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IVADAS

Lietuva pasizymi tankiu upiy tinklu — Salyje priskai¢iuojama apie 29 000
vandentékmiy, kuriy bendras ilgis siekia apie 64 000 km. I8 §iy vandentékmiy,
daugiau nei 23 000 yra trumpesnés nei 3 km, o ilgesniy nei 3 km, ar turinciy
didesnj nei 5 km? baseino plota upiy yra apie 5 367. Ryty Lietuvoje esantys
Sventosios ir Zeimenos upiy pabaseiniai yra vieni svarbiausiy regiono
hidrografiniy vienety. Siy upiy baseiny upés — Dubinga, Kiauna, Luknelé,
Plastaka, Skerdyksna ir SeSuola — yra iSsidés¢iusios 60 km spinduliu,
centrinéje ryty Lietuvos dalyje ir tekédamos pro jvairias Zemés naudojimo
teritorijas sudaro svarbig sistemg, leidzianCig jvertinti nattraliy bei
antropogeniniy veiksniy poveikj vandens ekosistemoms.

Upés atlieka itin svarby vaidmenj biologinés jvairovés palaikymui ir
iSsaugojimui. Jos yra buveinés jvairioms augaly, zuvy, bestuburiy ir kity
organizmy grupéms. Hidrologinés, fizikinés ir cheminés upiy savybés, tokios
kaip vandens temperatiira, pH, substratas, vandenyje iStirpges deguonis,
elektrinis laidumas bei druskingumas, tiesiogiai veikia organizmy bendrijy
sudét] ir jy funkcionavimg upiy ekosistemose. Be to, aplink up¢ esancios
buveinés — miskai, pievos, dirbami laukai ar urbanizuotos teritorijos — taip pat
lemia organizmy bendrijy struktiira. Ypac svarbis upése gyvenantys bentoso
makrobestuburiai, tarp jy — uodai triikliai (Chironomidae), kurie pasizymi
ekologiniu plastiSkumu ir jautrumu aplinkos pokyc¢iams.

Uodai triikliai yra viena svarbiausiy ir placiausiai paplitusiy vabzdziy
grupiy vandens ekosistemose, pasizyminti didele riiSine jvairove ir individy
gausumu. Jy lervos aptinkamos beveik visose gélo vandens buveinése, o kai
kuriy rii$iy atstovai yra prisitaike net prie labai ekstremaliy aplinkos salygy,
pavyzdziui, vandens auksta temperatiira (karStosios versmes), ar Zemas pH
(riigStiniai telkiniai). Uodai trukliai atlieka svarbig ekologing funkcijg — yra
organiniy medziagy skaidytojai, jy plésrios lervos reguliuoja makrobestuburiy
gausuma, taip pat jie yra maisto Saltinis zuvims, pauk$¢iams ir kitiems
gyviinams, o dél jy prisitaikymo gyventi jvairiose aplinkos sglygose — ir
vertingi bioindikatoriai. Nors pasaulyje Chironomidae tyrimai yra placiai
atliekami — nuo sistematikos ir filogenijos iki jy ekologinés reikSmés ir
pritaikymo vandens biiklés vertinimui — Lietuvoje jy tyrimai vis dar yra
fragmentiski. Iki Siol atliktas tik vienas, placiai uodus truklius analizuojantis
paleoaplinkos tyrimas, paremtas Chironomidae analize (Gasteviciené, 2022)
bei atlikti keli riiSiy apzvalgos tyrimai.

Lietuvoje dar nebuvo atlikti tyrimai, vertinantys vandens ekologiniy,
aplinkos ir uztvenktumo faktoriy jtakg uody trikliy jvairovei ir gausumui
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upése. Baltijos Salyse uody triikliy jvairovés ir ekologiniai tyrimai atlickami
labai fragmentiskai, o tai riboja Sios vandens makrobestuburiy grupés taikymo
galimybes aplinkos vertinimuose. Siame disertaciniame darbe pirma karta
nuosekliai jvertinti Chironomidae jvairovés ir pasiskirstymo rySiai su
buveiniy savybémis bei aplinkos veiksniais SeSiose upése, esanciose
centrinéje ryty Lietuvoje. Taip pat, pirma karta atlikta uody triikkliy bendrijy
analiz¢ skirtingose aplinkos ir hidrologinése sglygose, atsizvelgiant | tai ar
upés uztvenktos, ar neuztvenktos. Gauti rezultatai leidzia ne tik papildyti
Lietuvos faunistinius duomenis, bet ir jgalina tolimesnj uody trukliy kaip
bioindikatorinés grupés naudojimg, vertinant upiy ekologing bukle bei
antropogeninj poveikj joms.



DARBO TIKSLAS IR UZDAVINIAI

Tyrimy tikslas
I8tirti uody trikliy (Diptera, Chironomidae) jvairove ir pasiskirstyma

Sventosios ir Zeimenos upiy pabaseiniuose bei jvertinti aplinkos faktoriy jtaka
ju ivairovei ir pasiskirstymui.

Tikslui pasiekti buvo iSsikelti Sie uZzdaviniai:

Nustatyti uody trukliy taksonomine jvairove ir gausumag Dubingos,
Kiaunos, Luknelés, Plastakos, Skerdyksnos ir Sesuolos upése.

Jvertinti taksonoming jvairove Sventosios ir Zeimenos pabaseiniy uody
trukliy bendrijose, taikant molekulinius identifikavimo metodus.
Palyginti uody triikkliy bendrijy taksonoming jvairove ir gausumag tarp
analizuoty upiy.

Ivertinti uztvanky poveikj uody trukliy taksonominei jvairovei ir
gausumui.

Ivertinti aplinkos veiksniy — gylio, pH, vandenyje istirpusio deguonies,
druskingumo, elektrinio laidumo ir bendro iStirpusiy kietyjy medziagy
kiekio — poveikj uody trukliy taksonominei jvairovei ir gausumui.
Nustatyti upes supancio krastovaizdzio poveikj uody triikliy taksonominei
jvairovei ir gausumui.

IStirti upiy dugno substrato sudéties poveikj uody trikliy taksonominei
jvairovei ir gausumui.

GINAMIEJI DISERTACIJOS TEIGINIAI

Uztvankos veikia uody tritkkliy bendrijas ir lemia taksonoming jvairove.
Morfologiné analiz¢, kartu naudojant COI geno sekos analize bei taikant
molekulinius rasiy atskyrimo metodus, leidZia tiksliau nustatyti uody
trukliy taksonus bei jy filogeneting padét;.

Uody trukliy bendrijy sudétis upése priklauso nuo vandens savybiy
(vandenyje iStirpusio deguonies ir bendro iStirpusiy kietyjy medZiagy
kiekio) ir vandens telkinio savybiy (upiy, gylio, uztvenktumo, substrato
ir upe supancio krastovaizdzio).

Upése sutinkamy uody tritkliy lervoms budinga didelé trofiniy grupiy ir
mitybos budy jvairové.



DARBO NAUJUMAS IR JO REIKSME

Tai pirmasis iSpléstinis tyrimas Baltijos Salyse, kuriame vertintos uody
trukliy bendrijos bei jy sasajos su skirtingomis upiy savybémis ir aplinkos
veiksniais.

Identifikuota 12 genciy ir 37 riiSys uody trukliy naujy Lietuvos faunai.
Pirma kartg vertinta uztvanky jtaka uody trukliy taksonominei jvairovei
ir gausumui Lietuvoje.

Pirmg kartg vertinta uody triikkliy riiSiy jvairové Lietuvoje, panaudojant
COI geno sekos analizg ir taikant molekulinius riisiy atskyrimo metodus.
Pirmg kartg Lietuvoje atlikto Chironomidae tyrimo metu, sudarytas
nustatyty Chironomidae lervy trofiniy grupiy ir mitybos btidy sarasas.
Atlikto tyrimo rezultatai papildo vandens telkiniy monitoringinius
tyrimus ir jgalina Chironomidac naudojimg ekologiniuose ir
zoologiniuose tyrimuose Lietuvoje.
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1. LITERATUROS APZVALGA
1.1. Lietuvos upés

Didziaja dali (97,1 %) Lietuvos Respublikos teritorijos ploto sudaro
sausuma, kurios ploto didziausig dalj — 42,6 % uzima zemés tkio naudmenos,
33,9 % — miskai, apie 18 % — natiiralios pievos, pelkés ir kitos paskirties Zemes
plotai bei apie tris procentus — urbanizuotos teritorijos. Mazesne¢ dalj — 2,9 %
Salies teritorijos uzima vidaus vandenys, i$ kuriy 0,51 % sudaro upiy tinklo
plotas (Gailiusis ir kt., 2001; Jablonskis ir kt., 2007; Valstybés duomeny
agentiira, 2025; Valstybiné misky tarnyba, 2025).

Lietuvoje yra apie 29 000 vandentékmiy, kurios yra ilgesnés nei 0,25 km,
o bendras $iy vandentékmiy ilgis siekia 64 000 km (Kilkus ir Stonevicius,
2011). Apie 23 633 vandentékmés Lietuvoje yra trumpesnés nei trijy
kilometry ilgio ir sudaro didziaja dalj (81,5 %) visy Lietuvos vandentékmiy,
o bendras jy ilgis siekia 22 500 km, kas sudaro 35,2 % bendro Lietuvos
vandentékmiy ilgio. Kilkus ir Stonevicius (2011) pabrézia, kad jvairiy Saltiniy
duomenimis Sie skaiciai gali skirtis, kadangi dalis vandentékmiy yra sezoninés
Pagal Lietuvos Respublikos upiy, ezery ir tvenkiniy kadastro (UETK)
duomenis, Lietuvoje yra 5 367 upés, kuriy ilgis yra nemazesnis nei trys
kilometrai arba baseino plotas nemaZzesnis nei penki kvadratiniai kilometrai
(Lietuvos Respublikos aplinkos ministerija, 2025). Mazy upeliy, kuriy ilgis
yra nuo trijy iki 10 km, Lietuvoje yra 3 646, o bendras jy ilgis siekia apie 18
842 km. Vidutinio ilgio upiy (10,1 — 100 km) Lietuvoje yra 75 ir bendras jy
ilgis siekia apie 15 640 km. Tik 17 Lietuvos upiy yra ilgesnés nei 100 km, o
bendras jy ilgis siekia 3 154 km ir sudaro vos 4,9 % bendro visy Salies upiy
ilgio (Jablonskis ir kt., 2007).

Labai svarbus hidrografinis ir hidrologinis upiy rodiklis yra baseino
plotas, nuo kurio priklauso upés maitinimas vandeniu bei su juo patenkancios
organinés ir mineralinés medziagos (Gailiusis ir kt., 2001). Didziausig upés
baseing Lietuvoje turi Nemunas, kurio baseino plotas apima apie 71,5 % $alies
teritorijos, kur jo baseino plotas siekia 46 695,4 km?, o bendras upés baseino
plotas yra 97 863,5 km? (Gailiusis ir kt., 2001). Dauguma upiy Lietuvoje yra
zemumy tipo, létos tékmés, su smélétu, akmenuotu, ar molingu dugnu
(Gailiusis ir kt., 2001; Jablonskis ir kt., 2007).

Dalyje Lietuvos upiy yra jrengtos vandens matavimo stotys, kuriy yra 87,
taiau nuolatinis bendras Lietuvos upiy kokybés monitoringas nebuvo
atlickamas (Lietuvos Respublikos aplinkos ministerija, 2025). Dél Sios
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priezasties tiksliy duomeny apie Lietuvos upiy biiklg néra, taciau atsizvelgiant
1 galimus tarSos Saltinius, dalis Salies upiy yra dalinai uZterstos, uzterstos arba
labai uzterStos. Vienas i§ upiy tarSos Saltiniy yra lietaus ir kanalizacijos
nuotekos. Nors Lietuva kelis kartus yra gavusi finansavimg i§ Danijos ir
Europos sajungos nuoteky tvarkymui (Zvinklien¢, 2006), didzioji dalis
Lietuvos miesty, miesteliy ir ypa¢ kaimy vis dar néra susitvarke nuoteky
sistemy ir ] upes i$leidZia nevalytas ir/arba prastai iSvalytas nuotekas (Lietuvos
Respublikos aplinkos ministerija, 2025). Didele upiy tarSos dalj sudaro ir
zemés tkio veikla. Dél vis besipleCianciy zZemés tkio naudmeny ploty,
intensyvaus tkininkavimo ir daznai neatsakingai naudojamy trasy, pasary,
pesticidy ir kity cheminiy medziagy bei netinkamai utilizuojamo gyvuliy
méslo, terSalai patenka j vandens telkinius. Vandens telkiniuose didéjant
organiniy medziagy kiekiui prasideda eutrofikacijos procesas, kuris daro jtaka
upiy faunai ir florai (Gailiusis ir kt., 2001; Valstybés duomeny agentiira,
2025). Be tarSos organinémis medziagomis, su zemés uUkiu daznai biina
susijusi melioracija, upiy tiesinimas bei tvenkimas, kas turi jtakos vandens
cheminei biiklei bei pakei¢ia upiy hidrologija ir morfologija. Sie poky¢iai
neigiamai veikia upiy faung ir flora — dél pakitusiy hidrologiniy ir
morfologiniy salygy jos gali iSnykti. Kitas vandens telkiniy tarSos Saltinis yra
pramongs veikla. Nors dazniausiai yra prievolé vykdyti nuolatinj i$leidziamy
atlieky monitoringa, taciau vis pasitaiko nustatomy piktnaudziavimo atvejy
bei nutikus avarinei situacijai neretai jvyksta masinis vandens telkiniy
uzterSimas (Lietuvos Respublikos aplinkos ministerija, 2025). Upése statomos
uztvankos keicia upiy hidrologija ir morfometrijg. Prie§ uztvankas pradeda
kauptis sgnasos, kurios ilgai neyra ir pradeda kaupti bei skleisti toksiskas
chemines medziagas. Keiciant ir nuolatos reguliuojant uztvankos vandens
pratekéjimg, daroma zala faunai ir florai (Gailiusis ir kt., 2001).

1.1.1.  Sventosios pabaseinis

Sventoji priklauso Nemuno baseinui ir yra didZiausias Neries intakas bei
ilgiausia Lietuvos upé, tekanti tik per Lietuvos Respublikos teritorijg.
Sventosios upés ilgis yra 246 km, jos baseino plotas siekia 6 888,8 km?, i§
kuriy Lietuvos teritorijoje — 6 800,78 km?, debitas Ziotyse siekia 56,5 m*/s
(Gailiusis ir kt., 2001; Kilkus ir Stonevicius, 2011). Vyraujantis upés dugno
substratas yra vidutinio sunkumo priemolis, taciau pasitaiko ir smélio bei
zvyro. Nors $iuo metu daZniau pritariama, kad Sventosios upés istakos yra
Diksto ezeras, kartais laikoma, kad iStakos gali buti ir Samanio eZeras, nes

.....
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Stonevicius, 2011; Lietuvos Respublikos aplinkos ministerija, 2025).
Sventosios upé tvenkta penkiomis uztvankomis: Antalieptés HE, Sventosios
zemiy uztvanka, Uzpaliy HE zemiy uztvanka, Anyks¢iy Zemiy uztvanka ir
Kavarsko HE Zemiy uztvanka (Kilkus ir Stonevi¢ius, 2011). Sventosios
auksStupys patenka j ezeringg teritorija, todél upé srauni, turi daug slenksciy.
Bendrai, visame Sventosios baseine yra apie 658 ezerai, kurie didesni nei 0,5
ha (Kilkus ir Stonevi¢ius, 2011). Didziausias intakas yra Sirvinta, tatiau
Sventaja jteka tik Zemupyje. Kiti svarbiausi Sventosios intakai yra Jara—
Setek$na ir Siesartis (Kilkus ir Stonevigius, 2011; Lietuvos Respublikos
aplinkos ministerija, 2025). Salia upés didmieséiy néra, o didesni miestai, tai
— Dusetos, Anyksciai, Kavarskas ir Ukmergé. Didzioji dalis upés teka per
miskingas, pelkétas ir ezeringas teritorijas, todél upé laikoma gana §varia, iki
AnyksCiy S$varia, tarp Anyks¢iy ir Ukmergés mazai uZzterSta, o Zemiau
Ukmergés — vidutiniskai uzterSta (Kilkus ir Stonevicius, 2011; Lietuvos
Respublikos aplinkos ministerija, 2025).

1.1.2.  Zeimenos pabaseinis

Zeimena priklauso Nemuno baseinui ir yra pirmas didelis Neries intakas,
kuris sudaro apie 11 % Neries baseino ploto bei apie 25 % metinio nuotékio.
Zeimenos upés ilgis — 79,6 km, baseino plotas 2 792,7 km?, kuris visas patenka
i Lietuvos Respublikos teritorija, debitas Ziotyse siekia 23 m?/s (Gailiusis ir
kt., 2001; Kilkus ir Stonevicius, 2011). Vyraujantis upés dugno substratas yra
limnoglacialiniai ir fliuvioglacialiniai sméliai (Kilkus ir Stonevicius, 2011).
Upés iStakomis laikomos dvi vietos — tai Zeimenio eZeras arba Svoginos
versmés (pastarosios atveju, Zeimenos upés ilgis turéty siekti 114 km), ta¢iau
dél neaikaus eZery labirinto, daZniausiai i$takomis laikomas Zeimenio eZeras
(Kilkus ir Stonevicius, 2011). Tai mazai Zzmogaus paveikta upé, kurioje néra
nei vienos uztvankos. Zeimenos baseinas labai eZeringas, per visa baseino
plota yra i$sidéste 479 ezerai, kurie didesni nei 0,5 ha. Kadangi Zeimena
ganétinai trumpa upé, jos intakai irgi néra dideli, o svarbiausi jy yra Lakaja,
Dubinga, Kiauna ir Mera—Kiina (Kilkus ir Stonevicius, 2011). Salia Zeimenos
upés didmies¢iy néra, o didziausi miestai, tai — Svencionéliai ir Pabradé.
Didzioji dalis upés teka per miskingas, pelkétas ir ezeringas teritorijas, todél
upé laikoma viena S$variausiy Lietuvoje bei yra Zinoma kaip viena i$
pagrindiniy Lietuvos lasiSiniy Zuvy nerstavieciy (Kilkus ir Stonevicius, 2011;
Lietuvos Respublikos aplinkos ministerija, 2025).
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1.2. Uodai trukliai
1.2.1.  Uody trikliy morfologija ir vystymasis

Uodai triikliai (Chironomidae), tai pilno kitimo (Holometabola)
vabzdziai, gyvenimo ciklo metu turintys kiausinio, lervos, léliukés ir
suaugélio stadijas (Gullan ir Cranston, 2014). Priklausomai nuo riiSies ir
klimatinés zonos (Merritt ir kt., 2019), uody triikkliy vystymosi ciklas trunka
nuo septyniy dieny (Nolte, 1995) iki septyniy mety (Butler, 1982).
Chironomidae Seimos atstovy kiauSiniai daZzniausiai biina elipsiSkos arba
inkstiskos formos, bet pasitaiko ir artima trikampiskai formai (4ngl. deltoid)
(Armitage ir kt., 1995). Skirtingy uody trikliy poseimiy, genéiy ar rusiy
atstovy kiausiniy dydis svyruoja nuo 170 pum ilgio ir 70 pm plocio iki 612 um
ilgio ir 135 pum ploc¢io (Nolte, 1993). KiauSiniy déties dydis nepastovus,
pavyzdziui, gélavandeniy riisiy atstovy détj sudaro nuo 20 iki 30 kiauSiniy, o
rusiy, kuriy atstovy kiinas didesnis, kiausiniy skai¢ius détyje gali siekti 3 300
(Nolte, 1993). Nors atlikti tyrimai (Thienemann, 1954; Nolte, 1993) rodo, jog
kiauSiniy masés forma ir kiauSiniy iSsidéstymas détyje turi filogenetine
reikSme, taCiau Chironomidae Seimos atstovy kiausiniai yra nepakankamai
i8tirti, ypac lyginant su tokiomis vabzdziy grupémis kaip Culicidae ir Odonata
(Armitage ir kt., 1995). Zinomas vos vienas poseimis — Telmatogetoninae,
kurio atstovai kiau$inius deda pavieniui be Zelatininés matricos (Angl.
gelatinous matrix) (Nolte, 1993; Cranston, 1995). Poseimiy atstovai, kurie
kiau$inius deda kiauSiniy maséje (Angl. egg-mass) pasiZzymi jvairia masés ir
kiauSiniy iSdéstymo forma (Armitage ir kt., 1995). KiauSiniy masé gali biti:
virvelés, spiralés ar laSo formos, o kiauSiniai maséje gali buti iSsidéste
atsitiktinai, linijiskai arba spiraliskai (Nolte, 1995; Cranston, 1995).

Vystymosi metu lervos neriasi ir pereina keturis vystymosi tigius (4ngl.
instar), kurie pasizymi skirtinga morfologija. Pirmo figio lervos yra mazai
i§tyrinétos ir kiek pla¢iau buvo apzvelgtos Kalugina (1959) ir Dejoux (1971).
Pirmo figio lervy viena i§ mazo iStirtumo priezas¢iy — kiino dydis, kuris siekia
apie 0,35 mm (Dejoux, 1971). Dauguma pirmo figio lervy, kaip ir kiauSiniai,
dreifuoja vandenyje, turi didel¢ galvos kapsule, o ant kino biina tik priekinés
pseudokojelés (Angl. anterior parapods) (Armitage ir kt., 1995). Zinoma tik
viena Chironomidae riisis — Stenochironomus gibbus (Fabricius, 1794), kurios
pirmo figio lerva yra laisvai gyvenanti medienoje ir panasi j ketvirto tigio lerva
(Kulugina, 1959). Antro ir tre¢io tgiy lervos, kaip ir pirmo, yra mazai
iStyrinétos ir nors vystymosi metu daugéja morfologiniy struktiiry, taciau tik
ketvirto tigio lerva pasiekia pilng i$sivystyma (Armitage ir kt., 1995). Dél §ios

14



priezasties, uody triikliy lerviniy stadijy identifikavimui jprastai naudojamos
tik ketvirto Gigio lervos (Andersen ir kt., 2013). Uody trukliy ketvirto tigio
lervy kiinas siauras ir pailgas, o jy ilgis skirtingy riisiy atstovuose skiriasi ir
svyruoja nuo penkiy iki 20 mm (Wiederholm, 1983). Priklausomai nuo rusies
bei gyvenamosios aplinkos, $iy lervy kiino spalva varijuoja ir gali biiti balta,
geltona, Sviesiai ar tamsiai ruda, zalsva, juoda ir raudona. Kiinas gali biiti
tankiai Seriuotas (daznai biuidinga Orthocladiinae poseimio atstovams) arba
turéti pavienius Serelius, nors kartais jy gali visai nesimatyti (da Silva ir kt.,
2018). Ketvirto figio lervy kiinas sudarytas i$ galvos kapsulés, trijy kriitinés ir
devyniy pilvelio segmenty bei vieno analinio segmento. Galvos kapsulé
sklerotizuota, gerai iSsivysciusi, iSreikSta, pilna ir nejtraukiama, taip pat jai
budingos jstrizai arba horizontaliai plokstumoje judancios mandibulés (Bryce
ir Hobart, 1972; Andersen ir kt., 2013). Chironomidae Seimos lervy akys yra
paprastos, Chironominae posSeimio atstovai turi dvigubas akiy démes, o
Orthocladiinae ir dauguma kity poSeimiy atstovy — vienguba (Armitage ir kt.,
1995). Dauguma lervy turi gerai iSreikstas, segmentuotas antenas, kuriy ilgis
skiriasi priklausomai nuo genties ar ruSies. Taip pat, ant antro antenos
segmento yra vienas arba du skirtingy formy lauterborn organai (4Angl.
lauterborn organs) (Armitage ir kt., 1995). Viena pora pseudokojeliy yra lervy
prieskritinyje (Angl. anterior parapods), o kita pora pseudokojeliy yra jy
analiniame segmente (A4ngl. posterior parapods) (Bryce ir Hobart, 1972;
Andersen ir kt., 2013; da Silva ir kt., 2018). Nugarinéje puséje, ant pre-
analinio segmento lervos turi porg procercus (pedestals), padengty jvairaus
ilgio analiniy Sereliy kuokstu. Kai kurios lervos, jprastai Chironomus Meigen,
1803, ar kity giminingy genciy, pilvinéje arba Soningje kiino puséje, ant
aStunto pilvelio segmento turi vieng arba dvi poras ventraliniy vamzdeliy
(Angl. ventral tubules). Jie pripildyti hemolimfa ir yra atsakingi uz dujy
apykaita (dar vadinami trachéjinémis ziaunomis) (Nagell ir Orrhage, 1981;
Andersen ir kt., 2013). Ant analinio segmento, priklausomai nuo poseimio,
genties ar net rusies, uody triukliy lervos turi nuo vienos iki trijy pory (o
iprastai dvi) analiniy vamzdeliy (4ngl. anal tubules) (Epler, 2001).

Uody triikliy Iéliukiy kiino ilgis svyruoja nuo trijy iki 18 mm (Langton ir
Visser, 2003). Jy kiinas sudarytas i$ suaugusiy galvos ir krutinés skyriy, kurie
formuoja galvakriiting bei pilvelio (Kranzfelder ir kt., 2015). Galvakrutinés
galvos skyriuje, paciame priekyje yra priekinis apotome, o ant jo biina pora
galviniy gumburéliy (4ngl. cephalic tubercle) su priekiniais Sereliais (Angl.
frontal seta). Uz priekinés apotome yra pora anteniniy ploksteliy (Angl.
antennal sheath), uz kuriy yra likgs galvinis skyrius — priekaktis. Kriitinés
skyrius (4Angl. thorax) nuo galvos skyriaus atskirtas sitilémis (4Angl. suture).
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Kritinés skyrius yra padengtas antepronotaliniais Sereliais (4ngl. antepronotal
setae), precornealiniais Sereliais (Angl. precorneal setae) ir dorsocentriniais
Sereliais (Angl. dorsocentral setae). Kiekvienoje krutinés skyriaus puséje yra
kvépavimo organai — kriitinés ragai (4ngl. thoracic horn). Kriitinés skyriaus
gale yra pora uzpakaliniy kritinés kauburéliy (4ngl. posterior thoracic
mound) ir pora sparny ploksteliy (4ngl. wing sheath) (Langton, 1991). Pilvelis
sudarytas i§ aStuoniy segmenty su tergitais ir paraterigitais. Ant pilvelio
antrojo, o kartais — ir pirmojo bei treciojo segmenty Sony yra pes spurius B,
taip pat Sonuose biina pleuron. Pilvelio virSutinéje puséje, ant tergity yra
kabliuky eiluté (4ngl. hook row). Tarp segmenty, Sonuose yra jungtukai
(Angl. conjunctive). Analinis segmentas susideda i§ analinés skilties (Angl.
anal lobe) ir genitalinés plokstelés (4ngl. genital sheath), o pats segmentas
padengtas krastinémis analinémis sitilémis (Angl. filament of anal fringe) ir
analiniais makrosereliais (Langton, 1991).

