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IEVADS
Pétijuma aktualitate

Saldudens resursu kvalitate ienem svarigu vietu pasaul€. Ezeri ir izplatits ainavu elements
Latvija un visa Baltijas gréda. Pavisam Latvija ir 2256 ezeri, kas lielaki par vienu hektaru, kuri
atSkiras ne tikai péc izcelsmes, morfologijas, attistibas stadijas, bet arT péc lieluma, geologijas,
barosanas rezima, kimiskajiem un fizikalajiem parametriem, biologiskajiem organismiem
(Klavins et al., 2002). Lielaka dala Latvijas dzilo ezeru veidojuSies subglacialajas vagas
Dagdas, Feimanu, Vestienas, Vanemas, Bandavas paugurainé un Augszemes augstiené. Latgalé
ir vislielakais ezeru skaits, kas raduSies aizsprostojuma rezultata un ir saistiti ar morénu
saposmojumiem (Cimdins, 2001; Glazaceva, 2004; Klavins et al., 2002). Ievérojamai dalai
Latvijas ezeru ir salidzinosi neliela platiba, dzilums un tie galvenokart atbilst eitrofajam ezeru
tipam. Tie ir paklauti dazadas intensitates antropogénai ietekmei (Klavins et al., 2002). Ezeru
skaits, kam ir iegiits augstas tidens kvalitates statuss ir mazs. Saskana ar Ministru kabineta
noteikumiem Nr.118 (12.03.2002.) Noteikumi par virszemes un pazemes udenu kvalitati,
Latvija ir 26 ezeri, kas atbilst augstas kvalitates tideniem vai prioritarajiem laSveidigajiem
tdens ezeriem, pie kuriem pieder arT Sventes, Rica, Dridza un Geranimovas-Ilzas ezeri. Sie
noteikumi nosaka ka prioritarie zivju tdeni ir saldiideni, kurad Gdens aizsardzibai vai tdens
kvalitatei ir javeic uzlaboSanas pasakumi lai nodroSinatu zivju populacijai labveligus dzives
apstaklus. Lasveidigo tidens ezeros ir augstaki tidens kvalitates standarti, tapec lai novérotu to
ekologiskas kvalitates izmainas, tiem ir nepiecieSams pastavigs monitorings. Zooplanktonam ir
svariga loma vielu un energijas plisma tdenstilpés. Daudzas zooplanktona sugas, filtr&jot
baribu, mazina Udenstilpes eitrofikacijas sekas, jo kontrolé bakteriju un algu daudzumu
piedaloties Gidens biologiskas paSattirisanas procesa. Zooplanktons (ka pieméram, Cladocera),
ir svariga zivju mazulu un planktofago zivju baribas baze (Chang & Hanazato, 2004; Cimdins,
2001; Hebert, 1982; Malone & McQueen, 1983; Pinel-Alloul, 1995; Wetzel, 2001).
Zooplanktonam ka tidenstilpju primaras produkcijas (fito un bakterioplanktona) patérétajam ir
licla nozime pasattiriSanas procesu nodro§inasana. Zooplanktons var kalpot par ekologiska
monitoringa indikatoru, nosakot ezeru trofisko stavokli. Mérena klimata josla, kur ezeru
zooplanktona sugu sastava temporalas izmainas ietekm& daudzi faktori, zooplanktona ka
bioindikatora potencials ir loti augsts. Abiotiskie vides faktori ezera nosaka sugas esamibu vai
neesamibu, savukart, biotiskie faktori galvenokart nosaka zooplanktona cenozes populacijas
lielumu (Pinel-Alloul, 1995; Wetzel, 2001).

Zooplanktona cenoze ir dinamiska sist€ma, kura sugu sastavs var bitiski mainities
atkariba no sezonas un biotopa (Bertilsson et al., 1995; Beérzin§ & Pejler, 1989a; 1989b;
Malone & McQueen, 1983; Pinel-Alloul, 1995; Seda & Devetter, 2000). Kompleksi petijumi
Latvijas ezeros ir bijusi 20. gadsimta vidi un beigas (Line, 1963; Line, 1966; Vadzis et al.,
1976). Daudzi zooplanktona petijumi bija veikti galvenokart ar mérki izverteét zooplanktona
sabiedribas ka zivju baribas bazi (Kumsare & Gaile, 1960; Kumsare & Selkere, 1955;
Laganovska, 1961; Sloka & Sloka, 1955) un citu limnologisko pétijumu ietvaros (Ceirans,
2007; Latvijas ezeru sinoptiskais monitorings, 2002; Leinerte, 1988; Poikane et al., 2001;
Urtane, 1998). Ilgtermina un detalizétu datu par zooplanktona cenozu kvalitativo un
kvantitativo sastavu, taksonu savstarp&jo un sezonalo izmainu likumsakaribam, to saistibu ar
vides faktoru izmainam Austrumlatvijas dzilajos ezeros miisdienas nav.



Daphnia ir kluvusi ari par savdabigu konvergences modeli ar adaptivajam iezimém
radikali atskirigos biotopos un biezi ir izmantotas ka modelorganismi ekologiski genétiskajos
pétijumos (Colbourne & Hebert, 1996; Colbourne et al., 1997; Harris et al., 2012; Lubbock,
1857; Lynch & Spitze, 1994; Stark & Banks, 2003).

Molekulari genétiska monitoringa nolukos ir loti svarigi atrast piemérotakos genétiskas
struktiiras izp&tes markierus (Brede et al., 2006; Cousyn et al., 2001; De Meester et al., 1995;
Harris et al., 2005; Hellsten & Sundberg, 2000). Mikrosateliti jeb vienkarsas secibas, kas sastav
no secigu nukleotidu atkartojumu (lokusu) kopuma no 2 lidz 6 nukleotidiem un atkartojumu
skaitu aptuveni 20 lidz 60 nukleotidi. Atkartojumu skaits katra lokusa ir atsSkirigs, ka rezultata
aléles ir dazada garuma (Ellegren, 2004). Mikrosatelitu markieriem ir licla loma genétiskajos
petijumos tapéc, ka to lokusu veidi ir loti daudzskaitligi un izkaisiti pa visu genomu, lokusi
galvenokart atrodas nekod€joSos genoma regionos, lidz ar to tiem ir jabit selektivi neitraliem.
Tas sniedz iesp€ju izprast genétisko struktiiru Daphnia cucullata populacijam no dazadam
tdenstilpém (Colbourne et al., 2004; Frisch et al., 2014; Forest et. al., 2007; Haag et. al, 2010;
Palsson 2000). RAPD polimorfisma analize kalpo par atru genétiska polimorfisma noteik$anas
metodi. RAPD polimorfisms izpauzas ka noteikta garuma fragmentu klatbiitne vai trukums
genoma. RAPD markieri atSkiriba no mikrosatelitiem, lauj pétit visu genomu kopa, nevis
atseviskas ta dalas, jo tie ir izplatiti visa genoma (Williams et al., 1990). Sakara ar to RAPD
polimorfisma analizes metodi var pielietot zooplanktona sugu populaciju genétiskas mainibas
noteikSana un genétiskaja monitoringa, jo analizei pietiek ar nelielu daudzumu DNS materiala.
RAPD analize var kalpot par savdabigu ekspresmetodi genétiska polimorfisma atklasanai, jo
1pasi tas ir loti aktuali maz pétitam taksonomiskam grupam. Tomér, veicot taksonomiskas
interpretacijas ar kodola DNS markieriem, lielakas ieglito rezultatu ticamibas nolukos, ir
nepiecieSams izmantot vairakus markierus.

Sakara ar to, promocijas darba meérkis ir veikt ilgtermina kompleku pétjumu par
zooplanktona sugu sastava, cenozu struktiiras, sezonalas dinamikas un to ietekméjoso faktoru,
ka ari Daphnia cucullata populaciju plastiskuma un genétiskas daudzveidibas analizi Sventes,
Rica, Dridza un Geranimovas-Ilzas ezeros.

Zinatniska novitate

1. Noskaidrots Sventes, Rifa, Dridza un Geranimovas-Ilzas ezeru zooplanktona cenozu
kvalitativais un kvantitativais sastavs, taksonu savstarpgjo un sezonalo izmainu
likumsakaribas, to saistiba ar vides faktoru izmainam.

2. Pirmo reizi Latvija tika noskaidroti Daphnia cucullata populaciju genétiskas struktiiras
izpétes markieri un noskaidrota populaciju genétiska struktira izmantojot, RAPD un
mikrosatelitu lokusus.

Galvenas aizstaveSanai izvirzitas tézes

1. Zooplanktona cenozu kvalitativas un kvantitativas izmainas, to struktiira un dinamika
Sventes, Rica, Dridza un Geranimovas-llzas ezeros ir atkarigas no cenozu iecksgjas
mijiedarbibas, sezonalitates un vides faktoru izmainam.

2. Daphnia cucullata populaciju genétiskas struktiiras izp&tei ir iesp&jams izmantot kodola
DNS markierus no radniecigam sugam.



3. Izmantojot RAPD un mikrosatelitu lokusus, ir iespgjams noskaidrot Sventes, Rica, Dridza
un Geranimovas-llzas ezeru Daphnia cucullata populacijam genétisko struktiiru
monitoringa noltkos.

Promocijas darba merkis

Veikt kompleksu zooplanktona cenozu struktiiras, dinamikas un tas ietekmé&joso faktoru
analizi Sventes, Rica, DridZza un Geranimovas-Ilzas ezeros, un noskaidrot Daphnia cucullata
populaciju genétisko struktiiru, nosakot, piemérotakos gengtiskas struktiiras izp&tes markierus.

Promocijas darba mérka sasniegSanai bija izvirziti sekojosi uzdevumi:
1. Noteikt Sventes, Rica, Dridza un Geranimovas-Ilzas ezeru zooplanktona cenozu:
1.1. kvalitativo un kvantitativo sastavu;
1.2. iek$gjas mijiedarbibas un sezonalas likumsakaribas;
1.3. kvantitativo un kvalitativo sastava dinamiku saistiba ar vides faktoru izmainam;

2. Noskaidrot Sventes, Ric¢a, Dridza un Geranimovas-Ilzas ezeru zooplanktona sastopamajam
Cladocera taksonam Daphnia cucullata piemérotakos genétiskas struktiiras izpétes
markierus;

3. Noteikt Sventes, Ric¢a, Dridza un Geranimovas-llzas ezeros sastopamajam Cladocera
taksonam Daphnia cucullata genétisko daudzveidibu, izmantojot RAPD un mikrosatelitu
lokusu analizi.

Promocijas darba izstrade un rezultatu aprobacija

Promocijas darbs ir veidots ka disertacija. Promocijas darba galvenie rezultati ir
atspoguloti 9 zinatniskas publikacijas, 2 publikacijas konferencu pilna teksta rakstu krajumos
un 30 starptautisko zinatnisko konferencu t€z€s. Par promocijas darba galvenajiem rezultatiem
sniegti 21 starptautiska zinatniska konference un 3 vietgjas zinatniskas konferences.

Publikacijas starptautiski recenzéjamos zinatniskos Zurnalos, kas ieklautas Scopus datu
baze
Autora piemin&Sanas kartiba publikacija norada ta ieguldijumu pétijuma veiksana.

I.  Brakovska, A., Skute, N. 2023. Exploring the genetic diversity and population
structure of Daphnia cucullata Sars, 1862 in Boreal lakes (Latvian Lakeland) based on
microsatellites. Diversity, 15 (11) 1128.1-5.(Q2)

II. Brakovska, A., Paidere, J., Skute, R., Skute, N., Skute, A. 2013. Occurrence of
Cladocera and genetic diversity of Daphnia cucullata in pelagic zone of the Latvian
salmonid lakes. Estonian Journal of Ecology. Vol. 62 No.4. 244- 264. (Q4)

III. Brakovska, A., Skute, R., Skute, A. 2012. Heterogeneity of distribution and community
composition of zooplankton in upper layers of Lake Svente. Zoology and Ecology. Vol.
22 No.2-3. 172-180. (Q4)

IV.  Brakovska, A., Skute, R. 2009. Ecological evaluation of zooplankton groups in Lake
Geranimovas-Ilzas and Lake Garais. Proceedings of the 7™ International Scientific and
Practical Conference Environment. Technology. Resources. Vol. 2: 43- 50.



Publikacijas starptautiski recenzéjamos zinatniskos Zurnalos, kas ieklautas Web of
Science datu baze (Biological Abstracts/ BIOSIS Previewes/Zoological Record)
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Acta Biologica Universitatis Daugavpiliensis. Vol. 20 No.1. 71 — 94.
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distribution and location in composition of zooplankton cenosis in Lake Dridzis. Acta
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2. MATERIALI UN METODES
2.1. Pétijuma teritorija

Materials zooplanktona cenozu sastava un molekulari genétiskajiem pétjjumiem tika
ievakts Cetros Austrumlatvijas dzilajos ezeros, kuri pieder pie dziliem, labi caurredzamiem
mezotrofiem un mezoeitrofiem Latvijas ezeriem (Urtane, 1998). Izvelétie ezeri ir salidzinosi
lidzigi ar1 péc to morfometriskajiem raditajiem un ir ieklauti prioritaro zivju tdenu ezeru
saraksta (2002. gada 12. marta Ministru kabineta noteikumi Nr.118). Ezeru raksturojumi un
atraSanas vietas ir atspogulotas 2.1.1.tabula un 2.1.1.att€la (Brakovska, 2014; Brakovska et al.,
2012a; Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al., 2013; Brakovska &
Skute, 2017; Brakovska & Skute, 2013; Brakovska & Skute, 2023; Brakovska & Skute, 2007;
Brakovska & Skute, 2009; Brakovska et al., 2012).
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2.1.1.attels. Sventes, Rica, Dridza un Geranimovas-Ilzas ezeru atraSnas vieta
(kartes autors: E.Ilisko)

2.1.1.tabula
Sventes, Ri¢a, Dridza un Geranimovas- Ilzas ezeru morfometriskie un ekologiskie parametri
Ezers Koordinates Ezeru Virsmas | Virsmas | Maksim | Videjais | Sateces | Krasta
XY augstums platiba platiba alais dzilum, | baseins, | linija,
virs jiras ar bez dzilums, m km? km
Iimena,m salam, salam, m
km? km2
Dridzis 705390.852/ 159,8 7,72 7,56 64 12,8 46 42
208462.077
Rica 670715.594/ 145,8 13,12 13,07 397 9,7 123"/13 34
175721.067 51.9 0
Svente 647412.511/ 136,9 7,06 7,03 38 7,8 20 26
192388.091
Geranimovas | 696251.015/ 150,7 3,17 3,17 46 9,8 66 24
-llzas 228167.042

* Dzilums Latvija, savukart maksimalais dzilums atrodas Baltkrievija- 51.9 m; ™ Sateces baseins Latvijas teritorija;
*** Sateces baseins Baltkrievijas teritorija. (Eipurs, 1995; Tidrikis, 1997; Tidrikis, 1998; Urtane, 1998; Ezeri.lv

Datubaze)
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2.2. Zooplanktona paraugu ievakSana un apstrade zooplanktona cenoZu
sastava un molekulari genétiskajiem pétijjumiem

Lai varétu giit pec iespgjas pilnigaku priekSstatu par pasreiz€jo zooplanktona sugu
sastavu to savstarp&jo mijiedarbibu, mijiedarbibu ar dazadiem vides faktoriem, ka arT vienas no
izplatitakajam Cladocera sugdm- Daphnia cucullata vietu un lomu zooplanktona sugu sastava
Sventes, Ri¢a, Dridza un Geranimovas- Ilzas ezeros, paraugi tika ievakti vairaku gadu garuma,
aptverot pavasara, vasaras un rudens sezonu. ParaugoSanas vietas tika izveletas ta, lai tas péc
iesp&jas vairak atspogulotu ezera biotopu dazadibu.

Zooplanktona paraugi Sventes un Dridza ezera tika vakti no 2007. - 2011. gadam, no
maija Iidz septembrim, dazadas ezeru vietas. Sventes ezera kopa ievakti un izskatiti 275
zooplanktona paraugi, bet Dridza ezera kopa ievakti un izskatiti 100 zooplanktona paraugi.
Savukart, Ri¢a un Geranimovas-Ilzas ezera no 2007. - 2011. gadam vienreiz sezona, t.i. vasara,
kopa katra ezera ievakti un izskatiti 45 zooplanktona paraugi (Brakovska, 2014; Brakovska et
al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al., 2013; Brakovska
& Skute, 2007; Brakovska & Skute, 2009; Brakovska et al., 2012).

Lai konstatétu paraugosanas vietas ezeros un atzimétu $o vietu geografiskos punktus, tika
izmantots ehelots ar GPS uztvéerégju LOWRANCE LMS 522c. Ezeru paraugoSanas vietu kartes
tika sagatavotas ar ArcGIS 10 aplikaciju, par pamatu izmantojot Latvijas Geotelpiskas
informacijas agenttras (LGIA) 2005. gada sagatavotas ortofoto kartes méroga 1:10 000.

Zooplanktona paraugu ievaksana ezeru dazadas vietds tika izmantots DENMARK
Apsteina tipa planktona tikls (acs izmérs 65 pm), bet ezeru dzilakajas vietas Hydro-bios
Apsteina tipa planktona tikls ar atv@rSanas-aizverSanas mehanismu (acs izmérs 64 pm). Ievacot
paraugus ar DENMARK Apsteina tipa planktona tiklu, zooplanktona paraugi tika ievakti
aptuveni 0,5 - 1 m dziluma, izfiltr&jot 100 | Gdens. Savukart, ar Hydro-bios ApSteina tipa
planktona tiklu, tika izfiltréts Gidens stabs, kas izcelts no ezera dziluma lidz virspusei ezera
dzilakaja vieta. legiita kop€ja parauga tilpums bija apméram 200 — 250 ml. Ievaktais materials
tika fikséts ar 37 - 40 % formaldehida Skidumu, rezultata iegiistot, 4 % zooplanktona paraugu
koncentraciju (APHA, 2005; Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al.,
2012b; Brakovska et al., 2020; Brakovska et al., 2013; Brakovska & Skute, 2007; Brakovska &
Skute, 2009; Brakovska et al., 2012; Wetzel & Likens, 2000).

Daphnia cucullata paraugi molekulari genétiskajiem pétijumiem tika ievakti vienlaicigi
ar zooplanktona cenozu sastava pétijumu paraugiem. Sventes un Dridza ezera kopa ievakti un
identificéti Daphnia cucullata Tpatni molekulari genétiskajiem pétijumiem no 50 zooplanktona
paraugiem, bet Rica un Geranimovas-Ilzas ezera kopa ievakti un identificéti Daphnia cucullata
ipatni no 45 zooplanktona paraugiem. levaktais materials tika konservéts un uzglabats 70 -96%
spirta (Brakovska et al., 2013; Brakovska & Skute, 2017; Brakovska & Skute, 2013;
Brakovska & Skute, 2023; Harris et al., 2005; Hellsten & Sundberg, 2000; Schwenk et al.,
1998).
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2.3. Zooplanktona cenoZu sastava taksonomiska analize

Zooplanktona paraugu kvalitativa un kvantitativa analize tika veikta izmantojot ZEISS
Primo Star gaismas caurejo$o mikroskopu (100 - 400x palielinajums). Paraugu kamerala
apstrade tika veikta ar Griddad Sedgewick skaitamas kameras palidzibu, kuras tilpums ir 1 ml.
Pavisam tika izskatiti 6 ml (1 ml x 6) no katra parauga apakstilpuma (Wetzel & Likens, 2000).
Iesp&ju un zinasanu robezas zooplanktona organismi tika noteikti 1idz sugai, gintij vai dzimtai,
izmantojot sekojoSus noteicgjus: Benzie, 2005; Dagg, 1977; Dumont, & Negrea, 2002; Dussart
& Defaye, 2001; Einsle, 1996; Flossner, 1972; Flossner, 2000; Flossner, 2002; Hudec, 2010;
Kotov, 2006; Krauter & Streble, 1988; Lieder, 1996; Nogrady & Segers, 2002; Paidere & Skute,
2011; Pontin, 1978; Radwan et al., 2004; Rivier, 1998; Ruttner-Kolisko, 1974; Scourfield &
Harding, 1994; Segers, 1995; Segers, 2007; Sloka, 1981; Smirnov, 1996; AnekceeB &
Hanoxun, 2010; KyrukoBa & Crapoboraros, 1977; Kyrukopa, 1970; Manyiinosa, 1964;
Onpenenurens 3oomiankrona... 2010; Onpenenurens mpecHOBOAHBIX... 1995. Zooplanktona
organismu individuala biomasa tika iegiita no literatiras avotos pieejamas informacijas
(Bottrell et al., 1976; Ruttner-Kolisko, 1977; Kucunes, 1956) (Brakovska, 2014; Brakovska et
al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al., 2013; Brakovska
& Skute, 2017; Brakovska & Skute, 2013; Brakovska & Skute, 2023; Brakovska & Skute, 2007;
Brakovska & Skute, 2009; Brakovska et al., 2012).

2.4. DNS izdaliSana un izdalita DNS kvantitates un kvalitates noteik§ana no Daphnia
cucullata ipatniem

DNS izdaliSana tika veikta modificjot Fitzsimmons un Innes (2005) un Harris et al.
(2005) piedavatas universalas (‘“salting-out”) DNS izdaliSanas metodikas. DNS paraugu
kvalitate un koncentracija tika parbaudita ar spektofotometra BioSpec- Nano (Shimadzu, Japan)
palidzibu péc absorbcijas koeficienta Azco230 un Aazeonso, ka ari, veicot iegiito paraugu gélu
elektroforézi uz 1,5 % agarozes gela (Brakovska et al., 2013; Brakovska & Skute, 2017;
Brakovska & Skute, 2013; Brakovska & Skute, 2023; Harris et al., 2005).

2.5. RAPD-polimerazes kédes reakcijas (RAPD-PKR) apstakli un produktu Daphnia
cucullata ipatniem vizualizéSana géla elektroforéeze

Veicot RAPD praimeru aprobaciju, tika iztesteti piecdesmit pieci vienkarS$i nejausu
secibu dekanukleotidu praimeri (RAPD) atrai DNS polimorfo fragmentu amplifikacijai no A, B,
C un F komplektiem (Carl Roth, Germany). Katra komplekta ietilpst 20 vienkarsi
dekanukleotidu praimeri ar gadijuma nukleotidu secibam (Carl-Roth). Talakam pétijjumam tika
atlastti tikai septini praimeri no komplekta A (OPA-02; OPA-03; OPA-05; OPA-09; OPA-10;
OPA-12; OPA-13), tris primeri no komplekta B (OPB-03; OPB-07 OPB-08), divi primeri no
komplekta C (OPC-11; OPC-20) un viens primeris no komplekta F (OPF-10), kas
amplifikacijas gaita deva labus atkartojamus un informattvus DNS fragmentus visas p&tamajas
Daphnia cucullata populacijas (2.5.1.tabula). Katra amplifikacijas reakcijas s@rija, lai
parbauditu reakcijas precizitati, tika ieklauta gan pozitiva, gan negativa kontrole (paraugs bez
DNS) (Brakovska et al., 2013; Brakovska & Skute, 2013). PKR sinteze tika veikta, izmantojot
Eppendorf Mastercycler® proS (Eppendorf, Hamburg, Germany) un GeneAmp® ABI 9700
(Applied Biosystems) PKR sist€émas.
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2.5.1.tabula

Daphnia cucullata RAPD- PKR analiz€ izmantoto praimeru raksturojums

Praimeris Praimera sekvence Polimorfo. DNS lokusu
5'53' garumu diapazons (bp)

Roth A-02 TGC CGA GCT G 600 - 3000

Roth A-03 AGT CAGCCAC 800 - 3000

Roth A-05 AGG GGT CTTG 1000 — 3000

Roth A-09 GGG TAA CGCC 1000 — 3000

Roth A-10 GTGATCGCA G 900 — 3000

Roth A-12 TCG GCG ATA G 900 — 3000

Roth A-13 CAGCACCCAC 1000 - 3000

Roth B-03 CAT CCCCCTG 900 — 3000

Roth B-07 GGT GACGCA G 800 —3000

Roth B-08 GTC CAC ACG G 1200- 3000

Roth F-10 GGA AGCTTGG 500 —3000

Roth C-11 AAA GCT GCG G 600 - 3000

Roth C-20 ACTTCG CCAC 700 - 3000

Lai veiktu RAPD-PKR sinté€zi Daphnia cucullata ipatniem, tika izveléts sekojoss
amplifikacijas reZims: denaturacija- 94°C 3min; 46 cikli: 94°C 20 s (denaturacija), X °C 40°C
30s (praimeru piesaistiSana jeb atkv€linasana), 72°C 1 min (sint€ze); 72°C 10 min; 4°C
(atdzeseSana). Pec amplifikacijas lidz paraugu analitiskai sadaliSanai agarozes g€la, PKR
paraugi tiek glabati ledusskapt (4°C). Lai parliecinatos par RAPD - PKR fragmentu
amplifikacijas precizitati, DNS paraugu amplifikacija ar katru praimeri tika atkartota trTs reizes.
Talakam pétijumam tika atlastti tikai tie praimeri, kas amplifikacijas gaita deva labus
atkartojamus un informativus DNS fragmentus visas p&tamajas Daphnia cucullata populacijas.

Analizei elektroforéze tika izmantots viss RAPD-PKR produkts. RAPD — PKR fragmenti
tika frakcionéti 1,4 % agarozes gela (Sigma-Aldrich) TBE buferskiduma (0.045M Tris, 0.001M
EDTA, 0.045M H3;BOs;, pH 8.3-8.4). RAPD-PKR fragmentu izméru identific€Sanai tika
izmantots DNS markieris (GeneRuler™ 100bp DNA Ladder Plus) (MBI Fermentas, Vilnius,
Lithuania). Ampifikacijas produkti ar noteiktu praimeri g€la tika frakcionéti péc lieluma ka ir
(1) vai nav (0) attiecigas molekulmasas fragments, kas atspogulo gené&tiskas variacijas starp
populacijas 1patnu kloniem (Hellsten & Sundberg, 2000; Grosberg et al., 1996). DNA
fragmenti ar Iidzigu mobilitati tika uzskatiti par identiskiem. legtitos PKR produktus
vizualiz€jam ultravioletaja gaisma (BioSpectrum Imaging System; UVP, UK), bet fragmentu
izm@rus noteicam salidzinot tos ar markieri, izmantojot datorprogrammu VisionWorksLS
(Ultra-Violet Products Ltd, UK)(Brakovska et al., 2013; Brakovska & Skute, 2013).
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2.6. Mikrosatelitu-polimerazes kédes reakcijas apstakli un produktu Daphnia
cucullata ipatniem vizualizéSana kapilara elektroforeze

Mikrosatelitu analiz€ tika izmantota krosamplifikacija ar radniecigiem praimeriem no
tuvu radniecigdm Daphnia cucullata sugam (Daphnia galeata, Daphnia rosea, Daphnia
hyalina (Brede et al., 2006)). Veicot mikrosatelitu praimeru optimizaciju Daphnia cucullata
populaciju genétikas p&tijumiem, tika izmantoti devini mikrosatelitu praimeru pari (tiesais un
reversais), kur viens no tiem bija fluorescgjosSi-4 markéets. MarkéSana tika izmantotas tris
fluoriscentas iezimes TMR (dzeltena), HEX (zala), FAM (zila). Talakiem Daphnia cucullata
populaciju genétikas petijumiem, tika izmantoti se$i mikrosatelitu praimeri (SwiD1; Dgm105;
Dgm101; DaB17 / 17; Dgm109; Dp519), kuri deva labus atkartojamus un informativus DNS
fragmentus visas pétamajas Daphnia cucullata populacijas. PKR sintéze tika veikta, izmantojot
Eppendorf Mastercycler® proS (Eppendorf, Hamburg, Germany) amplifikatoru. Lai veiktu
mikrosatelitu-PKR sinte€zi Daphnia cucullata Tpatniem, tika izvelets sekojoSs amplifikacijas
reztms: denaturacija- 98°C 5 min; 40 cikli: 98°C 5s (denaturacija), X °C vai 55°C 10s (praimeru
piesaistiSana jeb atkv€linasana), 72°C 20s (sint€ze); 72°C 1min; 4°C (atdzes€Sana). Lidz
paraugu analitiskai sadaliSanai PKR paraugi tiek glabati ledusskapi (4°C). Paraugu analitiska
sadaliSana notika ar sekvenatora GeneScan®Analysis ABI PRISM 3100 (Applied Biosystems,
Foster City, CA, USA), izmantojot GeneScan ™ 500 LIZ® izméru standartu palidzibu. Talakai
mikrosatelitu polimorfisma analizei tika atlasiti seSi praimeri, kuri amplifikacijas rezultata deva
labus atkartojamus un informativus DNS fragmentus visas pétamajas Daphnia cucullata
populacijas (2.6.1.tabula) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

2.6.1.tabula
Daphnia cucullata mikrosatelitu- PKR analiz€ izmantoto mikrosatelitu praimeru raksturojums
Lokuss Praimera sekvence (5'-3") Atkartojumi Fragmentu
garumi
(bp)
SwiD1 F:GCCGTGTTCGAAAGCTAGTC (TG)18 116 — 142
R: AGCCGAACGAAAAACATGC
Dgm105 F:ATGTGAGCGCGCGAGCATTT (CAG)gAG 172 -197
R:GTCCAGCCGGCCCATTTCAGTT
Dgm101 F: TCTTGCTCGAATTCTCTCC (GA)IOAGA 162 - 177
R: CCTGTCTCACACGGAGC
DaB17/17 | F:GAGAACCTTTTATCAGCTTCG T9 100 - 109
R:ACTCATCTGGTGAGATGGATC
Dgm109 F: CCAGCTGTTGACCACCTG (ACC)7AC 247 - 266
R: TGCGCGAGGATTTCCAACAC
Dp519 | FFAGTCGCGACGACATAAAGC (TG),(GA), 144 - 160
R:GTGGTAGTTGTGGAATCCG
DaB10/15 | F:FAGAGAAGTGTTTGCGTTTC TCs 75 -89
R:TGTTTCCTATATCCCTCGG
Dp512 F:-TTTCGTTCTACCCAGGGAAG (TG)4...(GT)s 125 - 141
R:TTTGCTCGTCTGTGATAGGC
DaB17/16 | F: AGGGAACGAGCGGCGATAAG GAio 189 - 195

R:TCTTTGGCAGGCCACTGCCAAGG
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2.7.  Udens fizikali kimisko parametru noteik§ana

Udens fizikali-kimisko parametru mérijumi Sventes, Ri¢u, Dridza un Geranimovas-Ilzas
ezeros tika veikti laika posma no 2006. gada Iidz 2011. gadam vasaras sezonas laika,
vienlaicigi ar zooplanktona paraugu ievaksanu sugu daudzveidibas un Daphnia cucullata
patnu genétiska polimorfisma noteik$anai, ar idens mérfjjumu daudzparametru zondi HACH®
DS5. Ar zondi tika iegiti tdens temperaturas °C, pH, elektrovaditsp&jas pS cm, iz§kiduso
vielu kopéja daudzuma g 1!, izs8kidusa skabekla daudzuma mg 1!, iz8kidusa skabekla daudzuma
procentos %, a-hlorofila pg 17!, dulkainibas NTU, oksidé$anas reducé$anas potencidla
mérfjumus mV pa vienu iedomatu liniju (Brakovska, 2014; Brakovska et al., 2012a; Brakovska
et al., 2012b; Brakovska et al., 2020; Brakovska et al.,. 2013; Brakovska & Skute, 2007;
Brakovska & Skute, 2009; Brakovska et al., 2012).

2.8. Datu statistiska apstrade

Sventes, Ricu, Dridza un Geranimovas-llzas ezeru zooplanktona cenozu struktiiras
analizei tika izmantots to skaitliskais raksturojums (organismu skaits m, biomasa g, taksonu
skaits), Senona - Vinera (Shannon-Wiener) sugu daudzveidibas indekss (H) (Krebs, 1999;
MacArthur, 1965; Margalef, 1958; Schwerdtfeger, 1975; Shannon, 1948; Wolda, 1981;
Tepemenko et al, 1994; Jle6eneBa et al., 2004). Zooplanktona daudzuma un biomasas
aprékinasana veikta atbilsto$i standartmetodém (APHA, 2005; Wetzel & Likens, 2000), kas
plasak ir izklastitas manas publikacijas (Brakovska, 2014; Brakovska et al., 2012a; Brakovska
et al., 2012b; Brakovska et al., 2020; Brakovska et al.,. 2013; Brakovska & Skute, 2007;
Brakovska & Skute, 2009; Brakovska et al., 2012).

