2 urbuma nogulumu karsé$anas zudumu diagramma uzrada organisko vielu ka-
pumu no 70 cm atzimes (~ 20,6 1idz 36%), bet dziluma intervala 63-62 cm likne nedaudz
kritas un tad atkal kapj (3.12. att.). Sadas krasas izmainas visdrizak ir saistitas ar antropo-
géno darbibu, iespéjams, ar ezera idens limena regulé$anu, kas Babites ezera ir notikusas
vairakkart.

Karbonitisko vielu daudzums Babites ezera analizétaja nogulumu griezuma ir sali-
dzinoéi stabils. Izmainas ir vérojamas 70 cm dziluma, kad karbonatisko vielu uzkrasanas
ezera nogulumos samazinas (no 9,2 lidz 6,2%) un ievérojami palielinas tikai griezuma
augséjos 7 cm.

Lidz 77 cm dzilumam uzkrajas nogulumi, kuru sastava ir 70% mineralo vielu, bet
virziena uz aug$u to daudzums samazinas lidz ~ 54% pie 66 cm atzimes. Taja pasa laika
organisko vielu procentualais daudzums nogulumu sastava lidz 77 cm dzilumam uzrada
vidéji 24%, bet péc tam pieaug lidz 41%. Tad atkal ezera nogulumu uzkrasanas gaita ir vé-
rojamas straujas izmainas, kas saistas ar organisko vielu daudzuma samazinasanos un mi-
neralo vielu daudzuma palielina$anos un kas sasniedz savu maksimumu (72%, 63-60 cm
intervals) un tad atkal kritas 1idz 54%. No 59 cm Babites ezera nogulumu dziluma uz
augsu ir vérojamas nelielas fluktuacijas, kas butiski samazinas, sakot no 49 cm dziluma.
Augstak griezuma nogulumi atspogulo vienmérigu uzkrasanos ezera lidz 29 cm dzilu-
mam. Saja dziluma ezera sika iepliist nedaudz vairak mineralvielu dalinu. Nakamas iz-
mainas ezera nogulumu sastava atspogulo mineralo vielu nelielu kritumu (vid. no 54 lidz
50%) un atbilsto$i organisko vielu daudzuma kapumu (vid. no 40 lidz 44%) dziluma in-
tervala 11-7 cm.

Babites ezera virséjo nogulumu intervala 7-0 cm paradas izmainas, kadas netika no-
vérotas $aja griezuma zemak, kur karbonatisko vielu procentualais daudzums ezera no-
gulumos mainas vidéji no 4 lidz 15%. Mineralvielu daudzums virséjos 7 cm ir nemai-
nigs — 57%, bet organisko vielu daudzums strauji samazinas, palielinoties karbonatisko
vielu Ipatsvaram nogulumu sastava.

3.2.2. Nogulumu biologiskais sastavs

Babites ezera BE_1 urbuma nogulumu profilam ir analizéts ezera nogulumu biolo-
giskais sastavs, kas atspogulots 3.3. tabula. Analizétie paraugi uzrada kidrainus nogulu-
mus. Biologiska sastava analizes rezultati tapat ki augu makroatlieku diagramma uzrada
lidzigu ainu - grislu atliekas ir virséjos 40 cm. Ta ka augu atliekas bija pietiekosi labi
saglabajusas, varéja identificét pukauglu grisli Carex lasiocarpa un divputeksplapu grisli
Carex teretiuscula (sin. C. diandra). Sis abas griglu sugas liecina par parmitriem apstak-
liem. Iespé&jams, tas sakusas augt lidz ar ezera idens limena izmainam ezera, jo grigli ir
mitru vietu lakstaugi, kam ziedkopas neveidojas zem tadens. Carex teretiuscula ir plasi
izplatita suga visa Eiropa un visbiezak atrodama kiidrajos, sakot no nabadzigiem lidz loti
bagatiem zemajiem purviem (Wheeler, 1980; Glaser, 1992), it seviski ziemelu platuma
grados, jo tai patik vésaks un mitraks klimats (Gage, Cooper, 2006).

Udens rezims (adens dzilums, plidu biezums) ir galvenais faktors, kas nosaka augu
sugu sadalijumu mitraja. Mitrajos grisli Carex var veidot monodominantas audzes. Bet
tapat ari $Is grislu sugas var veidot biezus peldosos paklajus, kur tam ir pieméroti ap-
stakli (pasargati no vilnu darbibas). Tadéjadi pikauglu grislis Carex lasiocarpa var veidot
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atskirigu augu sabiedribu gar ezera krastu (Lou, Zhao, 2008). Sis sugas atlieku klatbiitne
tiek uzskatita arl par indikatoraugu mitraju identificé$anai. No grisliem nogulumu inter-
vala 75-70 cm tika konstatéta cita grislu suga — augstais grislis Carex elata.

Babites ezera nogulumu biologiska analize (3.3. tab.) labi atspogulo parastas niedres
Phragmites australis klatbatni nogulumos (40-0 cm dziluma). To neuzradija augu makro-
atlieku analize. Tatad var secinat, ka ir nepiecieS$amas dazadas metodes, lai identificétu
paleovides izmainas. Parasta niedre Phragmites australis ir loti produktiva un plasi izplatita
kosmopolitiska suga, kas daléji aug tideni (Burian, Sieghardt, 1979; Gessner, 2000; Asaedaa
et al,, 2002). Lielaka dala niedru biomasas klast par detrita dalu (Polunin, 1984). Detalizéti
pétijumi par niedres ilgtermina sadaliSanas procesiem nogulumos liecina par niedru audzu
ievérojamo nozimi litorales slapekla aprité (Asaedaa et al., 2002; Longhi et al., 2008).

Virséjos nogulumos lidz 30 cm dzilumam tika konstatéti ari parasta el$a Stratiotes
aloides auga fragmenti (lapu ,,zobini”), kas var liecinat par eitrofiem vides apstakliem. Bet
janem vera, ka $1 suga ir izplatita visa Eiropas teritorija un zinatniskaja literatra tiek mi-
néts, ka ta jau tris gadsimtus tiek plasi lietota ka dekorativs augs, kas ir veicinajis §i auga
savairo$anos un izplatibu (Cook, Urrni-Konig, 1983; Preston, Croft, 1997).

Nogulumu biologiska sastava analize (3.3. tab.) visa griezuma uzradija lielu skaitu
priedes Pinus atlieku daudzumu, bet izteikta koku dominance bija nogulumu apakséja
slani, kur 290-285 cm dziluma tas veidoja 100% no augu sastava parauga.

Nogulumu intervala 15-0 cm tGdensrozu dzimtas Nymphaeaceae augu atliekas bija
10%, 20-15 cm - 15%, 80-20 cm dziluma vidéji 30%. No Gdensaugu atliekam tika kon-
statéti arl mieturalgu jeb mieturiSu oogoniji (250-155 un 40-10 cm).

Analizéjot nogulumu paraugus no Babites ezera BE_1 urbuma, tika konstatétas ari
vilkvali$u gints augu atliekas. Zinams, ka masdienas ezera aug Saurlapu vilkvalite Typha
angustifolia, bet ir sastopama ari platlapu vilkvalite Typha latifolia (Estonian, Latvian &
Lithuanian Environment, 2009). Dazos nogulumu slanos (160-80, 45-40 cm) tika kon-
statétas arl diatomejas — Melosira sp. un Cyclotella sp. Gandriz visa ezera nogulumu profi-
la tika atrasti arl hipnu stinu fragmenti (245-0 cm).

3.3. tabula
Babites ezera BE_1 urbuma nogulumu biologiskais sastavs
Table 3.3.
Biological composition of Lake Babite sediments (BE_1)
N(I;zlﬁ:lmm‘l: s:l ds S;glt:s:;/:s Domingjosas augu un dzivnieku atliekas,%
0-5 Pinus 15 *Ar koku-zalu fragmentiem
Nekonsolidéjusies Lapu koki 10
kidraina gitija Carex lasiocarpa 10
C. teretiuscula 5 * sastopami ari Stratiotes
Phragmites 10 lapu “zobini”
Typha 15
Menyanthes 15
Nymphaeaceae 10
Hipnu siinas 10
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3.3. tabulas turpindajums

N;ﬁizzz ‘C,:: ds Sg;iﬁ;:;::zs Dominéjosas augu un dzivnieku atliekas,%
10-15 Pinus *Ar koku-zalu fragmentiem
Kudraina gitija Lapu koki } 15
Carex lasiocarpa 10
C. teretiuscula 10| * sastopami ari Stratiotes lapu
Phragmites 10 “zobini”,
Typha 20 Charophyta oogoniji
Menyanthes 15
Nymphaeaceae 10
Hipnu stiinas 10
15-20 Pinus Ar koku-zalu fragmentiem
Kadraina gitija Lapu koki } 15
Carex lasiocarpa 10| * sastopami ari Stratiotes lapu
C. teretiuscula 10 “zobini’,
Phragmites 10 Charophyta oogoniji
Typha 20
Menyanthes 10
Nymphaeaceae 15
Hipnu siinas 10
20-25 Pinus } Ar koku-zalu fragmentiem
Kudraina gitija Lapu koki 15
Carex lasiocarpa 5| *sastopami ari Stratiotes lapu
C. teretiuscula 5 “zobini”,
Phragmites 10 Charophyta oogoniji
Typha 20
Menyanthes 10
Nymphaeaceae 20
Hipnu stinas 15
30-35 Pinus Ar koku-zalu fragmentiem
Kadraina gitija Lapu koki } 15
Carex lasiocarpa 5 * sastopami ari Charophyta
C. teretiuscula 5 oogoniji
Phragmites 10
Typha 15
Menyanthes 10
Scheuchzeria 10
Nympheaceae 20
Hipnu siinas 10
40-45 Pinus Ar koku-zalu fragmentiem
Kudraina gitija Lapu koki } 10| * nedaudz diatomeju - Melosira,
ar smilts Menyanthes 20 Cyclotella
piemaisijumu Typha 25 * no dzivniekiem - Spongiae
Nymphaeaceae 25 spikulas
Scheuchzeria 10
Hipnu siinas 10




75

3.3. tabulas turpinajums

N‘I’)gzuli:llzi’ s:l ds S;gﬁ;ﬁ:;zs Dominéjosas augu un dzivnieku atliekas,%
50-55 Pinus 10 Ar koku-zalu fragmentiem
Kudraina gitija Menyanthes 10
ar smilts Typha 35
piemaisijumu Nymphaeaceae 30
Scheuchzeria 10
Hipnu stnas 5
60-65 Pinus 15 Ar koku-zalu fragmentiem
Kudraina gitija Carex elata 5
ar smilts Typha 35
piemaisijumu Nymphaeaceae 30
Scheuchzeria 10
Hipnu stnas 5
70-75 Pinus 20 Ar koku-zalu fragmentiem
Kudraina gitija Carex elata 1
ar smilts Typha 35
piemaisijumu Nymphaeaceae 35
Scheuchzeria 10
Hipnu stinas 1
80-85 Augu atliekas Smilts graudinu vairak neka
Organogeéni- Pinus organisko atlieku
smilsaina gitija Typha * nedaudz diatomeju — Melosira,
Nymphaeaceae Cyclotella
Phragmites no dzivniek_iem - Spongiae
. spikulas,
Scirpus )
Hipnu siinas Rhizopoda .
Daudz melnu punktinu —
Fe sulfidi
95-100 Pinus 35 Ar koku -zalu fragmentiem
Kudraina gitija Typha 15| *sameéra daudz Pinus putek$nu
ar smilts Nymphaeaceae 20| * nedaudz diatomeju — Melosira,
piemaisijumu Phragmites 15 Cyclotella
Scirpus 10| *no dzivniekiem - Spongiae
Hipnu stinas 5 spikulas
Rhizopoda
* Daudz melnu punktinu -
Fe sulfidi
155-160 Pinus Ar koku fragmentiem
Kudraina gitija Lapu koki } 45| * nedaudz diatomeju — Melosira,
ar smilts Sph. teres 15 Cyclotella
piemaisijumu Typha 10 * sastopami ari Charophyta
Scirpus 10 oogoniji
Dryopteris 15 *no dzivnielfiem - Spongiae
Hipnu siinas 5 spikulas
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3.3. tabulas turpindajums

N;Z:EZE ‘C,:: ds S;;iﬁ?;z::zs Dominéjosas augu un dzivnieku atliekas,%
225-230 50 Pinus 60 * sastopami ari Charophyta
Zema tipa Typha 15 oogoniji
koku kadra ar Dryopteris (traheidas) 20
smilts piemaisijumu Hipnu siinas 5
245-250 Pinus 65 Ar koku fragmentiem
Kadraina gitija Typha 10
ar smilts Nympheaceae 10 * sastopami ari Charophyta
piemaisijumu Dryopteris 10 oogoniji
Scirpus 5
285-290 54 Koksnes atliekas ~ 100 Koku kadra
Koku kadra (priede?) Loti smalki koksnes fragmenti

3.2.3. Sporu-puteksnu sastavs

Izmantojot Babites ezera BE_6 urbuma nogulumu sporu-puteksnu analizes rezultatus,
sastadita procentuala diagramma, kura izmainas sporu-puteksnu spektros lauj nodalit
6 lokalas puteksnu zonas BE I-BE VI, kas atspogulo vegetacijas sastava izmainas Babites
ezera apkartné ta attistibas laika (3.13. att.).

Putek$nu zona BE I nodalita nogulumu griezuma apakséja dala dziluma intervala
3-2,7 m, kuru veido smil§aina gitija. Zonas intervala putek$nu sastavd dominé priedes
Pinus puteksni, kas liecina par plasu priezu izplatibu ezera apkartné. Turklat jaatzimé sa-
lidzino$i augsta egles Picea puteksnu liknes pozicija diagramma, kas norada uz ievéroja-
mu eglu klatbatni Babites apkartnes mezos. Bérzu Betula un alk$nu Alnus puteksnu dau-
dzums mainas robezas 20-10% gan $aja zona, gan ari griezuma diagrammas kopuma. Tas
liecina par to nelielu izplatibu meZzu sastava visa Babites ezera attistibas gaita. Jaatzimé ari
lazdas Corylus un karkla Salix puteks$nu klatbitne, kas diagramma veido nepartrauktas
liknes. Sai zona konstatétas ari platlapju (viksnas Ulmus, liepas Tilia un ozola Quercus)
empiriskas robezas. Sads putekinu sastivs norada uz to, ka regiona dominé skujkoku
mezi ar zinamu $aurlapju piejaukumu, ko ar zinamiem pienémumiem varétu korelét ar
boreala laika vegetaciju (BO).

Griezuma diagramma augstak - intervala 2,7-2 m, ko veido pelécigi zalgana gitija,
nodalita puteksnu zona BE II jeb Ulmus-Tilia-Quercus-Corylus putek$nu zona, kurai rak-
sturigs tas, ka saméra augsta Pinus un Picea liknu stavokli savas maksimalas vértibas sa-
sniedz Ulmus, Tilia, Quercus un Corylus, ka arl paradas skabardis Carpinus. Jaatzimé osa
Fraxinus klatbaitne zonas apakséja dala. Augséja dala pieaug graudzales un grislu dzimtas,
ka ari idensaugu puteksnu ipatsvars. Kopuma $ads puteksnu sastavs lauj nodalit Ulmus-
Tilia-Quercus-Corylus putek$nu zonu. Zonas spektri norada uz vegetaciju, kas raksturiga
klimatiska optimuma pirmajai pusei (AT1).

BE III jeb Quercus- Alnus- Betula puteks$nu zona nodalita griezuma augstak (2-1,6 m
intervala), kuru veido smilaina gitija. Diagramma joprojam ir vérojams saméra augsts
platlapju, it ipasi ozolu, puteks$nu liknu stavoklis, bet nedaudz samazinas lazdas putek$nu
daudzums un pieaug alk$nu un bérzu puteksnu ipatsvars, ka ari graudzalu Poaceae pu-
tek$nu daudzums. Sporaugi parstavéti galvenokart ar saldsakni$u dzimtu Polypodiaceae
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un kosam Equisetum. Sads putekinu sastavs var tikt attiecinats uz klimatiska optimuma
(atlantiska laika) beigu dalu (AT2), kad citi platlapji jau samazinas, bet vél joprojam aug-
sta ir ozola puteksnu likne.

BE IV jeb Picea-Betula-Alnus puteksnu zona nodalita griezuma diagrammas intervala
1,65-1 m, ko apakséja dala veido smilSaina gitija, bet vidus un augséjo dalu veido gitija ar
nesadalijusos augu atliekam. Diagramma vérojama platlapju puteks$nu samazinasanas un
izzu$ana. Palielinas skujkoku un Saurlapju koku puteksnu daudzums. Kopuma $ads pu-
tek$nu sastavs raksturigs vegetacijai péc klimatiska optimuma jeb véla holocéna sakuma,
kad Picea, Pinus, Alnus un Betula ir apméram vienadas proporcijas, bet platlapju ir maz.

BE V jeb Picea putek$nu zona nodalita griezuma diagrammas intervala 1-0,5 m, ko
veido pelékzala gitija, Picea puteksnu likne uzrada maksimalo kapumu.

BE VI jeb Pinus-Betula putek$nu zona nodalita griezuma puteksnu diagrammas aug-
$&ja intervala 0,5-0 m, ko veido pelékzala gitija, kuru putek$nu sastavam ir raksturiga
Pinus un Betula ipatsvara palielinasanas, kas kopuma raksturigs véla holocéna beigu
posmam.
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3.13. attels. Babites ezera nogulumu sporu-puteksnu procentuala diagramma (BE_6 urbums)

Figure 3.13. Pollen diagram from Lake Babite sediments (core BE_6)

BE_6 urbuma puteksnu procentuala diagramma norada uz analizéto nogulumu vei-
dosanas sakumu agra holocéna beigu posma, kad ezera apkartné dominéja skujkoku mezi
ar platlapju piejaukumu. Sai laika uzkrajas smilSaina gitija, ko parsedz pelékzala gitija, kas,
péc puteksnu analizes datiem, veidojusies holocéna klimatiska optimuma laika jeb vidéja
holocéna, bet to savukart parklaj gitija ar atseviskam nesadalijusos augu atliekam, un ta uz-
krajusies véla holocéna sakuma. Ezera nogulumu pati augséja dala veidojusies véla holocé-
na beigu posma, par to liecina saméra augstais Pinus puteksnu liknes stavoklis diagramma.

Babites ezera vidusdala tika veikts urbums BE_2 (2.3. att.), kura sporu-puteks$nu ana-
lizei tika panemti auggéja slana (50-0 cm) nogulumi. Analizei tika sagatavoti paraugi
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intervala ik pa 1-2 cm, lai iegiitu prieksstatu par vegetacijas izmainam pédéjo gadsim-
tu laika teritorija ap ezeru. Péc analizes rezultatiem izveidotaja puteksnu diagramma
(3.14. att.) virséjo nogulumu griezuma koku putek$nu sastava izmainam un puteksnu
liknu kapumiem un kritumiem neieziméjas butiskas atskiribas, tapéc netika nodalitas lo-
kalas puteksnu zonas. Bet péc lakstaugu sastava ieziméjas zona no 36 lidz 6 cm, kur to
taksonu skaits un dazadiba ir vislielaka. Saja laika ari paradas lazdas Corylus puteksni, bet
visvairak to ir virséjos 6 cm.

Ruderali
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20 40
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3.14. attels. Babites ezera nogulumu augséja slana sporu-puteksnu procentuala diagramma
(BE_2 urbums)

Figure 3.14. Percentage pollen diagram from Lake Babite sediments (core BE_2)

Babites ezera BE_2 urbuma nogulumu sporu-puteks$nu procentuila diagramma iz-
teiktaks tidensaugu puteksnu pieaugums ieziméjas virséjos 13 cm. To sastava tika kon-
statéts arl mazlépju dzimtas Hydrocharitaceae puteksnis (9 un 1 cm dziluma), iespé-
jams, tas ir parastas mazlépes Hydrocharis morsus-ranae puteksnis, jo ta musdienas ir
sastopama ezera starp slikénam un polderu gravjos (Estonian, Latvian & Lithuanian
Environment, 2009). Bet ir arl idensaugu puteksni, kas sastopami dzilakos nogulumu
slanos, pieméram, daudzlapes Myriophyllum puteksni, kas liecina arl par stavosu vai
léni tekosu adenstilpi (Ellenberg, 2009), glivenu dzimtas Potamogetonaceae un vilkva-
lites Typha, kas biezi veido lielas platibas mitraju piekrastes zona un tapéc ir nozimiga
piekrastes ekosistéma (Krattinger, 1975). No Gdensaugiem tikai vilkvalites Typha putek-
$ni ir sastopami viscaur pétitajam griezumam. Sis gints pieauguma dinamika ir atkariga
no adens dziluma, uzturvielu daudzuma un no konkurences ar citam sugam (Grace,
Wetzel, 1981; Weisner, 1993).

No mitru vietu augiem, salidzinot ar citiem lakstaugiem, visvairak ir parstavéti grislu
Cyperaceae un graudzalu Poaceae (II) dzimtas (iespéjams Phragmites australis) puteksni,
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kas ir sastopami liela skaita. Nogulumos tika konstatéti ar trejlapu puplaksa Menyanthes
trifoliata puteksni, kas ir raksturigi zalu purvu augu sabiedribai (Ellenberg, 2009).

3.2.4. Makroatlieku sastavs

Analizéjot BE_2 urbuma nogulumus (3.16. att.), tika konstatéts, ka haru jeb mieturisu
oogoniju daudzums nogulumu augséja slani, sakot ar 80 cm dzilumu, pakapeniski pieaug,
bet no 30 cm dziluma to uzkrasanas notiek intensivak. Mieturisu oogoniju daudzums sa-
mazinas virséjos 5 cm uz nogulumu blivuma rékina, jo virséjie 5 cm ir mazak konsolidéti.
Ar laiku, nogulumiem ezera gultné konsolidéjoties, arl makroatliecku daudzums virséja
slani pieaugs.

Neliela daudzuma tika atrastas glivenu gints Potamogeton séklas, kam ir plasa sugu
dazadiba un kas savu maksimumu uzrada tie$i nogulumu virséja slani (25-0 cm), tas
liecina par eitrofiem ezera apstakliem (Kuhar et al., 2007).

No tdensrozu dzimtas makroatliekam tika konstatétas gan dzeltenas lépes, gan baltas
udensrozes séklas. Savukart putek$nu spektros tas netika konstatétas. To var skaidrot ar
zemu udensrozu dzimtas putek$nu produktivitati, tapéc to puteks$ni var nebat sastopami
nogulumu spektros. Lai risinatu $o probléemu, ASV pétnieki ir konstatéjusi, ka, analizgjot
puteksnus, vienlaikus var noteikt Gdensrozu sklereidus (akmenssiinas), ko var izmantot
ka alternativu So idensaugu klatbitnes noteiksanai (Marrottea et al., 2012).

Nogulumu paraugos tika konstatéts arl lécveidigs tumss riekstins, kas pieder blu-
su sarenei Polygonum persicaria, kas parasti aug méreni mitros biotopos, galvenokart
tdenstilpju krastos un plavu pazeminajumos, parasti ar skrajas vietas. Tika konstatéts
arl tidensgundegas Batrachium auglis (riekstins) un ziedgultne ar matiniem. Iespéjams,
ka tas ir apallapu ddensgundegas Ranunculus aquatilis riekstins, jo §is augs ir konstatéts
Babites ezera. Raksturiga suga vairakas augu sabiedribas saldiidenos Cl. Potamogetonetea
klase.

Nogulumos tika atrasta arl mieturu daudzlapes Myriophyllum verticillatum Cetru riek-
stinu skaldauglis, kas aug stavosos un léni teko$os tidenos. Raksturiga suga saldiidens
tdensaugu sabiedriba un tiek uzskatita ka viena no indikatorsugam, kas liecina par eit-
rofiem ddeniem (Kuhar et al., 2007). No retak sastopamam sugam tika konstatéta pur-
va diedzene Zannichellia palustris (kaulenveidigais auglis), kas ir raksturiga suga grunts
augu sabiedribas laginveida ieplakas un jiras piekrastes seklidenos (Prieditis, 2014).

Ka viens no sekla tidens limena indikatoriem ir atrastie padilles merikarpi jeb dvin-
séklena pusite. Babites ezera konstatétie §is sugas merikarpi ir lielaki, neka tas ir ap-
rakstits zinatniskaja literattira. Tapéc domajams, ka ta varétu bis cita $is gints suga
Oenanthe fluviatilis, bet dzilakas merikarpa analizes rezultata tika pieradits, ka ta tomeér
ir Oenanthe aquatica. Sadu iezimi, ka séklas klist lielakas, ir aprakstijusi ari citu valstu
pétnieki. Putek$nu spektros $is sugas puteksni netika konstatéti. Interpretéjot datus, ja-
nem véra augu putek$nu produktivitate, ka ari tas, ka puteks$nu analizes dati parsvara
raksturo regionalo vegetacijas sastavu, tadé] augu makroatlieku un puteksnpu analizu dati
var atskirties.

Urbuma BE_2 nogulumu makroatlieku diagramma tika konstatéti grislu gints par-
stavji, ka ari tika atrasti séklu fragmenti, bet nebija iespéjams noteikt sugu. Analizgjot
makroatlieku paraugus, tika konstatétas ari citas atliekas, pieméram, zivju zvinas, asakas
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fragments. Virséjos 25 cm tika konstatéts daudz molusku ¢aulu, kas bija gan veselas, gan
sabirzusas.

Ezera nogulumu griezuma apakséjo dalu veido smalka smilts (310-300 cm intervals).
Virs tas iegul kidraina gitija ar daudziem koksnes fragmentiem. Nogulumu slani (300-
295 cm intervals) nelielda daudzuma tika konstatétas idensaugu atliekas, pieméram, haru
oogonijas, baltas tidensrozes séklas fragmenti, un no lakstaugiem $aja slani tika konstaté-
tas grislu séklas, ka ari iesaliidens Gidensauga kemmveida glivenes Potamogeton pectina-
tus auglis. Griezuma intervala 295-240 cm konstatéts palielinats idensaugu atlieku dau-
dzums un augu séklas, kas norada uz krasta tuvumu un ir ieskalotas ezera no sauszemes,
pieméram, meza zemenes Fragira vesca, vijolites Viola sp., retéja Potentilla sp. séklas. Tas,
ka ari $aja slani ir daudz koksnes fragmentu, liecina par Gdens limena pazeminasanos.
Nogulumu intervalos 295-240 cm un 40-0 cm tika konstatéti daudzi haru Chara oogoni-
ji, ostrakodu apvalki un molusku ¢aulas, kas liecina par karbonatisku vidi. Sadu kopsaka-
ribu var ari redzét virséjos slanos — ostrakodi ir tur, kur ir ari moluski, un tas liecina, ka ir
bijusi mierigi nogulumu uzkrasanas apstakli.

Nogulumu griezuma intervala no 2 m lidz 1 m ir loti maz séklu (3.16. att.), kas, iespé-
jams, skaidrojams ar augstaku Gdens limeni ezera vai ari ar to, ka ir bijusi kadi citi nelab-
véligi apstakli Gdensaugu augsanai un atlieku saglabasanas iespéjam. Virséja 40 cm bie-
zaja ezera nogulumu slani atrastas séklas, tai skaita grislu Carex sp., ezera meldru Scirpus
lacustris, tdens padilles Oenanthe aquatica séklas, liecina par ezera aizaugsanu.

V. Jankovskas un K. Ribniceka (Jankovska, Rybnicek, 1988) pétijums paradija, ka gris-
lu séklas saglabajas nogulumos jau kop$ leduslaikmeta beigam lidz masdienam un ka
tiek mekléta saistiba starp vides izmainam un fitosociologiju, lai gan tika atrastas dazas
atSkiribas starp pagatnes un misdienu ekologiju un grislu izplatibu. Si iemesla dél grislu
Carex paleoatliekas var izmantot ka labu raditaju paleovides rekonstrukcijai. Udens li-
menis ezera ir bijis zemaks ari 250-230 cm intervala nogulumu uzkrasanas laika. Augu
makroatlieku sastava dominé Carex sp. un Mentha sp. Saja nogulumu slani paradas ari
salidzino$i daudz bérza Betula un alk$na Alnus riekstinu.

Zannichellia palustris séklas tika atrastas virsé¢jo nogulumu slani. Attéla (3.15. att.) re-
dzama ari iesartas glivenes Potamogeton rutilus sékla, kas tika konstatéta tikai virséjos
ezera nogulumos (25-0 cm intervala).

1 mm
E—

3.15. attels. Tesartas glivenes sékla (Potamogeton rutilus)

Figure 3.15. Shetland Pondweed seed (Potamogeton rutilus)
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Ka viens no nozimigakajiem misdienu ainavas elementiem Babites ezera teritorija
ir niedru audzes ezera un ta krasta zona. Parasta niedre $aja teritorija ir plasi izplatita
kosmopolitiska suga. Neskatoties uz loti lielu niedres klatbatni ainava, nogulumos netika
konstatéti niedres graudi. Augu makroatlieku sastavs nogulumu griezuma apakséja un
augs$éja slani norada uz zemu ezera limeni, kamér holocéna klimatiska optimuma lai-
ka makrofosiliju daudzums samazinas, liecinot par augstaku jaras limeni Litorinas jaras
transgresijas laika (3.16. att.). Tadu augu makroatlieku klatbitne ka Zannichellia palustris
un Najas marina liecina par ezera saikni ar jiru ari ta ezera stadijas laika, ka ari norada
uz tdens limena svarstibam.

3.2.5. Metalu sastavs

Analizéjot metalu sastavu Babites ezera BE_2 urbuma nogulumos, tika noteikti 12 ki-
miskie elementi (3.17. att.). Vidéjas koncentracijas nogulumu slani no 50 lidz 10 cm sa-
dalas sadi: Fe>Ca>Mg>K>Na>Mn>Zn>Cu>Pb>Ni>Co>Cd, bet virséja 10 cm slani vietu
koncentraciju sadalijumu rinda mainijusi Fe ar Ca un Pb ar Ni.

Ca ekstrahétas koncentracijas ezera nogulumos intervala no 50 lidz 10 cm maz mainas
(vid. 16800 mg/kg), bet virsgjos 5 cm ta koncentracija jau ir palielinajusies lidz 72846 mg/kg
un savu maksimalo koncentraciju sasniedz pirmaja centimetra (115574 mg/kg), sasnie-
dzot anomalijas koeficientu 5,4. Intervala, kur Ca koncentracijas strauji pieaug, péc LOI
datiem, var redzét, ka mainas ari litologiskais sastavs. Iespéjams, tas skaidrojams ar to,
ka aizaugoS$ajam ezeram 1988. gada tika izveidota caurtece, kas veicinaja lielaku Gdens
apmainu, tapéc kadraino gitijas slani nomaina gitijas slanis. Savukart pavisam cita aina
ir vérojama Fe koncentracijam, kur tas vértibas ir lielakas kiidrainakaja gitijas slani (vid.
35700 mg/kg), bet strauji krit lidz ar ezera caurteces izveido$anu (22800 mg/kg).

Daudzu metalu (Co, Cu, Ni, Zn, Pb) koncentracijas pieaug virséjos slanos, to var
skaidrot gan ar ezera caurteci, kas ezera ienes Lielupes sateces baseina idenus, gan ari ar
regionalo piesarnojuma izsésanos no atmosféras (Nikodemus et al., 2004).

Cd koncentracijas ir salidzino$i lielas dazados griezuma dzilumos, un tas mainas
no 0,78-3,74 mg/kg, ko, iespé&jams, var skaidrot ar mainigu piesarnojoso vielu slodzi.
V. O. Nelsons un P. G. K. Kempbels (Nelson, Campbell, 1991) secinajusi, ka Al un Cd
ieplade ezeros palielinas ka reakcija uz vides paskabinasanos. Vini ari uzskata, ka Cd
ezera biezak nonak tiesi $1 iemesla dél, nevis atmosféras piesarnojuma parneses ietekmeé.
Savukart Pb un Hg relativi maz reagé uz vides paskabinasanos.

Babites ezera nogulumu kimisko elementu un karséSanas zudumu analizu rezultatu
statistiska korelacija paradija, ka atseviski elementi veido grupas (3.18. att.). Paraugu iz-
lases apjoms - 7, tapéc par statistiski nozimigu var saukt rezultatu |r| > 0,874 (Liepa,
1974). Pb, Zn, Na nav statistiski buatiskas korelacijas ar citiem elementiem. Babites ezera
kimisko elementu un LOI savstarpéjas korelacijas raksturs parada, ka bitiskas pozitiva
korelacijas novérojamas starp Co-K (r = 0,877), Cu-Mn (r = 0,886), Cu-Mg (r = 0,918),
KV-Ca (r = 0,980), Ni-Mg (r = 0,952), OV-Fe (r = 0,881) pari un negativa korelacija starp
Cd-MV (r = -0,917), KV-OV (r = -0,927), OV-Ni (r = -0,886), OV-Ca (r = -0,886),
MV-Mg (r = -0,886) pari.
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3.17. attéls. Babites ezera (BE_2) nogulumu metalu sastava analizes rezultatu diagramma

Figure 3.17. Diagram of results of chemical analysis from Lake Babite sediments (core BE_2)
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3.18. attéls. Babites ezera nogulumu metalu un LOI statistiska korelacija (p > 0,01)

Figure 3.18. Statistically significant element and LOI correlations (p > 0.01) in Lake Babite
sediments
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Daudzu kimisko elementu (Na, K, Mn, Co, Ni, Pb) daudzums butiski palielinas 50 cm
dziluma un ari saglaba savas vértibas dzilakajos slanos lidz 4 m (Pujate, nepublicétie
dati). Tas, iesp&jams, ir skaidrojams ar to, ka eitrofiem ezeriem ir raksturiga organisko
vielu uzkrasanas gultné, veidojot organogénu nogulumu slani, kas labi spé&j absorbét mik-
roelementus (Saxby, 1969; Nixon, 1995). Tomér organisko vielu spé&ja koncentrét metalus
atskiras péc organisko vielu sastava un veida (Tessier, Campbell, 1987). Tapéc, izvértéjot
OV un metalu sastavu pétito ezeru nogulumos, var secinat, ka kiidrainas gitijas paraugos
paradas spécigaka metalu akumulacija.