Tarp suaugélio stadijos individy geriau iStirta patinéliy nei pateliy kiino
strukttra, dél sudétingos pastaryjy morfologijos (Coe, 1950). Iprastai,
patinéliy ktino ilgis svyruoja nuo 0,7 iki septyniy milimetry, taciau kartais jie
gali siekti net 30 mm. Jy iSskleisty sparny plotis siekia nuo 0,6 iki aStuoniy
mm, priklausomai nuo riisies (Langton ir Pinder, 2007; Merritt ir kt., 2008;
Ekrem ir kt., 2017; Merritt ir kt., 2019). Uody trikliy suaugéliy kiinas susideda
1§ galvos, kritinés ir pilvelio (Merritt ir kt., 2008; Merritt ir kt., 2019). Galva
nedidelé, su gerai iSreikStomis sudétinémis, nesusijungianc¢iomis akimis.
Patinéliy antenos ilgos, dazniausiai plunksniskos, su zemu, siauru ir ploksciu
pirmuoju pagrindo nareliu (scape), rutuliSku antruoju pagrindo nareliu
(pedestal, pedicel), ir tipiskai turinCios nuo 11 iki 15 botagélio nareliy
(flagellomeres). Kartais antenos btina redukuotos ir nareliy skai¢ius sumazéja
iki SeSiy. Pateliy antenos neplunksniskos, dazniausiai trumpesnés, turi
mazesnj antrajj pagrindo narelj, o botagélis susideda i§ keturiy-septyniy arba
1015 nareliy. Priekaktis (clypeus), apatiné lupa (labellum) ir maksiliy
Civopikliai (maxillary palpus) gerai iSreiksti, burnos aparatas dazniausiai
redukuotas, nors kai kuriy genciy atstovy gali baiti iSreiksti virSutiniai Zandai
(mandible). Kritinés skyriuje ant vidukritinio (mesonotum) yra viena pora
sparny ir viena pora dizgy. Kriitiné nugaros puséje iSgaubta. Lyginant su
tipiniu dvisparniy sparny gyslotumu, uody trukliy sparny gyslotumas gali biti
laikomas redukuotu. Sparny gyslotumas varijuoja skirtingy poseimiy, genciy
ar net triby atstovuose. Uody triikkliy sparno forma skiriasi tarp patiny ir
pateliy. Kai kuriais atvejais sparnai gali biiti visai redukuoti. Kriitinés skyriuje
yra trys poros kojy. Jos sudarytos i§ dubenélio (coxa), klubo (trochanter),
Slaunies (femur), blauzdos (tibia) ir penkiy letenélés (tarsus) segmenty
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(tarsomeres). Tipiniu atveju, priekiniy kojy morfologija naudojama uody
trukliy taksonomijoje. PoSeimiy nustatymui, dazniausiai, atsizvelgiama i
blauzdos ir pirmo letenélés segmento forma. Patinéliy pilvelio pirmi septyni
segmentai dorsoventraliai suploti, daugumos riisiy atstovy astuntas pilvelio
segmentas nepastebimas. Taciau, Polypedilum Kieffer, 1912 genties ir
daugumos Tanytarsini tribos atstovy astuntas pilvelio segmentas i§ priekio
siaur¢jantis ir susijungges su septintu segmentu, kad patinai galéty genitalijas
(hypopygium) pasukti 180° kampu. Pateliy pilvelis sudarytas i§ septyniy
segmenty ir turi asStuntg bei devintg tergitus (fergite), nors, pavyzdziui,
Telmatogetoninae poSeimio atstovy aStuntas tergitas redukuotas. Pas
patinélius ant devinto tergito yra analiné anga (A4ngl. anal point). Patinéliy
genitalijos yra pagrindinis uody triikkliy identifikavimo organas, kurio
pagrindinés dalys yra gonokoksitas (gonocoxite), gonostylius (gonostylus) ir
volsela (volsella), kurios pasizymi morfologine jvairove. Pateliy genitalijos
yra sudarytos i§ gonostyliy (telopodites, gonostyli) ir gonopofyzés (endites,
gonopophyses), taciau jy skirtumai tarp rasiy yra mazai istirti (Armitage ir kt.,
1995; Langton ir Pinder, 2007; Merritt ir kt., 2008; Ekrem ir kt., 2017; Merritt
ir kt., 2019).

1.2.2. Uody triukliy sistematika

Uodai triikliai priklauso infrabairiui Culicomorpha, uodiniy dvisparniy
(Nematocera) pobiriui ir dvisparniy (Diptera) biiriui (Langton ir Pinder, 2007;
Kirk-Spriggs ir Sinclair, 2017). Uodai triikliai ir smulkieji masalai
(Ceratopogonidae) kartu formuoja sesering grup¢ su upiniais masalais
(Simuliidae) (Langton ir Pinder, 2007). Sios trys dvisparniy $eimos, kartu su
dar dviem Seimomis — Dixidae ir Thaumaleidae bei antSeimiu Culicoidea
sudaro infrabiirj Culicomorpha (Cranston, 1995).

Chironomidae, kaip atskira Seima, buvo atskirta nuo Seimos
Ceratopogonidae Malloch (1917) ir Edwards (1926, 1929). IS pradziy, uodus
truklius buvo bandoma skirstyti | du poSeimius: Tanypodinae ir
Chironominae, atskirai nuo Ceratopogonidae (Goetghebuer, 1914). Toliau,
vykdant uody trikliy filogenetinius tyrimus, poSeimiy daugejo, atskiriant
vienus poseimius nuo kity arba daugéjant naujiems tyrimams (Sether, 2000;
Ferrington, 2008; Cranston ir kt., 2012). Nors uody trukliy filogenijos
klausimai po daugiau nei 100 mety tyrimy vis dar keliami ir kai kuriy autoriy
teigimu $iuo metu egzistuoja 10 posSeimiy, taciau naujausi morfologiniai ir
molekuliniai tyrimai rodo, kad Chironomidae Seimoje yra 11 poSeimiy
(Armitage ir kt., 1995; Cranston, 1995; Epler, 2001; Langton ir Pinder, 2007,
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Ferrington, 2008; Cranston ir kt., 2012; Andersen ir kt., 2013; Ekrem ir kt.,
2017). Remiantis naujausiais tyrimais, zinomi uody trukliy poSeimiai yra Sie:
Telmatogetoniinae, = Usambaromyiinae, = Podonominae, Tanypodinae,
Buchonomyiinae, Diamesinae, Prodiamesinae, Orthocladiinae,
Chironominae, Chilomyiinae ir Aphroteniinae (Cranston ir kt., 2012;
Andersen ir kt., 2013; Ekrem ir kt., 2017). Nors §iuo metu yra Zinoma net 11
poSeimiy, taciau tik trys sudaro didzigja dalj zinomy uody trikliy rasiy
skai¢iaus bei jy atstovai yra placiausiai paplite. Tai Orthocladiinae,
Tanypodinae ir  Chironominae poseimiai. Tuo tarpu poSeimiy
Telmatogetoniinae, = Podonominae, = Buchonomyiinae, = Chilomyiinae,
Usambaromyiinae ir Aphroteniinae rii§iné jvairové yra negausi ir atstovy
paplitimas ribotas. Poseimiy Diamesinae ir Prodiamesinae atstovy paplitimas
yra ribotas ir priklauso nuo zoogeografiniy regiony bei klimato — $iy poseimiy
atstovai paplit¢ Siauriniame pusrutulyje vésiuose vandens telkiniuose ir kalny
regionuose (Ferrington, 2008; Andersen ir kt., 2013; Ekrem ir kt., 2017).
Atsizvelgiant j jvairius faktorius, uody trikliy filogenija ir sistematika
susiduria su sunkumais, kai yra pradedama gilintis ir analizuoti gentis ir riisis
(Sather, 1990; Armitage ir kt., 1995). Pirmieji uody triikkliy tyrimai buvo
paremti tik morfologine analize, taip pat buvo analizuojamos skirtingos jy
vystymosi stadijos (lervos, léliukés arba suaugéliai) (Secther, 1980; Armitage
ir kt., 1995; Ekrem ir kt., 2017). Tikétina, kad dél skirtingy vystymosi stadijy
(lervy, 1éliukiy ar suaugéliy) analizés tos pacios gentys ar rii§ys buvo
identifikuojamos kaip skirtingi taksonai. Pirmieji Chironomidae tyrimai buvo
vykdomi Europoje, véliau intensyviau pradéti vykdyti Siaurés Amerikoje bei
Japonijoje, taCiau net ir Siuose, gerai dokumentuotose regionuose, uody
trukliy iStirtumas néra galutinis (Cranston, 1995, Lin ir kt. 2018). XX amZiaus
antroje puséje uody trukliy tyrimai buvo pradéti vykdyti Azijoje, Afrikoje,
Australijoje bei Piety Amerikoje. Taciau, iki $iol uody trikliy istirtumas yra
detalesnis Siauriniame pusrutulyje ir duomenys apie pietinio pusrutulio gentis
bei rasis vis dar lieka menki (Ekrem ir kt., 2017). Morfologinius tyrimus
kombinuojant su molekuline analize buvo pagerintas supratimas ne tik apie
poseimiy filogenijg ir sistematika, bet buvo geriau suprasta ir iSanalizuota
genCiy bei rusiy jvairové (Cranston, 1995). Taciau, net ir atliekant
kombinuotus tyrimus, vis dar kyla diskusijy dél Siuo metu pasaulyje aprasSyty
genciy skaiCiaus. Remiantis skirtingy autoriy tyrimy rezultatais, pateikiama
informacija, kad yra daugiau nei 400 (Cranston, 1995; Sather, 2000; Silva ir
kt., 2018), apie 440 (Bitusik ir kt., 2024), ar net 540 genc¢iy (Pape ir kt. 2011).
Net ir naudojant modernius tyrimus, rasiy identifikavimas, jy sistematika ir
filogenija i$lieka neatsakytas klausimas (Stasiukynas ir kt., 2025). Siuo metu
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dazniausiai Saltiniuose minimi du uody trukliy rii§iy gausumo skaifiai —
daugiau nei 6 000 (Stur ir Ekrem, 2020) arba 7 290 (Pape ir kt., 2011) rusiy.
Remiantis Armitage ir kt. (1995), Cranston (1995), Langton ir Pinder (2007),
Ferrington (2008), Pape ir kt. (2011), Cranston ir kt. (2012) bei Merritt ir kt.
(2019) manoma, kad uody trukliy riisiy skaicius galéty siekti nuo 10 000 iki
20 000 riisiy. Uody triikliy, kaip ir kity sistematiniy grupiy, rasiy sistematikos
problemos, kyla i§ neapibréztumo apie riiSies koncepcija (Stasiukynas ir kt.,
2025). Ivairiuose tyrimuose vis i$§ naujo apzvelgiama genciy ir riiSiy jvairove,
atlickami nauji molekuliniai tyrimai, pleCiamos Zinios apie rusiy
zoogeografinj paplitima, jy ekologija ir biologija, taip suzinant vis naujos
informacijos apie jau zinomas bei naujas mokslui rtsis (Ekrem ir kt., 2010;
Proulx ir kt., 2013; da Silva ir kt., 2014; da Silva ir Wiedenbrug, 2014; da
Silva ir kt., 2016; Krosch ir kt., 2022; Zheng ir kt., 2021; da Silva ir kt., 2023;
Stasiukynas ir kt., 2025).

1.2.3.  Uody triikliy lervy trofinés grupés ir mitybos budai

Uody triikkliy trofinés grupés bei maitinimosi biidai iSsamiai aptarti
Armitage ir kt. (1995) bei Merritt ir kt. (2008, 2019). Vieni pirmyjy uody
trukliy maitinimosi biidy tyrimy buvo atlikti Cummins (1973), o véliau tokio
pobiidzio tyrimus plétojo kiti tyr¢jai (Wiggins ir Mackay, 1978; Cummins ir
Klug, 1979; Lamberti ir Moore, 1984; Merritt ir kt., 1992). Atsizvelgiant |
platy uody triikliy maitinimosi btidy spektra, tyréjus domino §iy organizmy
taksonominé ir ekologiné jvairové (Anderson ir Sedell, 1979). Kadangi uodai
trukliai dazniausiai dominuoja gélo vandens telkiniuose, Siose ekosistemose
jie atliecka svarby vaidmenj maisto ir energijos perdavimo grandinése
(Vannote ir kt., 1980; Benke ir kt., 1984). Analizuojant uody trukliy mityba,
dazniausiai iSskiriamos $eSios pagrindinés mitybos buidy kategorijas: rinkéjai
(Angl. collector-gatherers), filtruotojai (4ngl. collector-filterers), gremzéjai
(Angl. scrapers), smulkintojai (Angl. shreders), rijikai (4ngl. engulfers) ir
siurbikai (4ngl. piercers) (Armitage ir kt., 1995). Svarbu paminéti, kad dalis
uody trukliy gali pasizyméti ne vienu, o keliais skirtingais mitybos budais,
todé¢l jiems priskiriama lankstaus mitybos biido (4ngl. flexible) kategorija
(Armitage ir kt., 1995). Uody triikkliy mitybos buido pasirinkimg gali lemti
jvairiis veiksniai, tokie kaip lervos dydis, maisto Saltiniy prieinamumas, jy
kokybé ar nuosédy sudétis (Armitage, 1968; McLachlan, 1977; Baker ir
McLachlan, 1979; Hodkinson ir Williams, 1980).

Dazniausias uody triikliy mitybos biidas yra rinkéjai. Sis mitybos biidas
budingas visy Chironomidae poSeimiy atstovams. Rinkéjai paprastai minta
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organinémis dalelémis, esanCiomis ant nuosédy pavirSiaus arba
nuskendusiame substrate (Armitage ir kt., 1995). Kai kuriy riiSiy, pavyzdZziui,
Tanypodinae poSeimio atstovy, mitybos biidai kinta priklausomai nuo lervos
vystymosi stadijos: pirmyjy tigiy lervos dazniausiai yra rinkéjai, taciau véliau,
lervai augant, jos pereina prie pléSraus gyvenimo biido (Oliver, 1971; Baker
ir McLachlan, 1979; Coffman ir Ferrington, 1984).

Vienas labiausiai iStirty ir taip pat daznai tarp uody trikliy pasitaikanciy
mitybos biidy yra filtravimas (Jonasson ir Kristiansen, 1967; McLanchlan ir
Cantrell, 1976; Brennan, 1981; Armitage ir kt., 1995). Filtruotojy lervos
paprastai biina mazesnés negu rinkéjy (McLachlan, 1977). Dauguma
filtruotojy 1§ savo seiliy Silko sekreto, smélio smilteliy, detrito daleliy ar
kriaukliy liku¢iy formuoja vamzdelius. Sie vamzdeliai naudojami tiek maisto
gaudymui, tiek kaip sléptuvé. Skirtingy genciy lervos vamzdelius tvirtina prie
jvairiy substraty: pavyzdziui, Chironomus ir Gliptotendipes genciy lervos —
ant jvairiy nuosédy, Rheotanytarsus — ant akmeny ar panirusiy medziy
virtuoliy, o Polypedilum ir Endochironomus — ant panirusiy medziy Sakny
(Oliver, 1971; Wallace ir Marritt, 1980; Benke ir kt., 1984; Nilsson, 1984;
Rasmussen, 1984; Kondo ir kt., 1989; Ferrington, 1992). Skirtingose
buveinése filtruojancios lervos naudoja jvairius maisto gaudymo bidus.
Vienas jy, kai aktyviai judédamos lervos bando sugauti ir surinkti maisto
daleles naudodamos seiliy Silko sekreto tinklg. Kai kuriy genciy lervos,
pavyzdziui, Glyptotendipes, Chironomus ar Parachironomus, vamzdelj
naudoja kaip maisto gaudymo tinkla ir ant jo prikibusias maisto daleles praryja
kartu su visu vamzdeliu. Kity genciy lervos, pavyzdziui, Rheotanytarsus,
maisto surinkimui vamzdelj naudoja tik i§ dalies — lervos maitinasi tik ta
vamzdelio dalimi, kurioje yra susikaupe maisto daleliy, o prarasta dalj
vamzdelio jos véliau atsinaujina (Provost ir Branch, 1959; Darby, 1962;
Nilsson, 1984). Kai kurie kiti filtruotojai, pavyzdziui, genciy Kiefferulus ir
Harnischia atstovai, turi organus, panaSius j Simuliidae lervy struktiiras.
Kiefferulus genties atstovai turi galvos kapsulés ataugas, o Harnischia genties
atstovai — modifikuotas priekines pseudokojeles (Martin, 1963; Oliver, 1971).

Kitas uody trukliy lervoms budingas mitybos biidas — gremzéjai —
dazniausiai pasitaiko tekanc¢io vandens buveinése, nors kai kurios Siuo
mitybos biidu pasizymincios Chironomidae lervos aptinkamos ir stovincio
vandens telkiniuose. Sios lervos pasizymi jvairiu gyvenimo badu: jos gali bati
laisvai gyvenancios, statan¢ios vamzdelius arba neSiojamus namelius.
Gremz€jy mitybos biidas daznai budingas Orthocladiinae ir Diamesinae
poseimiy atstovams bei kai kurioms Chironominae poseimio lervoms —
paprastai ankstyvose juy lervinése stadijose. Gremz¢&jy mandibulés, virSutinés
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lapos plokstelés ir smakras dazniausiai biina gerai iSvystyti (Armitage ir kt.,

1995).
Kitas svarbus mitybos biidas, susijes su augaliniu maistu — Zoliniais
augalais, jy dalimis, mediena, dumbliais ar lapy nuokritomis — yra

smulkintojai (Brock, 1960; Anderson ir kt., 1978; Anderson ir Cummins,
1979; Anderson ir Sedell, 1979; Cranston, 1982; Pereira ir kt., 1982;
Kangasniemi ir Oliver, 1983; Borkent, 1984; Coffman ir Ferrington, 1984;
Oliver, 1984; Stout ir Taft, 1985; Ward ir kt., 1985; Noda ir kt., 1986;
Anderson, 1989; Andersen ir kt., 2013). Jie maistg kramto, smulkina ir trina
(Armitage ir kt., 1995). Dazniausiai atskiry genc¢iy arba rasiy atstovai yra
prisitaike maitintis tik tam tikru augaliniu maistu. Pavyzdziui, skirtingy
Cricotopus genties rusiy lervos maitinasi zoliniais augalais arba dumbliais,
Endochironomus, Hyporhygma ir Polypedilum — zoliniais augalais, o
Stenochironomus — Zoliniais augalais ir mediena (Armitage ir kt., 1995;
Merritt ir kt., 2008; Andersen ir kt., 2013; Merritt ir kt., 2019).

Rijikai ir siurbikai — tai du uody trtukliy lervy mitybos biidai, siejami su
plésria mityba, kuri biidinga, pavyzdziui, Tanypodinae poSeimio atstovams.
Rijikai puola ir praryja visa grobj arba didesng¢ jo dalj, o siurbikai — pazeidzia
grobio audinius ir iSsiurbia jo kiino skyscius, palikdami didziaja dalj grobio
ktino nepazeista. Taip pat Zinoma, kad plésrios yra kai kuriy Orthocladiinae ir
Chironominae poseimiy genciy lervos (Darby, 1962; Oliver, 1984; Dendy,
1973; Coffman ir Ferrington, 1984; Armitage ir kt., 1995). Kartais rijikai ir
siurbikai derina savo mitybos btida su rinkéjy-filtruotojy ar kitais mitybos
budais (Coffman, 1967; Cummins, 1973; Cummins, 1974; Cummins ir Klug,
1979).

Kadangi uodai trukliai pasizymi gana jvairiais mitybos biidais, jy maisto
pasirinkimas yra platus. Dauguma lervy yra prisitaike maitintis jvairiu maistu,
tadiau yra ir tokiy, kurios minta tik tam tikru maistu (Roback, 1969; Tarwid,
1969; Alfred, 1974; Baker ir McLachlan, 1979; Mackey, 1979; Dusoge, 1980;
Kajak, 1980; Sephton, 1987; Johnson ir kt., 1989; Armitage ir kt., 1995).
Maistas, kaip ir mitybos biidas, gali keistis lervoms vystantis ir augant, o jy
racionas daznai priklauso nuo sezono arba tuo metu esancio maisto
prieinamumo (Armitage, 1968; Brennan ir kt., 1978; McLachlan ir kt., 1978;
Baker ir McLachlan, 1979; Williams, 1981; Tokeshi, 1986; Ward ir Williams,
1986; Sephton, 1987).

Vandenyje gyvenancios Chironomidae lervos yra prisitaikiusios
maitintis dumbliais, detritu, mikroorganizmais (fitoplanktonu, zooplanktonu
ir kt.), augalais, mediena bei Kkitais bestuburiais (Armitage ir kt., 1995).
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Sausumoje gyvenanciy lervy mityba priklauso nuo aplinkos — dirvozemyje jos
minta panasiai kaip vandeninés, taciau j jy raciong jeina ir gyviny méslas.

Grybuose besivystancios lervos dazniausiai biina pléSriinés arba
micetofagés. Augalus minuojancios lervos daugiausiai maitinasi augaly
lasteliena, o negyvoje medienoje gyvenanciy lervy mityba gali biiti jvairi — jos
gali biiti micetofagés, plésrunés, ksilofagés (Delettre, 1992, 2000, 2004;
Moller Pillot, 2013; De Souza ir kt., 2014).

Nors parazitizmas néra placiai paplites tarp Chironomidae atstovy, taciau
yra kelios gentys, kuriy atstovai laikomi parazitais (Tokeshi, 1993; Armitage
ir kt., 1995). Tarp jy — Symbiocladius Kieffer, 1925, Baeoctenus Saether,
1976, Cryptochironomus Kieffer, 1918, Cardiocladius Kieffer, 1912,
Epoicocladius  Sulc & Zavrel, Parachironomus Lenz, 1921 ir
Xenochironomus Kieffer, 1921 atstovai parazituoja stambesnius uz save
bestuburius arba pintis (Claassen, 1922; Czeczuga ir Bobiatynska-Ksok,
1968; Gordon ir kt., 1978; Parker ir Voshell, 1979; Tokeshi, 1993; Armitage
ir kt., 1995). Pavyzdziui, Symbiocladius ir Epoicocladius lervos parazituoja
Ephemeroptera biirio atstovus ir maitinasi jy hemolimfa (Claassen, 1922;
Tokeshi, 1993; Grzybkowska ir kt., 2016; Vilenica ir kt., 2018). Tuo tarpu
Baeoctenus, Parachironomus ir Cryptochironomus genciy atstovai
parazituoja Mollusca tipo atstovus tiek kaip ektoparazitai, tiek kaip
endoparazitai (Gordon ir kt., 1978; Czeczuga ir Bobiatynska-Ksok, 1968;
Tokeshi, 1993). Xenochironomus genties lervos parazituoja Spongillidae
Seimos atstovus (Tokeshi, 1993).

Komensalizmas tarp Chironomidae $eimos atstovy yra placiai paplitgs
beveik visuose zoogeografiniuose regionuose, iSskyrus Antarktidg (Tokeshi,
1993; Armitage ir kt., 1995). Pavyzdziui, Ephemeroptera biirio atstovai yra
Seimininkai Epoicocladius, Nanocladius ir Rheotanytarsus Thienemann &
Bause, 1913 genciy uodams trikliams (Tokeshi, 1993; Pepinelli ir kt., 2009;
Grzybkowska ir kt., 2016). Eukiefferiella, Rheotanytarsus, Ablabesniyia ir
Xenochironomus genciy uodai trikliai yra kai kuriy moliusky komensalai
(Tokeshi, 1993). Taip pat komensaliniai uody trukliy rySiai yra nustatyti su
Trichoptera, Plecoptera, Odonata, Diptera, Hemiptera ir Megaloptera biiriy
atstovais, pavyzdziui, gentyse Cardiocladius, Eukiefferiella, Dratnalia,
Nanocladius, Dactylocladius Kieffer, 1906, Cricotopus, Tvetenia Kiefter,
1922, Paratanytarsus Thienemann & Bause, 1913, Polypedilum Kieffer, 1912
ir Rheotanytarsus (Tokeshi, 1993; Makarchenko ir kt., 2022). Viena uody
trukliy gentis — Ichthyocladius Fittkau, 1974 (Tokeshi, 1993) yra
Astroblepidae ir Loricariidae Seimy Zuvy komensalas.

22



1.2.4.  Uody triikliy vystymosi buveinés

Chironomidae $eimos atstovai uzima labai jvairias buveines — jy lervos
dazniausiai aptinkamos vandens buveinése, tuo tarpu suaugéliai — sausumos
(Cranston, 1995). Uodai trukliai yra viena gausiausiy gélavandeniy
makrobestuburiy grupiy tiek rasiy, tiek individy skai¢iumi, ir kartu — viena i§
nedaugelio vabzdziy grupiy, kurios atstovai aptinkami ir druskinguose
vandens telkiniuose (da Silva ir kt., 2018).

D¢l didelio riisiy skaiCiaus bei jvairiy morfologiniy bei fiziologiniy
adaptacijy, uodai triikliai yra prisitaike gyventi vandens telkiniuose, kuriems
budingas platus temperatiiros, deguonies, pH, druskingumo, vandens tékmés
greiCio, gylio, altitudés, vandens telkinio produktyvumo, nasumo ir kity
aplinkos parametry spektras. Uody trukliy lervos gali vystytis beveik visose
stovincio ir tekancio vandens buveinése, pavyzdziui, upése, ezeruose, pelkése,
tvenkiniuose, balose, medziy drevése susikaupusiame vandenyje, ledo
tirpsmo vandenyje, ar karStosiose versmése (Armitage ir kt., 1995; Ferrington,
2008; Merritt ir kt., 2019). Jos sékmingai vystosi tiek oligotrofiniuose, tiek
eutrofiniuose vandens telkiniuose. Be to, kai kurie Chironomidae Seimos
atstovai pasizymi gebéjimu iSgyventi aplinkoje, uZterStoje sunkiaisiais
metalais — salygomis, kurios daugeliui organizmy bty letalios (Mousavi ir
kt., 2003).

Uodai triikliai paplite visuose zoogeografiniuose regionuose (Ashe ir kt.,
1987). Jie aptinkami net iki 5 600 m aukstyje vir§ juros lygio Himalajuose,
taip pat Antarktidoje, kur Zinomos trys vietinés rusys — Belgica antarctica
Jacobs, 1900, Eretmoptera murphyi Schiffer, 1914 ir Parochlus steinenii
(Gercke, 1889) (Armitage ir kt., 1995; Cranston, 1995; Ferrington, 2008).

1.2.4.1. Tekanc¢io vandens buveinés

Uodai trikliai aptinkami visose tekanCio vandens buveinése,
pasizyminciose jvairiomis cheminémis savybémis, temperatiry rezimu,
tékmés greiciu bei substrato ypatybémis (Armitage ir kt., 1995). Pavyzdziui,
ledo tirpsmo upése (4Angl. kryon), kur vandens temperatiira vasarg nesiekia nei
2 °C, vystosi Diamesa Meigen, 1835 genties atstovai. LeidZiantis upe Zemyn
ir temperattirai pakilus iki ~3,5 °C, rusiy jvairové didéja — prie Diamesa
genties atstovy prisijungia Orthocladiinae poSeimio atstovai, ypac
Eukiefferiella Thienemann, 1926 ir Tvetenia Kieffer, 1922 (Armitage ir kt.,
1995; Rossaro ir kt.. 2012; Lencioni ir kt., 2018).

Saltiniuose ir Saltiniuotuose upeliuose uody trikliy rasiy jvairove

paprastai nedidelé — Siose buveinése nustatomos kelios Chironomidae gentys,
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tarp jy ir tokios, kuriy atstovai gyvena sausumoje arba pusiau sausumoje
(Hudson, 1987).

Ypac specifiné tekancio vandens buveiné yra vadinamoji higropetriné
(Angl. madicolouse, hygropetric) — ji itin sekli (iki 2 mm gylio), dazniausiai
susiformuojanti ant akmeny, uoly ar medienos pavir$iy. Oliver ir Sinclair
(1989), istyre tokias buveines, aprasé 47 Chironomidae raisis, i§ kuriy viena
priklaus¢ Podonominae poSeimiui, keturios — Tanypodinae, septynios —
Diamesinae ir 20 — Orthocladiinae, bei SeSios — Tanytarsini tribai.

Kalny ir auk$tumy regiony vésiuose, ledo tirpsmo upelivose, kurie
pasizymi skaidriu vandeniu ir dideliu tékmés greiciu, uodai triikliai
dazniausiai biina viena i§ dominuojan¢iy makrobestuburiy grupiy. Tokiose
buveinése jprastai aptinkami Orthocladiinae ir Diamesinae poSeimiy atstovai,
o Chironominae poseimio atstovai biina retesni. Visgi, $ios tendencijos néra
vienareikSmiskos —  priklausomai nuo  zoogeografinio  regiono,
dominuojancios grupés gali kisti, ir tam tikrais atvejais vyrauja Chironominae
arba Tanypodinae poseimiy atstovai (Cowie, 1980; Cranston ir Edward, 1992;
Armitage ir kt. 1995).

Zemumy upés taip pat yra svarbios Chironomidae eimos atstovy
vystymosi buveinés (Armitage ir kt., 1995). Tokiose upése dazniausiai
dominuoja Chironominae posSeimio atstovai (jie gali sudaryti daugiau nei 50
% visos uody tritkkliy jvairovés (Thienemann, 1954)), taciau, priklausomai nuo
aplinkos salygy ir geografinés vietos, gali dominuoti ir Orthocladiinae,
Tanypodinae, o kai kuriais atvejais — ir Diamesinae poSeimiy atstovai
(Armitage ir kt., 1995).

1.2.4.2. Stovin¢io vandens buveinés

Be tekancio vandens buveiniy, uodai triikliai yra aptinkami visy tipy
stovingio vandens (A4ngl. lentic) telkiniuose (Armitage ir kt. 1995). Sios
buveinés gali biiti labai jvairios — nuo mazy baly iki didziuliy ezery — ir
pasizymeti skirtingomis morfometrinémis, cheminémis bei trofinémis
savybémis.

Dideliuose ezeruose Chironomidae atstovy jvairové ir pasiskirstymas
gali kisti skirtingose ekologinése zonose: litoraléje, sublitoraléje ir
profundaléje. Jei ezeras yra oligotrofinis arba pasizymi mazu organiniy
medziagy kiekiu, d¢l nuolatinio vandens judéjimo ir bangavimo litoralés zona
yra panas$i j $varaus upelio buveing. Tokiose buveinése jprastai dominuoja
Orthocladiinae poSeimio atstovai. Tuo tarpu profundalés zona, ypac giliuose
ezeruose, pasizymi dideliu kiekiu negyvos organinés medziagos, ribotu kiekiu
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deguonies ir dugnu, padengtu storu bentoso sluoksniu. Tokiose buveinése,
profundalés zonoje, dazniausiai dominuoja Chironominae poseimio atstovai
(Armitage ir kt. 1995).