Statistiska datu apstrade un analize, lai noskaidrotu limnologisko un citu vides faktoru, un
biologisko parametru likumsakaribas, tika veikta ar SPSS Statistics 20, Canoco for Windows
4.5. (Brakovska, 2014; Brakovska et al., 2020; Gotelli & Ellison, 2004; Leps & Smilauer, 1999;
Quinn & Keough, 2002).

Balstoties uz RAPD-PKR fragmentu (lokusu) klatbiitni (1) vai trikumu (0) starp Daphnia
cucullata Tpatniem, tika rékinats bazu paru lidzibas- Dice koeficients (S) (Hellsten & Sundberg,
2000; Krebs, 1999; Schwenk et al., 1998). Péc RAPD analizes tika noveértéta génu pliisma starp
populacijam (Nei, 1987; Slatkin & Barton, 1989), novértéts populaciju genétiskas
diferenciacijas koeficients (Nei, 1987), genétiskas distances (D) (Nei, 1978), geografiskas
distances (GD) un Senona (Shenon) indekss (I) (Lewontin, 1972), izmantojot GENALEX 6
(Peakall & Smouse, 2006) datorprogrammu (Brakovska et al.,. 2013).

Savukart, peéc mikrosatelitu analizes, iegiitie dati interpretéti ar Gene Scan Analysis
Software datorprogrammu, kur savukart, talak analizéti ar GENALEX 6 (Peakall & Smouse,
2006) datorprogrammas palidzibu. P&c mikrosatelitu analizes tika novértéts kopg€jais genétiska
polimorfisma Itmenis, polimorfo lokusu skaits, vid€jais noverotais Hobs un sagaidamais Hexp
(pec Hardija-Veinberga) heterozigotates Ilimenis polimorfos lokusos (Nei, 1973), al€lu
sastopamibas biezums, noveéroto (Na) un efektivo (Ne) al€lu skaits lokusa, privatal€les katra
populacija (Nei, 1987), vidgjais alelu skaits lokusa. Gen&tiska diferenciacija starp populacijam
tika noveértéta péc galveno komponentu analizes (PCA), Fsr vértibas. Populaciju genétiska
lidziba tika novértéta ar Neja (Nei, 1978) genéctiskas distances (D) indeksa palidzibu
(Brakovska & Skute, 2023; Brakovska & Skute, 2017).
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3. REZULTATI
3.1. Zooplanktona taksonu sastavs, dinamika un Daphnia cucullata vieta taja

Sventes, Ric¢u, Dridza un Geranimovas-llzas ezeru zooplanktona cenozu taksonu skaits
un sastavs pa gadiem un sezonam varigja (3.1.1.; 3.1.2.; 3.1.3.; 3.1.4. tabula) (Brakovska, 2014;
Brakovska et al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al.,
2013; Brakovska & Skute, 2007; Brakovska & Skute, 2009; Brakovska et al., 2012). Daphnia
cucullata (Cladocera) miisu pétitajos ezeros bija sastopama visos gados visas sezonas laika,
atSkiras tikai tas skaitliskais sastavs. Tomer visos pétitajos ezeros lielakais taksonu skaits bija
Rotifera grupa, tai sekoja Cladocera un Copepoda grupas (3.1.1.; 3.1.2.; 3.1.3.; 3.1.4. tabula).
Analizgjot ievaktos zooplanktona paraugus pa ezeriem tika konstatéts, ka vislielaka
zooplanktona taksonu sastava daudzveidiba tika novérota DridZza un Sventes ezeros, kur
attiecigi 72 zooplanktona taksoni tika identificéti Dridz1 (3.1.3. tabula) un 69 zooplanktona
taksoni Sventes ezera (3.1.1. tabula). Savukart, 47 taksoni tika identificéti Rica ezera (3.1.2.
tabula) un 43 zooplanktona taksoni Geranimovas-llzas ezera (3.1.4. tabula). P&titajos ezeros
tika noskaidroti arT kopigie zooplanktona taksoni pa paraugu vakSanas gadiem, attiecigi Dridz1
- 25, Rica - 21, Geranimovas-Ilzas — 14 un Sventes ezera 19 (3.1.1.; 3.1.2.; 3.1.3.; 3.1.4. tabula).

3.1.1.tabula
Zooplanktona sugu sastavs Sventes ezera no 2007. Iidz 2011. gadam
Sug.u Sugas (taxoni) IevakSanas laiks Kopigas
skaits 2007 | 2008 | 2010 | 2011 sugas

39 ROTIFERA 14 19 34 30 12

1 Ascomorpha ecaudis Perty, 1850 + + + + +

2 Ascomorpha ovalis (Bergendal, 1892)

3 Ascomorpha saltans saltans Bartsch, 1870

4 Asplanchna priodonta Gosse, 1850 + + + +

5 Brachionus angularis Gosse, 1851 +

6 Brachionus sp. Pallas, 1766 +

7 Brachionus urceolaris Miller, 1773 +

8 Cephalodella gibba (Ehrenberg, 1832) + +

9 Collotheca sp. Harring, 1913 +

10 fgg;)chilus (Conochilus) hippocrepis (Schrank, N N N N N
1 Conochilus (Conochilus) unicornisRousselet, N N

1892

12 Conochilus sp.Ehrenberg, 1834 +

13 Euchlanis dilatata Ehrenberg, 1832 + +

14 Euchlanis sp. Ehrenberg, 1832 +

15 Filinia longiseta (Ehrenberg, 1834) + + +

16 Gastropus stylifer (Imhof, 1891) + + + + +
17 Kellicottia longispina Kellicott, 1879 + + + + +
18 Keratella cochlearis Gosse, 1851 + + + + +
19 Keratella quadrata Miiller, 1786 + + + + +
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Sug.u Sugas (faxoni) IevakSanas laiks Kopigis
skaits 2007 | 2008 | 2010 | 2011 sugas

20 Lecane ludwigii (Eckstein, 1883)
21 Lecane luna (Miiller, 1776) + + + +
22 Lecane lunaris (Ehrenberg, 1832) +
23 Lecane sp. (Nitzsch, 1827) +
24 Ploesoma hudsoni (Imhof, 1891) + + +
25 Ploesoma lenticulare Herrick, 1885 +
26 Polyarthra dolichoptera 1delson, 1925 + + +
27 Polyarthra major Burckhardt, 1900 + + +
28 Polyarthra vulgaris Carlin, 1943 + + +
29 Pompholyx sulcata Hudson, 1885 + + +

30 Rotatoria sp. Scopoli, 1777 + +

31 Synchaeta kitina Rousselet, 1902 +

32 Synchaeta pectinata Ehrenberg, 1832 +

33 Synchaeta tremula (Miiller, 1786) +

34 Testudinella patina (Hermann, 1783) +

15 Trichocerca capucina (Wierzejski & Zacharias, N N N N N

1893)

36 Trichocerca cylindrica (Imhof, 1891) +

37 Trichocerca rousseleti (Voigt, 1902) +

38 Trichocerca similis(Wierzejski, 1893) +

39 Trichotria pocillum (Miiller, 1776) +

20 CLADOCERA 7 10 14 15 5
1 Acroperus harpae (Baird, 1835) +

) Bosmina (Eubosmina) crassicornis Lilljeborg N N N N N

1887

3 If’;);igz)zna (Bosmina) longirostris (O. F. Miiller, N N N N N
4 Bosmina (Eubosmina) coregoni Baird, 1857 +

5 Bosmina (Eubosmina) longispina Leydig, 1860 + + +

6 Bythotrephes longimanus Leydig, 1860 +

7 Ceriodaphnia pulchella Sars, 1862 + + +

8 Ceriodaphnia quadrangula (O.F Miiller, 1785) +

9 Ceriodaphnia rectangula (Jurine, 1820) + + +

10 Chydorus ovalis (Kurz, 1875) + +

11 Chydorus sphaericus (O. F. Miiller, 1776) +

12 Daphnia (Daphnia) cristata Sars, 1862 +

13 Daphnia (Daphnia) cucullata Sars, 1862 +

14 1D7a§76h)nia (Daphnia) longispina (O. F. Miiller, N N N

15 Daphnia longispina hyalina (O.F. Miiller, 1775)

16 Diaphanosoma brachyurum (Liévin, 1848) + + +
17 Leptodora kindtii (Focke, 1844)
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Sug.u Sugas (taxoni) IevakSanas laiks Kopigas
skaits 2007 | 2008 | 2010 | 2011 sugas
18 Polyphemus pediculus (Linnaeus, 1758) + +
19 Scapholeberis mucronata (O. F. Miiller, 1776)
20 Sida crystallina (O. F. Miiller, 1776)
10 COPEPODA 2 3 9 8 2
1 Cyclops scutifer G.O.Sars, 1863 +
2 Cyclops sp. Miiller, 1785 + +
3 Eudiaptomus gracilis (G.O. Sars, 1863) + +
4 Eudiaptomus graciloides(G.O. Sars, 1863) + +
5 Limnocalanus macrurus G.0O.Sars., 1863 + + +
6 Megacyclops sp. Kiefer, 1927 + +
7 Megacyclops viridis (Jurine, 1820) + +
8 Mesocyclops leucarti (Claus, 1857) + +
9 Thermocyclops crassus (Fischer, 1853) + +
10 Thermocyclops oithonoides (G.O.Sars, 1863) + +
Copepodite + +
Nauplii + +
69 Kopa 23 32 57 53 19
3.1.2.tabula
Zooplanktona sugu sastavs Rica ezera no 2007. 1idz 2011. gadam
IevakSanas laiks -
ssl::l gl:ls Sugas (taksoni) Ii‘:ll;lf:s
2007 2010 2011
22 ROTIFERA 19 16 16 13
1 | Ascomorpha ecaudis Perty, 1850 + +
2 Ascomorpha ovalis (Bergendal, 1892)
3 Ascomorpha saltans saltans Bartsch, 1870
4 Asplanchna priodonta Gosse, 1850 + + +
5 (Csocizl(izle;(l’ui 8((?30)nochilus) hippocrepis N N N N
6 Conochilus (Conochilus) unicornisRousselet, N N N N
1892
7 Filinia longiseta (Ehrenberg, 1834) +
Gastropus stylifer (Imhof, 1891) + + + +
9 Kellicottia longispina Kellicott, 1879 + + + +
10 | Keratella cochlearis Gosse, 1851 + + + +
11 | Keratella quadrata Miiller, 1786 + + + +
12 | Ploesoma hudsoni (Imhof, 1891) + +
13 | Polyarthra major Burckhardt, 1900 + + +
14 | Polyarthra remata Skorikov, 1896
15 | Polyarthra vulgaris Carlin, 1943 + + +
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IevakSanas laiks

ssl::l gl:ls Sugas (taksoni) Ii‘:::fjs
2007 2010 2011
16 | Pompholyx sulcata Hudson, 1885 + + +
17 | Rotatoria sp. Scopoli, 1777
18 | Synchaeta tremula (Miiller, 1786)
19 Testudinella patina (Hermann, 1783)
20 ; i;ié:;t;ci‘z:’ccllgcggucina (Wierzejski & N N N N
21 Trichocerca cylindrica (Imhof, 1891)
22 | Trichocerca similis(Wierzejski, 1893) + +
16 CLADOCERA 14 9 9
| Bosmina (Eubosmina) crassicornis Lilljeborg N N N N
1887

) ll\i/loijli?elzal gliz;*mma) longirostris (O. F. N N N N
3 Bosmina (Eubosmina) coregoni Baird, 1857 +
4 ng;gu’na (Eubosmina) longispina Leydig, N N N N
5 Bosmina (Eubosmina) reflexa Seligo, 1907 +
6 Bythotrephes longimanus Leydig, 1860 + +
7 Ceriodaphnia affinis Lilljeborg, 1900 +
8 Ceriodaphnia pulchella Sars, 1862 + +
9 Ceriodaphnia reticulata ( Jurine, 1820) + +
10 | Ceriodaphnia sp. Dana, 1855 +
11 | Daphnia (Daphnia) cristata Sars, 1862
12 | Daphnia (Daphnia) cucullata Sars, 1862 + +
13 Daphnia (Daphnia) longispina (O. F. Miiller, N

1776)
14 | Diaphanosoma brachyurum (Liévin, 1848) +
15 | Leptodora kindtii (Focke, 1844) +
16 | Polyphemus pediculus (Linnaeus, 1758) +
9 COPEPODA 2 6 6
1 Cyclops sp. Miiller, 1785 + + +
2 Eudiaptomus gracilis (G.O. Sars, 1863) + + +
3 Eudiaptomus graciloides(G.O. Sars, 1863) + +
4 Limnocalanus macrurus G.0O.Sars., 1863 +
5 Megacyclops viridis (Jurine, 1820) +
6 Mesocyclops leucarti (Claus, 1857) +
7 | Mesocyclops sp. Kiefer, 1927 +
8 Thermocyclops crassus (Fischer, 1853) +
9 Thermocyclops oithonoides (G.O.Sars, 1863) +

Copepodite +

Nauplii +
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IevakSanas laiks

ssl:; gl:ls Sugas (taksoni) Ii‘:ll:f:ls
2007 2010 2011
47 Kopa 35 31 31 21
3.1.3.tabula
Zooplanktona sugu sastavs Dridza ezera no 2007. Iidz 2011. gadam
IevakSanas laiks _
ssl:; gl:ls Sugas (taksoni) Ii‘:ll;lf:s
2007 2010 2011
35 ROTIFERA 20 27 25 15
1 Ascomorpha ecaudis Perty, 1850 + + + +
2 | Ascomorpha ovalis (Bergendal, 1892) + +
3 Ascomorpha saltans saltans Bartsch, 1870 + +
4 | Asplanchna priodonta Gosse, 1850 + +
5 Brachionus angularis Gosse, 1851 +
6 Brachionus calyciflorus Pallas, 1766 +
7 Brachionus quadridentatus Hermann, 1783 +
8 (Csocr}zltizzf(l’uig((%o)nochilus) hippocrepis N N N N
9 Conochilus (Conochilus) unicornisRousselet,
1892 + + + +
10 | Conochilus sp.Ehrenberg, 1834 +
Ll | Euchlanis dilatata Ehrenberg, 1832 +
12 | Filinia longiseta (Ehrenberg, 1834) + + + +
13 | Gastropus stylifer (Imhof, 1891) + +
14 | Kellicottia longispina Kellicott, 1879 + +
15 | Keratella cochlearis Gosse, 1851 + +
16 | Keratella quadrata Miiller, 1786 + +
17 | Lecane luna (Miiller, 1776) +
18 | Lecane lunaris (Ehrenberg, 1832) +
19 | Monommata longiseta (Miiller, 1786) +
20 | Mpytilina mucronata (Miiller, 1773) +
21 | Ploesoma hudsoni (Imhof, 1891) +
22 | Polyarthra dolichoptera Idelson, 1925 +
23 | Polyarthra major Burckhardt, 1900 + +
24 | Polyarthra remata Skorikov, 1896
25 | Polyarthra sp. Ehrenberg, 1834 +
26 | Polyarthra vulgaris Carlin, 1943 +
27 | Pompholyx sulcata Hudson, 1885 +
28 | Synchaeta pectinata Ehrenberg, 1832 +
29 | Synchaeta sp. Ehrenberg, 1832 + + +
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IevakSanas laiks

ssl::l gl:ls Sugas (taksoni) Ii‘:ll:f:s
2007 2010 2011
29 | Synchaeta tremula (Miiller, 1786)
30 | Testudinella patina (Hermann, 1783)
31 | Testudinella truncata (Gosse, 1886)
32 | Trichocerca capucina (Wierzejski &
Zacharias, 1893) i i " '
33 | Trichocerca cylindrica (Imhof, 1891)
34 | Trichocerca similis(Wierzejski, 1893) + +
35 | Trichotria pocillum (Miiller, 1776)
21 CLADOCERA 9 19 16 8
L | Acroperus harpae (Baird, 1835)
2 | Alonella nana (Baird, 1843)
3 Bosmina (Eubosmina) crassicornis Lilljeborg
1887 + + + +
4 Bosmina (Bosmina) longirostris (O.F.
Miiller, 1776) " " " "
5 Bosmina (Eubosmina) coregoni Baird, 1857 + +
6 f’gzg’tina (Eubosmina) longispina Leydig, N N N N
7 Bosmina (Eubosmina) reflexa Seligo, 1907 +
Ceriodaphnia affinis Lilljeborg, 1900 + +
9 | Ceriodaphnia pulchella Sars, 1862 + +
10 | Ceriodaphnia rectangula (Jurine, 1820) +
11 | Ceriodaphnia reticulata ( Jurine, 1820) +
12 | Ceriodaphnia sp. Dana, 1855 + +
13 | Chydorus ovalis (Kurz, 1875) + +
14 | Chydorus sphaericus (O. F. Miiller, 1776) + +
15 | Daphnia (Daphnia) cristata Sars, 1862 + +
16 | Daphnia (Daphnia) cucullata Sars, 1862 + +
17 | Daphnia (Daphnia) longispina (O. F. Miiller
> 56) (Daphnia) longispina ( , N N N N
18 | Diaphanosoma brachyurum (Liévin, 1848) + + + +
19 | Leptodora kindtii (Focke, 1844) +
20 | Macrothrix laticornis (Jurine, 1820) +
21 | Polyphemus pediculus (Linnaeus, 1758) + +
16 COPEPODA 2 16 10 2
1 Acanthocyclops sp. (Kiefer, 1927) +
2 | Cyclops scutifer G.0O.Sars, 1863 +
3 | Cyclops sp. Miiller, 1785 + + +
4 | Cyclops strenuus Fischer, 1851 +
5 | Cyclops vicinus Ulyanin, 1875 +
6 | Eucyclops sp. Claus, 1893 +
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IevakSanas laiks _
ssl:; gl:ls Sugas (taksoni) Ii‘:ll;lf:s
2007 2010 2011
7 Eudiaptomus gracilis (G.O. Sars, 1863) + + + +
8 Eudiaptomus graciloides (G.O. Sars, 1863) + +
9 Eurytemora lacustris (Poppe, 1887) + +
10 | Heterocope apendiculata G.O. Sars, 1863 + +
11 | Megacyclops sp. Kiefer, 1927 +
12 | Megacyclops viridis (Jurine, 1820) +
13 | Mesocyclops leucarti (Claus, 1857) +
14 | Mesocyclops sp. Kiefer, 1927 +
IS | Thermocyclops crassus (Fischer, 1853) + +
16 | Thermocyclops oithonoides (G.O.Sars, 1863) + +
Copepodite + +
Nauplii + +
72 Kopa 31 62 51 25
3.1.4.tabula
Zooplanktona sugu sastavs Geranimovas-Ilzas ezera no 2007. lidz 2011. gadam
Ievaksanas laiks
Sug.u Sugas (taksoni —
skaits - ) 2007 | 2010 | 2011 Ii‘:lpg'f:s
22 ROTIFERA 18 14 13 11
1 Ascomorpha ecaudis Perty, 1850 + + +
2 Ascomorpha minima Hofsten, 1909
3 Ascomorpha ovalis (Bergendal, 1892) +
4 Ascomorpha saltans saltans Bartsch, 1870
5 Asplanchna priodonta Gosse, 1850 + + +
6 Conochilus (Conochilus) hippocrepis (Schrank, N
1803)
7 Conochilus (Conochilus) unicornisRousselet, N N
1892
Filinia longiseta (Ehrenberg, 1834) + + + +
9 Gastropus stylifer (Imhof, 1891) + + + +
10 Kellicottia longispina Kellicott, 1879 + + + +
11 Keratella cochlearis Gosse, 1851 + + + +
12 Keratella quadrata Miiller, 1786 + + + +
13 Lecane sp. (Nitzsch, 1827) +
14 Polyarthra major Burckhardt, 1900 + + +
15 Polyarthra remata Skorikov, 1896
16 Polyarthra sp. Ehrenberg, 1834
17 Polyarthra vulgaris Carlin, 1943 + +
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Ievaksanas laiks
sskl; gl:ls Sugas (taksoni) Kopigas
2007 2010 2011 sugas
18 Pompholyx sulcata Hudson, 1885 + + + +
19 Synchaeta sp. Ehrenberg, 1832
20 1T ;igcgt)ocerca capucina (Wierzejski & Zacharias, N N N N
21 Trichocerca similis(Wierzejski, 1893) + + + +
22 Trichocerca sp. Lamarck, 1801
12 CLADOCERA 8 5 7 3
1 Bosmina (Bosmina) longirostris (O. F. Miiller, N
1776)
2 Bosmina (Eubosmina) longispina Leydig, 1860 +
3 Bythotrephes longimanus Leydig, 1860
4 Ceriodaphnia affinis Lilljeborg, 1900 +
5 Ceriodaphnia sp. Dana, 1855 +
6 Chydorus sphaericus (O. F. Miiller, 1776)
7 Daphnia (Daphnia) cristata Sars, 1862
8 Daphnia (Daphnia) cucullata Sars, 1862
9 Daphnia (Daphnia) longispina (O. F. Miiller, N N
1776)

10 Daphnia (Daphnia)sp. O. F. Miiller, 1785
11 Diaphanosoma brachyurum (Liévin, 1848) + + + +
12 Leptodora kindtii (Focke, 1844)
9 COPEPODA 2 8 8 1
1 Cyclops scutifer G.O.Sars, 1863
2 Cyclops sp. Miiller, 1785 + +
3 Eudiaptomus gracilis (G.O. Sars, 1863) +
4 Eudiaptomus graciloides(G.O. Sars, 1863) + +
5 Eurytemora lacustris (Poppe, 1887) + +
6 Megacyclops viridis (Jurine, 1820) + +
7 Mesocyclops leucarti (Claus, 1857) + +
8 Thermocyclops crassus (Fischer, 1853) + +
9 Thermocyclops oithonoides (G.0O.Sars, 1863) + +

Copepodite + +

Nauplii + +
43 Kopa 28 27 28 14

Sventes ezera paraugos visos petijuma gados, visas paraugoSanas vietas, kopigie taksoni
Rotifera grupa bija Ascomorpha ecaudis, Asplanchna priodonta, Conochilus hippocrepis,
Gastropus stylifer, Kellicottia longispina, Keratella cochlearis, Keratella quadrata, Lecane
luna, Polyarthra major, Polyarthra vulgaris, Pompholyx sulcata un Trichocerca capucina.
Kopigie Cladocera grupas taksoni visas paraugu nemSanas vietas bija Daphnia cucullata,
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Bosmina crassicornis, Bosmina longirostris, Daphnia cristata un Diaphanosoma brachyurum,
bet Copepoda grupa Cyclops sp. un Eudiaptomus gracilis (3.1.1. tabula).

Rica ezera paraugos visos pétijuma gados, visas paraugosanas vietas, kopigie taksoni
Rotifera grupa bija Ascomorpha ecaudis, Asplanchna priodonta, Conochilus hippocrepis,
Conochilus unicornis, Gastropus stylifer, Kellicottia longispina, Keratella cochlearis,
Keratella quadrata, Polyarthra vulgaris, Pompholyx sulcata, Trichocerca capucina un
Trichocerca similis. Cladocera grupas kopigie taksoni visas paraugu nemsSanas vietas bija
Bosmina crassicornis, Bosmina longirostris, Bosmina longispina, Diaphanosoma brachyurum
un Leptodora kindtii, bet Copepoda grupa tapat ka Sventes ezera Cyclops sp. un Eudiaptomus
gracilis (3.1. 2. tabula).

Dridz1 Rotifera grupas kopigie taksoni visam paraugoSanas vietam bija Ascomorpha
ecaudis, Ascomorpha saltans, Asplanchna priodonta, Conochilus hippocrepis, Conochilus
unicornis, Filinia longiseta, Kellicottia longispina, Keratella cochlearis, Keratella quadrata,
Polyarthra vulgaris, Pompholyx sulcata un Trichocerca capucina. Cladocera grupas kopigie
taksoni Dridz1 visas paraugu nemsSanas vietas bija Daphnia cucullata, Bosmina crassicornis,
Bosmina longirostris, Bosmina longispina, Chydorus sphaericus, Daphnia cristata, Daphnia
longispina un Diaphanosoma brachyurum, bet Copepoda grupa netika konstatéti kopigi
taksoni (3.1.3. tabula).

Geranimovas-Ilzas ezera Rotifera grupas kopigie taksoni visam paraugoSanas vietam bija
Ascomorpha ecaudis, Asplanchna priodonta, Filinia longiseta, Gastropus stylifer, Kellicottia
longispina, Keratella cochlearis, Keratella quadrata, Polyarthra major, Pompholyx sulcata,
Trichocerca capucina un Trichocerca similis. Cladocera grupas kopigie taksoni Geranimova-
llzas ezera visas paraugu nemsSanas vietas bija Daphnia cucullata, Daphnia cristata un
Diaphanosoma brachyurum, bet starp Copepoda- Cyclops sp. (3.1.4. tabula).

Zooplanktona grupas taksoniem bija arT acimredzama sezonalitate ar [idzigam tendencém

Cladocera skaita izmainas bija gluzi pretéjas. Maija sugu skaits bija neliels (3.1.2. att€ls), bet
lIidz julijam pieauga, augusta gandriz nemainigs vai nedaudz palielingjas, bet septembri
uzradija ievérojamu samazinajumu. Copepoda skaits (3.1.3. att€ls) bija lidzigs Rotifera
skaitam, maija pieauga, tad junija samazinajas, julija atkal pieauga, augusta uzradija
samazinasanos un septembr1 atkal palielinajas (Brakovska et al., 2012b).

Izanalizgjot visas taksonu sastava izmainas pa sezonam, vislielakais taksonu skaits tika
noverots maija un jinija, jilija sakuma tas uzradija strauju samazinajumu, tad jilija beigas un
augusta sakuma taksonu skaits atkal saka palielinaties. Savukart, septembr1 taksonu skaits saka
pakapeniski samazinaties.
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3.2.  Daphnia cucullata mijiedarbiba ar citiem zooplanktona taksoniem un fizikali
kimiskajiem parametriem

Izp&tot un izanalizgjot pétito ezeru fizikali kimiskos parametrus, var secinat, ka pétijuma
veikSanas laika pa gadiem un ezeriem tie biitiski nemainas. P&tito ezeru vid€ja caurredzamiba
bijja 5,27 m (max 7,5 m, min 3,15 m), vasara ezeri labi stratificéti. Temperatiira zem
metalimniona bija robezas no 9 1idz 10 °C un hipolimniona dzilajos slanos no 4 Iidz 5 °C.
Izskidusa skabekla koncentracija bija mainiga atkariba no sezonas un dziluma. Piem&ram,
iz8kidusa skabekla daudzums svarstijas no 0,63 mg L' (hipolimnija) lidz 9,20 mg L
(epilimniond), bet sezonas laika no 3,09 Iidz 7,03 mg L. Udens fizikali kimiskajiem
parametriem bija tendence 1idz ar dzilumu pazeminaties (3.2.1. tabula).
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3.2.1. tabula
Pétito ezeru fizikali kimisko parametru vidgjie raditaji

Ezers Svente Rica Dridzis Geranimovas-Ilzas
Parametri minimalic |maksimalie| minimalie | maksimalic| minimalie | maksimalie| minimalie |maksimalie
Tdens temperatira (C) | 59 15,5 105 185 5 16,7 72 8,5
pH 6,5 8,1 6,06 825 6,55 9,08 7,05 7.89
IZkidusais skz'lbek]is(mg'l) 3,9 9,7 6,2 9 49 10,3 52 7
Elektrovaditspaja(uS cm'l) 0,20 0,24 0,2 0,26 0,28 03 0,30 0,32
Hlorofils o () 0,92 2 14 18 0,9 2,5 17 1,8

Pozitivs korelacijas koeficients (r) (p€c Spirmena) Sventes ezera paraugos tika novérots
tikai starp Daphnia cucullata un a-hlorofilu (r = 0,455), bet negativs korelacijas koeficients
Daphnia cucullata ar kadu taksonu vai fizikali kimisko parametru netika noverots vispar.
Dridza paraugos pozitivs korelacijas koeficients (r) (péc Spirmena) bija starp Daphnia
cucullata un Daphnia cristata (r = 0,797), Bosmina crassicornis (r = 0,592), Chydorus
sphaericus (r = 0,472) Bosmina longispina (r = 0,204), Diaphanosoma brachyurum (r = 0,563)
(Cladocera), Keratella cochlearis (r = 0,227), Kellicottia longispina (r = 0,236), Gastropus
stylifer (r = 0,616), Filinia longiseta (r = 0,224), Conochilus hippocrepis (r = 0,560),
Conochilus unicornis (r = 0,506) (Rotifera), Megacyclops viridis (r = 0,225), Cyclops sp. (t =
0,216) un Nauplii (r = 0,569) (Copepoda). Negativs korelacijas koeficients (r) tika iegiits ar
Synchaeta sp. (r = - 0,488) (Rotifera), kas ir saistits ar So sugu savstarp&jo negativo
mijiedarbibu.

Pozitiva korelacija (pec Spirmena) Geranimovas-Ilzas ezera paraugos bija starp Daphnia
cucullata un Ascomorpha saltans (r = 0,943), Asplanchna priodonta (r = 0,777) (Rotifera),
Diaphanosoma brachyurum (r = 0,716) (Cladocera), izSkiduSo skabekli (r = 0,727),
Eudiaptomus gracilis (r = 0,846), Cyclops sp. (r = 0,688) un Nauplii (r = 0,591) (Copepoda),
bet negativs korelacijas koeficients (r) tika iegtts tikai ar dulkainibu (r = -0,615).

Veicot zooplanktona un vides jeb fizikali kimisko datu korelaciju Dridza ezera
ievaktajiem paraugiem analizi, izmantojot RDA (Redundancy analysis) metodi redzams, ka
cieSa korelacija Daphnia cucullata noveérota ar Daphnia cristata, Chydorus sphaericus,
Bosmina crassicornis (Cladocera), Nauplii (Copepoda) un hlorofilu-a (3.2.1. att€ls). 1z8kiduso
vielu saturs un elektrovaditsp&ja ciesi korelgja ar daziem Copepoda grupas taksoniem, bet
dulkainiba un temperatiira ar Diaphanosoma brachyurum (Cladocera) un Polyarthra major
(Rotifera) (3.2.1. attéls). 1zskidusa skabekla saturs un skabekla piesatinajums mijiedarbojas ar
Asplanchna priodonta, Polyarthra dolichoptera un Synchaeta sp. (Rotifera), bet
elektovaditsp€ja un kopgjo izskiduso vielu daudzums ar Megacyclops sp., Cyclops scutifer
(Copepoda) un Gastropus stylifer (Rotifera) (3.2.1. attéls) (Brakovska, 2014; Brakovska et al.,
2020).
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3.2.1. attels. Daphnia cucullata korelacija ar citam zooplanktona sugam un vides datiem. RDA
(Redundancy analysis) analize Dridzi 2010. gada ievaktajiem paraugiem ievaktajiem
paraugiem. Saisinajumi: ORP- okside$anas — reducéSanas potencials; NTU- dulkainiba

Veicot zooplanktona un vides datu korelaciju Geranimovas-llzas ezera ievaktajiem
paraugiem, izmantojot RDA (Redundancy analysis) metodi analizi redzams, ka starp
zooplanktona taksoniem un fizikali kimiskajiem parametriem veidojas tris atSkirigas grupas
(3.2.2. attels). Viena no minétajam grupam Daphnia cucullata cie$i korele ar Sadiem
taksoniem un vides datiem: Ascomorpha ecaudis, Trichocerca similis, Asplanchna priodonta,
Polyarthra major (Rotifera), Eudiaptomus graciloides, Mesocyclops leucarti, Thermocyclops
crassus, Copepodite (Copepoda), Diaphanosoma brachyurum (Cladocera), skabekla
piesatinajums, pH, temperatiira, hlorofils-o, sugu daudzveidiba (péc Senona indeksa) un
dulkainiba. Otraja grupa ari ietilpst Daphnia cucullata un veido grupu ar Daphnia cristata
(Cladocera), Polyarthra vulgaris, Pompholyx sulcata, Keratella cochlearis, Ascomorpha
ovalis (Rotifera), Eurytemora lacustris, Cyclops sp., Nauplii, Thermocyclops oithonoides un
Megacyclops viridis (Copepoda). TreSaja grupa ietilpst Kellicottia longispina, Keratella
quadrata, Filinia longiseta (Rotifera), elektrovaditspgja, izSkiduSa skabekla daudzums,
oksidéSanas reducesanas potencials un ezera dzilums (Brakovska et al., 2020).