Sada tendence ir novérota ari citu ezeru nogulumu pétijumos (piem., Hakala, Salonen,
2004). Na un K saista ar jiras salu aerosoliem, kas varétu noradit uz Rigas lica Gidens
iepladi ezera, bet, ta ka $ie abi elementi nekoreléja sava starpa (3.18. att.), paliek jauta-
jums, kapéc $o elementu daudzums ir lielaks dzilakajos slanos. Iesp&jams, to var skaidrot
ar elementu koncentracijas palielinaanos dabiskas akumulacijas ietekmé, ka to skaidro ari
I. Silamikele (2010).

Pétijuma rezultati liecina par piesarnojuma palielinasanos ar smagajiem metaliem no-
gulumu auggéja slani. Tie ezera, visticamak, var nonakt ar regionalo atmosféras piesar-
nojumu, ka ari pa ezera ieteku Gati, kas nodrosina dalu Lielupes sateces baseina Gdenu
caurteci visa ezera garuma kops 1988. gada, kad tika pabeigta Varkalu kanala rakSana un
aizbérta Spunnupe.

3.3. Kaniera ezera nogulumi
Kanpiera ezera nogulumu sastavs ievérojami atskiras no citu pétito ezeru nogulumiem

ar to, ka sastava tika konstatéts paaugstinats karbonatisko vielu saturs, daudz molusku
¢aulu, ka ari izteikts nogulumu slanojums (3.19. att).

aMls s 3¢ 2esgaklisastaerssaklisssoerasalllyszceeraaHlisaeoerasallisacséessallasacFersama

3.19. attéls. Kaniera ezera nogulumu monoliti (KE_1 urbums)

Figure 3.19. Sediment monoliths from Lake Kanieris (core KE_1)

Latvijas Vides, geologijas un meteorologijas centra Monitoringa nodalas specialistu
veiktais pétijums 2013. gada paradija, ka ezera nogulumu slana biezums ir lielaks ezera
ziemelu dala (2,5-4 m) un pakapeniski samazinas ziemelaustrumu, austrumu (lidz 0,5 m)
un dienvidu virziena (vid. lidz 1 m). Lielakais nogulumu slanis bija pie Slocenes ietekas.



85

3.3.1. Nogulumu sastavs

Kaniera ezera KE_1, KE_2 un KE_3 urbuma nogulumi ir analizéti ar karsé$anas zu-
dumu metodi (LOI), un rezultati atspoguloti diagrammas (3.20., 3.21. un 3.22. att.), kur
nulle ir ezera nogulumu virsma. Zondéjot ezera nogulumus, tika secinats, ka nogulumu
uzkraganas ir bijusi visai nevienmeériga, tadé] karsé$anas zudumu analize tika veikta no-
gulumu griezumiem no vairakam vietam ezera (2.4. att.).

Péc Kaniera ezera KE_1 urbuma nogulumu analizes rezultatiem sastadita LOI dia-
gramma (3.20. att.) uzrada fluktuacijas starp organisko un karbonatisko vielu procentualo
daudzumu, kad organisko vielu Ipatsvars palielinas, bet karbonatiskas vielas samazinas.
Sastaditaja diagramma nodalami vairaki nogulumu intervali, kas atspogulo ezera un ta
apkartné notikusas izmainas.

Ezera KE_1 urbuma nogulumu dziluma intervala no 78 lidz 73 cm vidéji organisko
vielu daudzums ir 32%, karbonatisko vielu — 27% un mineralo vielu - 40%. No 72 cm
dziluma ir vérojamas krasas izmainas Kaniera ezera nogulumu sastava diagramma, kur
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3.20. attéls. Kaniera ezera KE_1 urbuma nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.20. Content of organic, carbonatic and mineral matter
from Lake Kanieris sediments (core KE_1)
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organisko vielu daudzums nesasniedz pat procentu no kopéja nogulumu daudzuma.
Intervala no 72 lidz 43 cm dzilumam ezerdobé izgulsnéjas smil$ains kalkiezis, kura, sali-
dzinot ar iepriekséjo intervalu, karbonatisko vielu daudzums ir divas reizes lielaks (63%).
Mineralo vielu daudzums $aja intervala palielinas no 31,5% 72 cm dziluma lidz 38,4%
43 cm dziluma, bet tapat tas ir mazaks neka iepriek$éja intervala. Sadas krasas nogulumu
sastdva izmainas, iespéjams, ir saistitas ar ezera Gdens limena svarstibam Kaniera ezera,
kas, péc vésturiskiem datiem (sk. 2.4. nod.), ir vairakkart reguléts.

Intensivaka organisko vielu palielind$anas urbuma KE_1 griezuma vérojama interva-
la no 42 lidz 23 cm dzilumam, krasas apkartéjas vides izmainas notiek 42 cm dziluma,
kad virs karbonatiskas smilts sak uzkraties gitija. Tas sastava organisko vielu daudzums
vidéji ir 18%. Saja intervala karbonatisko vielu daudzums samazinas, bet organisko vielu
daudzums pieaug. Mineralo vielu procentualais daudzums $aja intervala praktiski ir ne-
mainigs (vidéji 44,9%).
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3.21. attéls. Kaniera ezera KE_2 urbuma nogulumos noteiktais organisko vielu saturs,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.21. Content of organic, carbonatic and mineral matter
from Lake Kanieris sediments (core KE_2)
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Dziluma intervala no 22 lidz 0 cm organisko vielu daudzums samazinas un pieaug
karbonatiskas vielas, bet, neskatoties uz to, virsé¢jos 8 cm organisko vielu daudzums ne-
daudz pieaug, sasniedzot 13,5%. Nedaudz samazinas ari mineralas vielas nogulumu virsé-
jos paris centimetros, sasniedzot 41%.

Kaniera ezera nogulumu KE_2 urbuma griezuma LOI analizes diagramma (3.21. att.)
uzrada lielakas fluktuacijas griezuma augséja dala (45-0 cm). Intervala no 90 lidz 46 cm
ezerdobé ir uzkrajusies smilts, kura organisko (0,2-1,7%) un karbonatisko (0,5-1,7%)
vielu ir loti maz.

Intervala no 45 lidz 17 cm uzkrajusies gitija, tapéc mineralo vielu daudzums samazi-
nas divas reizes un pieaug organisko un karbonatisko vielu daudzums. Saja intervala var
noveérot ari izteiktas nogulumu sastava procentualas fluktuacijas, kas norada uz nevien-
mérigiem nogulumu uzkrasanas apstakliem. Intervala no 17 lidz 0 cm ieziméjas straujs
karbonatisko vielu pieaugums. Iepriekséja intervala tas vidéji sasniedz 14% (maksimali
21%), bet $aja intervala vidéji ir 46,6%. Virséjais nogulumu slanis ir uzkrajies vienmérigi,
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3.22. attels. Kaniera ezera KE_3 urbuma nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.22. Content of organic, carbonatic and mineral matter
from Lake Kanieris sediments (core KE_3)
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un vienigas straujas izmainas ir vérojamas 2 cm dziluma, kur mineralo vielu daudzums
sasniedz 70,8% un virséja centimetra pieaug organisko vielu daudzums, sasniedzot 11,7%.

Kanpiera ezera nogulumu KE_3 urbuma profila LOI analizes diagramma (pilns profils,
1 m no nogulumu virsmas) uzrada (3.22. att.), ka griezuma apakséjo dalu veido smilts
(mineralas vielas ~ 97%, organiskas vielas ~ 1,2%, karbonatiskas vielas ~ 1,6%), uz ku-
ras 92 cm dziluma uzkrajas gitija, un ka strauji mainas organisko un karbonatisko vielu
procentualais daudzums. Dziluma intervala no 92 lidz 70 cm organiskas vielas vidéji ir
37,8% un karbonatiskas vielas 24,2% (3.22. att.). Saja nogulumu intervala mineralo vielu
daudzums ir gandriz nemainigs (37,9%). 90 lidz 87 cm dziluma notika vides izmainas,
kas mainija nogulumu uzkrasanas apstaklus, tapéc no 87 cm dziluma karbonatisko vielu
daudzums nedaudz samazinas, bet organisko vielu daudzums pieaug. Loti strauj$ orga-
nisko vielu pieaugums (lidz 65,3%) un péc tam ari kritums ir nogulumu intervala no
79 lidz 77 cm. Saja intervala ari nogulumu krasa un konsistence liecina par palielinatu
organisko vielu daudzumu. Lidzigi ka $aja intervala pieaug organisko vielu daudzums,
tapat pretéji tam karbonatiskas un mineralas vielas strauji kritas un péc tam atkal pieaug.
Nakamas straujas izmainas nogulumu uzkrasanas gaita Kaniera ezera nogulumu KE_3
urbuma ir vérojamas 70 cm dziluma, kad organisko vielu procentualais daudzums krit
(no 34 lidz 18%), savukart karbonatisko (no 29 lidz 38%) un mineralo vielu (no 36 lidz
42%) daudzums palielinas, ieziméjot intervalu no 70 lidz 59 cm. 58 lidz 56 cm dziluma
nogulumus veido tikai gliemju (Mollusca) caulu atliekas, kas procentualaja diagramma
atziméts ka nogulumu parravums. Nogulumu intervala virs §1 parravuma nedaudz palie-
linas mineralo vielu procentualais daudzums, savukart organisko un karbonatisko vielu
procentualais daudzums fluktué. Intervala no 28 lidz 0 cm dzilumam nogulumu uzkrasa-
nas ir vienmeériga ar nelielu tendenci pieaugt organisko vielu daudzumam, ezera virséjos
4 centimetros sasniedzot 16%.

Kopuma, izvértéjot visas tris Kaniera ezera urbumu nogulumu karsé$anas zudumu
analizes rezultatu diagrammas, var secinat, ka nogulumu sastavs un to uzkrasanas inten-
sitate dazadas ezera vietas ir bijusi atskiriga, bet jaundko nogulumu uzkrasanas tendences
visa ezera ir lidzigas.

3.3.2. Nogulumu biologiskais sastavs

Kapiera ezera KE_1 urbuma nogulumu biologiska sastava analizes rezultati lauj se-
cinat, ka nogulumu virséjie 30 cm galvenokart sastav no smilts, kalcita, Fe sulfidiem un
detrita dalinam, kur augu atliekas ir mazak neka 5%. Tie apstiprina arl karsé$anas zudu-
mu analizes rezultatus, kuri ari uzrada nelielu organisko vielu saturu $aja intervala. No
zalalgém $aja intervala tika konstatétas mikroalges Phacotus, kas sastav no cieta aizsarg-
apvalka (Guiry, Guiry, 2013), kurs satur CaCO, (Dunlap, Walne, 1993) vai Fe O, kas rada
briino pigmentu (Miiller, Oti, 1981), un aug cietiidens ezeros. No makroalgém nogulu-
mus parstavéja desmidijas dzimtas Cosmarium, ka ari Chara oogoniji. No stkliem tika
konstatétas Spongilla lacustris spikulas (endoskelets jeb iekséjais skelets), kas sastav no
kalka un silicija dioksida. Stkli var dzivot saldidens ezeros ar paaugstinatu cietibu neliela
dziluma, stavosa vai 1éni plastosa adeni. Diatomejas virséjos 25 cm veido aptuveni 5%,
bet 45 lidz 30 cm dziluma to ir loti maz, galvenokart tas ir Fragilaria gints diatomejas, kas
aug stavosos Gdenos. Cladocera atlieku ezera nogulumos bija salidzino$i maz.
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Sakotnéji bija gaidits, ka Kaniera ezera nogulumi saturés lielu daudzumu kramalgu,
jo nogulumi ir bagati ar karbonatiem (ka tas ir, piem., Daklainu ez.), bet rezultati liecina
par nelielu to klatbatni. Iespéjams, to var skaidrot ar R. J. Flovera (Flower, 1993) pétjjuma
iegiito atzinu, ka ar karbonatiem bagatas ezeru sistémas ir galvenais iemesls kramalgu
sadrumstalotibai, ko izraisa skiSana, hidrolizéjot metala karbonatus, kas razo hidroksiljo-
nus, un tie, savukart, noarda Si-O saites (Stumm, Morgan, 1995), kas atrodas kramalgu
$linas.

Dzilakos nogulumu slanos 60 lidz 45 cm dziluma organisko vielu daudzums palielinas
lidz ~ 35%. Tapat ari $aja intervala pieaug diatomeju procentualais daudzums (~ 15%) un
veidojas kalkaini smilSaina gitija ar diatomejam. Desmidijas, kas ir purvainu adenu alges,
$aja intervala veido vidéji 5%, tas labi korelé ar nogulumu litologiju, kas uzrada kiidrainus
nogulumus (sk. 4.3.1. nod.). Visa pétita ezera nogulumu intervala (60-0 cm) ir sastopa-
mas gliemezvaku caulas.

3.3.3. Sporu-puteksnu sastavs

Sporu-puteks$nu diagramma (3.23. att.) no Kaniera ezera KE_1 urbuma uzrada prie-
des Pinus un egles Picea putek$nu procentuala daudzuma pieaugumu virséjos 15 cm. Saja
intervala pieaug arl graudzalu Poaceae (II) (iespéjams, parasta niedre Phragmites austra-
lis) un grislu Cyperaceae puteksnu procentualais daudzums.

No tdensaugiem $aja intervala visvairak tika konstatéti vilkvali$u Typhaceae un gli-
venu Potamogetonaceae dzimtas puteksni, kas parasti médz augt stavosos un léni tekoSos
adenos.
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3.23. attéls. Kaniera ezera (KE_1 urbuma) nogulumu sporu-puteks$nu procentuala diagramma

Figure 3.23. Pollen diagram from Lake Kanieris sediments (core KE_1)
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Ruderalie augi (balandu dzimtas Chenopodiaceae un parasta vibotne Artemisia
vulgaris), kas ir saistiti ar cilvéka raditiem vai parveidotiem biotopiem (Behre, 1981,
1988; Rasing, Taurina, 1982), tika konstatéti visa pétitaja griezuma, bet celteku dzim-
tas Plantaginaceae puteksni (iespé&jams, liela celteka Plantago major un $aurlapu celte-
ka Plantago lanceolata) tika konstatéti tikai nogulumu dziluma intervalda 45-40 cm.
Iespéjams, tas ir saistits ar to, ka balandas un vibotnes spéj augt visdazadakajos bioto-
pos — sakot ar meziem un plavam un beidzot ar nezalieném. No sporaugiem tika konsta-
tétas kosu Equisetum sporas nogulumu virskarta (2-0 cm).

3.3.4. Makroatlieku sastavs

Udens kvalitates izmainas, kas saistitas ar lauksaimniecibas uzplaukumu (kimizaciju)
20. gadsimta, veicinaja ezeros eitrofikacijas un tdens dulkainibas palielinasanos, kas var
radit dazadus traucéjumus ezera vegetacijas attistiba (Morgan, Phillip, 1986). Traucéjumu
sekas visbiezak izpauzas ka tadu sugu izdzivos$ana vai jaunu sugu ienaksana ezera, kas ir
tolerantas pret piesarnojumu (Ehrenfeld, 1983). Analizé&jot ezera nogulumu augu makro-
atliekas, var izsekot dazadam izmainam, kas notikusas nogulumu uzkrasanas laika.

Kanpiera ezeram tika analizétas ezera virséja nogulumu slana augu makroatliekas no
KE_1, KE_2 un KE_3 urbuma. Urbumi (KE_1 un KE_3) tika veikti nosaciti ezera vida,
jo Kanieris ir sekls un stipri aizaudzis un aizaugums $obrid vidéji ir 75% no ezera pla-
tibas (KNP DAP, 2002-2015). Péc L. Grinbergas pétijumiem (Grinberga, 2012), ezera
zemidens augdjs aiznem lielako dalu no virsidens augaja brivas platibas. Tas lika do-
mat, ka nogulumi ezera vida bas bagati ar augu makroatliekam un labak atspogulos eze-
ra paleovegetacijas sastava izmainas. Kanieris tiek klasificéts ka makrofitu (niedru-haru)
ezers (KNP DAP - Kemeru Nacionala parka dabas aizsardzibas plans (2002-2015), kas
péc Eiropas Savienibas biotopa atbilst ,,3140 Ezeriem ar mieturalgu augaju”) (Engele,
Sniedze-Kretalova, 2013b).

KE_1 urbuma nogulumu makroatlieku nogulumu sastava (3.24. att.) tika identi-
ficétas piecas augu sugas, kas paradas tikai aug$éja nogulumu slani virs 20 cm - eze-
ra meldrs Scirpus lacustris, jairmalas gumumeldrs Scirpus maritimus, iegrimusi raglape
Ceratophyllum demersum, diza aslape Cladium mariscus un ezgalvite Sparganium sp.

Iegrimusi raglape Ceratophyllum demersum, kas aug bez sakném, iegrimusi tideni, var
biit nozimiga eitrofos ezeros un kavét fitoplanktona augsanu seklos, eitrofos ezeros (Gross
et al., 2003; Mjelde, Faafeng, 1997). Raglape pacie§ arl dulkainus Gdenus ar zema ap-
gaismojuma intensitati (Sun et al., 2008), tapéc tai ir prieksrocibas izdzivosanai traucétos
seklos Gidenos. Specialaja literatiira ari tiek minéts, ka raglapes var uzkrat daudzus smagos
metalus C. demersum (Mishra et al., 2006).

Seklos ezeros var butiski intensificéties eitrofikacija, ja palielinas baribas vielu pie-
plidums ezera no taja ietekosajam upém, pieméram, no Slocenes (Kaniera ezera pieteka
Zemgales ziemelrietumos), kas agrak pat bijusi kugojama un tikusi izmantota ka tidens
satiksmes cel§, un pie $is upes ir bijusas dzirnavas. Sobrid uz Slocenes atrodas divas hid-
roelektrostacijas. Otra ieteka Kaniera ezera ir Medupite (ezera dienviddala).

Ezera augu makroatlieku diagramma (3.24. att.) tika konstatétas arl ezgalvites
Sparganium sp. un dizas aslapes Cladium mariscus séklu atliekas, kas arl misdienas ir
ezera virsidens vegetacijas komponentes (Grinberga, 2012). Viens no dizas aslapes
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3.24. attéls. Kaniera ezera (KE_1 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.24. Composition of plant macroremains from Lake Kanieris sediments (core KE_1)

augs$anas prieksnosacljumiem misu klimatiskaja josla, iespéjams, ir karbonatiskie nogu-
lumi, jo tie kompensé temperatiiras izmainas (Gatka, Tobolski, 2012). Centraleiropa diza
aslape ir holocéna klimatiska optimuma relikts (Brande, 2008), kas mil siltumu, ka ari tai
ir augstas prasibas pret gaismu (Galka, Tobolski, 2012) un nepatik, ja Gdens ir parbagats
ar slapekli un fosforu (Pokorny et al., 2010), bet, neskatoties uz to, tai ir plasa ekologiska
amplitada.

Ka jau ieprieks darba autore minéjusi, seklu un aizaugosu ezeru ekosistémas liela no-
zime ir iegremdétajiem makrofitiem, kas nodrosina biotopa ,,3140 Ezeru ar mieturalgu
augaju” pastavésanu (Jeppesen et al., 1998). Makrofiti seklas aidenstilpés samazina uzdul-
kosanas procesus, kas uzlabo tidens caurredzamibu.

KE_2 urbuma diagramma (3.25. att.) ataino Kaniera ezera ziemelaustrumdalas nogu-
lumu augu makroatlieku sastavu, netalu ezera tideni tek uz Baltijas jiru pa Starpinupiti.
50 lidz 45 cm dziluma ezera nogulumos tika konstatétas purva diedzenes Zannichellia
palustris séklas. Baltijas jiras regiona ta ir apdraudéta (ipasi aizsargajama suga Latvija).
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Tomeér ta ir plasi izplatita suga ziemelu puslodé jaras un okeana piekrastes salideni
(Ellenberg, 2009) un retak jek$zemé. Parasti aug seklos Gidenos uz danainas un smilSai-
nas grunts. Kopa ar purva diedzeni Zannichellia palustris biezi aug jiras rupija Ruppia
maritima, kuras séklas (kauleni) ari tika konstatétas $aja intervala. Ruppia maritima ir
kosmopolitiska, ekologiski nozimiga suga, kas spéj paciest mainigus vides apstaklus (Cho
et al., 2009), bet tai tapat ka Zannichellia palustris patik augt iesalos tdenos. KE_2 urbu-
ma 45 cm dziluma mainas nogulumu sastavs, virs smalkgraudainas smilts sak uzkraties
gitija. Rupijas un diedzenes séklas netika konstatétas gitijas slani, un tas liecina par iidens
saluma izmainam baseina.

Ezera nogulumu augu makroatlieku sastava diagramma redzams, ka no 30 cm dziluma
sak uzkraties gan tidensaugu, gan mitru vietu un purvu augu séklas, ka arl pieaug molusku
¢aulu daudzums. 30 lidz 15 cm dziluma no mitru vietu un purvu augiem tika konstaté-
tas grislu Carex sp., purva skalbes Iris pseudacorus, trejlapu puplaksa Menyanthes trifolia-
ta séklas, kas pakapeniski nomainija cita citu. Trejlapu puplaksis Menyanthes trifoliata ir
zema purva indikatoraugs, bet purva skalbe Iris pseudacorus aug dazadu adenstilpju sekla-
kaja litoralaja dala, ka ari pastavigi applidusas ieplakas (Moss, 2008). Saja dziluma pieaug
ari Gdensaugu séklu skaits un paradas vairakas jaunas sugas, pieméram, jiiras najada Najas
marina, diza aslape Cladium mariscus, kas netika konstatétas dzilakos slanos, un strauji
pieaug haru oogoniju skaits, bet koku riekstini vairs netika konstatéti.

Diagramma péc augu makroatlieku un griezuma litologiska sastava var izdalit vél vie-
nu intervalu (no 15 cm dziluma lidz masdienam), kur tika konstatéti tikai idensaugi. Saja
intervala bez ieprieks minétajiem tidensaugiem paradas ari baltas iidensrozes Nymphaea

alba séklas fragmenti.
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3.25. attels. Kaniera ezera (KE_2 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.25. Diagram of plant macroremains for the sediments of Lake Kanieris (core KE_2)
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Oglites tika konstatétas 50 lidz 15 cm dziluma.

KE_3 urbuma griezuma (3.26. att.) izteikti dominéja mieturiSu jeb mieturalgu Chara
spp. oogoniji un ostrakodi, tapat ari liela skaita tika konstatétas dazadas molusku caulas
(dazada izméra; gan veselas, gan jau sadrupusas).

No tadensaugiem nogulumos tika identificéta arl parastas skujenes Hippuris vulgaris
sékla (ovals kaulenis), kas norada uz dinainu, 1éni teko$u (vai ari pat stavos$u) adenstilpi.
Parasta skujene Hippuris vulgaris aug tikai ziemelu puslodé, un tai nekaité véss klimats.
Ta biezi aug kopa ar daudzlapi Myriophyllum un elodeju Elodea, kam ar1 patik augt ne-
traucétos mieriga Gdens apstaklos. Tapat arl parasta skujene Hippuris vulgaris var paciest
iesalu Gideni, kas Kaniera ezera var ieplast no Rigas lica.

Udensauga, iegrimusas raglapes Ceratophyllum demersum, riekstins tika konstatéts
10 cm dziluma. Ta médz augt ar uzturvielam bagatos idenos uz diinam vai brivi peld
tuvu Gdens virsmai, labvéligos apstaklos veidojot blivas kolonijas (Hamel, Parsons, 2001).

Parastas cirvenes Alisma plantago-aquatica riekstinu kopauglis tika identificéts 35 cm
dziluma. Parasta cirvene Alisma plantago-aquatica ir idens un mitru vietu lakstaugs.

No briozojiem tika konstatéti Cristatella mucedo statoblasti (5-0 cm dziluma).
Cristatella mucedo labi panes aukstumu. Cristatella mucedo patik ezeri ar stavosiem vai
léni tekosSiem tdeniem, bet, kopuma nemot, tie ir diezgan toleranti. Cristatella mucedo
kolonijas ir atrastas ari, pieméram, nesen izraktos grants karjeros (Okamura, 1997) un
oligotrofos-eitrofos ezeru apstaklos. Parasti aug uz dabiga substrata, pieméram, uz ie-
gremdétiem zariniem, sakném, ieziem un makrofitiem.

Apsekojot ezeru, varéja redzét, ka virsidens augaju veido dazada platuma joslas ezera
piekrasté un audzes ezera centralaja dala, kur dominéja parasta niedre, $aurlapu vilkva-
lite, diza aslape. Niedres atliekas tika konstatétas nogulumos ka auga fragmentu atliekas,
bet ne séklas. Ezera zemtidens augajs aiznem lielako dalu no virsiidens augaja brivas pla-
tibas, ko veido haru, jaras najadu, kemmveida glivenes un raglapju sabiedribas.

Augu makroatlieku sastava diagrammas loti labi ieziméjas mieturalgu liela izplati-
ba ezera, un to daudzums labi korelé ar karsésanas zudumu analizes datiem, kad mie-
turidu (haru) oogoniji ir lielaka skaita tur, kur ir lielaks karbonatisko vielu daudzums.
L. Grinbergas (2012) veiktais Kaniera ezera makrofitu sugu sastava pétjjums paradija, ka
ezera ir vismaz 3 mieturalgu sugu audzes, kur dominé savita mieturite Chara tomento-
sa un trausla mieturite C. globularis, mazaka daudzuma peléka mieturite C. contraria.
Salidzinot urbuma iegiitos augu makroatlieku datus ar misdienas esosas vegetacijas iz-
vértéjumu péc Kemeru Nacionala parka dabas aizsardzibas plana datiem par augaju, var
redzét, ka tur, kur veikts urbums, nav ieziméts haru augajs. Tas liecina, ka haru aiznemtas
platibas misdienas ir lielakas vai ari to oogoniji spé&j labi nogulsnéties visa ezera.

Analiz&jot augu makroatlieku paraugus, redzams, ka gitijas nogulumu slani zem kar-
bonatiskas gitijas (KE_1 ~ 22 cm, KE_2 ~ 18 cm un KE_3 ~ 30 cm dziluma) paradas
vairak sadalijjusas augu makroatliekas, kas virséjos slanos bija neliela skaita. Intervala no
5 lidz 0 cm dzilumam to pat gandriz nemaz nebija. Jiras najadas Najas marina séklas tika
konstatétas tikai virsé¢jos nogulumu slanos. Tas liecina par ezera aizaugsanu, un aizaugums
aiznem diezgan lielas ezera platibas (sk. 4.2. nod.). Jiras najadas parasti aug kalcifilos eze-
ros ar seklu baseinu. Pieméram, Minesota veiktie 10 ezeru pétijumi parada kopéjo iezimi,
ka jras najadam patik sarmaina vide, sakot ar 136-481 ppm (vid. 246 ppm), ezeru pH
svarstijas no 8,3 lidz 9,4 (vid. 8,8). Lielakajai dala ezeru maksimalais dzilums bija mazaks
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par 4,6 m. Visbiezak Najas marina aug kopa ar tadiem tidensaugiem ka kemmveida gli-
vene Potamogeton pectinatus sin. Stuckenia pectinata, iegrimusi raglape Ceratophyllum
demersum, ezera meldrs Scirpus lacustris sin. Schoenoplectus acutus, ziemelu daudzlape
Myriophyllum sibiricum, trejdaivu Gdenszieds Lemna trisulca, Friza glivene Potamogeton
friesii, lokana najada Najas flexilis, rapija Ruppia cirrhosa un purva diedzene Zannichellia
palustris (Rosendahl, Butters, 1935; Rosendahl, 1939). Uz ezera piesarnojumu ar baribas
vielam norada ari tur augosa kemmveida glivene Potamogeton pectinatus, kas aug baribas
vielam bagatos tidenos (Grinberga, 2012).

Ir zinams, ka Najas marina sugai piemit elastiga tolerance pret sliktu Gdens kvalitati.
Ta dazreiz izdzivo pat loti eitrofos ezeros, kad ikgadéja algu ziedésana ievérojami samazi-
na idens dzidrumu. Sadas situicijas Najas marina var biit viens no nedaudzajiem tidens
makrofitiem, kas spéj izdzivot tados apstaklos. Situacija, kad konkurence ir samazina-
jusies, Najas marina var klat pat dominéjosa suga. Tomér lielakaja dala gadijumu Najas
marina aug ezeros, kur dens ir skaidraks un Gidensaugu sabiedriba ir neskarta un stabila
(Rosendahl, Butters, 1935; Rosendahl, 1939).

Ezera nogulumos liela skaita tika konstatétas molusku jeb gliemezu c¢aulas. Dazos
ezera nogulumu slanos tas tika atrastas veselas jeb nesadrupusas, bet dazos tas bija sa-
lauzitas. Ezera nogulumos vairak bija viencaulu gliemezvaku gastropodu (Gastropoda).
Turklat ir konstatétas ari gliemenes — ziemelu édamgliemenes jeb midijas Mytilus edulis.
Stipri karbonatiskajos nogulumos liela skaita paradas ari ostrakodu caulas.

3.3.5. Metalu sastavs

Kaniera ezera nogulumu metala sastavs tika pétits divu urbumu (KE_2, KE_3) nogu-
lumu virséjos 50 cm, lai iegtitu plasaku prieksstatu par nogulumu apstaklu izmainam un
ezera apkartné notikus$ajiem procesiem. Kaniera ezera nogulumos noteikti 12 kimiskie
elementi. Iegtitie metalu sastava analizu dati no abiem urbumiem uzrada atskirigas kimis-
ko elementu koncentraciju izmainas griezumos.

Analizéjot KE_2 urbuma nogulumu metalu analizes rezultatu diagrammu (3.27. att.),
var redzét, ka izcelas intervali, kas sakrit ar ezera nogulumu sastava izmainam un karsé-
$anas zudumu analizes rezultatiem (3.21. att.).

50 lidz 44 cm dziluma iegu] smalka smilts, kur metalu elementu koncentracijas bija
mazakas neka parsedzos$ajos gitijas nogulumos. Pieméram, Ca koncentracija smilts no-
gulumos bija pat gandriz 10 reizes mazaka (9419-92518 mg/kg), Mn 8 reizes mazaka
(44-349 mg/kg), Na un Mg 6 reizes mazaka (28-174, 1843-11672 mg/kg).

Kaniera ezera KE_2 urbuma nogulumos noteikto elementu vidéjas absolatas koncen-
tracijas tika rékinatas diviem dziluma intervaliem (45-25 un 25-0 cm). 45 lidz 25 cm
dziluma elementi sadalas $adi: Ca>Mg>Fe>Mn>K>Na>Zn>Pb>Cu>Cd>Ni>Co, bet
virséja nogulumu slani Ca>Mg>Fe>K>Mn>Na>Zn>Cu>Ni>Cd>Pb>Co.

Ca, Mg, Fe elementu relativi paaugstinatu koncentraciju ietekmé dabiskie procesi, bet
Pb paaugstinata koncentracija virséjos slanos liecina par regionalo piesarnojumu.

Dziluma intervala no 44 lidz 15 cm lidz ar nogulumu litologiskajam izmainam izmai-
nas ari sarmu metalu koncentracijas - tas pieaug. Co vidéja koncentracija $aja intervala ir
0,45 mg/kg, kas ir raksturiga Co koncentracija nepiesarnotos nogulumos (MK noteikumi
Nr. 362, 2006). Saja intervala savas maksimalas koncentracijas sasniedz K (1038 mg/kg),
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Mg (14810 mg/kg), Cu (12 mg/kg), Cd (21,76 mg/kg) un Ni (8,6 mg/kg). Saja intervala
pieaug ari Fe koncentracijas (lidz 9906 mg/kg), bet, nogulumiem turpinoties uzkraties
(15-0 cm), tas samazinas lidz 1811 mg/kg.

Dziluma intervala no 15 lidz 1 cm vérojama vél izteiktaks Ca koncentracijas pieau-
gums nogulumos (no 110125 lidz 356856 mg/kg), kas ar1 atspogulojas karsé$anas zudu-
mu rezultatu diagramma, kur strauji pieaug karbonatisko vielu daudzums. Mg vértibas,
salidzinot ar iepriekséjo intervalu, 15 cm dziluma strauji krit (no 14810 lidz 5972 mg/kg)
un, turpinoties uzkraties nogulumiem, to koncentracija samazinas lidz 3723 mg/kg, kas
tomér ir augstaka neka citos ezeros Latvija (Stankevica et al., 2012 a, b). Lidzigi ari K kon-
centracijas samazinas Kaniera ezera KE_2 pétita urbuma nogulumos.

Pb koncentracijas ezera nogulumos fluktué no < 1-17,4 mg/kg ar tendenci palieli-
naties virséjos 20 cm, tomér ta koncentracija ir neliela (Klavin$ et al., 2011). Savukart
ievérojami lielakas Pb koncentracijas paradas KE_3 nogulumos (2.28. att.), kur ta kon-
centracija visa griezuma ir gandriz nemainiga (~ 35 mg/kg). Kaniera ezera nogulumu
KE_3 urbuma stipri lielakas ir ari Co un Ni koncentracijas (vid. 4,2; 5,8 mg/kg).
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3.27. attels. Kaniera ezera nogulumu metalu sastavs (KE_2 urbums)

Figure 3.27. Metal composition from Lake Kanieris sediments (core KE_2)
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Cu, Zn un Fe koncentracijas pieaugums (KE_2 urbuma) nogulumu intervala
45-13 cm var bt saistits ar $o metalu bagatinaganos ezera nogulumos, kas, savukart, var
bat saistita ar organisko vielu daudzuma palielinasanos.

KE_3 urbuma metalu sastava diagramma K koncentracija virséja nogulumu centi-
metra pieaug pusotru reizi, sasniedzot 877 mg/kg. Ca koncentracija paraugos ir 157334-
335540 mg/kg. Cd koncentracija KE_3 nogulumu griezuma bija zema (vidéji 0,34 mg/kg).
Fe savu maksimumu sasniedza intervala 35-25 c¢m, kur ta koncentracija bija 8250 mg/kg,
un péc tam pamazam kritas, lidz sasniedza 1800 mg/kg virséja nogulumu centimetra.
Lidziga tendence bija vérojama ari KE_2 nogulumu urbuma.