Chironomidae jvairove ezeruose lemia ne tik ekologinés zonos, bet ir
daugybé kity veiksniy, tarp jy — zoogeografinis regionas bei vandens telkinio
altitudé. Tyrimai, atlikti skirtinguose pasaulio regionuose ir skirtingame
aukstyje vir§ juros lygio, atskleidé jvairias rasiy jvairovés bei poSeimiy
dominavimo tendencijas (Armitage ir kt. 1995).

Pavyzdziui, Lindegaard (1992) tyrimo Tingvadlavatn ezere (Islandija)
bei Harper ir Cloutier (1986) tyrimo Cromwell eZere (Kanada) rezultatai apie
Chironomidae bendrijas buvo panasiis, nepaisant to, kad ezerai skiriasi savo
dydziu (Cromwell ezeras yra gerokai mazesnis nei Tingvadlavatn) ir
geografine padétimi. Nors Tingvadlavatn ezeras yra didesnis, jis
nepasizyméjo didele Chironomidae jvairove, palyginti su panasiais eZerais
Skandinavijoje, o tai grei¢iausiai susije¢ su ezero izoliacija vienoje i§ Islandijos
saly.

Kalny eZeruose daznai stebima mazesné¢ Chironomidae jvairové, o
duomenys apie dominuojancius poSeimius néra vienareik§miai. Pavyzdziui,
Bretschko (1974) tyrimo, atlikto Finstertalspeicher tvenkinyje Austrijoje,
rezultatai parodé, kad ¢ia dominavo Orthocladiinae ir Diamesinae poSeimiy
atstovai, o Chironominae poSeimiui priklausé tik trys identifikuotos raisys.
PrieSingus rezultatus gavo Dejoux (1968), kurio tyrimas buvo vykdytas
rytinéje Cado eZero dalyje — i§ 93 nustatyty uody triikliy riisiy net 76 priklausé
Chironominae po$eimiui, o Orthocladiinae — tik viena. Sie ir panasiis tyrimai
jrodo, jog uody trukliy jvairove ir pasiskirstymg skirtingo tipo vandens
telkiniuose jtakoja labai daug jvairiy faktoriy (Armitage ir kt., 1995).

1.2.4.3. Ekstremalios vandens buveinés

Viena i§ ekstremaliy buveiniy, kur vystosi uodai triikliai, yra karStosios
versmes. Tokios buveinés, kuriose vandens temperatiira siekia apie 40 °C,
buvo tirtos Islandijoje, Jungtinése Amerikos Valstijose (JAV) ir Naujojoje
Zelandijoje (Brues, 1924; Tuxen, 1944; Winterbourn, 1969). IS viso
karStosiose versmése nustatytos trys uody triikliy rasys: Islandijoje —
Cricotopus sylvestris Fabricius, 1794, Jeloustono nacionaliniame parke, JAV
— Chironomus sp. ,,near tentans* Fabricius, 1805, galimai Camptochironomus
Kieffer, 1918 genties atstovas, o Naujojoje Zelandijoje — Chironomus
cylindicus Freeman, 1959. Pastebétina, kad be uody trukliy Siuose tyrimuose
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Jeloustono nacionaliniame parke buvo identifikuotas tik vienas ne uody
trukliy, o Odonata biirio atstovas (Armitage ir kt., 1995).

Uodai triikkliai gali vystytis ir efemeriniuose (laikinuose) vandens
telkiniuose, pavyzdziui, upeliuose ar balose, susidaranciose po lietaus ar
atlydzio. Tropiniuose regionuose tokie telkiniai greitai iSdzitista, todél juose
retai aptinkamos uody triikkliy lervos ar kiauSiniai (Harrison, 1966; Hynes,
1975). Taciau vésesnio klimato zonose efemeriniai upeliai gali islikti ilgiau,
sudarydami tinkamesnes salygas uody trikliy vystymuisi.

Tyrimy, atlikty Anglijoje (Ladle ir Bass, 1981), JAV (Grodhaus, 1976)
bei Australijoje (Edward, 1968), rezultatai rodo, kad dauguma Chironomidae
rusiy atstovy, nustatomy efemeriniuose vandens telkiniuose, yra biidingi
nuolatiniams vandens telkiniams. Taciau keliy riSiy lervos —
Endochironomus sp., Phaenopsectra sp., Paraborniella tonnoiri Freeman,
1961 ir Allotrissocladius amphibius Freeman, 1964 — pasizymi gebéjimu
pereiti j diapauzés stadijg, leidZiancig iSgyventi sausajj laikotarpj (Armitage ir
kt., 1995).

Lietaus balose besivystan¢iy vabzdziy yra nedaug dél per trumpo
vandeningo laikotarpio arba dél to, kad jie néra prisitaike iSgyventi sausaji
laikotarpj. Tarp uody trukliy yra keletas riSiy, kuriy atstovai gyvena laikinose
balose. Viena tokiy — Polypedilum vanderplanki Hinton, 1951, nustatyta ant
granito susiformuojanciose balose Afrikoje. Tyrimai rodo, kad Sios rusies
lervos gali i8gyventi bent 10 dehidratacijos ir rehidratacijos cikly, taip pat jos
iSlieka gyvybingos, kai yra uzsaldytos iki -270 °C arba pakaitintos iki 102 °C
(Hinton, 1960 a, b). P. vanderplanki lervos taip pat pasiZzymi gebgjimu
i8gyventi ilgg sausros laikotarpj diapauzés biisenoje — lervos, laikytos sausoje
aplinkoje su silikageliu net 17 mety, atsigavo vos per kelias valandas po jy
perkélimo j vandenj (Adams, 1983). Te¢siant tyrimus lietaus balose Nigerijoje,
Adams nustaté P. dewulfi Goetghebuer, 1936, kurios atstovai pasizymi
panasiomis adaptacijomis ir taip pat gali iSgyventi iSdzitvimus (Adams,
1983). Laikinose balose, kurios iSsilaiko bent kelias savaites, aptinkami
Chironomus imicola Kieffer, 1913 rusies atstovai, todél tipiniu atveju jos ir P.
vandeplanki biotopai nepersidengia (Cantrell ir McLachlan, 1982).
Australijoje laikinose lietaus balose yra nustatytos dvi uody trukliy gentys —
Paraborniella ir Allotrissocladius (Edward, 1968). Paraborniella lervos
sausuoju laikotarpiu biina ramybés biisenoje, ta¢iau jy vystymasis nesustoja —
diapauzé nepasireiskia. Tuo tarpu Allotrissocladius genties atstovai sausros
metu formuoja kokonus ir pereina j diapauzés stadija (Jones, 1974; Edward,
1968).
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Fitotelma (A4ngl. phytotelma) — tai maza vandens pripildyta ertmé,
susidariusi ant sausumos augaly, dazniausiai ant lapy, drevése ar Zievéje
susikaupes vanduo. Entomologiniai tyrimai rodo, kad fitotelmose dazniausiai
dominuoja Chironomidae Seimos atstovai (Armitage ir kt. 1995). Dél Sio
biotopo specifiskumo ir iSskirtinés dumbliy bei gryby jvairovés, fitotelmos yra
placiai iStirtos ir aprasytos visuose Zemynuose, i§skyrus Antarktida (Armitage
ir kt. 1995). Ant lapy susikaupusiame vandenyje geriausiai iStirti
Metriocnemus genties uodai triikkliai. Europoje Zinomos bent dvi Sios genties
rusys, kuriy atstovai vystosi biitent tokiose mikrobuveinése — M. scirpi
(Kieffer, 1899) ir M. inopinatus Strenzke, 1950 (Strenzke, 1950a). Sios
genties atstovai nustatyti ir kituose zemynuose. Pavyzdziui, M. wittei
Freeman, 1955 randama vandens sankaupose ant laukiniy banany lapy, o keliy
kity riiSiy atstovai aptinkami ant jvairiy rii$iy augaly (Cranston ir Judd, 1987).
Be to, kelios Metriocnemus rusys buvo nustatytos aukstai kalnuose, kur jy
lervos vystosi ant Senecio brassica R.E.Fr. & T.C.E.Fr. lapy susidariusiame
gleivétame skystyje (Pinder, 1995).

Tyrimai JAV rodo, kad Metriocnemus genties uodai triikliai, panasSiai
kaip Polypedilum ir Limnophyes, gali vystytis ir drevése susikaupusiame
vandenyje (Grodhaus ir Rotramel, 1980). Taciau kituose zoogeografiniuose
regionuose atlikti tyrimai rodo dar didesne uody trukliy jvairove tokiame
biotope. Be minéty genciy, buvo aptikti ir kity genciy, tokiy kaip Chironomus,
Microtendipes, Glyptotendipes, Procladius, Psectrocladius, Cricotopus ir
kitos, atstovai (Parma ir Krebs, 1977; Cranston ir Kitching, 1995). Kaip ir ant
lapy, taip ir drevése susikaupusiame vandenyje uody trukliy jvairové ir
pasiskirstymas priklauso nuo zoogeografinio regiono bei augaly rusiy (Pinder,
1995).

1.2.4.4. Druskingo vandens buveinés

Nors juriniy vabzdziy, jskaitant dvisparnius, jvairové yra mazesné nei
geélavandeniy, uodai trukliai Siose buveinése sudaro reikSmingg dalj jiiriniy
vabzdziy faunos (Kirk-Spriggs ir kt., 2001). Tyrimai rodo, kad druskinguose
vandenyse dominuoja trys Chironomidae posSeimiai — Telmatogetoninae,
Orthocladiinae ir Chironominae (Tang ir kt., 2022). Siuo metu pasaulyje
zinoma apie 30 genciy ir daugiau nei 100 rusiy uody trukliy, kurie vystosi
jurose, druskingame arba laikinai druskingame vandenyje (Tang ir kt., 2022).
Su druskingu vandeniu susije uodai triikliai pradéti tyrinéti ir kataloguoti jau
XX amziaus pirmoje pus¢je (Edwards, 1926; Rawson ir Moore, 1944; Parma
ir Krebs, 1977). Dauguma juriniy Chironomidae rii§iy atstovy gyvena

27



pakrantés zonoje iki keliy metry gylyje, taciau yra tokiy, kurie aptinkami net
iki 30 metry gylyje (Armitage ir kt. 1995). Be to, su druskingu vandeniu susije¢
uodai trikliai gali iSgyventi jvairaus druskingumo salygomis — pavyzdziui, kai
kurie Clunio genties atstovai aptinkami vandenyje, kurio druskingumas
svyruoja nuo vienos iki 50 %o (Neumann, 1961).

1.2.4.5. Kitos vystymosi buveinés

Kai kuriy tyréjy teigimu (McLachlan, 1969; Lindegaard-Petersen, 1971;
Mackey, 1976a,b, 1977; Pinder, 1980, 1986), vienas i§ pagrindiniy veiksniy,
lemianc¢iy uody trukliy pasiskirstymg ir jvairove, yra dugno substratas. Taip
yra todél, kad skirtingy rsiy atstovai, tipiniu atveju, yra prisitaike gyventi
skirtingo tipo substrate. Viena i§ svarbiy mikrobuveiniy yra hiporeiné zona
(Angl. hyporheic zone) — tai nuosédy ir poréty erdviy sritis po upés arba upelio
vaga bei jos pakra$Ciuose, kur pavirSinis vanduo saveikauja su gruntiniu,
pratekédamas per smélj, zZvyra ir kitus dugno sluoksnius. Tyrimai rodo, kad
Sioje buveingje, kurioje vyrauja akmenys ir zvyras, dazniausiai dominuoja
Orthocladiinae poseimio ir Tanytarsini tribos uody trukliy atstovai (Godbout
ir Hynes, 1982). Taciau hiporeinés zonos tyrimai yra apsunkinti dél sudétingo
meéginiy paémimo, todél jos biologiné jvairovée iki Siol iSlieka nepakankamai
istirta. Dél to, jei tam tikros rasies uody trukliy atstovai upése aptinkami tik
leliukés stadijoje, o jy lervy nepavyksta rasti, daroma priclaida, kad jy
vystymasis gali vykti biitent hiporeinéje zonoje (Murray ir Ashe, 1981,
Ramos-Merchante ir kt., 2018).

Nemazai uody triikliy vystosi ant vandens augaly bei makrodumbliy, ant
kuriy jie suformuoja namelius (Pinder, 1980; Kranzfelder ir Ferrington, 2018).
Kai kuriy Sios grupés rusiy atstovai maitinasi paciais augalais ar dumbliais,
taCiau kiti juos naudoja tik kaip gyvenamaja aplinka, o maisto iSteklius gauna
filtruodami daleles i$ vandens arba aktyviai medziodami (Van der Velde ir
Hiddink, 1987).

Nors uodai trikliai néra dominuojanti grupé negyvoje medienoje,
esanCioje vandens telkiniuose, tadiau tyrimai rodo, kad Sioje buveingje jy
jvairové yra gana didelé (Cranston, 2006). Negyvos medienos vandenyje
tyrimai placiai aptarti jvairiuose darbuose (Anderson, 1982, 1989; Hoffmann
ir Hering, 2000; Cranston ir McKie, 2006). Didziausia rtusiné jvairové $ioje
buveinéje nustatyta Orthocladiinae (Cranston, 1982; Kaufman ir King, 1987;
Cranston ir Oliver, 1988; Cranston, 2000) ir Chironominae (Borkent, 1984;
Cranston ir Hardwick, 1996) poSeimiy atstovy. Nepaisant esamy tyrimy

28



gausos, vis dar manoma, kad $io biotopo uody triikkliy jvairové néra iki galo
istirta ir reikalauja iSsamesnés analizés (Armitage ir kt., 1995).

Dazniausiai upiy dugno substratas yra minkstas (Angl. soft), sudarytas i§
organinés arba neorganinés kilmés medziagy — dazniausiai sudarytas is smélio
ir/arba molio (Armitage ir kt., 1995). Organiniame substrate arba dumble
iStirpusio deguonies kiekis dazniausiai biina nedidelis ir tokiose salygose
dominuoja Chironominae poseimio atstovai (Kranzfelder ir Ferrington, 2018).
Tyrimai rodo, kad nepriklausomai nuo zoogeografinio regiono, tiek upése,
tieck ezeruose, minkStame substrate paprastai vyrauja Chironomus genties
lervos (Alsterberg, 1922; McLanchlan ir Cantrell, 1976; Heinis ir
Crommentuijn, 1989; Heinis ir kt., 1989; Heinis ir Davids, 1993; Smit ir kt.,
1993; Kranzfelder ir Ferrington, 2016; Kranzfelder ir Ferrington, 2018).
Buveinése, kur minkStas neorganinis (pavyzdziui, smélio) substratas
persidengia su dumblu, be Chironomus genties atstovy gali dominuoti ir
Stictochironomus, Cladotanytarsus, Tanytarsus, Kiefferulus, Glyptotendipes,
Micropsectra genciy atstovai (Berg, 1938; Edward, 1958; Ford, 1962; Nagell
ir Landahl, 1978; Gallepp, 1979; Heinis ir Davids, 1993; Smit ir kt., 1993;
Kranzfelder ir Ferrington, 2016; Kranzfelder ir Ferrington, 2018). Jeigu
substratas yra minkstas, bet neorganinés kilmés, jame dazniausiai dominuoja
Orthocladiinae ir Tanypodinae poSeimiy atstovai (Armitage ir kt., 1995).
Uody trukliy pasiskirstymui minkStame substrate reikSminga jtaka daro
vandens telkinio tipas (tekantis ar stovintis) bei konkreti substrato sudétis.
Stovin¢io vandens telkiniuose, kuriuose vyrauja organinis dumblas, uody
trukliy lervos dazniausiai aptinkamos keliy centimetry gylyje (Ford, 1962),
taciau kai kuriy riisiy, pavyzdziui, Chironomus anthracinus Zetterstedt, 1860,
atstovai gali gyventi ir iki 40 cm gylyje (Berg, 1938). Tekancio vandens
telkiniuose, organiniame substrate, lervy pasiskirstymas gali biiti gerokai
platesnis ir priklausyti nuo risies bei substrato struktiiros (Armitage ir kt.,
1995).

Be vandens buveiniy uodai triikliai taip pat yra aptinkami ir jvairiose
sausumos arba pusiau sausumos buveinése: dirvoZemyje, stuburiniy iSmatose,
samanose, grybuose, jvairiose augaly dalyse ir pan. (Armitage ir kt., 1995).
Nors jy jvairové Siose buveinése paprastai yra mazesné, tai i$ dalies gali buti
siejama su ribotais tyrimais (Armitage ir kt., 1995).

Dirvozemyje dazniausiai aptinkami poSeimio Orthocladiinae uodai
trikliai (Hudson, 1987; Cranston ir kt., 1989; Delettre, 2005), o Siuo metu
zinoma apie 15 genciy, kuriy atstovai gali vystytis sausumos arba pusiau
sausumos dirvoZzemio buveinése (Cranston ir kt., 1989). Vieni i§ pirmyjy
i§samiy sausumos uody trikliy tyrimy buvo atlikti Strenzke (1950a,b).
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Dél jvairiapusiy ekologiniy adaptacijy ir gana greito vystymosi kai
kuriais atvejais sunku tiksliai nustatyti, ar konkrecCios rusies lervos vystési
vandenyje, ar sausumoje. Sis neapibréztumas ypa¢ aktualus tuomet, kai
vystymasis vyksta laikinoje vandens buveinéje, susidarancioje sausumoje
(Sendstad ir kt., 1977). Tyrimai rodo, kad sausumoje besivystanciy
Chironomidae lervy paplitimas glaudziai susijes su aplinkos drégme — didesné
jy ivairové ir gausumas nustatomi drégnesnése vietovése, pavyzdziui, netoli
vandens telkiniy (Sendstad ir kt., 1977; Delettre, 1978, 2005). Dirvozemyje
besivystanciy lervy jvairové ir gausumas biina didesnis tokiose vietose, kur
didesnis drégmés kiekis, pavyzdziui, ar¢iau vandens telkinio (Sendstad ir kt.,
1977). I$sauséjus dirvozemiui arba esant nepalankioms sezoninéms salygoms,
lervos daZniausiai jsirausia giliau j gruntg ir formuoja apsauginius kokonus,
kuriuose isbiina iki kol aplinkos salygos tampa tinkamos tolesniam vystymuisi
(Delettre ir Baillot, 1977; Delettre, 1988).

Taip pat kaip vystymosi buveing uody triikliy lervos naudoja samanas bei
kerpes, kurios padeda palaikyti joms tinkama drégmés lygj (Sendstad ir kt.,
1977). Kitose sausumos buveinése, tokiose kaip grybai ar augalai, randami
Orthocladiinae, Tanypodinae ir Chironominae poseimiy atstovai (De Souza ir
kt., 2014). Kai kurie wuodai trikliai, priklausantys Chironomus,
Glyptotendipes, Endochironomus, Tanytarsus, Cladotanytarsus,
Psectrocladius, Orthocladius ar Cricotopus gentims yra laikomi Zemés tikio
kenkéjais, kurie kenkia grybams bei augalams (De Souza ir kt., 2014). Keliy
Chironomidae genciy atstovai vystosi negyvoje medienoje (Schiegg, 2000).

1.2.5. Uodai trukliai — vandens telkiniy bioindikatoriai

Bioindikatoriniai tyrimai vandens buklei nustatyti pradéti vykdyti dar
XX a. pradzioje, kai kiti metodai buvo sunkiai taikomi arba visai neprieinami.
Siuo metu, vandens bioindikatoriniai tyrimai yra itin aktualiis. Pavyzdziui, dél
eutrofikacijos sukelty staigiy ir rySkiy deguonies kiekio vandenyje pokyciy,
dienos metu iStirpusio deguonies lygis vandens telkinyje gali atrodyti
normalus, tadiau bioindikatoriai geba greitai atskleisti didelius deguonies
svyravimus visos paros metu (Costa ir Teixeira, 2014; Derocles ir kt., 2018).

Uodai triikliai upiy biomonitoringui buvo pradéti naudoti Kolkwitz ir
Marsson (1909), o ezery — Thienemann (1922) (Armitage ir kt., 1995). Nors
XX a. uodai triikliai buvo placiai naudojami biomonitoringo tyrimuose,
pastaruoju metu jy naudojimas sumazéjo dél sudétingos identifikacijos.
Siuolaikiniuose tyrimuose daZniausiai taikomi léliukiy i¥nary arba
molekuliniai metodai genéiy ir rusiy nustatymui (De Bisthoven ir kt., 2005;
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Langton ir Pinder, 2007). Kai kurie tyréjai teigia, kad uody trikliy
identifikacija yra sudétinga ir reikalauja daug zmogiskyjy istekliy. Taciau
taikant modernius molekulinius metodus jy identifikacijai, Chironomidae
atstovy jvairové bei gebéjimas prisitaikyti prie jvairiy aplinkos salygy daro
juos viena svarbiausiy bioindikatoriniy vabzdziy grupiy vandens kokybés
vertinime (Armitage ir kt., 1995; De Bisthoven ir kt., 2005; Rawal ir kt., 2019;
Czechowski ir kt., 2020).

EZery trofinis klasifikavimas, naudojant uodus triklius, pradétas taikyti
Thienemann (1922) ir Naumann (1929). Véliau Brundin (1949, 1958) ir
Saether (1975) atliko tyrimus, kuriy metu eZery trofiskumas buvo vertinamas
remiantis uody trikliy bendrijomis. Siais tyrimais, vykdytais $iauriniame
pusrutulyje, siekta jvertinti eZery nuosédy ir vandens kokybe, naudojant
Chironomidae lervas (Brundin, 1949, 1958; Sather, 1975; Lindegaard, 1995).
Taciau vélesni tyrimai parodé, kad §is metodas néra tinkamas taikyti kituose
zoogeografiniuose regionuose (Timms, 1978; Czechowski ir kt., 2020). Uodai
trukliai placiai naudojami bendram vandens kokybés vertinimui, taip pat
drusky bei sunkiyjy metaly uzterStumo nustatymui (Armitage ir Blackburn,
1985; Bendell-Young ir kt., 1994; Bervoets ir kt., 1996; Calle-Martinez ir
Casas, 2006; Desrosiers ir kt., 2008). Klasikiné Chironomidae biomonitoringo
sistema buvo iSplésta ir patobulinta Sather (1979), kuris nustaté 15 uody
trukliy bendrijy, naudojamy ezery trofiSkumui nustatyti: Sesios bendrijos buvo
susijusios su oligotrofiniais eZerais, trys — su mezotrofiniais ir $e$ios — su
eutrofiniais ezerais (Armitage ir kt., 1995). Tobuléjant uody triikliy taikymui
ezery biomonitoringe, Wiederholm (1976, 1980) sukiiré bentoso kokybés
indeksa (Angl. benthal quality index (BQI)), kuris vertina bentoso biukle
remiantis uody triikkliy bendrijomis. Vélesniuose tyrimuose Wiederholm
(1980), pasitlé | biomonitoringg jtraukti ne tik uodus truklius, bet ir mazaseres
zieduotasias kirméles (Oligochaeta), taikant formulg, paremta jy individy
skai¢iumi (Armitage ir kt., 1995). Coler ir Kondratieff (1989) atlikti tyrimai
parodé, kad Chironomidae populiacijoms ezeruose didele jtaka daro vandens
temperattira ir iStirpusio deguonies kiekis.

Nors upés ir upeliai buvo tiriami panas$iai kaip eZerai, jy skirstymas j
oligotrofines, mezotrofines ir eutrofines, kaip tai daroma su ezerais, nickada
nepavyko (Armitage ir kt., 1995). Viena i§ pagrindiniy priezas¢iy — upés per
visg savo ilgj nuolat keiiasi: kinta jy morfometrija, hidrologinés salygos ir
kitos savybés, be to, jose susidaro daug jvairiy mikrobuveiniy (Armitage ir
kt., 1995). Illies ir Botosaneanu (1963) sitilé upes skirtyti j aukStupius ir
zemupius pagal fizines ir biologines charakteristikas, taciau Sis skirstymas
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nepadéjo efektyviau palyginti upiy, nes jos skiriasi pagal iStakas, maitinima,
geografinj regiona, altitude ir kitus veiksnius (Armitage ir kt., 1995).

Nepaisant to, uodai trikliai atlieka svarby vaidmenj tiriant ir vertinant
antropogeninj poveiki upiy ekosistemoms (Lencioni ir kt., 2012; Cortelezzi ir
kt., 2020; Molineri ir kt., 2020; Shahidi-Hakak ir kt., 2022). Skirtingos
Chironomidae grupés naudojamos specifiniams upiy uzterStumo rodikliams
stebéti (Armitage ir kt., 1995). Chironomidae atsovai yra zinomi kaip
organiniy terSaly, pH, deguonies, sunkiyjy metaly ir kity chemikaly bei
toksiny bioindikatoriai (Davies ir Hawkes, 1981; Pinder ir Farr, 1987;
Ferrington ir Crisp, 1989). Pavyzdziui, kai kurie Chironomus genties atstovai
yra prisitaike prie didelio uzterStumo, tuo tarpu Orthocladiinae ir Tanypodinae
poseimiy atstovai yra jautrls tarSai, todél daZniausiai vertinama S$iy
taksonominiy grupiy rasiné sudétis bei populiacijy gausa (Armitage ir kt.,
1995; Cortelezzi ir kt., 2020; Molineri ir kt., 2020; Shahidi-Hakak ir kt.,
2022).

1.3. Uody triikliy tyrimy apzvalga

Uody trukliy tyrimai placiai atlickami visame pasaulyje. Nors daugiausia
tyrimy atlikta Siauriniame pusrutulyje, intensyvis tyrimai vyksta ir Piety
Amerikoje, Afrikoje bei Australijoje. Sie tyrimai apima jvairius aspektus:
ekologinés vandens buklés vertinimg, Chironomidae filogenija ir sistematika,
biologija, ekologija bei zoogeografinj paplitima (Armitage ir kt., 1995).