Analizgjot zooplanktona un vides datu korelaciju Sventes ezera ievaktajiem paraugiem,
izmantojot RDA (Redundancy analysis) metodi analizi redzams, ka Seit nav izveidotas
atSkirigas grupas (3.2.3. attels), dati starp zooplanktona sugdm un vides dati ir izkliedéti
diezgan vienmerigi un véra nemamas grupas neveido. Ka redzams 3.2.3. attéla, tad Daphnia
cucullata neveido veéra nemamas grupas ar citdam zooplanktona sugadm vai vides datiem
(Brakovska et al., 2020).
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3.2.3. attéls.

Daphnia cucullata korelacija ar citam zooplanktona sugam un vides datiem.

RDA (Redundancy analysis) analize Sventes ezera 2010. gada ievaktajiem paraugiem
ievaktajiem paraugiem. Saisinajumi: ORP- oksidéSanas — reducésanas potencials
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3.3. Daphnia cucullata populaciju genétiska daudzveidiba Sventes, Ri¢a, DridZa un
Geranimovas-Ilzas ezeros, pamatojoties uz nejausu secibu dekanukleotidu (RAPD)
analizi

Veicot Daphnia cucullata populaciju genétiskas daudzveidibas pétijumu, izmantojot
RAPD lokusu analizi, analizé tika atlasiti un izmantoti septini universali vienkarsi nejausu
secibu dekanukleotidu praimeri, kur katrs no izmantotajiem praimeriem sintez&ja dazada
izméra un dazadu skaitu DNS fragmentu. Rezultata ieglito Daphnia cucullata populaciju
polimorfo DNS fragmentu (lokusu) garums bija robezas no 500 bp lidz 3000 bp (3.3.1. tabula)
(Brakovska et al., 2013).

3.3.1. tabula
Daphnia cucullata RAPD- PKR analizé izmantoto praimeru iegiito polimorfo lokusu skaits un
garums (bp)

Polimorfo DNS fragmentu skaits Polimorfo
; o . Geranimovas- DNS
Praimera Svente Rica Dridzis ’
Praimeris sekvence llzas lokusu
513 garumu
kopa | poli | kopa | poli | kopa | poli | kopa | poli diapazons
(bp)
Roth A- TGC CGA 600 - 3000
02 GCTG 3 0 5 0 5 1 3 1
Roth A- AGT CAG 800 - 3000
03 CCAC 4 0 5 1 2 1 8 1
Roth A- AGG GGT 1000 —
05 CTTG 4 0 3 2 4 2 6 2 3000
Roth A- GGG TAA 1000 —
09 CGCC 5 2 5 1 3 1 4 2 3000
Roth A- GTG ATC 900 —
10 GCA G 0 0 4 1 9 6 4 1 3000
Roth A- TCG GCG 900 —
12 ATA G 2 0 2 0 2 1 3 1 3000
Roth A- CAG CAC 1000 -
13 CCAC 0 0 4 1 4 1 4 0 3000
Roth B-03 CAT CCC 900 —
CCT G 5 2 5 1 3 1 7 1 3000
Roth B-07 GGT GAC 800 —
GCA G 5 3 5 2 5 2 5 2 3000
Roth B-08 GTC CAC 1200-
ACG G 4 1 3 3 4 4 2 2 3000
Roth F-10 GGA AGC 500 —
TTG G 2 2 11 6 7 6 9 7 3000
Roth C- AAA GCT 600 - 3000
11 GCG G 5 0 5 0 4 0 4 0
Roth C- ACT TCG 700 - 3000
20 CCAC 10 3 4 2 6 3 5 1
Vidgji 3.77 1 4.69 1.54 4.46 | 2.23 | 4.92 1.61
Summa 49 13 67 20 58 29 64 21
Polimorfo DNS lokusu 26.5% 29.8% 50% 32.8%
summa %
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Vislielakais bazu paru skaits konstatéts lokusos Roth F-10 (500 — 3000 bp), Roth C-11
(600 — 3000 bp) un Roth A-02 (600 — 3000 bp), bet vismazakais lokusos Roth B-08 (1200 -
3000 bp), Roth A-13 (1000 - 3000 bp), Roth A-09 (1000 - 3000 bp) un Roth A-05 (1000 -
3000 bp) (3.3.1. tabula) (Brakovska et al., 2013).

P&c pétijuma iegiitajiem rezultatiem redzams (3.3.1. tabula; 3.3.1. attels; 3.3.2. attels), ka
Daphnia cucullata DNS polimorfo lokusu skaits cetros pétitajos ezeros bija atSkirigs.
Vislielakais amplificéto al€lu skaits bija Ri¢a (67) un Geranimovas-Ilzas (64) ezeros, bet
zemakais (49) - Sventes ezera. Vislielakais polimorfo lokusu skaits tika konstatéts Daphnia
cucullata populacija Dridzi 29 (50 %), bet Geranimovas-Ilzas ezera ir 21 (32,8 %), Rica ezera
ir 20 (29,8 %) un Sventes ezera ir 13 (26,5 %) (Brakovska et al., 2013).

Vislielakais al€lu skaits, izmantojot RAPD — PKR analizi, tika konstatéts lokusos Roth F-
10 (2 - 11) un Roth C-20 (4 -10). Lokusa Roth F-10 vislielakais al€lu skaits konstatets Rica (11)
un Geranimovas-llzas (9) ezeros, bet vismazak Sventes ezera (2). Savukart, lokusa Roth C-20
vislielakais al€lu skaits konstatéts Sventes (10) un Dridza (6) ezeros, bet vismazak Rica ezera
(4). Vismazakais al€lu skaits, izmantojot RAPD — PKR analizi, tika konstatéts lokusa Roth A-
12 (2 - 3) visos miisu pétijajos ezeros (3.3.1. tabula) (Brakovska et al., 2013).

Vidgjais heterozigotitates limenis, balstoties uz RAPD — PKR analizi, pétitajas Daphnia
cucullata populacijas Sventes, Ri¢a, DridZza un Geranimovas-Ilzas ezeros svarstas no 0,18 lidz
0,20 (3.3.1. attels). Vislielaka vid€ja heterozigotitate ir vérojama Sventes ezera (0,20), tad seko
Dridzis (0,19) un Ric¢a un Geranimovas-Ilzas ezers (0,18).
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0
Svente Rica Dridzis Geranimovas-llzas

ERAPD lokusu skaits < RAPD polimorfo lokusu skaits  ElVideja heterozigotitate

3.3.1.attels. Amplificcto RAPD DNS fragmentu raksturojumi un vid€ja heterozigotitate
petamas Daphnia cucullata populacijas
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3.3.2.attels. Daphnia cucullata populaciju polimorfo lokusu procentualais sadalijums Sventes,
Ric¢a, Dridza un Geranimovas-Ilzas ezeros

Daphnia cucullata populaciju lidziba starp pétitajiem ezeriem péc Dice koeficienta (S)
vertibam svarstijas no 0 lidz 1 (3.3.2. tabula). Vislielaka paru lidziba bija starp Rica un
Geranimovas-Ilzas ezeriem (ar praimeriem OPA-03- 0,91; OPA-05- 0,57; OPA-09- 0,54; OPA-
13- 0,57; OPB-08- 0,8; OPC-20- 0,57) un starp Sventes un Rica ezeriem (ar praimeriem OPA-
02- 0,8; OPA-09- 0,54; OPB-03- 0,73). Atbilstosi, p&c praimera OPB-07, populacijas bija
identiskas (I1dzibas koeficients 1) (3.3.2. tabula)(Brakovska et al., 2013) .

Populaciju genétisko lidzibu un atskiribu atspogulo genétiskas distances un genétiskas
lidzibas raditaji (Nei, 1978). Vismazaka genétiska distance (Nei, 1978) pétitajas Daphnia
cucullata populacijas tika noverota starp Ri¢a un Geranimovas-Ilzas ezeriem (0,23), vislielaka
genéctiska distance konstatéta starp Dridza un Sventes ezeriem (0,28), Sventes un Geranimovas-
Ilzas ezeriem (0,25), Sventes un Ric¢a ezeriem (0,25), Ri¢a un Dridza ezeriem (0,25) (3.3.3.
tabula). Kopuma péc genétiskas distances datiem var teikt, ka pétitas Daphnia cucullata
populacijas sava starpa ir loti Iidzigas, bet neskatoties uz to p&€c p&tamo Daphnia cucullata
populaciju galveno komponentu analizes (PCA) (3.3.3. attels), redzams, ka tomér noskirtas
grupas veidojas. Katra ass, PC1 un PC2, skaidro 37,14% un 32,75% no kopgjas daudzveidibas
attiecigi.

3.3.2. tabula
Daphnia cucullata populaciju genétiska daudzveidiba Sventes, Ri¢a, Dridza un Geranimovas-
I1zas ezeros péc bazu paru lidzibas- Dice koeficienta (S)

Svente Svente
Ric¢a Rica
Dridzis Dridzis

Geranimov Geranimo
as-Ilzas vas-llzas

Svente Svente
Ricéa
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Svente

Rica 0,28

Dridzis 0,33 0,4
Geranimov |, oo | 057 | 036
as-Ilzas

Svente - Svente -
Rita 0,28 Ri¢a ]
Dridzis Dridzis 0,89
Geranimov Geranimo
’ 0,33 ’ 0,89 0,89 1
as-Ilzas vas-Ilzas ’ ’

Sven | Ri¢ | Dridz | G- Svent " Dridz | G-
. . Rica . .
te a is | e is I
Dridzis 0,4 0,28 Dridzis 0,28 0,22
Geranimov Geranimo
’ 0,36 | 091 ’ 0,5 0,54
as-Ilzas - vas-Ilzas ’ ’ n
Svente - Svente -
Rita Rita ]
Dridzis Dridzis 0
Geranimov Geranimo 0
as-Ilzas vas-Ilzas
Svente - Svente -
Rita 0 Rita 0,73 e
Dridzis Dridzis 0,5
Geranimov Geranimo 0.67
as-Ilzas vas-Ilzas ’
Svente Svente --
Ria 1 Rita -
Dridzis 1 Dridzis 0,44
Geranimov Geranimo
’ 1 ’ 2
as-Ilzas - vas-Ilzas 0, 0,5

G-I* - Geranimovas-Ilzas

Péc genétiskas daudzveidibas Daphnia cucullata populacijas katra ezera (péc T-testa)
Geranimovas-llzas ezers bija visdaudzveidigakais (3.3.4. att€ls). Tas nozim&, ka Daphnia
cucullata populaciju genoma Itmenis Saja ezera ir daudzveidigaks neka citu p&tamo ezeru
populacijas (Brakovska et al., 2013).
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3.3.3. tabula

Genétiska distance (D) (Nei, 1978) starp Daphnia cucullata populacijam Sventes, Ric¢a, Dridza
un Geranimovas-Ilzas ezeros, izmantojot RAPD- PKR analizi

Populacija Svente Rica Dridzis Geranimovas-Ilzas
Svente 0,76 0,78
Rica 0,25 0,78 0,79
Dridzis 0,28 0,25 0,79
Geranimovas-Ilzas 0,25 0,23

* genétiska distance (D) veértibas zem diagonales;
** genétiska I1dziba virs diagonales.

- Svente A Dridzis

‘ Geranimovas-
llzas

32.75%

@ Rica

37.14%

3.3.3. attéls. Galveno komponentu analize (PCA). Gengtiskas strukturSanas grafiks péc
genétiskas distances (péc Nei, 1978) datiem starp Daphnia cucullata populacijam Sventes, Rica,
Dridza un Geranimovas-Ilzas ezeros
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3.3.4. attéls. Daphnia cucullata populaciju genétiska daudzveidiba pétitajos ezeros (péc
Independent Samples Test (T-test))
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3.4. Daphnia cucullata populaciju genétiska daudzveidiba Sventes, Ri¢a, DridZa un
Geranimovas-lIlzas ezeros, izmantojot mikrosatelitu lokusu analizi

Daphnia cucullata populacijas tika testéti devini kodola DNS mikrosatelitu lokusu
praimeri (DaB10/15; Dp512; Dp519; DaB17/16; DaB17/17; SwiD1; Dgml101; Dgm105;
Dgm109), bet analizei tika atlasiti tikai se$i mikrosatelitu praimeri ar labu reprezentativitati
(SwiD1; Dgm105; Dgm101; DaB17/17; Dgm109; Dp519) (3.4.1. tabula). Tris no tiem bija
dinukleotidu mikrosatelitu primeri (SwiD1; Dgml01; Dp519) un divi trinukleotidu
mikrosatelitu primeri (Dgm105; Dgm109) (Brakovska & Skute, 2023; Brakovska & Skute,
2017).

Atlasito polimorfo DNS fragmentu garums bija no 122 bp Iidz 303 bp (3.4.1. tabula).
Vislielakais bazu paru skaits konstatéts lokusos Dgm109 (250-303 bp) un Dgm105 (165-240
bp), bet vismazakais bija lokusos DaB17/17 (100—106 bp) un SwiD1 (122-127 bp) (3.4.1.
tabula).

3.4.1. tabula
9 mikrosatelitu raksturojums: lokusa nosaukums, praimeru sekvences, atkartojuma vieniba,
fluoresc€josais mark&jums, fragmentu garumi, kusanas temperatira (Ta)

Fragment | Fragment
ugarumi | ugarumi

Lokuss Praimera sekvence (5'-3") Atkartojuma | Fluorescen (bp) (bp)
vieniba tais-4 (misu (dati pec | Ta(°C
markejums dati) Brede et )
al.)

F:GCCGTGTTCGAAAGCTAGTC (TG)s 5'TAM 122-127 116-142 59.4
R: AGCCGAACGAAAAACATGC

Dgm105 F:ATGTGAGCGCGCGAGCATTT (CAG)AG 5'FAM 165-240 172-197 59.4
R:GTCCAGCCGGCCCATTTCAGTT

Dgml101 F: TCTTGCTCGAATTCTCTCC (GA)10)AGA S'HEX 165-180 162-177 54.5
R: CCTGTCTCACACGGAGC

DaB17/17 F:GAGAACCTTTTATCAGCTTCG To 5'TAM 100-106 100-109 55.9
R:ACTCATCTGGTGAGATGGATC

Dgm109 F: CCAGCTGTTGACCACCTG (ACC),AC 5'FAM 250-303 247-266 58.2
R: TGCGCGAGGATTTCCAACAC
F:AGTCGCGACGACATAAAGC (TG)s(GA)7 S'HEX 140-142 144-160 56.7
R:GTGGTAGTTGTGGAATCCG

DaB10/15 F:AGAGAAGTGTTTGCGTTTC TCs 5'TAM Nav 75-89 52.4
R:TGTTTCCTATATCCCTCGG rezultata
F:TTTCGTTCTACCCAGGGAAG (TG)s...(GT)s | SHEX Nav 125-141 57.3
R:TTTGCTCGTCTGTGATAGGC rezultata

DaB17/16 F: AGGGAACGAGCGGCGATAAG GAio 5'FAM Nav 189-195 61.4
R:TCTTTGGCAGGCCACTGCCAAGG rezultata

36




Alelu parpilniba pétitajos mikrosatelitu lokusos

3.4.2. tabula

Lokuss Kopgjais alelu Privato alelu Privato alelu Populaciju
skaits lokusa skaits lokusa 1patsvars (%) skaits, kuras
konstatetas
privatas aleles

SwiD1 5 1 20 1
Dgm105 8 5 62 3
Dgm101 7 4 57 3
DaB17/17 4 2 50 2
Dgm109 5 3 60 2
Dp519 2 0 0 0

P&c pétijuma iegiitajiem rezultatiem redzams (3.4.2. tabula), ka vidgjais polimorfisma
Itmenis visas pétitajas Daphnia cucullata populacijas bija vienads un sastadija 100 %, jo visi
sesi analiz&tie mikrosatelitu lokusi bija polimorfi visas pétitajas Daphnia cucullata populacijas.
Polimorfo lokusu skaits Daphnia cucullata populacijas Sventes, Rica, Dridza un Geranimovas-
I1zas ezeros svarstijas no 33 % lidz 100 %. Vismazak polimorfo mikrosatelitu lokusu konstatéts
Dridza ezera (33 %), savukart visvairak konstatéts Ri¢a (100%) un Geranimovas-Ilzas (83 %)
ezeros (3.4.1. attéls) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).
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3.4.1.attels. Daphnia cucullata populaciju polimorfo lokusu procentualais sadalijums Sventes,

Ric¢a, Dridza un Geranimovas-Ilzas ezeros
* GERANIM- Geranimovas-Ilzas ezers

Analizgjot iegiito al€lu parpilnibas visparigos parametrus (3.4.2. tabula), redzams, ka
konstatetais al€lu skaits petamaja lokusa katra populacija atskiras. Konstatéto alélu skaits katra
analiz€taja mikrosatelita lokusa ar1 bija atSkirigs. Maksimalais al€lu skaits tika konstatéts
lokusos Dgm105 (8) un Dgm101 (7), turklat janem veéra, ka ar7 Sajos lokusos tika konstatéts
maksimalais privato al€lu skaits, kur Dgm105 lokusam (5) (62 % no visam atklatajam alélém),
savukart Dgm101 lokusa (4) (57 % no visam atklatajam al€lém) (3.4.2. tabula). Savukart,
vismazakais al€lu skaits tika konstatets lokusa Dp519 (2). Raksturigi, arT tas, ka privatas aléles
$aja lokusa netika atklatas vispar (3.4.2. tabula) (Brakovska & Skute, 2023).
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3.4.2. attels. Alelu sastopamiba Daphnia cucullata populacijas Sventes, Rica, Dridza un
Geranimovas-Ilzas ezeros, izmantojot mikrosatelitu-PCR analizi (Na- vidg€jais alelu skaits
lokusa; Ne- vidgjais efektivais al€lu skaits lokusa; Na > 5% - vidgjais al€lu skaits, kuru
sastopamiba ir lielaka par 5%; No< 50% - vid&jais al€lu skaits, kuru sastopamiba ir mazaka par
50%; No- vid&jais privato al€lu skaits; + standartnovirze)

Analizgjot al€lu sastopamibu pétitajas Daphnia cucullata populacijas (3.4.2. attels),
redzams, ka al€lu skaits bija atSkirigs, tacu §is atSkiribas nav statistiski nozimigas (p>0,05).
Lielakais atklato alélu skaits viena lokusa bija Geranimovas-llzas ezera Daphnia cucullata
populacijai (3,17), kam sekoja Ri¢a ezera Daphnia cucullata populacija (3,00). Salidzinosi
mazaks konstateto al€lu skaits viena lokusa bija Daphnia cucullata populacijam Dridza (1,67)
un Sventes ezeros (1,83) (3.4.2. att&ls) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

Vidgjais alelu skaits viena lokusa ar biezumu virs 5 % bija vienads ar vidgjo al€lu skaitu
viena lokusa visas pétitajas Daphnia cucullata populacijas (3.4.2. attéls). Vidgjais privato alelu
skaits lokusos pétitajas Daphnia cucullata populacijas, kas ir mazaks par 50 %, ir vienads
Geranimovas-Ilzas un Rica ezera populacijam un attiecigi ir 1, savukart, Daphnia cucullata
populacijam Dridza un Sventes ezeros attiecigi ir 0,5, bet kopuma §1s atSkiribas nav butiskas
(p> 0,05) (3.4.2. attéls) (Brakovska & Skute, 2023).

Vidgjo efektivo al€lu skaits uz vienu lokusu bitiski atskiras no videja noverota alélu
skaita Rica un Sventes ezeru Daphnia cucullata populacijas (p< 0,05), savukart Dridza un
Geranimovas-Ilzas ezeru Daphnia cucullata populacijam §is atSkiribas nav nozimigas (p> 0,05)
(3.4.2. attéls) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

Vidgjais novérotas heterozigotitates limenis (Hobs) bija augsts visas pétitajas Daphnia
cucullata populacijas un bija robezas no 1,67 lidz 3,17. Hobs minimala veértiba bija 1,67 Dridza
ezera, bet maksimala vertiba bija 3,17 Geranimovas-llzas ezera. Savukart, paredzamas
heterozigotitates (Hexp) vid€jais ITmenis svarstijas no 1,15 1idz 2,43. Hexp, minimala vertiba bija
Sventes ezera 1,15, bet maksimala 2,43 Geranimovas-llzas ezera. Kopuma visas pétitajas
Daphnia cucullata populacijas vid€jais noverotais heterozigotitates limenis un vidgjais
paredzamais heterozigotitates Iimenis (p&c Hardija-Veinberga) bija atskirigs, tacu §ts atSkiribas
bija nenozimigas (p <0,001) (3.4.2. attls) (Brakovska & Skute, 2023; Brakovska & Skute,
2017).

Analizetie mikrosatelitu lokusi (SwiD1; Dgm105; Dgm101; DaB17/17; Dgm109 un
Dp519) petitajas Daphnia cucullata populacijas Sventes, Rica, Dridza un Geranimovas-Ilzas
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ezeros bija polimorfi un polimorfisma Itmenis bija loti augsts. Genétiska daudzveidiba pétitajos
Daphnia cucullata paraugos, kas konstateti katra pétitaja lokusa un katra vieta, ir atspogulots
3.4.3. tabula. Vislielakais al€lu skaits (19) konstatéts lokusos DaB17/17 un Dp519 Rica ezera
populacija, bet minimalais al€lu skaits (1) lokusa Dgm101 konstatéts Dridza ezera populacija.
Japiebilst, ka Sventes ezera populacija lokusos Dgm101 un Dgm109 al€les netika konstatgtas.
Privatas al€les tika atrastas SwiD1, Dgm105, Dgm101, DaB17/17 un Dgm109 lokusos
(Brakovska & Skute, 2023).

3.4.3. tabula
Gengétiska daudzveidiba pétitajos Daphnia cucullata paraugos, kas atrasti katra pétitaja lokusa
un katra pétitaja ezera

Paraugs SwiD1 Dgm105 Dgm101 DaB17/17 Dgm109 Dp519
N 4 4 1 14 4 14
. Na 4 1 1 2 1 1
é No 0 0 1 0 0 0
= Ho 0 0 0 0 0 0
He 0,75 0 0 0,13 0 0
N 13 12 12 19 11 19
Na 2 4 5 2 3 2
;3 No 1 1 2 0 1
Ho 0 0,25 0 0 0
He 0,14 0,51 0,68 0,46 0,31 0,1
N 4 8 0 15 0 16
N Na 3 4 0 2 0 2
§ No 0 2 0 1 0 0
. Ho 0 0,25 0 0 0 0
He 0,62 0,33 0 0,12 0 0,37
g N 7 6 7 14 6 8
f Na 2 5 4 3 4 1
é No 0 2 1 1 2 0
= Ho 0 0,17 0 0 0,17 0
8 He 0,24 0,74 0,73 0,36 0,68 0

* Na, vid&jais alelu skaits lokusa; Ne, vidgjais efektivais alelu skaits lokusa; No, vid&jais privato alelu skaits; Ho,
noverota heterozigotitate; He, sagaidama heterozigotitate

Ieveérojams homozigotu parpalikums tika noverots Daphnia cucullata populacija Dridza
ezera viena lokusa DaB17/17 p< 0,001, Rica ezera piecos lokusos (SwiD1, Dgm101, DaB17/17,
Dgm109, Dp519 p< 0,001), Sventes ezera Cetros lokusos (SwiD1, Dgm105 p< 0,05, DaB17/17
un Dp519 p< 0,001) un Geranimovas-llzas ezera tris lokusos (SwiD1, Dgm101 p< 0,01 un
DaB17/17 p< 0,001). Mikrosatelita lokusam DaB17/17 ir maksimala diferenciacija (p<0,001)
starp noveroto un paredzamo heterozigotitates Iimeni visos pétitajos ezeros. Turklat
mikrosatelitu lokusiem SwiD1, Dgml101, Dgm109, Dp519 un DaB17/17 ir maksimala
diferenciacija (p< 0,001) Ricas ezera (3.4.4. tabula). Japiebilst, ka mikrosatelitu lokusi Dgm105,
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Dgml101, Dgm109 un Dp519 bija monomorfi DridZza ezera. Savukart mikrosatelitu lokuss
Dgm101 un Dgm109 bija monomorfs Sventes ezera, bet mikrosatelitu lokuss Dp519 bija
monomorfs arf Geranimovas-Ilzas ezera (3.4.4. tabula) (Brakovska & Skute, 2023).

3.4.4. tabula
Noverotas un paredzamas heterozigotitates Itmenu atskiribu nozime (y2- tests) petitajas
Daphnia cucullata populacijas Sventes, Rica, Dridza un Geranimovas-Ilzas ezeros

Populacija/ SwiD1 Dgm105 Dgm101 DaB17/17 Dgm109 Dp519
Mikrosatelitu
locuss
Dridzis ns M M Hokk M M
Rica Hk ns Hksk Rk ok ok
Svente * * M P M oo
Geranimovas- ok ns ok *okk ns M
Ilzas

- ns- nav nozimigs, M- monomorfs lokuss, *p< 0.05, ** p< 0.01, *** p< 0.001

Vismazaka genétiska distance (D) (Nei, 1978) pétitajas Daphnia cucullata populacijas
tika noverota starp Ria un Geranimovas-llzas ezeriem (0,16), savukart vislieclaka genétiska
distance konstatéta starp Dridza un Geranimovas-llzas ezeriem (0,70) un starp Geranimovas-
Ilzas un Sventes ezeriem (1,35) (3.4.5. tabula) (Brakovska & Skute, 2023; Brakovska & Skute,
2017).

Genetiskas diferenciacijas Fsr vertibas dazadam pétitajam Daphnia cucullata
populacijam bija robezas no 0,08 1idz 0,50. Visaugstakas vertibas bija starp Daphnia cucullata
populacijam Rica un Sventes ezeriem (0,50), un Sventes un Geranimovas-Ilzas ezeriem (0,49)
(3.4.5. tabula). Zemakas Fsr vértibas bija starp Daphnia cucullata populacijam Rica un
Geranimovas-Ilzas ezeriem (0,08) (3.4.5. tabula) (Brakovska & Skute, 2023; Brakovska &
Skute, 2017).

3.4.5. tabula
Gengétiska distance (D) (Nei, 1978) un genétiska diferenciacija (péc Fsr veértibam) starp
Daphnia cucullata populacijam Sventes, Rica, Dridza un Geranimovas-Ilzas ezeros, izmantojot
mikrosatellitu-PKR analizi

Geranimovas-
Populacija Dridzis Rica Svente Ilzas
Dridzis 0,29 0,45 0,37
Rica 0,56 0,50 0,08
Svente 0,50 1,14 0,49
Geranimovas-
Ilzas 0,70 0.16 1.35

* genétiska distance (D) veértibas zem diagonales;
** gengtiska diferenciacija (Fsr vertibas) virs diagonales.

Galveno komponentu analize (PCA), Cetru Daphnia cucullata populaciju genétiskas
strukturSanas grafiks Sventes, Ric¢a, Dridza un Geranimovas-Ilzas ezeros, skaidri paradija
genétisko strukturéSanos dazadas genétiskajas grupas (3.4.3.att€ls). Stabilas Daphnia cucullata
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populaciju grupas veidojas starp Dridza un Sventes ezeriem un starp Rica un Geranimovas-
llzas ezeriem. Galveno komponentu analizes diagramma (3.4.3. atteéls) PC 1 un PC 2
izskaidroja 77,43 % un 15,71 % no kopgjas genétiskas daudzveidibas. Lidzigs rezultats iegiits,
izmantojot Bajesa klasterizacijas analizi (STRUCTURE 2.3.4) (Hubisz et al.., 2009) (3.4.4.
att€ls) un Ipatnu kopu skaitu, izmantojot Evano et al. (2009) klasterizacijas pieeju (3.4.5. att€ls)
(Brakovska & Skute, 2023).

A DRIDZIS

15.71%

* ® RiCU

GERANIMOVAS-
ILZAS

M SVENJE

77.43%

3.4.3.attels. Galveno komponentu analize (PCA). Genétiskas strukturéSanas grafiks péc
genétiskas distances (péc Nei, 1978) datiem starp Daphnia cucullata populacijam Sventes, Rica,
Dridza un Geranimovas-Ilzas ezeros

1I 2I 3| 4|
3.4.4.att€ls. Daphnia cucullata populaciju genétiska diferenciacija péc Bajesa pieejas
(STRUCTURE 2.3.4). Krasu linijas atdala individus no dazadam paraugu nemsSanas vietam,
kur katrs individs tiek att€lots ar vertikalu liniju, kas ir sadalita K krasas segmentos, kas
attiecigi norada individa aptuveno piederibu K klasteros (1 - Dridzis, 2 - Ric¢a, 3 - Svente, 4 -
Geranimovas-Ilzas)

41



DeltakK = mean(|L"(K)|) / sd(L(K))

Delta K

1 1 1 1
2.0 22 2.4 2.6 2.8 3.0
K

3.4.5.attels. Individu kopu skaits, izmantojot Evano et al. klasterizacijas pieeju (Evano et al.,
2009), pienemot, ka pastav divas genétiskas kopas (K=2; AK=1,59; InP(K) + SD = -298,76 +
78,73)

4.DISKUSIJA
4.1. Zooplanktona sugu sastavs un dinamika Sventes, Ri¢a, DridZa un Geranimovas-Ilzas
ezeros

Analizgjot zooplanktona sugu sastavu, iesp&jams novertét gan ezera trofisko stavokli, gan
ekologisko kvalitati (Bengtsson, 1986; Bertilsson et al., 1995; Beérzin$ & Pejler, 1987; 1989a;
1989b; Chang & Hanazato, 2004; Cimdins, 2001; Cottenie et al., 2001; Dagg, 1977; Dodson,
1984; Dumont et al., 1973; Escribano & Hidalgo, 2000; Fernandez-Rosado & Lucena, 2001;
Hanazato, 1991; 1992; Harris et al., 2012; Hebert, 1982; Horppila et al., 2000; Keller & Conlon,
1994; Larsson & Dodson, 1993; Locke & Sprules, 2000; Malone & McQueen, 1983; Paidere &
Skute, 2011; Patalas, 1971; Pidgaiko, 1984; Pinel-Alloul 1995; Pinel-Alloul et al., 1995; Seda
& Devetter, 2000; Sprules, 1975; Tallberg et al., 1999; Weider & Pijanowska, 1993; Wetzel
2001; JlazapeBa 2010). Daudzas zooplanktona sugas vai grupas var kalpot par tdenstilpes
trofiska stavokla indikatoriem, jo to sastopamiba mainas atkariba no ezera atrofijas (Kutikova
1970; Liepa et al., 1991; Pejler 1965; Wetzel 2001).