Salidzinot Kaniera ezera urbumu KE_2 un KE_3 nogulumu kimisko elementu sastava
rezultatu diagrammas, var redzét, ka KE_3 griezums ir daudz vienmérigaks un smago
metalu fluktuacijas ezera nogulumos ir mazakas. Savukart Na koncentracijas abos griezu-
mos ir loti lidzigas — KE_2 urbuma vidéji ir 179 mg/kg (nepemot véra smilts nogulumu
rezultatus) un KE_3 urbuma vidéji 154 mg/kg. Mg abos griezumos ir tendence samazi-
naties, un virséja nogulumu centimetra ta koncentracija ir 3723 mg/kg KE_2 urbuma un
4679 mg/kg KE_3 urbuma.
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3.28. attels. Kaniera ezera nogulumu metalu sastavs (KE_3 urbums)

Figure 3.28. Metal composition from Lake Kanieris sediments (core KE_3)
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3.29. attéls. Kaniera ezera nogulumu metalu un LOI statistiski butiska elementu korelacija
(p>0,01); A-KE_2,B-KE_3
Figure 3.29. Statistically significant element and LOI correlations (p > 0.01)
in Lake Kanieris sediments; A - KE_2, B - KE_3

Kaniera ezera nogulumu metalu un karsé$anas zudumu analizu rezultatu statistiska
korelacija parada izteiktas atskiribas starp abiem urbumiem. Paraugu izlases apjoms kore-
lacijai no KE_2 ir 14 un no KE_3 - 8, attiecigi par statistiski nozimigu var saukt rezultatu
|t] = 0,661 un |r| = 0,834 (Liepa, 1974). Ezera nogulumu galveno komponentu analize
skaidri parada butiskas atskiribas ezera dazadas vietas (3.29. att.), tas atspogulo elementu
savstarpéjo attiecibu mainiba. Lidz ar to nogulumu profilu izvietojums, ezera veidosanas
raksturs un iespéjamo kimisko elementu piepliides avoti ir ietekméjusi elementu satura
absolatas koncentracijas un to sadalijumu pétita ezera profilos.

Cd nav statistiski butiskas korelacijas Kaniera ezera KE_2 nogulumos (3.29. att. A).
Mineralam vielam ir negativa korelacija ar KV (r = -0,781), Zn (r = -0,688), Mn
(r = -0,766), Ca (r = -0,712), Na (r = -0,824). Butiskas pozitivas korelacijas novéro-
jamas elementu paros K-Mg (r = 0,834), Fe-Mg (r = 0,845), Fe-K (r = 0,940), Mn-Na
(r = 0,685), Mn-Ca (r = 0,952), Ni-Mg (r = 0,810), Ni-K (r = 0,937), Ni-Fe (r = 0,965),
Cu-K (r = 0,769), Cu-Fe (r = 0,801), Cu-Ni (r = 0,842), Zn-Na (r = 0,665), Zn-Cu
(r=0,886), Pb-Ca (r = 0,688), Pb-Mn (r = 0,677), Pb-Co (r = 0,849), OV-Mg (r = 0,773),
OV-K (r = 0,925), OV-Fe (r = 0,944), OV-Ni (r = 0,944), OV-Cu (r = 0,794).

Kanpiera ezera KE_3 nogulumos noteiktajiem metaliem nav statistiski butiskas kore-
lacijas tadiem elementiem ka Cd, Zn, Mn, K (3.29. att. B) un ir divas statistiski negativas
korelacijas: KV-MV (r = -0,950) un KV-OV (r = -0,992). Pozitivas korelacijas ir starp Pb-
Cu (r =0,837), Cu-Co (r = 0,956), Co-Fe (r = 0,845), Fe-Ni (r = 0,913), Fe-Mg (r = 0,861),
Ca-Na (r = 0,907). Visticamak, Cu un Pb ir saistiti ar antropogéno piesarnojumu.

Kaniera ezera virséjie nogulumi, salidzinot ar citiem pétitajiem ezeriem, uzrada loti aug-
stas Ca un Mn vértibas, un, lidzigi ki V. Lepanes u. c. (Lepane et al., 2007) pétijuma, tiek
pienemts, ka tas saistits ar CaCO, formu un ka Ca un Mn vértibu ietekmé lokalie procesi.

Korelacijas analize parada, ka kimisko elementu uzkrasanos nosaka to izcelsme un
faktori, kas ietekmé to akumulaciju un kas uz katru elementu iedarbojas atskirigi.
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3.4. Lilastes ezera nogulumi

Ezera nogulumi detali pétiti 2 vietas. Ezera nogulumu paraugi tika ievakti ZR dala 3 m
attdluma no krasta (LE_1), netalu no viesu majas Medzabaki, kur bija visbiezakais ezera
nogulumu slanis. Zondgjot ezeru gar ezera krastu ta litoralaja dala, var spriest, ka nogu-
lumi neuzkrajas ezera dienvidu un austrumu dala, kur ir ietekas (Dinezers, Melnupe).
Tika ievakti un analizéti ari nogulumi no LE_2 urbuma, kas veikts ezera vida (2.5. att.).

3.4.1. Nogulumu sastavs

Lai iegatu informaciju par Lilastes ezera nogulumu uzkrasanas apstaklu izmainam un
ezera Gdens limena svarstibam u. c., darba autore analizéja karsésanas zudumu 56 ievak-
tajiem paraugiem no LE_2 urbuma un 165 paraugiem no LE_1 urbuma.
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3.30. attéls. Lilastes ezera (LE_2 urbuma) nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.30. Content of organic, carbonatic and mineral matter from Lake Lilastes sediments
(core LE_2)
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Lilastes ezera LE_2 urbuma nogulumu sastava diagramma (3.30. att.) dziluma in-
tervalos 51-36 un 18-0 cm vérojama neliela organisko vielu daudzuma palielinasanas,
sasniedzot vidéji 44 un 45%. Sajos intervalos ari karbonitisko vielu daudzums nedaudz
pieaug, sasniedzot vidéji 7,5 un 6%.

Izveértéjot iegitos Lilastes ezera LE_2 urbuma nogulumu analizes rezultatus intervala
76-0 cm, kopuma redzams, ka gan organisko vielu, gan karbonatisko vielu daudzums un
lidz ar to arl mineralo vielu procentualais daudzums $aja spektra ir loti vienveidigs — par-
svara organisko vielu daudzums svarstas ap 40%, karbonatisko vielu daudzums ir aptuve-
ni 6% un mineralo vielu daudzums vidéji 23%. Lielakas izmainas, kas tapat ir nenozimi-
gas, paradas 36 cm dziluma.

Péc LE_1 urbuma nogulumu karsé$anas zudumu analizes rezultatiem sastadita dia-
gramma uzrada lielakas un izteiktakas fluktuacijas neka nogulumu griezuma rezultati
(urbums veikts nosaciti ezera vida) (3.31. att.). Nogulumu intervala no 165 lidz 93 cm
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3.31. attels. Lilastes ezera (LE_1 urbuma) nogulumos noteiktais organisko vielu saturs,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.31. Content of organic, carbonatic and mineral matter
from Lake Lilastes sediments (core LE_1)
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organisko vielu daudzums vidéji ir 24%, karbonatisko vielu - vidéji 2,9% un mineralo
vielu daudzums attiecigi 73%. Nogulumiem turpinot uzkraties, intervala 93-72 cm sama-
zinas organisko vielu (lidz 13%) un karbonatisko vielu (lidz 1,3%) daudzums, bet pieaug
mineralo vielu procentualais daudzums. Tas liecina par erozijas procesiem ezera sate-
ces baseina. Mainoties nogulumu uzkraganas apstakliem un samazinoties erozijai, ezera
nogulumos vairak sak uzkraties organiskas un karbonatiskas vielas. Si slana uzkrasanas
turpinas lidz 40 cm dzilumam, kad nogulumu sastava islaicigi palielinas mineralo vielu
daudzums. Péc §im izmainam nogulumos griezuma augstak atkal vairak sak uzkraties
organiskas vielas, kuru daudzuma fluktuacijas ir mazak izteiktas.

Nogulumu intervala no 35 lidz 0 cm vérojama intensivaka karbonatisko vielu uzkra-
$anas - ta sasniedz 6,5% nogulumu sastava. Sada tendence, kad virséjos nogulumos pie-
aug karbonatisko vielu procentualais daudzums, ir vérojama ari citu pétito ezeru nogulu-
mos (3.1., 3.12., 3.21. att.).

Analizéjot LE_1 urbuma karsésanas zudumu analizes rezultatu diagrammu, ieziméjas
izteiktas fluktuacijas ezera nogulumu sastava, ko, iespéjams, ir izraisijusas ezera tidens
limena svarstibas, kuru rezultata ezera tiek ienestas papildu mineralvielas. Salidzinot abu
urbumu karsé$anas zudumu diagrammas, redzams, ka ezera vida $§is fluktuacijas ir loti
nelielas. Iespéjams, tas ir saistits ar iidens dzilumu ezera vidd, ezerdobes morfologiju un
spogula laukuma lielumu. Darba autore $is fluktuacijas piekrastes nogulumos skaidro ar
ezera ikgadéjo applasanu gandriz 60 ha platiba, kas ir vidéji 45 m plata josla ezeram pie-
gulosaja teritorija (Meliorprojekts, 2007), bet $adam apgalvojumam ir nepiecieSami no-
gulumu datéjumi ar '°Pb metodi.

3.4.2. Nogulumu biologiskais sastavs

Analiz&jot ezera nogulumu biologisko sastavu (3.4. tab.), tika konstatétas divas zilal-
gu gintis (Anabaena, Gloetrichia), bet, péc zinatniskas literatiiras datiem, masdienas an-
tropogénas slodzes ietekmé ezera ir konstatétas vairakas zilalgu sugas: Microcystis spp.,
Anabaena spp., Oscillatoria spp. u. c. (Balode u. c., 2005). Zilalges var veidot blivas plank-
tona audzes un izraisit eitrofo tidenu ziedésanu. Zilalges tika konstatétas ezera nogulumu
virséja slani, iznemot pasu augséjo 5 cm nogulumu slani. Tas vidéji ir 5% katra nogulumu
parauga biologiskaja sastava.

Augstako augu atliekas ezera nogulumos bija labi sadalijusas, un bija grati tas precizi
identificét. Vienigi grislu Carex un tdensrozu dzimtas Nymphaeaceae augu atliekas bija
iespéjams identificét dziluma intervala 7-1 cm.

Ezera nogulumu sastava bija liels daudzums diatomeju, kas vidéji bija 35% no nogulu-
mu biologiska sastava. Lielaka dala no tam bija Melosira spp. un Fragilaria spp. Melosira
suga, kas parasti ir svarigas saldidens fitoplanktona sezonala komponentes (Sigge, 2005).
Melosira sugas resursu limitéjosie faktori ir gaisma un fosfors (Kilham, 1990).

Ezera nogulumu augséja slani (10-0 cm) tika atrastas ari Navicula, Nitzschia, Cymbella,
Surirella diatomejas. Neliels Pleurosigma ipatnu skaits tika atrasts griezuma dzilumos 40
un 25 cm. Visos pétitajos Lilastes ezera nogulumos tika atrastas zalalges, galvenokart par-
stavétas ar Pediastrum, Tetaedron, Staurastrum.

Izmantojot nogulumu biologiska sastava analizes datus, noteikts, ka nogulumus visa
pétitaja griezuma veido diatomeju gitija (3.4. tab.).
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3.4. tabula
Lilastes ezera nogulumu biologiskais sastavs
Table 3.4.
Biological composition from Lake Lilaste sediments
Dzilums, cm Domingjosas augu un dzivnieku atliekas,%
0-1 Augstakie augi Carex, Nymphaeaceae 20
Diatomeju gitija | Putek3ni, sporas Pinus >
Dzivn. atliekas Cladocera, Insecta, Spongia 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria — dominé 30
Navicula placentula, Nitzschia, Cymbella 1
cistula
Zalalges Pediastrum spp. 5
Zeltalges 1
5-6 Augstakie augi Carex, Nymphaeaceae 20
Diatomeju gitija | Puteksni, sporas Pinus 5
Dzivn. atliekas Cladocera, Insecta, Spongia 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria — dominé 30
Navicula placentula, Nitzschia, Cymbella 1
cistula
Zalalges Pediastrum spp. 5
Zeltalges 1
6-7 Augstakie augi Carex, Nymphaeaceae 10
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria — dominé 40
Surirella, Navicula, Nitzschia, Cymbella 1
Zilalges Anabaena 5
Zalalges Pediastrum spp., Tetaedron 1
Zeltalges 1
9-10 Augstakie augi 5
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria - dominé 40
Surirella, Navicula, Nitzschia, Cymbella
Zilalges Anabaena 5
Zalalges Tetaedron 1
Zeltalges 1
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3.4. tabulas turpinajums

Dzilums, cm

Dominéjosas augu un dzivnieku atliekas,%

11 Augstakie augi 5
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria - dominé 35
Zilalges Anabaena 5
Zalalges Pediastrum spp. 5
Zeltalges 1
13 Augstakie augi 5
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria — dominé 30
Zilalges Anabaena 5
Zalalges Pediastrum spp. 5-10
Straurastrum 1
Zeltalges 1
15 Augstakie augi 5
Diatomeju gitija | Putek$ni, sporas >
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria — dominé 35
Surirella 1
Zilalges Anabaena 5
Zalalges Pediastrum spp. 10
Tetraedron 1
Zeltalges
20 Augstakie augi 5
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria - dominé 30
Navicula 1
Zilalges Anabaena 10
Zalalges Pediastrum spp. 10
Zeltalges 1
25 Augstakie augi Carex, Scheucheria 5
Diatomeju gitija | Putek$ni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 10-15
Amorfais detrits 10-15
Diatomejas Melosira, Fragilaria - dominé 40
Navicula, Pleurosigma 1
Zilalges Anabaena 5
Zalalges Pediastrum spp. 5
Zeltalges 1
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3.4. tabulas turpindajums

Dzilums, cm Domingjosas augu un dzivnieku atliekas,%

30 Augstakie augi 5
Diatomeju gitija | Putek3ni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira, Fragilaria - dominé 35

Surirella 1

Zilalges Anabaena, Gloetrichia 5
Zalalges Pediastrum spp. 10

Straurastrum 1

Zeltalges 1

35 Augstakie augi 5
Diatomeju gitija | Putek3ni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 15
Amorfais detrits 10
Diatomejas Melosira, Fragilaria - dominé 35

Surirella 1

Zilalges Anabaena 5

Zalalges Pediastrum spp. 10

Straurastrum 1

Tetraedron 1

Zeltalges 1

40 Augstakie augi 5
Diatomeju gitija | Putek3ni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 15

Amorfais detrits 10

Diatomejas Melosira, Fragilaria - dominé 35

Surirella, Pleurosigma 1

Zilalges Anabaena, Gloetrichia 5

Zalalges Pediastrum spp. 10

Straurastrum 1

Tetraedron 1

Zeltalges 1

45 Augstakie augi 5
Diatomeju gitija | Puteksni, sporas 5
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 15

Amorfais detrits 10

Diatomejas Melosira, Fragilaria - dominé 35

Surirella 1

Zilalges Anabaena, Gloetrichia 5

Zalalges Pediastrum spp. 10

Straurastrum 1

Zeltalges 1
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3.4. tabulas turpinajums

Dzilums, cm Dominéjosas augu un dzivnieku atliekas,%
50 Augstakie augi 5
Diatomeju gitija Puteksni, sporas
Dzivn. atliekas Cladocera, Insecta, Spongia, Rhizopoda 15
Amorfais detrits 10-15
Diatomejas Melosira, Fragilaria — dominé 40
Surirella 1
Zilalges Anabaena, Gloetrichia 5
Zalalges Pediastrum spp. 5
Zeltalges 1

3.4.3. Sporu-puteksnu sastavs

Analiz&jot Lilastes ezera sporu-puteksnu procentualo diagrammu (3.32. att.), var re-
dzét, ka puteksnu sastava dominé priedes Pinus un bérza Betula puteksni, kas kopa visa
pétitaja griezuma (LE_1) veido vidéji 80% no kopéjas puteksnu summas. Kopuma izvér-
téjot ieghtos datus, var secinat, ka putek$nu sastavs un to daudzums visa pétitaja grie-
zuma ir loti lidzigs. Nedaudz ieziméjas intervals no 48 lidz 44 cm, kur priezu putek$nu
procentualais daudzums sasniedz 60%, bet bérzu puteks$nu procentualas vértibas sama-
zinas. Saja intervala ieziméjas ari ériku Ericaceae un rozu Rosaceae dzimtas putekinu
vértibu pieaugums. Eriku dzimtas putek$ni norada vairak uz priezu meZzu lokalo ietekmi.
Tai pasa laika rozu dzimtas puteksni norada uz atklatakam vietam (plavam), kur visbie-
zak aug §is dzimtas augi (Prieditis, 2014). Lai gan graudzales Poaceae biezi aug gan pla-
vas, gan mezos, tomér to putek$nus uzskata par atklataku teritoriju indikatoriem (Bussell,
1988), kam ir lokals raksturs (Behre, 1981).

Par cilvéka darbibu liecina kultivéto zemju graudaugu puteksni (Cereales), kas $aja
griezuma tika konstatéti loti neliela skaita divos dzilumos (34 un 24 cm), ki ar1 ruderalo
augu puteksnu, tai skaita celtekas Plantago, natres Urtica, balandas Chenopodium putek-
$nu, klatbutne, kas izteiktak ieziméjas diagramma no 40 cm dziluma lidz masdienam.

Griezuma no 14 c¢cm dziluma lidz miasdienam konstatéti asteru Asteraceae dzimtas
puteksni, dala no tiem, iespéjams, bija mauragas Hieracium tipa puteksni, jo to izmérs
bija ~ 18 um (Florenzano et al., 2012). No asteru dzimtas puteksniem vél tika identificéti
dzelzenes Centaurea puteksni, kas ari norada uz noru un plavu klatbatni (Prieditis, 2014).

Pétita LE_1 urbuma nogulumos diezgan liela skaita (5-24) tika konstatéti tidensaugu
puteksni, kurus parstavéja ezgalvites Sparganium, Saurlapu vilkvalites Typha angustifolia, gli-
venes Potamogeton, idensziedu Lemnaceae, tidensrozes Nymphaea, 1épes Nuphar lutea pu-
teksni. Stnaugu Bryophyta sporas tika konstatétas visa pétitaja ezera nogulumu griezuma.

Analizéjot ezera LE_2 urbuma nogulumu sporu-puteksnu procentualo diagrammu
(3.33. att.), var novérot, ka priedes Pinus puteks$nu procentualais daudzums vienmérigi
samazinas no dzilakajiem slaniem lidz masdienam. Egles Picea puteksnu skaits ir Joti ne-
liels un fluktuacijas neizteiktas. Nogulumu augséjos 40 cm neliela skaita paradas lazdas
Corylus un karklu Salix puteksni, kas var noradit uz apkart eso$as teritorijas aizaug$anu ar
kramiem vai uz pameza paradisanos, tapat Sie puteksni var tikt ienesti ar ezera ietekam.
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3.32. attéls. Lilastes ezera (LE_1 urbuma) nogulumu putek$nu procentuala diagramma

Figure 3.32. Pollen percentage diagram from LE_1 sediment core of Lake Lilaste
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Visa pétitaja LE_2 urbuma griezuma ir konstatéti kultivéto zemju augu puteksni, bet
it ipasi to daudzums palielinas dziluma intervala 40-35 cm, un tas liecina par lielaku
antropogénas ietekmes intensitati $aja laika. To apstiprina ari ruderalo augu putek$nu
klatbtitne.

Salidzinot LE_1 un LE_2 urbuma puteksnu procentualas diagrammas, var redzét, ka
LE_2 griezuma, kas atrodas ezera vida, Gidensaugu puteksnu ir mazak neka LE_1 griezu-
ma, kas atrodas netalu no krasta, kur to ir vairak. Tas ir skaidrojams ar lielaku tidensaugu
izplatibu ezera litoralé.

Vaskularo augu puteksnu skaita palielinaganas var ne tikai noradit uz atklataku teri-
toriju, bet arl liecinat par sateces baseina eso$a meza eitrofikaciju, ko pédéjos gadu des-
mitos izraisijis N piesatinajums daba no degvielas sadeg$anas un ar nitratiem piesarnotie
lauksaimniecibas tideni (Bobbink et al., 1998), un tas var veicinat dazu sugu savairo$anos
(Walker, Preston, 2006). Pieméram, N var noklat ezera, jo ta apkartné eso$os priezu me-
zos var blit novérojama strauja pareja no N deficita (Ellenberg, 2009) lidz piesatinaju-
mam, jo Seit domingjosie augi aug Iéni un nespéj samazinat lieko N ar ta uznemsanu sevi
(Prietzel, Kolling, 1998). Bet, ilgstosak esot N piesatindjumam, priezu meZos var attistities
pamezs un savairoties vaskularie augi, atspogulojot strauju nelinearu pareju no oligotro-
fiskas vides uz meza ekosistémas eitroficésanos (Ewald, 2007).

3.4.3. Makroatlieku sastavs

Darba autore analizéja LE_1 un LE_3 urbuma nogulumu augu makroatliekas, kas at-
rodas tuvu ezera krastam (2.5. att.), kur izplatitas eitrofiem ezeriem raksturigas iegrimuso
tdensaugu un peldaugu augija sugas (Engele, Sniedze-Kretalova, 2013a). Analizes gaita
tika identificéti gan sauszemes, gan ari Gdensaugu un dzivnieku atliekas.

Urbuma LE_1 nogulumu griezuma paraugos tika identificétas bérza Betula, priedes
Pinus sylvestris un melnalk$na Alnus glutinosa atliekas (3.34. att.). Lai gan ezera apkartné
dominé priezu mezi, tomér bérzu (Betula sect. Albae) riekstini tika konstatéti biezak neka
priedes skuju fragmenti, tie vairak paradas 85-65 cm dziluma. Bet tas nenozimé, ka ezera
apkartné priezu ir mazak, jo, ja nogulumi neuzrada skuju fragmentus, tajos tika konsta-
téti priedes mizas fragmenti ari pasos virséjos no gulumos (20-0 cm). Péc bérza riekstinu
atliekam var spriest, ka, lai ari neliela skaita, tomér bérzs ezera apkartné ir audzis visu
laiku.

Ezera nogulumu virséjos 10 cm (LE_1) tika identificétas idensrozes Nymphaea ak-
menssiinas, kas liecina par Gdensrozu augsanu ezer3, lai gan to séklas netika atrastas. Tas
visbiezak aug stavosos un léni tekosos Gidenos. No Gidensrozu dzimtas vél tika konstaté-
ta arl dzeltenas 1épes Nuphar lutea sékla 50 cm dziluma, bet visa griezuma augstak virs
50 cm tika konstatéti lépes auga fragmenti, kas norada uz tas augsanu lidz mtisdienam.
Savukart mieturu daudzlapes Myriophyllum verticillatum kaulenis tika atrasts nogulumu
parauga 35-30 cm dziluma.

Ezera nogulumu augu makroatlieku paraugos tika uzskaititi arl idensaugu lapu frag-
menti, kur virsgjos 20 cm izteikti dominéja glivenu Potamogeton gints lapu atliekas, bet to
sékla tika atrasta tikai parauga nogulumu intervala 95-90 cm.

No mitru vietu augiem ezera nogulumos (95-90 cm dziluma) tika konstatéts
ezera meldra Scirpus lacustris riekstins, kas pieder pie griSlu dzimtas lakstaugiem
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3.34. attels. Lilastes ezera (LE_1 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.34. Content of plant macroremains from Lake Lilaste sediments (core LE_1)

(Galenieks, 1960). Nogulumu parauga intevala 30-25 c¢m tika atrasts arl purvainas tdens-
tilpju krastmalas augosa indiga velnarutka Cicuta virosa dvinséklenis. Bet parastas milte-
nes Arctostaphylos uva-ursi sékla tika konstatéta 15-10 cm dziluma.

Analizes gaita visa pétitaja nogulumu griezuma (95-0 cm) tika identificéti ari kukainu
Insecta hitina fragmenti. Atseviski tika izdalitas Orthotrichia gints parstavju maksts atlie-
kas, Cladocera, Daphnia gints ilgolas. Daudzas kladoceras, ieskaitot Daphnia, ir pelagis-
ki filtrétaji, kas partiek no algém un noteiktam baktérijam (Brénmark, Hansson, 2001).
Nogulumos tika atrastas ari zivs Pisces zvinas. Analizé&jot LE_1 urbuma griezumu, inter-
vala 40-15 cm tika konstatéti smilts graudini, ko var novérot ari 3.31. att.

Ka viens no antropogénas ietekmes indikatoriem ir oglisu klatbitne nogulumos.
Tas neliela daudzuma konstatétas jau no 65 cm dziluma, bet lielaks to skaits noteikts no
45 cm. Si robeza sakrit ar priezu mizas fragmentu izzusanu nogulumos.

Visa ezera nogulumu LE_3 griezuma tika atrasti hipnu stnu stumbru un to lapinu
fragmenti (3.35. att.). Intervala no 10 lidz 5 cm no Gdensaugiem tika konstatétas adens-
rozu dzimtas akmenss$inas, ka ari to séklu fragments, dzeltenas 1épes Nuphar lutea séklas
fragmenti un glivenu Potamogeton gints séklas kaulenis. Skaujosa glivene Potamogeton
perfoliatus Latvija ir loti izplatita glivenu suga, kas var augt seklos ezeros, visa ta platiba
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3.35. attéls. Lilastes ezera (LE_3 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.35. Content of plant macroremains from Lake Lilaste sediments (core LE_3)

veidojot lielas audzes (Galenieks, 1960). Purva pameldra Eleocharis palustris sékla tika
atrasta nogulumos 40-35 un 25-20 cm dziluma. No koku atliekam tika konstatétas bérza
Betula pendula ¢iekurzvinas un Betula sect. Albae riekstini visos virséjos 40 cm, ka ari
tika atrasts priedes Pinus sylvestris séklas sparns.

3.4.4. Metalu sastavs

Analizgjot Lilastes ezera nogulumu (urbuma LE_1) metala sastavu, noteikti/ekstra-
héti 13 kimiskie elementi (3.36. att.), kuru vidéjas absoltitas vértibas dziluma intervala
50- 25 cm sadalas $adi: Fe>Ca>Mg>Na>K>Mn>Zn>Pb>Cr>Cu>Co>Ni>Cd, bet virséja
slani no 25-0 cm vietu koncentraciju sadalijumu rinda mainiju$i Na ar K un Co ar Ni.

Lilastes ezera augséjo nogulumu (50 cm) kimisko elementu analizu rezultati liecina
par Cr koncentracijas tendenci palielinaties (16,5-22,6 mg/kg) un par batiskam izmai-
nam dziluma intervala 35-10 cm (3.36. att.). Arl citu smago metalu elementu, tai skaita
Co un Nij, koncentracijam ir tendence palielinaties virziena no nogulumu griezuma pa-
matnes lidz aug$ai. Cu un Zn koncentracijas ari palielinds griezuma virziena uz augsu,
bet ar vairakam fluktuacijam. Pieméram, Cu un Zn koncentracijas 34 cm dziluma bija
atbilstosi 4,9 un 31 mg/kg, bet tas palielindjas nogulumu griezuma augstak atbilstosi 13
un 68 mg/kg.

Lilastes ezera nogulumi satur augstu Fe koncentraciju (lidz 52583 mg/kg, vidéji
43813 mg/kg) visa pétita nogulumu griezuma. Tas nav raksturigi Latvijas ezeru nogulu-
miem, jo parasti Fe koncentracija ir apméram 20000 mg/kg (Klavins et al., 1995; Jankévica
et al., 2012; Stankevica et al,, 2012 a, b). Pb vidéja koncentracija ir 8,6 mg/kg pétitajos



111

N
\9@
<
&
N
e W + ¢4 <% I
hel
5
10
15
20
25
30
35
E
45
50 4 — e et ) - - ) - . I R
500 1000 1000 2000 500 1000 2000 4000 40000 100 200
N
\o&
&
F e ® S ® 0 Sy Q®
0
5
10
15
20
2
30
35
4
4
50 :
10 20 2 4 2 4 6 5 10 15 20 40 60 1 2 3 20 40

3.36. attéls. Lilastes ezera nogulumu metalu sastavs (LE_1 urbums)

Figure 3.36. Content of metal composition from sediments of Lake Lilaste (core LE_1)

Lilastes ezera nogulumos dziluma intervala no 50 lidz 34 cm, bet no 33 cm dziluma uz
augs$u Pb koncentracija palielinas no 18,5 mg/kg lidz 35,7 mg/kg. Kopuma Pb koncentra-
cijas nogulumos fluktué lidzigi ka Zn - no 30 cm dziluma lidz nogulumu slana augsai.

Redzamas izmainas analizéto elementu koncentraciju sastava var novérot 34 cm dzi-
luma (3.36. att.), kur tas samazinas, iznémums ir Pb koncentracijas.

Cd vidéjas koncentracijas ir loti augstas (apméram 3 mg/kg) 29-22 cm dziluma sa-
lidzindjuma ar vidéjam Cd koncentracijas vértibam, kas nogulumos parasti ir tikai
0,3 mg/kg. Sadas straujas Cd koncentracijas izmainas var biit cilvéka darbibas ietekmes
indikators ezera sateces baseina.

Iegiitie metala sastava analizes rezultati tika koreléti ar LOI datiem, lai noskaidrotu,
kuri elementi sava starpa korelé un kas §is kopsakaribas nosaka. Paraugu izlases apjoms
LE_1 ir 13, tadé] par statistiski nozimigu attiecigi var pienemt rezultatu |r| > 0,684 (Liepa,
1974). Lilastes ezera nogulumu metalu sastavam ir pozitiva korelacija starp elementiem
Cr-Ni-Cu-K-Mg intervala 50-0 cm (3.37. att.), ka ari konstatétas divas negativas korelaci-
jas MV-OV (r = -0,972) un MV-KV (r = -0,632). Tas parada, ka, palielinoties organisko
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3.37. attéls. Lilastes ezera (LE_1) nogulumu metalu un LOI statistiska korelacija (p > 0,01)

Figure 3.37. Major elements and heavy metals statistically significant element and LOI correlations
(p > 0.01) in Lake Lilaste sediments

vielu vai karbonatisko vielu daudzumam, samazinas mineralo vielu Ipatsvars. Vienigais
elements, kam nav korelacijas, ir Cd. Savukart Ca ir pozitiva korelacija ar Na (r = 0,924)
un Mg (r = 0,774). Pb ir pozitiva korelacija tikai ar Ni (r = 0,766), un Ni ir pozitiva kore-
lacija vél ar Cu (r = 0,833) un Zn (r = 0,722). Tas norada, ka Ni ir antropogéna izcelsme.
Pozitiva korelacija ir vérojama ari starp elementiem Fe-K-Cu-Cr, ko, visticamak, Lilastes
ezera ietekmé kvartara nogulumi (smilts), kas ir bagati ar dzelzi.

Elementu korelacijas analize paradija, ka ezera nogulumos ir vérojama antropogéna
ietekme. To, iespé&jams, ir izraisijis sateces baseina piltuves princips. Taja ezers darbojas ka
dabiska kratuve fidenu nestajam materialam pirms to ietekas jira.

3.5. Ummja ezera nogulumi

Veicot geologisko urbsanu Ummja ezera un iegiistot nogulumu serdes, vizuali bija
vérojama izteikta gitijas un smil$u slanu mija un tika konstatéts, ka nogulumu uzkrasanas
apstakli ezera ir bijusi mainigi (3.38. att.).

I L (N ; s
LJ 4 5. =7 §°9 109 X 3 4 566 778 9 .’80 92 4 s'g 7} :’9 3017 2 2134 5'64 7 0159 40 1 2

3.38. attéls. Fragments ar smil$u starpslani Ummja ezera nogulumu serdes UE_2 urbuma

Figure 3.38. Fragment of sediment monolith from Lake Ummis with sand interlayers
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3.5.1. Nogulumu sastavs

Ummja ezera nogulumu (UE_2 urbums) karsé$anas zudumu analizes rezultati uzrada
krasas vides izmainas 80, 35 un 20 cm dziluma (3.39. att.). Karsé$anas zudumu diagram-
ma parada, ka ezera gandriz nemaz nav uzkrajusas karbonatiskas vielas. Griezuma labi
ieziméjas ezera notikusi aizaugsana, kas bijusi intervala no 80 lidz 35 cm dzilumam un
ko partraukusi smil$u kartas uzkrasanas (35-20 cm) virs kiidrainas gitijas. Si smilSu slana
veido$anos ezera nogulumos darba autore skaidro ar militaro darbibu gan ezera, gan ta
apkartné. Kad aktiva cilvéku darbiba beidzas, saka uzkraties smilsaina gitija, bet vélak ari
diatomeju gitija. Iespéjams, smilts piejaukumu radija véja darbiba, parnesot smilts grau-
dinus no degradétas zemsedzes.

Mezus ap Ummja ezeru stipri ietekméjusas Pirma pasaules kara veiktas cirtes, kuras
péc tam notikusi dabiska atjaunosanas ar priedi. Padomju laika $ie mezi tika izmantoti ka
poligoni militaram vajadzibam (lidz 1991. gadam), kur notika bezkontroles koku cir§ana

Dzilums, cm
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o
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2" 720 40 60 80 100

Smilaina gitja  Kodraina gitija Smilts

20 40 60 80 100

Gitija
3.39. attels. Ummja ezera (UE_2 urbuma) nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.39. Content of organic, carbonatic and mineral matter
from Lake Ummis sediments (core UE_2)
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un mehaniskie bojajumi zemsedzé (Sprads, 2006). Ta ka ezers ir neliels, tam ir palielinata
jutiba uz baribas vielu pienesi ezera.