1.3.1. Uody trukliy gausumo/dominavimo tyrimai

Didelé dalis uody triikkliy tyrimy, atlikty gélo vandens telkiniuose rodo,
kad Chironomidae pagal rusiy ir individy skai¢iy yra dominuojanti arba viena
1§ dominuojanciy vandens bestuburiy grupé. Tai rodo tyrimy rezultatai gauti
Norvegijoje Schartau ir kt. (2010), kur tiriant gélus vandenis, tokius kaip
upelius, upes, kudras, balas, ezerus ir tvenkinius, buvo nustatyta 2 800
gélavandeniy gyviiny rasiy, i§ kuriy 505 (18 %) priklausé Chironomidae
Seimai, o antroje vietoje pagal rusiy skaiciy buvo vabalai, kuriy buvo beveik
dvigubai maziau (274 rasys) ir jie sudaré vos daugiau nei 9 % visy Norvegijoje
zinomy gélavandeniy rusiy. PanaSts rezultatai buvo gauti tyrimy, atlikty
Vokietijoje, metu (Gerecke ir kt., 1998). Siekiant istirti 19 Saltiniy ekologija
ir tipologija, naudojant entomologinj graibstg, buvo analizuojama véziagyviy
(Crustacea: Copepoda ir Ostracoda) bei vandens erkuciy (Acari: Halacaridae,
Hydrachnellae) jvairové. Nustatyta, kad i§ visy identifikuoty bestuburiy,
dominuojancia grupe pagal riiSine jvairove buvo uodai triikliai. Siekiant
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i8analizuoti testinius Chironomidae pasiskirstymo tyrimus Lindegaard ir
Brodersen (1995) apibendrino daugiau nei 40 Europoje atlikty Chironomidae
vairoves ir gausumo tyrimy, atlikty jvairaus tipo upése ir upeliuose. Juose,
renkant medziagg jvairiais medziagos rinkimo metodais buvo nustatyta 514
Chironomidae riisiy ir gauta, kad pagal rusiy skaiiy ir gausuma uodai triikliai,
vairaus tipo upése ir upeliuose, yra dominuojanti grupé, kur jy gali buti
nustatoma daugiau nei 200 rusiy. Avesani ir kt. (2024) naudodami skirtingas
medziagos rinkimo metodikas, tokias kaip pliiduriuojanti i$siritimo gaudykle,
Malezo gaudyklé, entomologinis graibstas bei pluduriuojantis tinklas, Italijos
Alpése tyré sausumos ir vandens dvisparniy gausumg. Visomis medziagos
rinkimo metodikomis Chironomidae dominavo individy skaiCiumi -—
naudojant pliduriuojancig i$siritimo gaudykle surinkti uodai trukliai sudaré
53,8 % visy nustatyty dvisparniy individy skai¢iaus, naudojant Malezo
gaudykles — 32,8 %, naudojant entomologinj graibstg — 62,1 %, o naudojant
pluduriuojantj tinklg — 77,8 %. Centrinéje Lenkijos dalyje septyniose Zemumy
ir lygumy upése buvo tiriama aplinkos faktoriy jtakg Chironomidae jvairovei
ir gausumui, o gauti duomenys buvo palyginanti su kitais tyrimais. Sio tyrimo
metu Leszczynska ir kt. (2019) nustate, kad i$ nustatyty 40 makrobestuburiy
grupiy Chironomidae Seimos atstovai dazniausiai dominuoja tiek pagal raSine
jvairove, tiek individy skai¢iy. PietryCiy Azijoje Baker ir kt., (2016) trijose
upése atlikti makrobestuburiy biojvairovés tyrimai, naudojant Surberio tipo
bentosinj tinkliukg, parodé, kad iS nustatyty Diptera, Coleoptera,
Ephemeroptera, Trichoptera ir Plecoptera biiriy, pagal individy skaiCiy
dominuojanti grupé yra dvisparniai — jy dominavimas tirtose upése sieké 38
%. Taip pat gauta, kad i§ visy nustatyty dvisparniy Seimy, visose tyrimy
vietose pagal individy skai¢iy dominavo Simuliidae ir Chironomidae Seimy
atstovai, kuriy nustatyta atitinkamai nuo 16 % iki 43 % ir nuo 2 % iki 75 %.
Dvisparniy dominavima tarp kity makrobestuburiy nustaté ir kiti tyréjai upése
Kinijoje (Wang ir kt., 2022). Zemumy upése, naudojant Surberio tipo
bentosinj tinkliuka jie nustaté penkias dominuojancias makrobestuburiy
Seimas:  Baetidae, Ephemeridae, Hydropsychidae, Simuliidae ir
Chironomidae. Australijoje, Jolly ir Chapman, 1966 bei Arthington ir kt.,
1982 upése ir upelivose atlikti makrobestuburiy tyrimai parodé, kad i$ trijy
tirty vandentékmiy, naudojant entomologinj graibsta bei makrobestuburius
rankiniu budu surenkant nuo rieduliy, pagal rusSing jvairove dominuoja
Chironomidae Seimos atstovai, kurie sudaré daugiau nei 50 % visy tyrimo
metu nustatyty riisiy.
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1.3.2.  Uody triikliy jvairovés tyrimai

Chironomidae jvairové svyruoja priklausomai nuo gélo vandens
buveinés tipo. Pavyzdziui, ledo tirpsmo, aukstos (~ 40°C) temperatiiros ar
laikinuose vandens telkiniuose gali biiti aptinkami tik pavieniy genciy ar rusiy
atstovai (Hinton, 1951; Hayford ir kt., 1995; Bouchard ir kt., 2006). Taciau
tokiose buveinése kaip upeliai, upés ar ezerai, uody trukliy jvairové ir
gausumas gali buti labai dideli — viename biotope gali biiti virs 100 skirtingy
rasiy, o viename kvadratiniame metre — iki 50 000 lervy individy (Ali ir kt.,
1985; Coffman, 1989; Garbary ir kt., 2009). Vokietijoje, norint nustatyti
uzterStumo jtakg Chironomidae bendrijoms, Orendt (2000) atliko tyrimus
keturiose versmése ir 12 faltiniy. Sie vandens telkiniai pasizyméjo mazu
dydziu, juose negyveno zuvys, o vandens temperatiira iSliko zZema visus
metus. Surinkus medziagg entomologiniu graibstu, iki genties arba raSies
taksonominio lygmens nustatyti 74 uody trikliy taksonai, kurie priklausé
keturiems poSeimiams (Tanypodinae, Prodiamesinae, Orthocladiinae ir
Chironominae). Daugiausia versmése buvo nustatyti 27 Chironomidae
taksonai, tuo tarpu Saltiniuose buvo rasti tik pavieniai individai priklaus¢ vos
keliems taksonams. Janssens de Bisthoven ir Gerhardt (2003) norédami
palyginti uzterStumo poveiki uodams trikliams, atliko tyrimus trijuose
Svedijos upeliuose. Du i§ jy buvo neuztersti — Ovedsan ir Skaralidbicken, o
vienas — Ybbarpsan pasizyméjo cheminiu ir terminiu uzterStumu. Atliekant
tyrimus 1995 metais ir naudojant entomologinj graibstg, buvo surinkta vir$
500 Chironomidae individy. NeuzterStuose Ovedsan ir Skiralidbicken
upeliuose atitinkamai buvo nustatyta 13 ir 16 uody trukliy taksony, kurie
identifikuoti iki genties arba risies, o uzterStame Ybbarpsan upelyje nustatyti
vos penki iki genties arba riisies identifikuoti Chironomidae taksonai.

Detalius uody trukliy ekologijos ir biogeografijos tyrimus, pietinéje
Alpiy dalyje esanciose vandentékmése atliko Rossaro ir kt. (2006). Siekiant
nustatyti uody trukliy jvairove ir paplitima, buvo analizuojami istoriniai Alpiy
vandentékmése atlikty tyrimy duomenys nuo 1978 iki 1981 mety bei 1990-
2003 metais atlikti nauji medziagos rinkimai, tose paciose bei naujose tyrimo
vietose. Tyrimo metu Chironomidae éminiai, naudojant entomologinj graibsta
ir pliiduriuojancig gaudykle, buvo paimti i§ 125 medziagos rinkimo viety, i$
14 vandentékmiy. ISanalizavus istorinius duomenis bei naujai surinktg
Chironomidae medziaga buvo identifikuoti ir aprasyti 202 uody trikliy
taksonai bei jy paplitimas Alpiy vandentékmése. Dalelveno upés (Svedija)
nereguliariai uzliejamose $esiose pievose Lundstrom ir kt. (2010) atliko uody
trukliy jvairovés tyrimus. Kiekvienoje uZliejamoje pievoje pasirinktos
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keturios medziagos rinkimo vietos. Jose, naudojant issiritimo gaudykles, i$
viso surinkta apie 21 000 Chironomidae individy, priklausianc¢iy 135 uody
triikliy rasims.

1.3.3.  Uody triikliy filogenijos ir sistematikos tyrimai

Tyrimai apie uody trikliy jvairove, filogenija ir sistematika vykdomi jau
seniai, taCiau iki Siol vyksta diskusijos dél atskiry taksony statuso ar
filogenetiniy ry$iy. Pavyzdziui, uody trikliy poSeimiy filogeneting analizg,
naudojant lervy, 1éliukiy ir suaugéliy 89 skirtingus morfologinius poZymius
atliko Sether (2000). Taikant parsimonijos metoda gautos kelios
kladogramos. Visose jose Telmatogetoninae poseimis formavo sesering grupe
su kitais Chironomidae poSeimiais. Kai kuriose kladogramose Aphroteniinae
poseimis formavo sesering grupe su kitais analizuotais poSeimiais, i§skyrus
Telmatogetoninae. Kitose kladogramose gauta, kad Aphroteniinae poseimis
yra Tanypodoinae pusseimio dalis, kuriai taip pat priklauso Podonominae ir
Usumbaromyiinae poSeimiai. Kai kuriose kladogramose Chilenomyiinae
posSeimis nustatytas kaip Tanypodoinae dalis. Daugumoje kladogramuy,
Chilenomyiinae yra Chironomoinae poseimio dalis, kuriai taip pat priklauso
Buchonomyiinae, Diamesinae, Prodiamesinae ir Orthocladiinae posSeimiai.
Molekuling filogeneting uody trukliy 9 poseimiy analize atliko Cranston ir kt.
(2012). Naudojant uody tritkliy du ribosominius genus (18s ir 28s), viena
branduolinés DNR gena (CAD) ir vieng mitochondrinés DNR geng (COI) bei
taikant misry Bajeso (4ngl. mixed-model Bayesian) ir didziausio tikétinumo
(Angl. maximum likelihood inference) modelius gauta, kad Chironomoinae
pussSeimis (Angl. semifamily) patvirtinamas tik tokiu atveju, jei | analizg yra
jtrauktas Telmatogetoninae poseimis. Buchonomyiinae poSeimis nebuvo
jtrauktas j Chironomoinae poSeimj, nes jis nustatytas kaip seseriné grupé
visiems likusiems Chironomidae. Podonominae poSeimis buvo silpnai
jvertintas, kaip galima seseriné grupé. Pentaneurini triba buvo nustatyta kaip
monofiletiné grupé Tanypodinae poSeimiui. Anot autoriy, diversifikacijos
tempas, iSvestas pagal divergencijos laiko analizg, rodo, kad Chironomidae
Seima atsirado perme, o poSeimiy kamieninés grupés tarp triaso vidurio
pabaigos iki kreidos pradzios. Tuo tarpu vainikiniy grupiy kilmé, kaip
Podonominae, atsiradusio juros viduryje, o Aphroteninae vélyvojoje kreidoje.
Siekiant iStirti ir iSanalizuoti geny filogenetinj naudinguma bei Chironomidae
naujus sinonimus Ekrem ir kt. (2010) atliko keturiy Chironomidae genciy
filogeneting analize, kurioje naudoti trys mitochondrinés DNR genai (COI,
COII ir 16s) ir du branduolinés DNR genai (CAD ir EF-1a), atliekant
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minimalios evoliucijos (Angl. initial minimum evolution), kaimyny tinklo
(Angl. the neighbour-net), tikimybiy atvaizdavimo (4ng!. likelihood mapping)
ir Bajeso (4Angl. Bayesian analyses) analizes. Gauta, kad palyginus su kitais
genais, COI turi silpniausia, o CAD stipriausig filogenetinj signala.
Filogenetinés analizés rezultatai parodé gerai palaikomga, bet parafiletiska
Micropsectra genties su Krenopsectra acuta Goetghebuer, 1934 ir penkiomis
Parapsectra genCiy riiSimis rysj, o tai rodo $iy genciy taksony sinonimijg su
100 % posteriorine tikimybe. Parapsectra gentis Micropsectra viduje buvo
polifileting, o Paratanytarsus isliko monofileting, nors ir su maza posteriorine
tikimybe. Micropsectra acuta Goetghebuer, 1934, M. bumasta (Gilka &
Jazdzewska, 2010), M. fallax (Reiss, 1969), M. nohedensis (Moubayed &
Langton, 1996), M. mendli (Reiss, 1983), M. uliginosa (Reiss, 1969), M.
chionophila (Edwards, 1933), M. nana (Meigen, 1818), M. styriaca Reiss,
1969 ir M. wagneri (Siebert, 1979) nustatyti kaip nauji sinonimy deriniai. da
Silva ir Wiedenbrug (2014) atliko rusiy atskyrimo tyrimg naudodami DNR
barkodinga, siekiant issiaiskinti 14 Corynoneura grupés rusiy filogenetinius
ry$ius. Tyrimo metu naudotas COI genas bei atlikta didziausio tikétinumo
analizé. Gauti rezultatai patvirtino hipoteze, kad visos 14 analizuoty rusiy yra
atskiros bei 11 anksciau morfologiskai nustatyty rasiy buvo susietos DNR
zymenimis. Filogenetinius Tanypodinae poSeimio tyrimus atliko da Silva ir
Ekrem (2016). Sio tyrimo metu buvo siekiama i3analizuoti filogenetinius
rySius tarp Tanypodinae poSeimio astuoniy triby, 54 genéiy ir 114 risiy,
naudojant 86 morfologinius lervy, 1éliukiy ir suaugéliy pozZymius. Duomenys
analizuoti atliekant parsimonijos analize, po kurios rezultatai parodé
Tanypodinae poseimio monofilijg su Podonominae poseimiu, kaip seserine
grupe. Taip pat, buvo atkurtos Tanypodinae poseimio monofiletinés ir
seserinés tribos, iSanalizuoti nauji sinonimai bei patvirtinti visi nauji
Tanypodinae poseimio pakeitimai, iSskyrus Helopelopia ir Cantopelopia
pogenciy statusa, kurias autoriai siiilo atkurti kaip Helopelopia kaip gentj ir
atsisakyti Cantopelopia genties taksonominio lygmens. Detalius uody triikliy
mitochondrinio genomo tyrimus atliko Zheng ir kt. (2021), siekdami
i§siaiSkinti Diamesinae, Orthocladiinae, Prodiamesinae ir Tanypodinae
poseimiy filogenetinius ir evoliucinius rysius, kartu j tyrimg jtraukiant jau
apraSytus du Chironomidae Seimos poSeimius (Chironominae ir
Podonominae). Atliekant mitogenomo tyrimus nustatyti 37 tipiniai genai ir
kontrolinis regionas. Gauti rezultatai patvirtino visus SeSis Chironomidae
Seimos poSeimius bei patvirtino Chironomidae Seimg kaip monofileting grupe.
Taciau atliktas tyrimas i§kélé naujy klausimy dél anks¢iau nustatytos $iy Sesiy
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poseimiy struktiiros — autoriy nuomone, tokie rezultatai galéjo bti gauti dél
mitochondriniy genetiniy Zymeny mutacijy daznio.

1.3.4.  Uody triikliy ekologijos tyrimai

Uodai trukliai daznai naudojami ekologiniuose tyrimuose, ypac
susijusiuose su vandens ekosistemomis. Hildrew ir kt. (1985) sieké issiaiSkinti
plésriy Chironomidae mitybos ekologija gelezimi uzterStame upelyje.
Tyrimas vykdytas Anglijoje 1974-1975 metais, kas du ménesius bentosiniu
tinkliuku renkant bentoso méginius i§ riigS§timis ir gelezimi uzterSto
Broadstone upelio. Per vienerius tyrimo metus buvo identifikuoti trijy
Tanypodinae poSeimio rusiy atstovai (Zavrelimyia barbatipes (Kieffer, 1911),
Trissopelopia longimana (Staeger, 1839) ir Macropelopia goetghebueri
(Kieffer, 1918)), kurie naudoti tolimesnéje analizéje tiriant pléSriy uody
trukliy mityba. Po nustatyty uody trukliy skrandzio turinio analizés gauta, kad
visy trijy rusiy atstovai maitinosi kaip pléSrinai (daZzniausiai kitomis
Chironomidae lervomis) arba mito detritu. Taip pat nustatyta, kad plésriy
uody trikliy mityba priklauso nuo sezoniskumo — $altuoju mety laiku jie yra
linke maitintis detritu, o Siltuoju metu laiku — kitais bestuburiais. PanasSius
tyrimus Vokietijoje atliko Rawer-Jost ir kt. (2000). Tyrimo metu (1997-1998
metais), 11-oje upeliy buvo analizuotas Chironomidae, Ephemeroptera,
Plecoptera bei Trichoptera atstovy pasiskirstymas ir mityba. Medziaga rinkta
entomologiniu graibStu naudojant spyrio metodg. [vertinus nustatyty
makrobestuburiy individy skai¢iy gauta, kad uodai triikliai dominavo
daugumoje tirty upeliy. Taip pat, §io tyrimo metu, nustatyta, kad uodai trukliai
atlieka svarby vaidmenj vertinant vandens kokybe remiantis jy mitybos
grupémis.

Tyrimus apie uody trukliy jvairovés ir gausumo rySius tarp 77
skirtingomis charakteristikomis pasiZymin€iy upés buveiniy atliko Fend ir
Carter (1995). Tyrimo metu, 1989-1990 metais, Jakimos upéje (JAV),
naudojant pluduriuojancias gaudykles, buvo renkamos uody tritkliy 1éliukiy
iSnaros. IS visos surinktos tyrimo medziagos nustatyta 150 uody trikliy
taksony. Taip pat gauta, kad i§ visy analizuoty skirtingomis charakteristikomis
pasizymin¢iy buveiniy nedidelj, bet poveikj uody triikkliy jvairovei turéjo
dirbami laukai, o daugiausiai jtakos uody trikliy jvairovei ir gausumui turéjo
vandens temperatiira. PanaSius tyrimus atliko Rossaro ir kt. (2006) Alpése
esanCiose vandentékmése, kur buvo vertinama 14-os vandentékmiy ir
ekologiniy faktoriy (vandens temperatiira, istirpes deguonis, pH ir elektrinis
laidumas, tékmés greitis ir kt.) jtaka uody tritkliy jvairovei ir gausumui. Uody
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trukliy lervos buvo renkamos naudojant entomologinj graibsta, o 1éliukiy
iSnaros — pluduriuojanc¢ias gaudykles. IS visy tyrimo metu surinkty uody
trukliy individy, buvo identifikuota 202 rasys. Tyrimo metu nustatyta, kad
Chironomidae atstovy jvairovei ir gausumui i$ ekologiniy ir buveinés
analizuoty faktoriy, reikSmingos jtakos turéjo trys — vandens temperatiira,
upées tekmés greitis ir upés substrato tipas. Ekologiniy faktoriy jtaka uodams
trukliams buvo vertinta ir Vidurzemio juros regione, SeSiose Italijos upése
Marziali ir kt. (2009). Sio tyrimo metu uody triikliy lervos bei léliukiy i$naros
rinktos naudojant entomologinj graibstg ir Surber tipo bentosinj tinkliuka. I$
viso surinkta 25 630 uody trukliy individy ir identifikuoti 79 taksonai.
Nustatyta, kad uody triikliy jvairove priklauso nuo vandens cheminés sudéties,
todél padaryta i$vada, kad uodai triikliai indikuoja vandens kokybe. Ozkan ir
kt. (2010) sieké jvertinti fiziking, chemine¢ ir substrato jtaka uody trikliy
jvairovei ir pasiskirstymui. Tyrimai vykdyti Ergene upés baseine (Turkija)
vienerius metus (nuo 1995 iki 1996 mety), medziaga renkant Ekmano
semtuvu. Tyrimo metu buvo surinkta ir identifikuota 60 Chironomidae
taksony. Sio tyrimo metu gauta, kad i§ 14 analizuoty faktoriy, didziausig jtaka
uody trikkliy jvairovei ir pasiskirstymui turéjo upés substratas, vandens
elektrinis laidumas ir vandenyje iStirpes deguonis. Kaimyninéje Lenkijoje,
tiriant septynias Zzemumy upes, buvo siekiama iSanalizuoti skirtingy upiy
kategorijy, vandens cheminiy parametry, ekologiniy faktoriy ir substrato jtaka
uody trukliy jvairovei ir pasiskirstymui Leszczynska ir kt. (2019). Naudojant
sedimenty surinkéja (Angl. sediment core sampler), buvo paimta 840 méginiy,
nustatyty rasiy skai¢ius méginiuose svyravo nuo trijy iki 29. Tyrimo metu
nustatyta, kad 3 ir 4 kategorijos upése uody trukliy jvairové yra didziausia, o
did¢jant upés kategorijai jvairové mazeja, taip pat buvo nustatyta, kad uody
trukliy jvairovei ir pasiskirstymui jtakos turi mikrobuveinés, upés substratas
bei vandenyje istirpusio deguonies kiekis.

1.3.5.  Uody trukliy bioindikatoriniai tyrimai

Atsizvelgiant | didelg Chironomidae atstovy jvairove, platy
zoogeografinj paplitimg bei prisitaikyma gyventi skirtingose aplinkos
salygose, uodai triikliai neretai naudojama kaip gélo vandens bioindikatoriné
grupé. Pavyzdziui, siekiant iSsiaiSkinti Chironomidae atstovy jautrumag
rugstimis ir arsenu uzterStam kasykly drenazo vandeniui, bioindikatorinius
tyrimus atliko de Bisthoven ir kt. (2005). Portugalijoje, chalkopirito kasykly
drenazo sistemose bei Mosteirao upelyje, kuris naudotas kaip kontrolé,
naudojant entomologinj graibsta buvo renkami sedimenty méginiai uody
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trukliy analizei bei vandens méginiai — vandens cheminés sudéties analizei.
Gauta, kad rigstimis ir arsenu uzterStose vietose nustatyta maziau — 18-22
uody trukliy taksony, o kontroliniame upelyje daugiau — 25. Taip pat
nustatyta, kad uody triikkliy jvairové skyrési tarp uzterSty buveiniy ir
kontrolinio Mosteirao upelio. Uody trikliy individai uzterStose buveinése
pasizyméjo morfologinémis deformacijomis. Detalius bioindikatorinius
tyrimus atliko ir Lencioni ir kt. (2012), siekiant i$siaiskinti skirtingy faktoriy,
tokiy kaip elektrinis laidumas, Sarmingumas, temperatiira ir t. t. poveikj uody
trukliy bendrijoms. Tyrimo medZziagos rinkimas vyko i§ 124 Italijos Alpiy
regiono $altiniy, naudojant entomologinj graibstg ir sedimenty Svirksta. IS viso
tyrimo metu surinkta 37 116 uody triikliy individy, kurie priklausé 81 uody
trukliy taksonui, i§ kuriy 78 identifikuoti iki rusies. Tyrimo metu nustatyta,
kad i$ visy analizuoty faktoriy jtakos uody trukliy bendrijoms turéjo vandens
temperatira, elektrinis laidumas, substratas bei Sarmingumas. Taip pat,
remiantis uody tritkliy bendrijy skirtumais, autoriai identifikavo $varius bei
antropogeninio poveikio paveiktus Saltinius. Etiopijoje, upiy ir upeliy
bioindikatoriniai tyrimai buvo atlikti siekiant iStirti keturiy uZterStumo
kategorijy — mazai uzterSto, vidutiniSkai uzterSto, uzterSto ir labai uzterSto
vandens indikatorines uody triikliy risis Mezgebu ir kt. (2019). Zemés ikio
arba pramonés paveiktose keturiose upése ir upelivose uodai tritkliai surinkti
naudojant entomologinj graibsta. Per 2016 ir 2017 mety tyrimo laikotarpj i$
visy surinkty uody trukliy lervy individy, buvo identifikuoti Sesi skirtingi
taksonai. Nustatyta, kad Chironomus alluaudi Kiefter, 1913 ir Chironomus
imicola Kieffer, 1913 yra uzterSto vandens indikatorinés rasys, Polypedilum
wittei (Freeman, 1955), Polypedilum bipustulatem Freeman, 1958 ir
Dicrotendipus septemmaculatus (Becker, 1908) indikuoja vidutiniskai
uzterStus vandens telkinius, o Conchapelopia genties atstovai indikuoja
$varius vandens telkinius. Siekiant detaliau istirti ir iSanalizuoti galimg uody
trukliy panaudojimg bioindikacijoje, Cortelezzi ir kt. (2020) tyré aStuonis
Pampy kalnagiibrio (Argentina) upelius. 2012-2015 metais tyrimo medziaga
rinkta naudojant Ekmano semtuva, taip pat kiekvienoje tyrimo vietoje buvo
nustatoma vandens temperatiira, pH, elektrinis laidumas, vandenyje istirpusio
deguonies bei organiniy medziagy kiekiai. Tyrimo metu identifikuotas 21
Chironomidae taksonas, o atlikus duomeny analiz¢ su aplinkos faktoriais
nustatyta, kad Chironomus calligraphus Goeldi, 1905 atstovai gali buti
laikomi prastos vandens kokybés indikatoriais, o Rheotanytarsus — aukstos
vandens kokybés. Nustatyta, kad Parachironomus sp. ir C. calligraphus
indikuoja maza vandenyje iStirpusio deguonies kiekj, tuo tarpu
Rheotanytarsus sp. ir Onconeura analiae atvirksciai — didelj vandenyje
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iStirpusio deguonies kiekj. Taip pat, C. calligraphus gausumas teigiamai
koreliavo su fosfaty koncentracija vandenyje, o Allocladius neobilobulatus
(Paggi, 1993) ir Cricotopus sp. populiacijos neigiamai koreliavo su
maistmedziagiy kiekiu vandenyje. PanaSius tyrimus Argentinoje atliko
Molineri ir kt. (2020), siekdami istirti bioindikatorines uody triikliy grupes 20
upiy. Tyrimo metu imti upiy substrato méginiai ir naudojant Surber tipo
bentosinj tinkliukg rinktos Chironomidae lervos. I§ viso identifikuota 30
morfortsiy, priklausanc¢iy keturiems Chironomidae poSeimiams ir nustatyta,
kad morforiisiy skaiCius poseimyje yra reikSmingas faktorius vertinant upiy
uzterStumg. Gauti rezultatai parodé, kad bent trys Orthocladiinae, trys
Chironominae ir vienas Tanypodinae poseimiy atstovai indikuoja neuzterstus
vandens telkinius ir kad Chironomus gr. decorus Johannsen, 1905 indikuoja
uzterStus. Istoriniais duomenimis, 1915-1996 metais Toce upé (Italija) buvo
stipriai uZterSta dichloro-difenil-trichloroetanu (DDT), gyvsidabriu (Hg) ir
arsenu (As), todél Marziali ir kt. (2024) sieké iSanalizuoti jy poveikj uody
trukliy riiinei jvairovei. Tyrimo metu (2014 ir 2019 metais), uody triikliy
lervos ir léliukés rinktos naudojant Surber tipo bentosinj tinkliukg ir
pluduriuojancias gaudykles, taip pat vizualiai vertinta bei apraSyta kiekviena
buveiné, paimti substrato méginiai. Identifikavus 32 Chironomidae riiSis
nustatyta, kad Diamesa spp., Sympotthastia spinifera Serra-Tosio, 1968 ir
Prodiamesa olivacea (Meigen, 1818) atstovai yra jautriis vandens uZterSimui
DDT, Potthastia longimanus (Kieffer, 1922) — uzterStumui Hg, o Odontomesa
fulva (Kieffer, 1919) ir Microtendipes pedellus (De Geer, 1776) — uzterStumui
As. Czechowski ir kt. (2020) analizavo gélo vandens uzterStumo poveikj
indikatoriniy uody trukliy morfologijai ir genetikai. Tyrimo metu panaudoti
Piety ir Siaurés pusrutuliuose atlikty istoriniy (1958-2016 metais) uody trikliy
biomonitoringo tyrimy duomenys. ISanalizavus juos nustatyta, kad
morfologiniai uody trikliy skirtumai gali buti reikSmingi vertinant kintancias
aplinkos salygas, o genominiy tyrimy ir aDNR (A4ngl. Environmental DNA,
eDNA) jtraukimas j biomonitoringo tyrimus yra svarbus gerinant panasiy
tyrimy kokybe.

Atsizvelgiant | tai, kad uodai triikliai placiai naudojami kaip
bioindikatoriai vandens ekosistemy biklei vertinti, buvo atlikti tyrimai,
kuriais siekta nustatyti, kaip uztvanky buvimas ir jy daromas hidrologinis bei
ekologinis poveikis veikia §iy organizmy bendrijas. Pavyzdziui, 1985-1986
metais Schmid (1992) atliko uztvanky poveikio uodams trukliams tyrimus
Dunojaus upéje, Austrijoje. Tyrimy metu, naudojant daugiabriaunj émiklj
(Angl. multi corer) uodai trukliai buvo renkami pries uztvanka ir uz uztvankos.
IS visy surinkty uody triikliy individy, identifikuotos 66 jy riiSys. Nustatyta,
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kad kylant aukStupiu nuo uztvankos, uody trukliy riiSiné jvairové didéja, taip
pat, kad Salia uztvankos paimtuose méginiuose uody triikkliy jvairové buvo
mazesné palyginus su tais, kurie nuo uztvankos buvo nutole. PanaSius tyrimus
atliko Bredenhand ir Samways (2009), sickdami iSanalizuoti uztvanky poveikj
makrobestuburiy bendrijoms Eerste upé¢je, Piety Afrikos Respublikoje. 2003-
2004 metais, renkant makrobestuburius entomologiniu graibstu, naudojant
spyrio metoda, buvo nustatyta daugiau nei 20 760 makrobestuburiy individy.
I8 jy, 48 % sudar¢ Ephemeroptera atstovai, 24 % — Diptera, 10 % — Coleoptera,
7 % — Trichoptera ir 5 % — Plecoptera, i§ visy surinkty makrobestuburiy
individy. Tyrimy metu nustatyta, kad zemiau uZtvankos makrobestuburiy
jvairové buvo dvigubai mazesné nei auk$¢iau uztvankos; Ephemeroptera,
Plecoptera ir Trichoptera jvairové bei gausumas zemiau uztvankos buvo
beveik nuliniai, o Chironomidae jvairové — didesné, galimai, dél sumazejusio
plésrany skaidiaus. Siy tyrimy metu tyréjai pastebéjo, kad uztvankos daro
didele Zalg endeminéms riisims, kuriy gausu Siame regione, taip pabréZiant
ekologinius padarinius. Uztvanky jrengimo poveikis uody triikkliy bendrijoms
buvo vertintas ir Brazilijoje, tiriant Parana (uZtvenkta 2001 metais) ir
Ivinhema (neuztvenkta) upes Rosin ir kt. (2009). Tyrimai abejose upése
vykdyti nuo 2000 iki 2007 mety. Uodai trukliai rinkti naudojant Petersen
semtuvg. Tyrimy metu i$ viso identifikuota 100 Chironomidae morforiisiy —
Parana upéje 78, o Ivinhema — 62. Tyrimai parodé, kad didziausi uody trukliy
bendrijy poky¢iai Parana upéje jvyko 2001 m., kai upé buvo uztvenkta — tuo
laikotarpiu reik§Smingai sumazgjo tiek uody trukliy riiSiné jvairove, tiek
gausumas. Tesiant tyrimus (nuo 2001 iki 2007 mety) nustatyta, kad uody
trukliy riiSiné jvairové Parana upéje kasmet palaipsniui didéjo, rodydama
uody adaptacijos prie pakitusiy aplinkos salygy pozymius. Vis délto iki tyrimy
pabaigos prie§ upés uztvenkimg buvusi jvairové taip ir neatsikiiré. Taip pat
pastebéta, jog po Parana upés uztvenkimo uody trukliy rusiné jvairové
reikSmingai padidé¢jo Ivinhema upé¢je. PanaSius tyrimus Brazilijoje atliko
Brandimarte ir kt. (2016), kurie tyré uodus truklius Mojiguagu upéje pries jos
uztvenkima (1994 metais), uztvenkimo metu (1995 metais) bei po uztvenkimo
(1996 metais). Tyrimo rezultatai parodé, kad uody trukliy jvairové ir
gausumas sumazéjo po upés uztvenkimo, o didziausias neigiamas poveikis
buvo pakrantése gyvenancioms bei mégstanc¢ioms greita vandens tékme uody
trukliy bendrijoms. Wu ir kt. (2019) analizavo 2000-2017 mety 347
publikacijas, susijusias su uztvanky poveikiu biologinei jvairovei (grybams,
bestuburiams, zuvims, zinduoliams, augalams ir kt.). Apibendrinus atliktus
tyrimus gauta, kad daugeliu atvejy biologiné jvairové uztvenkus upes mazéja,
nors dél vandenyje padidéjusio organikos kiekio, dumbliy ar makrobestuburiy
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(tarp jy ir Chironomidae), gausumas gali padidéti, nors risiné jvairové biina
nedidelé. Darbe akcentuojama, kad siekiant iStirti uztvanky poveikj
organizmams yra biitini ilgalaikiai, kompleksiniai (analizuojantys skirtingas
organizmy grupes) tyrimai ir geriausia, kai jie atlickami pries upés uztvenkima
ir po jo.