Cladocera taksoniem, piem&ram, Daphnia, kas bija sastopami arT miisu pé&titajos ezeros, ir
nepiecieSamas Udenstilpes ar labu caurredzamibu, zemu hlorofila a koncentraciju, zemu zivju
blivumu un augstu makrobezmugurkaulnieku blivumu (Gliwicz & Pijanowska, 1986; Lampert,
1987; Irvine et al.,, 1989, 1990). Lidzigi misu pétijjumam Sventes, Riu, DridZza un
Geranimovas-Ilzas ezeros, kur zooplanktona cenozu taksonu skaits un sastavs vari€ja pa
gadiem un sezonam. Ka piem&ram, vislielaka zooplanktona taksonu sastava daudzveidiba tika
identific€ta Dridza un Sventes ezeros, 72 un 69 zooplanktona taksoni attiecigi. Ri¢a ezera tika
identificéti 47 taksoni un 43 Geranimovas-llzas ezerd. Visos pétitajos ezeros lielakais
identificéto taksonu skaits bija Rotifera grupa, tai sekoja Cladocera un Copepoda grupas.
Petitajos ezeros tika noskaidroti kopigie zooplanktona taksoni pa paraugu vakSanas gadiem,
attiecigi Dridzi - 25, Rica - 21, Geranimovas-Ilzas — 14 un Sventes ezera 19. Sezonas laika
(maijs - septembris) vislielakais zooplanktona grupu taksonu skaits tika novérots maija un
junija, julija sakuma tas uzradija strauju samazinajumu, tad julija beigas un augusta sakuma
taksonu skaits atkal saka palielinaties. Savukart, septembri taksonu skaits saka pakapeniski
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un septembri atkal saka pieaugt. Cladocera skaita izmainas bija gluzi pret€jas. Maija sugu
skaits bija neliels, bet Iidz julijam pieauga, augusta gandriz nemainigs vai nedaudz palielingjas,
bet septembrT uzradija ievérojamu samazinajumu. Copepoda skaits bija [idzigs Rotifera skaitam,
maija pieauga, tad junija samazinajas, julija atkal pieauga, augusta uzradija samazinasanos un
septembr1 atkal palielinajas. Visbiezak sastopamas Rotifera grupas sugas Latvijas ezeru
zooplanktona ir Keratella cochlearis, Asplanchna priodonta, Filinia longiseta, Kellicottia
longiseta, Lecane luna, Trichocerca capucina, Euchlanis dilatata (Sloka, 1998; Paidere &
Skute, 2011). Neskatoties uz to, ka zooplanktonam galvenokart ir sezonals raksturs, tomeér ir
sastopamas ar1 sugas, ka pieméram, Keratella cochlearis, Kellicottia longispina, Polyarthra
remata, Filinia longiseta (Rotifera), kuras zooplanktona var atrast visu gadu (Line, 1966).
Visas augstak min&tas sugas bija konstat&tas arT miisu pétitajos ezeros. Rotifera sugu attistibas
maksimums parasti vérojams pavasari, bet ir arT ezeri, kad Rotifera sugam tiek noverots otrs
attistibas maksimums rudent (Line, 1966). Zooplanktona taksonu, biomasas proporciju
dinamika, ko atklaja Halvorsens et al. (2004), veicot ilgtermina pétijjumus Atnsjoen ezera
bezledus sezona (jiinijs - oktobris), bija loti Iidziga tam, ko konstatgjam mes, t.i. Cladocera
grupai bija vislielakais skaitliskais daudzums sezonas sakuma, kam sekoja Copepoda un
Rotifera dalas picaugums. Visos miisu pétitajos ezeros un paraugu nemsanas vietas Cladocera
grupa domingja Daphniidae, Bosminidae un Sididae. No Cladocera grupas Daphnia cucullata,
tapat ka Daphnia cristata un Leptodora kindtii ir tipiskas plasi izplatitas pelagiskas sugas
(Kacalova & Laganovska, 1961; Sloka, 1981). Cladocera ir nozimiga loma starp sastopamajam
zooplanktona grupam biomasas un sugu skaita zina. Daphnia cucullata var uzskatit par vienu
no visplasak izplatitajam sugam Saja grupa, jo tas tika atrastas miisu paraugos visas sezonas
garuma. Ta ir ar1 svariga repSa (Coregonus albula) baribas sastavdala (Sutela & Huusko, 1997;
Viljanen, 1983). Daudzi autori (Brooks & Dodson, 1965; Larsson & Dodson, 1993; Halvorsen
et al., 2004; Saksgard & Hesthagen, 2004; Sutela & Huusko, 1997; Viljanen, 1983) apgalvo, ka
planktofagas zivis, miisu gadijuma repsis Coregonus albula un siga Coregonus lavaretus,
ietekm@ zooplanktonu. Eksperimentali tika pieradits, ka planktofago zivju daudzums ezera
paaugstina zooplanktona sugu daudzveidibu vai ari sugu morfologiskos pielagojumus
(piem@ram, mazaku izm&ru) (De Meester et al., 1995; Bohn & Amundsen, 1998). Salidzinot
Cladocera sugu morfologiskos parametrus cCetros pétitajos ezeros, més varam piekrist
apgalvojumam, ka zooplanktona organismu izmérs ir mazaks ezeros ar lielaku planktofago
zivju skaitu, salidzinajuma ar ezeriem, kur planktofago zivju skaits ir mazaks (Bohn &
Amundsen, 1998; De Meester et al., 1995; Boersma et al, 1998; Boersma et al., 1999; Brooks
& Dodson, 1965). Proti, péc miisu novérojumiem pétijjuma laika, Cladocera Tpatnu izmérs
Sventes un Dridza ezeros bija mazaks vietas, kur planktofagalo zivju skaits bija lielaks,
savukart Ri¢a un Geranimovas-Ilzas ezeros Cladocera 1patni bija lielaki, bet planktofagalo zivju
skaits bija mazaks.

Halvorsens et al. (2004) uzsver, ka konkr&tu ietekm@joSo faktoru noteiksana ir ierobezota,
jo faktoriem ir atSkiriga ietekme uz dazadam sugam, un katrs no faktoriem biitu japarbauda
nemainigos apstaklos ilgu laiku. P&c sekojosu autoru domam (Bottrell et al., 1976; Halvorsen
et al., 2004; Moore, 1977; Wetzel, 2001), galvenais faktors, kas bitiski ietekmé fizikalos,
kimiskos un biologiskos procesus ezeros, ir idens temperatiira. Tomér citi autori (Brettum &
Halvorsen, 2004) norada, ka dazam specifiskam fitoplanktona sugam ir speciga ietekme uz

43



noteiktam zooplanktona sugam. Lidzigos pétijumos plasi tiek diskutéts par to, ka zooplanktons
pec sugu sastava var atSkirties viena ezera dazadas vietas, pieméram, piekrastes zona un
atklatas Gidens teritorija vai arT upju ieteces vietds un antropogéno aktivitasu vietas ezera
piekraste (Liepa et al., 1991; Pidgaiko, 1984; Pinel-Alloul, 1995; Fernandez-Rosado & Lucena,
2001; Seda & Devetter, 2000; Wetzel, 2001; Kyrukosa, 1970; Manyiinosa, 1964). Dimantes-
Deimantovica ar Iidzautoriem (2012) savos pétijumos par zooplanktona faunu dzilajos Latvijas
ezeros atzimé, ka péc RDA analizes datiem zooplanktona sugu sastavs ir cieSi saistits ar
temperattru, oksidéSanas reducesanas potencialu, hlorofilu o un elektrovaditsp&ju. Peéc musu
petijuma iegltajiem datiem ari ir redzams, ka izSkiduSo vielu saturs un elektrovaditsp&ja ciesi
korelgja ar daziem Copepoda grupas taksoniem, bet skabekla piesatinajums, pH, temperatiira,
hlorofils-a, dulkainiba un temperatira ar Diaphanosoma brachyurum (Cladocera) un
Polyarthra major (Rotifera). Izskidusa skabekla saturs un skabekla piesatinajums
mijiedarbojas ar Asplanchna priodonta, Polyarthra dolichoptera, Kellicottia longispina,
Keratella quadrata, Filinia longiseta un Synchaeta sp. (Rotifera), bet elektovaditspgja un
kopgjo izskiduSo vielu daudzums ar Megacyclops sp., Cyclops scutifer (Copepoda) un
Gastropus stylifer (Rotifera). Misu pétijuma iegtitas korelacijas ies€jams ar1 ir skaidrojumas ar
to, ka So taksonu eksistencei ir nepiecie$sami analogiski vides apstakli.

Plesoniba piemit dazadiem zooplanktona taksoniem un var kalpot par populacijas
dinamikas strukturé$anas mehanismu. Vézveidigo planktonam ir negativa ietekme uz planktona
baribas k&des mazakajiem komponentiem, t.i. Rotifera grupas taksoniem, kas ir plasi
dokumentéta dazados citu autoru pétijumos (Cottenie et al., 2001; Fussmann, 1996).
Veézveidigie atskirigi ietekmé& Rotifera sugu plé€sonibu un konkurenci. Ciklopoidie (Cyclopoida)
Copepoda sugas biezi vien ir aprakstitas ka efektivi Rotifera grupas plésigo sugu (pieméram,
Asplanchna priodonta) plés€ji (Fussmann, 1996; Williamson, 1983), bet dazas kalanoidu
(Calanoida) sugas par baribu var izmantot ari Rotifera grupas sugas (Fussmann, 1996;
Williamson & Butler, 1986; Schulze & Folt, 1990).

Zooplanktona sugu reakcija uz temperatiiras izmainam biezi vien ir griiti prognoz&jama
dabisko sisteému sarezgitibas dél (Schiel et al., 2004). Miisu p&tijuma iegiito pozitivo korelaciju
starp temperatiiru un zooplanktona taksoniem var izskaidrot ar fitoplanktona attistibu, kas
nodroSinaja baribas resursus zooplanktonam (Castro et al., 2005; Matsubara, 1993), un
temperatiras tieSo ietekmi uz biologisko procesu atrumu palielinasanos organismos (Gillooly
et al, 2001; Loiterton et al., 2004; Wagner & Benndorf, 2007). Tiek pienemts, ka,
pielagojoties noteiktiem vides apstakliem, vienas un tas pasas sugas populacija var biit sadalita
dazados tidens slanos, un §is dalas var atSkirt péc attistibas cikliem (Castro et al., 2005;
Gillooly et al., 2001; Loiterton et al., 2004; Matsubara, 1993; Wagner & Benndorf, 2007).
Rotifera sugam ir plass temperatiras diapazons (0 — 30 °C), kura sugas var pastavéet (Bérzins &
Pejler, 1989a), kopuma loti plasSs optimalas eksistences diapazons ir tddam sugam ka
Polyarthra dolichoptera, Keratella quadrata, Keratella cochlearis, Synchaeta pectinata, t.i., 0
- 23 9C. (Bérzin$ & Pejler, 1989a). Daudzi pétijumi ir paradijusi, ka jo lielakas ir temperaturas
svarstibas noteikta laika perioda ezeros, jo lielaka ir sugu daudzveidiba (Beaver & Havens,

1996; Gilbert, 2011; Shurin et al., 2010). Lielaka dala Rotifera, Cladocera un Copepoda sugu
bija pozitivi un bitiski korel€tas ar temperatiiru un hlorofila a koncentraciju, kas liecina, ka So
organismu daudzums var biit atkarigs no baribas koncentracijas un tiem ir plass temperatiiras
diapazons, kura sugas var pastavet (Bertilsson et al., 1995; Beérzin$ & Pejler, 1989a; Berzins &
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Pejler, 1989b; Weglenska et al., 1997). Tadas Rotifera sugas ka Polyarthra major, Polyarthra
vulgaris, Polyarthra dolichoptera, Asplanchna priodonta, Kallicottia longispina, Keratella
cochlearis, kas tika konstatétas arT miisu pétitajos ezeros, sp€j eksistét visai plasa izskidusa
skabekla diapazona, t.i., 1 - 13 mg !, ko apliecina ari citi p&tijumi (Bérzin$ & Pejler, 1989b).

Dazam Cladocera sugam, pieméram, Diaphanosoma brachyurum, Daphnia cucullata,

Daphnia cristata un Bosmina longispina, kas tika konstatétas arl misu pétitajos ezeros,
optimalais temperattras diapazons ir robezas no 7 Iidz 23 °C, bet Bosmina crassicornis 14 - 15
°C (Bertilsson et al., 1995). Lidziga situacija ir Copepoda sugam. Savukart optimala izSkidusa
skabekla koncentracija gan Cladocera, gan Copepoda sugam ir robezas no 5 Iidz 11 mg*L"!
(Bertilsson et al., 1995). Varam secinat, ka miisu petijumos noteiktam sugam sakrit optimalas
temperattras un izSkidusa skabekla diapazons ar literatiira min€to. Liela nozime ir ar1 Gidens
elektrovaditspgjai. Jo elektrovaditspgja ir augstaka, jo mazaks ir Rotifera skaits un otradi
(Swadling et al., 2000). Saskana ar Cottenie et al. (2001) Rotifera sugdm ir vajadzigas
tdenstilpes ar augstu dulkainibas ITmeni, augstu hlorofila-a koncentraciju, augstu zivju blivumu
un zemu makrozoobentosa blivumu. (Cottenie et al., 2001). Iz8kidusa skabekla koncentracija
tdent ir atkariga no biologiskiem un Kkimiskiem procesiem tdenstilpé. Piem&ram, augsta
1z8kidusa skabekla koncentracija augs€jos tidens slanos var biit augu fotosintézes rezultats, kad
skabeklis izdalas, vai tas var tikt ieskalots no atmosferas ar vilniem. Skabekla koncentracijas
samazinasanas skaidrojama ar planktona algu savairoSanos lielos daudzumos un skabekla
izmantoSanu dzivibas procesos (Cimdins, 2001; Fernandez-Rosado & Lucena, 2001; Kalff,
2002; Lampert & Sommer, 1997; Pinel-Alloul, 1995; Seda & Devetter, 2000; Urtane, 1998;
Wetzel & Likens, 2000; Wetzel, 2001). Salidzinot literatiiras datus (Bertilsson et al., 1995;
BérzinS & Pejler, 1989a; Bérzin$ & Pejler, 1989b; Doulka & Kehayias, 2011; Elliott, 1977;
Field & Prepas, 1997; Kaya et.al., 2010; Kessler & Lampert, 2004; Kizito & Nauwerck, 1995;
Taylor et. al., 1993) ar misu pétijuma laika iegiitajiem datiem par Rotifera, Cladocera un
Copepoda sugu korelaciju ar tidens temperatiiru un iz8kiduSo skabekli, varam secinat, ka miisu
petijuma konstatétas likumsakaribas sakrit ar jau min€tajam literatiiras avotos.

Salidzinot miisu pétijuma iegiitos rezultatus ar literatiiras datiem (Cimding 2001; Ceirans,
2007; Kumsare & Gaile, 1960; Kumsare & Selkere, 1955; Laganovska, 1961; Line, 1963; Line,
1966; Sloka & Sloka, 1955; Urtane, 1998; Vadzis et al., 1976), var secinat, ka Dridza, Rica,
Sventes un Geranimovas-Ilzas ezeros zooplanktona kvalitativais sastavs ir lidzigs citiem
Latvijas mezotrofo un mezoeitrofo ezeru zooplanktona sastavam. Copepoda un Rotifera
grupas sugu cieSa mijiedarbiba tika novérota ari misu pétijjumos. Konstatétas taksonu
savstarp€jo un sezonalo izmainu likumsakaribas un izmainu tendences ir raksturigas dziliem,
labi caurredzamiem mezotrofiem un mezoeitrofiem Latvijas ezeriem.

4.2. Daphnia cucullata populaciju genétiska daudzveidiba Sventes, Ri¢a, DridZa un
Geranimovas-Ilzas ezeros, izmantojot nejausu secibu dekanukleotidu (RAPD) un
mikrosatelitu lokusu analizi

Mikrosatelitu un RAPD markieri ir noderigi populacijas genétikas pétijumos.
Mikrosatelitiem parasti ir lielas al€lu variacijas populacijas un starp tam, tadéjadi palielinot
varbiitibu noteikt izmainas laika gaita (Haag et. al, 2010; Selkoe & Toonen, 2006). Visi
mikrosatelitu lokusi ir augsti polimorfi, ar augstu informétibu un mainigumu Daphnia cucullata
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populacijas, kas taja pasa laika dzivo ka partenogenétiski organismi. Savukart, nejauSu secibu
dekanukleotidu (RAPD) markieri lauj skenét populaciju lielas genoma dalas.

Daphnia cucullata genétiskas daudzveidibas izpété tika izmantoti piecdesmit pieci
vienkarsi nejausu secibu dekanukleotidu (RAPD) un devini mikrosatelttu lokusi. RAPD lokusi
Daphnia cucullata sugai genétiskas daudzveidibas izpété lidz §im nav bijusi pielietoti, bet
mikrosatelttu lokusi biezi ir bijusi izmantoti Eiropas zinatniskajas laboratorijas kultivéto
Daphnia gints dazadu sugu gengtiskas struktiiras pétijumos (Brede et al., 2006; Colbourne et al.,
2004; Ender et al., 1996; Harris et al., 2005; Hellsten & Sundberg, 2000; Lynch & Milligan,
1994). Trispadsmit no piecdesmit pieciem RAPD markieriem (Roth A (OPA-02; OPA-03;
OPA-05; OPA-09; OPA-10; OPA-12; OPA-13), Roth B (OPB-03; OPB-07; OPB-08), Roth C
(OPC-11; OPC-20) un Roth F (OPF-10)), un seSi no deviniem mikrosatelitu markieriem
(SwiD1; Dgm105; Dgm101; DaB17/17; Dgm109; Dp519) uzradija labus reprezentativitates
raditajus Latvijas dzilo ezeru Daphnia cucullata populacijas. Tomér dazi mikrosatelitu praimeri,
kas tika veiksmigi izmantoti Eiropas Daphnia populaciju izpéte, Latvijas populacijas netika
amplific€ti. Piem&ram, tr1s no Siem mikrosatelitu lokusiem (DaB10/17; Dp512; DaB17/16), kas
tika pielietoti Eiropas Daphnia cucullata populaciju genétiskas daudzveidibas izpétei no
Sveices un Niderlandes ezeriem, Latvijas ezeru populacija neparadijas (Brede et al. 2006,
Colbourne et al. 2004). Tas var€tu liecinat par butisku atSkiribu starp Daphnia cucullata
genotipiem no Kontinentalajiem (Sveice, Niderlande) un Borealajiem (Latvija)
biogeografiskajiem regioniem Eiropa. Dazi Daphnia cucullata populaciju mikrosatelitu lokusi
misu pétitajas populacijas ir nedaudz garaki neka Sveices un Niderlandes populacijam
(pieméram, lokuss Dgm105 (165 — 240 bp) un Dgm 109 (250 — 303 bp) bija garaki misu
pétitajos ezeros. Turpreti salidzinajuma Sveices un Niderlandes populacijam mikrosatelitu
lokusa Dgm105 izmérs bija 172 - 197 bp un Dgm 109 bija 247 - 266 bp. Ir zinams, ka garakas
aleles tiek paklautas mutacijam vairak neka al€les ar mazaku nukleotidu atkartojumu skaitu
(Estoup et al., 2002). Sis atkiribas var izskaidrot ar to, ka Daphnia cucullata Tpatni no
Kontinentala regiona tika nemti no kultivéta materiala laboratorija, kas nebija paklauts dazadu
antropogeno faktoru ietekmei (Brede et al., 2006), bet musu petijuma Daphnia cucullata Tpatni
tika iegtiti tieSi no ezeriem, kas regulari ir bijusi paklauti dazadu antropogéno faktoru,
galvenokart lauksaimniecibas, ietekmei.

Vislielakais al€lu skaits, izmantojot RAPD lokusu analizi, tika konstatets lokusos Roth F-
10 (2 - 11) un Roth C-20 (4 - 10). Lokusam Roth F-10 bija vislielakais al€lu skaits Ri¢a un
Geranimovas-Ilzas ezeros. Savukart, lokusa Roth C-20 vislielakais alélu skaits konstatéts
Sventes un Dridza ezeros. Sakara ar to, Sos lokusus var uzskatit par vislabak izmantojamiem
turpmakajos Daphnia cucullata genétiskas populacijas struktiiras pétijumos.

Vislielakais alelu skaits, izmantojot mikrosatelitu lokusu analizi, tika konstatéts lokusos
Dgm105 un Dgm101 (8 un 7), Sajos lokusos arT bija maksimalais privato al€lu skaits (62 % un
57 %) no visam atklatajam alélém S$ajos lokusos. Tomér Sveices un Niderlandes ezeros
Daphnia cucullata populacijas al€lu skaits lokusos Dgm105 un Dgm101 bija daudz mazaks (2
un 3). Alélu skaits lokusos DaB17/17 un Dgm109 bija vienads (4 un 5), bet lokusa Dp519
salidzindjuma ar Sveices un Niderlandes datiem bija mazaks alélu skaits (Brede et al., 2006,
Colbourne et al., 2004). Konstatetas nelielas atSkiribas starp alelu garumiem Daphnia cucullata
populacijas miisu pétitajos ezeros ar Sveicé un Niderlandé konstatétajam, visticamak, ir
nejausas genétiskas novirzes, bet ne mutaciju rezultats (De Meester et al., 2006). Iesp&jams, ka
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alelu daudzveidibas pieaugumu ietekmé dazadi kimiskie savienojumi tident, ka ar ka viens no
galvenajiem ietekmégjoSiem faktoriem jamin dazadas temperatiiras apstaklu izmainas misu
pétitajos ezeros ar Sveicé un Niderlandé konstatétajam (De Meester et al., 2004; De Meester et
al., 2006; Kalff, 2002; Lampert & Sommer, 1997; Wetzel, 2001).

Misu pétijuma augstakais Daphnia cucullata populaciju genétiskais polimorfisma
Iimenis, izmantojot RAPD lokusus, tika noverots Dridza (50 %) un Geranimovas-Ilzas (33 %)
ezeros. Sventes un Ric¢a ezeros bija no 26 % lidz 29 %. Savukart, augstakais Daphnia cucullata
populaciju genétiskais polimorfisma limenis, izmantojot mikrosatelitu lokusus, tika noteikts
Ric¢a (100 %) un Geranimovas-Ilzas (83 %) ezeros, bet vismazakais Dridza ezera (33 %).
Iegiitos diezgan atSkirigos genétiska polimorfisma limena rezultatus iesp&jams var skaidrot ar
izvéleto kodola DNS markieru (RAPD) specifiku.

Heterozigozitate kalpo ka evoliicijas potenciala raditajs un ir svariga populacijas
dinamikas, ka arT populacijas dzivotspgjas noteikSana. Vid&jais heterozigotitates Ilimenis,
balstoties uz RAPD analizi, pétitajas Daphnia cucullata populacijas Sventes, Rica, Dridza un
Geranimovas-Ilzas ezeros svarstas no 0,18 lidz 0,20. Savukart, vid&jais heterozigotitates
limenis, balstoties uz mikrosatelitu analizi, pétitajas Daphnia cucullata populacijas ir
salidzino8i augsts un svarstas no 1,67 lidz 3,17. Heterozigozitates samazinaSanas var izraisit
adaptacijas samazinasanos populacija. Misu pétijuma Daphnia cucullata populacijas, kuram
bija arkartigi augsts heterozigotitates Iimenis, lielakoties sastavéja no hibridiem (Adamowicz et
al., 2004; Taylor & Hebert, 1993a, b). y2-tests nosaka, vai atSkiribas starp faktiskajiem un
prognozetajiem datiem ir saistitas ar nejausibu vai saikni starp apliikotajiem mainigajiem.

Vislielaka genétiska distance (Nei, 1978) pétitajas Daphnia cucullata populacijas,
izmantojot RAPD lokusus, konstatéta starp DridZza un Sventes ezeriem, kas atrodas viena no
otras relativi talu. Savukart, vismazaka genétiska distance, tika novérota starp Rifa un
Geranimovas-Ilzas ezeriem gan péc RAPD lokusu, gan mikrosatelitu lokusu analizes.
Vismazaka lidziba, izmantojot mikrosatelitu lokusu analizi bija starp DridZa un Geranimovas-
Ilzas ezeriem, ka ar1 starp Geranimovas-Ilzas un Sventes ezeriem. Attiecigi, gan péc RAPD
lokusu, gan p&c mikrosatelitu lokusu datiem pétitas Daphnia cucullata populacijas parada
lidzigas pétito Daphnia cucullata populaciju strukturéSanas dazadas genétiskajas grupas
tendences, ko apstiprina ar1 pétamo Daphnia cucullata populaciju galveno komponentu analizu
(PCA) dati, ka ar1 klasterizacija pec Bajesa un Evano et al. pieejam. legiito rezultatu nelielas
lidzibas/ atSkiribas varétu izskaidrot ar izmantoto markieru (RAPD un mikrosateliti)
pielietotojuma ipatnibam, jo RAPD markieru pielietoSana lauj skenét diezgan lielu genoma
dalu un Iidz ar to $o markieru pamata iegiitas genétiskas distances parasti ir lielakas, neka, ja tas
ir iegiitas ar mikrosatelitu markieru palidzibu (Williams et al., 1990). Mikrosatelitu markieriem
attiecigi ir mazaks izmérs un tie ir plasi izplatiti genoma (Ellegren, 2004). RAPD polimorfisms
izpauzas, ka noteikta garuma fragmentu klatbaitne vai trukums, 11dz ar to, ka RAPD markieri ir
izplatiti visa genoma (Williams et al., 1990). RAPD ir 1pasi piem@rota jaunu mainigo markieru,
kas saistiti ar redzamam pazimeém, atrai noteikSanai. Lidz ar to RAPD markieri ir loti nozimigi
hidrobiontu monitoringa, populaciju genétiskajiem pétijumiem zooplanktona sugam, ka
pieméram, misu gadijuma Daphnia cucullata, kuram ir maz vai nav informacijas par genoma
strukttru (Gili et al., 2004; Harris et al., 2005; Lynch & Milligan, 1994; Spaak et al., 2004)
atSkiriba no Daphnia arenata, Daphnia pulex, Daphnia obtusa, Daphnia ambigua, Daphnia
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dentifera, Daphnia galeata, Daphnia rosea, Daphnia hyalina un Daphnia magna (Brede et al.,
2006; Colbourne et al., 2004).

Misu pétijuma klasterizacijas dati pe€c Bajesa un Evano et al. pieejam rada, ka Daphnia
cucullata populacijas (Rica un Geranimovas-Ilzas), kas atrodas salidzinosi talu viena no otras,
veido noskirtu genétisku grupu. Ir griiti izskaidrot faktu, ka populacijas, kas atrodas geografiski
talu viena no otras un kuru ezeri nav savstarpg&ji saistiti, ir vislidzigakas. Ka vienu no faktoriem,
kas var ietekmét Daphnia cucullata patnus vai to ilgolu parneSanu no vienas tdenstilpes uz
citu ir tdensputni, kuri migracijas laika varétu parnest Sos Ipatnus vai to ilgolas no vienas
tdenstilpes uz otru (Green & Figuerola, 2005; Figuerola et al., 2003; Figuerola et al., 2005).
Tika paradits, ka migréjoSie tdensputni var parnest zooplanktona ilgolas lidz pat 50
kilometriem diena, parlidojot starp baroSanas vai riesta vietam. Literatira tiek minéts, ka
maksimalais attalums, ko tdensputni var nolidot no vienas tidenstilpes Iidz otrai ir 1500
kilometri (Green & Figuerola, 2005). P&tfjumos, izmantojot mtDNS, tika pieradits, ka
pieméram, Daphnia ambigua un Daphnia laevis taksonu izplatiba sakrit ar migr&joso
tdensputnu lidoSanas virzieniem (Green & Figuerola, 2005). Turklat tika pieradits, ka
pieméram, Daphnia lumholtzi izplatas atrak neka Bythotrephes longimanus un Bythotrephes
cederstroemi (Cladocera), jo to ilgolas putnu zarnu trakta ir mazak izdzivot sp&jigas neka
Daphnia lumholtzi (Green & Figuerola, 2005). Ilgolas var parnest ar1 v&j$ (Hebert & Moran,
1980; Crease et al., 1990; Gomez & Carvalho, 2000; Vanoverbeke & De Meester, 1997).
Ilgolas var parciest skarbus vides apstaklus (sasalSana, izztSana), un pavasari labvéligos
apstaklos no ziemas ilgolam izskilas jaunas partenogenétiskas matites (De Meester et al., 2004;
Decaestecker et al., 2009; Hughes, 1989; Hobak & Larsson, 1990; Kalff, 2002; Lampert &
Sommer, 1997; Wetzel, 2001).

Daphnia cucullata populaciju genétiskas strukttiras atSkiribas var izskaidrot ari ar lielu
cikliskas partenogenézes lomu un botopa lieclumu (Bronmark & Hasson, 2001; Hebert, 1987;
De Meester, 1996; De Meester et al., 2006; Kalff, 2002; Lampert & Sommer, 1997,
Vanoverbeke et al., 2007; Vanoverbeke & De Meester, 1997; Wetzel, 2001). Cikliska
partenogenétiska zooplanktona lielos biotopos ir lielaks ilgolu krajums neka mazakos biotopos,
un lidz ar to augSanas sezonas sakuma palielinasies seksualo olu skaits no ilgolu bankas. Ilgolas
katru gadu uzkrajas ezeru nogulumos, un labvéligos apstaklos lidz pat gadsimta vecam ilgolam
var izskilties diploidi 1patni (Deng & Lynch, 1996; Cousyn et al., 2001; Haag et al., 2010;
Hairston et al., 2001 Maynard-Smith, 1981; Lynch & Deng, 1994). Seksualo olu piesaiste no
ilgolu bankas palielina genétisko daudzveidibu un tadgjadi butiski ietekm& ciklisko
partenogenétisko Daphnia populaciju genétisko strukttiru (Korpelainen, 1986; Lynch & Deng,
1994; Michels et al., 2003; Vanoverbeke et al., 2007; Vanoverbeke & De Meester, 1997). Miisu
petijuma tika konstatéts, ka Daphnia cucullata populacijam no Rica un Geranimovas-Ilzas
ezeriem ar mazu zooplanktona taksonu skaitu (47 un 43 attiecigi) ir liclaka genétiska
daudzveidiba, salidzinot ar DridZza un Sventes ezeriem, kur ir liels zooplanktona taksonu skaits
(72 un 69 attiecigi). Mazs taksonu skaits ietekm& Daphnia cucullata taksonu ekologisko
eksistences nisu, jo $aja gadijuma uz Daphnia cucullata ir mazaka citu taksonu mijiedarbiba,
konkurence, ta vairak pielagojas dazadiem apstakliem, vairak krustojas, mute utt., 1idz ar to tai
ir lielaka gengtiska daudzveidiba. Bronmark & Hasson (2001), Hebert (1987), De Meester
(1996), De Meester et al. (2006), Kalff (2002), Lampert & Sommer (1997), Vanoverbeke et al.
(2007), Vanoverbeke & De Meester (1997), Wetzel (2001) plasi diskute, ka pastav vairaki
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skaidrojumi pozitivai korelacijai starp genétisko daudzveidibu un biotopu lielumu. Piem&ram,
visparatzits fakts, ka eckologiska daudzveidiba paliclinas, palielinoties biotopa lielumam.
Turklat populacijas lielumam ir tendence pozitivi korelét ar biotopu lielumu. Tiek uzskatits, ka
klonalas fazes garums un seksualas vairo$anas biezums ir saistits ar biotopa lielumu un
noturibu (Hebert, 1987; De Meester, 1996; Vanoverbeke et al., 2007). Lielas fidenstilp&s, kur
biotopu apstakli ir stabilaki, partenogenéze tiek uzturéta ilgaku laiku. Ta ka lielakos biotopos
biezi ir vairak ekologisko niSu neka mazakos, tas var veicinat ekologiski atSkirigu genotipu
lidzaspastavésanu (De Meester, 1996). Misu pétito ezeru genétiskas distances un genétiskas
diferenciacijas rezultati gan péc RAPD, gan mikrosatelitiem, rada, ka pétitas Daphnia cucullata
populacijas sava starpa ir dazadas. To iesp&jams var skaidrot ar pétito ezeru lidzibu péc vidgja
dziluma un sateces baseina platibas, lidzigiem stabiliem vides apstakliem, 1idz ar to iesp&jams,
ka partenogenéze $ajos ezeros tiek uzturéta ilgaku laiku un $eit ir iespgjama atskirigu genotipu
lidzaspastavésana. Lielu tdenstilpnu partenogenétiskas populacijas tiek novérota atsevisku
domingjoso loti heterozigotu klonu izdzivosana, par ko liecina neizbégama seksualo genétisko
rekombinaciju partraukSana, un heterozigotu parpalikums, ir raksturiga ilgstoSas Daphnia
populacijas iezime (Deng & Lynch, 1996; Lynch & Deng, 1994; Maynard-Smith, 1981).
Mazakos biotopos ir mazakas populacijas neka lielakajos, padarot populaciju ar vienadu klonu
skaitu neaizsargataku pret nejausu klonu izzuSanu (Spaak et al., 2004; Vanoverbeke, 2007;
Wolf, 1987).