3.5.2. Nogulumu biologiskais sastavs

Tika analizéts Ummja ezera nogulumu biologiskais sastavs, un analizu rezultati uz-
radija diatomeju (vid. 18%) un amorfa detrita dominanci nogulumu sastava (3.5. tab.).
Neliela skaita (5-10%) nogulumos paradas dazadas augstako augu atliekas. 55-50 cm dzi-
luma bija niedru Phragmites australis lapu fragmenti, bet 50-40 cm dziluma paradijas ari
tdensrozu dzimtas Nympheaceae un grislu Carex spp. fragmenti. 40-30 cm dziluma tika
konstatéti 5% augstako augu atlieku — Gdensrozes un vilkvalites, ka ari hipnu stinas, kas,
visticamak, ezera nonakusas no piekrastes zonas. Virséja 30 cm slani ezera nogulumos
tika atrastas iidensrozes un vilkvalites atliekas. Putek$nu daudzums visa pétitaja griezuma
bija nemainigs - 5%.

Visos pétitajos ezera nogulumu paraugos tika konstatétas dazadas kramalges. Cyc-
lotella sp., Pinnularia, Cymbella, Melosira sp. un Fragilaria sp. ir viscaur pétitajos ezera
nogulumos.

Ezera nogulumu virséja slani no 18 cm dziluma lidz nogulumu virsai tika konstatéta
Nitzschia acicularis, kas ir eitrofu ezeru indikators. Gloeotrichia spp., kas ir toksiska zil-
alge (World Health Organization, 2009), tika konstatéta no 40 cm dziluma lidz nogulumu
virsai. Pirms tam ezera tika atrasta cita zilalgu suga Anabaena sp. Tomér kopuma Ummja
ezera trofija vértéjama ka zema.

Izvértéjot biologiska sastava analizes rezultatus, tika noteikts katra nogulumu slana
veids (3.5. tab.). Tika konstatéts, ka apaks$éjo nogulumu slani veido organogéna gitija ar
smilts piejaukumu (50-40 cm), kuru augstak parsedz smilsaina diatomeju gitija.

3.5. tabula
Ummja ezera nogulumu biologiskais sastavs
Table 3.5.
Biological composition from Lake Ummis sediments
Dzilums, cm Dominéjosas augu un dzivnieku atliekas,%
1 Augstakie augi Nymphaeaceae, Phragmites australis 5
Diatomeju | Puteksni, sporas
gitija Dzivnieki Cladocera, Insecta, Spongia 10
Amorfais detrits 20
Diatomejas Melosira, Fragilaria, Navicula sp., Nitzschia 20
acicularis - dominé
Cymbella, Synedra, Surirella, Cocconeis
Zilalges Gloeotrichia 10
Zalalges Pediastrum, Phacotus 1
Zeltalges 1
Smilts ~30
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3.5. tabulas turpinajums

Dzilums, cm

Dominéjosas augu un dzivnieku atliekas,%

15 Augstakie augi Nymphaeaceae, Phragmites australis 10
SmilSaina | Puteksni, sporas 5
diat.ofx.leju Dzivnieki Cladocera, Ostracoda, Insecta, Spongia, 10

gitija gliemezvaku ¢aulas
Amorfais detrits 15
Diatomejas Melosira, Fragilaria, Pinnularia, Surirella, 20
Navicula, Nitzschia acicularis, Cymbella,
Pleurosigma
Zilalges Gloeotrichia 5
Zalalges Cosmarium, Phacotus 1
Zeltalges 1
18 Augstakie augi Nymphaeaceae, Phragmites australis 5
Diatomeju | Puteksni, sporas 5
gitija Dzivnieki Cladocera, Insecta, Ostracoda, Spongia, 10
gliemezvaku caulas (Dreissena vesela)
Amorfais detrits 20
Diatomejas Melosira, Fragilaria, Pinnularia, Surirella, 25
Nitzschia acicularis, Navicula, Cymbella,
Pleurosigma, Diatoma
Zilalges Gloeotrichia 5
Zalalges Phacotus 1
Zeltalges 1

20 Augstakie augi Nymphaeaceae, Phragmites australis 5
SmilSaina | Puteksni, sporas 5
diat_o?leju Dzivnieki Cladocera, Insecta, Spongiae, Rhizopoda, 10

gitija gliemezvaku ¢aulas
Amorfais detrits 15
Diatomejas Melosira, Fragilaria, Pinnularia, Navicula, 15
Diatoma
Zilalges Gloeotrichia 10
Zalalges Phacotus, Staurastrum, Cosmarium 1
Zeltalges 1

30 Augstakie augi Nymphaeaceae, Phragmites australis, hipnu 5
Smil$aina stinas
diatomeju | Puteksni, sporas 5

gitija Dzivnieki Cladocera, Insecta, Spongiae, Rhizopoda 10
Amorfais detrits 15
Diatomejas Melosira, Fragilaria, Pinnularia, Navicula, 10

Diatoma, Cocconeis
Zilalges Gloeotrichia 15
Zalalges Pediastrum, Cosmarium 1
Zeltalges 1
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3.5. tabulas turpindajums

Dzilums, cm Domingjosas augu un dzivnieku atliekas,%

40 Augstakie augi Nymphaeaceae, Carex, Phragmites australis 10
Smilsaina | Putekini, sporas 5
diatfa?eju Dzivnieki Cladocera, Insecta, Spongiae, Rhizopoda 10

gitya Amorfais detrits 20
Diatomejas Melosira, Fragilaria, Cyclotella, Navicula, 20
Synedra, Cocconeis
Zilalges Anabaena, Gloeotrichia 10
Zalalges Pediastrum 5
Zeltalges
45 Augstakie augi Nymphaeaceae, Carex, Phragmites australis 10
Organogéna | Puteksni, sporas 5
git.ije} ar smilts | pyjynjeki Cladocera, Insecta, Spongiae, Rhizopoda 15
piejaukumu [0 fais detrits 25
Diatomejas Melosira, Fragilaria, Cyclotella, Pinnularia, 20
Cymbella
Zilalges Anabaena 10
Zalalges Pediastrum 5
Zeltalges
50 Augstakie augi Phragmites australis 10
Organogéna | Puteksni, sporas 5
git.ij".‘ ar smilts | pyjynjeki Cladocera, Insecta, Spongiae, Rhizopoda 10
piejaukumu 7y 0 fais detrits 25
Diatomejas Melosira, Fragilaria 20
Cyclotella
Zilalges Anabaena 10
Zalalges Pediastrum 5
Euastrum 1
Zeltalges 1

3.5.3. Makroatlieku sastavs

Ummis ir lobéliju-ezerenu ezers, kas atbilstosi Eiropas Savienibas aizsargajamo bio-
topu iedalijumam ir ezers ar oligotrofu lidz mezotrofu augu sabiedribu (3130) (Engele,
Sniedze-Kretalova, 2013c). Pétot augu makroatliekas UE_1 un UE_2 urbuma nogulumos,
tika konstatéta abu $o sugu klatbatne (3.40., 3.41. att.).

Ummja ezera (UE_2 urbuma) nogulumu augu makroatlieku (AMA) rezultatu dia-
gramma (3.40. att.) var iz8kirt cetras AMA zonas.

I-AMA zona ir nodalita dziluma intervald 100-60 cm, kur uzkrajusies koku (bérza,
priedes) riekstini un mitru vietu augu séklas, tai skaita konstatétas grislu Carex spp. un
Eiropas vilknadzes Lycopus europaeus séklas, $ie augi aug parmitras vietas un purvos
(Prieditis, 2014). Saja intervala loti neliela skaita paradas ari oglites.

II-AMA zona ir intervala 60-35 cm, kur paradas ari idensaugu séklas, bet mitru vietu
augu séklu ir loti maz. Visa $aja intervala, lai ar neliela skaita, ir uzkrajusies mieturisu
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oogoniji. No gliveném tika konstatétas divas sugas: Berhtolda glivene Potamogeton berch-
toldii, kas aug stavoSos tidenos, un skaujosa glivene Potamogeton perfoliatus, kas aug
seklas vietas (Prieditis, 2014). Par ezera aizaug$anu liecina ari vilkvalites Typha sp. séklas
(40-35 cm dziluma).

III-AMA zona atbilst dziluma intervalam 35-20 cm, ko veido smil$u slanis, kas uz-
krajies militaras darbibas rezultata un kas partrauca ezera aizaug$anas procesu. Tas radija
labveligus apstaklus gludsporu ezerenes Isoétes lacustris aug$anai un izplatibai ezera. Si
intervala nogulumos palielinas oglisu daudzums, kas ir cilvéku darbibas indikators. Sakot
ar $o zonu, nogulumos atkal konstatéti bérza Betula sect. Albae riekstini.

IV-AMA zona ir nodalita dziluma intervala 20-0 cm, kuru veido gitija, tas apakséja
dala (20-12 cm) ir smil$aina. Gludsporu ezerenes Isoétes lacustris megasporu $aja inter-
vala ir loti daudz. Lidz ar baribas vielu pieplidumu ezera sak atkal paradities mieturisu
Characeae oogoniji. Paradas arl tadas augu sugas, kas ieprieks netika konstatétas ezera
nogulumos - tdenspipars Polygonum hydropiper, Dortmana lobélija Lobelia dortmanna,
sipolinu donis Juncus bulbosus, ka ari palielinas ogliu daudzums.

Urbuma UE_1I nogulumu augu makroatlieku analizes gaita tika konstatéta Dortmana
lobélija Lobelia dortmanna virséjos 55 cm, bet ezerene Isoétes lacustris — 85 cm (Staskova
et al., 2014). Sada tipa ezeri ar mazu baribas vielu un zemu produktivitati klist arvien
apdraudeétaki eitrofikacijas dél (Weckstrom et al., 2010), pieméram, Ummi eitrofikacijas
sekas var novérot gar ezera krastiem, kur tas aizaug ar parasto niedri Phragmites australis.
Tomér nav zinams, cik ilgi niedres jau augusas ezera krasta josla, jo Ummja ezera nogu-
lumos neuzradas niedru séklas. Ari citos pétitajos ezeros to séklas netika konstatétas, kaut
ari Joti labi ir redzama niedru klatesamiba, pat to dominance ezera krastos. Iespé&jams,
niedru séklas slikti saglabajas ezera nogulumos, jo to apvalks nav pietiekosi izturigs pret
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3.40. attels. Ummja ezera (UE_2 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.40. Content of plant macrofossils from Lake Ummis sediments (core UE_2)
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apkartéjas vides iedarbibu (dédésanu), un ari niedru vairosanas ir vairak saistita ar vegeta-
tivo sistému, nevis ar to séklam (Kettenring, Whigham, 2009).

Virséjos Ummja ezera nogulumos (UE_1 urbums) abu sugu (lobélijas un ezerenes)
makroatlieku (séklu un megasporu) daudzums samazinas (3.41. att.). To var skaidrot ar
antropogéno ietekmi ezera un So sugu zemo konkurétspéju ar citaim sugam (Middelboe,
Markager, 1997). Sada lobéliju-ezerenu ezeru ekologijas pasliktinaganas ir novérota ari
citur Eiropa (Arts, 2002; Pedersen et al., 2006; Weckstrom et al., 2010). Tapéc, izmanto-
jot paleolimnologiskas metodes, var noteikt, kad, pieméram, ezers ir bagatinajies ar ba-
ribas vielam, un var méginat rast tam izskaidrojumu un céloni (Weckstom et al., 2010).
Diagramma, kas sastadita, pamatojoties uz Ummja ezera UE_1 urbuma nogulumu augu
makroatlieku analizes rezultatiem (3.41. att.), var izskirt se§as augu makroatlieku zonas
(Staskova et al., 2014):

[-AMA zona nodalita intervala 220-200 cm, kur tika konstatéti parastas priedes Pinus
sylvestris riekstini (200-215 cm) un insektu fragmenti.

II-AMA zona nodalita intervala 200-145 cm. Saja AMA zona netika atrasts neviens
priedes riekstins, bet paradas grislu Carex spp. un iidensaugu — mieturalges Characeae un
sikas glivenes Potamogeton pusillus — séklas.

[II-AMA zona nodalita intervala 145-85 cm, kur tika atpazitas parastas priedes un bér-
za riekstini. Saja zona varéja konstatét ari pa kadai tidensaugu séklai no purva pameldra
Scirpus palustris, mieturalgu Characeae un sikas glivenes Potamogeton pusillus, ka ari no
grisla 110 cm dziluma.
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3.41. attéls. Ummja ezera (UE_1 urbuma) nogulumu augu makroatlieku sastavs

Figure 3.41. Content of plant macrofossils from Lake Ummis sediments (core UE_1)
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IV-AMA zona nodalita intervala 85-60 cm. Ta ir bagata ar idensaugu séklam un
oglitém. Saja zona dominé ezerenes Isoétes lacustris megasporas un mieturalgu Characeae
oogoniji, kas liecina par dzidriiddens vidi. No mitru vietu augiem tika konstatéti dazi gris-
lu Carex spp. riekstini (75-70 cm dziluma), ka ari purva varnkajas Potentilla palustre sék-
la (70 cm dziluma), kas iepriekséjas augu makroatlieku zonas netika atrasta.

V-AMA zona nodalita intervala 60-20 cm, kur gandriz pavisam izztid mieturalges,
bet paradas Dortmana lobélijas Lobelia dortmanna séklas. No kokiem $aja zona joprojam
ir atrasti gan bérza, gan priedes riekstini.

VI-AMA zona nodalita intervala 20-0 cm, kur samazinas ezerenes megasporu un lo-
bélijas séklu skaits, kas var liecinat par vides izmainam ezera. Tapat arl $aja zona tika
konstatétas sipolinu dona Juncus bulbosus pogalas, kas parasti tomér aug kopa ar lobéliju-
ezerenu kompleksa augu sabiedribu ezeru piekrastés. No koku makroatliekdm $aja zona
tika konstatéti priezu riekstini, bet bérza riekstini izzad.

3.5.4. Metalu sastavs

Darba autore analizéjusi nogulumu metalu sastavu Ummja ezera virsgjiem (50 cm)
nogulumiem (UE_1), kas iegtiti ar modificétu pistona urbi (Pujate et al., 2014). Ummja
ezera nogulumos noteikti/ekstrahéti 13 kimiskie elementi, kuru vidéjas absolaitas kon-
centracijas no 50 lidz 35 cm dzilumam sadalas $adi: Ca>Fe>Mg>K>Na>Mn>Zn>Cr>C
u>Ni>Co>Pb>Cd, bet virséja slani 10-0 cm dziluma vietu koncentraciju sadalijumu rinda
mainijusi Na ar Mn un Co ar Pb.

Ta ka ezers atrodas priezu meza, kur tuvuma nav apdzivotu vietu, sakotnéji bija gai-
dits, ka smago metalu (kuru blivums lielaks par 5 g/cm’) koncentracija biis minimala,
bet kimisko analizu rezultati paradija smago metalu (Fe, Mn, Cr, Co, Ni, Cu, Zn, Cd, Pb)
koncentraciju palielinasanos (3.42. att.).

Pétijums Norvégija (Borg, Johansson, 1989) paradija, ka aptuveni 60-95% no kopé-
jas Zn un Cd slodzes ezera nonak no autocelu virszemes noteces ezera sateces baseina
pa melioracijas gravjiem. K (vid. 1265 mg/kg) un Mg (vid. 7666 mg/kg) koncentraci-
jai Ummja ezera ir salidzino$i augstaka vértiba neka paréjos pétitajos ezeros (iznemot
Babites ezeru (K, 1432 mg/kg)), visticamak, tam ir lokals raksturs. Cu, Zn, Cd, Pb, Co, Fe,
Ni uzskata par stabiliem smagajiem metaliem, kas piesarno vidi (Nriagu, 1979).

Cd koncentracija ezera nogulumos no 50 lidz 35 cm dzilumam vidéji ir 0,5 mg/kg, bet
no 35 cm lidz nogulumu virsmai vidéji 1 mg/kg, ko var skaidrot ar regionilo atmosféras
piesarnojumu.

Ka bija gaidits, elementu daudzums samazinas smil$ainaja nogulumu slani (3.38. att.).
Tas skaidrojams ar sakaribu starp smilts graudinu lielumu un metala koncentraciju
(Chapman, Wang, 2001).

Pb pieaugumu Ummi, tapat ka citos autores pétitajos ezeros, var skaidrot ar atmos-
féras piesarnojumu no autotransporta izplides gazém, kas Latvijas apstaklos ir galvenais
piesarnojuma ar Pb avots (Pacyna, 1987; Klavins, 1996), kamér to neaizliedza izmantot
degviela ka degvielas antidetonatoru.

Ripnicas no litosféras tiek ekstrahéti razosana izmantojamie metali, un péc tam tie
atgriezas apkartéja vidé razo$anas procesu blakusproduktu veida, izraisot piesarnpoju-
mu, ko var izmantot antropogénas ietekmes analizei ezera nogulumos. Tas ir iespé&jams,
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3.42. attels. Ummja ezera UE_1 urbuma nogulumu metalu sastavs

Figure 3.42. Metal composition in sediments of Lake Ummis (core UE_1)
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3.43. attels. Ummja ezera nogulumu metalu un LOI statistiska korelacija (p > 0,01)

Figure 3.43. Major elements and heavy metals and LOI statistically significant element
correlations (p > 0.01) in Ummis sediments
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pateicoties metalu emisiju izkliedei vidé (Pacyna, 1987), kas rada regionalo piesarnojuma
limeni, bet 20. un 21. gs. mija tas strauji samazinajas (Silamikele, 2010).

Ummja ezera nogulumu metalu sastava koncentracijas un karsésanas zudumu ana-
lizes rezultati izmantoti statistiskaja korelacija. Paraugu izlases apjoms UE_1 urbuma
ir 19, tapéc attiecigi par statistiski nozimigu var saukt rezultatu |r| = 0,575 (Liepa, 1974).
Korelacija paradija pozitivas saites starp Zn-Cu-Ni-Co-Cr-Mn. Mg, Cd, karbonatiskas
vielas nekorelé ne ar vienu elementu (3.43. att.). Organiskam vielam ir negativa korelacija
ar Na (r = -0,646), Fe (r = -0,698), Co (r = -0,604), Zn (r = -0,594), MV (r = -1,000).
Pb ir pozitiva korelacija ar Na (r = 0,636), Zn (r = 0,590), Ni (r = 0,613).

3.6. Velnezera nogulumi

Velnezera veiktaja VE_1 urbuma (2.7. att.) virs bliva hipnu kidras slana uzkrajies zil-
algu gitijas slanis (245-240 cm). To intervala 240-210 cm sedz kadraina gitija, bet in-
tervala 210-130 cm - kadraina gitija ar nelielu mala piejaukumu un redzamiem priezu
mizu fragmentiem. Savukart virs tas uzkrajusies kdraina gitija, kas urbuma augséja dala
(20-0 cm) klast smilsaina.

Ezera dienvidu krasta veikta VE_2 urbuma nogulumu biezums bija 2,5 m, nogu-
lumu veidoja kiidra un smilts slani (3.44. att. A, B). Griezuma apakséja dala intervala
250-150 cm tika konstatéta hipnu-spilvju kadra. Intervala 150-80 cm uzkrajusies gai-
§i briina sfagnu-spilvju kadra, bet intervala 80-45 cm konstatéta briina, vidéji sadaliju-
sies spilvju Eriophorium vaginatum kidra ar grislu Carex sp. saknitém. Dziluma inter-
vala 45-15 cm uzkrajusies gaisi dzeltenpeléka smilts (3.44. att. A), ko dziluma intervala
15-0 cm parsedz vidéji sadalijusies tumsi brina zema tipa kadra (3.44. att. A).

3.44. attéls. A - Velnezera dienvidu krasta VE_2 urbuma nogulumu serde
griezuma intervala 100-0 cm;
B - Velnezera dienvidu krasta VE_2 urbuma nogulumu serde
griezuma intervala 160-60 cm

Figure 3.44. A - Sediment core (100-0 cm) from the southern shore
of Lake Velnezers (core VE_2);
B - Sediment core (160-60 cm) from the southern shore
of Lake Velnezers (VE_2)
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Lai raksturotu nogulumu uzkrasanas laiku un intensitati, ir loti svarigi zinat nogu-
lumu vecumu. Velnezera nogulumiem tas tika noteikts, izmantojot AMS *C metodi un
datéjot konkrétaja nogulumu slani atrastas sauszemes augu makroatliekas. No Velnezera
nogulumiem datésanai tika izmantotas priedes mizas un sfagnu stnas atliekas (3.6. tab.).

3.6. tabula
AMS "C datésanai izmantota materiala raksturojums un paraugu dzilums
Table 3.6.
Characteristics of material AMS *C for dating and depth of samples

Parauga kods Datésanai izmantotais materials | Parauga nemsanas vieta un dzilums
1. VE_.2 Priedes Pinus miza 1. Velnezers 60-63 cm
2. VE.2 Kadra (sfagni) 2. Velnezers 96-98 cm
3. VE_2 Kadra (sfagni) 3. Velnezers 168-170 cm
4, VE_ 2 Kadra 4. Velnezers 198-200 cm
5. VE_2 Sfagnu katini 5. Velnezers 244-246 cm

Izmantojot ar AMS "C iegiitos nogulumu absolita vecuma datéjumus, tika izveidots
vecuma-dziluma modelis, kas parada straujaku nogulumu uzkraganos no 170 cm dzilu-
ma kops 1650 kal. g. PM (3.45. att.).

Analizéjot VE_2 urbumu, griezuma intervala 45-15 cm izteikti iezimé&jas smilts sla-
nis (3.44. att.), kas, visticamak, ir cilvéka darbibas sekas. Smil$u slana apakséjas dalas
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3.45. attéls. Velnezera dienvidu krasta VE_2 urbuma nogulumu vecuma-dziluma modelis

Figure 3.45. Age-depth model from the southern shore of Lake Velnezers (core VE_2)
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veido$anos varétu saistit ar mezu izcirSanu un kapu parptasanu apméram pirms 250 ga-
diem. Sada mezu izcir$ana un kapu parpiisana 17. gs. ir konstatéta ari citas vietas Latvija
pie juras, pieméram, Ventspili (Vijups, 2012). Iespéjams, ka smil$u slana augg$éja dala ir
veidojusies kapu izlidzinasanas rezultata, sakoties apbuvei ap Velnezeru 19. gs. 80. gados.

3.6.1. Nogulumu sastavs un vecums

Virsgjiem 90 cm (ik pa 1 cm) no Velnezera nogulumiem, kas iegiti no ezera vidus
(VE_1), ir analizéti ari karsésanas zudumi (4.46. att.) (Pujate et al., 2014). Péc karsésanas
zudumu analizes datiem var izskirt piecas zonas.

I zona nodalita dziluma intervala 90-65 cm, kur nogulumu sastava dominé organis-
kas vielas (~ 90%). Karbonatisko vielu praktiski nav (~ 1%), bet mineralas vielas nepar-
sniedz 10% robezu. Liknu novietojums diagramma liecina par stabiliem nogulumu uz-
kraganas apstakliem.
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3.46. attéls. Velnezera (VE_1 urbuma) nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure. 4.46. Content of organic, carbonatic and mineral matter
from Lake Velnezers sediments (core VE_1)
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IT zona nodalita intervala 65-37 cm, kur pieaug mineralvielu (32-40%) daudzums un
samazinas organisko vielu (67-59%) daudzums. Savukart karbonatisko vielu daudzums
ir loti neliels, vidéji 1,14%, ka arl nav izteiktas tendences tam pieaugt vai samazinaties
$aja intervala. Mineralo vielu pieaugums nogulumos var liecinat par lielaku eroziju ezera
sateces baseina.

III zona nodalita intervala 37-22 cm, kam raksturigs praktiski nemainigs nogulumu
sastavs, kas liecina par vienmérigu ezera nogulumu uzkrasanos.

IV zona nodalita intervala 22-11 cm. Sis zonas sakuma straujak pieaug mineralo vielu
daudzums (vidéji 49%), bet zonas beigas samazinas un pieaug organisko vielu procen-
tualais daudzums.

V zona nodalita intervala 11-0 cm. Saja zona nedaudz pieaug karbonatisko vielu dau-
dzums (lidz 4,4%), ka ari vérojama viena izteiktaka nogulumu fluktuacija (11-9 cm), kur
mineralo vielu daudzums pieaug lidz 57%. Intervala no 9 cm dziluma lidz ezera nogulu-
mu virsai ir vérojama stabila nogulumu uzkrasanas bez izteiktam svarstibam.
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3.47. attéls. Velnezera aizaugusas dalas (VE_2 urbuma) nogulumos noteiktais organisko vielu,
karbonatisko vielu un mineralo vielu daudzums

Figure 3.47. Content of organic, carbonatic and mineral matter from the overgrowing part
of Lake Velnezers (core VE_2)
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Nogulumiem, kas iegiiti no ezera aizaugusas malas (VE_2 urbums), ir veikta karsésa-
nas zudumu analize ik pa 5 cm (3.47. att.) visam griezumam, lai korektak varétu interpre-
tét AMS "C datésanas rezultatus. Velnezera VE_2 urbuma nogulumu karsésanas zudumu
analizes rezultati apkopoti diagramma, kur iz8kirtas tris zonas (3.47. att.).

I LOI VE_2 zona nodalita intervala 240-50 cm, kur nogulumu uzkrasanas ir vienmeé-
riga. Saja zona organisko vielu daudzums ir ~ 93%, bet mineralo vielu daudzums tikai
~ 6%. Nelielas izmainas $aja zona var novérot 55-50 cm dziluma intervala, kur pieaug
mineralo vielu daudzums, sasniedzot 21% no nogulumu sastava. Visus $Is zonas nogu-
lumus veido hipnu-spilvju kiidra. Saja slani tika konstatétas ari sfagnu Sphagnum fus-
cum lapinas un katini, gri§lu Carex sp. saknites (170-168 cm) un priedes mizas fragmenti
(98-96 cm). Ta ka spilves lapas maksts atliekas bija labi saglabajusas, varéja identificét tas
sugu — makstaina spilve Eriophorum vaginatum.

II LOI VE_2 zona nodalita intervala 50-15 cm, kur kadras slani parsedz 35 cm
bieza smilts nogulumu karta, sasniedzot gandriz 100% no mineralo vielu daudzuma.
Nogulumu slani izdalas peléki starpslanisi, bet karsésanas zudumu analizes diagramma
tie neatspogulojas.

III LOI VE_2 zona nodalita intervala 15-0 cm, kur smilts slani nomaina labi sadaliju-
sies zema tipa kiidra. Saja zona organisko vielu daudzums 1énam pieaug no 55 lidz 70%.
Savukart mineralo vielu daudzums proporcionali samazinas. Karbonatisko vielu daudzu-
ma procentualas vértibas, salidzinot ar iepriek§éjam zonam, nedaudz palielinas, tomér tas
ir mazas.

3.6.2. Nogulumu biologiskais sastavs

Analizéjot Velnezera nogulumu biologisko sastavu ar gaismas mikroskopu Carl Zeiss,
tika iegiti rezultati, kas labi salidzinami ar augu makroatlieku analizes datiem.

Apakséjos 5 cm (250-245 cm) ir vérojama siinu 100% dominance un var izgkirt sirpj-
lapes Drepanocladus un dumbrenes Calliergon lapu stinu gints fragmentus (3.7. tab.).
Dumbrenes Calliergon ir raksturiga suga parejas purviem un slik$énam (Aunina, 2013;
Janssens, 1983b). Virs kadras slana iegul zilalgu gitija (245-230 cm), kur no zilalgém jeb
cianbaktérijam liela daudzuma (35-40%) bija lingbija Lyngbya un gloetrihija Gloeotrichia.
Bez zilalgém $aja slani tika konstatétas arl augstako augu atliekas (15-20%) - priezu mi-
zas fragmenti, bet sporaugi parstavéti ar hipnu un sfagnu Sphagnum subsecundum stnu
fragmentiem. Tapat ari tika konstatéti Gdensrozu dzimtas Nymphaeaceae idioblasti, to-
mér augu makroatlieku analizu rezultati neuzradija tdensrozu séklu klatbaitni ezera
nogulumos.

Intervala 230-155 cm ir kiadraina gitija, kur no sinam dominé sirpjlapes
Drepanocladus. Saja intervala pieaug dazadu dzivnieku (kladoceru un insektu) atlie-
kas. Priezu mizu fragmenti salidzinajuma ar iepriekséjo intervalu strauji samazinas, bet
170 cm dziluma atkal palielinas (4.6. tab.).

Intervala 155-0 cm ir kiidraina gitija, kur jaunakajos nogulumos dominé sfagnu atlie-
kas - Saurlapu sfagns Sphagnum angustifolium, Magelana sfagns Sph. magellanicum, sirpj-
lapu sfagns Sph. subsecundum.
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3.7. tabula
Velnezera nogulumu biologiskais sastavs
Table 3.7.
Biological composition from Lake Velnezers sediments
Dzilums, cm Dominéjosas augu un dzivnieku atliekas,%
0-15 Sfagnu stinas Sph. angustifolium 20
Kadraina Sph. magellanicum
gitija Sph. subsecundum
Amorfais detrits 50
Smilts 5
Dzivnieki Cladocera, Insecta 15
16-20 Sfagnu stinas Sph. angustifolium 20
Kadraina Sph. magellanicum
gitija Sph. subsecundum
Zalaugi Scirpus 5
Typha
Hipnu stnas Drepanocladus 10
Amorfais detrits 30
Dzivnieki Cladocera, Insecta 10
36-40 Koki Pinus, Betula, Alnus - mizas fragmenti 1
Kadraina | Sfagnu siinas Sph. angustifolium 15
gitija Sph. magellanicum
Sph. subsecundum
Zalaugi Scirpus 5
Hipnu stnas Calliergon, Drepanocladus 15
Séklas Najas séklinas 1
Amorfais detrits 15
Dzivnieki Cladocera, Insecta 15
65-70 Koki Gk. priezu mizas fragmenti 20
Kadraina | Dzivnieki Cladocera, Insecta 50
gitija
86-90 Koki G. k. priezu mizas fragmenti 5
Kidraina | Sfagnu siinas Sph. magellanicum 5
gitija Citi fragmenti Nymphaeaceae idioblasti, Najas séklinas 10
Dzivnieki Cladocera - loti daudz, Insecta 30
100-105 | Koki G. k. priezu mizas fragmenti 10
Kidraina | Zalaugi Scheuchzeria 5
gitija Dzivnieki Cladocera, Insecta 20
151-155 | Koki G. k. priezu mizas fragmenti 5
Kidraina | Zalaugi Scheuchzeria 10
gitija Dzivnieki Cladocera, Insecta 20
170-175 | Hipnu sinas Drepanocladus - g. k. sanu stiebrini 20
Kiadraina | Sfagnu siinas Sph. subsecundum - g. k. stnu stiebrini 5
gitija Séklas Najas séklinas 1
Dzivnieki Cladocera, Insecta 20




127

3.7. tabulas turpinajums

Dzilums, cm Domingjosas augu un dzivnieku atliekas,%
200-205 | Koki Priezu mizas fragmenti 1
Kadraina Zalaugu atliekas Scheuchzeria — nedaudz 5
gitija Nymphaeaceae idioblasti
Stnas Hipnu un sfagnu stiebrini — Drepanocladus, Sph. 20
subsecundum
Citi fragmenti Nymphaeaceae idioblasti 1
Dzivnieki Cladocera, Insecta 15
220-225 | Koki Priezu mizas fragmenti 5
kiidraina | Sanas Hipnu un sfagnu stiebrini — Drepanocladus, Sph. 20
gitija subsecundum
Citi fragmenti Nymphaeaceae idioblasti 1
Dzivnieki Cladocera, Insecta 15
225-230 | Koki Priezu mizas fragmenti 10
Kadraina Zalaugu atliekas Scheuchzeria — nedaudz 5
gitija Nymphaeaceae idioblasti
Stnas Hipnu un sfagnu stiebrini — Drepanocladus, Sph. 30
subsecundum
Puteksni un sporas 5
Dzivnieki Cladocera, Insecta 15
Amorfais detrits 20
Zilalges Lyngbya 10
Zalalges Botryococcus (dzivo idenos ar humusa saturu) 10
230-235 | Koki Priezu mizas fragmenti — daudz 10
Zilalgu gitija Augu atliekas Nymphaeaceae idioblasti 1
Hipnu stinas Hipnu un sfagnu stiebrini — Drepanocladus, 15
Sph. subsecundum
Citi fragmenti Nymphaeaceae idioblasti 1
Dzivnieki Cladocera, Insecta 10
Amorfais detrits 20
Zilalges Lyngbya 40
Zalalges Scenedesmus, Botryococcus 5
Smilts 5
235-240 | Koki Priezu mizas fragmenti 10
Zilalgu gitija Augu atliekas Nymphaeaceae idioblasti 1
Stnas Hipnu un sfagnu stiebrini — Drepanocladus, 5
Sph. subsecundum
Puteksni un sporas 5
Dzivnieki Cladocera, Insecta 10
Amorfais detrits 15
Zilalges Lyngbya, Gloeotrichia 35
Zalalges Scenedesmus, Botryococcus 15
Smilts 5
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3.7. tabulas turpindajums

Dzilums, cm Domingjosas augu un dzivnieku atliekas,%
241-245 | Koki Priezu mizas fragmenti 25
Zilalgu gitija | 73]augu atliekas Nymphaeaceae idioblasti 1
Hipnu stinas Hipnu un sfagnu stiebrini — Drepanocladus, 70
Sph. subsecundum
Puteksni un sporas 5
Dzivnieki Cladocera, Insecta 10
Amorfais detrits 15
Zilalges Lyngbya, Gloeotrichia 35
Zalalges Scenedesmus, Botryococcus 10
Smilts 5
245-250 |Hipnu stnas Calliergon stiebrini ar lapinam 65
Hipnu kadra Drepanocladus veseli augi 35

3.6.3. Makroatlieku sastavs

Velnezera nogulumu augu makroatlieku diagramma atspogulo ezera vidus nogulumu
(VE_1 urbums) augu makroatlieku sastavu. Diagramma, kas izveidota, pamatojoties uz
analizes rezultatiem, nodalitas 7 augu makroatlieku (AMA) zonas (3.48. att.).