1.4. Uodpy triikliy tyrimai Lietuvoje

Lietuvoje Chironomidae tyrimai yra gana riboti ir dazniausiai nebuvo
atliekami tiesiogiai uodams triikkliams tirti, o jtraukti j platesnius bestuburiy
tyrimus. Siuo metu Lietuvoje yra aprasytos 199 Chironomidae rasys
(Pakalniskis ir kt., 2006; Ruginis, 2007; Mora ir Kovacs, 2009; Stasiukynas ir
kt., 2024). Pirmieji Chironomidae Seimos atstovy apraSymai Lietuvoje pradéti
vykdyti XX a. viduryje. Gasitinas (1959, 1961) yra pirmasis, kuris paminéjo
uodus triikklius, atlikdamas Kur$iy Mariy bentoso ir Zuvy paSary tyrimus.
Véliau uody trikliy populiacijas Zuvinto ezere tyré Lapinskaité (1968).

Remiantis Pakalniskiu ir kt. (2006), apzvelgti svarbiausi darbai,
reikSmingai prisidéj¢ prie Chironomidae tyrimy Lietuvoje. Didziaja dalj uody
trukliy jvairovés tyrimy Lietuvos ezeruose ir upése atliko Grigelis (1970,
1972, 1983, 1990, 1999), dalj jy — kartu su kolegomis (Grigelis ir kt., 1981).
Grigelis (1970, 1972) tyre Chironomus bathophilus Kieffer dinamika ir
produktyvumg Dusios eZere. Jis taip pat nagrinéjo Chironomidae ekologija ir
jvairove Lietuvos ezeruose bei upése, analizavo ezery zoobentoso trofine
struktiirg ir biocenozes (Grigelis, 1983, 1990, 1999). ReikSmingg indélj |
Lietuvos uody trukliy jvairovés tyrimus jne$¢ Plitraité (1999, 2000, 2001a,
2001b), atlikusi vandens makrobestuburiy tyrimus jvairiose Lietuvos upése,
dalj jy — kartu su kolegomis (Virbickas ir Plitiraite, 2002; Plitraité ir
Kesminas, 2004). Plitraité (1999) prisidéjo prie knygos ,,Hydrobiological
Research in the Baltic Countries. Part 1. Rivers and Lakes* rengimo, kurioje
pateiké naujy duomeny apie uody triikliy jvairove Lietuvoje. Plitiraité (2000,
2001a, 2001b) tyré ir analizavo Merkio ir Sventosios upiy makrozoobentoso
gausumo, biomasés ir risinés sudéties sezonine dinamikg. Taip pat, kartu su
kolegomis ji tyré mazy (Virbickas ir Plitraite, 2002) ir vidutinio dydZzio
(Plitraité ir Kesminas, 2004) Lietuvos upiy makrobestuburiy riising sudétj bei
nustaté naujas Lietuvos faunai Chironomidae raiSis (Virbickas ir Plidiraite,
2002; Plitraité ir Kesminas, 2004).

Pirmu tiksliniu Chironomidae tyrimu Lietuvoje laikomi Neringos
Gastevicienés 2015-2022 m. darbai, vykdyti rengiant disertacija ,,Vélyvojo
ledynmecio ir ankstyvojo holoceno klimato dinamikos ypatybés pietryCiy
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Baltijos regione Chironomidae tyrimy duomenimis* (Gastevi¢iené, 2022). Tai
buvo ne tik pirmieji tiksliniai Chironomidae tyrimai Lietuvoje, bet ir pirmas
atvejis, kai Chironomidae analizés metodas buvo panaudotas paleoaplinkos
tyrimuose. Medziaga buvo imta naudojant rankinj smuginj graztg, o grezinio
gylis sieké nuo 2 iki 16 metry. Surinkus ir iSanalizavus duomenis,
identifikuota daugiau nei 8 500 fosiliniy Chironomidae individy, jvertintas
ekologinis paleobaseiny raidos salygy spektras ir nustatytos pagrindinés jy
kaita 1émusios priezastys.
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2. TYRIMU MEDZIAGA IR METODAI
2.1. Tyrimy vietos

Tyrimas vykdytas ir medZiaga rinkta dviejuose Sventosios (Plastaka ir
Sesuola) ir keturiuose Zeimenos (Dubinga, Kiauna, Luknelé ir Skerdyksna)
upiy pabaseiniuose (1 pav.). Visos SeSios upés teka tik Lietuvos Respublikos
teritorijoje ir yra iSsidésCiusios 60 km spinduliu ryty Lietuvoje (1 pav.)
(Gailiusis ir kt., 2001; Jablonskis ir kt., 2007; Kilkus ir Stonevicius, 2011;
Lietuvos Respublikos aplinkos ministerija, 2025).

I8 pradziy, buvo analizuota potencialiai tyrimui vykdyti tinkamy apie 200
Lietuvos upiy. IS jy, po iSsamios atrankos, remiantis Lietuvos Respublikos
upiy, ezery ir tvenkiniy kadastro (UETK) duomenimis, pasirinktos SeSios
upés. Atrankos metu buvo vertintos upiy morfometrinés savybés (ilgis,
baseino plotas, debitas) bei jy geografiné padétis. Tyrimui pasirinktos upés
buvo panasiausios savo charakteristikomis, o taip pat buvo atsizvelgta j tai, ar
upé neuztvenkta (Plastaka, Luknelé, Kiauna), ar uztvenkta (Seéuola,
Skerdyksna, Dubinga). Remiantis upiy morfometrinémis savybémis,
geografine padétimi bei uztvenktumo faktoriumi, visos SeSios upés buvo
suskirstytos j tris poras: Dubinga ir Kiauna, Skerdyksna ir Luknelé bei Sesuola
ir Plastaka.
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Fig. 1. Map highlighting the studied rivers (light green) and study sites (black
triangles).

Tirtos upés, ar dalis jy ilgio patenka j saugomas teritorijas: Aukstaitijos
saugomy teritorijy direkcijos Anyks¢iy regioninio parko grupés teritorija —
Plastaka ir SeSuola, Aukstaitijos saugomy teritorijy direkcijos Asvejos
regioninio parko grupés teritorija — Dubinga ir Skerdyksna ir Aukstaitijos
nacionalinio parko ir Labanoro regioninio parko direkcijos teritorija — Kiauna
ir Luknelé. Sios upés teka per skirtingo tipo buveines: natiraldis ir/ar pusiau
natiiraltis miskai, nattiralios ir/ar pusiau nattralios pievos, dirbami laukai ir
urbanizuotos teritorijos (Aukstaitijos saugomy teritorijy direkcija, 2025;
Aukstaitijos nacionalinio parko ir Labanoro regioninio parko direkcija, 2025).

2.1.1. Dubinga

Dubingos upés istakos yra Asvejos eZeras — tai de§inysis Zeimenos upés
intakas. Dubinga priklauso Nemuno upés baseinui ir Zeimenos upés
pabaseiniui. Upé teka per Svenéioniy rajono savivaldybés teritorijg. Upés ilgis
yra 18,1 km, upés baseino plotas siekia 405,9 km?, o jos vidutinis daugiametis
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vandens debitas Ziotyse siekia 4,01 m®/s (Lietuvos Respublikos aplinkos
ministerija, 2025). DidZigjg dalj savo ilgio §i upé teka per miskingas teritorijas
bei skiria Asvejos ir Pabradés girininkijas, taip pat ji prateka pro viena
natiiraly Rédzios eZera. Salia upés yra keli kaimai (Padubingé, Kurniske,
Vilkamusiai, Kabakélis, Trabuciai), o upés Zemupyje yra Pabradés miestas.
Dubingos zemupyje yra jrengti keli hidrotechnikos statiniai, tokie kaip zemiy
uztvanka (Hidrotechnikos statinio kodas (HSK): 12110320h0004), vandens
pertekliaus pralaida (HSK: 12110320h0003), Pabradés hidroelektriné (HE)
(HSK: 12110320h0001) ir Pabradés kartono fabriko HE (HSK:
12110320h0002). Sie hidrotechnikos statiniai Dubingos Zemupyje suformavo
Pabradés tvenkinj (Lietuvos Respublikos aplinkos ministerija, 2025).

Dubingos up¢je tyrimai buvo vykdyti keturiose vietose (55.01419,
25.63790 (1); 55.01566 25.70399 (2); 54.99247, 25.75461 (3); 54.99089,
25.75910 (4)). Pirma (1) tyrimy vieta yra nutolusi nuo Dubingos isStakos
(Asvejos ezero) apie 2,2 km ir yra Asvejos regioninio parko (Asvejos RP) bei
Padubingés kaimo teritorijose. Antroji (2) tyrimy vieta nuo pirmosios nutolusi
apie 5,8 km Zemyn upe arba astuonis kilometrus nuo upés istakos ir yra zemiau
Rédzios ezero, Vilkamusiy kaime. Trecioji (3) tyrimy vieta nuo antrosios
nutolusi 7,7 km Zzemyn upe arba 15,7 km nuo Dubingos iStakos ir yra Pabradés
tvenkinyje (Pabradés priemiestyje) bei nutolusi daugiau nei 200 m nuo
Pabradés HE. Ketvirtoji (4) tyrimy vieta Dubingos upéje yra Pabradés mieste
ir nuo trecios tyrimy vietos nutolusi apie 350 m Zemyn upe arba 16 km nuo
upés istakos bei yra 150 m Zemiau Pabradés HE. Sios tyrimy vietos atstumas
iki upés Ziociy siekia 1,4 km (VS§j Statybos sektoriaus vystymo agentira,
2025).

2.1.2.  Skerdyksna

Skerdyksna yra kairysis Zeimenos upés intakas, ji priklauso Nemuno
upés baseinui ir Zeimenos upés pabaseiniui. Skerdyksnos istakos yra
Naujasilio miske, upé teka Svencioniy rajono savivaldybeés teritorijoje. Upé
yra 13,77 km ilgio, jos baseino plotas siekia 42,2 km?, o vidutinis daugiametis
vandens debitas Ziotyse siekia 0,50 m*/s. Didzioji dalis upés yra iStiesinta,
melioruota, ji teka per dirbamus laukus ir pelkétas teritorijas ir tik upés
zemupys yra i8likes pusiau nattralus bei neistiesintas. Ties Karkaziskémis yra
jrengti du hidrotechnikos statiniai, tokie kaip Karkaziskés Zemiy uztvanka
(HSK: 12110370h0002) ir Karkaziskés vandens pertekliaus pralaida (HSK:
12110370h0001). Sie hidrotechnikos statiniai Skerdyksnos upéje suformavo
Karkazigkés tvenkinj. Skerdyksnos upés Ziotys patenka j Zeimenos
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ichtiologinj draustinj, kuris priskirtas Asvejos regioniniam parkui. Salia upés
yra keli kaimai (GasparisSkiai, Puociai, Skirlénai, Zatiskés, Klocitinai,
Navasiolkos, Karkaziské ir Burbiské I) bei pora viensédziy (Kianiské ir
Cegelné) (Lietuvos Respublikos aplinkos ministerija, 2025).

Skerdyksnos upéje tyrimai buvo vykdyti keturiose vietose (54.95236,
25.72185 (5); 54.94653, 25.75817 (6); 54.94748, 25.75989 (7); 54.94574,
25.84367 (8)). Pirma (8) tyrimy vieta yra nutolusi nuo Skerdyksnos iStakos
(Naujasilio misko) apie 2,3 km ir yra Gaspariskiy kaime. Antroji (7) tyrimy
vieta nuo pirmosios nutolusi maziau nei 6 km zemyn upe arba apie 8,3 km nuo
upés iStakos ir yra Karkaziskés tvenkinyje, Karkaziskés kaime. Trecioji (6)
tyrimy vieta nuo antrosios nutolusi apie 160 m zemyn upe arba 8,46 km nuo
Skerdyksnos iStakos, yra Zzemiau Karkaziskés HS, o nuo uztvankos yra
nutolusi vos 40 m. Ketvirtoji (5) tyrimy vieta yra Burbiskés I kaime, nuo
trecios tyrimy vietos ji nutolusi apie 3,1 km zemyn upe arba 11,5 km nuo upés
istakos bei 1,72 km iki upés Zio¢iy (Zeimenos upés) (V3] Statybos sektoriaus
vystymo agentiira, 2025).

2.1.3. Luknelé

Luknelé priklauso Nemuno upés baseinui ir Zeimenos upés pabaseiniui.
Ji teka per Svencioniy rajono savivaldybés teritorija. Luknelé yra deSinysis
Zeimenos upés intakas, o jos istakos — Balto ezeras. Upés ilgis yra 13,6 km,
upés baseino plotas siekia 45,0 km?, o vidutinis daugiametis vandens debitas
Ziotyse siekia 0,54 m3/s. Visa upé teka per Aukstaitijos NP ir Labanoro RP
teritorijas. Beveik visa laika upé teka per miskingas teritorijas, o keliose
atkarpose yra nedideli pelkeéti plotai. Upé patenka j tris reik§mingas saugomas
teritorijas: Pazemio krastovaizdzio draustinj, Luknelés hidrografinj draustinj
ir Zeimenos zoologinj-botaninj draustinj. Si upé prateka pro tris eZerus:
Pastovélis, Indrajai ir Luknelis. Nors Luknelé beveik visg laika teka per
natiiralias teritorijas, $alia Luknelio ezero yra Paluknio kaimas, o0 mazdaug uz
200 metry nuo upés kranty yra Juodinélio viensodis ir tik paciame Luknelés
zemupyje yra kaimas Lukna (Lietuvos Respublikos aplinkos ministerija,
2025).

Luknelés upéje tyrimai buvo vykdyti keturiose vietose (55.21364,
25.94224 (9); 55.22279, 25.86793 (10); 55.23914, 25.85406 (11); 55.25000,
25.83959 (12)). Pirmoji (9) tyrimy vieta yra nutolusi apie 460 m nuo Luknelés
Zio&iy (Zeimenos upés), o nuo istakos (Balto ezero) — apie 12,1 km. Si tyrimo
vieta yra AukStaitijos NP teritorijoje, aukS¢iau Luknos kaimo ir Zemiau
Juodynélio viensodZzio. Antroji (10) tyrimy vieta nuo pirmosios nutolusi apie
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7,3 km aukstyn upe arba 4,8 km nuo upés istakos ir yra Zemiau Luknelio ezero.
Si tyrimy vieta patenka j Labanoro RP bei Luknelés hidrografinio draustino
teritorijas. Trecioji (11) tyrimy vieta nuo antrosios nutolusi 2,3 km aukstyn
upe arba 2,52 km nuo Luknelés iStakos ir yra tarp Luknelio ir Indrajy ezery,
netoli Paluknio kaimo. Si tyrimy vieta patenka j Labanoro RP ir Luknelés
hidrografinio bei Pazemio kraStovaizdzio draustiniy teritorijas. Ketvirtoji (12)
tyrimy vieta nuo tre¢iosios nutolusi apie 1,7 km aukstyn upe arba 820 m nuo
upés iStakos. Ji yra zemiau Pastovélio eZero bei yra Labanoro RP ir Pazemio
krastovaizdzio draustinio teritorijose (VS] Statybos sektoriaus vystymo
agentiira, 2025).

2.1.4. Kiauna

Kiaunos upé teka per Ignalinos ir Svenéioniy rajony savivaldybiy
teritorijas. Kiaunos upé yra desinysis Zeimenos upés intakas, ji priklauso
Nemuno upés baseinui ir Zeimenos upés pabaseiniui, o jos istakos yra Kiauno
ezeras. Upés ilgis siekia 17,9 km, upés baseino plotas yra 308,7 km?, o
vidutinis daugiametis vandens debitas Ziotyse siekia 2,95 m?/s. Visa upé teka
per Aukstaitijos nacionalinio parko ir Labanoro regioninio parko (Aukstaitijos
NP ir Labanoro RP) teritorijas. Aplink upe yra jsteigtos dvi saugomos
teritorijos: Kiaunos krastovaizdzio draustinis ir Pagiliités telmologinis
draustinis. DidZiaja dalj upé teka per miskingas teritorijas ir pelkes, taip pat
prateka pro du eZerus (Giliita ir Sekluotj). Salia upés yra keli kaimai —
Pakiaunys, Stirniné, Naujasodis, Briedinés, Jakutigkis, Vasiuliské, Zvirbligke,
Kiiriniai, Pagilité, Kukliai bei Sakaliské (Lietuvos Respublikos aplinkos
ministerija, 2025).

Kiaunos upéje tyrimai vykdyti keturiose tyrimo vietose (55.24680,
25.97070 (13); 55.26404, 25.94127 (14); 55.29566, 25.89389 (15); 55.30822,
25.88691 (16)). Pirmoji (13) tyrimy vieta yra nutolusi nuo Kiaunos zioCiy
(Zeimenos upés) daugiau nei 1,7 km, o nuo istakos (Kiauno eZero) apie 15,6
km. Si tyrimy vieta yra Aukstaitijos NP teritorijoje, Zemiau Glifito ir
Sekluocio ezery bei Zemiau Kukliy kaimo. Antroji (14) tyrimy vieta nuo
pirmosios nutolusi apie 4,2 km aukstyn upe arba 11,4 km nuo upés istakos ir
yra Aukstaitijos NP teritorijoje bei Salia Pagiliités telmologinio draustinio,
zemiau Kiriniy kaimo. Trecioji (15) tyrimy vieta nuo antrosios nutolusi 8,7
km auks$tyn upe arba 2,66 km nuo Kiaunos iStakos bei yra tarp Stirnés ir
Briedinés kaimy, Aukstaitijos NP ir Kiaunos krastovaizdzio draustinio
teritorijose. Ketvirtoji (16) tyrimy vieta nuo treciosios nutolusi apie 1,8 km
aukstyn upe arba 865 m nuo upés istakos. Sios tyrimy vietos kairiajame upés
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krante yra Pakiaunys, o de$iniajame — Kiaunelidkis. Si tyrimo vieta yra
Aukstaitijos NP teritorijoje (VS] Statybos sektoriaus vystymo agentiira, 2025).

2.1.5. Plastaka

Plastakos upé priklauso Nemuno upés baseinui ir Sventosios upés
pabaseiniui. Jos iStakos yra Mereciskiy kaime. Upé teka per Anyksciy ir
Ukmergés rajony savivaldybiy teritorijas. Tai deSinysis SiesarCio upés
intakas. Upés ilgis yra 18,3 km, upés baseino plotas siekia 88,3 km?, o
vidutinis daugiametis vandens debitas Ziotyse siekia 0,82 m/s. Zemiau
Karaliskiy ezero upés teritorija priklauso Plastakos hidrografiniam draustiniui
(Plastakos HD) bei yra priskirta Europos laukinés gamtos ir gamtinés aplinkos
apsaugos (Berno) konvencijos saugomos rasys, upés, kuriose saugomos
lasisos Lietuvoje pagal HELCOM, Baltijos juros zvejybos komisijos (IBSFC)
ir Lietuvos lasis$y atkiirimo ir apsaugos programa, hidrografiniam draustiniui,
§i teritorija priskirta Anyks¢iy regioniniam parkui (Anykséiy RP). Upé teka
per jvairias teritorijas, upés aukstupys apsuptas dirbamy lauky, esanciy nuo
Mereciskiy iki Plastakos kaimy. Ties pastaruoju kaimu, upé prateka per du
ezerus (Plastakos ir Karaliskiy). Zemiau Karaliskiy eZero prasideda natiralios
ir pusiau natiiralios PlaStakos upés teritorijos, kurios yra saugomos ir pasizymi
miskingomis ir pelkétomis teritorijomis. Salia upés yra septyni kaimai
(Mereciskiai, Vilkiskiai, Plastaka, Pagojai, Avizieniai, Valai, Antatil¢iai) ir
vienas viensodis (Morkiskis) (Lietuvos Respublikos aplinkos ministerija,
2025).

Plastakos upéje tyrimai buvo vykdyti keturiose vietose (55.30809,
25.03089 (17); 55.31415, 25.06143 (18); 55.33593, 25.03658 (19); 55.27795
24.98634 (20)). Pirmoji (20) tyrimy vieta yra nutolusi nuo Plastakos zioCiy
(Siesarcio upés) apie 1 km, o nuo istakos (Mereciskiy kaimo) — apie 15,6 km.
Si tyrimy vieta yra Plastakos HD teritorijoje, kairiajame upés krante yra Valai,
o desiniajame — Antatil¢iai. Antroji (17) ir pirmoji tyrimy vietos viena nuo
kitos nutolusios apie 6,7 km auks$tyn upe arba 7,9 km nuo upés istakos. Si
tyrimy vieta taip pat yra Plastakos HD teritorijoje, toliau nuo Plastakos kairéje
upés puséje yra Kliepsiai, o deSingje — Avizieniai. Trecioji (18) tyrimy vieta
nuo antrosios nutolusi 2,9 km aukstyn upe arba 5 km nuo Plastakos istakos.
Si tyrimy vieta yra paskutiné Plastakos HD ir yra Pla3takos kaimo teritorijoje
zemiau Plastakos ir Karaliskiy ezery. Ketvirtoji (19) tyrimy vieta nuo
tre¢iosios nutolusi apie 4,8 km aukstyn upe arba 130 m nuo upés istakos. Si
tyrimy vieta yra MereCiskiy kaime, uzliejamoje ir dirbamoje pievoje (VS]
Statybos sektoriaus vystymo agentiira, 2025).
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2.1.6. Sesuola

Sesuolos upés istakos yra Sesuoliy eZeras. Upé priklauso Nemuno upés
baseinui ir Sventosios upés pabaseiniui. Sefuola yra Ukmergés rajono
savivaldybés teritorijoje ir yra kairysis Siesarties intakas. Upés ilgis yra 15,6
km, upés baseino plotas siekia 91,7 km?, o vidutinis daugiametis vandens
debitas Ziotyse siekia 0,65 m?/s. Upés aukstupys uztvenktas ties Sesuoliy
ezeru, Zemiau uztvankos upés vaga iStiesinta ir melioruota iki PaSeSuolés
kaimo, upé driekiasi per dirbamus laukus. Zemiau Pae$uolés kaimo upés
vaga pusiau natiirali ir driekiasi per jvairaus tipo buveines — dirbamus laukus,
miskingas teritorijas ir pusiau natiiralias teritorijas. Sesuola uztvenkta dvejose
vietose — aukstupyje, uz Sesuoliy eZero, kur jrengti hidrotechnikos statiniai,
tokie kaip Se$uoliy Zemiy uZtvanka (HSK: 12210951h0004) ir SeSuoliy
vandens pertekliaus pralaida (HSK: 12210951h0002) ir zemupyje, Virksciy
kaime, kur yra jrengti hidrotechnikos statiniai, tokie kaip Virks¢iy I zemiy
uztvanka (HSK: 12210951h0003) ir Virks¢iy I vandens pertekliaus pralaida
(HSK: 12210951h0001). Sie hidrotechnikos statiniai SeSuolos upéje
suformavo Sesuoliy eZera ir Virk$¢iy I tvenkinj. Upés Zemupys yra Zemiau
Virks¢iy I tvenkinio ir patenka j Anyksciy RP teritorija. Salia upés yra kelios
gyvenvietés: Sesuoliai, Dvarniniai, Aukstagiris, Uzupénai, PaseSuolé,
Meéguciai, Lauzdonys, Rimeisiai ir Virks¢iai (Lietuvos Respublikos aplinkos
ministerija, 2025).

Sesuolos upéje tyrimai buvo vykdyti keturiose vietose (55.25282,
24.97802 (21); 55.25414, 24.97889 (22); 55.18436, 24.94257 (23); 55.18236,
24.94111 (24)). Pirma (22) tyrimy vieta yra nutolusi nuo Sesuolos Zio¢iy
(Siesarties upés) apie 2,18 km, o nuo istakos (Sesuoliy eZeras) — apie 12,5 km.
Pirmoji tyrimy vieta yra Virks¢iy kaime, Anyksciy RP teritorijoje, 164 m
zemiau Virksciy [ uztvankos. Antroji (21) tyrimy vieta nuo pirmosios nutolusi
maziau nei 270 m auk$tyn upe arba apie 12,2 km nuo upés iStakos ir yra
Virks¢iy I tvenkinyje, Virksciy kaime. Trecioji (23) tyrimy vieta, nuo
antrosios nutolusi apie 9,4 km aukstyn upe arba 2,8 km nuo Sesuolos istakos
ir yra zemiau Sesuoliy uztvankos, nuo kurios §i tyrimy vieta nutolusi vos
daugiau nei 40 m, Dvarniniy kaime. Ketvirtoji (24) tyrimy vieta Se$uolos
upéje yra Dvarniniy kaime, Se$uoliy eZere, nuo tregios lokacijos nutolusi apie
240 m aukStyn upe arba 2,5 km nuo upés iStakos ir yra vos 200 m nuo
uztvankos (VS] Statybos sektoriaus vystymo agentiira, 2025).
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2.2. Medziagos rinkimo metodika

Tyrimas vykdytas ir medziaga — uody trukliy lervos, buvo rinkta 2021 ir
2022 metais. Siuos du sezonus, nuo geguzés iki rugséjo ménesio, tyrimo
medziaga rinkta reguliariai kas dvi savaites.

Chironomidae Seimos lervoms i$ upiy surinkti, naudotas ,,D‘‘ raidés
formos réma turintis graibstas, vadinamas D-formos entomologiniu graibstu
(entomologinis graibstas) (2 pav.). Jo tinklelio akuciy dydis sieké vieng
milimetrg. Toks bentosiniy bestuburiy rinkimo metodas anks¢iau naudotas ir
kituose panasiuose tyrimuose (Letovsky ir kt. 2012). Naudojant entomologinj
graibsta, lervy méginiai buvo renkami i§ SeSiy upiy, kuriy kiekvienoje
pasirinkta po keturias, nuo upés aukstupio iki Zemupio esancias vietas — i§ viso
medziaga rinkta i§ 24 viety. Kiekvienoje tyrimo vietoje bentoso méginys buvo
imamas i§ vieno kvadratinio metro ploto, kuris buvo atsitiktinai parenkamas
tyrimo metu — vizualiai pasirenkant reprezentatyvig, bet ne iSskirting vieta
upés vagoje, taip siekiant iSvengti SaliSkumo ir atspindéti bendra buveinés
vairove . Jame entomologinis graibstas statytas upés dugne taip, kad tiesusis
entomologinio graibsto krastas (apie 30 cm ilgio) glaudziai priglusty prie upés
dugno. Nukreipus graibsta prie$ vandens srove, upés dugno substrato méginys
surinktas naudojant spyrio metoda (2 pav.) (Letovsky ir kt. 2012). Taikant jj,
atsistojama prieSais entomologinj graib$tg ir kojomis intensyviai maiSomas
dugno substratas, taip leidziant vandens srovei j entomologinj graibstg nunesti
i§judintus organizmus. Entomologiniu graibstu surinktas upés dugno substrato
meéginys kruopsciai perkeltas j dviejy litry talpos plastikinius uzspaudziamus
maiselius. Kiekvieno maiSelio turinys uzpiltas 99 % propilenglikoliu tiek, kad
visas méginys biity pilnai uzfiksuotas.