Haag et al. (2005) norada, ka vecakam populacijam ir lielaka genétiska daudzveidiba un
ka genétiska diferenciacija starp populacijam samazinas lidz ar populacijas vecumu. Daphnia
cucullata ka ciklisks partenogéns organisms, kura dzives cikls sastav no viendzimuma,
apomiktiskas fazes, kas dominé augSanai labvéliga sezona, kad matites rada diploidus
partenogenétiskus pécnacgjus. Partenogenétiska reprodukcija turpinas lidz nelabvéligo laika
apstaklu iestasanas periodam, kad dazas olas parvérsas par t€viniem, bet pargjas- par haploidam
olam, kam nepiecieSama apauglosana (De Meester et. al, 2006; Hobak & Larsson, 1990). Visas
vasaras garuma notieko$a partenogenétiska reprodukcija nenomac genétisko variaciju apjomu.
Tevini paradas, ja ir liels populacijas blivums vai strauja baribas vielu samazinasanas.
Diploidiem $aja gadijuma veidojas ziemas olas, jeb ilgolas (Deng & Lynch, 1996; Cousyn et al.,
2001; Haag et al., 2010; Hairston et al., 2001 Maynard-Smith, 1981; Lynch & Deng, 1994).
Atkariba no rekombinacijas un partenogenétiskas reprodukcijas relativas nozimes Daphnia
cucullata populacijas bis atskiriga vietéja daudzveidiba un genétiska populacijas struktiira (De
Meester et al., 2006; Hughes, 1989). Ja populacijam ir pietiekoSs baribas daudzums (piemé&ram,
alges un bakterijas) un labvéligi dzivos$anas apstakli (pieméram, temperatira, izSkidusa
skabekla daudzums), tam tiek novérots liels partenogenétiski vai biseksuali vairojo§o matisu
skaits visa reproduktivaja sezona (Gliwicz et al., 2001; Wetzel, 2001). Haag et al. (2005)
pienéma, ka dibinataja efekts ”bottleneck effect” var but divejads: proti, genétiskas
daudzveidibas samazinasanas un populacijas Ipatnu tuva radnieciba.

Jaunu Tpatnu imigracija var ne tikai ieviest jaunu gené&tisko materialu, bet arT novest pie
tuvi radniecigu hibridu atlases, kas var izraisit “imigrantu” al€lu biezuma palielinasanos,
tadgjadi izraisot genétiskas daudzveidibas palielinasanos vecakajas populacijas. Metapopulaciju
rekolonizacijas sekas. Ka pieméram, kalnu tidenstilpju baseinu metapopulaciju ar allozimiem
pétijumi paradija, ka ir izteikta gen&tiska diferenciacija starp metapopulaciju baseiniem (Haag
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et al., 2005). Tiek pienemts, ka populacijas genétiska struktiira metapopulacija liela mera ir
izskaidrojama ar tris dibinataja efekta sekam: speciga novirze kolonizacijas laika, sekojosa
imigracija un selekcijas ietekme, piesaistot neitralus g€nus ar saistitiem lokusiem atlasé (Haag
et al., 2005).
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SECINAJUMI
Visbiezak sastopamie taksoni Daphnia cucullata, Bosmina crassicornis, Bosmina
longirostris, Daphnia cristata, Daphnia longispina un Diaphanosoma brachyurum
(Cladocera), kas tika konstateti visos gados visas pétijumu sezonas laika (no maija lidz
septembrim), ir tipiski labi caurredzamiem mezotrofiem un mezoeitrofiem Latvijas ezeriem.
Daphnia cucullata cieSa korelacija pétitajos ezeros tika konstatéta ar pH, temperatiru,
hlorofilu-a, skabekla piesatinajumu un dulkainibu.
CieSa Daphnia cucullata korelacija pétitajos ezeros tika konstat€ta ar Daphnia cristata,
Chydorus sphaericus, Bosmina crassicornis, Diaphanosoma brachyurum (Cladocera),
Gastropus stylifer, Trichocerca similis (Rotifera), Mesocyclops leucarti (Copepoda), ir
skaidrojuma ar to, ka So taksonu eksistencei ir nepiecieSami analogiski vides apstakli.
Konstatetas taksonu skaita un taksonu ipatnu skaita savstarp&jo un sezonalo izmainu
likumsakaribas un izmainu tendences ir raksturigas dziliem, labi caurredzamiem
mezotrofiem un mezoeitrofiem Latvijas ezeriem.
RAPD lokusus Roth F-10 un Roth C-20 var uzskatit par vislabak izmantojamiem
turpmakajos Daphnia cucullata populaciju genétiskas struktiiras pétijumos Eiropa, jo
pétitajam Daphnia cucullata populacijam, izmantojot Sos lokusus bija noteikts vislielakais
amplificéto anonimo secibu skaits populacijas un S§is populacijas bija genétiski
visdaudzveidigakas.
Mikrosatelitu lokusus Dgm105 un Dgml01 var uzskatit par vislabak izmantojamiem
turpmakajos Daphnia cucullata populaciju genétiskas struktiiras pétijjumos Latvija, jo
pétitajam Daphnia cucullata populacijam, izmantojot Sos lokusus bija noteikts lielakais
mikrosatelitu al€lu skaits viena lokusa, maksimalais alélu un maksimalais privato alélu
skaits lokusos.
Daphnia cucullata populacijam no ezeriem ar mazu zooplanktona taksonu skaitu (47 un 43
attiecigi) (Rica un Geranimovas-Ilzas), salidzinot ar ezeriem ar lielu zooplanktona skaitu
(72 un 69 attiecigi) (Dridzis un Svente), ir lielaka genétiska daudzveidiba, vismazaka
genctiska distance, ka arT §is populacijas veido vienu genétisko grupu, ko apstiprina
klasterizacija.
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INTRODUCTION
Topicality of the study

The quality of fresh water resources occupies an important place in the world. Lakes are a
common landscape element in Latvia and the entire Baltic range. There are a total of 2,256
lakes in Latvia larger than one hectare, which differ not only in origin, morphology, stage of
development, but also in size, geology, feeding regime, chemical and physical parameters,
biological organisms (Klavins et al., 2002). Most of Latvia's deep lakes were formed in the
subglacial furrows in the Dagda, Feimani, Vestiena, Vanema, Bandava hills and the Upper
Highlands. Latgale has the largest number of lakes that were created as a result of damming
and are associated with the destruction of moraines (Cimdins, 2001; Glazaceva, 2004; Klavins
et al., 2002). A significant part of Latvian lakes has a relatively small area and depth and they
mainly correspond to the eutrophic type of lakes. They are exposed to anthropogenic influence
of varying intensity (Klavins et al., 2002). The number of lakes that have achieved high water
quality status is small. According to Cabinet of Ministers Regulations No. 118 (12.03.2002)
Regulations on the quality of surface and underground waters, there are 26 lakes in Latvia that
correspond to high-quality waters or priority salmon-like water lakes, which also include lakes
Svente, Rica, Dridzis and Geranimovas-Ilzas. These regulations determine that priority fish
waters are fresh waters, in which water protection or water quality improvement measures must
be taken to ensure favorable living conditions for the fish population. Salmonid fish water lakes
have higher water quality standards, so they need constant monitoring to observe changes in
their ecological quality. Zooplankton play an important role in the flow of substances and
energy in water bodies. Many species of zooplankton, by filtering food, reduce the effects of
eutrophication of the water body, because they control the amount of bacteria and algae by
participating in the process of biological self-purification of water. Zooplankton (such as
Cladocera) is an important food base for juvenile fish and planktophagous fish (Chang &
Hanazato, 2004; Cimdins, 2001; Hebert, 1982; Malone & McQueen, 1983; Pinel-Alloul, 1995;
Wetzel, 2001). Zooplankton, as a consumer of the primary production of water bodies (phyto-
and bacterioplankton), plays an important role in ensuring self-purification processes.
Zooplankton can serve as an ecological monitoring indicator, determining the trophic state of
lakes. In the temperate climate zone, where the temporal changes of zooplankton species
composition of lakes are affected by many factors, the potential of zooplankton as a
bioindicator is very high. Abiotic environmental factors in a lake determine the presence or
absence of a species, while biotic factors mainly determine the size of the zooplankton cenosis
population (Pinel-Alloul, 1995; Wetzel, 2001).

Zooplankton coenosis is a dynamic system in which species composition can change
significantly depending on the season and habitat (Bertilsson et al., 1995; Berzin$ & Pejler,
1989a; 1989b; Malone & McQueen, 1983; Pinel-Alloul, 1995; Seda & Devetter, 2000). There
were complex studies in Latvian lakes in the middle and end of the 20" century (Line, 1963;
Line, 1966; Vadzis et al., 1976). Many zooplankton studies were carried out mainly with the
aim of evaluating the zooplankton community as a food base for fish (Kumsare & Gaile, 1960;
Kumsare & Selkere, 1955; Laganovska, 1961; Sloka & Sloka, 1955) and within the framework
of other limnological studies (Ceira‘ms, 2007; Latvijas ezeru sinoptiskais monitorings, 2002;
Leinerte, 1988; Poikane et al., 2001; Urtane, 1998). There are no long-term and detailed data on
the qualitative and quantitative composition of zooplankton coenoses, regularities of mutual
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and seasonal changes of taxa, their relationship with changes in environmental factors in the
deep lakes of Eastern Latvia today.

Daphnia have also become a unique model of the convergence of adaptive traits in
radically different habitats and are often used as model organisms in ecological genetic studies
(Colbourne & Hebert, 1996; Colbourne et al., 1997; Harris et al., 2012; Lubbock, 1857; Lynch
& Spitze, 1994; Stark & Banks, 2003).

For the purposes of molecular genetic monitoring, it is very important to find the most
suitable markers for studying the genetic structure (Brede et al., 2006; Cousyn et al., 2001; De
Meester et al., 1995; Harris et al., 2005; Hellsten & Sundberg, 2000). Microsatellites, or simple
sequences, consisting of a set of consecutive nucleotide repeats (loci) of 2 to 6 nucleotides and
the number of repeats approximately 20 to 60 nucleotides. The number of repeats at each locus
is different, resulting in alleles of different lengths (Ellegren, 2004). Microsatellite markers
play a major role in genetic research because their loci types are very numerous and scattered
throughout the genome, the loci are mainly located in non-coding regions of the genome, and
thus they must be selectively neutral. This provides an opportunity to understand the genetic
structure of Daphnia cucullata populations from different water bodies (Colbourne et al., 2004;
Frisch et al., 2014; Forest et. al., 2007; Haag et. al, 2010; Palsson 2000). RAPD polymorphism
analysis serves as a rapid method for genetic polymorphism detection. RAPD polymorphism
express as the presence or absence of fragments of a certain length in the genome. RAPD
markers, in contrast to microsatellites, allow the study of the entire genome as a whole, rather
than individual parts of it, because they are distributed throughout the genome (Williams et al.,
1990). Because of that, the RAPD polymorphism analysis method can be used in determining
the genetic variability of zooplankton species populations and in genetic monitoring, since a
small amount of DNA material is sufficient for the analysis. RAPD analysis can serve as a kind
of express method for the discovery of genetic polymorphism, especially it is very relevant for
little studied taxonomic groups. However, when performing taxonomic interpretations with
nuclear DNA markers, it is necessary to use multiple markers for greater reliability of the
obtained results.

Due to this, the aim of the doctoral thesis is to carry out a long-term complex study of the
composition of zooplankton species, the structure of coenoses, seasonal dynamics and factors
affecting them, as well as the plasticity and genetic diversity of Daphnia cucullata populations
in the lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas.

Novelty of the research

1. The qualitative and quantitative composition of the zooplankton coenoses of lakes Svente,
Rica, Dridzis and Geranimovas-Ilzas, the regularities of mutual and seasonal changes of taxa,
and their relationship with changes in environmental factors have been determined.

2. For the first time in Latvia, markers for the study of the genetic structure of Daphnia
cucullata populations were determined and the genetic structure of the populations was
determined using RAPD and microsatellite loci.
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Statements to be defended
1. Qualitative and quantitative changes of zooplankton coenoses, their structure and
dynamics in the lakes Svente, Rica, Dridzis and Geranimovas-Ilzas depend on the internal
interaction of coenoses, changes in seasonality and environmental factors.
2. It is possible to use nuclear DNA markers from related species to study the genetic
structure of Daphnia cucullata populations.
3. Using RAPD and microsatellite loci, it is possible to find out the genetic structure of
Daphnia cucullata populations of lakes Svente, Rica, Dridzis and Geranimovas-Ilzas for
monitoring purposes.

The aim of the study

To carry out a complex analysis of the structure, dynamics and influencing factors of
zooplankton coenoses in lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas, and to find out the
genetic structure of Daphnia cucullata populations by determining the most suitable genetic
structure research markers.

Tasks of the study:

1. Determine the zooplankton coenoses of lakes Svente, Rica, Dridzis and Geranimovas-Ilzas:
1.1. qualitative and quantitative composition;
1.2. internal interactions and seasonal regularities;
1.3. quantitative and qualitative dynamics of composition in relation to changes in
environmental factors;

2. To determine the most suitable genetic structure research markers for the Cladocera taxon
Daphnia cucullata which found in the zooplankton of lakes Svente, Ric¢a, Dridzis and
Geranimovas-Ilzas;

3. To determine the genetic diversity of the Cladocera taxon Daphnia cucullata which found
in lakes lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas, using analysis of RAPD and
microsatellite loci.

Approbation of the research results

The doctoral work is designed as a dissertation. The main results of the doctoral thesis are
reflected in 9 scientific publications, 2 publications in conference full-text collections and
theses of 30 international scientific conferences. The main results of the doctoral thesis were
presented at 21 international scientific conferences and 3 local scientific conferences.

Publications in internationally peer-reviewed scientific journals included in the Scopus

database

The order in which the author is mentioned in the publication indicates his contribution to the

research.

I.  Brakovska, A., Skute, N. 2023. Exploring the genetic diversity and population structure of
Daphnia cucullata Sars, 1862 in Boreal lakes (Latvian Lakeland) based on microsatellites.
Diversity, 15 (11) 1128. 1 - 5. (Q2)
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II. Brakovska, A., Paidere, J., Skute, R., Skute, N., Skute, A. 2013. Occurrence of Cladocera
and genetic diversity of Daphnia cucullata in pelagic zone of the Latvian salmonid lakes.
Estonian Journal of Ecology. Vol. 62 No.4. 244- 264. (Q4)

III. Brakovska, A., Skute, R., Skute, A. 2012. Heterogeneity of distribution and community
composition of zooplankton in upper layers of Lake Svente. Zoology and Ecology. Vol. 22
No.2-3. 172-180. (Q4)

IV. Brakovska, A., Skute, R. 2009. Ecological evaluation of zooplankton groups in Lake
Geranimovas-Ilzas and Lake Garais. Proceedings of the 7 International Scientific and
Practical Conference Environment. Technology. Resources. Vol. 2: 43- 50.

Publications in internationally peer-reviewed scientific journals included in the Web of

Science Core Collection database

V. Brakovska, A., Paidere, J., Skute, A. 2020. Dynamics and factors influencing zooplankton
in the lakes Svente, Ric¢a, Dridzis and Geranimovas-Ilzas (Eastern Latvia). Acta Biologica
Universitatis Daugavpiliensis. Vol. 20 No.1. 71 — 94.

VL. Brakovska, A. 2014. Daphnia cucullata Sars, 1862 (CRUSTACEA: CLADOCERA)
distribution and location in composition of zooplankton cenosis in Lake Dridzis. Acta
Biologica Universitatis Daugavpiliensis. Vol. 14 No.1, 1 - 19.

VIL Brakovska, A., Skute, N. 2013. Optimisation of DNA and RAPD-PCR amplification for
population genetic analysis of Daphnia cucullata Sars, 1862 (Crustacea: Cladocera). Acta
Biologica Universitatis Daugavpiliensis. Vol. 13 No.2. 11- 20.

VIII. Brakovska, A., Paidere, J., Skute, A. 2012a. Diversity survery of samples of Rotifera
group in Lakes Svente and Brigene. Acta Biologica Universitatis Daugavpiliensis. Vol. 12
No. 2. 113 —129.

IX. Brakovska, A., Skute, R. 2007. Ecological characterization of zooplankton groups in the
deepest lakes of East Latvia. Acta Biologica Universitatis Daugavpiliensis. Vol.7 No.2
165- 174

Publications in full-text proceedings of conferences

X. Brakovska, A., Skute N. 2017. Genetic diversity of Daphnia cucullata Sars, 1862
population of lakes Svente, Ric¢a, Dridzis and Geranimovas-Ilzas (eastern Latvia) based on
microsatellite — PCR analysis. Bioindication in Monitoring of Freshwater Ecosystems III.
Proceedings of I1I" International Conference.St.Petersburg. 55-58.

XI. Brakovska, A., Paidere, J., Skute, R. 2012b. Composition dynamics of zooplankton
species in the Lake Svente (Latvia) from 2006 to 2011. Proceedings of conference
MexayHaponHass — mKoja-KoHpepeHIus  “AKTyalbHble  NpPOOJEMbl  U3y4YCHHSI
pakooOpa3HbIX KOHTUHEHTaNbHbIX BOA~ 05.- 09.11.2012. Bopoxk, Poccus, 140-144.

Abstracts and attendance of conferences and congresses:

1. Brakovska, A., Skute N. 2023. Genetic structure of Daphnia cucullata Sars, 1862 native
population in Eastern Latvia lakes. VIII Baltic Genetics Congress. Kaunas, Lithuania, 22.
- 24.03.2023. Biologija. Vol. 69. No.1. p.29.

2. Brakovska, A., Skute N. 2017. Genetic diversity of Daphnia cucullata Sars, 1862
population of lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas (eastern Latvia) based
on microsatellite — PCR analysis. Bioindication in Monitoring of Freshwater Ecosystems
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II. Proceedings of III" International Conference. St.-Petersburg, Russia, 23.- 27.10.2017.
Pp.55-58.

3. Brakovska, A., Skute N. 2017. Evaluation of nuclear DNA markers (RAPD and
microsatellites) variability in study of genetic structure of clonal organisms Daphnia
cucullata Sars, 1862 in Latvian Lakes. Abstracts of the 59" International Scientific
Conference of Daugavpils University, Latvia. 06.- 07.04.2017. p.132.

4. Brakovska, A., Skute N. 2017. Genetic diversity of Daphnia cucullata Sars, 1862 in
Latvian Lakes using nuclear DNA markers (RAPD and microsatellites). 9" International
Conference on biodiversity research, Daugavpils, Latvia. 26. — 28.04.2017. Book of
Abstracts. p.33.

5. Brakovska, A., Paidere J., Skute A. 2014. Daphnia cucullata Sars, 1862 (CRUSTACEA:
CLADOCERA) distribution and location in composition of zooplankton cenosis in Lake
Dridzis. The 56™ International Scientific Conference Of Daugavpils University.
Daugavpils, Latvia, 09.- 11.04.2014. Book of abstracts. p. 56.

6. Skute, N., Brakovska, A., Solomennikovs A. 2014. Influence of environmental factors on
Sventes lake zooplankton species diversity. The 56" International Scientific Conference
Of Daugavpils University. Daugavpils, Latvia, 09.- 11.04.2014. Book of abstracts. p. 63.

7. Brakovska, A., Skute, N., Paidere, J., Skute, A. 2013. Genetical biodiversity of Daphnia
cucullata Sars, 1862 in the Lakes Svente, Ric¢a, Dridzis and Geranimovas- Ilzas (Latvia).
7 International Conference “Research and conservation of biological diversity in Baltic
Region” Daugavpils, Latvia, 25. — 27.04.2013. Book of abstracts. p. 28.

8. Brakovska, A., Skute, N. 2012. Genetical variation of Daphnia cucullata in some Latvian
Lakes. 5" Baltic Genetical Congress. Kaunas, Lithuania, 19.- 22.10.2012. Book of
abstracts. p.26.

9. Brakovska, A., Paidere, J., Skute, R., Skute, N., Skute, A., Stepanova, M., Ilisko, E.,
Dimante-Deimantovica, 1. 2012. Occurence of Cladocera and genetic diversity of certain
species in Latvian salmonid lakes. International Scientific Conference The current state
and perspective of the Coregonid Lakes. Daugavpils, Latvia, 01.- 02.11.2012. Book of
abstracts. p.14.

10. Paidere, J., Brakovska, A., Ilisko, E., Grinko, O., Briivere, 1., Dimante-Deimantovica, 1.
2012. Applicability of zooplankton community study for ecological quality assessment of
salmonid water lakes in Latvia during summer, 2010. International Scientific Conference
The current state and perspective of the Coregonid Lakes. Daugavpils, Latvia, 01.-
02.11.2012. Book of abstracts. p.24.

11. Dimante-Deimantovica, 1., Paidere, J., Brakovska, A., Skute, A. 2012. An examination of
the method used in zooplankton counting. International Scientific Conference The current
state and perspective of the Coregonid Lakes. Daugavpils, Latvia, 01.- 02.11.2012. Book
of abstracts. p.16.

12. Brakovska, A., Paidere, J. 2012. Composition dynamics of zooplankton species in the Lake
Svente (Latvia) from 2006 to 2011. International Conference “Axmyanvhvie npobremol
U3yyeHUus paKooOpPasHvIX KOHMUHeHMANbHuIX 600 . Proceedings of conference
Mescoynapoonas — wKoia-KoHgepenyus “AxmyanvHble  npobnemvl  U3YUEHUs
pakoobpasznvix KonmunenmaavHolx 600" Borok, Russia, 05. - 09.11.2012. Pp.140-144.

60



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Stepanova, M., Brakovska, A., Skute, A. 2011. Rotatoria grupas diennakts migracijas
Sventes ezera. Riga, Latvija, 25.02.2011. LU 69.zindtniskdas konferences rakstu krajums.
53. 1pp.

Paidere, J., Brakovska, A., Skute, R. 2011. Zooplanktons Geranimovas-Ilzas ezera 2007.,
2009. un 2010. gada. Riga, Latvija, 25.02.2011. LU 69.zindtniskas konferences rakstu
krajums. 34 — 35.

Stepanova, M., Brakovska, A., Skute, A. 2011. Zooplanktona sezonalas vertikalas
migracijas Sventes ezera. DU 53.starptautiska zindtniska konference. Daugavpils, Latvija,
13. - 15.04.2011. DU 53.starptautiskdas zinatniskas konferences tézu krajums. 25. lpp.

Stepanova, M., Brakovska, A., Skute, A., Skute, R. 2011. Seasonal changes of Keratella
cochlearis in the Lakes Svente and Dridzis in Latvia. DU 6" International conference
., Research and conservation of biological diversity in Baltic region” Daugavpils, Latvia,
28.—29.04.2011. Book of abstracts. p.126.

Paidere, J., Brakovska, A., Stepanova, M., Bardafenko, V. 2011. The occurence of
Eurytemora lacustris (Poppe, 1887) in the Latvian salmonid water lakes of the east Latvia
in 2010. 6" Internacional Conference Research and Conservation of Biological Diversity
in Baltic Region. Daugavpils, Latvia, 28.—29.04.2011. Book of abstracts. p. 92.

Dimante - Deimantovi¢a, 1., Bardaenko, V., Brakovska, A., Solomennikovs, A., Skute, A.,
Skute, R. 2011. Dynamics of three calanoid copepods interactions: presumption for
behavioural defense in order to reduce possible predation? The 11" International
conference on copepod. Merida, Mexico. 10.- 15.07.2011. Book of abstracts. p. 30.

Paidere, J., Brakovska, A., Skute, R., Stepanova, M., Bardacenko, V. 2011. Vertical
distribution of zooplankton in the deepest Latvian lake Dridzis in summer 2010. Lake
ecosystems: biological processes, antropogenic transformation, water quality. Minsk —
Naroch, Belarus, 12.— 17.09.2011. Book of abstracts of the 1V International Scientific
Conference. p. 123.

Paidere, J., Brakovska, A., Stepanova, M. 2011. Limnocolanus macrurus G.O.Sars 1863
and Eurytemora lacustris (Poppe 1887) as indicator of the Latvian salmonid water lakes
trophy. 1" International Conference Bioindication in monitoring of freshwater
ecosystems. St. Petersburg, Russia, 10.- 14.10.2011. Book of abstract. p. 122.

Brakovska, A., Skute, R., Skute, A. 2010. Seasonal dynamics of Cladocera species in the
Svente Lake. The 52" International Scientific Conference of Daugavpils University.
Daugavpils, Latvia, 15.04.2010. Book of abstracts. p. 42.

Skute, N., Brakovska, A. 2010. Genetic variation in populations of Bosmina crassicornis
of some Lakes in Latvia. Water Observation and Information System for Decision
Support. Ohrid, Republic of Macedonia, 25. - 29.05.2010. Abstracts Vol. Il p. 489- 490.

Brakovska, A., Skute, N. Genetical biodiversity of Daphnia cucullata in the deepest Lakes
of East Latvia. 4" International Scientific Conference to commemorate Professor
G.G.Winberg Modern problems of aquatic ecology. St.Peterburg, Russia, 11. - 15.10.2010.
Book of abstracts. p. 225.

Skute, A., Deksne, R., Paidere, J., Skute, N., Brakovska, A. 2010. Changes in the structure
of zooplankton communities in the freshwater ecosystems in Latvia over the last five
decades. Advances in Climate Changes, Global Warning, Biological Problems and
Natural Hazards. 3 WSEAS International Conference on Climate Changes, Global

61



Warning, Biological Problems (CGB’ 10). Faro, Portugal, 03.- 05.11.2010. Published by
WSEAS Press. Pp. 96 — 100.

25. Stepanova, M., Brakovska, A. 2010. Diversity of seasonal zooplankton groups in the Lake
Svente in Latvia. BIOLOGY: from a molecule up to the biosphere. V International young
scientists’ Conference. Kharkiv, Ukraine, 22.- 25.11. 2010. Book of abstracts. p. 371.

26. Brakovska, A., Skute, R. 2009. Ecological evaluation of zooplankton groups in Lake
Geranimovas-llzas and Lake Garais. 7" International Conference Environment.
Technology. Resources. Rezekne, Latvia, 25.- 27.06.2009. Proceedings of the 7"
International Scientific and Practical Conference Environment. Technology. Resources.
Vol. 2. Pp. 43- 50.

27. Brakovska, A., Stepanova, M., Skute, R., Skute, A. 2009. Diversity survery of samples of
Rotatoria group in Lakes Svente and Brigene. 5" International Conference “Research
and conservation of biological diversity in Baltic Region”. Daugavpils, Latvia, 22.-
24.04.2009. Book of abstracts. p. 25.

28. Skute, N., Brakovska, A. 2009. Evaluation of RAPD method for some population of
Cladocera group in Lake Svente from Latvia. 5 International Conference “Research and
conservation of biological diversity in Baltic Region” Daugavpils, Latvia, 22.-
24.04.2009. Book of abstracts. p. 126.

29. Brakovska, A., Stepanova, M. 2008. Ecological characteristic of groups of zooplankton in
Lake Svente. International Life Sciences Students’ Conference Warsaw. Warsaw, Poland,
10.- 14.09.2008. Book of abstracts. p. 49.

30. Brakovska, A., Skute, R. 2008. Heterogeneity of zooplankton groups in lake Svente. The
50" International Scientific Conference Of Daugavpils University. Daugavpils, Latvia,
15.- 17.05.2008. Book of abstracts. Pp. 28 — 29.

31. Deimantovi¢a, 1., Brakovska, A., Skute, R. 2008. Zooplanktona diennakts dinamika
Sventes ezera. Latvijas Universitates 66. Zindatniska konference. Klimata mainiba un
ideni”. Riga, Latvija, 22.02.2008. Rakstu krajums. 30.1pp.

32. Brakovska, A., Skute, R. 2007. Ecological characterization of zooplankton groups in the
deepest lakes of East Latvia. 4 International Conference “Research and conservation of
biological diversity in Baltic Region”. Daugavpils, Latvia, 25.- 27.04.2007. Book of
abstracts. p. 18.

62



2. MATERIALS AND METHODS
2.1. Research territory

Material for zooplankton coenozoic composition and molecular genetic studies was
collected in four deep lakes of Eastern Latvia, which belong to deep, well-transparent
mesotrophic and mesoeutrophic Latvian lakes (Urtane, 1998). The selected lakes are also
relatively similar in terms of their morphometric indicators and are included in the list of
priority fish water lakes (Regulations of the Cabinet of Ministers No. 118 of March 12, 2002).
The characteristics and locations of the lakes are reflected in Table 2.1.1 and Figure 2.1.1
(Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020;
Brakovska et al., 2013; Brakovska & Skute, 2017; Brakovska & Skute, 2013; Brakovska &
Skute, 2023; Brakovska & Skute, 2007; Brakovska & Skute, 2009; Brakovska et al., 2012).
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Figure 2.1.1. Location of lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas

Table 2.1.1.
Morphometric and ecological parameters of lakes Svente, Rica, Dridzis and Geranimovas-Ilzas
Lake Coordinates | Height of | Surface | Surface | Maximu | Average | Catchme | Shore
XY lakes area area m depth, | depth, m | nt basin, | length,
above sea with without m sq.km km
level, m islands, islands,
sq.km sq.km
Dridzis 705390.852/ 159.8 7.72 7.56 64 12.8 46 42
208462.077
Rica 670715.594/ 145.8 13.12 13.07 397/ 9.7 123"/13 34
175721.067 51.9 0™
Svente 647412.511/ 136.9 7.06 7.03 38 7.8 20 26
192388.091
Geranimovas | 696251.015/ 150.7 3.17 3.17 46 9.8 66 24
-llzas 228167.042

* Depth in Latvia, while the maximum depth is in Belarus - 51.9 m; ™ Drainage basin in the territory of Latvia;
““Drainage basin on the territory of Belarus. (Eipurs, 1995; Tidrikis, 1997; Tidrikis, 1998; Urtane, 1998; Ezeri.lv

Datubaze)
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2.2. Collection and processing of zooplankton samples for zooplankton
coenosis composition and molecular genetic studies

In order to get as complete picture as possible of the current composition of zooplankton

species, their interactions with each other, interactions with various environmental factors, as
well as the location and role of one of the most common species of Cladocera - Daphnia
cucullata in the composition of zooplankton species in lakes Svente, Ri¢a, Dridzis and
Geranimovas-Ilzas, the samples were collected over several years throughout the spring,
summer and autumn seasons. Sampling sites were chosen to represent the diversity of lake
habitats as much as possible.
The zooplankton samples were collected from 2007 to 2011, from May to September, in
different places of lakes Svente and Dridzis. A total of 275 zooplankton samples were collected
and studied in Lake Svente, while a total of 100 zooplankton samples were collected and
examined in Lake Dridzis. On the other hand, in lakes Rica and Geranimovas-Ilzas from 2007-
2011, once a season, i.e. in summer, a total of 45 zooplankton samples were collected and
studied in each lake (Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al., 2012b;
Brakovska et al., 2020; Brakovska et al., 2013; Brakovska & Skute, 2007; Brakovska & Skute,
2009; Brakovska et al., 2012).

In order to determine the sampling sites in the lakes and to mark the geographical points
of these sites, a fish-finding sonar and mapping GPS LOWRANCE LMS 522c¢ was used. The
maps of the lake sampling sites were prepared with the ArcGIS 10 application, using the
orthophoto maps prepared by the Latvian Geospatial Information Agency (LgIA) in 2005 on a
scale of 1:10,000.

A DENMARK Apstein plankton net (mesh size 65 pm) was used for the collection of
zooplankton samples in different parts of the lake, and a Hydro-bios Apstein plankton net with
an opening-closing mechanism (mesh size 64 pm) was used in the deeper parts of the lake.
When collecting samples with a DENMARK Apstein plankton net, zooplankton samples were
collected at a depth of approximately 0.5 - 1 m by filtering 100 I of water. On the other hand,
using the Hydro-bios Apstein plankton net, the water column was filtered out from the depth of
the lake to the surface in the deepest parts of the lake. The volume of the total sample obtained
was about 200 - 250 ml. The collected material was preserved by addition of 37 - 40 % solution
of formaldehyde, resulting in a concentration of 4% zooplankton samples (APHA, 2005;
Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020;
Brakovska et al., 2013; Brakovska & Skute, 2007; Brakovska & Skute, 2009; Brakovska et al.,
2012; Wetzel & Likens, 2000).