I AMA zona nodalita intervala 250-245 cm, kur tika konstatétas nevis augstako augu
séklas, bet liela daudzuma sporaugu atliekas — sirpjlapes Drepanocladus, stagnu Sphagnum
un hipnu Hypnum lapu stinu gints parstaves. Drepanocladus galvenokart aug uz augsnes
zalu un parejas purvos, bet var ari piedalities Gdenstilpes lésas veido$ana. Latvija pavi-
sam ir seSas sirpjlapju sugas. Lielakoties zinatniskaja literatiira tiek minéts, ka sirpjlapes
ir Gdeni augosa siina (Janssens, 1983a; Wynne, 1944). Iespéjams, Velnezera konstatéta
sirpjlape ir miksta sirpjlape Drepanocladus aduncus.

II AMA zona nodalita intervala 245-230 c¢m, kur tika konstatétas koku makroatlie-
kas, pieméram, priezu Pinus pumpurzvinas, mizu pléksnites un bérzu Betula riekstini.
Savukart ieprieks auguso stnu skaits samazinas. No mitru vietu un purvu augiem tika
konstatéti grislu Carex sp. riekstini.

I1I AMA zona nodalita intervala 230-150 cm. Saja zona samazinas koku makroatliekas,
un tas liecina par vides izmainam. Neliela skaita tika konstatétas ari sfagnu Sphagnum un
hipnu Hypnum lapinas. Saja zona no mitru vietu un purvu augiem tika atpazita tikai vienas
sugas makroatlieka — grisla Carex sp. riekstin$ (iesp&jams, uzpiustais grislis Carex rostra-
ta) un no tdensaugiem - vilkvalites Typha sp. sékla. Sis abas sugas kopa ar lielo skaitu
sirpjlapju Drepanocladus lapinam var liecinat par Caricetum rostratae asociaciju ar Carex
rostrata augu sabiedribu, bet tas ir tikai minéjums, kam biitu vajadzigi papildu pétijumi.

IV AMA zona nodalita intervala 150-100 cm, kur makroatlieku sastavs norada uz
straujam vides izmainam, kad, izzadot sipjlapém Drepanocladus, 1énam pieaug sfagnu
Sphagnum un hipnu Hypnum siinu atlieku skaits. Saja zona joprojam konstatétas priezu
un bérzu makroatliekas, ka arl identificéta parastas apses Populus tremula ¢iekurzvina.
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V AMA zona nodalita intervala 100-70 cm, kur izzudusas priezu Pinus pumpurzvi-
nas, bet to mizu pléksnites tika konstatétas salidzinosi liela skaita. Sfagnu un hipnu stinu
lapinu skaits pieaug.

VI AMA zona nodalita intervala 70-15 cm, kas ir pati bagataka ar mitru vietu un
purvu augu séklu atliekam. Seit tika konstatétas tadas augu séklas ka grislis Carex, pur-
va pameldrs Eleocharis palustris, Saurlapu spilve Eriophorum angustifolium, krupju donis
Juncus bufonius, kamolu donis Juncus conglomeratus, izplestais donis Juncus effusus, pa-
vedienu donis Juncus filiformis. No idensaugiem tika konstatéta tikai viena suga — maza
ezgalvite Sparganium minimum, kas parasti aug seklos purvos, dikos un strautos (Kaul,
2000). Saja zona ari tika konstatéts lielakais koksnes oglisu skaits.

VII AMA zona nodalita intervala 15-0 cm. Virsgjos ezera nogulumos, kas bija vaji
konsolidéti, tika konstatétas sfagnu un hipnu sinu lapinas, bet netika atrasts neviens
koku riekstin$ vai vaskularo augu sékla. Iespéjams, tas ir saistits ar nogulumu blivumu
(Pujate et al,, 2014).

3.6.4. Metalu sastavs

Velnezers atrodas pie Malienas ielas dzivojamo maju ieskavuma. Analiz&jot Velnezera
nogulumu metalu sastava analizes rezultatus (3.49. att.), var redzét, ka augséjos nogu-
lumos no smagajiem metaliem palielinas Pb un Zn. Pb virséjos nogulumos sasniedza
koncentraciju 137,0 mg/kg. Tas var but saistits gan ar lokalo gaisa un virszemes tGdens
piesarnojumu no autotransporta, gan ari ar regionalo atmosféras piesarnojumu. Zn sa-
sniedz 535 mg/kg. Velnezera nogulumos noteikti 13 elementi, kuru vidéjas absolttas vér-
tibas 50-25 cm dziluma sadalas $adi: Ca>Fe>Mg>Na>K>Mn>Zn>Pb>Cu>Cr>Ni>Co>
Cd, bet virséja slani vietu koncentraciju sadalijumu rinda mainijusi Ca ar Fe un Mn ar
Zn. Ni paaugstinatas koncentracijas ezera nogulumos visdrizak var skaidrot ar regionalo
piesarnojumu.

Lielaka Cd koncentracija (2,14 mg/kg) ezera nogulumos tika konstatéta 20 cm dzilu-
ma. Cd var noklat apkartéja vidé no dizeldegvielas sadeg$anas, un péc tam ar gaisu tas
asimiléjas nogulumos. Metalu koncentracija ezera nogulumos intensivak pieaug virséjos
15 c¢m, kur, pieméram, vidéji Ni koncentracija bija 11,2 mg/kg, Co 3,2 mg/kg un Cr 22,0
mg/kg (Pujate et al., 2014). Sads metalu koncentracijas pieaugums virséjos slinos norada
uz cilvéka darbibu, jo, salidzinot nogulumu zemako slanu kimisko analizu rezultatus, to
bagatinasanas koeficients ir tris, kas lieck domat par antropogéno ietekmi uz nogulumiem.
Sada antropogéna ietekme tika ari sagaidita Velnezeram, jo tas atrodas pilsétvidé un ir
neliels beznoteces ezers, kura labi uzkrajas un atspogulojas apkartéjas vides notikumi
(Pujate et al,, 2014).

Ca, Mg un K, kas pieaug virséjos nogulumu slanos, biezi ir saistiti ar augu augsa-
nas procesiem, ka ari, iespéjams, ar juras ietekmi. Ta, pieméram, virséja slani, pieaugot
stinu makroatliekam, kuru stumbros ir pastiprinati uzkrajies K (Tabors, 2007), pieaug
arl K koncentracijas daudzums. Ja paraugu izlases apjoms VE_1 urbuma ir 14, tad at-
tiecigi par statistiski nozimigu var saukt rezultatu |r| > 0,661 (Liepa, 1974). Velnezera
virséjo 50 cm nogulumu galveno elementu un mikroelementu, tai skaita smago metalu,
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3.49. attels. Velnezera (VE_1 urbuma) nogulumu metalu sastavs

Figure 3.49. Content of metal composition from sediments of Lake Velnezers (core VE_1)

statistiska korelacija liecina, ka Na nav korelacijas ar citiem elementiem $aja griezuma
(3.50. att.). Organiskajam vielam ir negativa korelacija ar K-Fe-Cr-Co-Ni-Cu-Zn-Cd-
Pb-KV-MV. Korelacija lauj secinat, ka metalu elementi ir nonakusi ezera nogulumos
ar mineralvielam un karbonatiem, tostarp arl ar gaisa piesarnojumu un iepliisto$ajiem
tdeniem no ezera sateces baseina. Pilsétas piesarnojums liela méra tiek saistits ar ielu
putekliem, kas rada vides piesarnojumu ar dazadiem elementiem (Zn, Fe, Cu, Pb, Mn),
un to koncentracijas ir konstatétas palielinatd daudzuma (Alhassan et al., 2012). Ta ka
Sie elementi Velnezera nogulumos korelé sava starpa, tas liek domat par to palielinatu
ienesi, kas saistita ar pilsétvidi, jo ielu putekli parasti sastav no automobilu izplades gazu
dalinam.
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3.50. attels. Velnezera (VE_1) nogulumu metalu un LOIT statistiska korelacija (p > 0,01)

Figure 3.50. Major elements and heavy metals statistically significant element and LOI correlations
(p > 0.01) in Lake Velnezeras sediments

Ta ka Velnezers ir publisks ezers, ko vietéjie iedzivotaji izmanto rekreacijai (pastai-
gam, peldém), pasvaldiba katru gadu playj zalaju un izcért kriimus ap ezeru, ta palielinot
erozijas procesus ezera stavajos krastos. Arl nobradatais zalajs nespéj aizturét piesarnotos
lietustidenus, kas plist no apkartéjas teritorijas (Pujate et al., 2014).
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4. DISKUSIJA

Ezeru nogulumi ir informativs vides izmainu arhivs (Schmidt et al., 2002; Kalft, 2002;
Bichet et al., 2014), ko veido gan no sateces baseina atnestas, gan ezera mito$o augu un
dzivnieku atliekas, gan arl mineralas dalinas un citas vielas, kas nonakusas ezera, péc tam
izgulsnéjusas ezera gultné un tikusas ieklautas nogulumu sastava. Kaut ari pétijumam
tika izveéléti vienadas genézes ezeri, tomér iegtie rezultati apliecina buitiba jau sen zina-
mo patiesibu, ka nav divu vienadu ezeru. Pétito ezeru nogulumu sastavs un ta izmainas
atspogulo lidzigas tendences, tomér ir redzamas ari atikiribas. Si iemesla dé] pétijuma
tika izmantots multidisciplinars metozu kopums, lai pétito ezeru nogulumu sastava no-
skaidrotu lidzigas un atikirigas izmainas. Sadas pieejas nepieciesamibu apstiprinaja ari
pétijuma gaita iegiitas atzinas. Pieméram, Babites ezera BE_2 urbuma nogulumu sporu-
puteksnu diagramma (3.14. att.), kur puteksnu sastavs atspogulo vegetacijas sastavu aug-
$&ja 50 cm slani, vilkvalites Typha puteksni veido gandriz nepartrauktu likni, kas liecina
par §i auga izplatibu nogulumu uzkrasanas laika un aizaugSanas procesu attistibu ezera.
To apstiprina ari salidzinosi augstais (40-45%) organisko vielu daudzums nogulumu sa-
stava (3.12. att.). Turpretim augu makroatlieku analizes gaita $aja intervala netika atras-
tas vilkvalisu atliekas, kaut ari tas ziedkopa spéj sarazot 20 000-700 000 séklu (Grace,
Harrison, 1986). Iesp&jams, tas skaidrojams ar to, ka nav bijusi labveéligi apstakli, lai vilk-
vali$u séklas un citas auga dalu atliekas varétu saglabaties. Tapéc, lai varétu izdarit ko-
rektas rekonstrukcijas, paleolimnologiskajos nogulumu pétijumos ir Joti svarigi izmantot
dazadu disciplinu metozu kompleksu.

Dabisko biotopu platibas mérenaja klimata josla samazinas zemes transformacijas
(agrotehniskas darbibas, urbanizacijas, industrializacijas) dé], un, dabiskai videi arvien
vairak mainoties, mainas arl sugu sastavs un to daudzveidiba (Viksne et al., 2011). No
iegiitajiem rezultatiem un to interpretacijas var secinat, ka ezeru stavokli un nogulumu
veido$anos ietekmé ari melioracija, kanalu izbaive un idens limena regulésana.

Ta ka daba viss ir savstarpéji saistits, tad, lai noteiktu faktorus, kas ietekmé ezera
nogulumu uzkrasanas intensitati un sastavu, tika nemtas véra dazadas kopsakaribas un
ietekmes.

4.1. Ezeru udens limenu izmainas un to atspogulojums nogulumos

Udens limenis seklos ezeros var dabiski svarstities gan sezonali, gan ari gadu no gada
(Coops et al., 2003). Lielakoties $is limena izmainas ir atkarigas no regiona geologiska-
jiem un klimatiskajiem apstakliem (Leira, Cantonati, 2008). Baltijas jiras attistibas stadi-
ju laika notikusas jaras limena svarstibas (transgresijas un regresijas) tika atpazitas péc
nogulumu sastava izmainam, ko galvenokart atspoguloja augu makroatlieku analizes re-
zultati, pieméram, Babites ezera (3.16. att.). Ari svarstibas, ko izraisa cilvéka darbiba, var
bat atpazistamas nogulumos, it ipasi seklos ezeros (Gasith, Gafny, 1990; Blindow, 1992),
kas ir jutigi pret jebkuram straujam tGdens limena izmainam (Wetzel, 1983; Scheffer, van
Nes, 2007). Cilvéka iejauksanas ezeru tdens limenu regulésana pastiprindjas, sakot ar 20.
gadsimtu. Tapéc, pieméram, Engures, Babites un Kaniera ezera tidens limena svarstibam
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nesena pagatné var bit primara ietekme uz ezera ekologiju un nogulumu sastavu, to pie-
rada gan karsé$anas zudumu, gan augu makroatlieku sastava analizu rezultati. Tomér
limenu izmainu raksturs un intensitate dazados ezeros vai pat viena liela ezera, piemé-
ram, Engures ezera, ir atskiriga. To ietekmé cilvéka darbiba, kuras rezultata péc Mérsraga
kanala izraksanas un dabiskas iztekas aizrak$anas pirms 175 gadiem (3.1. att.) nogulu-
mos vairak saka uzkraties karbonatiskas vielas, ka ari palielinajas augu makroatlieku dau-
dzums (3.7. att.). Lidz ar to mainijas ari ezera straumju darbibas raksturs, kas ietekméja
nogulumu uzkrasanos (3.3. att.).

Karbonatisko vielu daudzuma palielinaganos Engures ezera virséjos nogulumos, ie-
spé&jams, var saistit ar ienestajam vielam no sateces baseina, jo misdienas ezeram piegu-
losajai biotai ir hipertroféti kalcifits raksturs (Priede, 2011). Sakotnéji tika domats, ka kar-
bonati ezera varéja nonakt ar sateces baseina iideniem un ietekos$o Dursupi, kuras izteka,
iespéjams, barojas ar augSdevona Salaspils svitas gruntsideniem. M. Laivina u. c. (Laivin$
u. c., 2012) pétijums paradija, ka ar karbonatiem bagatais substrats visvairak raksturigs
tiesi Engures ezera nosusinatajai ezerdobes dalai.

Lidzigi ka Engures ezera ari Kanierl ezera tidens limenis tika pazeminats, izrokot
un izcértot dolomita 1,3 km garu kanalu (Starpinupe), kas to savienoja ar Rigas lici.
Pamatojoties uz Engures ezera nogulumu pétijumu rezultatiem, kas liecina par karbona-
tisko vielu strauju uzkrasanos nogulumos péc kanala izraksanas, darba autore pienem, ka
Kaniera ezera §is izmainas ir lidzigas, jo arl Kanieri KE_2 urbuma, kas atrodas vistuvak
kanalam (2.4. att.), karbonatisko vielu daudzums strauji pieaug nogulumos (no 15 lidz
47%) (3.20. att.), kas, visticamak, uzkrajusies péc kanala izraksanas. Lidz ar to, korelé-
jot abu ezeru virséjo nogulumu uzkraganas gaitu, autore pienem, ka karbonati Kaniera
ezera dziluma intervala 17-0 cm sakusi uzkraties, kad 19./20. gs. mija tika izrakts kanals
(Lamane, 1995). Ari paréjos (KE_1 un KE_3 urbuma) nogulumu griezumos ir vérojama
karbonatisko vielu daudzuma palielinasanas, tomér atskirigs ir karbonatiskas gitijas slana
biezums, kas veidojies péc ezera tidens limena pazeminasanas.

Ari Babites ezera nogulumos vérojams strauj$ karbonatisko vielu pieaugums (no 5 lidz
15%) virséja slani (7-0 cm). Darba autore to skaidro ar 1988. gada izrakta Varkalu kanala
(Rieksts, 1994) ietekmi. Saja pétijuma tika apgazts sakotngji izteiktais apgalvojums, ka
ezeru aizaug$ana visos gadijumos atspogulosies karséSanas zudumu analizes rezultatos
ka organisko vielu palielinaganas. Tomér pétijuma rezultati pierada, ka parsvara par aiz-
augs$anu liecina augu makroatlieku analizes rezultati, kas uzrada lielaku atlieku dazadibu
un daudzumu. Savukart karsésanas zudumu analizes rezultati organisko vielu daudzuma
palielinasanos parada tikai griezumos, kas pétiti ezeru (Lilastes un Ummja ezera) aizau-
goSajas piekrastés. Pieméram, neparprotams organisko vielu daudzuma kapums virséjos
nogulumos péc karsésanas zudumu analizes rezultatiem paradas Engures ezera aizaugu-
$aja dala, kur uzkrajas zema tipa kiidra (Kalnina et al., 2012).

Labi ezeru aizaug$anas indikatori ir augu makroatlieku analizes rezultati, kas uzrada
séklu daudzuma un tadu sugu daudzveidibas palielinasanos, kas aug seklos, 1éni teko-
$os udenos, bagatos ar baribas vielam, ka arl mitru vietu augu séklu palielind$anos. Par
tdens limena svarstibam liecina izmainas augu sabiedribas, pieméram, S. Makgovenas
pétijuma (McGowan et al., 2005) ir konstatéts: ja visa ezera pazeminatu tidens limeni, tad
aptuveni divas reizes palielinatos makrofitu daudzums un nomainitos augu sabiedriba.
Darba autore sava pétijuma par augu daudzuma palielind$anos spriez pastarpinati péc
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augu makroatliekam. Palielinats augu makroatlieku daudzums tika konstatéts visu pétito
ezeru virséjos slanos.

Pétot vilkvalisu Typha domingensis un parastas niedres Phragmites australis pieau-
gumu sekla ezera, tika pieradits, ka tidens limena svarstibas ietekmé makrofitu augaju
(Deegan et al., 2007; Coops et al., 2003; Coops, Havens, 2005). Eitrofikacija ir dabisks
process, ja tas notiek lénam, bet, ja to paatrina cilvéka saimnieciskas darbiba, tad tas ir
piesarnojums, kas butiski ietekmé visa ezera augu un dzivnieku valsti, lidz ar to arl no-
gulumu sastavu. Ezera savairojas augi — alges un tidensaugi, tapéc palielinas biomasa, bet
ezera krasti aizaug. Ka viena no metodém, kas lauj identificét sadas izmainas ezera no-
gulumos, ir biologiska sastava analize. Ta papildina augu makroatlieku analizes datus un
lauj noteikt ezera nogulumu tipu (Korde, 1960). Pétito ezeru augs$éjos nogulumu slanus
galvenokart veido diatomeju gitija (Engures, Lilastes un Ummja ezera), kiidraina gitija
(Babites ezera un Velnezera) un karbonatiska gitija (Kaniera ezera).

Kramalgém ir svariga nozime ka primarajiem razotajiem upés, ezeros un okeanos, un
to ieguldijums pasaules primaras produkcijas razo$ana sasniedz aptuveni 25% (Stoermer,
Smol, 1999). Pétitaja Engures, Lilastes un Ummja ezera no kramalgém galvenokart domi-
néja Melosira, Fragilaria, Navicula gints. Ari kaiminvalstu pétitajos ezeros biezi dominé
$o ginsu kramalges (Punning et al., 2004). Melosira gintij limitéjosais resurss ir gaisma un
fosfora daudzums (Kilham, 1990). Fragilaria un Navicula gints kramalgém ir loti plasa
ekologiska amplitiida (Dam et al., 1994).

Ezeros atrastas kramalges liecina par paaugstinatu baribas vielu klatbitni ezeros. To
var but izraisijusi cilvéka darbibas rezultata radita eitrofikacija, ka ari nokrisnpu palielina-
$anas péc holocéna termala maksimuma, kas palielinaja baribas vielu ievadiSanu ezera,
pieaugot virszemes notecei. Ta ka biologiska sastava analize nav veikta pilnam ezeru no-
gulumu griezumam, bet tikai virséjiem slaniem, §1 diskusija paliek atvérta.

Ummja ezera par palielinatu baribas vielu klatbatni dziluma intervala 50-40 cm lieci-
na gan karsésanas zudumu analizes rezultati (3.39. att.), gan atrasta kramalge Cyclotella,
iespéjams Cyclotella stelligera (Turkia et al., 1998), kas netika konstatéta citos pétitajos
ezeros. Cyclotella stelligera $aja nogulumu intervala var liecinat ari par taja laika valdoso
klimatu, jo tai patik augt siltos Gidenos (Pienitz et al., 1995). Savukart Ummja ezera vir-
séjos slanos par eitrofikaciju liecina Nitzschia acicularis, ari Lilastes (10-0 cm) un Engures
(25-20 un 40-35 cm) ezera tika konstatéta §i suga. Tacu jaatceras, ka So metodi nevar lietot
vienu pasu bez korelacijas ar citam metodém, jo L. Ptsepa (Puusepp, 2011) sava pétijjuma
ir konstatéjusi, ka ne vienmér kramalges var izmantot ka vides indikatorus, jo to klatbtt-
ne ne vienmér ir reprezentativa. Kopuma ezera nogulumos tika atrastas gan sugas, kas
liecina par eitrofikaciju, gan sugas, kas norada uz zemu trofijas limeni.

Zilalges gandriz vienmér ir sastopamas saldidens ezeros, un pétito ezeru nogulu-
mos tas veido vidéji 5%. Pétito ezeru virséjos nogulumos at$kiras dominéjosa zilalgu
gints — Engures ezera Aphanothece, kas raksturiga zemam trofijas limenim (Druvietis,
1997), Lilastes ezera Anabaena, kas ir ka indikators eitrofiem un hipertrofiem ezeriem
(Druvietis, 1997), un Ummja ezera Gloeotrichia, kas ne vienmér ir ki zemas tidens kvali-
tates raditajs. Pétijuma bez zila]lgém nogulumos konstatétas ari zalalges — Cosmarium sp.,
Scenedesmus sp., Tetraedron sp., Staurastrum sp., Pediastrum sp. —, kas veido 1-10% no
nogulumu biologiska sastava.
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Babites ezera un Velnezera pétitie nogulumi bija kiidraini, un tajos kramalges bija
sastopamas vai nu |oti neliela skaita, vai ari to nebija vispar. Tajos dominéja augu atliekas,
bet katra ezera to sastavs ir cits. Velnezera virséjos nogulumos dominé sfagni un hipnu
stinas, bet Babites ezera grisli, vilkvalites, puplaksi, idensrozes un priezu atliekas. Pilnigi
atskirigs nogulumu sastavs bija pétitaja Kaniera ezera, kur nogulumus veidoja karbona-
tiska gitija.

4.2. Vegetacijas sastava izmainu raksturojums un ezeru aizaugs$ana

Latvijas ezeru kimiskas un bakteriologiskas ipasibas ir labvéligas putek$nu iekonser-
vésanai, jo tie labi saglabajas, nedédé, nemineralizéjas (Khomutova, 1995). Puteksnu kon-
centracijas pétito ezeru nogulumos ir saistitas ar apkartéjas vegetacijas puteksnu lietu, kas
tie$i nosézas uz ezeru virsmas, ka ari ezera puteksni var nonakt ar virszemes tdenu noteci
(Pujate u. c., 2010). Tapéc izmainas puteksnu spektru sastava ir ari atbilde uz mainigajiem
vides apstakliem (Davis et al., 1971). Puteksnu kopéja sastava koku puteksnu daudzvei-
diba ezeru nogulumu virséjos 50 cm nav izteikti mainijusies, bet dazados nogulumu sla-
nos mainas to puteksnu procentualais sadalijjums. Puteksnu diagrammas augséja dziluma
intervala 50-0 cm kopuma ieziméjas koku un krimu puteksnu liknu nelieli kritumi un
vaskularo augu liknu kapumi un fluktuacijas. Tas, visticamak, ir saistits ar antropogénas
ietekmes palielinasanos, kas norada uz lauksaimniecibas ietekmi, atklataku teritoriju vei-
dosanos, tai skaita uz plavam un ganibam. lespé&jams, $Is izmainas varétu but svarigas, lai
nodalitu jaunako, lidz $im vél oficiali neapstiprinato stratigrafisko epohu - antropocénu.
Tomér ar cilvéka darbibu saistitie puteksni tika konstatéti arl dzilakos nogulumu slanos.
Ta ka akmens laikmeta cilvéki dzivoja un darbojas parsvara pie ezeriem, jo tad to krasti
vél nebija aizaugusi vai parpurvojusies, tad talaika nogulumos varéja paradities liecibas
pat par nelielam cilvéka aktivitatém. Koku un lakstaugu puteksnu attiecibu diferenciacija
parada izmainas regiona un ezeru sateces baseina ainava, lielaku mezu vai atklatu teri-
toriju izplatibu. Kultivéto zemju augu puteksni paradas tikai Engures un Lilastes ezera
nogulumos, bet ruderalo augu puteksni, kas ari ir cilvéka darbibas pavadoni, tika konsta-
téti visu pétito ezeru nogulumos, vienigi mainas to sastavs un procentualais daudzums
dazados nogulumu slanos. No koku puteksniem ezeru nogulumos dominé priedes Pinus
un bérza Betula puteksni, un Kaniera ezera liela procentuala daudzuma ir ari egles Picea
puteksni. Sida tendence putekinu sastava ir konstatéta ari lielos, seklos ezeros citos regio-
nos, kur ari raksturiga relativa vienveidiba koku puteksnu spektros, pieméram, Peipusa
ezeram Igaunija (Pirms, 1981) un Ilmena ezeram Krievija (Khomutova, 1989).

Pasaulé tiek veikti dazadi pétijumi, lai novértétu ezeru kvalitati gan péc kimiskajiem,
gan péc biologiskajiem parametriem un indikatoriem. Ta, pieméram, $aja pétijuma, lai
identificétu eitrofikacijas pastiprinasanos cilvéka izraisitu darbibu dél, analizu komplek-
sa tiek izmantotas arl augu makroatlieku un ezera nogulumu biologiska sastava analizes
katra ezera nogulumos. Ka liecina makroatlieku dati, ezeru attistibas gaita $ie apstakli ir
mainjjusies dazadu dabas procesu rezultita, bet pédéjos gadsimtos ari cilvéka darbibas
rezultata. Pieméram, Engures un Babites ezera makroatlieku diagrammas (3.7., 3.16. att.)
redzams, ka virséjos nogulumos paradas vairak Gdensaugu séklu, kam patik seklas un
baribas vielam bagatas tidenstilpes, un tas liecina par eitrofikacijas pastiprinasanos, ko
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izraisijusi cilvéka darbiba. Lidzigas tendences augu makroatlieku sastava izmainas ir kon-
statétas arl Velnezera nogulumos, kur 70-0 cm intervala atpazitas mitru vietu un purvu
augu séklas (3.48. att.), tai skaita grisla, purva pameldra, Saurlapu spilves, krupju dona
u. c. séklas. Savukart no idensaugiem tika konstatéta tikai maza ezgalvite, kas parasti aug
seklos purvos, dikos un strautos un kas norada uz intensivu ezera aizaug$anu. Saja nogu-
lumu intervala tika atrasts lielakais oglisu daudzums, kas liecina par cilvéka aktivitatém
ezera sateces baseina, iesp&jams, par koku izcir§anu un dedzinasanu.

Babites ezera nogulumu augu makroatlieku analizes rezultata noteiktais makroatlieku
sastavs nogulumu griezuma apakséja un augséja slani norada uz pazeminatu ezera lime-
ni, kamér holocéna termald maksimuma laika makrofosiliju daudzums samazinas. Tas
norada uz augstaku jaras limeni Litorinas jlras transgresijas laika, kas ir dabisku geolo-
gisku procesu rezultats. Savukart liecibas par zemu ezera limeni nogulumu augséja slani
ir saistitas ar cilvéku darbibu un ezera limena pazeminasanu (4.20. att.). Zannichellia pa-
lustris makroatlieku klatbaitne Babites ezera nogulumos (10-0 cm) lauj spriest par basei-
na saikni ar jiru arl saldidens ezera laika, ka arl norada uz tdens limena svarstibam péc
kanala izraksanas.

Engures, Babites, Ummja un Kaniera ezera tika konstatéts mieturisu oogoniju pie-
augums virséjos ezera nogulumos (sikot no 20-30 cm dziluma lidz misdienam). Lidz
ar mieturi$u oogoniju lielo daudzumu un dominanci ezera nogulumos paradas ari citu
augu séklas, kas dzilakajos slanos netika konstatétas, pieméram, glivenes séklas. M. Sefera
un E. H. van Nesa (2007) pétjjumu rezultati pierada So abu sugu lidzaspastavésanu un
konkurenci.

4.3. Metalu uzkrasanas ezeru nogulumos

Ezera nogulumu Kimiska sastava veido$anas ir visai sarezgits process, ko ietekmé
daudzi faktori, un svarigakie no tiem ir fizikali geografiskie un geologiskie procesi (rel-
jefs, klimats, nogulumu veidosanas sastavs un dédésana, augu valsts) (Klavins, 1998), bet
misdienas to ietekme ari cilvéks (Norton et al., 1998). Cilvéka ietekme izpauzas ka regio-
nalais gaisa piesarnojums. Pétot ezeru nogulumu sastavu, ka viena no redzamakajam an-
tropogénas darbibas liecibam ir smago metalu daudzuma palielinasanas nogulumu sasta-
va. Janem veéra arl tas, ka dazadu biokimisku reakciju rezultata ari nogulumi var ietekmét
tdens kvalitati. Tas visbiezak ir konstatéts seklajos ezeros, kur notiek tdens un nogulumu
mijiedarbiba (Ryding, 1985; Bostrom et al., 1988). Turklat ezera nogulumiem ir liels po-
tencials uzkrat piesarnojosas vielas, jo hidrologiskaja cikla mazak neka 0,1% metalu ir
faktiski izskidusi ezera tideni un vairak neka 99,9% uzglabajas nogulumos (Salomons,
1998).

Lai gan misdienas Eiropa notiek stingra smago metalu koncentracijas kontrole tideni
un nogulumos, to piesarnojums biezi vien tiek konstatéts pat no talak esosiem avotiem
un to koncentracija nogulumos médz parsniegt pirmsindustriala laika smago metalu
koncentracijas limenus (Krom et al., 2009). Ta ka Latvija nav normativo aktu, kas regu-
lé smago metalu bistamibas limeni nogulumos, darba autore izmantoja MK noteikumus
Nr. 362 (02.05.2006.), kas nosaka smago metalu pielaujamas koncentracijas notekiidenu
danu sausna, lai tas varétu izmantot lauksaimniecibas zemju méslosanai.



138

Pétijuma rezultati uzradija metalu koncentraciju palielinasanos ezeru augséjos nogu-
lumos, tai skaita Pb daudzumu. Tika konstatéts, ka lielakais Pb daudzums nogulumos
ir pilsétas teritorija eso$aja Velnezera (137 mg/kg). Tas saistits ar Pb saturo$o virszemes
tdenu iepladi ezera un autocelu klatbtitni, ka ari ar gaisa emisiju. Ari lauku teritorijas
esos$o ezeru nogulumos paradas paaugstinatas Pb vértibas, ko, iespéjams, izraisa atmosfeé-
ras nokri$ni un zemes méslosana ar katsmeésliem un maksligo méslojumu (Briede, 1996;
Walraven et al., 2013). Pétijumos (Williams, 1991) ir konstatéts, ka So dazado iemeslu dél
palielinas ne tikai Pb, bet ari Cu un Zn ienese ezeros, vienigi mainas metalu koncentraci-
ja. Sadu likumsakaribu uzrada ari darba autores pétito ezeru nogulumu analizu rezultati
(iznemot Kaniera ezeru) — metalu daudzums nogulumu augséjos intervalos ir lielaks neka
to koncentracijas atbilstosi ezera nogulumu zemakajam limenim. Lidz ar to, ja ezera no-
gulumi ir dabiski uzkrajusies bez antropogénas ietekmes, metalu anomalijas koeficientam
batu jabat 1 (Nef, 1987), bet, ja tas ir lielaks par 1, tad tam ir vél kads ieplades avots, ko
var attiecinat uz antropogéno ietekmi. Paaugstinats piesarnojums un izteiktakais smago
metalu pieaugums virséjos nogulumos paradas Engures, Lilastes ezera un Velnezera, kur
Pb anomalijas koeficients ir attiecigi 12, 6, 38, un mazakas vértibas ir Ummim, Babites un
Kaniera ezeram - attiecigi EF = 3, 2 un 1,3.

Vésturiska aspekta Pb koncentracija nogulumos atspogulo ta salidzinosi vienmérigu
uzkrasanos no atmosféras viscaur Eiropa (Renberg et al., 2000; Briannvall et al., 2001).
Pirms 3000 gadu Pb uzkrasanas bija dabiska un ta koncentracija bija zema, parasti ro-
bezas no 2 lidz 4 mg/kg (Hakala, Salonen, 2004; Garcia-Alix et al., 2013). Veélak agras
metalurgiskas aktivitates izraisija $o koncentraciju palielinasanos, kas maksimumu sa-
sniedza ar Pb raktuvju uzplaukumu Romas impérijas laika pirms apméram 2000 gadu
(Nef, 1987). Pb piesarnojums no atmosféras un ta uzkrasanas vésture ir plasi pétiti visa
Eiropa, it ipasi Skandinavija (Brannvall et al., 1997; 1999; 2001; Renberg et al., 1994; 2000;
Ek, Renberg, 2001; Ek et al., 2001), ka arl Somija, kur pirmas liecibas par Pb piesarnoju-
ma palielinaganos ir tikai no 19. gs. sakuma un vidus (Tolonen, Jaakkola, 1983; Verta et
al., 1989). Lidz $im veiktie pétijumi lauj secinat, ka viduslaikos Pb piesarnojums Somiju
nav sasniedzis (Hakala, Salonen, 2004). Latvija $adi regionala gaisa piesarnojuma pétiju-
mi parsvara balstas uz stinu absorbcijas spé&ju (Nikodemus et al., 2004; Silamikele, 2010).
Autore, pétot metalu sastavu nogulumu augséja intervala 50-0 cm, ir secindjusi, ka Pb
koncentracija ir palielinajusies pédéjos ~ 150 gados.