Kiekvieno bentoso méginiy émimo metu, kiekvienoje i$ tyrimy viety,
visada tame paciame vieno kvadratinio metro plote, kuriame imti bentoso
méginiai, naudojant nivelyrine liniuotg Stabila T-NL buvo matuojamas upés
gylis (cm) ir 2022 tyrimy metais, naudojant vandens kokybés matuoklj
AZ86031, buvo vertinami vandens parametrai, tokie kaip: vandenyje
iStirpusio deguonies kiekis (%), vandens pH, temperatira (°C), elektrinis
laidumas (uS/cm), druskingumas (ppt) ir bendras istirpusiy kietyjy medziagy
kiekis (ppm/ppt) (Angl. Total dissolved solids — TDS) (1 priedas). Medziagos
rinkimo metu, remiantis bentoso makrobestuburiy monitoringo metodika
(Arbaciauskas ir kt., 2009), kiekvienoje tyrimy vietoje, kuriame imti bentoso
meéginiai, buvo vizualiai vertinamas upiy substratas, i$skiriant ar ant dugno
buvo matoma: smélis (S) (6 pm-2 mm), Zvyras (Z) (2 mm-2 cm), Zvirgzdas
(Zv) (2-6 cm), gargzdas (G) (6-20 cm), akmenys (A) (20-40 cm), rieduliai (R)
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(>40 cm), smulki organiné medziaga (Sm) ir stambi organiné medziaga (St)
(2 priedas). Taip pat, tiek tyrimy vietose vizualiai, tiek naudojantis Lietuvos
erdvinés informacijos portalo duomenimis (Vs] Statybos sektoriaus vystymo
agentiira, 2025), buvo jvertinta kiekviena tyrimy vieta iSskiriant, ar upé tyrimy
vietoje teka per miskg (M), dirbamus laukus (D), ganyklas (G), pievas (P),
kaimus (K), miestus ar miestelius (m) (2 priedas).

2 pav. Méginiy émimas entomologiniu graibstu, taikant spyrio metoda.
Fig. 2. Sample collection using the Kick Sampling method by using aquatic

net.

Per visg tyrimo laikotarpj i§ viso paimti 336 bentoso méginiai. Po
kiekvieno medziagos rinkimo, méginiai buvo gabenami ] Vilniaus
Universiteto Gyvybés Moksly Centro zoologijos moksling laboratorija. Joje,
kiekvienas surinktas substrato méginys i§ plastikiniy maiSeliy buvo
perkeliamas j riiSiavimo padékla. Taip perzitrint kiekvieng méginj, naudojant
Nicon SMZ445 mikroskopa, atrinktos Chironomidae $eimos atstovy lervos,
kurios perkeltos j plastikinius sandarius indelius ir uzpiltos 96 % etanoliu.

Tolimesné Chironomidae lervy analizé buvo atlikta darant jy pastovius
mikroskopinius preparatus, kur lervos fiksuotos euparalyje (Langton ir Pinder,
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2007). Lervos buvo fotografuojamos bei toliau analizuojamos naudojant Leica
DCM6 mikroskopa su Leica K3C kamera, naudojant Las X programing
jrangg. Chironomidae lervos iki genties arba rusies taksonominio lygmens
buvo identifikuojamos Lauryno Stasiukyno ir Prof. Dr. Fabio Laurindo da
Silva pagal morfologinius pozymius, naudojant Epler (2001), Orendt ir kt.
(2011) bei Andersen ir kt. (2013) budinimo raktus. Genéiy ar risiy
taksonominiai pavadinimai bei klasifikacija priskirta remiantis Andersen ir kt.
(2013). Tyrimy metu surinkta medziaga saugoma Vilniaus universiteto
Gyvybés Moksly Centre.

2.3. Ekologiniai duomenys

Siekiant nustatyti Chironomidae Seimos poseimiy ir gen¢iy dominavima
tiek visose tirtose upése bendrai, tiek kiekvienoje i$ Sesiy upiy atskirai, buvo
vertinama jy santykin¢ dalis (%) bendrijoje pagal taksony ir individy
gausumg. Dominuojantiems poSeimiams bei gentims iSskirti buvo
skai¢iuojamas dominavimo indeksas (D;) (Durska, 2001):

D;i =nyN x 100 %

, kur n; — taksono i gausumas bendrijoje, N — visy nariy gausumas
bendrijoje.

Pagal dominavimo indeksa (D;) taksonai buvo suskirstyti j keturias
grupes:

(1) eudominantai — taksonai, kuriy dalis bendrijoje sudaro >15 %;

(2) dominantai — 5,1-15,0 %;

(3) subdominantai 1,1-5,0 %;

(4) antraeiliai taksonai — <1,0 %.

Norint nustatyti uody trikliy atstovy retumo kategorijas, buvo
skai¢iuojamas sutinkamumo daznis (F;). Jis skai¢iuotas kiekvienai genciai tiek
visose tirtose upése bendrai, tiek kiekvienoje i§ SeSiy upiy atskirai.
Sutinkamumo daznis (F;) skai¢iuotas pagal formule (Brower ir Zar 1984):

F; :ji/k x 100 %

, kur: j; — méginiy skaicius, kuriuose rasta gentis i, k — bendras méginiy
skaicius.

Pagal sutinkamumo daznj (F;) nustatytos gentys suskirstytos j keturias
retumo kategorijas:
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(1) Labai reta — < 2,0 %;
(2) Reta —2,0-10,0 %;

(3) Dazna — 10,0-50,0 %;
(4) Labai dazna — > 50,0 %.

Uody trukliy jvairovés palyginimui ir analizei naudoti Hill skaiciai, kurie
apskaiciuoti naudojant PAST 3.22 programing jrangg (Hammer ir kt., 2001).
Buvo vertinamas bendras genciy skaicius bendrijoje — turtingumas (Angl.
richness), kas atitinka Hill nulinj skaiciy, imtyje esan¢iy genciy skaiCius ir
santykinis kiekvienos jy individy gausumas — Shannon-Wiener jvairovés
indeksas (Angl. Shannon’s diversity index), kas atitinka Hill pirmajj skaiciy,
bei gen¢iy dominavimas bendrijoje — Simpsono jvairovés indeksas (4ngl.
Simpson’s diversity index), kas atitinka Hill antrajj skaic¢iy (Hill, 1973).
Shannon-Wiener jvairovés indeksas (Shannon H’) yra jautrus retoms ir
gausioms gentims bendrijoje (Morris ir kt., 2014). Simpsono jvairovés
indeksas (Simpson (1-D)) jautrus tam tikry genciy dominavimui ir
neatsizvelgia j retas gentis bei rodo tikimybe, kad du atsitiktiniai i§ bendrijos
paimti individai priklausys tai paciai genciai (Morris ir kt., 2014). Siekiant
palyginti genCiy skaiCiaus turtinguma esant jautrumui imties dydziui,
naudojant PAST 3.22 programine jrangg (Hammer ir kt., 2001), buvo
skai¢iuojamas ir Margalef jvairovés indeksas (Angl. Margalef*s diversity
index) (Magurran, 2004). Kartu su jvairovés indeksais vertintas ir taksony
gausumas (A4ngl. abundance) — bendras kiekvieno analizuojamo taksono
atstovy skaicius.

Siekiant nustatyti uody trukliy genciy atstovy trofines grupes buvo
remtasi Armitage ir kt. (1995), da Silva ir kt. (2008), Sanseverino ir Nessimian
(2008), Merritt ir kt. (2008), Galizzi ir kt. (2012) ir Merritt ir kt. (2019), o
mitybos biidai nustatyti remiantis Armitage ir kt. (1995), Tavares-Cromar ir
Williams (1997), da Silva ir kt. (2008), Sanseverino ir Nessimian (2008),
Merritt ir kt. (2008), Merritt ir kt. (2019). Atsizvelgiant j tai, kad lervy mityba
kinta priklausomai nuo sezoniskumo ir maisto prieinamumo, kurj lemia
aplinkos salygos ir substrato tipas (Butakka ir kt., 2016), taip pat nuo jy
vystymosi stadijos — jaunos lervos (I-II tgiai) gali maitintis kitaip nei
subrendusios (III-1V tgiai) (Baker ir McLachlan, 1979; Banegas ir Rocha,
2023), nuspresta netaikyti trofiniy grupiy ir mitybos biidy palyginimo tarp
tirty upiy. Tai paaiSkinama tuo, kad vieno Gigio lervy trofiné grupé ir mitybos
budo laikymas viso taksono ekologijos atspindziu biity klaidinantis ir galéty
iSkreipti uody trikliy bendrijy struktiiros analizés rezultatus.
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2.4. Molekuliné analizé

Pagal morfologija apibiidinamos Chironomidae lervos taip pat buvo
skirstomos | atskiras morfologines grupes. Apibtdinimo patvirtinimui buvo
analizuojamas mitochondrinés DNR citochromo ¢ oksidazés 1 subvieneto
(COI) geno fragmentas. I§ kiekvienai morfologinei grupei priklausanciy lervy
atsitiktinai atrikta 200 Chironomidae individy taip, kad bent vienas atstovauty
vieng morfologing grupe.

Chironomidae lervy DNR i8skyrimui naudotas rinkinys DNeasy Blood
& Tissue Kit (Qiagen), vadovaujantis gamintojo nurodytomis instrukcijomis
DNR isskyrimui i§ audiniy. Méginiai 56 °C temperatiiroje per naktj buvo
inkubuojami su proteinkinaze K.

Mitochondrinio COI geno 658 bp daliniy seky polimerazés grandininé
reakcija (PGR) buvo atlikta naudojant pradmeny pora: LCO-1490 (5'-GTC
AAC AAA TCA TAA AGA TAT TGG-3") ir HCO-2198 (5'-TAA ACT TCA
GGG TGA CCA AAA AAT CA-3") (Folmer ir kt., 1994). PGR amplifikacija
buvo atliekama termocikleryje Mastercycler nexus (Eppendorf). PGR
reakcijai (30 pl), 1 méginiui, naudota po 1,5 pul LCO-1490 ir HCO-2198
pradmeny (0,5 uM), 15 pl DreamTaq PCR Master Mix (Thermo Scientific) ir
9 ul vandens be nukleaziy (Thermo Scientific). COI fragmento amplifikacijos
terminis profilis: pradiné denatiiracija — 3 min 95 °C, (1 ciklas), denatiiracija
— 95 °C 30 s, pradmeny prisijungimas — 49 °C 30 s, sintez¢ — 72 °C 60 s (35
ciklai) ir galiné sintezé — 72 °C 10 min (1 ciklas).

PGR produktams vizualizuoti buvo atlikta horizontali elektroforez¢ 1,5
% agarozés (Thermo Scientific) gelyje su etidzio bromidu (Carl Roth)
naudojant 1XxTBE buferj (Thermo Scientific). DNR fragmento ilgiui ir
koncentracijai nustatyti naudotas Fast Ruler Low Range zymuo (Thermo
Scientific). Pasibaigus elektroforezés laikui agarozés gelis su iSsiskirsciusiais
fragmentais buvo fotografuojamas naudojant geliy dokumentavimo ir analizés
sistema UVITEC. PGR produktai buvo iSgryninti naudojant GeneJet PGR
gryninimo rinkinj (Thermo Scientific) ir sekvenuoti Macrogen Europe BV
(Amsterdamas, Nyderlandai). Sekos nustatymui buvo naudoti tie patys
pradmenys kaip ir PGR.

Kiekvieno pavyzdzio DNR sekos buvo paruostos analizei naudojant
BIOEDIT 7.7.1. (Hall, 1999) ir palygintos su kitomis sekomis naudojant
BLASTN (National Library of Medicine, 2024). Visos sekos buvo pateiktos
GenBank duomeny bazei (numeriai: PQ458064-PQ458172).
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2.5. Genetiniai atstumai ir filogenetiné analizé

Tolimesnei analizei tinkamos sekos buvo suskirstytos pagal morfologinio
apibudinimo ir BLAST rezultatus, siekiant jvertinti genetinius atstumus tarp
tos pacios ruiSies individy (vidurt§inius) ir tarp skirtingy rusiy (tarprisinius).
Genetiniai atstumai buvo apskaiCiuoti kaip skirtumy dalis (p-atstumai)
naudojant MEGA-X 10.2.6 programa (Kumar ir kt., 2018). Atliekant pirmine
duomeny analize, testai buvo atlickami su iSorine grupe (Culicoides arakawae
Arakawa, 1910, sekos GenBank numeris MH135788.1) ir be jos. Kadangi
pirminés analizés rezultatai parodé, kad iSoriné grupé neturi jtakos
filogenetiniy medziy topologijai, galutiniams tyrimo rezultatams gauti buvo
naudoti medziai be iSorinés grupés. Filogenetinés analizés metu, programoje
MEGA-X 10.2.6 (Kumar ir kt., 2018), buvo pasirinktas GTR + G + I pakaity
modelis. Ultrametrinio medzio sudarymas buvo atliktas naudojant programa
BEAST v1.10.4 (Drummond ir Rambaut, 2007) apskaiciuojant didziausio
klados patikimumo (MCC) medj (4ng/. Maximum Clade Credibility Tree).
Tam buvo naudojamas nekoreliuotas lognormalus atpalaiduotas laikrodzio
modelis (4ngl. uncorrelated lognormal relaxed clock model) su vidurkiu 1,0
ir standartiniu nuokrypiu 0,33 taikant gimimy ir mir¢iy modelj (4ng/. birth—
death model), kuris leidzia modeliuoti riiSiy evoliucinj procesa, atsizvelgiant
1 naujy rusiy atsiradimg ir iSnykima.

Siekiant istirti galimus Chironimidae atstovy evoliucijos rySius buvo
paleistos dvi Markovo grandinés Monte Karlo (4ng/. Markov chain Monte
Carlo, MCMC) grandinés, kiekviena po 100 milijony generacijy, imant
meéginius kas 1000 generacijy. Kad rezultatai buty patikimi, gauti
posterioriniai medziai (4ngl. posterior trees) buvo sujungti naudojant
LogCombiner v1.10.4 (Drummond ir Rambaut, 2007), pries tai atmetus 10 %
pradiniy iteracijy (Angl. burn-in). Siekiant jvertinti algoritmo stabiluma,
konvergencijos diagnostika buvo jvertinta naudojant Tracer v1.7.2
(Drummond ir Rambaut, 2007). Siekiant gauti reprezentatyvy evoliucinj
scenarijy, sujungti posterioriniai medziai buvo apibendrinti nustatant bendry
protéviy mazgy auksCius (4ngl. common ancestor node height) su
TreeAnnotator 1.10.4 (Drummond ir Rambaut, 2007). Gauty rezultaty
pateikimui galutinis medis buvo vizualizuotas naudojant baltic v.0.2.2
biblioteka Python3 programoje (GitHub, 2024).

2.6. Rusiy atskyrimo metodai

Siekiant atskirti Chironomidae Seimos rusis remiantis gauty DNR seky
analize, buvo naudoti keturi riisiy atskyrimo metodai: ASAP (4ngl. Assemble
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Species by Automatic Partitioning) (Puillandre ir kt., 2021), ABGD (4ngl.
Automatic Barcode Gap Discovery) (Puillandre ir kt., 2012), GMYC (4ng!.
Generalized Mixed Yule-Coalescent) (Pons ir kt., 2006) ir bPTP (Angl.
Bayesian implementation of the Poisson Tree Processes) (Zhang ir kt., 2013).
Sie metodai naudoti ir kituose panagiuose tyrimuose (Dellicour ir Flot, 2015;
Goulpeau ir kt., 2022; Mendoza-Ramirez ir kt., 2022; da Silva ir kt., 2023).

ASAP — tai atstumais pagristas metodas, kuriam nereikia iSankstinio
biologinio supratimo apie vidurii§ing jvairove. Chironomidae méginiy dalinés
COI sekos analizuotos naudojant grafine interneting ASAP versijg su K2P
(Angl. Kimura's two Parameter) modeliu atstumams apskaiciuoti (ASAP web,
2024).

ABGD taip pat yra atstumais pagristas metodas, kai analizuojami
numatytieji maziausi ir didziausi genetiniai atstumai arba naudotojo nustatyti
atstumai. Naudota internetiné ABGD versija (ASAP web, 2024) su K2P
(Kimura 2-parameter) modeliu, kad buty apskaiciuoti pagal nutyléjima
nustatyti atstumo parametrai.

GMYC modelis yra filogenetinio medzio analize pagristas metodas,
taikomas ultrametriniam didziausio klados patikimumo (MCC) medziui,
sudarytam taip, kaip aprasyta anksc¢iau. Rusiy lygmens grupés buvo sudarytos
ir jy patikimumas buvo jvertintas naudojant SPLITS paketa R4.4.0.
programingje jrangoje (R Core Team, 2024).

bPTP modelis yra dar vienas filogenetinio medzio analize pagrjstas
metodas, kuriame naudojamas Newick formato medis, sudarytas taip, kaip
apraSyta anksc¢iau. Medis analizuotas bPTP interneto serveryje (Zhang ir kt.,
2013), taikant visy parametry numatytuosius nustatymus, iSskyrus karty
skaiciy, kuris buvo nustatytas 300 000.

2.7. Statistiné analizé

Statistiné analiz¢ atlikta naudojant PAST 3.22 (Hammer ir kt., 2001) ir R
4.4.0. (R Core Team, 2024) programines jrangas. Jomis bei ,,Microsoft Excel*
programine jranga kurti duomenis grafiskai atvaizduojantys paveikslai, kuriy
spalvos pakeistos Inkscape 1.1.1. vektorinio pieSimo programa (Burghoff,
2021).

Tyrimo metu surinkty Chironomidae Seimos atstovy duomenims
analizuoti buvo naudojami neparametriniai statistikos metodai, kadangi
Sapiro-Vilko (4ngl. Shapiro-Wilk) normalumo testas parod¢, jog visose upése
surinkty uody pasiskirstymas néra normalus (p < 0,05) (Hammer ir kt., 2001).
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Siekiant jvertinti méginiy émimo pastangas, naudojant PAST 3.22
(Hammer ir kt., 2001) programing jranga, buvo sudarytos kiekvienoje i$
analizuoty upiy nustatyty uody trikliy genciy akumuliacinés kreivés (Angl.
species richness accumulation curves). Bendrijos, kuriy kreivés pasieké
asimptote, buvo laikomos realiai atspindin¢iomis uody genciy turtinguma toje
upéje.

Nemetrinis  daugiamaciy skaliy metodas (4ngl. Non-metric
Multidimensional Scaling, NMDS), taikant Bray-Curtis panaSumo indeksa
(Hammer ir kt., 2001), naudotas norint vizualizuoti uody trukliy bendrijy
skirtumus SeSiose tirtose uztvenktose ir neuztvenktose upése. Tai atlikta
naudojant PAST 3.22 (Hammer ir kt., 2001). programing jrangg. Naudojant R
4.4.0. (R Core Team, 2024). programin¢ jrangag NMDS analizé iSplésta
itraukiant ekologinius ir aplinkos faktorius, remiantis 2021-2022 ir 2022 mety
tyrimy duomenimis.

Siekiant palyginti skirtingy uody triikkliy genciy atstovy aptikimo daznj
SeSiose tirtose uztvenktose ir neuztvenktose upése, atliktas Pirsono chi-
kvadrato (y?) testas (Angl. Pearson's chi-squared test) (kai imtis > 5).
Statistiskai reik§minga laikoma verté, kai p < 0,05.

Siekiant jvertinti, ar uody trikliy gausumas ir jvairové koreliuoja su
geografiniais atstumais tarp tyrimo viety, atlikta Mantel testo (r) (Angl. Mantel
test statistic) statistiné analizé. Geografiniy atstumy matrica sudaryta
naudojant Geosphere v.1.5-18 paketg (Hijmans, 2022), o uody trukliy
gausumo ir jvairovés skirtumai jvertinti naudojant Bray-Curtis indeksa
naudojant vegan v.2.6-6.1 paketa (Oksanen ir kt., 2022) R4.4.0 programingje
jrangoje (R Core Team, 2024). Koreliacijos reikSmingumui jvertinti Mantel
testas (su 999 permutacijomis) atliktas naudojant ecodist v. 2.1.3 paketa
(Goslee ir Urban, 2007). Mantel testo koeficiento reikSmés svyruoja nuo -1
(stipri neigiama koreliacija) iki 1 (stipri teigiama koreliacija).

Pirsono koreliacijos koeficientas (4ngl. Pearson Correlation Coefficient,
PCC) buvo skaiciuojamas siekiant jvertinti rySius tarp tirty upiy ekologiniy
faktoriy: gylio, pH, vandenyje istirpusio deguonies, temperatiiros, elektrinio
laidumo, druskingumo ir bendro iStirpusiy kietyjy medziagy kiekio (TDS).
Kintamieji, kuriy Pirsono koreliacijos koeficiento reikSmé didesné nei | 0,7 |
(stipri koreliacija), buvo vertinami atskirai bendruosiuose tiesiniuose
misriuose modelivose (4ngl. Generalized Linear Mixed Models, GLMM) ir
atstumu pagrjstose pertekliniy duomeny analizése (4Angl. distance-based
Redundancy Analysis, db-RDA), taip i§vengiant duomeny multikolinearumo.
PCC atlikta naudojant R 4.4.0. programing jrangg.
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Bendrieji tiesiniai misrieji modeliai (GLMM) buvo naudoti siekiant
nustatyti, kokig uody triikliy jvairovés (naudojant Shannon-Wiener, Simpsono
ir Margalef jvairovés indeksus) ir individy skaiciaus dalj paaiskina analizuoti
upiy ekologiniai faktoriai (gylis, pH, vandenyje iStirpes deguonis,
temperatira, elektrinis laidumas ir TDS) ir tyrimy viety savybés (upés,
uztvenktumas, substrato kategorijos ir kraStovaizdzio kategorijos). Kadangi
upiy ekologiniai duomenys buvo rinkti vieng tyrimy sezong, modeliuose
naudoti tik 2022 mety tyrimy duomenys. Analizés metu i§ viso buvo sudaryta
80 modeliy, kuriuose atsako kintamieji buvo: Simpson (1-D), Shannon H’,
Margalef jvairovés indeksai arba individy skaicius. Aiskinamieji kintamieji —
anks¢iau minéti upiy ekologiniai faktoriai ir atskirai upés, uztvenktumas,
krastovaizdzio kategorijos ir uztvenktumas bei substrato kategorijos ir
uztvenktumas. Atsitiktinis kintamasis — tyrimo data (data). Modeliy struktiira:
(atsako kintamasis ~ gylis + (vandenyje istirpes deguonis arba pH) +
temperatira + (elektrinis laidumas arba TDS) + (upés /| uztvenktumas /
substrato kategorijos | krstovaizdzio kategorijos) (data). Modeliai buvo
analizuoti, kai, upés — pirmas aiSkinamasis kintamasis buvo Skerdyksna,
uztvenktumas — pirmas aiSkinamasis kintamasis buvo uztvenktos upés,
krastovaizdzio kategorijos — pirmas aiSkinamasis kintamasis buvo dirbami
laukai ir substrato kategorijos — pirmas aiSkinamasis kintamasis buvo stambi
ir smulki organiné medziaga. Taip kiekvienam atsako kintamajam buvo
sudaryti modeliai, kuriuose skyrési tik viena i§ tyrimy vietos savybiy. IS
kiekvienos atsako kintamojo modeliy grupés (viso — 20 modeliy) buvo
atrinkta po vieng geriausia modelj — ta, kurio Bajeso informacijos kriterijaus
(Angl. Bayesian Information Criterion, BIC) reikSmé buvo maziausia.
Bendrojo tiesinio misraus modelio analizé atlikta naudojant glmmTMB
funkcijg ir gaussian Seimg R4.4.0. programingje jrangoje (R Core Team,
2024), naudojant vegan v.2.6-4 (Oksanen ir kt., 2022) ir glmmTMB v. 1.1.11
(Brooks ir kt., 2017) paketus. Norint vizualiai pateikti GLMM analizés
rezultatus naudotas R4.4.0. programinés jrangos (R Core Team, 2024) paketas
ggplot2 v.3.4.4 (Wickham, 2016).

Siekiant nustatyti, kokig nustatyty uody trukliy genciy sudéties dalj
paaiSkina analizuoti upiy ekologiniai faktoriai (gylis, vandenyje iStirpes
deguonis, temperatiira ir elektrinis laidumas) ir kiekviena i§ tyrimy viety
savybiy (upés, uZtvenktumas, substrato kategorijos ir krastovaizdzio
kategorijos), buvo atlikta atstumu pagrista pertekliniy duomeny analize (db-
RDA). Kadangi upiy ekologiniai duomenys buvo rinkti vieng tyrimy sezona,
naudoti tik 2022 mety tyrimy duomenys. Remiantis Pirsono koreliacijos
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koeficientu, GLMM analizés rezultatais ir keturiomis tyrimo viety savybémis,
buvo sudaryti keturi db-RDA modeliai:

- pirmas modelis: wody trikliy gentys ~ upés + gylis + vandenyje
iStirpes deguonis + temperatira + elektrinis laidumas (data) — kai upés,
pirmasis aiSkinamasis kintamasis buvo Dubinga;

- antrasis modelis: uody tritkliy gentys ~ uZtvenktumas + gylis +
vandenyje iStirpes deguonis + temperatira + elektrinis laidumas (data) — kai
uztvenktumas, pirmasis aiSkinamasis kintamasis buvo uztvenktos upés;

- treciasis modelis: uody trikliy gentys ~ krastovaizdzio kategorijos +
aylis + vandenyje istirpes deguonis + temperatiira + elektrinis laidumas (data)
— kai krastovaizdzio kategorijos, pirmasis aiSkinamasis kintamasis buvo
dirbami laukai;

- ketvirtasis modelis: uody tritkliy gentis ~ substrato kategorija + gylis
+ vandenyje istirpes deguonis + temperatiira + elektrinis laidumas (data) —
kai substrato kategorija, pirmasis aiSkinamasis kintamasis buvo stambi ir
smulki organiné medziaga.

Visuose keturiuose db-RDA modeliuose atsako kintamasis yra uody
trukliy gentys, aiSkinamasis kintamasis — upiy ekologiniai faktoriai ir po viena
tyrimy vietos savybe, o salyginis kintamasis — data. Norint nustatyti kiekvieno
modelio statistinj reikSmingumag buvo atlikta ANOVA analizé (1001
permutacija). Atstumu pagrjsta pertekliniy duomeny analizé atlikta naudojant
dbrda funkcija ir Bray-Curtis atstumus R4.4.0. programinéje jrangoje (R Core
Team, 2024), naudojant vegan v.2.6-4 paketa (Oksanen ir kt., 2022). Norint
vizualiai pateikti db-RDA analizés rezultatus buvo panaudotas R4.4.0.
programingés jrangos (R Core Team, 2024) paketas ggplot2 v.3.4.4 (Wickham,
2016).
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3. REZULTATAI
3.1. Uodpy triikliy taksonoming jvairove ir gausumas

Imant bentoso méginius, tyrimy metu i$ viso surinkti 11 296 uody trikliy
individai, priklause penkiems poSeimiams, 65 gentims ir 89 rii§ims (1 lentelé).
Surinkti Chironomidae lervy individai buvo identifikuoti iki posSeimio
taksonominio lygmens, o ketvirto tgio lervos iki genties ar riiSies
taksonominio lygmens, remiantis jy morfologinémis savybémis ir daliniy COI
seky analize. ki genties taksonominio lygmens identifikuoti 4 446 uody
trukliy individai ir 1 585 individai iki raSies taksonominio lygmens (3
priedas). Tyrimo metu nustatyta 12 uody triikliy genciy ir 37 rusys, kurios yra
naujos Lietuvos faunai (3 priedas).

1 lentelé. 2021-2022 metais nustatyty uody trikliy risiy sarasas, SeSiose
skirtingose Lietuvos upése: Dubinga, Kiauna, Luknelé, Plastaka, Skerdyksna,
Sesuola.

Table 1. The list of non-biting midge species in six Lithuanian rivers:
Dubinga, Kiauna, Luknel¢, Plastaka, Skerdyksna, Sesuola, between 2021 and
2022.