Daphnia cucullata samples for molecular genetic studies were collected at the same time
as zooplankton cenoses composition research samples. Daphnia cucullata specimens from 50
zooplankton samples were collected and identified for molecular genetic studies in the lakes
Svente and Dridzis, while Daphnia cucullata specimens were collected and identified from 45
zooplankton samples in the lakes Rica and Geranimovas-Ilzas. The collected material was
preserved and stored in 70 - 96 % alcohol (Brakovska et al., 2013; Brakovska & Skute, 2017;
Brakovska & Skute, 2013; Brakovska & Skute, 2023; Harris et al., 2005; Hellsten & Sundberg,
2000; Schwenk et al., 1998).
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2.3. Taxonomic analysis of the composition of zooplankton coenoses

Qualitative and quantitative analysis of zooplankton samples was performed using a
ZEISS Primo Star light transmission microscope (100 - 400x magnification). Chamber
processing of the samples was performed using a Griddad Sedgewick counting chamber with a
volume of 1 ml. A total of 6 mL (1 mL X 6) of each sample subvolume was examined (Wetzel
& Likens, 2000). Within the limits of possibilities and knowledge, zooplankton organisms were
determined to species, genus or family, using taxonomic keys by: Benzie, 2005; Dagg, 1977;
Dumont, & Negrea, 2002; Dussart & Defaye, 2001; Einsle, 1996; Flossner, 1972; Flossner,
2000; Flossner, 2002; Hudec, 2010; Kotov, 2006; Krauter & Streble, 1988; Lieder, 1996;
Nogrady & Segers, 2002; Paidere & Skute, 2011; Pontin, 1978; Radwan et al., 2004; Rivier,
1998; Ruttner-Kolisko, 1974; Scourfield & Harding, 1994; Segers, 1995; Segers, 2007; Sloka,
1981; Smirnov, 1996; AnekceeB & Ilamoxun, 2010; KyrukoBa & Crapoboraros, 1977,
Kyruxora, 1970; ManyitnoBa, 1964; Onpeaenurens 3o0omianktoHa... 2010; Onpenenurerns
npecHOBOAHBIX... 1995. Individual biomass of zooplankton organisms was obtained from
information available in literature sources (Bottrell et al., 1976; Ruttner-Kolisko, 1977;
Kucwuie, 1956) (Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al., 2012b;
Brakovska et al., 2020; Brakovska et al., 2013; Brakovska & Skute, 2017; Brakovska & Skute,
2013; Brakovska & Skute, 2023; Brakovska & Skute, 2007; Brakovska & Skute, 2009;
Brakovska et al., 2012).

2.4. DNA isolation and determination of the quantity and quality of isolated DNA
from Daphnia cucullata specimens

DNA isolation was performed by modifying Fitzsimmons and Innes (2005) and Harris et
al. (2005) proposed universal ("salting-out") DNA isolation methods. The quality and
concentration of DNA samples were checked with the help of a spectrophotometer BioSpec-
Nano (Shimadzu, Japan) with absorption coefficient Azso230 and Azeo280, as well as by gel
electrophoresis of the obtained samples on a 1.5 % agarose gel (Brakovska et al., 2013;
Brakovska & Skute, 2017; Brakovska & Skute, 2013; Brakovska & Skute, 2023; Harris et al.,
2005).

2.5. Conditions of RAPD-polymerase chain reaction (RAPD-PCR) and visualization of
products in Daphnia cucullata specimens in gel electrophoresis
Fifty-five simple random sequence decanucleotide primers (RAPD) were tested for rapid
amplification of polymorphic DNA fragments from sets A, B, C and F (Carl Roth, Germany)
during RAPD primer validation. Each kit included 20 simple decanucleotide primers with
random nucleotide sequences (Carl-Roth). Only seven primers from set A (OPA-02; OPA-03;
OPA-05; OPA-09; OPA-10; OPA-12; OPA-13), three primers from set B (OPB-03; OPA-13)
were selected for further study. OPB-07 OPB-08), two primers from set C (OPC-11; OPC-20)
and one primer from set F (OPF-10), which during amplification gave good repeatable and
informative DNA fragments in all studied Daphnia cucullata populations (Table 2.5.1). Both a
positive and a negative control (sample without DNA) were included in each run of the
amplification reaction to check the accuracy of the reaction (Brakovska et al., 2013; Brakovska
& Skute, 2013). PCR synthesis was performed using Eppendorf Mastercycler® proS
(Eppendorf) and GeneAmp® ABI 9700 (Applied Biosystems) PCR systems.
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Table 2.5.1.

Characterization of primers used in Daphnia cucullata RAPD-PCR analysis

Size
Primer Primer sequence 5'—>3' range of polymorphic
DNA loci (bp)
Roth A-02 TGC CGA GCT G 600 - 3000
Roth A-03 AGT CAGCCAC 800 - 3000
Roth A-05 AGG GGT CTTG 1000 — 3000
Roth A-09 GGG TAA CGCC 1000 — 3000
Roth A-10 GTGATCGCA G 900 — 3000
Roth A-12 TCG GCG ATA G 900 — 3000
Roth A-13 CAGCACCCAC 1000 - 3000
Roth B-03 CAT CCCCCTG 900 — 3000
Roth B-07 GGT GAC GCA G 800 — 3000
Roth B-08 GTC CAC ACG G 1200- 3000
Roth F-10 GGA AGC TTG G 500 — 3000
Roth C-11 AAA GCT GCG G 600 - 3000
Roth C-20 ACTTCGCCAC 700 - 3000

To perform RAPD-PCR synthesis for Daphnia cucullata specimens, the following
amplification mode was chosen: denaturation - 94°C 3min; 46 cycles: 94°C 20s (denaturation),
X °C 40°C 30s (primer attachment or annealing), 72°C 1 min (synthesis); 72°C for 10 min; 4°C
(cooling). After amplification until analytical separation of samples in agarose gel, PCR
samples were stored in a refrigerator (4°C). To verify the accuracy of RAPD-PCR fragment
amplification, amplification of DNA samples with each primer was repeated three times. Only
those primers that gave good repeatable and informative DNA fragments in the course of
amplification in all studied Daphnia cucullata populations were selected for further study.

The entire RAPD-PCR product was used for electrophoresis analysis. RAPD-PCR
fragments were fractionated on a 1.4 % agarose gel (Sigma-Aldrich) in TBE buffer (0.045M
Tris, 0.001M EDTA, 0.045M H3BO3, pH 8.3-8.4). A DNA marker (GeneRuler™ 100bp DNA
Ladder Plus) (MBI Fermentas, Vilnius, Lithuania) was used to identify RAPD-PCR fragment
sizes. Amplification products with a given primer were gel fractionated as having (1) or not (0)
a fragment of the relevant molecular weight, which reflects genetic variation among clones of a
population (Hellsten & Sundberg, 2000; Grosberg et al., 1996). DNA fragments with similar
mobility were considered identical. We visualized the obtained PCR products in ultraviolet
light (BioSpectrum Imaging System; UVP, UK), and determined the sizes of the fragments by
comparing them with the marker using the computer program VisionWorksLS (Ultra-Violet
Products Ltd, UK) (Brakovska et al., 2013; Brakovska & Skute, 2013).
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2.6. Conditions of microsatellite-polymerase chain reaction and visualization of
products of Daphnia cucullata specimens in capillary electrophoresis

Cross-amplification with cognate primers from closely related Daphnia cucullata species
(Daphnia galeata, Daphnia rosea, Daphnia hyalina (Brede et al., 2006)) was used in
microsatellite analysis. In the optimization of microsatellite primers for Daphnia cucullata
population genetics studies, nine pairs of microsatellite primers (forward and reverse) were
used, where one of them was fluorescent-4 labeled. Three fluorescent labels TMR (yellow),
HEX (green), FAM (blue) were used for labeling. For further genetics studies of Daphnia
cucullata populations, six microsatellite primers (SwiD1; Dgm105; Dgm101; DaB17/17;
Dgm109; Dp519) were used, which gave good repeatable and informative DNA fragments in
all studied Daphnia cucullata populations. PCR synthesis was performed using an Eppendorf
Mastercycler® proS (Eppendorf, Hamburg, Germany) automated polymerase chain reaction
(PCR) system (Version 2.1, Free Software Foundation). To perform microsatellite-PCR
synthesis for Daphnia cucullata specimens, the following amplification mode was chosen:
denaturation - 98°C for 5 min; 40 cycles: 98°C 5s (denaturation), X °C or 55°C 10s (primer
attachment or annealing), 72°C 20s (synthesis); 72°C Imin; 4°C (cooling). PCR samples were
stored in a refrigerator (4°C) until the analytical analysis. Analytical separation of samples was
performed on a GeneScan®Analysis ABI PRISM 3100 sequencer (Applied Biosystems, Foster
City, CA, USA) using GeneScan ™ 500 LIZ® size standards. For further microsatellite
polymorphism analysis, six primers were selected, which, as a result of amplification, gave
good repeatable and informative DNA fragments in all studied Daphnia cucullata populations
(Table 2.6.1) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

Table 2.6.1.
Characterization of microsatellites used in Daphnia cucullata microsatellites - PCR analysis
Locus Primer sequences (5'-3") Repeat Size
unit range (bp)
SwiD1 F:GCCGTGTTCGAAAGCTAGTC (TG)]8 116 — 142
R: AGCCGAACGAAAAACATGC
Dgm105 F:ATGTGAGCGCGCGAGCATTT (CAG)SAG 172 - 197
R:GTCCAGCCGGCCCATTTCAGTT
Dgm101 F: TCTTGCTCGAATTCTCTCC (GA)IOAGA 162 -177
R: CCTGTCTCACACGGAGC
DaB17/17 | F:GAGAACCTTTTATCAGCTTCG T9 100 - 109
R:ACTCATCTGGTGAGATGGATC
Dgm109 F: CCAGCTGTTGACCACCTG (ACC)7AC 247 - 266
R: TGCGCGAGGATTTCCAACAC
Dp519 F:AGTCGCGACGACATAAAGC (TG)6(GA)7 144 - 160
R:GTGGTAGTTGTGGAATCCG
DaB10/15 | F:AGAGAAGTGTTTGCGTTTC TCs 75 -89
R:TGTTTCCTATATCCCTCGG
Dp512 F:-TTTCGTTCTACCCAGGGAAG (TG)4...(GT)s 125 - 141
R:TTTGCTCGTCTGTGATAGGC
DaB17/16 | F: AGGGAACGAGCGGCGATAAG GAio 189 - 195

R:TCTTTGGCAGGCCACTGCCAAGG
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2.7. Determination of physicochemical parameters of water

Measurements of physicochemical parameters of water in the lakes Svente, Rica, Dridzis
and Geranimovas-Ilzas were carried out with HACH® DS5 multiparameter water quality sonde
in the period from 2006 to 2011 during the summer season, simultaneously with the collection
of zooplankton samples for the determination of species diversity and genetic polymorphism of
Daphnia cucullata specimens. Water temperature °C, pH, conductivity uS cm, total dissolved
substances g 1!, dissolved oxygen mg I'!, dissolved oxygen in %, a-chlorophyll pg 1!, turbidity
NTU, oxidation-reduction potential mV along one imaginary line (Brakovska, 2014; Brakovska
et al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al.,. 2013;
Brakovska & Skute, 2007; Brakovska & Skute, 2009; Brakovska et al., 2012).

2.8. Statistical processing and analysis of the obtained data

To analyze the structure of the zooplankton coenoses of lakes Svente, Ric¢a, Dridzis and
Geranimovas-Ilzas, their numerical characteristics (number of organisms m=, biomass g3,
number of taxa), the Shannon-Wiener (Shannon-Wiener) species diversity index (H') were used
(Krebs, 1999; MacArthur, 1965; Margalef, 1958; Schwerdtfeger, 1975; Shannon, 1948; Wolda,
1981; Tepemenko et al., 1994; JIebenena et al., 2004). The amount and biomass of zooplankton
was calculated according to standard methods (APHA, 2005; Wetzel & Likens, 2000), which
are more widely presented in my publications (Brakovska, 2014; Brakovska et al., 2012a;
Brakovska et al., 2012b; Brakovska et al., 2020; Brakovska et al.,. 2013; Brakovska & Skute,
2007; Brakovska & Skute, 2009; Brakovska et al., 2012).

Statistical data processing and analysis was performed with SPSS Statistics 20, Canoco
for Windows version 4.5. in order to find out regularities of limnological and other
environmental conditions and biological parameters (Gotelli & Ellison, 2004; Lep$ & Smilauer,
1999; Quinn & Keough, 2002).

Based on the presence (1) or absence (0) of RAPD-PCR fragments (loci) in Daphnia
cucullata specimens, the Dice similarity coefficient (S) was calculated (Hellsten & Sundberg,
2000; Krebs, 1999; Schwenk et al., 1998). After the RAPD analysis, gene flow between
populations was estimated (Nei, 1987; Slatkin & Barton, 1989), the coefficient of genetic
differentiation of populations (Nei, 1987), genetic distances (D) (Nei, 1978), geographic
distances (GD) and the Shannon's index (I) were calculated (Lewontin, 1972) using the
GENALEX 6 software (Peakall & Smouse, 2006) (Brakovska et al.,. 2013).

On the other hand, after the microsatellite analysis, the obtained data were interpreted
with the Gene Scan Analysis Software, where, in turn, they were further analyzed with the help
of the GENALEX 6 software (Peakall & Smouse, 2006). After the microsatellite analysis, total
genetic polymorphism level, number of polymorphic loci, mean observed heterozygosity Hops
and mean expected heterozygosity Hex, at polymorphic loci (according to the Hardy-Weinberg
principle) (Nei, 1973), allele frequency, observed (N.) and effective (Ne) number of alleles per
locus were evaluated, private alleles in each population (Nei, 1987), mean number of alleles per
locus. Genetic differentiation between populations was analysed with principal component
analysis (PCA), Fst value. The genetic similarity of the populations was analysed with the help
of Nei's genetic distance index (D) (Nei, 1978) (Brakovska & Skute, 2023; Brakovska & Skute,
2017)
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3. RESULTS
3.1.Composition, dynamics of zooplankton taxa and the place of Daphnia cucullata in
it

The number and composition of zooplankton coenose taxa of lakes Svente, Ric¢a, Dridzis
and Geranimovas-llzas varied by year and season (Table 3.1.1.; 3.1.2.; 3.1.3.; 3.1.4.)
(Brakovska, 2014; Brakovska et al., 2012a; Brakovska et al., 2012b; Brakovska et al., 2020;
Brakovska et al., 2013; Brakovska & Skute, 2007; Brakovska & Skute, 2009; Brakovska et al.,
2012). Daphnia cucullata (Cladocera) was present in the lakes we studied in all years
throughout the season, only its numerical composition differed. However, in all studied lakes,
the largest number of taxa was in the Rotifera group, followed by the Cladocera and Copepoda
groups (Table 3.1.1.; 3.1.2.; 3.1.3.; 3.1.4.). Analyzing the collected zooplankton samples from
the lakes, it was found that the greatest diversity of zooplankton taxa was observed in the lakes
Dridzis and Svente, where 72 zooplankton taxa were identified in Lake Dridzis (Table 3.1.3.)
and 69 zooplankton taxa in Lake Svente (Table 3.1.1.), respectively. On the other hand, 47 taxa
were identified in Lake Rica (Table 3.1.2.) and 43 zooplankton taxa in Lake Geranimovas-Ilzas
(Table 3.1.4.). Common zooplankton taxa were also determined in the studied lakes according
to the years of sample collection, in Lake Dridzis 25, in respectively Rica 21, in Lake

Geranimovas-Ilzas 14 and in Lake Svente 19 respectively. (Table 3.1.1.; 3.1.2.; 3.1.3.; 3.1.4.).

Table 3.1.1.
Presence of zooplankton species in Lake Svente from 2007 to 2011
N“':fber ey Collection time C omlflon
species 2007 | 2008 | 2010 | 2011 species

39 ROTIFERA 14 19 34 30 12

1 Ascomorpha ecaudis Perty, 1850 + + + + +

2 Ascomorpha ovalis (Bergendal, 1892)

3 Ascomorpha saltans saltans Bartsch, 1870

4 Asplanchna priodonta Gosse, 1850 + + + +

5 Brachionus angularis Gosse, 1851 +

6 Brachionus sp. Pallas, 1766 +

7 Brachionus urceolaris Miiller, 1773 +

8 Cephalodella gibba (Ehrenberg, 1832) + +

9 Collotheca sp. Harring, 1913 +

10 fgg;)chilus (Conochilus) hippocrepis (Schrank, N N N N N

1 Conochilus (Conochilus) unicornisRousselet, N N

1892

12 Conochilus sp.Ehrenberg, 1834 +

13 Euchlanis dilatata Ehrenberg, 1832 + +

14 Euchlanis sp. Ehrenberg, 1832 +

15 Filinia longiseta (Ehrenberg, 1834) +

16 Gastropus stylifer (Imhof, 1891) +

17 Kellicottia longispina Kellicott, 1879 +

69



Number

Collection time

Of. Species (taxa) 2007 | 2008 | 2010 | 2011 CS(;::Q(;H
species

18 Keratella cochlearis Gosse, 1851 +

19 Keratella quadrata Miiller, 1786 +

20 Lecane ludwigii (Eckstein, 1883) +

21 Lecane luna (Miiller, 1776) + + + +

22 Lecane lunaris (Ehrenberg, 1832) +

23 Lecane sp. (Nitzsch, 1827) +

24 Ploesoma hudsoni (Imhof, 1891) + + +

25 Ploesoma lenticulare Herrick, 1885 +

26 Polyarthra dolichoptera 1delson, 1925 + + +

27 Polyarthra major Burckhardt, 1900 + + +

28 Polyarthra vulgaris Carlin, 1943 + + +

29 Pompholyx sulcata Hudson, 1885 + + +

30 Rotatoria sp. Scopoli, 1777 + +

31 Synchaeta kitina Rousselet, 1902 +

32 Synchaeta pectinata Ehrenberg, 1832 +

33 Synchaeta tremula (Miiller, 1786) +

34 Testudinella patina (Hermann, 1783) +

35 Trichocerca capucina (Wierzejski & Zacharias, N N N N N

1893)

36 Trichocerca cylindrica (Imhof, 1891) +

37 Trichocerca rousseleti (Voigt, 1902) +

38 Trichocerca similis(Wierzejski, 1893) +

39 Trichotria pocillum (Miiller, 1776) +

20 CLADOCERA 7 10 14 15 5

1 Acroperus harpae (Baird, 1835) +

) If’;);i;zina (Eubosmina) crassicornis Lilljeborg N N N N N

3 If’;);igz)zna (Bosmina) longirostris (O. F. Miiller, N N N N N

4 Bosmina (Eubosmina) coregoni Baird, 1857 +

5 Bosmina (Eubosmina) longispina Leydig, 1860 + + +

6 Bythotrephes longimanus Leydig, 1860 +

7 Ceriodaphnia pulchella Sars, 1862 + + +

8 Ceriodaphnia quadrangula (O.F Miiller, 1785) +

9 Ceriodaphnia rectangula (Jurine, 1820) + + +

10 Chydorus ovalis (Kurz, 1875) + +

11 Chydorus sphaericus (O. F. Miiller, 1776) +

12 Daphnia (Daphnia) cristata Sars, 1862 +

13 Daphnia (Daphnia) cucullata Sars, 1862 +

14 Daphnia (Daphnia) longispina (O. F. Miiller, N N N

1776)
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15 Daphnia longispina hyalina (O.F. Miiller, 1775) +
16 Diaphanosoma brachyurum (Liévin, 1848) + + + +
17 Leptodora kindtii (Focke, 1844) +
18 Polyphemus pediculus (Linnaeus, 1758) +
19 Scapholeberis mucronata (O.F. Miiller, 1776)
20 Sida crystallina (O. F. Miiller, 1776)
10 COPEPODA 2 9 8 2
1 Cyclops scutifer G.O.Sars, 1863 +
2 Cyclops sp. Miiller, 1785 + +
3 Eudiaptomus gracilis (G.O. Sars, 1863) + +
4 Eudiaptomus graciloides(G.O. Sars, 1863) + +
5 Limnocalanus macrurus G.O.Sars., 1863 + + +
6 Megacyclops sp. Kiefer, 1927 + +
7 Megacyclops viridis (Jurine, 1820) + +
8 Mesocyclops leucarti (Claus, 1857) + +
9 Thermocyclops crassus (Fischer, 1853) + +
10 Thermocyclops oithonoides (G.0.Sars, 1863) + +
Copepodite + +
Nauplii + +
69 TOTAL 23 32 57 53 19
Table 3.1.2.
Presence of zooplankton species in Lake Ri¢a from 2007 to 2011
Numb.er Species (taxa) Collection time Comlflon
of species 2007 2010 2011 species
22 ROTIFERA 19 16 16 13
1 Ascomorpha ecaudis Perty, 1850 + +
2 Ascomorpha ovalis (Bergendal, 1892)
3 Ascomorpha saltans saltans Bartsch, 1870
4 Asplanchna priodonta Gosse, 1850 + + +
s (CSOCIII(;ZZI;(I’ML: 8((?30)nochilus) hippocrepis N N N N
6 Conochilus (Conochilus) unicornisRousselet, N N N N
1892
7 Filinia longiseta (Ehrenberg, 1834) +
Gastropus stylifer (Imhof, 1891) + + + +
9 Kellicottia longispina Kellicott, 1879 + + + +
10 | Keratella cochlearis Gosse, 1851 + + + +
11 | Keratella quadrata Miiller, 1786 + + + +
12 | Ploesoma hudsoni (Imhof, 1891) + +
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Numbf:r Species (taxa) Collection time Comlflon
of species 2007 2010 2011 species
13 | Polyarthra major Burckhardt, 1900 + + + +
14 | Polyarthra remata Skorikov, 1896 +
15 | Polyarthra vulgaris Carlin, 1943 +
16 | Pompholyx sulcata Hudson, 1885 +
17 | Rotatoria sp. Scopoli, 1777
18 | Synchaeta tremula (Miiller, 1786)
19 Testudinella patina (Hermann, 1783)
20 ; ziézlft;ci::’ccllgcggucina (Wierzejski & N N N N
21 Trichocerca cylindrica (Imhof, 1891)
22 | Trichocerca similis(Wierzejski, 1893) + +
16 CLADOCERA 14 9 9
1 Bosmina (Eubosmina) crassicornis Lilljeborg N N N N
1887
) f/lo;ﬁzrrjal glz;z;*mma) longirostris (O. F. N N N N
3 Bosmina (Eubosmina) coregoni Baird, 1857 +
4 le?gggu'na (Eubosmina) longispina Leydig, N N N N
5 Bosmina (Eubosmina) reflexa Seligo, 1907 +
6 Bythotrephes longimanus Leydig, 1860 + +
7 Ceriodaphnia affinis Lilljeborg, 1900 +
8 Ceriodaphnia pulchella Sars, 1862 + +
9 Ceriodaphnia reticulata ( Jurine, 1820) + +
10 | Ceriodaphnia sp. Dana, 1855 +
11 | Daphnia (Daphnia) cristata Sars, 1862
12 | Daphnia (Daphnia) cucullata Sars, 1862 + +
13 Daphnia (Daphnia) longispina (O. F. Miiller, N
1776)
14 | Diaphanosoma brachyurum (Liévin, 1848) +
15 | Leptodora kindtii (Focke, 1844) +
16 | Polyphemus pediculus (Linnaeus, 1758) +
9 COPEPODA 2 6 6 2
1 Cyclops sp. Miiller, 1785 + + +
2 Eudiaptomus gracilis (G.O. Sars, 1863) + + +
3 Eudiaptomus graciloides(G.O. Sars, 1863) + +
4 Limnocalanus macrurus G.0O.Sars., 1863 +
5 Megacyclops viridis (Jurine, 1820) +
6 Mesocyclops leucarti (Claus, 1857) +
7 | Mesocyclops sp. Kiefer, 1927 +
8 Thermocyclops crassus (Fischer, 1853)
9 Thermocyclops oithonoides (G.O.Sars, 1863)
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Numb?r Species (taxa) Collection time Comlflon
of species 2007 2010 2011 species
Copepodite
Nauplii
47 TOTAL 35 31 31 21
Table 3.1.3.
Presence of zooplankton species in Lake Dridzis from 2007 to 2011
Number Collection time
of Species (taxa) COII]IT]OII
species 2007 2010 2011 species
35 ROTIFERA 20 27 25 15
1 Ascomorpha ecaudis Perty, 1850 + + + +
2 | Ascomorpha ovalis (Bergendal, 1892) + +
3 Ascomorpha saltans saltans Bartsch, 1870 + +
4 Asplanchna priodonta Gosse, 1850 + +
5 Brachionus angularis Gosse, 1851 +
6 Brachionus calyciflorus Pallas, 1766 +
7 Brachionus quadridentatus Hermann, 1783 +
8 | Conochilus (Conochilus) hippocrepis
(Schrank, 18(03) ) ppocrer " " " "
9 Conochilus (Conochilus) unicornisRousselet,
1892 + + + +
10 | Conochilus sp.Ehrenberg, 1834 +
11 | Euchlanis dilatata Ehrenberg, 1832 +
12 | Filinia longiseta (Ehrenberg, 1834) + + + +
13 | Gastropus stylifer (Imhof, 1891) + +
14 | Kellicottia longispina Kellicott, 1879 + +
15 | Keratella cochlearis Gosse, 1851 + +
16 | Keratella quadrata Miiller, 1786 + +
17 | Lecane luna (Miiller, 1776) +
18 | Lecane lunaris (Ehrenberg, 1832) +
19 | Monommata longiseta (Miiller, 1786) +
20 | Mpytilina mucronata (Miiller, 1773) +
21 | Ploesoma hudsoni (Imhof, 1891) +
22 | Polyarthra dolichoptera Idelson, 1925 +
23 | Polyarthra major Burckhardt, 1900 + +
24 | Polyarthra remata Skorikov, 1896
25 | Polyarthra sp. Ehrenberg, 1834 +
26 | Polyarthra vulgaris Carlin, 1943 +
27 | Pompholyx sulcata Hudson, 1885 +
28 | Synchaeta pectinata Ehrenberg, 1832 +
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Number Collection time
of Species (taxa) Comlflon
e 2007 2010 2011 species
29 | Synchaeta sp. Ehrenberg, 1832 + + + +
29 | Synchaeta tremula (Miiller, 1786) +
30 | Testudinella patina (Hermann, 1783) +
31 | Testudinella truncata (Gosse, 1886) +
32 | Trichocerca capucina (Wierzejski &
Zacharias, 1893) i i " '
33 | Trichocerca cylindrica (Imhof, 1891)
34 | Trichocerca similis(Wierzejski, 1893) + +
35 | Trichotria pocillum (Miiller, 1776)
21 CLADOCERA 9 19 16 8
L | Acroperus harpae (Baird, 1835)
2 | Alonella nana (Baird, 1843)
Bosmina (Eubosmina) crassicornis Lilljeborg
1887 + + + +
4 Bosmina (Bosmina) longirostris (O.F.
Miiller, 1776) " " " "
5 Bosmina (Eubosmina) coregoni Baird, 1857 + +
6 f’gzg’tina (Eubosmina) longispina Leydig, N N N N
7 Bosmina (Eubosmina) reflexa Seligo, 1907 +
Ceriodaphnia affinis Lilljeborg, 1900 + +
9 | Ceriodaphnia pulchella Sars, 1862 + +
10 | Ceriodaphnia rectangula (Jurine, 1820) +
11 | Ceriodaphnia reticulata ( Jurine, 1820) +
12 | Ceriodaphnia sp. Dana, 1855 + +
13 | Chydorus ovalis (Kurz, 1875) + +
14 | Chydorus sphaericus (O. F. Miiller, 1776) + +
15 | Daphnia (Daphnia) cristata Sars, 1862 + +
16 | Daphnia (Daphnia) cucullata Sars, 1862 + +
17 | Daphnia (Daphnia) longispina (O. F. Miiller
> 56) (Daphnia) longispina ( , N N N N
18 | Diaphanosoma brachyurum (Liévin, 1848) + + + +
19 | Leptodora kindtii (Focke, 1844) +
20 | Macrothrix laticornis (Jurine, 1820) +
21 | Polyphemus pediculus (Linnaeus, 1758) + +
16 COPEPODA 2 16 10 2
1 Acanthocyclops sp. (Kiefer, 1927) +
2 | Cyclops scutifer G.0O.Sars, 1863 +
3 | Cyclops sp. Miiller, 1785 + + +
4 | Cyclops strenuus Fischer, 1851 +
5 | Cyclops vicinus Ulyanin, 1875 +
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Number Collection time
of Species (taxa) Comlflon
e 2007 2010 2011 species
6 | Eucyclops sp. Claus, 1893 +
7 Eudiaptomus gracilis (G.O. Sars, 1863) + + + +
8 Eudiaptomus graciloides (G.O. Sars, 1863) + +
9 Eurytemora lacustris (Poppe, 1887) + +
10 | Heterocope apendiculata G.O. Sars, 1863 + +
11 | Megacyclops sp. Kiefer, 1927 +
12 | Megacyclops viridis (Jurine, 1820) +
13 | Mesocyclops leucarti (Claus, 1857) +
14 | Mesocyclops sp. Kiefer, 1927 +
IS | Thermocyclops crassus (Fischer, 1853) + +
16 | Thermocyclops oithonoides (G.O.Sars, 1863) + +
Copepodite + +
Nauplii + +
72 TOTAL 31 62 51 25
Table 3.1.4.
Presence of zooplankton species in Lake Geranimovas-Ilzas from 2007 to 2011
Number Species (taxa) N Common
of species P 2007 | 2010 2011 —-—
22 ROTIFERA 18 14 13 11
1 Ascomorpha ecaudis Perty, 1850 + + + +
2 Ascomorpha minima Hofsten, 1909
3 Ascomorpha ovalis (Bergendal, 1892) +
4 Ascomorpha saltans saltans Bartsch, 1870
5 Asplanchna priodonta Gosse, 1850 + + + +
6 Conochilus (Conochilus) hippocrepis N
(Schrank, 1803)
7 Conochilus (Conochilus) N N
unicornisRousselet, 1892
8 Filinia longiseta (Ehrenberg, 1834) + + + +
9 Gastropus stylifer (Imhof, 1891) + + + +
10 Kellicottia longispina Kellicott, 1879 + + + +
11 Keratella cochlearis Gosse, 1851 + + + +
12 Keratella quadrata Miiller, 1786 + + + +
13 Lecane sp. (Nitzsch, 1827) +
14 Polyarthra major Burckhardt, 1900 + + +
15 Polyarthra remata Skorikov, 1896
16 Polyarthra sp. Ehrenberg, 1834
17 Polyarthra vulgaris Carlin, 1943 + +
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Collection time

Numbfer Species (taxa) Common
of species 2007 2010 2011 species
18 Pompholyx sulcata Hudson, 1885 + + + +
19 Synchaeta sp. Ehrenberg, 1832
20 ; i;ié:}ft;ci‘z;cclzgc;zgucina (Wierzejski & N N N N
21 Trichocerca similis(Wierzejski, 1893) + + +
22 Trichocerca sp. Lamarck, 1801
12 CLADOCERA 8 5 7 3
| Bosmina (Bosmina) longirostris (O. F. N
Miiller, 1776)
) Bosmina (Eubosmina) longispina Leydig, N N
1860
3 Bythotrephes longimanus Leydig, 1860 +
4 Ceriodaphnia affinis Lilljeborg, 1900 +
5 Ceriodaphnia sp. Dana, 1855 +
6 Chydorus sphaericus (O. F. Miiller, 1776)
7 Daphnia (Daphnia) cristata Sars, 1862
8 Daphnia (Daphnia) cucullata Sars, 1862
9 Daphnia (Daphnia) longispina (O. F. N N
Miiller, 1776)
10 Daphnia (Daphnia)sp. O. F. Miiller, 1785
11 Diaphanosoma brachyurum (Liévin, 1848) + +
12 Leptodora kindtii (Focke, 1844)
9 COPEPODA 2 8 8 1
1 Cyclops scutifer G.O.Sars, 1863
2 Cyclops sp. Miiller, 1785 + +
3 Eudiaptomus gracilis (G.O. Sars, 1863) +
4 Eudiaptomus graciloides(G.O. Sars, 1863) + +
5 Eurytemora lacustris (Poppe, 1887) + +
6 Megacyclops viridis (Jurine, 1820) + +
7 Mesocyclops leucarti (Claus, 1857) + +
8 Thermocyclops crassus (Fischer, 1853) + +
9 Thermocyclops oithonoides (G.0.Sars, 1863) + +
Copepodite + +
Nauplii + +
43 TOTAL 28 27 28 14

In the samples of Lake Svente in all years of the study, in all sampling locations, common
taxa in the Rotifera group were Ascomorpha ecaudis, Asplanchna priodonta, Conochilus
hippocrepis, Gastropus stylifer, Kellicottia longispina, Keratella cochlearis, Keratella
quadrata, Lecane luna, Polyarthra major, Polyarthra vulgaris, Pompholyx sulcata and
Trichocerca capucina. Common taxa of the Cladocera group at all sampling sites were
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Daphnia cucullata, Bosmina crassicornis, Bosmina longirostris, Daphnia cristata and
Diaphanosoma brachyurum, but in the Copepoda group Cyclops sp. and Eudiaptomus gracilis
(Table 3.1.1.).