Ka uzskata lietuviesu zinatnieks D. Paliulis (2014), Pb dabiskas koncentracijas limenis
ezera nogulumos ir atkarigs no sateces baseina geologiskas struktiiras un materiala trans-
porta intensitates no sateces baseina ezera, ka arl no nogulumu ipasibam. Vina veikta
Sudotéla (liet. val. Sudotélis) ezera nogulumu pétijuma dati lidzinas Velnezera nogulumu
analizu rezultatiem, kurus ieguvusi autore un kuri uzrada vislielakas smago metalu kon-
centracijas pétito ezeru augséja slani. Analizéjot metalu saturu Velnezera nogulumos, var
secinat, ka notikusi gan dabisko, gan arl antropogéno metalu pieplade. Velnezera nogulu-
mos vislielakas koncentracijas konstatétas Fe (15351 mg/kg), Ca (7069 mg/kg), Mg (2583
mg/kg), Na (1165 mg/kg), K (922 mg/kg). Ca, Mg, Fe, K, Na izcelsme, iespéjams, ir da-
biga, jo tik lielas metalu koncentracijas var bat pasu nogulumu sastava un ari rasties iezu
dédésanas rezultata, turklat to ietekmé ari gruntsiidenu sastavs (Silamikele u. c., 2010), no
ka Velnezers ,,barojas”.
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Engures ezera griezuma izteikta smago metalu, bet it ipasi Pb satura, palielinadanas
novérojama pirms apméram 90 gadiem (15 cm), bet nelielas koncentracijas ir konstaté-
tas nogulumu intervala, kura nogulumu vecums ir 300 gadi (28 cm). Lilastes un Ummja
ezera nogulumos Pb palielinas, sakot no 30 cm dziluma, Babites un Kaniera ezera nogu-
lumos - no 25 cm.

Smago metalu koncentracija iidens ekosistému nogulumos var pieaugt rapniecisko at-
kritumu, notekadenu noteces, lauksaimniecibas u. c. iemeslu dél (Prica et al., 2008), tapéc
rodas kopsakariba, ka lidz ar straujo ekonomisko attistibu smago metalu piesarnojums
palielinas. Kaut ari nogulumos var biit daudzi dabiskas izcelsmes metali, tomér to ievéro-
jama koncentracijas palielinasanas un vislielakas koncentracijas nogulumu augséja slani
liecina, ka Sie metali ezeru nogulumos nokluvusi cilvéku darbibas rezultata. Ari smagie
metali - Co, Ni, Pb, Cd un Cr - visvairak konstatéti nogulumu augséja slani (Klavins et
al., 1995).

Cu koncentracija ir lielaka ezeros ar kiidras un kadrainas gitijas nogulumiem (Babites
ez., Ummis), ko var skaidrot ar augstaku Cu sorbciju kadra (Silamikele, 2010), bet
Velnezera augséjos nogulumos Cu koncentracijas pieaugums vairak ir saistits ar cilvéka
ietekmi (Pujate et al., 2014).

Iespéjams, paaugstinats Cd limenis (virs 2 mg/kg) Babites, Lilastes, Kaniera ezera no-
gulumos ir nonacis no intensivas lauksaimniecibas ezera sateces baseina, jo Cd izmantoja
insekticidu, fungicidu un méslosanas lidzeklos. Savukart Cd paaugstinatas koncentracijas
Ummi un Velnezera var skaidrot ar gaisa piesarnojumu. Griti izskaidrot, kapéc Engures
ezera, kura sateces baseina ir bijusas lauksaimniecibas zemes, Cd vértiba ir zemaka par
0,6 mg/kg.

Analizéjot metalu sastava diagrammas, var secinat, ka praktiski visu ezeru nogulu-
mu aug$éja slani metalu saturs parsniedz to koncentraciju vértibas nogulumu dzilakajos
slanos. Ievérojamais metalu daudzums augséjos slanos norada uz antropogénas ietekmes
palielinasanos, kurai ir raksturiga metalu plasmas intensitate un akumulacijas pieaugums
(Zerbe et al., 1999). Tomér, salidzinot ar ezeru nogulumu pétijjumiem pasaulé, autores
pétijuma konstatéts, ka Rigas lica piekrastes ezeru nogulumos piesarpojums ir neliels.
Lidzigu atzinu, proti, ka smago metalu koncentracijas nogulumos ir salidzinosi zemas,
ir guvusi arl M. Jankévica u. c. (2012) pétijuma par Latvijas lasveidigo ezeru ekosistému.

4.4. Antropogenas ietekmes izvértéjums péc ezeru nogulumu sastava

Ezera nogulumi ka dabiska sistéma parada ne tikai augstu variabilitati starp fizikalo
un kimisko ipasibu izmainam laika un telpa, bet ari elementu plasmu starp Siem kompo-
nentiem (McClain et al., 2003).

Metalu akumulacijas procesu izvértésanai tika izmantots metalu kopéjais saturs nogu-
lumos un skatita kopsakariba ar karsésanas zudumu analizes rezultatiem. Galveno kom-
ponensu analize (PCA) tiek plasi izmantota, lai noteiktu kopsakaribas un atskirtu dabas
un cilvéka ietekmi. Ta tika piemérota $aja pétijuma, lai izzinatu elementu izcelsmi un tos
ietekmeéjosos geokimiskos faktorus.

Ekstrahéjamo elementu koncentracija nogulumos parasti ir saistita ar ezeru genézi
(Tuncer et al., 2001; Loska, Wiechula, 2003), ka ari to var ietekmét piesarnojosas darbibas,
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ko veic cilvéks (Lepane et al., 2007). Par antropogénas izcelsmes metaliem uzskata Pb,
Cd, Ni, Co, Cu, Zn un Mn (Yin et al., 2006). Metalu saturs var mainities gan viena ezera,
gan dazadu ezeru nogulumu masa atkariba no slanu dziluma un litologiska sastava, tapéc
$iem kvantitativajiem raditajiem tika doti kvalitativie apzimé&jumi (4.1. att.).

Analizgjot galvenas komponentes, tika konstatéts, ka visu sesu pétito ezeru nogulu-
mu izvietojums koordinatu plakné ir statistiski butisks (p < 0,05) pirmam cetram asim
(4.1. att.). Rezultatu analizé tika izmantotas pirmas divas asis, jo $is asis kopuma izskaidro
53,09%. Ar 1. asi, kas izskaidro 29,84% no parauglaukumu kopéjas dispersijas, ir konsta-
téta butiska pozitiva sakariba starp K (r = 0,78), Fe (r = 0,50), Mn (r = 0,50), Co (r = 0,72),
Ni (r = 0,89) Cu (r = 0,74), Zn (r = 0,73), Pb (r = 0,50). Sie elementi horizontalaja sadali-
juma korelé sava starpa, ko, iesp&jams, var skaidrot ar ezera nogulumu litologisko sadali-
jumu, kur ass labaja pusé nodalas gitija un karbonati. To nosaka organiskas vielas un kal-
cija karbonati. Ass labaja pusé ir izvietojusies gan aleiritiskas gitijas, gan kadrainas gitijas
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4.1. attéls. Paraugu ordinacija, izmantojot PCA, atkariba no ezeru nogulumu metalu sastava
daudzuma un LOI analizes rezultatiem péc litologijas, kur 1_1 - Kaniera, 2_1 - Lilastes,

3_1 - Babites, 4_1 - Engures, 5_1 - Ummja ezers un 6_1 - Velnezers. OV - organiskas vielas,
KV - karbonatiskas vielas, MV - mineralas vielas. Litologija: 1 - gitija, 2 — karbonatiska gitija,
3 - smilts, 4 - kadraina gitija, 5 - aleiritiska gitija
Figure 4.1. PCA of samples based on metal concentrations in lake sediments and LOI analysis
results, classed according to lithology. 1_1 - Lake Kanieris, 2_1 — Lake Lilaste, 3_1 - Lake Babite,
4_1 - Lake Engure, 5_1 - Lake Ummis, 6_1 - Lake Velnezers. OV - organic matter,

KV - carbonates, MV - mineral matter. Lithology: 1 - gyttja, 2 — carbonaceous gyttja, 3 - sand,

4 - peaty gyttja, 5 — silty gyttja
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nogulumu komponenti, kur ievérojama nozime ir mineralo vielu daudzumam un kimis-
ko elementu koncentracijai. Korelacija butiski izcelas Ummja ezera 5_10 un 5_11 parauga
punkti, kas liecina par OV lielo nozimi §i ezera nogulumu veidosanas laika.

Galveno komponensu analizes grafika 2. ass izskaidro 23,25% no ezera nogulumu
paraugu raksturojodo lielumu dispersijas. Saja gadijuma konstatéta negativa sakari-
ba starp OV (r = -0,66) un ekstrahétajiem elementiem Cu (r = -0,50), Zn (r = -0,50),
Pb (r = -0,68), un savukart Siem raditajiem ir pozitiva sakariba ar KV (r = 0,50),
Mn (r = 0,57), Ca (r = 0,62) un Mg (r = 0,58). Nekadu savstarpéjo korelaciju neuzradi-
ja Na un Cd. Galveno komponensu analizes 2. ass vertikalaja sadalijuma tiek izskaidro-
ta ar ezera nogulumu eitrofikaciju un antropogéno slodzi. Otra PCA ass parada pretéju
Ca un Pb korelaciju, kas rékinata uz visu pétito ezeru nogulumiem un kas novérota ari
Nommejarva ezera nogulumu pétijumos (Marzecova et al., 2011).

Péc galveno komponens$u analizes var izskirt piecas faktoru grupas, kas raksturo ana-
lizétos nogulumus:

1) KV un Ca;

2) Mg, Mn un MV;

3) K, Ni, Co un Fe;

4) Cu, Zn un Pb;

5) OV.

Pirmo faktoru grupu var skaidrot ar Ca klatbatni karbonatos. Otra faktoru grupa ir
atkariga no nogulumu minerala slana, kas spéj sev piesaistit Mg. Tresas faktoru grupas
elementi var biit gan dabiskas, gan antropogénas izcelsmes. Ni un Fe korelacija sava star-
pa ir raksturiga Latvijas kiidras nogulumiem (Teirumnieka et al., 2010), bet Fe, Ni biezi
arl attiecina uz rapniecisko darbibu un piesarnojoso vielu parnesi lielos attalumos (Percy,
Borland, 1985). Korelacija starp Ni, Co un Fe paradas ari S. Pradita u. c. (Pradit, 2010)
pétijuma par Sonkhla (Songkhla) ezera nogulumiem. Par otras un tre$as faktoru grupas
elementiem (Mn, Ni, Co, Fe) ir zinams, ka tie labi/pozitivi korelé ar aleiritu un mala da-
linam (Selvam et al., 2012), ko ar1 uzrada litologiskais sadalijums péc pirmas ass. Ceturta
faktoru grupa liecina par antropogéno piesarnojumu ezeros (Selvam et al., 2012), kas vis-
vairak izcelas tiesi Velnezera nogulumiem (paraugu punkti 6_1, 6_2, 6_3). Piekta faktoru
grupa ir atkariga no organiskajam vielam, kas veido gitiju.

Lai noskaidrotu, kadas vides apstaklu izmainas notikusas Rigas li¢a piekrastes ezeru
nogulumu augséja slana (~ 50 cm) veido$anas laika un vai ir atpazistamas cilvéka darbi-
bas pédas, ir svarigi analizét liela apjoma kompleksu pétijumu datus. Liecibas par antro-
pogénas ietekmes palielinasanos ir konstatétas praktiski visos analizétajos griezumos, ka
arl ir atpazistamas visu pétijuma veikto analizu rezultatos. Ezeru nogulumu multidiscip-
linaro pétijjumu rezultata noskaidrotas izmainas metalu, karbonatisko un organisko vielu,
smago metalu, ka ari augu makroatlieku un puteksnu sastava nogulumu virséja slani tie$a
vai netiesa veida lauj atpazit cilvéka darbibas jeb antropogénas ietekmes pédas un nosaciti
lauj iezimét holocéna-antropocéna robezu.

Viens no visvieglak izsekojamiem raditajiem ir smago metalu satura izteikta palielina-
$anas nogulumu augséja slani, kas liecina par antropogénas ietekmes palielinasanos pé-
déja gadsimta. Ari Igaunija veiktajos Nommejarva ezera nogulumu pétijumos konstatéta
ievérojama metalu daudzuma palielina$anas (kops 1963. gada), kas notikusi antropogé-
nas ietekmes rezultata (Marzecovj et al., 2011).
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Tie$os pieradijumus par cilvéku darbibu sniedz arl ezeru nogulumu puteksnu pétiju-
mi. Ezeru nogulumos darba autore konstatéja kultivétu lakstaugu puteksnus, kas liecina
par cilvéku darbibu. Bet neviena no ezeriem $ie puteksni netika konstatéti liela skaita,
kas liecinatu par lauksaimniecibas zemju atrasanos ties$i ezeram piegulosajas teritori-
jas. Biezak identificétie kultivéto zemju lakstaugu puteksni bija séjas rudzi Secale cere-
ale. Ezeros tika konstatéti arl kultivétu graudaugu Cerealia, kanepes Cannabis tipa, griku
Fagopyrum puteksni. Ezeros tika konstatéti ari ruderalo augu puteksni, kas netiesi liecina
par cilvéku darbibu un klatbutni. Katra ezera $o putek$nu skaits, dzilums, kura tie konsta-
téti, atskiras, tomér to lielakais daudzums identificéts nogulumu virséjos 50-30 cm.

Netiesas liecibas jeb pédas par cilvéku darbibu ezeru nogulumos sniedz augu makro-
atlieku un nogulumu karsésanas zudumu analizu rezultati. Kaut arl pétito ezeru augu
makroatlieku sastava netika konstatétas kultivéto zemju augu makroatliekas, tomér to
sastdva un apjoma izmainas norada uz cilvéka ietekmi, tai skaita tidens limena pazemi-
nasanu ezeros, kas izteikti atpazistams arl nogulumu karsésanas zudumu rezultatu dia-
grammas. Uz cilvéka ietekmi norada koksnes oglites, kas konstatétas augu makroatlieku
analizes gaita, un to izplatiba Ummja un Velnezera nogulumu augséja slani.

Iedzivotaju skaita pieaugums Eiropa ir radijis industrializaciju, lauksaimniecibas in-
tensifikaciju un urbanizaciju, kas savukart ir novedis pie ekosistému izmainam un biezi
vien dazadam vides problémam, kuras ietekmeé tidens vidi un nogulumu uzkrasanas ap-
staklus. Pieméram, urbanizacija ietekmé tdens kvalitati, biotopus un to degradaciju, un
daudzas citas problémas, kas atspogulojas ezera nogulumos (Paul, Meyer, 2001).

Vienas no vislabak atpazistamajam antropogénas ietekmes liecibam, ko nosaciti varé-
tu pienemt ka antropocéna apakséjo robezu, ir izteikta Pb koncentracijas palielinasanas
visu pétito ezeru virséjos slanos, kuri Engures ezera griezuma datéti ar apméram ar 110
gadiem. Péc Velnezera nogulumu pétijumu datiem, izteikta cilvéka darbiba ieziméjas no-
gulumos, kas uzkrajusies pirms 60-50 gadiem, kad Velnezera apkartné sakas intensiva
baivnieciba un celu ekspluatacija. Lidz ar to var secinat, ka antropocéna robezu var atpazit
ezeru nogulumu virséjos slanos, tomeér tas konkrétais laiks var atskirties atkariba no ezera
novietojuma, ka arl no cilvéku darbibas véstures konkréta ezera apkartné un regionala
atmosféras piesarnojuma.

Kaut arT dabiskas tidens ekosistémas lielakoties ietekmé geomorfologiskie un fizio-
geografiskie faktori, tomér pédéjos gadsimtos tas ir skarusi ari zemes izmantoSana un
apsaimniekos$ana ezeru sateces baseina, kas ietekmé hidrologiskos apstaklus (Solimini et
al., 2006), tas labi atspogulojas ari pétito ezeru nogulumos. Cilvéka ietekmes rezultata ir
notikusas virséjo nogulumu sastava izmainas, tapéc nogulumos vairak sak uzkraties kar-
bonitiskas vielas (Engures, Babites, Lilastes, Kaniera ezera). Sis izmainas, iespéjams, var
skaidrot ar bikarbonatu (HCO™) parsatinajumu tadenos. Zooplanktona, fitoplanktona un
bentosa intensivas attistibas laika tideni rodas CO* parsatinajums, kas ir karbonatu kris-
talu veido$anas pamats (Stabel, 1985). Savukart mazajos ezeros ir vérojama smilts slana
izgulsnésanas, kas saistita ar véja darbibas intensificé$anos un kapu parvietosanos cilvéka
nepardomatas saimnieciskas darbibas rezultata (pie Ummja ezera), un ar kapu izlidzina-
$anu (pie Velnezera). Visu $o cilvéka radito procesu rezultata izmainas ari, pieméram, no
sateces baseina ieplistosie elementi, ezera ietekas un iztekas, ka ari piekrastes mijiedarbi-
ba (Zaldivar et al, 2008).
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SECINAJUMI

Rigas lica piekrastes ezeru nogulumu sastava pétijumu rezultata, izmantojot multidis-
ciplinaru pétijjumu metozu kompleksu (puteksnu, augu makroatlieku, nogulumu sastava,
metalu sastava u. c. analizes), ir iegtiti dati, kas raksturo vides apstaklu izmainas un cilvé-
ka darbibas ietekmi nogulumu augséja slana (~ 50 cm) veidosanas laika.

Salidzinot pétijumu datus par ezeru nogulumu sastava izmainam, ko uzrada kar-
séSanas zudumu analizes rezultati, var secinat, ka butiskas atskiribas ir tie$i nogu-
lumu virséja slana sastava. Ezeros, kuru sateces baseina izplatiti dolomiti (Engures,
Kanpiera un Babites ezers), nogulumu virséja slani strauji palielinas karbonatisko
vielu daudzums, kas saistits galvenokart ar kanalu izraksanu, jo tie veicinajusi kar-
bonatisko vielu izskalo§anos un uzkrasanos.

Pétijuma rezultati lauj secinat, ka karséSanas zudumu analizes rezultati ne vienmér
atspogulo ezeru aijzaug$anu un eitrofikaciju. Parsvara par $iem procesiem liecina
augu makroatlieku analizes rezultati, kas papildinati ar nogulumu biologiska sa-
stava datiem.

Augséjo nogulumu slani raksturojosie puteksnu spektri liecina, ka koku putek-
$nu sastava nav notikusas butiskas izmainas, bet kopéjais puteksnu procentualais
sadalijums norada uz koku un krimu samazinaganos un lakstaugu pieaugumu,
kas, visticamak, ir saistits ar antropogénas ietekmes palielind$anos, iespéjamu
mezu izcirSanu un atklatas ainavas veido$anos. Par antropogéno ietekmi nogulu-
mu uzkrasanas laika liecina ari kultivéto zemju augu un ruderalo puteksnu skaita
palielinasanas.

Iegiitie ezeru nogulumu pétjjuma dati liecina, ka ezeru aizaug$ana pastiprinajusies
pédéjos gadsimtos. Uz to norada palielinats augu makroatlieku daudzums nogulu-
mu virséja slani, tai skaita arl aizsargajamo sugu dizas aslapes Cladium mariscus,
juras najadas Najas marina un pusgrimusas raglapes Ceratophyllum submersum
atliekas.

Pétito ezeru nogulumos augu makroatlieku daudzums un sastavs ir atskirigs da-
zadas vietas ezera, bet ir vérojama kopéja tendence palielinaties to daudzumam
nogulumu virséja slani ari ezera vida, kur parasti to ir mazak, un tas lauj secinat,
ka ezera ievérojami pastiprinajusies aizaug$anas procesi.

Neatkarigi no pétito ezeru atra$anas vietas to virséjo nogulumu sastava konstatéts
palielinats smago metalu, bet it ipasi Pb, saturs, kas, iesp&jams, saistits ar regionalo
atmosféras piesarnojumu.

Analizéjot metalu sastava diagrammas, var secinat, ka praktiski visu ezeru nogu-
lumu auggéja slani smago metalu saturs ievérojami parsniedz to saturu nogulumu
dzilakajos slanos, tomér to koncentracijas ir zemas.

Nogulumu biologiska sastava analizes rezultati lauj noteikt nogulumu tipu un
liecina par tendenci palielinaties eitrofikacijai Engures, Lilastes ezera un Ummja
nogulumu virséja slani, kur biezi vien tika konstatéta Nitzschia acicularis, kas ir
eitrofu ezeru indikators.

Liecibas par vides apstaklu izmainam un antropogéno ietekmi ezeru nogulumu
augséjos slanos ir Javusas atpazit antropocénam raksturigas pazimes, tai skaita
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ezeru aizaug$anas pastiprinasanos un izmainas nogulumu sastava cilvéka darbibas
rezultata, tomér iegitie pieradijumi nav pietiekosi, lai varétu definét un nodalit
holocéna-antropocéna robezu.

o Izvértéjot datus, kas iegtiti multidisciplinaru pétjjumu metozu kompleksa analizés,
iegnti pieradijumi par pieaugo$u antropogéno ietekmi visu pétito ezeru nogulumu
augséja slani neatkarigi no to novietojuma rurala vai urbana vide.

Rigas li¢a piekrastes ezeru nogulumu pétijumu kopéjie rezultati liecina, ka tiesi péde-
jos gadsimtos nogulumu uzkrasanas gaita ir notikusas butiskas vides apstaklu izmainas,
kas biezi vien saistitas ar cilvéka darbibas ietekmi.

Promocijas darba mérkis — noskaidrot vides apstaklu izmainas Rigas li¢a piekrastes
ezeru nogulumu auggéja slana veidosanas laika, pamatojoties uz multidisciplinaru péti-
jumu datiem, kas liecina par cilvéka darbibas ietekmi uz nogulumu veido$anas apstak-
liem, - ir sasniegts.
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IpaSu pateicibu autore izsaka zinatniskd darba vaditajai geografijas doktorei un
Latvijas Universitates asociétajai profesorei Laimdotai Kalninai par darba izstrades gai-
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tap$ana, ka ari par veltito laiku. Autore pateicas ari profesoram Marim Klavinam par ie-
virzi$anu ezera nogulumu pétijumos un atbalstu doktorantiiras studijas.

Autore izsaka peteicibu kolégiem E. Kuskei, A. Cerinai, K. Kizikam, I. Ozolai, V. Rat-
niecei, S. Zeimulei, N. Stivrinam, A. Staskovai, A. Druckai, R. Kasparinskim, K. Stanke-
vicai, I. Grudzinskai par augligajam diskusijam un ieguldijumu atsevisku pétijjuma posmu
realizacija.

Liels paldies arl O. Purmalim, M. Gravam, R. Kasparinskim, J. Burlakovam, N. Stiv-
rinam, J. Biksem, J. Sirei, A. Robaltam, A. Staskovai par palidzibu lauka darbos un paré-
jiem kolégiem par atsaucibu.

Liels paldies maniem vecakiem Silvijai un Antonam par atbalstu, ieguldito laiku un
lidzekliem gan studiju, gan promocijas darba tap$anas laika.

Pateicoties Eiropas Sociala fonda finanséjumam projektam ,,Starpdisciplinaras zinat-
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Engures ezeram tika ievakti un datéti nogulumu paraugi ar "“C datéSanas metodi divas
vietas ezera un ar *'Pb datésanas metodi viena vieta. Velnezeram piegulosa zema purva
nogulumiem ir veikti “C datéjumi ar AMS datéSanas metodi The Ecology of Crusading:
The Environmental Impact of Congquest, Colonisation and Religious Conversion in the
Medieval Baltic projekta ietvaros.
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ANOTATION

In Doctoral Thesis changes in environmental conditions and traces of human activities
recorded in the coastal lake sediment surface layer have been investigated by studies of
paleobiological evidences and chemical data, including indicators of human activities.

Sediments of Lake Engure, Lake Babite, Lake Kanieris, Lake Velnezers, Lake Lilaste
and Lake Ummis have been studied using multi-proxy data including paleobotanical,
Loss on Ignition and metal composition analyses.

Proofs of environmental condition changes and athropogenic impact during
their accumulation were indentified in the surface layer of lake sediments, including
intensification of lake overgrowing. Regardless to location of studied lakes in the
composition of upper sediment layer were found increase in content of heavy metals,
which probably is related to the atmospheric pollution caused by human activities.

Key words: gyttja, Loss on ignition analysis, pollen, plant macroremains, heavy metals,
the Anthropocene.
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INTRODUCTION

Lakes, defined as natural water-bodies formed within hollows in the relief enclosed
on all sides by dry land, act as natural sediment traps. Sediment usually accumulates in
a lake basin almost without interruption over a period of millennia, starting from the
time of formation of the lake (Bell, Walker, 2005; Lewis, 2010). In the territory of Latvia
the majority of the lake depressions were formed through the effect of last glacial action
and glacial meltwaters. The glacial lakes formed in these hollows constitute one of the
most common genetic types of lake in Latvia (Leinerte, 1988). Sediment has accumulated
in lake basins from the final part of the last glacial right up to the present day (Zelcs,
1995). Conversely, among the youngest lakes are the lagoonal lakes formed as a result of
fluctuations in the level of the basins of the different stages of the Baltic Sea (Grinbergs,
1957; Veinbergs, 1996). They are located mainly in the coastal area, the area adjacent to
the sea or an inland water-body where traces of the influence of the water basin may be
observed (Ulsts, 1998; Lapinskis, 2010).

Lake sediments constitute one genetic type of continental deposit, the composition
of which is dependent on local geological conditions as well as on the character of the
climatic belt in which the lake has formed. The intensity of sedimentation is dependent
on a great number of environmental conditions, such as the form of the lake basin, the
deposits in which it is formed, the surrounding relief and vegetation cover, the depth
of the lake, its mode of origin and the human impact (Reeves, 1968; Danilans, 1995).
Lake sediments consist mainly of mineral matter and organic detritus from the drainage
basin (allochthonous material), along with organogenic sediment formed mainly in the
lake itself (autochthonous material) from the plants and the organisms growing and
living in the lake (O’Sullivan, 2004). The sediment also include pollen, which may be
incorporated into lake sediments from plants growing in the basin or may be transported
from a greater distance by air currents or the surface waters of the lake drainage basin
(Birks, Birks, 1980). Thus, the sedimentary sequence in each lake constitutes a continuous
archive of geological processes and environmental changes, providing information about
the natural history of the lake and its environs (Smol et al., 2001; Bell, Walker, 2005). The
physical, chemical and biological parameters of the information concerning past events
preserved in lake sediments are determined in the course of palaeolimnological studies
(Lampert, Sommer, 2007) and are utilised in reconstructions of the palaeoenvironment
and conditions of sedimentation (Smol et al., 2001; Bloesch, 2004).

Palaeolimnological study of lake sediments can provide major insights into the
environmental conditions of development of the lake and sedimentation, and changes
over the long term (Birks, Birks, 1980; Sturm, Lotter, 1995; Lewis, 2010). Sediments
are important as archives of past events, reflecting long-term climatic fluctuations, and
provide an insight into such events, both in very remote locations, such as mountains,
subarctic and arctic regions, and likewise in industrialised, densely populated areas, where
natural processes are influenced by human activities (Roberts, 1998; Wetzel, 2001). Data
from research on lake sediments can contribute to knowledge of past climatic conditions,
which, in turn, can help understand the character of the climatic system and provide
more precise forecasts of future climatic change. However, analysis and quantification of
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the evidence of palaeoenvironmental changes preserved in lake sediments is complicated,
because in addition to the changing geological conditions, sediment composition,
especially in the case of organic-rich deposits, can be affected by biota, the character
of which, in turn, is determined by additional environmental parameters, such as the
availability of nutrients and oxygen, water quality and light (Birks, Birks, 1980). Apart
from this, with the growth of the world’s human population and the development of
technology, the human impact on the environment continues to increase, and especially
the impact on such sensitive ecosystems as lakes (Wolfe et al., 2013).

Biochemical and physical changes on the Earth’s surface relating to sedimentary
deposition (in rivers, lakes, bogs etc.) and erosion (shores of water-bodies etc.) that result
from human activities are regarded as marking significant changes in the Earth’s history,
recently defined as indicating the Anthropocene (Zalasiewicz et al., 2008; Zalasiewicz,
2013). Since lacustrine ecosystems, especially those of shallow lakes, are sensitive to
climatic changes and pollution, it is crucial to undertake a complex of studies, applying a
well-conceived approach, in order to distinguish in lacustrine deposits regional (diffuse)
pollution from local pollution caused by human activities. This can influence the course
of development of lakes, the conditions of sedimentation and sediment composition,
including the processes of lake overgrowth and intensified deposition of organogenic
sediment (Zalasiewicz, 2013).

Topicality of the study

The latest reconstructions of temperature and climate change for the Northern
Hemisphere, covering the last 1000 years, indicate that before the industrial age (pre-1850)
in approximately 41%-61% of cases temperature fluctuations were related to variation in
solar radiation and volcanic activity. On the other hand, examination of global warming
during the 20th century in a historical context and comparison of observations with
simulations from energy balance climatic models leads to the conclusion that natural
variability in the climatic system and global warming exceed modelled natural variability
for the past 1000 years in comparison with the previous interglacial (Crowley, 2000). This
clearly indicates anthropogenic impact on climate, which, in turn, leads to environmental
changes affecting many natural processes and influencing the human environment.

In order to understand and manage these processes, in recent decades studies have
been undertaken to assess environmental changes under the impact of human activities,
seeking sedimentary evidence of these changes. Palacogeographic and palacoecological
data indicate that humans have affected the environment since the Neolithic or New Stone
Age (Ruddiman, 2003; Brown, 2012), influencing terrestrial and aquatic ecosystems.
However, pre-industrial human activity and impact on the ecosystem was localised in
character (Birks, 1986; Renberg et al., 2004). Lakes represent one of the most sensitive
kinds of ecosystems, their sediments providing evidence of the environment at the time
of deposition.

Over the past 180 years many scholars have studied the origin and development of
lakes, and lake sediments (Reeves, 1968; O’Sulivan, 2004). As a result, 11 genetic types and
76 sub-types have been distinguished (Hutchinson, 1957; Cohen, 2003), and the course
of environmental change in lakes has been assessed. However, only during recent decades
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have palynological studies been focussed more specifically on identifying pollution and
anthropogenic impact, and on forecasting future changes in these (Klaminder et al,
2010).

At the present day, Latvia has 2256 lakes larger than 1 ha, constituting 1.5% of the
total area of the country. Only six genetic types of lake occur (Leinerte, 1988). Most
sensitive to anthropogenic influence are lagoonal lakes (Lakes Babite, Kanieris, Engure,
Liepaja, Pape and others). Occurring in the coastal lowlands, they are among the
youngest lakes, having formed only during the time of the last regression of the Littorina
Sea, c. 3000-4000 BP, through the isolation of the lagoon from the sea (Grinbergs, 1957;
Veinbergs, 1996). Lagoonal lakes are unique and very sensitive ecosystems, which undergo
major change over time as a result of various natural and humanly-induced processes.
The elaboration of measures for the management and conservation of such ecosystems
requires knowledge of the development of lakes and the character of sedimentation. Such
information can be provided by comprehensive palacolimnological sediment studies. So
far in Latvia few major, comprehensive studies of this kind have been undertaken on lake
sediments, and in consequence many questions regarding environmental changes during
the course of development of lakes remain unanswered. It also needs to be borne in mind
that the situation in Latvia with regard to geological structure, hydrogeological conditions,
climate, character and intensity of land use as well as the level of anthropogenic pollution
differs cardinally from that of other European countries, and accordingly it is considered
that the results of studies undertaken elsewhere cannot be directly applied in order to
analyse environmental processes in Latvia (Kokorite, 2007). Apart from this, lagoonal-
lake ecosystems are quite unique, differing significantly from lakes with the same mode
of origin elsewhere in the world, especially when compared to areas that have not been
subject to glacial activity and glacioisostasy.

The results of studies on sediments in coastal-lake ecosystems, including those of
lagoonal lakes, provide useful information about the character of sea-level changes,
because the ecosystems of these lakes are very sensitive even to small fluctuations in
sea level (Carter et al., 1989; Dominguez et al., 1987; Kraft et al., 1981; Selivanov, 1996;
Morton et al., 2000) and to human impact. The results of studies previously conducted in
Northern Europe indicate that only through the application of a set of multidisciplinary
methods can we obtain a more reliable picture of the character and development of
the ecosystems of coastal lakes, including lagoonal lakes (Lampe, 2002; Boréwka et al.,
2002; Boréwka et al., 2005; Saarse et al., 2009; Klavins et al., 2011; Pujate et al,, 2012)
and distinguish changes brought about by geological processes from those resulting from
human impact (O’Sullivan, 2004).

In order to reconstruct palacoenvironmental changes more precisely and assess the
possible impact of human activities, in addition to chemical and physical methods,
studies on lake sediments widely make use of palaeobiological research methods. These
include palaeobotanical analyses, because the plant and animal remains accumulating
in lake sediments provide significant information about changes in the sedimentary
environment both in the lake and in its environs during the time of sedimentation (Smol,
2001; Bell, Walker, 2005; Douglas, 2007).

The changing composition of coastal lake sediments, as seen in geological section,
indicates that they have formed under conditions pertaining in the basins of various



180

Baltic Sea stages, and thus also under conditions of changing water level. The data
obtained using a multidisciplinary set of research methods (pollen, plant macrofossil,
sediment composition, chemical and other analyses) permit sedimentary evidence to
be interpreted as precisely as possible, facilitating the interpretation of environmental
changes and possibly also indentifying the point where the evidence of human impact
significantly increases in the sediment, thus possibly also identifying the Holocene/
Anthropocene boundary (Pujate et al., 2014).

Selected for study were coastal lakes, mostly lagoonal lakes, located in similar
natural conditions in the coastal geobotanical region, and in the natural areas of the
Engure and Rigava Plains of the Coastal Lowlands. These are shallow lakes currently
subject to intensive overgrowth (Strautnieks, 1997). Precisely for this reason they are
the most sensitive to human impact, and it is expected that the application of a set of
multidisciplinary methods and analysis of the data will permit evidence regarding
anthropogenic impact and environmental changes to be traced in the superficial layers
of lake sediments.