Tanypodinae Skuse, 1889

Ablabesmyia (Ablabesmyia) longistyla Fittkau, 1962
Ablabesmyia (Ablabesmyia) monilis (Linnaeus, 1758)
Ablabesmyia (Ablabesmyia) phatta (Egger, 1864)
Anatopynia sp.

Apsectrotanypus trifascipennis (Zetterstedt, 1838)

Clinotanypus nervosus (Meigen, 1818)

Conchapelopia melanops (Meigen, 1818)

Krenopelopia binotata (Wiedemann, 1817)
Larsia atrocincta (Goetghebuer, 1942)

Macropelopia nebulosa (Meigen, 1804)

Macropelopia notata (Meigen, 1818)

Procladius (Holotanypus) crassinervis (Zetterstedt, 1838)

Procladius (Holotanypus) culiciformis (Linnaeus, 1767)
Procladius (Holotanypus) denticulatus Sublette, 1964
Procladius (Holotanypus) fuscus Brundin, 1956

Procladius (Holotanypus) pectinatus (Kieffer, 1909)

Procladius sp.
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Psectrotanypus varius (Fabricius, 1787)

Tanypus (Tanypus) kraatzi (Kieffer, 1912)

Tanypus (Tanypus) vilipennis (Kieffer, 1918)

Zavrelimyia melanura (Meigen, 1804)

Diamesinae Kieffer, 1922

Potthastia sp.

Pseudodiamesa (Pachydiamesa) arctica (Malloch, 1919)

Prodiamesinae S&ther, 1976

Monodiamesa bathyphila (Kieffer, 1918)

Odontomesa fulva (Kieffer, 1919)

Prodiamesa olivacea (Meigen, 1818)

Orthocladiinae Kieffer, 1911

Acricotopus lucens (Zetterstedt, 1850)

Brillia sp.

Chaetocladius (Chaetocladius) piger (Goetghebuer, 1913)

Corynoneura sp.

Cricotopus (Cricotopus) bicinctus (Meigen, 1818)

Cricotopus (Cricotopus) cylindraceus (Kieffer, 1908)

Cricotopus (Cricotopus) festivellus (Kieffer, 1906)

Cricotopus (Isocladius) perniger (Zetterstedt, 1850)

Cricotopus (Isocladius) sylvestris Fabricius, 1794

Cricotopus sp.

Epoicocladius ephemerae (Kieffer, 1924)

Eukiefferiella sp.

Heterotrissocladius marcidus (Walker, 1856)

Limnophyes minimus (Meigen, 1818)

Metriocnemus (Metriocnemus) eurynotus (Holmgren, 1883)

Nanocladius (Nanocladius) dichromus (Kieffer, 1906)

Orthocladius (Orthocladius) decoratus (Holmgren, 1869)

Orthocladius (Orthocladius) oblidens (Walker, 1856)

Orthocladius (Orthocladius) rubicundus (Meigen, 1818)

Paracladius conversus (Walker, 1856)

Parakiefferiella sp.

Parametriocnemus sp.

Paraphaenocladius sp.

Psectrocladius (Psectrocladius) limbatellus (Holmgren, 1869)

Psectrocladius (Psectrocladius) psilopterus Thienemann, 1906)
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Psectrocladius (Psectrocladius) sordidellus (Zetterstedt, 1838)

Rheocricotopus (Rheocricotopus) fuscipes (Kieffer, 1909)

Synorthocladius semivirens (Kieffer, 1909)

Thienemanniella sp.

Zalutschia sp.

Chironominae Newman, 1834

Chironomus (Chironomus) acidophilus Keyl, 1960

Chironomus (Chironomus) cingulatus Meigen, 1830

Chironomus (Chironomus) curabilis Belyanina, Sigareva and Loginova,
1990

Chironomus (Chironomus) melanescens Keyl, 1961

Chironomus (Chironomus) melanotus Keyl, 1961

Chironomus (Chironomus) pallidivittatus Malloch, 1915

Chironomus (Chironomus) piger Strenzke, 1959

Chironomus (Chironomus) plumosus (Linnaeus, 1758)

Chironomus (Chironomus) pseudothummi Strenzke, 1959

Chironomus (Chironomus) riparius Meigen, 1804

Chironomus (Chironomus) salinarius Kieffer, 1915

Cladopelma sp.

Cladotanytarsus mancus (Walker, 1856)

Cryptochironomus albofasciatus (Staeger, 1839)

Cryptochironomus obreptans (Walker, 1856)

Cryptochironomus rostratus Kieffer, 1921

Cryptotendipes sp.

Demicryptochironomus (Demicryptochironomus) vulneratus (Zetterstedt,
1838)

Dicrotendipes nervosus (Staeger, 1839)

Dicrotendipes tritomus Thienemann & Kieffer, 1916

Einfeldia pagana (Meigen, 1838)

Endochironomus albipennis (Meigen, 1830)

Endochironomus tendens (Fabricius, 1775)

Glyptotendipes (Phytotendipes) cauliginellus (Kieffer, 1913)

Glyptotendipes (Phytotendipes) pallens (Meigen, 1804)

Glyptotendipes (Trichotendipes) signatus (Kieffer, 1909)

Harnischia fuscimanus Kieffer, 1921

Micropsectra apposita (Walker, 1856)

Micropsectra contracta Reiss, 1965

Microtendipes chloris (Meigen, 1818)
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Microtendipes pedellus (De Geer, 1776)
Microtendipes rydalensis (Edwards, 1929)
Microtendipes sp.

Microtendipes tarsalis (Walker, 1856)
Neozavrelia sp.

Parachironomus vitiosus (Goetghebuer, 1921)

Paracladopelma camptolabis (Kieffer, 1913)

Paratanytarsus sp.

Paratendipes albimanus (Meigen, 1804)

Polypedilum (Pentapedilum) sordens (Wulp, 1875)
Polypedilum (Polypedilum) nubeculosum (Meigen, 1804)
Polypedilum (Tripodura) pullum (Zetterstedt, 1838)
Polypedilum (Tripodura) scalaenum Schrank, 1803

Polypedilum (Uresipedilum) convictum (Walker, 1856)

Polypedilum (Uresipedilum) cultellatum Goetghebuer, 1931

Polypedilum sp.

Synendotendipes impar (Walker, 1856)

Stempellina sp.

Stenochironomus (Stenochironomus) gibbus (Fabricius, 1794)

Stictochironomus sp.

Tanytarsus multipunctatus Brundin, 1947
Tribelos intextus (Walker, 1856)
Virgatanytarsus sp.

Xenochironomus xenolabis Kieffer, 1916

Remiantis Armitage ir kt. (1995), Tavares-Cromar ir Williams (1997), da
Silva ir kt. (2008), Sanseverino ir Nessimian (2008), Merritt ir kt. (2008),
Celeste Galizzi ir kt. (2012) bei Merritt ir kt. (2019), tyrimo metu nustatytos
uody trukliy gentys buvo suskirstytos ] septynias mitybines (trofines) grupes:
detritofagai, plésriinai, algofagai, fitofagai, ksilofagai, parazitai ir komensalai,
bei | SeSias mitybos biidy grupes: rinkéjai, siurbikai, filtruotojai, smulkintojai,
gremzéjai ir jvairiais mitybos biidais pasizymintys genciy atstovai (4
priedas). Detritofagy trofinei grupei priskiriamy uody trikliy nustatytos 27
gentys, pléSriny — 23, algofagy ir fitofagy — po 12, ksilofagy — devynios, o
parazity ir komensaly — po vieng gent] (4 priedas). Pagal mitybos buda, 18
tyrimy metu nustatyty uody triikliy, 47 genciy atstovai buvo rinkéjai, 24 —
siurbikai, 12 — smulkintojai, 10 — filtruotojai, devyni — gremzéjai ir vos dviejy
genciy atstovai pasizyméjo jvairiais mitybos budais (4 priedas).
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Tyrimo metu nustatyta, kad daugiausiai uody triikkliy genciy buvo i
poseimio Chironominae, kuriame nustatytos 28 gentys (3 pav.). Maziausiai
genciy nustatyta i§ Diamesinae poSeimio, kuriam priklausé dvi nustatytos
gentys. Antras pagal genciy skai¢iy buvo Orthocladiinae poSeimis, kuriam
priklausé 21 nustatyta gentis. Tanypodinae poSeimis buvo trecias pagal genciy
skai¢iy — nustatyta 12 genciy. Ketvirtas pagal genciy skaiiy buvo
Prodiamesinae poseimis, kuriam priklausé trys nustatytos uody trukliy gentys.

Pagal individy skaiCiy, didziausiu gausumu pasizyméjo poseimiai
Chironominae (nustatyta 6 798 individy) ir Tanypodinae (2 476 individai),
kurie kartu sudaré 82,10 % visy surinkty individy skai¢iaus. Prodiamesinae ir
Diamesinae poSeimiai buvo maziausiai gausts ir kartu sudaré vos 1,67 % visy
surinkty individy skai¢iaus. Orthocladiinae poSeimiui priklausantys individai
sudaré 15,57 % visy surinkty individy skaiciaus (3 pav.).
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3 pav. Nustatyty uody triikkliy individy ir genciy skaicius skirtinguose Seimos
Chironomidae poSeimiuose.

Fig. 3. Number of identified specimens and genera of non-biting midges
across different subfamilies of the Chironomidae family.

IS tyrimo metu nustatyty genciy, didZiausiu gausumu iSsiskyré
Ablabesmyia gentis (944 individai), kurios individy skaicius sudaré 21,23 %
identifikuoty individy. Kitos individais gausios gentys buvo: Microtendipes
(660 individy), Procladius (474 individai), Tanytarsus (349 individai),
Polypedilum (279 individai), Chironomus (223 individai), Conchapelopia
(168 individai), Prodiamesa (156 individai), Micropsectra (151 individas),
Paratendipes (104 individai) ir Psectrocladius (103 individai). Gentys, kuriy
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buvo nustatyta daugiau nei 100 individy, sudaré 81,22 % visy iki genties
taksonominio lygmens identifikuoty individy skai¢iaus (4 pav.).

Maziau individy skai¢iumi gausios gentys kuriy buvo Corynoneura (83
individai), Clinotanypus (80 individy), Orthocladius (73 individy),
Paraphaenocladius (58 individai), Cladotanytarsus (56 individai),
Cricotopus (37 individai), Parachironomus (34 individai), Parakiefferiella
(34 individas), Endochironomus (26 individai), Symnendotendipes (24
individai), Cryptochironomus (24 individai), Acricotopus (23 individai). Siy
genciy individy skai¢ius sudaré 12,42 % visy nustatyty individy (4 pav.).

Dar maZesniu individy skai¢iumi pasizymeéjo Sios gentys: po 19 individy
buvo rasta Einfeldia ir Rheocricotopus genciy atstovy, o kiekvienoje i§ Siy
trijy genéiy nustatyta po 16 individy: Glyptotendipes, Demicryptochironomus
ir Virgatanytarsus. Tuo tarpu Tribelos nustatyta 14 individy, 13 individy
identifikuota Monodiamesa genties atstovy, o 12 individy — Harnischia. Sios
gentys sudarée tik 2,81 % visy iki genties taksonominio lygmens identifikuoty
individy skaiciaus (4 pav.).

Taip pat, po devynis individus aptikta Stenochironomus, Macropelopia,
Paratanytarsus ir Zalutschia genciy atstovy. Po aStuonis egzempliorius rasta
Tanypus ir Synorthocladius, o po septynis — Odontomesa, Paracladopelma ir
Neozavrelia genciy atstovy. Be to, po $esis individus buvo identifikuota ir
aptikta Larsia, Zavrelimyia ir Dicrotendipes genCiy atstovus, o po penkis
individus identifikuota Stictochironomus, Cryptotendipes ir Paracladius. Bei
po keturis individus aptikta Epoicocladius, Potthastia, Heterotrissocladius ir
Psectrotanypus genéiy atstovy. Sios gentys pasizyméjo labai mazu individy
skai¢iumi ir sudaré vos 2,74 % visy iki genties taksonominio lygmens
identifikuoty individy skaiCiaus (4 pav.).

Maziausiu individy skai¢iumi pasizyméjo Parametriocnemus ir
Eukiefferiella, kuriy buvo rasta ir identifikuota tik po tris individus. Taip pat,
po du individus identifikuota Thienemanniella, Chaetocladius, Krenopelopia,
Xenochironomus, Cladopelma, Pseudodiamesa, Anatopynia ir Nanocladius
genCiy atstovy. Galiausiai po vieng individg buvo identifikuota Brillia,
Stempellina, Metriocnemus ir Limnophyes genéiy atstovy. Todél $iy genciy
atstovai sudaré vos 0,58 % visy iki genties taksonominio lygmens
identifikuoty individy skaiciaus (4 pav.).
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Psectrocladius 000 103
Paratendipes T3 104
Micropsectra T 151
Prodiamesa T 156
Conchapelopia T 168
Chironomuys T 223
Polypedilum T 279
Tanytarsus 1 349
Procladius 1 474
Microtendipes 1 660
Ablabesmyia ] 944
Kita 1 835
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4 pav. Uody triikliy individy skaicius skirtingose gentyse. Kita — gentys, kuriy
individy skai¢ius mazesnis nei 100.

Fig. 4. Number of non-biting midge specimens across different genera. 'Other
(Kita)' includes genera with fewer than 100 specimens.

3.2. Uody trikliy nustatymas taikant molekulinius metodus ir filogenetiné
analizé

Dalies i§ upiy surinkty ir morfologiskai identifikuoty uody trikliy,
suskirstyty ] atskiras morfologines grupes, patikrinimui buvo atlikti
molekuliniai genetiniai tyrimai. IS viso mitochondrinés DNR COI geno
fragmento analizei naudota 200 Chironomidae méginiy, kuriy gautos sekos
buvo palygintos su BOLD ir GenBank sistemose esan¢iomis sekomis. IS viso,
109 méginiy sekos sutapo su paskelbtomis sekomis — genciy lygmenyje 88,04-
94,26 %, o rusiy lygmenyje 98,01-100,00 % tikslumu ir priskirti 54 atskiriems
taksonams. Dviejy atstovy sekos buvo pirmg kartg paskelbtos BOLD ir
GenBank sistemose (5 priedas).

Ivertinus viduri§inius genetinius atstumus (p-atstumai) nustatyta, kad
vidutinis atstumas tarp analizuoty 27 rusiy sieké 0,81 %, o reikSmés svyravo
nuo 0,00 % iki 9,94 %. Rusiy viduje skirtumai, mazesni nei 2 %, buvo
nustatyti 25 Chironomidae r0Sims: Apsectrotanypus trifascipennis,
Conchapelopia melanops, Larsia atrocincta, Procladius culiciformis,
Procladius denticulatus, Monodiamesa bathyphila, Prodiamesa olivacea,
Nanocladius dichromus, Orthocladius oblidens, Paraphaenocladius sp.,
Chironomus  cingulatus, Chironomus curabilis, Chironomus piger,
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Cryptochironomus  albofasciatus, =~ Demicryptochironomus  vulneratus,
Einfeldia pagana, Endochironomus tendens, Microtendipes chloris,
Microtendipes pedellus, Parachironomus vitiosus, Paratendipes albimanus,
Polypedilum  scalaenum, Stenochironomus gibbus, Tribelos intextus,
Tanytarsus multipunctatus (2 lentelé¢). Tuo tarpu vidutiniai vidurdsiniai
skirtumai, didesni nei 2 %, nustatyti dvejose rasiy grupése — Clinotanypus
nervosus ir Ablabesmyia longistyla (2 lentelé).

2 lentelé. ViduriiSiniai 27 rusiy rinkinio genetiniai skirtumai, iSreiksti kaip
baziy skirtumy dalis sekos pozicijai (p-atstumai). Vid. (%) — vidurkis (%),
Min. (%) — maziausia reikSme (%), Maks. (%) — didziausia reik§mé (%).
Table 2. Within-species genetic divergences expressed as the base differences
per site (p-distances) calculated for the set of 27 species. Vid. (%) — average
(%), Min. (%) — minimum (%), Maks. (%) — maximum (%).

PoSeimiai Rasys Individy  Vid. Min.
sk. (%) (%)-
Maks.
(%)
Clinotanypus nervosus 3 2,27 0,22-
4,32
Apsectrotanypus 2 0,86 0,86-
trifascipennis 0,86
Ablabesmyia longistyla 6 7,43 0,00-
9,94
. Conchapelopia 6 0,09 0,00-
Tanypodinae melanoll;s g 0,22
Larsia atrocincta 2 0,00 0,00-
0,00
Procladius culiciformis 3 0,00 0,00-
0,00
Procladius denticulatus 3 0,00 0,00-
0,00
Monodiamesa 2 0,22 0,22-
. . bathyphila 0,22
Prodiamesinae Prodiamesa olivacea 3 1,30 1,30-
1,30
Orthocladiinae Nanocladius dichromus 2 0,22 (:),2222-
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Orthocladius oblidens 3 0,11 0,00-
0,22

Paraphaenocladius sp. 2 0,00 0,00-
0,00

Chironomus cingulatus 4 0,00 0,00-
0,00

Chironomus curabilis 2 0,43 0,43-
0,43

Chironomus piger 2 0,22 0,22-
0,22

Cryptochironomus 2 0,00 0,00-
albofasciatus 0,00
Demicryptochironomus 2 0,00 0,00-
vulneratus 0,00
Einfeldia pagana 2 0,22 0,22-
0,22

Endochironomus 2 1,73 1,73-
tendens 1,73
) ) Microtendipes chloris 5 0,05 0,00-

Chironominae

0,22

Microtendipes pedellus 6 0,50 0,00-
0,86

Parachironomus 3 0,22 0,22-
vitiosus 0,22
Paratendipes 4 0,86 0,22-
albimanus 1,30
Polypedilum 2 0,22 0,22-
scalaenum 0,22
Stenochironomus 2 0,00 0,00-
gibbus 0,00
Tribelos intextus 2 0,86 0,86-
0,86

Tanytarsus 3 0,22 0,22-
multipunctatus 0,22

TarpruSiniai genetiniai atstumai (p-atstumai) buvo apskaiCiuoti
septynioms gentims, kuriose nustatytos dvi ar daugiau ris$iy. Nustatyta, kad
daugumos rusiy pory vidutiniai genetiniai atstumai virsijo 10 % (Cricotopus,
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Orthocladius, Cryptochironomus, Microtendipes ir Polypedilum gentys) (3
lentelé). Didziausias vidutinis genetinis atstumas nustatytas Polypedilum
(14,45 %), o maziausias — Procladius (7,80 %) gentims. Taip pat nustatyti du
rusiy pory p-atstumai, sieke < 1 %: Chironomus cingulatus — Chironomus
piger (0,76 %) ir Procladius culiciformis — Procladius pectinatus (0,22 %) (5
pav.).

3 lentelé. Septyniy genciy rinkinio, tos pacios genties rii§iy genetiniai
skirtumai, iSreiksti kaip baziy skirtumy dalis sekos pozicijai (p-atstumai). Vid.
(%) — vidurkis (%), Min. (%) — maziausia reikSmé (%), Maks. (%) — didZiausia
reikSme (%).

Table 3. Within-genus genetic divergences expressed as the base differences
per site (p-distances) calculated for the set of seven genera. Vid. (%) —average
(%), Min. (%) — minimum (%), Maks. (%) — maximum (%).

Gentis Rasiy skaicius Vid. (%) Min (%)-
Maks. (%)
Procladius 5 7,80 0,22-11,23
Cricotopus 3 12,31 10,58-13,39
Orthocladius 2 12,81 12,74-12,96
Chironomus 8 13,92 0,65-17,06
Cryptochironomus 3 10,80 3,67-15,12
Microtendipes 4 11,78 2,16-14,25
Polypedilum 4 14,45 11,45-17,06

Chironomidae rasiy filogenetiniy rySiy analizeé, paremta COI geno
sekomis parodé, kad dauguma tos pacios genties rusiy MCC filogenetiniame
medyje formuoja bendrus klasterius (5 pav.). Tiksliau — Orthocladius,
Cricotopus, Procladius ir Chironomus gentims priklausancios rusys formavo
aiskius atskirus klasterius. PanasSius rezultatus parodé Microtendipes genties
atstovai (iSskyrus Microtendipes sp.) bei Cryptochironomus genties atstovai
(i8skyrus Cryptochironomus rostratus), o Polypedilum genties atstovai
nesudar¢ vientisy klasteriy (5 pav.).

Risiy atskyrimo ASAP metodo analizé nustaté 10 skirstiniy, jvertinty
pagal Zemiausig ASAP verte. Optimalus ASAP skirstinys duomenis suskirsté
1 58 grupes (ASAP verté: 4,0; p < 0,05) (5 pav.). Antras pagal gerumag
skirstinys i$skyré 56 grupes (ASAP verté: 5,0; p < 0,05). ASAP vertés ir
slenkstinio atstumo grafikas parodé, kad skirstiniai, kuriy klasterizacijos
atstumo reikSmé buvo 0,02 (dc = 0,02), atitinka 58 grupes.
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Pagal ASAP metoda, tarp analizuoty poSeimiy didZiausia jvairové
nustatyta Chironominae — Siam poSeimiui priklausé 34 i§ 58 isskirty grupiy.
Toliau seké Tanypodinae su 13 grupiy, Orthocladiinae — su astuoniomis ir
Prodiamesinae — su trimis grupémis (5 pav.).

Risiy atskyrimo ABGD metodo analizei taikytas K2P modelis, kurio
tranzicijy/transversijy santykiu 2,0. Naudoti Sie parametrai: Pmin = 0,001, Piax
=0,10, 10 zingsniy ir 20 atstumo pasiskirstymo intervaly. Si analizé duomenis
suskirsté | 55 grupes, esant K2P MinSlope reikSmei 1,00, brtksninio kodo
atotriikio atstumui — 0,045, o pradinis skirstinys nustatytas pagal i§ anksto
nustatytg didZiausig genetinj atstuma p = 0,0599 (5 pav.).

Pagal ABGD metoda, didziausia jvairové nustatyta Chironominae
poseimyje, kuris suskirstytas j 31 grupe. Toliau seké Tanypodinae poseimis
su 11 grupiy, Orthocladiinae — su aStuoniomis, o maziausiai jvairus buvo
Prodiamesinae poseimis, kuriame i$skirtos trys grupés (5 pav.).

Vieno slenkscio (4ngl. single-threshold) GMY C riisiy atskyrimo metodo
analizé nustaté 29 didziausio tikétinumo vienetus (4ng/. maximum-likelihood
entities) (pasikliautinasis intervalas = 22—41), tarp jy — 28 didziausio
tikétinumo (ML) klasterius (pasikliautinasis intervalas: 21-34) ir viena
pavienj vienetg. Rasiy atskyrimo GMYC modelio analizé sugrupavo 29
vienetus j gentis ir/arba giminingas kladas (5 pav.).

Risiy atskyrimo bPTP metodo analizg, taikant Bajeso metoda, nustaté 28
operacinius taksonominius vienetus (OTUs) ir sugeneravo du medzius: viena,
paremta maksimalaus tikétinumo (ML) metodu (24 OTUs), ir kita — Bajeso
medj (28 OTUs). Palyginimui su kitais riiSiy atskyrimo metodais buvo
pasirinktas Bajeso medis, nes jis suskirsté duomenis j daugiau grupiy (28) (5
pav.). Abiejy medziy topologijos skyrési nuo MEGA X filogenetinio medZio
bei ultrametrinio medzio, naudoto GMYC analizéje. Palyginti su GMYC,
bPTP analizé reCiau skirsté glaudZziai susijusius operacinius taksonominius
vienetus ir grupavo sekas j gentis arba artimus klasterius.

Kiekvienas rusiy atskyrimo metodas nustaté skirtingg OTU skaiéiy:
ASAP - 58, ABGD - 55, GMYC - 29, o bPTP — 28 (5 pav.). Palyginus visy
keturiy rasiy atskyrimo metody analiziy rezultatus nustatyta, kad tik astuoni
OTU (14,29 % visy filogenetinio medZzio Saky) buvo vienodai identifikuojami
visais metodais. Atliktose ASAP ir ABGD risiy atskyrimo metody analizése
sutapo 52 OTU, o GMYC ir bPTP analizése — 24 OTU.
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5 pav. Didziausio klados patikimumo medis, sudarytas i§ Chironomidae
morfortsiy ir COI seky (kairéje), bei rusiy atskyrimo metody rezultatai
(desingje). Posteriorinés tikimybeés reikSmés medzio Saky mazguose pateiktos
tik tada, kai jos < 0,95. Dvi oranzinés spalvos, kuriomis medyje paryskinti
rusiy pavadinimai, vizualiai atskiria gretimas morforiisis, o skai¢iai nurodo jy
grupes. Skirtingais risiy atskyrimo metodais nustatytos grupés atskirtos balta
horizontalia linija; tamsiai mélynas uzpildas rodo, kurios grupés sutampa su
medyje pateikta morforiisiy ir GenBank identifikacija, o Sviesiai mélynas —
kurios nesutampa.

Fig. 5. Maximum Clade Credibility tree of the Chironomidae morphospecies
and COI sequences (left) and the results of species delimitation methods
(right). Posterior probability values at nodes are shown if < 0,95. Two orange
colours highlighting the species names on the tree are used to visually separate
consecutive morphospecies, and the numbers indicate the morphospecies
groups. Groups found using the different delimitation methods are separated
by a white horizontal border; dark blue filling indicates the groups agree with
the morphospecies and GenBank identification shown in the tree, whereas
light blue filling indicates the groups do not agree.
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3.3. Uody triikliy bendrijy palyginimas tirtose upése

Akumuliacinés kreivés buvo sudarytos siekiant nustatyti, kuriose i§ Sesiy
tirty upiy surinkti duomenys atspindi uody tritkliy genciy turtinguma (6 pav.).
Analizé parodé, kad Sesuoloje ir Dubingoje geniy skaiGius pasické
asimptote, kas rodo, kad Siose upése buvo surinkta reprezentatyvi uody triikkliy
dalis. Luknelés ir PlaStakos upése asimptoté beveik pasiekta — papildomi
duomenys reik§mingai nepakeisty genciy skaiciaus. Kiaunoje ir Skerdyksnoje
asimptoté nepasiekta, o jy 95 % pasikliautinieji intervalai rodo, kad surinkus

daugiau individy, bendras genciy skaicius dar didéty.
40
Luknelé

Dubinga

Kiauna

Skerdyksna

Sciuola

[ ]
h

Genéiy skai€ius
)
=)

150 300 450 600 750 900 1050 1200
Individy skaiius

6 pav. Akumuliacinés kreivés, rodancios priklausomybe tarp uody tritkliy
individy skaiciaus ir genciy skaiCiaus SeSiose tirtose upése.

Fig. 6. Accumulation curves showing the relationship between the number of
non-biting midge specimens and the number of genera across six studied
rivers.

Apskaiciavus uody trukliy individy skaiciy kiekvienoje analizuotoje
upéje gauta, kad vidutiniskai kiekvienoje upéje surinkta 1883 (SD % 640) uody
trukliy lervy. Didziausias uody triikliy individy gausumas nustatytas Luknelés
upéje (2657 individai), o maziausias — Skerdyksnos upéje (1162 individai) (7
pav.). Didelis uody trukliy gausumas buvo ir Dubingoje (2476 individai) bei
Kiaunoje (2137 individai), o mazesnis — Plastakoje (1663 individai) ir
Seguoloje (1201 individas).

Taip pat gauta, kad kiekvienoje tirtoje upéje vidutiniskai nustatyta 31 (SD
+ 5) uody trukliy gentis. Daugiausiai — 37 gentys nustatytos Luknelés upéje,
0 maziausiai — 25 gentys nustatytos SeSuolos upéje (7 pav.). Kitose
analizuotose upése uody trikliy genciy skaicius sieké 28 gentis —
Skerdyksnoje, 29 — Kiaunoje, 32 — Dubingoje ir 35 — Plastakoje (7 pav.).
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7 pav. Uody trukliy individy ir genéiy skaicius skirtingose upése.
Fig. 7. Number of specimens and genera of non-biting midges across different
rivers.