In the samples of Lake Rica in all years of the study, in all sampling locations common
taxa in the Rotifera group were Ascomorpha ecaudis, Asplanchna priodonta, Conochilus
hippocrepis, Conochilus unicornis, Gastropus stylifer, Kellicottia longispina, Keratella
cochlearis, Keratella quadrata, Polyarthra vulgaris, Pompholyx sulcata, Trichocerca
capucina and Trichocerca similis. Common taxa of the Cladocera group at all sampling sites
were Bosmina crassicornis, Bosmina longirostris, Bosmina longispina, Diaphanosoma
brachyurum and Leptodora kindtii, but in the Copepoda group, as in Lake Svente were
Cyclops sp. and Eudiaptomus gracilis (Table 3.1. 2.).

In the samples of Lake Dridzis in all sampling locations, common taxa in the Rotifera
group were Ascomorpha ecaudis, Ascomorpha saltans, Asplanchna priodonta, Conochilus
hippocrepis, Conochilus unicornis, Filinia longiseta, Kellicottia longispina, Keratella
cochlearis, Keratella quadrata, Polyarthra vulgaris, Pompholyx sulcata and Trichocerca
capucina. Common taxa of the Cladocera group at all sampling sites in Lake Dridzis were
Daphnia cucullata, Bosmina crassicornis, Bosmina longirostris, Bosmina longispina,
Chydorus sphaericus, Daphnia cristata, Daphnia longispina and Diaphanosoma brachyurum,
but common species in the Copepoda species were not found in all samplings (Table 3.1.3.).

In the samples of Lake Geranimovas-Ilzas in all sampling locations common taxa in the
Rotifera group were Ascomorpha ecaudis, Asplanchna priodonta, Filinia longiseta, Gastropus
stylifer, Kellicottia longispina, Keratella cochlearis, Keratella quadrata, Polyarthra major,
Pompholyx sulcata, Trichocerca capucina and Trichocerca similis. Common taxa of the
Cladocera group in Lake Geranimova-llzas at all sampling sites were Daphnia cucullata,
Daphnia cristata and Diaphanosoma brachyurum, but in the Copepoda group - Cyclops sp.
(Table 3.1.4.).

For example, in Lake Svente Rotifera numerically dominated higher in May, June and
July (Figure 3.1.1.), it decreases, but in the end of August and September, it started to increase.
While the number of Cladocera changes are opposite. In May, the number of species is small
(Figure 3.1.2.), but this will increase to July, August is either nearly constant or slightly
increasing, but the observed decrease in September. In turn, Copepoda numerical increase
(Figure 3.1.3.), like than Rotifera was observed in May, then it falls through June, in July again
increasing, in August decreases and in September again increasing (Brakovska et al., 2012b).

Having analysed all changes of taxa composition over the seasons, the highest number of
taxa was in May and June, early July is a sharp decrease of taxa, then in late July and early
August, it started to increase. In September, the number of taxa begin to decline gradually.
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Figure 3.1.1. Occurrence of Rotifera group taxa in Lake Svente (Sampling sites No. 1 - 6)
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Figure 3.1.2. Occurrence of Cladocera group taxa in Lake Svente (Sampling sites No. 1 - 6)
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Figure 3.1.3. Occurrence of Copepoda group taxa in Lake Svente (Sampling sites No. 1 - 6)

3.2. Interactions of Daphnia cucullata with other zooplankton taxa and phys chemical
parameters

By studying and analyzing the physico-chemical parameters of the studied lakes, it can be
concluded that they do not change significantly by year and by lake during the research. The
average transparency of the studied lakes was 5.27 m (max 7.5 m, min 3.15 m), in summer the
lakes are well stratified. The temperature below the metalimnion ranged from 9 to 10 °C and in
the deep layers of the hypolimnion from 4 to 5 0C. Dissolved oxygen concentration was
variable with season and depth. For example, the amount of dissolved oxygen ranged from
0.63 mg L' (in the hypolimnion) to 9.20 mg L (in the epilimnion), and between 3.09 and
7.03 mg L! during the season. The physicochemical parameters of water tended to decrease
with depth (Table 3.2.1.).

A positive correlation coefficient (r) (according to Spearman) was observed only between
Daphnia cucullata and a-chlorophyll (r = 0.455) in samples of Lake Svente, but a negative
correlation coefficient of Daphnia cucullata with any taxon or physicochemical parameter was
not observed at all. In samples of Lake Dridzis, positive correlation coefficient (r) (according
to Spearman) was between Daphnia cucullata and Daphnia cristata (r = 0.797), Bosmina
crassicornis (r = 0.592), Chydorus sphaericus (r = 0.472), Bosmina longispina (r = 0.204),
Diaphanosoma brachyurum (r = 0.563) (Cladocera), Keratella cochlearis (r = 0.227),
Kellicottia longispina (r = 0.236), Gastropus stylifer (r = 0.616), Filinia longiseta (r = 0.224),
Conochilus hippocrepis (r = 0.560), Conochilus unicornis (r = 0.506) (Rotifera), Megacyclops
viridis (r = 0.225), Cyclops sp. (r = 0.216) and Nauplii (r = 0.569) (Copepoda). A negative
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correlation coefficient (r) was obtained with Synchaeta sp. (r = - 0.488) (Rotifera), which is
due to the negative interaction between these species.

Table 3.2.1.
Average indicators of the physico-chemical parameters of the studied lakes
Lake Svente Rica Dridzis Geranimovas-Ilzas
Water chemical Min Max Min Max Min Max Min Max
parameters
Temperature 0C 5.9 15.5 10.5 18.5 5 16.7 7.2 8.5
pH 6.5 8.1 6.06 8.25 6.55 9.08 7.05 7.89
Dissolved oxygen 54 o5 6.2 9 4.9 10.3 5.2 7
mg I
C““d‘zcmt'_flty M5 020 024 02 026 028 0.3 0.3 0.32
-chlorophyll
AR 002 2 1.4 1.8 0.9 25 1.7 1.8

A positive correlation (according to Spearman) in the samples of Lake Geranimovas-Ilzas
was between Daphnia cucullata and Ascomorpha saltans (r = 0.943), Asplanchna priodonta (r
= 0.777) (Rotifera), Diaphanosoma brachyurum (r = 0.716) (Cladocera), dissolved oxygen (r =
0.727), Eudiaptomus gracilis (r = 0.846), Cyclops sp. (r = 0.688) and Nauplii (r = 0.591)
(Copepoda), but a negative correlation coefficient (r) was obtained only with turbidity (r = -
0.615).

When analyzing the correlation of zooplankton and environmental or physico-chemical
data for the samples collected in Lake Dridzis, using the RDA (Redundancy analysis) method,
it can be seen that a close correlation of Daphnia cucullata was observed with Daphnia
cristata, Chydorus sphaericus, Bosmina crassicornis (Cladocera), Nauplii (Copepoda) and
chlorophyll- a (Figure 3.2.1.). The content of dissolved substances and electrical conductivity
were closely correlated with some taxa of the Copepoda group, but turbidity and temperature
with Diaphanosoma brachyurum (Cladocera) and Polyarthra major (Rotifera) (Figure 3.2.1.).
Dissolved oxygen content and oxygen saturation interact with Asplanchna priodonta,
Polyarthra dolichoptera and Synchaeta sp. (Rotifera), but electrical conductivity and amount
of total dissolved substances with Megacyclops sp., Cyclops scutifer (Copepoda) and
Gastropus stylifer (Rotifera) (Figure 3.2.1.) (Brakovska, 2014; Brakovska et al., 2020).
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Figure 3.2.1. Correlation of Daphnia cucullata with other zooplankton species and
environmental data. Redundancy analysis (RDA) ordination plot for zooplankton abundance
from Lake Dridzis during the sampling periodi in 2010. Abbreviations: ORP- Oxidation-
reduction potential; NTU- Turbidity.

When performing the correlation of zooplankton and environmental data for the samples
collected in Lake Geranimovas-Ilzas, using the RDA (Redundancy analysis) method, it can be
seen that three different groups are formed between zooplankton taxa and physicochemical
parameters (Figure 3.2.2). In one of the mentioned groups, Daphnia cucullata closely
correlates with the following taxa and environmental data: Ascomorpha ecaudis, Trichocerca
similis, Asplanchna priodonta, Polyarthra major (Rotifera), FEudiaptomus graciloides,
Thermocyclops crassus, Copepodite (Copepoda), Diaphanosoma
brachyurum (Cladocera), oxygen saturation, pH, temperature, chlorophyll-a, species diversity

Mesocyclops leucarti,

(by Shannon index) and turbidity. The second group also includes Daphnia cucullata and
forms a group with Daphnia cristata (Cladocera), Polyarthra vulgaris, Pompholyx sulcata,
Keratella cochlearis, Ascomorpha ovalis (Rotifera), Eurytemora lacustris, Cyclops sp.,
Nauplii, Thermocyclops oithonoides and Megacyclops viridis (Copepoda). The third group
includes Kellicottia longispina, Keratella quadrata, Filinia longiseta (Rotifera), electrical
conductivity, amount of dissolved oxygen, redox potential and lake depth (Brakovska et al.,
2020).

Analyzing the correlation of zooplankton and environmental data for the samples
collected in Lake Svente, using the RDA (Redundancy analysis) method, it can be seen that
there are no different groups (Figure 3.2.3.), the data between zooplankton species and
environmental data are spread quite evenly and there are significant groups does not create. As
can be seen in the figure 3.2.3., then Daphnia cucullata does not form significant groups with
other zooplankton species or environmental data (Brakovska et al., 2020).
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Figure 3.2.2. Correlation of Daphnia cucullata with other zooplankton species and
environmental data. Redundancy analysis (RDA) ordination plot for zooplankton abundance
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Figure 3.2.3. Correlation of Daphnia cucullata with other zooplankton species and
environmental data. Redundancy analysis (RDA) ordination plot for zooplankton abundance

from Lake Svente during the sampling period in 2010. Abbreviations: ORP- Oxidation-
reduction potential.

3.3. Genetic diversity of Daphnia cucullata populations in the lakes Svente, Rica,
Dridzis and Geranimovas-Ilzas based on random sequence decanucleotide
(RAPD) analysis

In the study of genetic diversity of Daphnia cucullata populations using RAPD loci
analysis, seven universal simple decanucleotide primers of random sequences were selected
and used in the analysis, where each of the primers used synthesized different sizes and

82



different numbers of DNA fragments. The length of polymorphic DNA fragments (loci) of the
resulting Daphnia cucullata populations ranged from 500 bp to 3000 bp (Table 3.3.1.). The
largest number of base pairs was found in the loci Roth F-10 (500 — 3000 bp), Roth C-11 (600
— 3000 bp) and Roth A-02 (600 — 3000 bp), but the least in the loci Roth B-08 (1200 — 3000
bp), Roth A-13 (1000-3000 bp), Roth A-09 (1000-3000 bp) and Roth A-05 (1000-3000 bp)
(Table 3.3.1.) (Brakovska et al., 2013).

The number of polymorphic DNA loci of Daphnia cucullata in the four investigated
lakes was different (Table 3.3.1.; Figure 3.3.1.; Figure 3.3.2.). The number of amplified bands
was the highest in lakes Rica (67) and Geranimovas-Ilzas (64), whilst the lowest number (49)
occurred in Lake Svente. The largest number of polymorphic loci was detected in lakes
Dridzis and Geranimovas-llzas (making up 50 % and 32.8 %, respectively), and the number
was the smallest in Lake Svente (13%) (Table 3.3.1) (Brakovska et al., 2013).

Table 3.3.1.
Primers used in RAPD-PCR analysis of Daphnia cucullata, and numbers and length of
polymorphic loci (bp)

Number of DNA fragments Length
. Primer Svente Rica Dridzis Geranimovas- e Of.
Primer sequence 5'—3' Izas polymorphic
DNA loci
total | poly | total | poly | total | poly | total | poly (bp)
Roth | TGC CGA GCT 600 - 3000
A-02 G 3 0 5 0 5 1 3 1
Roth AGT CAG 800 - 3000
A-03 CCAC 4 0 5 1 2 1 8 1
Roth | AGG GGT CTT 1000 — 3000
A-05 G 4 0 3 2 4 2 6 2
Roth GGG TAA 1000 — 3000
A-09 CGCC 5 2 5 1 3 1 4 2
Roth GTG ATC 900 — 3000
A-10 GCA G 0 0 4 1 9 6 4 1
Roth TCG GCG 900 — 3000
A-12 ATA G 2 0 2 0 2 1 3 1
Roth CAG CAC 1000 - 3000
A-13 CCAC 0 0 4 1 4 1 4 0
Roth | CAT CCC CCT 900 — 3000
B-03 G 5 2 5 1 3 1 7 1
Roth GGT GAC 800 — 3000
B-07 GCA G 5 3 5 2 5 2 5 2
Roth GTC CAC 1200- 3000
B-08 ACGG 4 1 3 3 4 4 2 2
Roth GGA AGC 500 —-3000
F-10 TTG G 2 2 11 6 7 6 9 7
Roth AAA GCT 600 - 3000
C-11 GCG G 5 0 5 0 4 0 4 0
Roth | ACT TCG CCA 700 - 3000
C-20 C 10 3 4 2 6 3 5 1
Mean 3.77 1 4.69 | 1.54 | 4.46 | 2.23 | 4.92 1.61
Total 49 13 67 20 58 29 64 21
Polymorphic DNA bands 26.5% 29.8% 50% 32.8%
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The highest number of alleles using RAPD-PCR analysis was found at loci Roth F-10 (2 -
11) and Roth C-20 (4 -10). In the Roth F-10 locus, the largest number of alleles was found in
lakes Rica (11) and Geranimovas-Ilzas (9), but the least in Lake Svente (2). On the other hand,
in the Roth C-20 locus, the largest number of alleles was found in lakes Svente (10) and
Dridzis (6), but the least in Lake Rica (4). The lowest number of alleles, using RAPD-PCR
analysis, was found in the locus Roth A-12 (2 - 3) in all the lakes we studied (Table 3.3.1.)
(Brakovska et al., 2013).

The average level of heterozygosity, based on RAPD-PCR analysis, in the studied
Daphnia cucullata populations in lakes Svente, Rica, Dridzis and Geranimovas-Ilzas ranges
from 0.18 to 0.20 (Figure 3.3.1.). The highest average heterozygosity is observed in Lake
Svente (0.20), followed by Lake Dridzis (0.19) and lakes Ri¢a and Geranimovas-Ilzas (0.18).
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Svente Rica Dridzis Geranimovas-llzas

ERAPD lokusu skaits < RAPD polimorfo lokusu skaits  ElVideja heterozigotitate

Figure 3.3.1. Characteristics and average heterozygosity of amplified RAPD DNA fragments in
studied Daphnia cucullata populations

60,00%

50,00%

40,00%

30,00%
20,00%
10,00%

0,00%

Svente Ric¢a Dridzis Geranimovas-llzas

Figure 3.3.2. Percentage distribution of polymorphic loci of Daphnia cucullata populations in
lakes Svente, Rica, Dridzis and Geranimovas-Ilzas

Dice coefficient (S) values of Daphnia cucullata populations between lakes ranged from
0 to 1 (Table 3.3.2). The greatest pairwise similarity (Table 3.3.2) was between lakes Ri¢a and
Geranimovas-Ilzas (by the primers OPA-03- 0.91; OPA-05- 0.57; OPA-09 - 0.54; OPA-13 -
0.57; OPB-08 - 0.8; OPC-20 - 0.57) and between lakes Svente and Rica (by the primers OPA-
02 - 0.8; OPA-09 -0.54; OPB-03 - 0.73). According to the primer OPB-07, the populations
were identical (similarity coefficient 1) (Table 3.3.2) (Brakovska et al., 2013).
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Table 3.3.2.
Pairwise similarities after Dice coefficient (S) between Daphnia cucullata populations in lakes
Svente, Rica, Dridzis, and Geranimovas-Ilzas

Svente | Rica | Dridzis Svente | Rica

I*

Svente
Rica

Ilzas

Svente

Rica

Dridzis

Svente Svente -
Rica . Rica .
Dridzis 0.67 Dridzis 0
Geranim Geranim
ovas-Ilzas ovas- 04

Dridzis

Geranim
ovas-llzas

Svente

0.28

Geranim
ovas-
Ilzas

Svente

0.5

0.54

Svente

Ilzas

Svente

Rica Rica
Dridzis 0 Dridzis 0
Geranim Geranim
ovas-llzas 0 ovas- 0

Svente
Ricéa

Ilzas

Svente

Rica Rica
Dridzis 0.4 Dridzis 0.5
Geranim Geranim
ovas-Iizas 0.4 0 ovas- 0.67

Rica

Dridzis

Geranim
ovas-llzas

Dridzis 0.44
Geranim
1 ovas- 0.2 0.31
Ilzas

(]
~

(=]
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Svente

Dridzis

Svente

Svente

Ricéa Rica
Dridzis 0.4 Dridzis
Geranim Geranim
eray 033 ovas- 0.89 | 0.89
ovas-lIlzas
Ilzas

Rica 0.28

Dridzis 0.33
Geranim

K 0.28
ovas-Ilzas
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The genetic similarity and dissimilarity of populations are reflected by indices of genetic
distance and genetic similarity (Nei, 1978). The smallest genetic distance (Nei, 1978) in the
studied populations of Daphnia cucullata was observed between lakes Rica and Geranimovas-
Ilzas (0.23), the largest genetic distance was found between lakes Dridzis and Svente (0.28),
Svente and Geranimovas-Ilzas (0.25), Svente and Rica (0.25), Rica and Dridzis (0.25) (Table
3.3.3.). In general, according to the genetic distance data, it can be said that the studied
Daphnia cucullata populations are very similar to each other, but despite this, after the
principal component analysis (PCA) of the studied Daphnia cucullata populations (Figure
3.3.3), it can be seen that separate groups are formed. Each axis, PC1 and PC2, explains
37.14 % and 32.75 % of the total diversity, respectively.

Table 3.3.3.
Genetic distance (D) (Nei, 1978) of Daphnia cucullata between lakes Svente, Rica, Dridzis,
and Geranimovas-Ilzas using RAPD-PCR analysis

Population Svente Rica Dridzis Geranimovas-Ilzas
Svente 0.76 0.78
Rica 0.25 0.78 0.79
Dridzis 0.28 0.79
Geranimovas-Ilzas 0.25 0.23

* genetic distance (D) values below the diagonal;

** genetic similarity above the diagonal.
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Figure 3.3.3. Principal component analysis (PCA). Plot of genetic structuring after Nei genetic
distance (p&c Nei, 1978) data among Daphnia cucullata populations in Lakes Svente, Rica,
Dridzis and Geranimovas-Ilzas

By the genomic diversity in the populations of Daphnia cucullata in each lake (after T-
test), Lake Geranimovas-llzas was the most different (Figure 3.3.4.). This means that the
genome level of Daphnia cucullata populations in this lake is more diverse than of the
populations of the other studied lakes (Brakovska et al., 2013).
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Figure 3.3.4. Genome difference of Daphnia cucullata populations (Independent Samples Test
(T-test))

3.4. Genetic diversity of Daphnia cucullata populations in the lakes Svente, Rica,
Dridzis and Geranimovas-Ilzas using microsatellite loci analysis

While writing the doctoral thesis, nine nuclear DNA microsatellite loci primers
(DaB10/15; Dp512; Dp519; DaB17/16; DaB17/17; SwiD1; Dgm101; Dgm105; Dgm109) were
studied in Daphnia cucullata populations, but only six microsatellites primers with good
representativeness (SwiD1; Dgm105; Dgm101; DaB17/17; Dgm109; Dp519) were selected for
the analysis (Table 3.4.1.). Three of them were dinucleotide microsatellite primers (SwiD1;
Dgm101; Dp519) and two were trinucleotide microsatellite primers (Dgm105; Dgm109)
(Brakovska & Skute, 2023; Brakovska & Skute, 2017). The length of the selected polymorphic
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DNA fragments ranged from 122 bp to 303 bp (Table 3.4.1.). The largest number of base pairs
was found in loci Dgm109 (250-303 bp) and Dgm105 (165-240 bp), while the least was found
in loci DaB17/17 (100-106 bp) and SwiD1 (122-127 bp) (Table 3.4.1.).

Table 3.4.1.
Characteristics of the 9 microsatellites: locus name, primer sequences, repeat motif,
modification, fragment size range, annealing temperature (Ta)

Size Size
range range
Locus Primer sequences (5'-3") Repeat Fluorescent | (bp) (our (bp)
motif -4 label data) (data after | T(°C)
Brede et
al.)
SwiD1 F:GCCGTGTTCGAAAGCTAGTC (TG)1s S'TAM 122-127 116-142 59.4
R: AGCCGAACGAAAAACATGC
Dgm105 F:ATGTGAGCGCGCGAGCATTT (CAG)AG 5'FAM 165-240 172-197 59.4
R:GTCCAGCCGGCCCATTTCAGTT
Dgm101 F: TCTTGCTCGAATTCTCTCC (GA)10AGA S'HEX 165-180 162-177 54.5
R: CCTGTCTCACACGGAGC
DaB17/17 | F:-GAGAACCTTTTATCAGCTTCG To S'TAM 100-106 100-109 55.9
R:ACTCATCTGGTGAGATGGATC
Dgm109 F: CCAGCTGTTGACCACCTG (ACC);AC S'FAM 250-303 247-266 58.2
R: TGCGCGAGGATTTCCAACAC
Dp519 F:AGTCGCGACGACATAAAGC (TG)s(GA)7 S'HEX 140-142 144-160 56.7
R:GTGGTAGTTGTGGAATCCG
DaB10/15 | F:AGAGAAGTGTTTGCGTTTC TCs 5S'TAM No result 75-89 52.4
R:TGTTTCCTATATCCCTCGG
Dp512 F:-TTTCGTTCTACCCAGGGAAG (TG)s...(GT)s | SHEX No result 125-141 57.3
R:TTTGCTCGTCTGTGATAGGC
DaB17/16 | F: AGGGAACGAGCGGCGATAAG GAio S'FAM No result 189-195 61.4
R:TCTTTGGCAGGCCACTGCCAAGG
Table 3.4.2.
Abundance of alleles in the studied microsatellite loci
Locus Total number of Number of Proportion of Number of
alleles in the private alleles in private alleles populations in
locus the locus (%) which private
alleles have been
detected
SwiD1 5 1 20 1
Dgm105 8 5 62 3
Dgm101 7 4 57 3
DaB17/17 4 2 50 2
Dgm109 5 3 60 2
Dp519 2 0 0 0

According to the results obtained in the study, it can be seen (Table 3.4.2.) that the
average level of polymorphism in all studied Daphnia cucullata populations was the same and
amounted to 100 %, because all six analyzed microsatellite loci were polymorphic in all studied
Daphnia cucullata populations. The number of polymorphic loci of Daphnia cucullata
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population in the lakes Svente, Ri¢a, Dridzis and Geranimovas-Ilzas ranged from 33 % to
100 %. The lowest number of polymorphic microsatellite loci of Daphnia cucullata population
was found in the Lake Dridzis (33 %), while the highest number of polymorphic microsatellite
loci was found in the lakes Rica (100 %) and Geranimovas-llzas (83 %) (Figure 3.4.1.)
(Brakovska & Skute, 2023; Brakovska & Skute, 2017).
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0,00% - T T . :

DRIDZIS RICU SVENTE GERANIM Mean

Figure 3.4.1. Percentage of polymorphic loci of Daphnia cucullata populations in Lakes Svente,

Rica, Dridzis and Geranimovas-Ilzas
* GERANIM- Lake Geranimovas-Ilzas

Analyzing the general parameters of the abundance of obtained alleles (Table 3.4.2.), it
can be seen that the detected number of alleles in a investigated locus differs in each population.
Also, the number of detected alleles in each analyzed microsatellite locus was different. The
maximum number of alleles was found in the loci Dgm105 (eight alleles) and Dgm101 (seven
alleles), moreover, it should be noted that the maximum number of private alleles was also
found in these loci, where the Dgm105 locus had five private alleles (62 % of the all detected
alleles), while the Dgm101 locus had four private alleles (57 % of all detected alleles) in these
loci (Table 3.4.2.). On the other hand, the lowest number of alleles was found in locus Dp519
(two alleles). It is also characteristic that private allele was not detected in this locus at all
(Table 3.4.2.) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

Analyzing the occurrence of alleles in the investigated Daphnia cucullata populations
(Figure 3.4.2.) shows that the alleles abundance were different, but this difference is not
statistically significant (p> 0.05). The largest number of detected alleles per locus were for the
Daphnia cucullata population of Lake Geranimovas-Ilzas (3.17), followed by the Daphnia
cucullata population of Lake Rica (3.00). The number of detected alleles per locus is relatively
lower for the Daphnia cucullata populations of Lakes Dridzis (1.67) and Svente (1.83) (Figure
3.4.2.) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

The average number of alleles per locus with a frequency of more than 5 % is equal to the
average number of alleles per locus in all studied Daphnia cucullata populations (Figure 3.4.2.).
The average number of rare alleles per loci of the Daphnia cucullata specimens under research,
which found to be less than 50 %, is the same for populations of lakes Geranimovas-Ilzas and
Rica and respectively it is 1, while for the Daphnia cucullata populations of lakes Dridzis and
Svente and respectively it is 0.5, but overall these differences are not significant (p> 0.05)
(Figure 3.4.2.) (Brakovska & Skute, 2023).
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Figure 3.4.2. Allelic patterns across Daphnia cucullata populations between Lakes Svente,
Ri¢a, Dridzis and Geranimovas-llzas using microsatellites-PCR analysis (Na- the average
number of alleles at the locus; Ne- the average effective number of alleles at the locus; Na >
5 %- average number of alleles with an incidence of more than 5 %; No< 50 %- average
number of alleles with an incidence of less than 50%; No- average number of private alleles; £
standard deviation)

The number of average effective alleles per locus differs significantly from the average
observed number of alleles in Daphnia cucullata populations of lakes Rica and Svente (p<
0.05), while these differences are not significant for Daphnia cucullata populations of lakes
Dridzis and Geranimovas-Ilzas (p> 0.05) (Figure 3.4.2.) (Brakovska & Skute, 2023; Brakovska
& Skute, 2017).

The average level of the observed heterozygosity (Hobs) was highh in all studied Daphnia
cucullata populations, ranging from 1.67 to 3.17. The minimum value of Hobs was 1.67 in Lake
Dridzis, and the maximum was 3.17 in Lake Geranimovas-Ilzas. While the average level of the
expected heterozygosity (Hexp) ranged from 1.15 to 2.43. The minimum value of Hexp was 1.15
in Lake Svente, and the maximum was 2.43 in Lake Geranimovas-llzas. In general, in all
Daphnia cucullata populations under research the average observed level and the average
expected level of heterozygosity (according to Hardy-Weinberg) was different, but these
differences were insignificant (p <0.001) (Figure 3.4.2.) (Brakovska & Skute, 2023; Brakovska
& Skute, 2017).

The analysed loci (SwiD1; Dgm105; Dgm101; DaB17/17; Dgm109 and Dp519) were
polymorphic in the investigated Daphnia cucullata populations and the level of polymorphism
was very high in the studied Daphnia cucullata populations in lakes Svente, Ric¢a, Dridzis and
Geranimovas-Ilzas. Genetic diversity across the studied Daphnia cucullata samples found in
each studied loci and each each location are presented in Table 3.4.3. The greatest number of
alleles (19) were found at loci DaB17/17 and Dp519 in the population of Lake Rica, and the
minimum number of alleles (1) at locus Dgm101 was found in the population of Lake Dridzis.
It should be noted that no alleles were not detected at loci Dgm101 and Dgm109 in the
population of Lake Svente. Private alleles were found at the loci SwiD1, Dgm105, Dgm101,
DaB17/17 and Dgm109 (Brakovska & Skute, 2023).
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Table 3.4.3.

Genetic diversity across studied Daphnia cucullata samples found in each studied loci and each

studied lakes
Sample SwiD1 Dgm105 Dgm101 DaB17/17 Dgm109 Dp519
N 4 4 1 14 4 14
= Na 4 1 1 2 1 1
7§ No 0 0 1 0 0 0
a Ho 0 0 0 0 0 0
He 0.75 0 0 0.13 0 0
N 13 12 12 19 11 19
Na 2 4 5 2 3 2
;3 No 1 1 2 0 1 0
Ho 0 0.25 0 0 0 0
He 0.14 0.51 0.68 0.46 0.31 0.1
N 4 8 0 15 0 16
® Na 3 4 0 2 0 2
§ No 0 2 0 1 0 0
. Ho 0 0.25 0 0 0 0
He 0.62 0.33 0 0.12 0 0.37
g N 7 6 7 14 6 8
% Na 5 4 3 4 1
é No 2 1 1 2 0
s Ho 0 0.17 0 0 0.17 0
8 He 0.24 0.74 0.73 0.36 0.68 0

* Na, the average number in a locus; Ne, the average effective number of alleles in a locus; No, the average
number of private alleles; Ho, observed heterozygosity; He, expected heterozygosity

A significant homozygote excess was observed in Daphnia cucullata population from
Lake Dridzis at one locus DaB17/17 p< 0.001, from Lake Rica at five loci (SwiD1, Dgm101,
DaB17/17, Dgm109, Dp519 p< 0.001), from Lake Svente at four loci (SwiD1, Dgm105 p<
0.05, DaB17/17 and Dp519 p< 0.001) and from Lake Geranimovas-Ilzas at three loci (SwiD1,
Dgm101 p< 0.01 and DaB17/17 p< 0.001) (Table 3.4.4.). Microsatellite locus DaB17/17 has
maximal differentiation (p< 0.001) between the level of observed and expected heterozygosity
in all investigated lakes. In addition, microsatellite loci SwiD1, Dgm101, Dgm109, Dp519 and
DaB17/17 has maximal differentiation (p< 0.001) in Lake Ric¢a (Table 3.4.4.). It should be
noted that microsatellite loci Dgm105, Dgm101, Dgm109 and Dp519 were monomorphic in
Lake Dridzis. Whereas microsatellite loci Dgm101 and Dgm109 were monomorphic in Lake
Svente, but microsatellite locus Dp519 also was monomorphic in Lake Geranimovas-Ilzas
(Table 3.4.4.) (Brakovska & Skute, 2023).
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Table 3.4.4.
Significance (2- test) of differences between the levels of observed and expected
heterozygosity in studied Daphnia cucullata populations in Lakes Svente, Ri¢a, Dridzis and
Geranimovas-Ilzas

Population/ SwiD1 Dgm105 Dgm101 DaB17/17 Dgm109 Dp519
Microsatellite
loci
Dridzis ns M M Hokk M M
Rléa skskok ns skskok skskok skskok skskok
Svente * * M ok M R
Geranimovas- Hk ns Hx Kok ns M
Ilzas

- ns- not significant, M- monomorphic loci, *p< 0.05, ** p<0.01, *** p<0.001

The smallest genetic distance (D) (Nei, 1978) in the Daphnia cucullata populations under
research was observed between lakes Rica and Geranimovas-Ilzas (0.16), while the greatest
genetic distance was found between lakes Dridzis and Geranimovas-Ilzas (0.70) and between
lakes Geranimovas-Ilzas and Svente (1.35) (Table 3.4.5.).

By contrast, Fst values for different Daphnia cucullata populations under research ranged
from 0.08 to 0.50. The highest values were between Daphnia cucullata populations of lakes
Ric¢a and Svente (0.50) and lakes Svente and Geranimovas-Ilzas (0.49) (Table 3.4.5.). The
lowest Fsr values were between Daphnia cucullata populations of lakes Ric¢a and
Geranimovas-Ilzas (0.08) (Table 3.4.5.) (Brakovska & Skute, 2023; Brakovska & Skute, 2017).

Table 3.4.5.
Genetic distance (D) (Nei, 1978) and genetic differentiation (after Fsr values) among Daphnia
cucullata populations between Lakes Svente, Rica, Dridzis and Geranimovas-Ilzas

Geranimovas-
Populacija Dridzis Rica Svente Ilzas
Dridzis 0.29 0.45 0.37
Rica 0.56 0.50 0.08
Svente 0.50 1.14 0.49
Geranimovas-
Ilzas 0.70 0.16 1.35

* genetic distance (D) values below diagonal;
** genetic differentiation (Fst values) over diagonal..