Aim of the doctoral thesis

To characterise changes in environmental conditions and human impact during the
time of formation of the superficial sediment layer (~ 50 cm) of lakes along the coast of
the Gulf of Riga.

Hypothesis of the study

Results of multidisciplinary research provide evidence of increasing anthropogenic
impact on the superficial sediment layer (~ 50 cm) of studied lakes along the coast of the
Gulf of Riga regardless of their location of whether in a rural or urban environment.

Main objectives for attainment of the goal:

= to undertake physical, chemical and palacobotanical analyses on the composition
of the selected lake sediments, processing and interpreting the results;
= based on the data obtained, to characterise the composition of lake sediments, and
assess the changes occurring during development of the lake, giving particular
attention to possible anthropogenic impact;
= to analyse how the data obtained in chemical and palacobiological analysis of the
composition of lake sediments permits the distinction of anthropogenic impact,
comparing and characterising the similarities and differences between the lakes
under study;
= to characterise environmental changes and evidence of anthropogenic impact in
the upper layer of lake sediments and determine whether it is possible to identify
characteristic features of the Anthropocene in the sediments of lakes in Latvia.
The evidence of environmental changes in lake sediments has been studied using
several methods for characterising the composition of lake sediments, as well as spore-
pollen, algae and plant macrofossil analyses, analysis of non-pollen palynomorphs,
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analysis of cartographic material and absolute age determination using *C AMS and *'°Pb
methods.

In view of the sensitivity of lagoonal-lake sediments to changes in sedimentary
conditions and the diversity of opinion regarding the boundary of the Anthropocene, as
well as the fact that lake sediments in Latvia are practically unpolluted or little polluted,
six lakes along the coast of the Gulf of Riga have been chosen for study in the frame of
the doctoral thesis, the formation and development of which was influenced by the basins
of the stages of development of the Baltic Sea. Five of these are lagoonal lakes that do
not have densely populated areas nearby, i.e. they are not located within urban areas, but
have been affected by human activity, for example the digging of a canal, the building of
roads etc. Velnezers, located within the city of Riga, was chosen for study because human
activity in its drainage basin and immediate surroundings has intensified particularly in
the last 50 years, and this was expected to be clearly reflected in the research results.

Scientific novelty of the study

For the first time in Latvia multidisciplinary studies have been undertaken of
the superficial sediment layer in coastal lakes, with the aim of tracing changes in
environmental conditions in during the time of formation of the upper (~50 cm) layer of
the coastal lakes of the Gulf of Riga, attempting to distinguish in the sediment the point
at which increased anthropogenic impact begins, and to determine whether it is possible
to identify the onset of the Anthropocene.

For the first time in Latvia analysis of the biological composition of lake sediments
has been carried out as one of the indicators of the conditions of lake sedimentation,
significantly supplementing other research methods.

Approbation of the results of the study

The research results are reflected in 6 scholarly publications and 4 articles in collective
monographs; 17 presentations have been given at international research meetings and
6 presentations at national-scale meetings.

This work has been supported by the European Social Fund within the project
“Support for Doctoral Studies at University of Latvia”.
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1. THEORETICAL JUSTIFICATION
OF THE STUDY

A lake is a natural inland water-body formed in a hollow in the relief, enclosed on all
sides by land (Wetzel, 2001; Loffler, 2004), without direct water exchange with the ocean
(Likens, 1985a; Hairson, Fussmann, 2002). Sediments form in lakes from the mineral
matter along with plant and animal remains entering the lake, as well as soil particles, and
other material of non-biological origin from the drainage basin. They are diverse in terms
of physical, chemical and biological properties, reflecting the composition and volume
of terrigenous sediment, and the presence of biogenic and chemical substances (Likens,
1985a,b; Bridge, Demicco, 2008).

Lakes and lake sediments represent an important subject of studies on ecosystem
dynamics focussing on the interaction between biological, chemical and physical processes,
as determined by many different factors: the geological structure and topography of the
drainage basin, the amount of precipitation, the inflow and composition of groundwater,
human economic activities, biological processes etc. (Last, Smol, 2001a,b). Accordingly,
interdisciplinary studies are undertaken, using multi proxy data from one particular
section, core or sample.

Particles of various kinds are washed into the lake and accumulate in sediments.
Thus, already since the last deglaciation lakes have acted as traps for suspended material
deriving from erosion processes (Finger et al., 2006; Bezinge et al., 1989; Wessels, 1998).
For this reason, lake sediments often show a higher level of pollution compared with their
immediate environs: lakes collect water from an extensive drainage basin. Throughout
the world, pollution of various kinds affects water quality in lakes and the composition
of lake sediments, and lagoonal lakes are particularly sensitive in this regard (Liepa et al.,
1989).

Lagoonal lakes constitute young and dynamic systems (c. 3000-4000 years old),
which, through a fall in sea level, have been completely separated from the sea, becoming
freshwater basins.

They generally tend to be extensive, but shallow (no deeper than 10 m). There are
many lagoonal lakes within the territory of Latvia, along the coast of the Baltic Sea
and the Gulf of Riga, such as Lakes Tosmare, Pape, Liepaja, Babite, Kanieris, Jugla,
Engure, Busnieki and others. There is a view that the shallower a lake, the more rapidly
organogenic sediments accumulate and the faster it will overgrow. As a result of natural
overgrowing and anthropogenic impact only a few lakes in Latvia have remained in
a mesotrophic state. As lakes overgrow, peat starts to form in the shallower bays. The
tendency of wetlands to form through the overgrowing of lakes, where peat accumulates
on top of gyttja, can be observed in Belarus and likewise in Latvia, where one in three
wetlands has formed on a site that was previously a lake, with gyttja stratified below the peat
(Kurzo et al., 2004; Kalnina et al., 2014a,b).

Independently of the source, various forms of pollution can influence and degrade
aquatic flora and fauna. In general, pollution causes deterioration of water quality, and
may reduce the diversity of wild species, especially sensitive species.
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Freshwater lakes receive pollutants from the atmosphere (anthropogenic origin) as
well as in the form of material carried from the drainage basin by rivers and deposited.
In Europe, since the beginnings of industrialisation the dominant source of heavy
metals is the atmosphere (De Vleeschouwer et al., 2007). Other possible sources of
pollution include industrial waste, agricultural wastewater, runoff and precipitation,
which significantly affect surface waters and thus also lake sediments (Karlsson et al.,
2010). Rainwater contains a variety of pollutants, such as heavy metals (lead, zinc,
copper, cadmium, chrome and nickel), organic compounds, nutrients and solid particles
(Marsalek et al., 1997).

Although the level of pollution in lake ecosystems is generally close to the
background level in Latvia (Klavins et al., 1995, 2012; Briede, 1996), they have in many
cases been affected by human activities, which have contributed to the excessive influx
and accumulation of nutrients, thus increasing primary productivity in many lakes and
causing environmental changes (Jankévica et al., 2012).

The composition of lake sediments is also influenced by heavy metals accumulating
in the waters of the drainage basins of water-bodies, in biota or in sediments, and as
a result of changes in the physico-chemical environment they may be incorporated
into biogeochemical cycles. These represent the most enduring pollutants in lakes,
being resistant to decomposition and weakly soluble in water, and so are adsorbed
and accumulate in lake sediments (Jain et al., 2008). Accordingly, changes in the metal
composition of lake sediments may be used to determine whether the metals have
entered the lake environment as a result of natural or anthropogenic processes (Thevenon
etal,, 2011, 2013). The data from studies on the concentrations and levels of heavy metals
in lake sediments can serve as indicators of the levels of environmental pollution in the
drainage basins of water-bodies (Salomons, Forstner, 1984). However, this data needs to
be interpreted very carefully, because the sediment composition may also include metals
of natural origin.

Various researchers have attempted to distinguish and group the sources of metals,
identifying lithological and anthropogenic metal sources (Salomons, Férstner, 1984).
The main factors determining the quantity of material entering the lake and thus also
the natural metal concentration in the lake basin, are soil type and structure, and the
character of the relief within the basin. Research has shown that the concentrations
of heavy metals in lakes in Latvia are generally close to background level. This can be
explained in terms of geochemical characteristics and the diversity of deposits in the
drainage basin, as well as by minimal anthropogenic impact. At the same time, several
lakes and their sediments show pronounced anthropogenic impact in particular. One
of the major kinds of pollution in Latvia and in the world is atmospheric pollution.
The main sources of atmospheric pollution are combustion processes: burning, power
production and internal combustion engines (Battarbee et al., 1988; Duce et al., 1991;
Hutton, Symon, 1986; Nriagu, 1989; Nriagu, Pacyna, 1988).

During the last decade research on the acceleration of environmental changes in
connection with human activities has become important, the aim being, through the
extension of research methods and the volume of data available, to identify appropriate
stratigraphic criteria for distinguishing anthropogenic impact, recognisable in the
structure of sediments, including lake sediments (Kaufman et al., 2009; Zalasiewicz et al.,
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2008, 2010). This will make it possible to resolve the problem of distinguishing a new
stratigraphic unit and apply the term ‘Anthropocene’ (Crutzen, Stoermer, 2000; Crutzen,
2002; Steffen et al., 2007), and to identify the Holocene-Anthropocene boundary.
However, it has not so far proved possible to distinguish conclusively where the Holocene
ends and the Anthropocene begins, because scholarly opinion on the timing and criteria of
this boundary differs, these being different for various parts of the world (Crutzen, Stoermer,
2000; Certini, Scalenghe, 2011; Smith, Zeder, 2013).
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2. RESEARCH MATERIALS AND METHODS

2.1. Characterisation of the study area

At the end of the Littorina Sea stage of the Baltic Sea, with the fall in the water level,
longshore drift gradually separated the lagoons along the Gulf of Riga from the sea
completely, so that they became shallow freshwater basins (Ulsts, 1957; Ignatius et al.,
1981; Veinbergs, 1996). This pattern of geological development also characterises the
lakes studied in the frame of the thesis: Lakes Babite, Kanieris, Engure, Ummis and Lilaste
(Fig. 2.1), except for Velnezers, which has a different origin and pattern of development,
even though it lies within the area of the Baltic Ice Lake and Littorina Sea (Fig. 2.1).
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Fig. 2.1. Location of the lakes under study on the accumulation plain of the Littorina Sea
accumulation plain, between the Littorina Sea shoreline and the present-day coast of the Baltic Sea
(http://kartes.geo.lu.lv)

The lagoonal lakes chosen for study do not have many population centres in the
vicinity, i.e. they are not located within the urban environment of a town or city. However,
they have been affected by human activities: for example by the digging of canals, the
close proximity of roads, economic activities within the drainage basin, etc. Velnezers,
nowadays located in the urban environment of Riga, has developed in a natural setting,
but since the 1980s there have been major changes in the environs, bringing a marked
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increase in anthropogenic impact. The lakes studied in the frame of the thesis belong to
the Coastal Geobotanical Region, where the soil parent material is sand, underlain by
loam till and Devonian sedimentary rock (Kabucis, 1995). A high groundwater level is
characteristic of the plains of the Coastal Lowland along the southern part of the Gulf of
Riga. Natural drainage is poor, because the terrain is gently sloping, and flow is hindered
by ranges of dunes that form barriers, as well as by weakly permeable deposits under the
sand layers (Juskevics et al., 1999).

Lake Engure is Latvia’s largest lake of lagoonal origin, and was chosen for study
because of its complicated hydrological regime, significantly affected by human activity
since 1842, when a canal was dug (Ludwig, 1908) connecting the northern end of the lake
with the sea at Mérsrags.

Lake Babite is a shallow, overgrowing lagoonal lake lying at 0.2 m a.s.l. between
two ranges of dunes (Ludwig, 1908). The lake has been significantly affected by human
activities: dykes have been built along the shores, creating several polders in order to
extend agricultural land; with the digging of the Varkali Canal it has become a flow-
through lake along all of its length, which means that the flow of the waters of the River
Lielupe through the lake can introduce pollution from the river (Brookes, 1994). Rapid
overgrowing of Lake Babite is observed, the consequence of eutrophication as a result of
natural and anthropogenic factors.

Lake Kanieris is located within the former extent of a Littorina Sea lagoon, at
2.1 m a.s.l. Since the beginning of the 20" century the lake-level has been lowered with
the digging of a 1.3-km-long canal (the Starpinupe), connecting it with the Gulf of Riga.
Nowadays the lake is significantly overgrown, especially its western and northern parts
(Lamane, 1995).

Lake Lilaste is a eutrophic lagoonal origin lake, which is overgrown 20%. Lake is
located in the southeastern coast of the Gulf of Riga, at the Rigava Plain of Coastal
Lowland., approximately 1,2 m v.j.l. (Turlais, 1999). Shores of the lake are flat, sandy and
low, what cause overflowing about 59 ha area around lake during flood (Meliorprojekts,
2007). In the lake inflow waters from Lake Dunezera and River Melnupe, but outflow
River Lilaste.

Lake Ummis formed in a depression within the accumulation plain of the Littorina
Sea, within the Rigava Plain of the Coastal Lowlands, at 2.9 m a.s.l. Lake Ummis is a
mesotrophic lake without any outlet, a total of 7% of which is overgrown. It supports
various rare plant species, including quillwort, bulbous rush and water lobelia (LVA,
2001). Because of anthropogenic impact, the shores are becoming overgrown with reeds,
and people are trampling the lobelia stands in the southern part of the lake.

Lake Velnezers is located within the accumulation-abrasion plain of the Baltic Ice Lake
and the Littorina Sea Plain, traversed by the former valley of the Daugava and the valleys
of other hydrographic networks and streams, in addition to which it is complicated by
dune massifs and wetland areas (Brangulis et al., 2000). Lake Velnezers is a lake without
any outlet, fed mainly by groundwater. Up to the beginning of the 19th century Velnezers
developed in a natural environment, but from the 1960s intensive development began on
its shores (Jérans, 1988; Liumane, 1998).
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2.2. Field studies

The study began with the identification and study of material on the geological struc-
ture of the study area and its development, cartographic materials and sampling sites were
chosen according the requirements of planned analysis described by H. J. B. Birks and
H. H. Birks (Birks, Birks, 1980). Lake sediment monoliths were collected during winter,
when lakes were covered by enough thick ice layer. Sediments were sampled both by soft
sediment corer and modified piston type corer for unconsolidated sediments according de-
scriptions (Moore, Webb, 1978; Faegri, Iversen, 1975; Wright et al., 1984; Glew et al., 2001).
Sediments are accumulated in chronological order, therefore it was very important to not
disturb sediment sequence under sampling process (Feegri, Iversen, 1974; Csuros, 1994).

Chosen for study were lagoonal lakes adjacent to the Gulf of Riga, formed mainly
as a result of processes occurring during the Littorina Sea stage of the Baltic Sea. Lakes
Engure, Babite, Kanieris, Lilaste and Ummis were selected for study because:

= Sediments of the Littorina Sea are widely distributed in the southern part of the

Gulf of Riga (Ulsts, 1957; 1998), where the largest number of lagoonal lakes
even though these lakes share the same mode of origin, they show differences in
development, related to the geological structure of the lakebed and the surround-
ing area, the size of the lake, the character of its hydrological regime and the level
of human impact;

= coastal lakes are relatively young, shallow lakes, formed about 4000 years ago

through the regression of the Littorina Sea, but already strongly changed;

= the lakes are located not in an urban setting, but in a relatively natural environ-

ment, on account of which it may be expected that various human impacts will be
more easily distinguishable, since they do not overlap.

In addition to these lagoonal lakes, the study also included Lake Velnezers, whose
mode of origin is still unclear (either a glaciokarst lake or a relict of the Baltic Ice Lake),
nowadays surrounded by the five-storey apartment blocks of the Jugla commuter suburb.
This lake was chosen for inclusion in the study, because it has been affected by very rapid
environmental change, Thus Lake Velnezers

= is a small lake (3.5 ha) without any outlet that has developed for a long time in a

natural setting,

= since the 1960s it is located within the urban setting, and its environs have been

changed as a result of human activities, namely the forest has been cut down,
the dunes have been levelled and in during the past century it has seen intensive
development;

In order to achieve the objectives of the study, fieldwork was undertaken, involving
surveys of the lakes, coring and collection of sediment samples for laboratory analysis
using a variety of research methods, in order to obtain maximally accurate data for
reconstructing the environmental conditions.
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2.3. Laboratory investigation methods

The study was based mainlyof following analyses undertaken in the course of the

study:

Loss on ignition analysis was performed in order to determine the content of organic
matter, carbonates and mineral matter, and the changes within sediments, permitting
reconstruction of palacoenvironmental changes during the course of development of the
lake (Meyers, 1997) and identification of human impact. The method essentially involves
measuring the loss in weight of the samples after heating to a certain temperature (Dean,
1974; Heiri et al., 2001; Boyle, 2001; Santisteban et al., 2004).

Spore-pollen analysis is a palaecoecological method based on the pollen production of
plants. Samples for spore-pollen analysis were obtained and prepared in accordance with
the standard method of P. D. Moore and J. A. Webb (Moore, Webb, 1976; Moore et al.,
1991), and B. E. Berglund and M. Ralska-Jasiewicsowa (Berglund, Ralska-Jasiewicsowa,
1986), analysis being undertaken in accordance with the method of K. Bennet and
K. Willis (Bennet, Willis, 2001). Used as the total amount of pollen (100%) was the total
of all pollen excluding pollen of aquatic plants, spores and charcoal particles (up to 25 p).
Spores and pollen were identified using a variety of keys (Erdtman, 1954; Faegri, Iversen
1974; Moore, Webb. 1978).

Analysis of plant macrofossils provides information about the quantity and
composition of aquatic plants during the time of deposition of a particular layer,
permitting the reconstruction of conditions in the basin (Birks, 2001). Since plant
remains such as seeds tend not to be transported very widely (Dieffenbacher-Krall, 2007),
they provide a basis for assessing local changes in the lake palaecoenvironment. Samples
for plant macrofossil analysis were obtained and prepared in accordance with standard
method (Birks, 2001), wet-sieving them with 25-micron sieve.

Analysis of metal composition provides information about pollution entering sedi-
ments from the surrounding environment and reveals information about environmental
changes (Birks, Birks, 1980; Oldfield et al., 2003; Yang, Rose, 2005). Analysis and pro-
cessing of such data provides a basis for assessing the impact of human activities. This
method employs the reaction with nitric acid, which dissolves the elements present in the
sediment sample (USEPA, 1996; Csuros, Csuros, 2002).

The analysis of metal composition was carried out by means of flame atomisation
using a PerkinElmer AAnalyst 200, determining the following elements: Na, Mg, K, Ca,
Fe, Mn, Co, Ni, Cu, Zn, Cd, Pb (Bengtsson, Enell, 1986; USEPA, 1996). Measurement of
Cr was carried out in an acetylene-N,O flame. In measuring absorption, a background
correction was applied.

Analysis of the biological composition of lake sediments essentially involves
determining the percentage representation of various systematic groups of remains in an
aqueous suspension of the lake sediments, as a result of which it is possible to characterise
the sediments (Wunsam et al., 1995; Lai et al., 2003; Beszteri, 2007). Various plant atlases
and keys were used for identifying microscopic remains in lake sediments (Katz et al.,
1977; Canter-Lund, Lund, 1995; Jankovska, Komarek, 2000; Serediak, Huynh, 2011).

Data processing was carried out using MS Excel 2007, TILIA, Bartington, CLAM,
ArcGIS 10 and PC-ORD 5. Data processing was followed by analysis, comparison and
interpretation.
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3. RESULTS AND INTERPRETATION

A multidisciplinary study was undertaken in order to facilitate accurate identification
in sediments of evidence of environmental changes and human impact during the time
of sediment accumulation, taking into account that the development of lakes and the
character of their sediments are influenced by a range of different factors (Wetzel, 2001).
The study included loss on ignition analysis, spore-pollen analysis, plant macrofossil
analysis, analysis of metal composition, statistical correlation of elements and analysis of

biological composition.

3.1. Research on the sediments of Lake Engure

Taking into account the large extent of the lake and the variation in the conditions
of deposition of sediments between different parts of the lake, samples were collected at

several sites in Lake Engure and in the overgrown area of the lake.

In core EE_11, at the southern end of the lake, significant changes in sediment
composition have been found precisely in the uppermost layers of the sequence, at a depth
of 20-0 cm (Fig. 3.1), where a rapid rise in carbonate content is observed (4.5-20%).
These changes relate to the digging of the Mérsrags Canal (1842), as demonstrated by

detailed ?'°Pb dating.
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Figure 3.1. Loss on ignition diagram for the sediments of Lake Engure, core EE_11.
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Analysis of the sediments of the overgrown southern end of Lake Engure (core EE_12)
indicates a rapid increase in organic matter starting from a depth of 87 cm, the depth at
which sandy gyttja began to accumulate at about 5700 cal BP. Carbonate content also
increases, while the amount of mineral matter decreases. This indicates lowering of the
lake level and the beginning of overgrowing in the shallowest bays. However, changes in
sediment composition higher up in the sequence indicate water-level fluctuation at about
5200-5000 cal BP, as well as 1900-1800 cal BP, when mineral matter in the sediment
increases, while the organic matter content falls to 20%. During the period of deposition
of the sediment in the upper interval of the sequence (23-0 cm), corresponding to the last
1300 years, organic matter content increases markedly, reaching 50-60%, which testifies
to overgrowing of the lake and development of fen.

In the spore-pollen diagram for the sediments of core EE_11, two local pollen zones
have been distinguished, based on the changes in pollen ratios and the rises and falls
in the pollen curves (Fig. 3.2). Tree pollen dominates throughout the sequence, with a
comparatively high proportion of pollen from broadleaved trees in zone I of core EE_11,
the quantity gradually decreasing. On the other hand, zone EE_11 II is characterised by
a higher level of birch Betula, pine Pinus, alder Alnus and spruce Picea pollen. Indicating
human impact is the presence of flax Linum and rye Secale cereale pollen. Rye pollen first
appears at 55 cm depth, with an unbroken curve from 40 cm depth, indicating that it
was grown in the environs of the lake approximately during the last 500 years, and more
intensively from about 200 years ago. This is also indicated by the presence of pollen of
cornflower. Flax pollen was found mainly in the lower part of the sequence, at a depth of
57-60 cm. The pollen spectra indicate the formation of a partially open mosaic landscape
about 300 years ago. The increase in the quantity of pollen of aquatic plants indirectly
points to an increase in aquatic plants during the time of deposition of the lake sediments,
which indicates intensification of the processes of eutrophication of the lake.

In the interpretation of the macrofossil data from core EE_11 evidence of earlier
studies on the vegetation of Lake Engure was also taken into account (Spuris, 1960;
Sabardina, 1968; Aunins u.c., 2000, Zviedre, 2001; Gavrilova u.c., 2005). Analysis of the
diagram indicates that the quantity of aquatic plant remains in the sequence increases
rapidly in the upper 20 cm (Figure 3.3).

The quantity of Characeae oogonia rapidly increases in the 10-5 cm interval. At the
present day 10 Characeae species have been found in the lake (Grinberga, Zviedre, 2013).
The plant macroremain diagram (Fig. 3.3) indicates intensification of eutrophication
processes in the upper sediments (20-0 cm from the surface of the sediments), brought
about by human activities, which is reflected in an increase in the diversity and quantity
of seeds of those aquatic plants that prefer nutrient-rich water-bodies.

Sediments deposits in an aquatic environment act as the major reservoir of metals
(Caccia et al., 2003) and as a source for identitying pollution (Adams et al., 1992; Burton,
Scott, 1992). Analysis of metal composition in the sediments of core EE_11 has identified
13 elements: Ca>Fe>Na>Mg>K>Mn>Zn>Cu>Ni>Cr>Pb>Co>Cd. These elements are
similarly represented in wetland plants (Silamikele, 2010).

The metal composition diagram (Fig. 3.4) indicates a rapid increase in the concentration
of elements in the upper 15 cm, except for Na and Mg, the values of which show a fall
(2819-46 and 3631-2440 mg/kg). The greatest fluctuations occur in the concentration of
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Ca from a depth of 26 cm to the present day (fluctuating between 6403 and 29353 mg/kg).
The measurement of Cr, Co, Ni and Cu shows an increase in the concentration of these
elements in the upper 20 cm. The Mn concentration in the sediments indicates a variable
rate of accumulation, with a trend of increasing values from a depth of 50-15 cm
(196-553 mg/kg), whereas values decrease sharply in the interval 15-4 cm (by ~300 mg/kg)
and then increase again in the upper 4 cm to over 400 mg/kg (Fig. 3.4).

In order to identify correlations between elements and assess the reasons behind
these regularities, statistical correlation was performed of the metal composition and
LOI results for the sediments of core EE_11. Fifty samples were correlated, which means
that a statistically significant result is [r| = 0.364 (Liepa, 1974). The following were found
to be positively linked: Pb-Cd-Zn-Cu-Ni-Co-Cr-Fe-K-KV. All of these elements show
a negative correlation with mineral matter, organic matter, Na and Mg. The positive
correlation between Na and Mg (r = 0.926) indicates that these elements are of natural
origin. Ca and Mg show no correlation with the other elements (Fig. 3.5).
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Figure 3.5. Statistically significant correlations of major elements and heavy metals (P > 0.01)
in the sediments of Lake Engure

Sediment composition is influenced by various factors, including remains of plants
growing in the lake and animal remains. Accordingly, biological analysis of the sediments
of Lake Engure was also undertaken. Most of the remains of vascular plants were too
decomposed to permit species determination. In the superficial sediments, to a depth of
25 cm, ostracod remains were found, which can preserve well in sediments (Siveter et al.,
2010). The proliferation of ostracods may be connected with changes in the sediments,
which became more carbonaceous and favourable for the development of ostracods after
the Mérsrags Canal was dug.

Diatoms are present in greatest quantity in this sequence of lake sediments, varying
from 20-30%. According to the biostratigraphical classification of sediments by N. Korde
(1960), the lake sediments may be identified as diatomaceous gyttja. The diatoms
identified in the superficial lake sediments include Melosira sp., Fragilaria sp., Navicula sp.,
Pinnularia sp., Cymbella sp, Gomphonema sp., Pleurosigma, Surirella, Cocconeis, Caloneis
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sp., Pleurosigma, Nitzschia sp., Cyclotella spp., Stauroneis and Asterionella formosa. The
main limiting factors for Melosira sp. are light and phosphorus (Kilham, 1990), and since
the concentration of phosphorus throughout the sequence is sufficiently high (Klavins
et al, 2012), this diatom taxon occurs throughout the sedimentary sequence. The taxa
Navicula sp. and Fragilaria sp. have a very wide ecological tolerance (Dam et al., 1994).
Nitzschia sp. occurs in the 50-25 cm depth interval, disappearing in the upper layers.
Nitzschia acicularis is considered an indicator of eutrophic lakes. The epiphytic algae
species found in Lake Engure, Fragilaria spp. and Cymbella spp., characterise the lake as
weakly eutrophic. Previous phytoplankton studies in Lake Engure, too, indicate a clear
water lake with a low degree of eutrophication (Spuris, 1960; Druvietis, 1996).

Cyanobacteria were also found in the sequence, with a dominance of Aphanothece
clathrata and Anabaena spp. in the interval 25-1 cm, with Gloeocapsa appearing at a
depth of 25 cm. Aphanothece clathrata indicates a low trophic state (Druvietis, 1997).
Anabaena is a toxic cyanobacterium, which proliferates as a result of eutrophication and
may be an indicator of eutrophic and hypertrophic lakes (Druvietis, 1997).

In addition to cyanobacteria, green algae were also found, likewise constituting 5% of
the biological composition of the sediments: Cosmarium sp., Scenedesmus sp., Tetraedron
sp., Staurastrum sp., Pediastrum sp. The presence of green algae, Staurastrum sp., in the
lake indicates sufficient organic matter, especially organic nitrogen, in the water-body
(Graham, Wilcon, 2000). Pediastrum boryanum is nowadays the most widespread of all
Pediastrum species. It is relatively insensitive to the trophic conditions in the lake, but is
likewise more common in eutrophic waters (Komarek, Jankovska, 2001).

3.2. Research on the sediments of Lake Babite

The sediments of Lake Babite have been studied on the basis of cores in the central
part of the lake. The loss on ignition diagram for core BE_2 shows significant changes in
the superficial sediments in the interval 7-0 c¢m, the percentage of carbonaceous matter
increasing to 15%, while the amount of organic matter decreases rapidly (from 42 to
25%). Such sharp changes are most probably connected with human impact, possibly
with regulation of the water level in the lake, which resulted in a change in the lithological
composition of the sediments from peaty gyttja to gyttja.

Spore-pollen analysis has been performed for the whole of the sediment sequence in
Lake Babite, analysing samples at 5 cm intervals, in addition to which detailed analysis
has been conducted, taking samples at 1-2 cm intervals in order to obtain more precise
information about changes in vegetation composition during recent centuries.

Spore-pollen analysis for the full Lake Babite sediment sequence reflects changes in
the environs of Lake Babite since the beginning of the spread of pine forest with birch,
alder and spruce prior to the Holocene Climatic Optimum up to the broadleaved forest
of the Climatic Optimum, replaced during the Late Holocene by mixed forest with a
significant proportion of spruce, most probably a localised phenomenon, since this is not
characteristic of sequences from the western shore of the Gulf of Riga. The comparatively
high proportion of herb pollen indicates a partially open mosaic landscape during the
whole time of accumulation of the sediments in this sequence.
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A spore-pollen diagram was compiled for core BE_2 in the central part of Lake Babite
(Fig. 3.6). The changes in tree pollen composition and the rises and falls in the pollen
curves in the sequence of superficial sediments do not show significant differences that
might permit local pollen zones to be distinguished. Based on herb pollen composition,
a zone may be distinguished in the interval from 36 to 6 cm, where the number and
diversity of taxa is greatest. In the diagram aquatic plant pollen is present throughout the
sequence, with a significant increase in the upper 13 cm.
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Figure 3.6. Percentage pollen diagram for superficial sediments in Lake Babite (core BE_2)

The results of plant macroremain analysis from Lake Babite core BE_2 reflect changes
in the composition of macroremains through the sediment sequence, indicating a low
lake level, and a fall in the quantity of macrofossils at the time of the Holocene Climatic
Optimum, pointing to a higher water level, related to the time of the Littorina Sea
transgression (Fig. 3.7). The presence of macroremains of Zannichellia palustris in the
upper layer of the sequence (10-5 cm) indicates seawater inflow into the lake and testifies
to water-level fluctuations.

In zone IV in the upper part of the plant macroremain diagram the quantity and
diversity of plant macroremains increases significantly, pointing to the intensification of
eutrophication and overgrowing processes.

Pollution can reach Lake Babite from the nearby highways and through the inlet into
the lake, the Gate, permitting part of the waters of the River Lielupe to flow through
the whole length of the lake since 1988, when the Varkali Canal was completed and the
River Spunnpupe dammed. In order to establish this, metal composition analysis was
undertaken on the sediments of Lake Babite in core BE_2. Metal composition changes
little in the 50-10 cm interval, whereas in the upper 5 cm the concentration of several
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elements increases, reaching maximum levels. The rapid increase in the concentration of
various metals (Co, Cu, Ni, Zn, Pb) in the superficial layers may be explained in terms of
through-flow in the lake as well as emissions.

Analysis of the biological composition of the sediments of core BE_1 in Lake Babite
shows a similar tendency to the plant macrofossil diagram, where a high concentration
of sedge remains (Carex lasiocarpa and Carex teretiuscula) in the upper 40 cm testifies to
intensive overgrowing of the lake.

Biological analysis of the sediments of Lake Babite indicates the presence of common
reed Phragmites australis in the sediments (40-0 cm depth), which was not indicated
by plant macrofossil analysis. This example demonstrates the necessity of using a variety
of methods for tracing palaecoenvironmental changes. In the superficial sediments, to
a depth of 30 cm, fragments of water soldier Stratiotes aloides (leaf margin teeth) were
found, which could indicate eutrophic conditions.

3.3. Research on the sediments of Lake Kanieris

Loss on ignition analysis of the sediments of Lake Kanieris cores KE_1, KE_2 and
KE_3 indicates that sediment composition and the rate of deposition have differed
between different parts of the lake, but that the trends in the deposition of the most
recent sediments are similar throughout the lake.

The loss on ignition diagram for sediment core KE_2 (Fig. 3.8) shows greater
fluctuations in sediment composition in the upper part of the sequence (above 45 cm).
The top of the sequence (17-0 cm) shows a rapid increase in carbonates.

Depth, cm

20 40 20 40 60

Carbonatic gyttja Gyttjia Fine-grained sand

20 40 60 80 100




198

Figure 3.8. Loss on ignition diagram for Lake Kanieris sediments (core KE_2)

The percentage spore-pollen diagram for Lake Kanieris core KE_1 indicates that
during the time of deposition of the upper 50 cm of sediment the lake was surrounded
by open mixed forest, because the whole diagram shows a high proportion of herbs,
dominated by pollen of wetland plants (Phragmites australis and Cyperaceae). Most
common in this interval is pollen of aquatic plants belonging to the Typhaceae and
Potamogetonaceae families, which grow mostly in stagnant and slowly-flowing waters.
Pollen of ruderal plants (Chenopodiaceae and common wormwood Artemisia vulgaris),
connected with artificially created or transformed biotopes (Behre, 1981, 1988; Rasins,
Taurina, 1982), was also present in the sediments.

The macroremains in the sediments of core KE_1 from Lake Kanieris included five
plant species that appear only in the superficial layers, above 20 cm: bulrush Scirpus
lacustris, sea clubrush Scirpus maritimus, hornwort Ceratophyllum demersum, sawtooth
sedge Cladium mariscus and bur-reed Sparganium sp.