Principal component analysis (PCA), a graph of genetic structuring among four Daphnia
cucullata populations in lakes Svente, Ric¢a, Dridzis and Geranimovas-Ilzas, clearly showed the
genetic structuring into different genetic groups (Figure 3.4.3.). Stable groups of Daphnia
cucullata populations were formed between lakes Dridzis and Svente and between lakes Rica
and Geranimovas-Ilzas. In the principal component analysis plot, PC 1 and PC 2 explained
77.43 % and 15.71 % of the total genetic diversity. A similar result was obtained using
Bayesian clustering analysis (STRUCTURE 2.3.4) (Hubisz et al.. 2009) (Figure 3.4.4.) and
number of clusters of individuals using Evano et al. clustering approach (Figure 3.4.5.)
(Brakovska & Skute, 2023).
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Figure 3.4.3. Principal component analysis (PCA). Plot of genetic structuring after Nei genetic
distance (Nei, 1978) data among Daphnia cucullata populations in Lakes Svente, Rica, Dridzis
and Geranimovas-Ilzas
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Figure 3.4.4. Bayesian clustering of individuals using STRUCTURE 2.3.4 (Hubisz et al., 2009)
In the STRUCTURE analysis color lines separate individuals from different sampling sites and
each individual is represented by a vertical line, which is partitioned into K-coloured segments
representing an individual's estimated membership in K clusters (1 - Dridzis, 2 - Rica, 3 -
Svente, 4 - Geranimovas-Ilzas).
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Figure 3.4.5. The number of clusters of individuals using Evano et al. clustering approach
(Evano et al., 2009) assuming two genetic clusters (K=2; AK=1.59; InP(K) = SD = -298.76 +
78.73)
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4. DISCUSSION
4.1. Composition and dynamics of zooplankton species in the lakes Svente, Rica,
Dridzis and Geranimovas-Ilzas

By analyzing the composition of zooplankton species, it is possible to assess both the
trophic state and the ecological quality of the lake (Bengtsson, 1986; Bertilsson et al., 1995;
Berzins & Pejler, 1987; 1989a; 1989b; Chang & Hanazato, 2004; Cimdins, 2001; Cottenie et al.,
2001; Dagg, 1977; Dodson, 1984; Dumont et al., 1973; Escribano & Hidalgo, 2000; Fernandez-
Rosado & Lucena, 2001; Hanazato, 1991; 1992; Harris et al., 2012; Hebert, 1982; Horppila et
al., 2000; Keller & Conlon, 1994; Larsson & Dodson, 1993; Locke & Sprules, 2000; Malone &
McQueen, 1983; Paidere & Skute, 2011; Patalas, 1971; Pidgaiko, 1984; Pinel-Alloul 1995;
Pinel-Alloul et al., 1995; Seda & Devetter, 2000; Sprules, 1975; Tallberg et al., 1999; Weider
& Pijanowska, 1993; Wetzel 2001; Jlazapesa 2010). Many species or groups of zooplankton
can serve as indicators of the trophic state of a water body, as their occurrence varies depending
on lake trophy (Liepa et al., 1991; Pejler 1965; Wetzel 2001; Kyruxosa, 1970).

Cladocera taxa such as Daphnia, which were also present in the lakes we studied, live
only in water bodies with good transparency, low chlorophyll-a concentrations, lower densities
of fish and higher densities of macroinvertebrates (Gliwicz & Pijanowska, 1986; Lampert, 1987;
Irvine et al., 1989, 1990). Similar to our study in lakes Svente, Ri¢a, Dridzis and Geranimovas-
Ilzas, where the number and composition of zooplankton coenose taxa varied by year and
season. As an example, the greatest diversity of zooplankton taxon composition was identified
in lakes Dridzis and Svente, 72 and 69 zooplankton taxa, respectively. Fourty-seven (47) taxa
were found in Lake Rica and fourty-three (43) in Lake Geranimovas-Ilzas. In all studied lakes,
the largest number of identified taxa was in the Rotifera group, followed by the Cladocera and
Copepoda groups. In the studied lakes, common zooplankton taxa were determined by the
years of sample collection, 25 in Dridzis, 21 in Rica, 14 in Geranimovas-Ilzas, and 19 in Svente
lakes. During the season (May - September), the largest number of taxa in zooplankton groups
was observed in May and June, July at first it showed a sharp decrease, then the number of taxa
started to increase again in late July and early August. On the other hand, in September, the
number of taxa began to gradually decrease. Rotifera dominated in May, in June and July their
numbers decreased, but in late August and September they started to increase again. Changes in
the number of Cladocera were quite the opposite. The number of species was low in May, but
increased by July, it almost unchanged or slightly increased in August, and showed a
significant decrease in September. The number of Copepoda was similar to that of Rotifera,
increasing in May, then decreasing in June, increasing again in July, showing a decrease in
August and increasing again in September. The most common Rotifera group species in the
zooplankton of Latvian lakes are Keratella cochlearis, Asplanchna priodonta, Filinia longiseta,
Kellicottia longiseta, Lecane luna, Trichocerca capucina, Euchlanis dilatata (Sloka, 1998;
Paidere & Skute, 2011). Despite the fact that zooplankton is mainly seasonal, there are also
species such as Keratella cochlearis, Kellicottia longispina, Polyarthra remata, Filinia
longiseta (Rotifera), which can be found in zooplankton all year round (Line, 1966). All the
above-mentioned species were also found in the lakes we studied. The maximum development
of Rotifera species is usually observed in spring, but there are also lakes where the second
maximum development of Rotifera species is observed in autumn (Line, 1966). The dynamics
of zooplankton taxa, biomass proportions revealed by Halvorsen et al. (2004) during the long-
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term studies in Lake Atnsjoen during the ice-free season (June - October) was very similar to
what we found, i.e. the group Cladocera had the highest abundance values at the beginning of
the season, followed by an increase in the proportion of Copepoda and Rotifera. In all the lakes
and sampling sites we studied, the Cladocera group was dominated by Daphniidae, Bosminidae
and Sididae. From the Cladocera group, Daphnia cucullata, as well as Daphnia cristata and
Leptodora kindtii, are typical widespread pelagic species (Kacalova & Laganovska, 1961;
Sloka, 1981). Cladocera play an important role among the found zooplankton groups in terms
of biomass and number of species. Daphnia cucullata can be considered one of the most
widespread species in this group, as they were found in our samples throughout the season. It is
also an important feed component of European vendace (Coregonus albula) (Sutela & Huusko,
1997; Viljanen, 1983). Many authors (Brooks & Dodson, 1965; Larsson & Dodson, 1993;
Halvorsen et al., 2004; Saksgird & Hesthagen, 2004; Sutela & Huusko, 1997; Viljanen, 1983)
argue that planktophagous fish, in our case European vendace Coregonus albula and whitefish
Coregonus lavaretus, affect zooplankton. It was experimentally shown that the abundance of
planktophagous fish in a lake increases the diversity of zooplankton species or the
morphological adaptations of species (eg smaller size) (De Meester et al., 1995; Bohn &
Amundsen, 1998). Comparing the morphological parameters of Cladocera species in the four
studied lakes, we can agree with the statement that the size of zooplankton organisms is smaller
in lakes with a higher number of planktophagous fish compared to lakes with a lower number
of planktophagous fish (Bohn & Amundsen, 1998; De Meester et al., 1995; Boersma et al.,
1998; Boersma et al., 1999; Brooks & Dodson, 1965). Namely, according to our observations
during the study, the size of Cladocera specimens in lakes Svente and Dridzis was smaller in
places where the number of planktophagous fish was higher, while in lakes Ri¢a and
Geranimovas-Ilzas, Cladocera specimens were larger, but the number of planktophagous fish
was smaller.

Halvorsen et al. (2004) emphasize that the identification of specific influencing factors is
limited because factors have different effects on different species and each factor should be
tested under constant conditions over a long period of time. According to the following authors
(Bottrell et al., 1976; Halvorsen et al., 2004; Moore, 1977; Wetzel, 2001), the main factor that
significantly affects physical, chemical and biological processes in lakes is water temperature.
However, other authors (Brettum & Halvorsen, 2004) suggest that some specific phytoplankton
species have a strong influence on certain zooplankton species. In similar studies, it is widely
discussed that the zooplankton community structure (species richness and species composition)
can differ in different parts of the same lake, for example, in the coastal zone and open water
area, or in river inlets and places of anthropogenic activities on the lake coast (Liepa et al.,
1991; Pidgaiko, 1984 ; Pinel-Alloul, 1995; Fernandez-Rosado & Lucena, 2001; Seda &
Devetter, 2000; Wetzel, 2001; Kyrukosa, 1970; Manyitnosa, 1964). Dimantes-Deimantovica
with co-authors (2012) in their research on zooplankton fauna in the deep lakes of Latvia note
that, according to RDA analysis data, zooplankton species composition is closely related to
temperature, oxidation-reduction potential, chlorophyll-a and electrical conductivity.
According to the data obtained in our study, it can also be seen that the content of solutes and
electrical conductivity were closely correlated with some taxa of the Copepoda group, while
oxygen saturation, pH, temperature, chlorophyll-a, turbidity and temperature were correlated
with Diaphanosoma brachyurum (Cladocera) and Polyarthra major (Rotifera). Dissolved
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oxygen concentration and oxygen saturation interact with Asplanchna priodonta, Polyarthra
dolichoptera, Kellicottia longispina, Keratella quadrata, Filinia longiseta and Synchaeta sp.
(Rotifera), but electrical conductivity and amount of total solutes with Megacyclops sp.,
Cyclops scutifer (Copepoda) and Gastropus stylifer (Rotifera). The correlations obtained in our
study can also be explained by the fact that the existence of these taxa requires similar
environmental conditions.

Predation on zooplankton plays an important role and can serve as a mechanism for
structuring population dynamics. Crustacean plankton has a negative effect on the smallest
components of the plankton food chain, i.e. for taxa of the Rotifera group, which has been
extensively documented in various studies by other authors (Cottenie et al., 2001; Fussmann,
1996). Crustaceans differentially affect predation and competition among Rotifera species.
Cyclopoida species of Copepoda have often been described as effective predators of Rotifera
species (e.g. Asplanchna priodonta) (Fussmann, 1996; Williamson, 1983), but some Calanoida
species may also use Rotifera species as food (Fussmann, 1996; Williamson & Butler, 1986;
Schulze & Folt, 1990).

The response of zooplankton species to temperature changes is often difficult to predict
due to the complexity of natural systems (Schiel et al., 2004). The positive correlation between
temperature and zooplankton taxa obtained in our study can be explained by the development
of phytoplankton, which provided food resources for zooplankton (Castro et al., 2005;
Matsubara, 1993), and the direct effect of temperature on the increase in rates of biological
processes in organisms (Gillooly et al., 2001; Loiterton et al., 2004; Wagner & Benndorf, 2007).
It is assumed that, while adapting to certain environmental conditions, the population of the
same species can be divided into different water layers, and these parts can be distinguished by
developmental cycles (Castro et al., 2005; Gillooly et al., 2001; Loiterton et al. , 2004;
Matsubara, 1993; Wagner & Benndorf, 2007). Rotifera species have a wide temperature range
(0 — 30 °C) in which the species can exist (Bérzins & Pejler, 1989a), in general, species such as
Polyarthra dolichoptera, Keratella quadrata, Keratella cochlearis, Synchaeta pectinata have a
very wide range for optimal existence, i.e. 0 - 23°C. (Bérzin§ & Pejler, 1989a). Many studies
have shown that the greater the seasonal temperature variation in lakes is, the greater the
species diversity is (Beaver & Havens, 1996; Gilbert, 2011; Shurin et al., 2010). Most species
of Rotifera, Cladocera and Copepoda were positively and significantly correlated with
temperature and chlorophyll-a concentration, suggesting that abundance of these organisms
may depend on food concentration and have a wide temperature range in which the species can
exist (Bertilsson et al., 1995; Beérzin$ & Pejler, 1989a; Beérzins$ & Pejler, 1989b; Weglenska et
al., 1997). Rotifera species such as Polyarthra major, Polyarthra vulgaris, Polyarthra
dolichoptera, Asplanchna priodonta, Kallicottia longispina, Keratella cochlearis, which were
also found in the lakes we studied, are able to exist in a wide range of dissolved oxygen, i.e. 1 -
13 mg’!, which is also confirmed by other studies (Bérzin$ & Pejler, 1989b).

For some species of Cladocera, such as Diaphanosoma brachyurum, Daphnia cucullata,
Daphnia cristata and Bosmina longispina, which were also found in the lakes we studied, the
optimal temperature range is between 7 and 23°C, while for Bosmina crassicornis it is 14 -
15°C (Bertilsson et al., 1995). Copepoda species have a similar situation. On the other hand, the
optimal dissolved oxygen concentration for both Cladocera and Copepoda species ranges from
5to 11 mg*L"!' (Bertilsson et al., 1995). We can conclude that the range of optimal temperature
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and dissolved oxygen for certain species in our research coincides with the one mentioned in
the literature. The electrical conductivity of water is also of great importance. The higher the
electrical conductivity is, the lower the number of Rotifera is and vice versa (Swadling et al.,
2000). According to Cottenie et al. (2001) Rotifera species require water bodies with high
turbidity, high chlorophyll-o. concentration, higher density of fish and lower density of
macrozoobenthos. (Cottenie et al., 2001). The concentration of dissolved oxygen in water
depends on biological and chemical processes in the water body. For example, high
concentration of dissolved oxygen in the upper water layers may be the result of plant
photosynthesis, when oxygen is released, or it may be washed up from the atmosphere by
waves. The decline in oxygen concentration can be explained by the proliferation of plankton
algae in large quantities and the use of oxygen in life processes (Cimdins, 2001; Fernandez-
Rosado & Lucena, 2001; Kalff, 2002; Lampert & Sommer, 1997; Pinel-Alloul, 1995; Seda &
Devetter, 2000; Urtane, 1998; Wetzel & Likens, 2000; Wetzel, 2001). Comparing literature
data (Bertilsson et al., 1995; Beérzin§ & Pejler, 1989a; Berzins & Pejler, 1989b; Doulka &
Kehayias, 2011; Elliott, 1977; Field & Prepas, 1997; Kaya et.al., 2010; Kessler & Lampert ,
2004; Kizito & Nauwerck, 1995; Taylor et al., 1993) with the data obtained during our study on
the correlation of Rotifera, Cladocera and Copepoda species with water temperature and
dissolved oxygen, we can conclude that the regularities found in our study coincide with those
already mentioned in the literary sources.

Comparing the results obtained in our study with the literature sources (Cimdin$ 2001;
Ceirans, 2007; Kumsare & Gaile, 1960; Kumsare & Selkere, 1955; Laganovska, 1961; Line,
1963; Line, 1966; Sloka & Sloka, 1955; Urtane, 1998; Vadzis et al., 1976), it can be concluded
that the qualitative composition of zooplankton in lakes Dridzis, Rica, Svente and
Geranimovas-llzas is similar to the zooplankton composition of other mesotrophic and
mesoeutrophic lakes in Latvia. The close interaction of Copepoda and Rotifera group species
was also observed in our studies. The established regularities and trends of changes in taxa
between each other and seasonally are characteristic of deep, well-transparent mesotrophic and
mesoeutrophic lakes of Latvia.

4.2. Genetic diversity of Daphnia cucullata populations species in the lakes Svente, Rica,
Dridzis and Geranimovas-llzas using analysis of random sequence decanucleotide (RAPD)
and microsatellite loci

Microsatellite and RAPD markers are useful for population genetics studies.
Microsatellites typically exhibit high allelic variation within and between populations,
increasing the probability of detecting changes over time (Haag et. al, 2010; Selkoe & Toonen,
2006). All microsatellite loci are highly polymorphic, with high awareness and variability in
Daphnia cucullata populations living at the same time as parthenogenetic organisms. On the
other hand, randomly amlified polymorphic DNA (RAPD) markers allow the scanning of large
parts of the genome of populations.

Fifty-five randomly amlified polymorphic DNA (RAPD) and nine microsatellite markers
were used to study the genetic diversity of Daphnia cucullata. RAPD loci for the species
Daphnia cucullata have not been used in the study of genetic diversity so far, but microsatellite
loci have often been used in studies of the genetic structure of different species of the genus
Daphnia cultivated in European scientific laboratories (Brede et al., 2006; Colbourne et al.,
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2004; Ender et al., 1996; Harris et al., 2005; Hellsten & Sundberg, 2000; Lynch & Milligan,
1994). Thirteen of the fifty-five RAPD markers (Roth A (OPA-02; OPA-03; OPA-05; OPA-09;
OPA-10; OPA-12; OPA-13), Roth B (OPB-03; OPB-07; OPB-08), Roth C (OPC-11; OPC-20)
and Roth F (OPF-10)), and six of the nine microsatellite markers (SwiD1; Dgm105; Dgm101;
DaB17/17; Dgm109; Dp519) showed good representativeness indicators in Daphnia cucullata
populations of Latvian deep lakes. However, some microsatellite primers, which were
successfully used in the study of European Daphnia populations, were not amplified in the
Latvian populations. For example, three of these microsatellite loci (DaB10/17; Dp512;
DaB17/16), which were used to study the genetic diversity of European Daphnia cucullata
populations in Switzerland and Netherlands lakes, did not appear in the Latvian lake
populations (Brede et al. 2006; Colbourne et al. 2004). This could indicate a significant
difference between Daphnia cucullata genotypes from Continental (Switzerland, Netherlands)
and Boreal (Latvia) biogeographical regions in Europe. Some microsatellite loci of Daphnia
cucullata populations in our studied populations are slightly longer than those of Switzerland
and Netherlands populations (for example, locus Dgm105 (165 — 240 bp) and Dgm 109 (250—
303 bp) were longer in our studied lakes. In contrast, the microsatellite locus of Switzerland
and Netherlands populations Dgm105 was 172 - 197 bp and Dgm 109 was 247-266 bp. Longer
alleles are known to undergo mutations more than alleles with smaller nucleotide repeats
(Estoup et al., 2002). These differences may be explained by the fact that Daphnia cucullata
specimens from the Continental region were taken from the material grown in the laboratory
that was not exposed to various anthropogenic factors (Brede et al., 2006), but in our study,
Daphnia cucullata specimens were obtained directly from lakes and they have been regularly
exposed to various anthropogenic factors , mainly to the impact of agriculture.

The highest number of alleles using RAPD locus analysis was found in loci Roth F-10 (2
- 11) and Roth C-20 (4 -10). The Roth F-10 locus had the highest number of alleles in lakes
Ri¢a and Geranimovas-Ilzas. On the other hand, in the locus Roth C-20, the largest number of
alleles was found in lakes Svente and Dridzis. Therefore, these loci can be considered the most
useful for future studies of the genetic population structure of Daphnia cucullata.

The highest number of alleles using microsatellite markers analysis was found in loci
Dgm105 and Dgm101 (8 and 7), these loci also had the highest number of private alleles (62%
and 57%) of all detected alleles in these loci. However, the number of alleles in loci Dgm105
and Dgml0l was much lower in Daphnia cucullata populations in Switzerland and
Netherlands lakes (2 and 3). The number of alleles in loci DaB17/17 and Dgm109 was the
same (4 and 5), but the number of alleles in locus Dp519 was lower compared to Switzerland
and Netherlands data (Brede et al., 2006; Colbourne et al., 2004). The observed small
differences between the allele lengths in the Daphnia cucullata populations in the lakes we
studied with those found in Switzerland and the Netherlands are most likely the result of
random genetic drift and not mutations (De Meester et al., 2006). It is possible that the increase
in allelic diversity is influenced by various chemical compounds in the water, and as one of the
main influencing factors, we should mention different changes in temperature conditions in the
lakes we studied with those found in Switzerland and the Netherlands (De Meester et al., 2004;
De Meester et al., 2006; Kalff, 2002; Lampert & Sommer, 1997; Wetzel, 2001).

In our study, the highest level of genetic polymorphism of Daphnia cucullata populations
using RAPD analysis was observed in lakes Dridzis (50 %) and Geranimovas-Ilzas (33 %). In
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lakes Svente and Rica it was between 26 % and 29 %. On the other hand, the highest level of
genetic polymorphism of Daphnia cucullata populations, using microsatellite loci, was
determined in lakes Rica (100 %) and Geranimovas-llzas (83 %), and the lowest in Lake
Dridzis (33 %). The obtained rather different results of the level of genetic polymorphism can
probably be explained by the specificity of the selected nuclear DNA markers (RAPD).

Heterozygosity serves as an indicator of evolutionary potential and is important in
determining population dynamics as well as population viability. The average level of
heterozygosity, based on RAPD analysis, in the studied Daphnia cucullata populations in lakes
Svente, Ri¢a, Dridzis and Geranimovas-Ilzas ranges from 0.18 to 0.20. On the other hand, the
average level of heterozygosity, based on microsatellite analysis, in the studied Daphnia
cucullata populations is relatively high and ranges from 1.67 to 3.17. A decline in
heterozygosity can lead to a lower adaptation of the population. In our study, populations of
Daphnia cucullata that showed extremely high levels of heterozygosity were mostly hybrids
(Adamowicz et al., 2004; Taylor & Hebert, 1993a,b). The y2-test determines whether the
differences between the actual and predicted data appeared as a result of an accident or a
relationship between the variables under consideration.

The largest genetic distance (Nei, 1978) in the studied populations of Daphnia cucullata
using RAPD loci was found between lakes Dridzis and Svente, which are located relatively far
from each other. On the other hand, the smallest genetic distance was observed between lakes
Rica and Geranimovas-Ilzas, both after analysis of RAPD loci and microsatellite loci. The least
similarity, using microsatellite markers analysis, was between lakes Dridzis and Geranimovas-
Ilzas, as well as between lakes Geranimovas-llzas and Svente. Accordingly, the Daphnia
cucullata populations studied by both RAPD loci and microsatellite loci analysis showed
similar trends in the structuring of the studied Daphnia cucullata populations in different
genetic groups, which is also confirmed by the principal component analysis (PCA) of the
studied Daphnia cucullata populations, as well as Bayesian and Evano et al. clustering
approaches. The small similarities/differences of the obtained results could be explained by the
peculiarities of the application of the used markers (RAPD and microsatellites), since the use of
RAPD markers allows scanning a rather large part of the genome and, therefore, the genetic
distances obtained based on these markers are usually greater than if they were obtained with
by microsatellite markers (Williams et al., 1990).

Microsatellite markers are correspondingly smaller in size and widely distributed
throughout the genome (Ellegren, 2004). RAPD polymorphism manifests as the presence or
absence of fragments of a specific length, with RAPD markers distributed throughout the
genome (Williams et al., 1990). RAPD is particularly suitable for the rapid detection of novel
variable markers associated with visible traits. Consequently, RAPD markers are very
important in hydrobiont monitoring, population genetic studies of zooplankton species, such as
in our case Daphnia cucullata, which have little or no information on genome structure (Gili et
al., 2004; Harris et al., 2005; Lynch & Milligan, 1994; Spaak et al., 2004) in contrast to
Daphnia arenata, Daphnia pulex, Daphnia obtusa, Daphnia ambigua, Daphnia dentifera,
Daphnia galeata, Daphnia rosea, Daphnia hyalina and Daphnia magna (Brede et al., 2006;
Colbourne et al. al., 2004).

In our study, the Bayesian and Evano et al. clustering approaches show that the
populations of Daphnia cucullata (Ri¢a and Geranimovas-Ilzas), which are relatively far from

99



each other, form a separate genetic group. It is difficult to explain the fact that populations that
are geographically distant from each other and whose lakes are not connected to each other are
the most similar. As one of the factors that can affect the transfer of Daphnia cucullata
individuals or their gills from one water body to another are water birds, which during
migration could transfer these individuals or their gills from one water body to another (Green
& Figuerola, 2005; Figuerola et al., 2003; Figuerola et al., 2005). It has been shown that
migrating waterfowl can carry zooplankton ephippia up to 50 kilometers per day when flying
between feeding or roosting sites. The literature mentions that the maximum distance that
waterfowl can fly from one water body to another is 1500 kilometers (Green & Figuerola,
2005). Studies using mtDNA have shown that, for example, the distribution of taxa Daphnia
ambigua and Daphnia laevis coincides with the flight directions of migratory waterfowl (Green
& Figuerola, 2005). In addition, Daphnia lumholtzi, for example, was shown to spread faster
than Bythotrephes longimanus and Bythotrephes cederstroemi (Cladocera), as their ephippia
are less viable in the intestinal tract of birds than Daphnia lumholtzi (Green & Figuerola, 2005).
Ephippia can also be carried by wind (Hebert & Moran, 1980; Crease et al., 1990; Gomez &
Carvalho, 2000; Vanoverbeke & De Meester, 1997). Ephippia can withstand harsh
environmental conditions (freezing, desiccation), and in spring, under favorable conditions,
young parthenogenetic females hatch from winter eggs (De Meester et al., 2004; Decaestecker
et al., 2009; Hughes, 1989; Hobak & Larsson, 1990; Kalff , 2002; Lampert & Sommer, 1997;
Wetzel, 2001).

Differences in the genetic structure of Daphnia cucullata populations can also be
explained by a large role of cyclic parthenogenesis and the biotope size (Bronmark & Hasson,
2001; Hebert, 1987; De Meester, 1996; De Meester et al., 2006; Kalff, 2002; Lampert &
Sommer, 1997; Vanoverbeke et al., 2007; Vanoverbeke & De Meester, 1997; Wetzel, 2001). In
cyclic parthenogenetic zooplankton, larger biotopes have a larger pool of ephippia than smaller
biotopes, and thus the number of eggs from the pool of ephippia will increase at the beginning
of the growing season. Ephippia accumulate annually in lake sediments, and under favorable
conditions up to a century old ephippia can hatch into diploid individuals (Deng & Lynch, 1996;
Cousyn et al., 2001; Haag et al., 2010; Hairston et al., 2001; Maynard-Smith, 2001). 1981;
Lynch & Deng, 1994). Using of these eggs from the pool of ephippia increases genetic
diversity and thus significantly affects the genetic structure of cyclic parthenogenetic Daphnia
populations (Korpelainen, 1986; Lynch & Deng, 1994; Michels et al., 2003; Vanoverbeke et al.,
2007; Vanoverbeke & De Meester, 1997). In our study, it was found that Daphnia cucullata
populations from lakes Ri¢a and Geranimovas-Ilzas with a low number of zooplankton taxa (47
and 43 respectively) have a higher genetic diversity compared to lakes Dridzis and Svente with
a large number of zooplankton taxa (72 and 69 respectively). A small number of taxa affects
the ecological existence niche of Daphnia cucullata taxa, because in this case, Daphnia
cucullata has less interaction and competition with other taxa, it adapts more to different
conditions, interbreeds, eats more, etc., therefore it has more genetic diversity. Bronmark &
Hasson (2001), Hebert (1987), De Meester (1996), De Meester et al. (2006), Kalff (2002),
Lampert & Sommer (1997), Vanoverbeke et al. (2007), Vanoverbeke & De Meester (1997),
Wetzel (2001) discuss extensively that there are several explanations for the positive
correlation between genetic diversity and habitat size. For example, it is a well-known fact that
ecological diversity increases with increasing size of the biotope. Furthermore, the population
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size tends to be positively correlated with the biotope size. The length of the clonal phase and
the frequency of sexual reproduction are thought to be related to the biotope size and
persistence (Hebert, 1987; De Meester, 1996; Vanoverbeke et al., 2007). In large water bodies,
where the biotope conditions are more stable, parthenogenesis is maintained for a longer time.
Since larger biotopes often contain more ecological niches than smaller ones, this may favor
the coexistence of ecologically distinct genotypes (De Meester, 1996). The results of genetic
distance and genetic differentiation in our studied lakes, both by RAPD and microsatellites
analysis, show that the studied populations of Daphnia cucullata are different among
themselves. This can probably be explained by the similarity of the studied lakes in terms of
average depth and catchment area, similar stable environmental conditions, therefore it is
possible that parthenogenesis in these lakes is maintained for a longer period of time and the
coexistence of different genotypes is possible here. In parthenogenetic populations of large
water bodies, the survival of single dominant highly heterozygous clones is observed, as it is
evidenced by the inevitable cessation of sexual genetic recombination, and heterozygous excess
as a characteristic feature of long-lived Daphnia populations (Deng & Lynch, 1996; Lynch &
Deng, 1994; Maynard-Smith, 1981). Smaller biotopes have smaller populations than larger
ones, making a population with the same number of clones more vulnerable to random clonal
extinction (Spaak et al., 2004; Vanoverbeke, 2007; Wolf, 1987).

Haag et al. (2005) suggest that older populations have greater genetic diversity and that
genetic differentiation between populations decreases with population age. Daphnia cucullata
as a cyclic parthenogenic organism whose life cycle consists of a unisexual, apomictic phase
that dominates during the favorable growing season when females produce diploid
parthenogenetic offspring. Parthenogenetic reproduction continues until the adverse weather
conditions occur, when some eggs develop into males and others into haploid eggs that require
fertilization (De Meester et. al, 2006; Hobak & Larsson, 1990). Parthenogenetic reproduction
throughout the summer does not suppress the amount of genetic variation. Males appear when
there is a high population density or a rapid depletion of nutrients. In this case, diploids produce
winter eggs, or ephippia (Deng & Lynch, 1996; Cousyn et al., 2001; Haag et al., 2010; Hairston
et al., 2001 Maynard-Smith, 1981; Lynch & Deng, 1994). Depending on the relative
importance of recombination and parthenogenetic reproduction, populations of Daphnia
cucullata will have different local diversity and genetic population structure (De Meester et al.,
2006; Hughes, 1989). When populations have sufficient food (e.g., algae and bacteria) and
favorable living conditions (e.g., temperature, dissolved oxygen), they exhibit high numbers of
parthenogenetically or bisexually reproducing females throughout the reproductive season
(Gliwicz et al., 2001; Wetzel, 2001). Haag et al. (2005) assumed that the "bottleneck effect"
can be two-fold: namely, a decrease in genetic diversity and close relatedness of population
individuals.

The immigration of new individuals may not only introduce new genetic material, but
also lead to the selection of closely related hybrids, which may lead to an increase in the
frequency of “immigrant” alleles, thereby leading to an increase in genetic diversity in older
populations. The genetic structure of metapopulations provides insight into genetic
differentiation and shows the consequences of local extinction and recolonization. As an
example, studies of allozyme metapopulations of upland water bodies have shown that there is
marked genetic differentiation between metapopulation pools (Haag et al., 2005). Population
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genetic structure in a metapopulation is assumed to be largely explained by three consequences
of the bottleneck effect: strong drift during colonization, subsequent immigration, and the effect
of selection by bringing neutral genes with linked loci into selection (Haag et al., 2005).
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CONCLUSIONS
Daphnia cucullata, Bosmina crassicornis, Bosmina longirostris, Daphnia cristata,
Daphnia longispina and Diaphanosoma brachyurum (Cladocera) were found as the most
common taxa in all years during the entire research season (from May to September),
which are typical of well-transparent mesotrophs and mesoeutrophs of Latvian lakes.
Close correlation of Daphnia cucullata was observed with pH, temperature, chlorophyll-a,
oxygen saturation, and turbidity.
Close correlation of Daphnia cucullata was observed with Daphnia cristata, Chydorus
sphaericus, Bosmina crassicornis, Diaphanosoma brachyurum (Cladocera), Gastropus
stylifer, Trichocerca similis (Rotifera), Mesocyclops leucarti (Copepoda). This is explained
by the fact that the existence of these taxa requires similar environmental conditions.
The established regularities and trends of changes in number of taxa between each other
and seasonally are characteristic of deep, well-transparent mesotrophic and mesoeutrophic
lakes of Latvia.
The loci Roth F-10 and Roth C-20 of RAPD primers can be considered the most useful for
further studies on the genetic structure of Daphnia cucullata populations in Europe,
because the studied Daphnia cucullata populations had the highest number of amplified
anonymous sequences in the populations and these populations were the most genetically
diverse.
The microsatellite loci Dgm105 and Dgm101 can be considered the best to be used in
future studies of the genetic structure of Daphnia cucullata populations in Latvia, because
the largest number of microsatellite alleles per locus, the maximum number of alleles and
the maximum number of private alleles in the loci were determined for the studied
Daphnia cucullata populations using these loci.
Daphnia cucullata populations from lakes with a small number of zooplankton taxa (47
and 43 respectively) (Ri¢a and Geranimovas-Ilza) compared to lakes with a large number
of zooplankton (72 and 69 respectively) (Dridzis and Svente) have a greater genetic
diversity, the smallest genetic distance as well as these populations form a single genetic
group as confirmed by clustering.
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