The diagram for core KE_2 (Fig. 3.9) reflects the macroremain composition for the
sediments in the north-eastern part of Lake Kanieris, where the waters of the lake flow
to the sea along the Starpinupite stream. In the 50-45 cm depth interval seeds of horned
pondweed Zannichellia palustris were found in the lake sediments, a plant that generally
grows in brackish waters on mud or sand, as well as seeds (drupelets) of widgeongrass
Ruppia maritima. Seeds of these two plants were not found in the gyttja layer, which
indicates that there were changes in the salinity of the lake.
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Figure 3.9. Diagram of plant macroremains for the sediments of Lake Kanieris (core KE_2)
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Analysis of the metal composition diagrams for Lake Kanieris (KE_2, KE_3) revealed
intervals corresponding to lithological changes in the lake sediments and the LOI
results. In terms of absolute values, the sediments of Lake Kanieris may be ranged in
the following order: Ca>Mg>Fe>Mn>K>Na>Pb>Cu>Zn>Cd>Ni>Co. The relatively high
elemental concentration of Ca, Mg and Fe has been influenced by local processes and by
erosion in the environs of the lake. In the interval from 44 to 15 cm, along with changes
in lithology, the concentrations of alkali metals increase. In this interval K (1038 mg/
kg), Mg (14810 mg/kg), Cu (12 mg/kg), Cd (21.76 mg/kg) and Ni (8.6 mg/kg) reach
their maximum values. In the superficial layer (15-0 cm) the values of Fe decrease (from
9906 to 1811 mg/kg). The concentrations of Pb in the sediments fluctuate in the range
<1-17.4 mg/kg, showing an increasing trend in the upper 20 cm, although this is still
a low concentration (Klavin$ et al., 2011). Significantly greater concentrations of Pb
appear in the sediments of core KE_3, where its value throughout the sequence is almost
unchanging, ~35 mg/kg. Core KE_3 also shows much higher values of Co and Ni (mean:
4.2; 5.8 mg/kg).

Compared with those of the other lakes in the study, the superficial sediments of Lake
Kanieris show very high values of Ca and Mn. As in the study by Lepane et al. (2007),
this is presumed to be connected with the form CaCO,, the values of Ca and Mn being
influenced by local processes.

Biological composition has been analysed for the sediments of core Ke_1 in Lake
Kanieris, and the results indicate that the upper 30 cm of sediment consist mainly of
sand, calcite, Fe sulphides and detritus fragments, where plant remains constitute less
than 5%, constituting carbonaceous gyttja.

3.4. Research on the sediments of Lake Lilaste

The results of analysis of the sediments of core LE_2 in the central part of Lake Lilaste
shows quite invariable deposition in the depth interval 76-0 cm, with organic matter
varying around 40%, carbonates around 6% and mineral matter showing a mean of
23%. This may be connected with the depth of water in the central part of the lake, the
morphology of the lake basin and the lake surface area.

Analysis of the loss on ignition diagram (Fig. 3.10) for core LE_1, close to the shore,
indicates marked fluctuations, which may be explained in terms of annual flooding of the
lake across an area of almost 60 ha, inundating a belt 45 m wide on average, adjacent to
the lake (Meliorprojekts, 2007), but *°Pb dating of sediments would be required in order
to confirm this idea.

Plant macrofossil analysis was carried out for the sediments of cores LE_1 and LE_3,
close to the lakeshore, where submergent and floating aquatic plants characteristic of
eutrophic lakes nowadays occur (Engele, Sniedze-Kretalova, 2013a). In the upper 10 cm
of the lake sediments (core LE_1) idioblasts of water lily Nymphaea were identified,
indicating that water lilies grew in the lake, even though no seeds were found. Charcoal
fragments — one of the indicators of human impact — were found in small amounts
already at 65 cm depth, and were present in greater quantity starting from 45 cm. This
boundary coincides with the disappearance of pine bark fragments in the sediments.
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Figure 3.10. Loss on ignition diagram for the sediments of Lake Lilaste (core LE_1)

In the course of metal composition analysis of the sediments of Lake Lilaste
(LE_1) 13 elements were extracted, with absolute values in the following order:
Fe>Ca>Mg>K>Na>Mn>Zn>Pb>Cr>Cu>Co>Ni>Cd.

Elemental analysis of the superficial deposits of Lake Lilaste (upper 50 cm) indicates
a trend of increasing Cr concentration (16.5-22.6 mg/kg), with significant changes
occurring in the 35-10 cm depth interval. The concentrations of other heavy metals,
including Co, Ni, Cu and Zn, likewise show a tendency to increase from the base of
the sequence upwards. The sediments of Lake Lilaste contain a high concentration of
Fe (up to 52583 mg/kg, with a mean of 43813 mg/kg). In the sediments of Lake Lilaste
the concentration of Pb increases from the depth of 33 cm upwards, from 18.5 mg/kg to
35.7 mg/kg. The mean concentrations of Cd in the 29-22 cm depth interval are very high
(about 3 mg/kg), compared with mean Cd values, which are generally ~0.3 mg/kg. Such
rapid changes in Cd concentration could be an indicator of human impact in the lake
drainage basin.

Analysis of element concentrations showed that anthropogenic influence is observable
in the lake sediments. This could be because the drainage basin is acting as a funnel, with
the lake as a natural reservoir for material carried by the waters before it is washed out
to sea.

The composition of the lake sediments included a large quantity of diatoms (mean
35%) — Melosira spp. and Fragilaria spp. — which means that they can be classified in
biostratratigraphic terms as diatomaceous gyttja. In the uppermost layer of the lake
sediments (10-0 cm) Navicula, Nitzschia, Cymbella and Surirella diatoms were also found.
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3.5. Research on the sediments of Lake Ummis

Loss on ignition analysis of the sediments of Lake Ummis (core UE_2) indicates
abrupt environmental changes at 80, 35 and 20 cm depth (Fig. 3.11). The results show
that virtually no carbonates have accumulated in the lake; overgrowing of the lake is
clearly marked, occurring in the 80-35 cm interval, interrupted by the accumulation of
a sand layer (35-20 cm) above peaty gyttja. The formation of this sand layer in the lake
sediments may be explained in terms of human activities in the environs of the lake.
Subsequently, sandy gyttja began to be deposited on top of this layer, the admixture of
sand resulting from wind transport of sand grains from areas with degraded ground
cover. Later, with the regeneration of ground cover, diatomaceous gyttja accumulated.
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Figure 3.11. Loss on ignition diagram for the sediments of Lake Ummis (core UE_2)

Lake Ummis is a Lobelia-Isoétes lake. Both species were found to be present in the
course of macrofossil studies on cores UE_1 and UE_2 (Fig. 3.12). Four macrofossil
zones were distinguished in the macrofossil diagram for the sediments of Lake Ummis.

In macrofossil zone I nuts of trees and seeds of wetland plants accumulated, with
a very small amount of charcoal. In zone II the presence of Typha sp. (at 40-35 cm
depth) and Potamogeton seeds indicates overgrowing of the lake. In zone III the sand
layer interrupted the process of overgrowing, which created favourable conditions for the
growth and spread in the lake of lake quillwort Isoétes lacustris. The amount of charcoal
increases in the sediments of this interval, an indicator of human activity. In Zone IV,
along with an influx of nutrients, Characeae oogonia appear, as well as plants of species
not previously observed in the lake sediments, and the amount of charcoal increases.
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Figure 3.12. Plant macrofossil diagram for the sediments of Lake Ummis (core UE_2)

Since the lake is located in pine forest, with no settlements in the immediate

vicinity, it was initially expected that the concentration of heavy metals (with a density
greater than 5 g/cm’) would be minimal, but chemical analysis showed an increase in
the concentrations of heavy metals (Fe, Mn, Cr, Co, Ni, Cu, Zn, Cd, Pb). The increase

in

the Pb concentration in Lake Ummis, as in other lakes studied by the author, may

be explained in terms of the effect of vehicle exhaust gases, which in the conditions
pertaining in Latvia was the main source of Pb pollution (Klavins, 1996; Pacyna, 1987) up
to the time when its use in fuel as an anti-detonator was prohibited.

3.6. Research on the sediments of Lake Velnezers

Loss on ignition analysis has been performed on the upper 90 cm of the sequence

of deposits obtained from the central part of Lake Velnezers (core VE_1) (Pujate et al,,
2014). The results show a gradual reduction in organic matter from 90% at the base of
the sequence to 40% in the depth interval 11-0 cm. Carbonates are practically absent
(~1%), increasing slightly only in the upper sediments to 4.4%. Mineral matter at the
base of the sequence does not exceed 10%, gradually increasing to 57% in the interval
of the uppermost zone. The curves in the diagram indicate stable, gradually changing
conditions of deposition, with no pronounced fluctuations. In the macrofossil diagram
for Lake Velnezers (VE_1) the sediments in the 70-15 cm interval are richest in seed
remains of moisture-loving and wetland plants (sedges Carex, common spike-rush
Eleocharis palustris, common cottongrass Eriophorum angustifolium, toad rush Juncus
bufonius, compact rush Juncus conglomeratus, soft rush Juncus effusus and thread rush
Juncus filiformis). The highest numbers of charcoal fragments, testifying to human
activities, were observed in this interval (Pujate et al., 2014).
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The results of metal composition analysis of the sediments of Lake Velnezers show
that Pb dominates among heavy metals in the superficial deposits (reaching 137.0 mg/kg)
along with Zn (reaching 535 mg/kg). The metal concentration in the lake sediments
increases in the upper 15 cm, where, for example, the mean Ni concentration was
11.2 mg/kg, the concentration of Co was 3.2 mg/kg and the concentration of Cr was
22.0 mg/kg (Pujate et al.,, 2014). This increase in metal concentration in the uppermost
layers reflect human activities, because, compared with the metal composition data for
the lower sediment layers, the concentrations have increased threefold, which suggests
human impact on the sediments (Pujate et al., 2014).

Statistical correlation of the elements indicates (Fig. 3.13) that metal elements were
incorporated into the lake sediments along with mineral matter and carbonates through
atmospheric pollution and flow from the drainage basin of the lake. Urban pollution
largely takes the form of street dust (Alhassan et al., 2012), which pollutes the environment
with various elements (Zn, Fe, Cu, Pb, Mn). Since these elements in the sediments of
Lake Velnezers correlate among themselves, it may be thought that increased influx is
connected with the urban environment, because street dust generally consists of vehicle
exhaust particles (Pujate et al., 2014).
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Figure 3.13. Statistically significant correlations of major elements and heavy metals (P > 0.01) in
the sediments of Lake Velnezers.
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4. DISCUSSION

Since everything in nature is interrelated, in order to determine the factors affecting
the rate of deposition of lake sediments and their composition, various relationships
and influences need to be taken into account. Accordingly, in the course of the study,
sediments were analysed using a range of methods, in order to identify traces of human
activities in sediments in the study area.

The lakes chosen for study share practically one and the same mode of origin, and the
results obtained from sediment analysis show that the composition of the lake sediments
and changes in composition reflect similar trends. The findings of the study confirmed
the need for a multidisciplinary approach. For example, in the BE_2 pollen diagram for
Lake Babite the pollen spectra reflect vegetation composition during the time when the
upper 50 cm of sediment accumulated. In this interval the pollen of bulrushes Typha
forms an almost unbroken curve, testifying to the distribution of this plant during the
time of accumulation of the sediments and the development of processes of overgrowing
in the lake. This is also confirmed by the relatively high (40-45%) quantity of organic
matter in the sediments. At the same time, in the course of plant macrofossil analysis no
bulrush remains were found in this interval, even though a single raceme can produce
20,000 to 700,000 seeds (Grace, Harrison, 1986).

4.1. The reflection in the sediments of changes in lake-level and
overgrowing

Human intervention to regulate lake levels began already in the 19th century,
becoming more intensive in the 20th century. Accordingly, recent water-level fluctuations
in Lakes Engure, Babite and Kanieris could have had the most significant impact on
the ecology of the lakes and on sediment composition, as indicated by loss on ignition
and plant macrofossil analysis. However, there is variation in the character of water-
level changes and their intensity between different lakes, or even within particular large
lakes, such as Lake Engure. This is influenced by the characteristics of the lakebed and by
human activities. As a result, after the digging of the Mérsrags canal and the closing of the
natural outlet 175 years ago (Fig. 3.1) more carbonaceous material began to accumulate
in the sediments, in addition to which the quantity of plant macroremains increased. This
brought about a change in the water currents in the lake, influencing sedimentation.

The increase in carbonates in the superficial sediments of Lake Engure could be
connected with material washed in from the drainage basin, because nowadays the
biota adjacent to the lake is hypertrophically calciphyte in character (Priede, 2011).
It was initially thought that carbonates could have entered the lake with the waters of
the drainage basin and the River Dursupe that flows into the lake and is possibly fed
by groundwater from the Upper Devonian Salaspils Series. A study by M. Laivins et al.
(2012) has shown that the drained part of the bed of Lake Engure does in fact have a
carbonate-rich substrate.

As in the case of Lake Engure, the level of Lake Kanieris was also lowered through
the excavation of a 1.3-km-long canal (the Starpinupe), which cuts through dolomite to
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connect the lake with the Gulf of Riga. Based on the study of the sediments of Lake
Engure, indicating rapid deposition of carbonates in the sediments following the digging
of the canal, it is suggested that these changes followed a similar pattern in Lake Kanieris.
In Lake Kanieris, too, in core KE_2, located closest to the canal (Fig. 4.21), the carbonate
content increases rapidly (from 15% to 47%) (Fig. 4.24), most probably representing
accumulation following excavation of the canal. Thus, if we correlate accumulation in
the superficial sediments of the two lakes, we may suggest that the carbonates in Lake
Kanieris in the depth interval 17-0 cm began to accumulate at the turn of the 20th
century (Liimane, 1995). The other sediment sequences (KE_1 and KE_3) likewise show
an increase in carbonates, but the thickness of the carbonaceous gyttja layer formed after
lowering of the lake level differs.

The sediments of Lake Babite also show a rapid increase in carbonate content (from
5 to 15%) in the upper layer (7-0 cm), which may be explained in terms of the effect
of Varkali Canal, excavated in 1988. In the frame of this study the idea was originally
advanced that overgrowing of lakes will in all cases be reflected in the loss on ignition
results as an increase in organic matter. In fact, the findings of the study demonstrate that
overgrowing is mainly reflected in the results of plant macrofossil analysis, while the loss
on ignition results only reflect it in those cores taken near the shores of overgrowing lakes
(Lakes Lilaste and Ummis). For example, an unmistakeable rise in organic matter is seen
in loss on ignition analysis of the superficial sediments in the overgrowing part of Lake
Engure, where fen peat accumulated (Kalnina et al., 2012).

Plant macrofossil analysis provides a clear indication of lake overgrowing, reflected
in an increase in the quantity and species diversity of seeds of plants growing in shallow,
slowly flowing, nutrient-rich waters, along with an increase in the quantity of seeds of
damp-loving plants. This is seen, for example, in the macrofossil diagrams for Lakes
Engure and Babite, providing evidence of intensified eutrophication as a result of human
activities. Similar trends are observable in the change in macrofossil composition in
the sediments of Lake Velnezers, where remains of damp-loving and wetland plants are
identifiable in the 70-0 cm interval, including sedges, common spike-rush, common
cotton-grass, toad rush etc. Aquatic plants, on the other hand, are represented only by
least bur-reed, which generally grows in wetlands, ponds and streams; this indicates
intensive overgrowing of the lake. A greater concentration of charcoal fragments occurs
in this interval of the sediments, testifying to human activities in the drainage basin of
the lake, possibly with tree-cutting and burning.

In the plant macrofossil analysis of the sediments of Lake Babite the composition of
macroremains in the lower and upper layers of the sequence indicates a low water-level,
while at the time of the Holocene Thermal Maximum the concentration of macrofossils
decreases, corresponding to the higher sea level at the time of the Littorina Sea
transgression, the result of natural geological processes. Evidence of a low water level in
the uppermost layer of the sediments relates to human activities and lowering of the lake
level (Fig. 4.20). The presence of macroremains of Zannichellia palustris in the sediments
of Lake Babite (10-0 cm) indicates the existence of a connection between the lake basin
and the sea, also in the time of the freshwater lake, and points to water-level fluctuations
after the digging of the canal.
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One of the methods permitting identification of the trophic level at the time of
formation of the lake sediments is analysis of biological composition. This supplements
the data from plant macrofossil analysis and permits typological characterisation of lake
sediments (Korde, 1960). It has been established that the superficial sediment layers
of the lakes under study mainly consist of diatomaceous gyttja (Lakes Engure, Lilaste
and Ummis), peaty gyttja (Lakes Babite and Velnezers) or carbonaceous gyttja (Lake
Kapieris). Dominant in the diatomaceous gyttja of Lakes Engure, Lilaste and Ummis are
the genera Melosira, Fragilaria and Navicula. Diatoms belonging to these frequently also
dominate in lakes studied in neighbouring countries (Punning et al., 2004). The diatoms
found in lakes indicate a higher nutrient level in lakes, which could have been brought
about by eutrophication resulting from human activities and by increased precipitation
after the Holocene Thermal Maximum, which promoted the influx of nutrients into the
lake through increased surface drainage. But, since analysis of biological composition has
not been performed for the entire lake sediment monoliths, only for the superficial layers,
this question remains open. In Lake Ummis the presence of Nitzschia acicularis in the
superficial sediment layers indicates eutrophication. This species was also found in Lake
Lilaste (10-0 cm) and Lake Engure (25-20 and 40-35 cm).

The sediments studied in Lakes Babite and Velnezers were peaty, and diatoms
were present either in very low concentration or were absent altogether. Plant remains
predominated, but their composition differs in each particular lake. Dominant in the
superficial sediments of Lake Velnezers are Sphagnum and Hypnum moss, whereas sedges,
bulrushes, bogbean, water lilies and pine remains dominate in Lake Babite. The sediment
composition in Lake Kanieris was completely different: here the sediments consisted of
carbonaceous gyttja.

4.2. Changes in metal composition as a reflection
of human activities

In the study of lake sediment composition, one of the most conspicuous kinds
of evidence of human activity is the increase in the concentration of heavy metals. It
should also be borne in mind that through various biochemical reactions the sediment
can also influence water quality. This is most commonly observed in shallow lakes with
interaction between the water and sediments (Ryding, 1985; Bostrom et al., 1988). Apart
from this, lake sediments have a high potential for accumulating pollutants, because in
the hydrological cycle less than 1% of metals actually occur in dissolved form in the lake
water; more than 99.9% occur in the sediments (Salomons, 1998).

The results of the study did not show an increase in the concentrations of metals in
the superficial sediments of lakes, including Pb. The highest concentration of Pb in the
sediments (137 mg/kg) was found in Lake Velnezers, located within an urban area. This
is connected with the flow of surface water containing Pb into the lake and the presence
of roads, as well as atmospheric emissions. The sediments of lakes in rural areas also
show increased values of Pb, which may be caused by precipitation and by the use of
manure and artificial fertilizers (Briede, 1996; Walraven et al., 2013). Research has shown
(Williams, 1991) that these various causes lead to increased influx into lakes not only of
Pb, but also of Cu and Zn. This relationship is also revealed by the results of studies on
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lake sediments undertaken by the author (except in the case of Lake Kanieris), where
metal concentrations in the upper intervals are greater than the background level or the
natural metal content of sediments. Thus, if the lake sediment has accumulated under
natural conditions, without anthropogenic impact, then the enrichment factor for metals
should be 1 (Nef, 1987). If it is greater than 1, then there is some other source of influx,
attributable to human impact. Increased pollution leading to a more pronounced increase
in heavy metals in superficial sediments is seen in Lakes Engure, Lilaste and Velnezers,
where the enrichment factors (EF) for Pb are 12, 6 and 38, respectively, with lower values
for Lake Ummis, Babite and Kanieris — EF equal to 3, 2 and 1.3, respectively.

Atmospheric Pb pollution in lake sediments and the history of its accumulation have
been studied extensively in Europe (Renberg et al., 2000; Brannvall et al., 2001; Hakala,
Salonen, 2004; Garcia-Alix et al, 2013), but no such major historical study has so far
been carried out in Latvia. The study of metal composition in the upper interval of
the sediments, at 50-0 cm depth, showed an increase in Pb concentration during the
last ~150 years. As in Latvia, so too in neighbouring countries (Marzecova et al., 2011;
Paliulis, 2014) the greatest concentrations of heavy metals have been found in the upper
layers of the lakes that have been studied. In the Lake Engure sequence a pronounced
increase in heavy metals, and especially in Pb content, is observed approximately
110 years ago (15 cm), with low values observed in the sediment interval with an age
of 300 years (28 cm). In the sediments of Lakes Lilaste and Ummis an increase in Pb
is seen from a depth of 30 cm, and in Lakes Babite and Kanieris from 25 cm. Although
many heavy metals in sediments may be of natural origin, a significant increase in their
concentration and the occurrence of the highest values in the upper sediment layer
indicate that these metals have entered lake sediments as a result of human activities. The
highest concentrations of the heavy metals Co, Ni, Pb, Cd and Cr have been recorded
in the upper sediment layers (Klavins et al., 1995; Pujate et al., 2014). It has been found
in the study that the concentration of Cu is greater in lakes with peaty sediments (Lakes
Babite and Ummis), which may be explained in terms of the greater adsorption of Cu by
peat (Silamikele, 2010), whereas in the superficial sediments of Lake Velnezers an increase
in the concentration of Cu is connected more with human impact (Pujate et al., 2014).
The increased level of Cd (above 2 mg/kg) in the sediments of Lakes Babite, Lilaste and
Kanieris results from intensive agriculture in the drainage basin of the lake, because Cd
has been used in insecticides, fungicides and fertilizers. The increased concentration of
Cd in Lakes Ummis and Velnezers may be explained in terms of atmospheric pollution.
It is hard to explain why Lake Engure, which has agricultural land in its drainage basin,
shows Cd values below 0.6 mg/kg.

Analysis of metal composition diagrams leads to the conclusion that the metal
concentrations in the upper layers of the sediments of practically all the lakes exceed
their values in the deeper sediment layers. The high concentration of metals in the upper
layers points to increased human impact, characterised by the intensity of metal influx
and increased accumulation (Zerbe et al., 1999). However, in comparison with studies of
lake sediments elsewhere in the world, the study shows that pollution in the sediments of
the lakes along the coast of the Gulf of Riga is low. A similar conclusion, namely that the
concentrations of heavy metals in sediments are relatively low, was reached in a study by
M. Jankévica et al. (2012) on the ecosystems of lakes in Latvia populated by salmonids.
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4.3. Evaluation of the anthropogenic influence according
the lake sediment composition

Lake sediments as natural systems not only show a high degree of variability in terms
of changes in physical and chemical parameters across time and space, but also in the
flow of elements between these components (McClain et al., 2003).

In assessing the processes of accumulation of metals, the total metal content in sedi-
ments was considered, viewing it in relation to the results of loss on ignition analysis, ap-
plying principal component analysis (PCA) in order to identify relationships and distin-
guish between natural and human impacts. The concentration of the extracted elements
in sediments is generally connected with the mode of origin of lakes (Tuncer et al., 2001;
Loska, Wiechula, 2003), in addition to which it may be affected by human activities caus-
ing pollution (Lepane et al., 2007). Metals regarded as being of anthropogenic origin in-
clude: Pb, Cd, Ni, Co Cu, Zn and Mn (Yin et al., 2006). Metal content can vary within the
sediments of one lake and between different lakes, depending on the depth of the layer
and the lithology, so these quantitative indicators have been denoted in qualitative terms.

It was found in the course of PCA that the component scores for all six lakes under
study are statistically significant (p < 0.05) for the first four axes (Fig. 4.1). The first two
axes were utilised in the analysis, because these together explain 53.09%. Axis 1, which
explains 29.84% of the total variance of the sampling points, shows a significant positive
relationship between K (r = 0.78), Fe (r = 0.50), Mn (r = 0.50), Co (r = 0.72), Ni (r = 0.89),
Cu (r =0.74), Zn (r = 0.73) and Pb (r = 0.50). These elements correlate with one another
along the horizontal axis, which may be explained in terms of the lithological character
of the lake sediments; gyttja and carbonates are placed on the right hand side of the axis,
determined by organic matter and calcium carbonates. Ranged on the right hand side of
the axis are both silty gyttja and peaty gyttja sediments, where the quantity of mineral
matter and the concentrations of chemical elements play a major role. In the PCA,
sampling points 5_10 and 5_11 for Lake Ummis lie separate from the rest, indicating
the importance of organic matter during the time of formation of the sediments of this
lake. Sampling points 1_10 un 1_11 also stand apart on the left side of the axis, denoted
by code 3, indicating sandy sediments. The position of these points can be explained in
terms of their characteristics as carbonaceous sands formed in Lake Kanieris, where there
is dolomite close to the surface of the lakebed.

Axis 2 of the PCA explains 23.25% of the variance of the attributes of the lake
sediment samples. In this case we see a negative relationship between organic matter
(r = -0.66) and the extracted elements Cu (r = -0.50), Zn (r = -0.50) and Pb (r = 0.68),
whereas these attributes show positive relationships with carbonate matter (r = 0.50), Mn
(r=0.57), Ca (r = 0.62) and Mg (r = 0.58). Na and Cd did not show any correlation. The
vertical spread, along axis 2 of the PCA, may be explained in terms of eutrophication of
lake sediments and human impact. Axis 2 of the PCA shows inverse correlation of Ca and
Pb, based on the sediments in all of the lakes under study, as has also been observed in
the studies on the sediments of Lake Nommejarv (Marzecova et al., 2011).

Based on PCA, five groups of factors characterising the sediments may be
distinguished: 1) carbonate matter and Ca; 2) Mg, Mn and mineral matter; 3) K, Ni, Co
and Fe; 4) Cu, Zn and Pb; 5) organic matter. The first group of factors may be explained
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in terms of the presence of Ca in carbonates. The second group of factors is dependent
on the mineral content of the sediments, attracting Mg. The elements of the third group
of factors may be of natural or anthropogenic origin. Correlation between Ni and Fe is
characteristic of peat deposits in Latvia (Teirumnieka et al., 2010). On the other hand, Fe
and Ni are commonly also related to industrial activity and the long-distance transport of
pollutants (Percy, Borland, 1985). Correlation between Ni, Co and Fe also appears in the
study by S. Pradits et al. (2010) on the sediments of Lake Songkhla. The elements in the
second and third group of factors (Mn, Ni, Co, Fe) are known to correlate positively with
silt and clay (Selvam et al., 2012), as seen in the spread in terms of lithology along axis 1.

The fourth group of factors provides evidence of anthropogenic pollution in lakes
(Selvam et al., 2012), seen most distinctively in the case of the sediments of Lake Velnezers
(sampling points 6_1, 6_2, 6_3). The fifth group of factors is dependent on the organic
matter that constitutes gyttja.
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Figure 4.1. PCA of samples based on metal concentrations in lake sediments and LOI analysis
results, classed according to lithology. 1_1 — Lake Kanieris, 2_1 — Lake Lilaste, 3_1 - Lake
Babite, 4_1 - Lake Engure, 5_1 - Lake Ummis, 6_1 - Lake Velnezers. OV - organic matter,
KV - carbonates, MV - mineral matter. Lithology: 1 - gyttja, 2 — carbonaceous gyttja, 3 - sand,

4 - peaty gyttja, 5 - silty gyttja

Evidence of increased human impact is seen in all of the results obtained in the
analysis within this study, varying only in level and concentration. The changes in the
composition of metals, carbonates and organic matter as well as plant macroremains
and pollen in the superficial sediment layer identified in the course of multidisciplinary
research on lake sediments permit traces of human activities to be recognised directly or
indirectly and allow the Holocene-Anthropocene boundary to be tentatively identified.
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One of the most easily traceable indicators is the pronounced increase in the
concentration of heavy metals within the superficial sediment layer, testifying to an
increase in human impact during the last century. Likewise, research on the sediments of
Lake Nommerjarv in Estonia has shown an increase in heavy metal quantity since 1963,
the result of human impact (Marzecovad et al., 2011).

Direct evidence of human activities is also provided by pollen analysis of lake
sediments. In lake sediments the author has found pollen of cultivated herbs, reflecting
human activity. But this pollen was not found in large quantities in any of the lakes,
which would indicate the presence of agricultural land directly adjacent to the lake. The
most commonly identified pollen of cultivated plants was rye Secale cereale. Pollen of
other cultivated cereals, namely hemp Cannabis-type and buckwheet Fagopyrum, was
also found in lakes. It should be noted that pollen of ruderal plants was also found in the
sediments, indirectly testifying to human activities and human presence. In each lake the
quantity of such pollen and the depth at which it has been found differ, but it has been
identified in greatest quantity in the upper 50-30 cm of sediment.

In general the pollen diagrams show minor falls in the tree pollen curves, along with
rises and fluctuations in the curves for vascular plants in the upper 50-0 cm interval
of the sediment. This is most probably connected with an increase in human impact,
pointing to the influence of farming and the development of more open areas, including
meadows and pastureland. It is possible that these changes could be important for
distinguishing the most recent stratigraphic epoch, so far not yet officially confirmed -
the Anthopocene. Also pointing to human impact is the appearance of wood charcoal,
observed in macrofossil analysis of the upper sediments in Lakes Ummis and Velnezers.

One of the most clearly recognisable signs of human impact, which could tentatively
be taken as marking the lower boundary of the Anthropocene, is the pronounced increase
in the concentration of heavy metals, including Pb, in the superficial layers of all of the
lakes under study, which in the sediments of Lake Engure is dated to ~150 BP. According
to data from research on Lake Velnezers, the reflection of human activities is pronounced
in sediments accumulating 60-50 years ago, when intensive construction and road
traffic began in the area around Lake Velnezers. Accordingly, it may be concluded that
the Anthropocene boundary can indeed be recognised in the superficial layers of lake
sediments, however the level and precise timing may differ in relation to the location of
the particular lake as well as the history of human activity in its environs.

However, in the last centuries land-use and management in the drainage basins of the
lakes has influenced the geomorphological and hydrological conditions in many lakes
(Solimini et al., 2006), which can be clearly recognised in the lake sediments. As a result
of human impact, changes have taken place in the superficial sediments, and accordingly
carbonates began to accumulate in greater quantity (Lakes Engure, Babite, Lilaste and
Kapieris). On the other hand in small lakes we may observe sand deposition, which is
connected with the intensification of wind transport and dune migration, as a result of
ill-conceived economic activities (at Lake Ummis) as well as the levelling of dunes (at
Lake Velnezers). All of these humanly induced processes also cause changes, for example,
in the interaction between the elements flowing into the drainage basin, the lake inlets
and outlets, and the shore zone (Zaldivar et al, 2008).



211

CONCLUSIONS

In the course of research on the composition of the sediments of coastal lakes,
applying a set of multidisciplinary research methods, data has been obtained permitting
an assessment of environmental changes and the character of human impact during the
time of deposition of the superficial sediment layer (~50 cm) in lakes along the coast of
the Gulf of Riga.

»

Comparison of the research data on changes in the composition of lake sediments,
as indicated by loss on ignition analysis, leads to the conclusion that significant
changes are seen precisely in the uppermost sediment layer. In lakes where dolo-
mite occurs in the drainage basins (Lakes Engure, Kanieris and Babite) the quan-
tity of carbonates rapidly increases in the superficial sediment layer, something
that is connected mainly with the digging of canals, promoting the erosion and
accumulation of carbonates.

The results of the study permit the conclusion that the results of loss on igni-
tion analysis do not always reflect the overgrowing and eutrophication of lakes.
Generally, it is the results of plant macroremain analysis that testify to these pro-
cesses, supplemented with data on the biological composition of sediments.

The pollen spectra characterising the superficial sediment layer show no signifi-
cant changes in tree pollen composition, while the total pollen ratios indicate a
reduction in tree and shrub cover, along with an increase in herbs, most probably
connected with increased anthropogenic influence, possible forest cutting and the
formation of an open landscape. Also testifying to an increase in human impact
during the accumulation of sediment is the increase in plants of cultivated land,
ruderal pollen and charcoal dust.

The data obtained in the course of research on lake sediments indicates that the
overgrowing of lakes has intensified in recent centuries, evidenced by an increa-
sed concentration of plant macrofossils in the superficial sediment layer — inclu-
ding remains of protected species, namely sawtooth sedge Cladium mariscus,
spiny water nymph Najas marina and soft hornwort Ceratophyllum submersum.
The quantity and composition of plant macroremains in the lake sediments under
study differ between various locations in the lake, but an overall trend is seen,
where the quantity increases in the superficial layer also in the central part of
the lake, where macroremains are generally present in smaller quantities, which
leads to the conclusion that the processes of lake overgrowing have significantly
intensified.

Independent of the location of the lakes under study, an increased concentration
of heavy metals, in particular Pb, has been found in the composition of superficial
sediments, possibly connected with the inflow of surface waters containing Pb
into the lake and with regional atmospheric emissions.

Analysis of metal composition diagrams indicates that the concentration of heavy
metals in the uppermost layer of practically all the lakes markedly exceeds their
concentration in the deeper layers, although the concentrations are still low.
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» The data obtained of biological composition analysis of sediments permits to de-

termine the type of sediments and to conclude that the lakes under study indicates
a tendency of increased eutrophication. Frequently encountered in the superficial
sediment layer of Lakes Engure, Lilaste and Ummis is Nitzschia acicularis, an
indicator of eutrophic lakes.

Evidence of environmental changes and human impact in the superficial layers of
lake sediments allows identification of features characterising the Anthropocene,
including intensified overgrowing of lakes and changes in sediment composition
resulting from human activities. However, the evidence obtained is insufficient to
define and distinguish the Holocene-Anthropocene boundary.

Evaluation of the data obtained a multiproxy data of multidisciplinary research
methods has provided evidence of increasing human impact in the sediments of
all the lakes under study, regardless of whether they are located in a rural or an
urban environment.

The results of comprehensive research on the sediments of lakes along the coast of
the Gulf of Riga indicated that significant environmental changes have taken place in the
course of sediment accumulation during the recent centuries in particular, changes that
relate both to the influence of natural conditions and of human activities.

The aim of the dissertation, namely to trace changes in environmental conditions
during the time of formation of the superficial sediment layer in lakes along the coast
of the Gulf of Riga, has been achieved, based on data from multidisciplinary research,
indicating the impact of human activities on the conditions in which the sediments were
formed.
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