Apskaic¢iavus uody trukliy genciy skaiCiy nustatyta, kad beveik trec¢dalis
(32,31 %, 21 gentis) tyrimo metu nustatyty Chironomidae Seimos genciy buvo
tik i§ vienos upés (8a pav.). IS dviejy upiy nustatyta 15 uody triikliy genciy,
kas sudaré 23,08 % visy nustatyty genciy, i$ trijy upiy — devynios gentys
(13,85 %). Maziausia dalis — 4,62 % (trys gentys) i$ keturiy upiy, i§ penkiy
upiy — devynios gentys (13,85 %), o i$ visy Sesiy tirty upiy — astuonios gentys
(12,31 %) (8a pav.). IS nustatyty uody trukliy genciy saraso pasalinus tas
gentis, kuriy individy skaifius svyravo nuo vieno iki penkiy gauta, kad
daugiausiai uody trukliy genciy nustatyta i§ dviejy upiy (devynios gentys:
Parachironomus, Demicryptochironomus, Glyptotendipes, Harnischia,
Stenochironomus, Zalutschia, Dicrotendipes, Larsia it Zavrelimyia) ir penkiy
upiy  (devynios gentys: Chironomus, Prodiamesa, Micropsectra,
Paratendipes,  Psectrocladius,  Endochironomus,  Cryptochironomus,
Synendotendipes ir Paratanytarsus). MaZiausiai gen¢iy (trys gentys:
Cladotanytarsus, Cricotopus ir Parakiefferiella) nustatyta i$ keturiy upiy (8b
pav.). Kitose upése buvo septynios uody trikliy gentys (Orthocladius,
Einfeldia, Monodiamesa, Macropelopia, Synorthocladius, Tanypus ir
Paracladopelma) trijose upése ir aStuonios gentys (Paraphaenocladius,
Acricotopus, Rheocricotopus, Virgatanytarsus, Tribelos, Apsectrotanypus,
Neozavrelia ir Odontomesa) vienoje upéje bei aStuonios gentys (4dblabesmyia,
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Microtendipes, Procladius, Tanytarsus, Polypedilum, Conchapelopia,
Corynoneura ir Clinotanypus) visose SeSiose analizuotose upése (8b pav.).
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8 pav. Uody trukliy genciy pasiskirstymas pagal upiy, kuriose jos nustatytos,
skaiCiy: a) visy genciy skaicius; b) genciy skaiCius, pasalinus tas, kuriy
individy skai¢ius buvo nuo vieno iki penkiy.

Fig. 8. Distribution of non-biting midge genera by the number of rivers in
which they were found: a) total number of genera; b) number of genera
excluding those represented by only one to five specimens.

Shannon-Wiener (Shannon H’) ir Simpsono (Simpson (1-D)) jvairoveés
indeksy reikSmés tirtose upése parodé, kad didziausia uody trukliy genciy
jvairové buvo Sesuolos upéje (Shannon H’ = 2,71; Simpson (1-D) = 0,91), o
maziausia — Luknelés upéje (Shannon H’ = 2,20; Simpson (1-D) = 0,75) (4
lentelé). Tirtose upése Shannon-Wiener jvairovés indekso (Shannon H’)
vidutiné verté buvo 2,44 (£0,22), o Simpsono jvairovés indekso (Simpson (1-
D)) — 0,86 (£0,06). Margalef jvairovés indekso reikSmés parodé, kad
didziausia jvairové buvo Luknelés up¢je (Margalef = 5,32), o maZiausia —
Sesuolos upéje (Margalef = 3,92).

76



4 lentele. Uody trukliy Simpsono (Simpson (1-D)), Shannon-Wiener
(Shannon_H’) ir Margalef (Margalef) jvairovés indeksy reikSmés tirtose
upeése.

Table 4. Values of the Simpson (Simpson (1-D)), Shannon-Wiener
(Shannon_H’), and Margalef (Margalef) diversity indices for non-biting
midges in the studied rivers.

Upés Simpson (1-D) Shannon_ H’ Margalef
Dubinga 0,90 2,63 4,55
Kiauna 0,83 2,21 4,27
Skerdyksna 0,85 2,34 435
Luknelé 0,75 2,20 5,32
Sesuola 0,91 2,71 3,92
Plastaka 0,90 2,58 4,65
Vidurkis (+=SD) 0,86 (+0,06) 2,44 (+£0,22) 4,51 (+£0,47)

Apskai¢iavus uody tritkliy genciy sutinkamumo daznj (F, %) gauta, kad
bendrai visose tirtose upése nebuvo nei vienos labai daznai (> 50 %)
nustatomos uody trukliy genties (9 pav.). Bendrai tirtose upése daugiausiai
nustatyta labai retai sutinkamy genciy (48 gentys), kurios sudaré 75,83 % visy
nustatyty genciy skaiCiaus, maziausiai nustatyta daznai sutinkamy genciy
(aStuonios), kurios sudaré 12,31 % visy nustatyty genéiy, o rety genciy
nustatyta devynios —jos sudaré¢ 13,85 % visy nustatyty genciy skai¢iaus. Labai
retai (< 2 %) nustatyty uody triikliy genc¢iy daugiausiai buvo Luknelés upéje
(16 genéiy), o maziausiai — Sesuolos upéje (astuonios gentys) (9 pav.). Kitose
tirtose upése labai retai sutinkamy genciy skaicius svyravo nuo 14 (Dubingoje
ir Skerdyksnoje) iki 15 (Kiaunoje ir Plastakoje). Retai sutinkamy genciy (2-
10 %) daugiausiai nustatyta Luknelés up¢je (14 genciy), o maZiausiai —
Kiaunos upéje (aStuonios gentys) (9 pav.). Kitose upése, devynios retai
sutinkamos gentys nustatytos Plastakos upéje ir po 10 retai sutinkamy —
Dubingos, Skerdyksnos ir Sesuolos upése. Daznai (10-50 %) sutinkamy uody
trukliy genciy atstovy daugiausiai buvo Dubingos upéje (devynios gentys), o
maziausiai — Skerdyksnos upéje (keturios gentys) (9 pav.). Kitose tirtose
upése daznai sutinkamy genciy skaicius svyravo nuo penkiy genciy (Kiaunos
upéje) iki astuoniy genciy (Plastakos upéje). Po vieng labai daznai (>50 %)
sutinkama gentj nustatyta dvejose upése — Kiaunoje ir Luknel¢je (9 pav.).
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9 pav. Uody trukliy genciy skaicius atskirose upése ir visose tirtose upése
bendrai, pagal skirtingas sutinkamumo daznio (F, %) kategorijas.

Fig. 9. Number of non-biting midge genera in individual rivers and all in all
studied rivers combined, across different frequency of occurrence (F, %)
categories.

Atskirose ir visose tirtose upése bendrai retai, daznai arba/ir labai daznai
sutinkamomis nustatytos 37 uody tritkkliy gentys (10 pav.). Bendrai tirtose
upése daznai sutinkamos gentys buvo Ablabesmyia, Chironomus,
Corynoneura, Microtendipes, Polypedilum, Procladius, Prodiamesa ir
Tanytarsus, o retai sutinkamos — Clinotanypus, Conchapelopia, Cricotopus,
Cryptochironomus,  Endochironomus,  Micropsectra,  Paratendipes,
Psectrocladius ir Synendotendipes.

Dubingos upé¢je daznai sutinkamos uody triikkliy gentys buvo
Ablabesmyia, Chironomus, Corynoneura, Microtendipes, Polypedilum,
Procladius, Prodiamesa, Synendotendipes ir Tanytarsus, o retai Sioje upéje
sutinkamos buvo Clinotanypus, Conchapelopia, Cricotopus,
Cryptochironomus,  Endochironomus,  Glyptotendipes,  Micropsectra,
Paratendipes, Stenochironomus ir Tribelos gentys (10 pav.).

Kiaunoje buvo tik viena labai daznai sutinkama uody trukliy gentis, tai —
Ablabesmyia. Daznai sutinkamomis Sioje upéje nustatytos Corynoneura,
Microtendipes, Procladius, Prodiamesa ir Tanytarsus gentys, o retai
sutinkamomis —  Chironomus, Conchapelopia,  Cryptochironomus,
Parakiefferiella, Paratendipes, Polypedilum, Psectrocladius ir Tanypus
gentys (10 pav.).
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Luknelés upéje tik vienos Ablabesmyia genties atstovai buvo labai daZnai
sutinkami. Sioje upéje daznai sutinkamos gentys buvo Conchapelopia,
Corynoneura, Microtendipes, Procladius, Prodiamesa ir Tanytarsus, o retai
sutinkamos  —  Apsectrotanypus,  Cladotanytarsus,  Clinotanypus,
Cryptochironomus, Demicryptochironomus, Macropelopia, Micropsectra,
Orthocladius, Parakiefferiella, Paraphaenocladius, Polypedilum,
Psectrocladius, Xenochironomus ir Zavrelimyia (10 pav.).

Plastakos upé¢je daznai sutinkamomis uody triikkliy gentimis buvo
Ablabesmyia, Chironomus, Clinotanypus, Corynoneura, Microtendipes,
Polypedilum, Procladius ir Tanytarsus. Sioje upéje retai sutinkamomis uody
trukliy gentimis buvo Acricotopus, Conchapelopia, Cryptochironomus,
Cryptotendipes, Harnischia, Micropsectra, Paratendipes, Synorthocladius ir
Tanypus (10 pav.).

Skerdyksnoje daznai sutinkamos uody trukliy gentimis buvo
Ablabesmyia, Chironomus, Clinotanypus ir Procladius gentys, o retai
sutinkamos — Conchapelopia, Corynoneura, Cricotopus, Cryptochironomus,
Dicrotendipes, Microtendipes, Paratendipes, Polypedilum, Psectrocladius ir
Tanytarsus (10 pav.).

Sesuolos upéje daznai  sutinkamomis nustatytos Ablabesmyia,
Chironomus, Clinotanypus, Conchapelopia, Corynoneura, Procladius ir
Tanytarsus. Sioje upéje retai sutinkamomis uody triikliy gentimis buvo
Cricotopus, Einfeldia, Endochironomus, Glyptotendipes, Micropsectra,
Microtendipes,  Parachironomus,  Polypedilum,  Prodiamesa ir
Synendotendipes (10 pav.).
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Gentys]Dubinga Kiauna Luknelé Plastaka Skerdyksna Seguola] Bendrai upése

Ablabesmyia
Acricotopus
Apsectrotanypus
Chironomus
Cladotanytarsus
Clinotanypus
Conchapelopia
Corynoneura
Cricotopus
Cryptochironomus
Cryptotendipes
Demicryptochironomus
Dicrotendipes
Einfeldia
Endochironomus
Glyptotendipes
Harnischia
Macropelopia
Micropsectra
Microtendipes
Orthocladius
Parachironomus
Parakiefferiella
Paraphaenocladius
Paratendipes
Polypedilum
Procladius
Prodiamesa
Psectrocladius
Synendotendipes
Synorthocladius
Stenochironomus
Tanypus
Tanytarsus
Tribelos
Xenochironomus
Zavrelimyia

Reta (2-10 %)

Labai dazna (>50 %)

5,36
7,14

3,57
7,14

3,57

5,36

3,57

53,57

JHBEE 53

5,36

3,57

3,57

64,29

3,57

5,36
3,57

5,36
3,57

337

357
3,57

3,57
3,57

5,36
5,36

3,57

5,36

3,57

3,57

3,57
3,57

3,57

8,93

8,93

3,57

3,57
3,57
3,57

5,36
7,14

3,57

2,38
4,17

2,08

3,27

10 pav. Retai, daznai ir labai daznai sutinkamos uody trukliy gentys atskirose

tirtose upése ir visose upése bendrai.
Fig. 10. Rare, frequent, and very frequent genera of non-biting midges found

in individual studied rivers and in all rivers combined.

Apskaiciavus dominavimo indeksg (D, %) kiekvienam Chironomidae

Seimos poSeimiui gauta, kad bendrai analizuotose upése buvo trys
eudominantiniai (Chironominae, D = 60,42 %, Orthocladiinae, D = 15,96 %
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ir Tanypodinae, D = 22,00%), vienas subdominantinis (Prodiamesinae, D =
1,56 %) bei vienas antraeilis (Diamesinae, D = 0,05 %) poseimiai (11 pav.).

Daugiausiai eudominantiniy poSeimiy (po tris) nustatyta Luknelés ir
Sesuolos upése, kur eudominantiniais poSeimiais buvo Chironominae,
Orthocladiinae ir Tanypodinae (11 pav.). Po du eudominantinius poSeimius
nustatyta Kiaunos, Plastakos ir Skersdyksnos upése, kuriose eudominantiniais
buvo Chironominae ir Tanypodinae poSeimiai (11 pav.). Vienas
eudominantinis poSeimis nustatytas Dubingoje (Chironominae, D = 70,15 %).

Dominantiniai poSeimiai nustatyti trijose upése: Dubingoje, kur
dominavo Orthocladiinae (D = 11,72 %) ir Tanypodinae (D = 14,50 %)
poSeimiy atstovai, Kiaunoje ir PlaStakoje, kuriose dominavo Orthocladiinae
poseimio atstovai (atitinkamai D = 10,87 % ir D = 11,60 %).

Po vieng subdominantinj poseimj (Prodiamesinae) nustatyta Dubingoje
(D = 3,47 %), Kiaunoje (D = 1,92 %), Sesuoloje (D = 2,50 %), bei
Skerdyksnoje, kur subdominantinis poSeimis buvo Orthocladiinae (D = 4,04
%).

Po du antraeilius poSeimius (Diamesinae ir Prodiamesinae) nustatyta
Luknelgje (atitinkamai D = 0,04 ir D = 0,57) ir Skerdyksnoje (atitinkamai D
= 0,09 ir D = 0,26) ir po vieng Dubingoje (Diamesinae, D = 0,16) bei
Plastakoje (Prodiamesinae, D = 0,12) (11 pav.).

Po§eimiai| Dubinga Kiauna Luknel¢ Plajtaka Skerdyksna SeSuola | Bendrai upése
Chironominae| 70,15 65,20 48,70 72,45 64,54 37,33 60,42
Diamesinae| 0,16 0,04 0,09 0,05
Orthocladiinae 21,010 TAL60T 4,04 40,08 15,96
Prodiamesinae| 3,47 1,92 0,57 0,12 0,26 2,50 1,56
Tanypodinae 22,01 29,69 15,83 31,07 20,08 22,00

Eudominantiniai

Subdominantiniai
Antraeiliai

11 pav. Chironomidae Seimos poseimiy pasiskirstymas pagal dominavimo (D,
%) klases atskirose tirtose upése ir visose upése bendrai.

Fig. 11. Distribution of Chironomidae subfamilies by dominance (D, %)
classes in individual studied rivers and in all rivers combined.

Apskai¢iavus dominavimo indeksg (D, %) kiekvienai nustatytai
Chironomidae $eimos genciai gauta, kad bendrai visose upése daugiausiai
buvo antraeiliy uvody tritkkliy genc¢iy (49 gentys), kas sudaré 75,38 % visy
tyrimy metu nustatyty genciy (12 pav.). Antraeiliy genciy daugiausiai
nustatyta Lukneléje (23 gentys), o maZiausiai — Sesuoloje (septynios gentys).
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Likusiose upése antraeiliy genciy buvo po 17, kas sudaré po 26,15 % visy
nustatyty genciy (12 pav.).

Bendrai upése subdominantinémis iSsiskyré 10 uody triikliy genciy, kas
sudaré 15,38 % visy nustatyty genciy (12 pav.). Didziausiu subdominantiniy
genéiy skai¢iumi pasizyméjo Sesuolos upé (12 subdominantiniy genéiy),
maziausiu — Skerdyksnos wupé (penkios gentys), o kitose upése
subdominantiniy genciy skaicius svyravo nuo Sesiy (Kiauna) iki 10 (Luknelé)
(12 pav.).

Bendrai tirtose upése nustatytos penkios dominantinés gentys (12 pav.),
o apskaiciavus dominavimo indeksg atskirose upése gauta, kad dominantiniy
genciy daugiausiai buvo Dubingoje (septynios dominantinés gentys), o
maziausiai — Lukneléje (trys gentys) (12 pav.).

Po vieng eudominanting gentj nustatyta bendrai visose upése (12 pav.),
taip pat Dubingoje, Lukneléje, Plastakoje, Skerdyksnoje ir Sesuoloje, o
Kiaunos upéje jy buvo dvi (12 pav.).

60
50 ‘E)
40
>
2
na
E 30
= 23
20 17 17 17 17
3
12
8 10 3 10
10 7 7
40 R 6 55 5 5
1 I H 2 H 1- 1 I H 1 1 H 1
Dubinga Kiauna Luknele Plastaka Skerdyksna Sesuola Bendrai upése
B Eudominantai B Dominantai m Subdominantai OAntraeilés gentys
(=15 %) (5,1-15 %) (1,1-5 %) (=1 %)

12 pav. Uody trukliy genciy skaiCius pagal dominavimo (D, %) klases
atskirose tirtose upése ir visose upése bendrai.

Fig. 12. Number of non-biting midge genera by dominance (D, %) classes in
individual studied rivers and in all rivers combined.

Atskirose ir visose tirtose upése bendrai eudominantiniy, dominantiniy
ir/arba subdominantiniy uody triikkliy genciy nustatyta 31, kas sudaro 47,69 %
visy nustatyty genciy (13 pav.). Bendrai tirtose upése vienintelé Ablabesmyia
gentis (D = 21,23 %)  iSsiskyré kaip eudominantiné. Chironomus,
Microtendipes, Polypedilum, Procladius it Tanytarsus gentys bendrai visose
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upése buvo dominuojancios, o Cladotanytarsus, Clinotanypus,
Conchapelopia, Corynoneura, Micropsectra, Orthocladius,
Paraphaenocladius, Paratendipes, Prodiamesa ir Psectrocladius buvo
subdominantinés (13 pav.).

Dubingoje tik Microtendipes gentis nustatyta kaip eudominantiné (D =
20,86 %), Ablabesmyia, Micropsectra, Polypedilum, Procladius, Prodiamesa,
Psectrocladius ir Tanytarsus gentys buvo dominuojancios, o Chironomus,
Corynoneura, Cricotopus, Glyptotendipes, Parakiefferiella, Synendotendipes,
Tribelos ir Virgatanytarsus — subdominantinés (13 pav.).

Kiaunoje kaip eudominantiniai iSsiskyré dviejy genciy atstovai —
Ablabesmyia (D = 29,43 %) ir Microtendipes (D = 21,71 %). Sioje upéje
Conchapelopia, Procladius, Prodiamesa ir Tanytarsus genCiy atstovai buvo
dominantiniai, 0 Chironomus, Cladotanytarsus, Corynoneura,
Parakiefferiella, Paratendipes ir Polypedilum — subdominantiniai (13 pav.).

Luknelés upéje tik gentis Ablabesmyia nustatyta kaip eudominantiné (D
= 47,30 %). Kaip dominuojancios Sioje upéje iSsiskyrée Conchapelopia,
Paraphaenocladius ir Proladius uody trikliy gentys, o kaip subdominantinés
— Apsectrotanypus, Cladotanytarsus, Corynoneura, Demicryptochironomus,
Micropsectra, Microtendipes, Polypedilum, Prodiamesa, Rheocricotopus ir
Tanytarsus gentys (13 pav.).

Plastakos upéje eudominantine gentimi nustatyta tik Microtendipes (D =
20,10 %), dominantinémis gentimis — Ablabesmyia, Chironomus,
Paratendipes, Polypedilum, Procladius ir Tanytarsus, o subdominantinémis —
Acricotopus, Cladotanytarsus, Clinotanypus, Conchapelopia, Corynoneura,
Endochironomus, Harnischia ir Micropsectra (13 pav.).

Skerdyksnoje tik Procladius gentis nustatyta kaip eudominantine. Kaip
dominantinés Sioje upéje i8siskyré Ablabesmyia, Chironomus, Clinotanypus,
Microtendipes ir Paratendipes gentys, o kaip subdominantinés -—
Conchapelopia, Corynoneura, Parachironomus, Paracladopelma ir
Tanytarsus gentys (13 pav.).

Sesuolos upéje tik gentis Ablabesmyia nustatyta kaip eudominantiné (D
= 20,66 %). Dominantinémis $ioje upéje nustatytos Conchapelopia,
Micropsectra, Orthocladius, Procladius ir Prodiamesa gentys, o
subdominantinémis — Chironomus, Clinotanypus, Corynoneura, Cricotopus,
Einfeldia, Endochironomus, Microtendipes, Parachironomus, Paratendipes,
Polypedilum, Synendotendipes ir Tanytarsus gentys (13 pav.).
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Gentys| Dubinga Kiauna Luknelé Plastaka Skerdyksna SeSuola| Bendmi upése
Ablabesmyia
Acricotopus

Apsectrotanypus

Chironomus

Cladotanytarsus
Clinotanypus
Conchapelopia
Corynoneura
Cricotopus
Demicryptochironomus
Einfeldia
Endochironomus
Glyptotendipes
Harnischia
Micropsectra
Microtendipes
Orthocladius
Parachironomus
Paracladopelma
Parakiefferiella
Paraphaenocladius
Paratendipes
Polypedilum
Procladius
Prodiamesa
Psectrocladius
Rheocricotopus
Synendotendipes
Tanytarsus

Tribelos
Virgatanytarsus

13 pav. Eudominantinés, dominantinés ir subdominantinés uody trukliy
gentys atskirose tirtose upése ir visose upése bendrai.

Fig. 13. Eudominant, dominant, and subdominant genera of non-biting midges
found in individual studied rivers and all rivers combined.
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3.4. Uodai trukliai uztvenktose ir neuztvenktose upése

Siekiant jvertinti uody trukliy genciy panaSumg SeSiose tirtose upése
skirtingais metais, buvo atlikta nemetrin¢ daugiamaciy skaliy (NMDS)
analizé, kurios streso verté sieké 0,167 (erdviné vizualizacija gerai atspindi
realius duomenis) (14 pav.). Analizé parodé, kad uody trukliy genciy
kompleksai aiSkiai neiSsiskyré pagal tai, ar tirtos upés buvo uztvenktos ar

neuztvenktos.
0,300 ST
V ~ G et
0,225 \ g S

0,150

0,075
Uztvenkta

0,000

NMDS 2

-0,075

-0,150{

Skerdyksna 2022

0,225 W tinga 022

-0,300
-03 -0,2 -0,1 0,0 0,1 0,2 0,3 0.4 0,5

NMDS 1

14 pav. NMDS analiz¢ (streso verté = 0,167), rodanti uody triikkliy genciy
kompleksus tirtose upése, skirtingais tyrimy metais (pagal Bray-Curtis
panasumo indeksg). Mélyna spalva pazymétos upés, kurios buvo uztvenktos,
0 oranZine — neuztvenktos.

Fig. 14. NMDS analysis (stress value = 0.167) showing non-biting midge
genus assemblages in the studied rivers across different study years (Bray-
Curtis smilarity index). Dammed rivers are highlighted in blue, while
undammed rivers are highlighted in orange.

ISplétus NMDS analize ir | jg jtraukus 2022 tyrimo metais sukauptus
duomenis apie analizuoty upiy ekologinius faktorius (gylj, pH, vandenyje
iStirpusj deguonj, temperatiira, elektrinj laidumg, TDS ir druskinguma) bei
tyrimy viety savybes, tokias kaip upiy substrato ir krastovaizdzio kategorijos
gauta, kad uody trukliy genciy kompleksai uztvenktose ir neuztvenktose upése
skyrési (15 pav.).
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NMDS 2022 (Stresas = 0,1726)
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15 pav. NMDS analizé (streso verté = 0,1726), rodanti uody tritkliy bendrijy
struktiirg tirtose upése 2022 metais (pagal Bray-Curtis panasumo indeks3g), |
analize jtraukus upiy ekologinius faktorius (rodyklés) ir tyrimy viety savybes,
tokias kaip substrato bei krastovaizdzio kategorijos. Mélyna spalva pazymétos
uztvenktos upés, o oranzine — neuztvenktos.

Fig. 15. NMDS analysis (stress value = 0.1726) showing the structure of non-
biting midge communities in the rivers studied in 2022 (Bray-Curtis similarity
index), incorporating ecological river factors (arrows) and site characteristics
such as substrate and surrounding environment categories. Dammed rivers are
highlighted in blue, while undammed rivers are highlighted in orange.

Panasiai, ] NMDS analize jtraukus 2021-2022 tyrimy metais sukauptus
duomenis apie analizuoty upiy ekologinius faktorius (gylj, pH, vandenyje
iStirpusj deguonj, temperatiira, elektrinj laiduma, TDS ir druskinguma) bei
tyrimy viety savybes, tokias kaip upiy substrato ir krastovaizdzio kategorijos
gauta, kad uody triikliy gentys uZtvenktose ir neuztvenktose upése dalinai
sutapo (16 pav.).

86



NMDS 2021-2022 (Stresas = 0,1114)
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16 pav. NMDS analizé (streso verté = 0, 1114), rodanti uody trikliy bendrijy
struktiira tirtose upése 2021-2022 metais (pagal Bray-Curtis panasumo
indeksa), i analize jtraukus upiy ekologinius faktorius (rodyklés) ir tyrimy
viety savybes, tokias kaip substrato bei krastovaizdzio kategorijos. Mélyna
spalva pazymétos uztvenktos upés, o oranzine — neuztvenktos.

Fig. 16. NMDS analysis (stress value = 0.1114) showing the structure of non-
biting midge communities in the rivers studied in 2021-2022 (Bray-Curtis
similarity index), incorporating ecological river factors (arrows) and site
characteristics such as substrate and surrounding environment categories.
Dammed rivers are highlighted in blue, while undammed rivers are
highlighted in orange.

Siekiant iSsiaiskinti, ar Chironomidae genciy pasiskirstymas tarp
uztvenkty ir neuztvenkty upiy pory skyrési, atliktas Pirson y? testas. Rezultatai
parodé, kad i§ visy nustatyty genciy, tik Ablabesmyia, Chironomus,
Clinotanypus, Glyptotendipes, Paratendipes ir Prodiamesa gen¢iy uody
pasiskirstymas tarp uztvenkty ir neuztvenkty upiy pory skyrési reikSmingai
(17 pav.). Tarp Luknelés, kuri buvo neuztvenkta ir Skerdyksnos, kuri buvo
uztvenkta, reikSmingai skyrési Ablabesmyia (x> = 15,88, df = 1, p < 0,001)
(17a pav.), Chironomus (¥*=9,79, df =1, p <0,002) (17b pav.), Clinotanypus
(>=1,05,df=1, p<0,008) (17¢ pav.) ir Paratendipes (y*=4,15,df=1,p<
0,042) (17e pav.) genciy uody pasiskirstymas. Tarp Kiaunos (neuztvenkta) ir
Dubingos (uztvenkta) upiy reikSmingai skyrési tik Glyptotendipes genties
uody pasiskirstymas (¥ =4,15, df =1, p <0,042) (17d pav.), o tarp Plastakos
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los (uztvenkta) reikSmingai skyrési tik Prodiamesa

genties uody pasiskirstymas (y> = 5,08, df = 1, p < 0,024) (17f pav.).
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17 pav. Stac¢iakampés diagramos ir Pirson y? testo rezultatai skirtingoms uody
trukliy gentims: a) Ablabesmyia, b) Chironomus, c) Clinotanypus, d)
Glyptotendipes, ) Paratendipes ir f) Prodiamesa tirtose upiy porose,
suskirstytose j uztvenktas (mélyna) ir neuztvenktas (oranziné). Statistiskai
reikSmingi skirtumai (p < 0,05) pazyméti ,,*“.

Fig. 17. Boxplot and results of Pearson's % test for different non-biting midge
genera: a) Ablabesmyia, b) Chironomus, c) Clinotanypus, d) Glyptotendipes,
e) Paratendipes, and f) Prodiamesa, across studied river pairs classified as
dammed (blue) and undammed (orange). Statistically significant differences
(p <0.05) are indicated by ,,*.

Taip pat, Pirson * testas buvo atliktas siekiant i$siaiSkinti, ar skyrési
Chironomidae genciy pasiskirstymas tarp uztvenkty ir neuZtvenkty upiy
bendrai. Rezultatai parodé, kad i§ visy nustatyty genciy, tik Ablabesmyia,
Clinotanypus, Cricotopus, Glyptotendipes ir Macropelopia genciy uody
pasiskirstymas tarp uztvenkty ir neuztvenkty upiy pory skyrési reikSmingai
(18 pav.). Tarp neuztvenkty upiy (Luknel¢, Kiauna ir Plastaka) ir uztvenkty
upiy (Skerdyksna, Dubinga ir Se$uola), reik§mingai skyrési Ablabesmyia ()
= 9,64; df = 1; p = 0,002), Clinotanypus (3> = 4,07; df = 1; p = 0,04),
Cricotopus (y*> = 4,61; df =1, p = 0,03), Glyptotendipes (x> =6,11;df=1;p
= 0,01) ir Macropelopia (y> = 5,08; df = 1; p = 0,02) genciy uody
pasiskirstymas.
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18 pav. Uody triikliy individy skaicius uztvenktose ir neuztvenktose upése
bendrai ir Pirson ¥* testo rezultatai skirtingoms uody trukliy gentims:
Ablabesmyia, Clinotanypus, Cricotopus, Glyptotendipes ir Macropelopia.
Meélyna spalva pazymétos uztvenktos upés, o oranzine — neuZztvenktos.
Statistiskai reik§mingi skirtumai (p < 0,05) pazyméti ,,*.

Fig. 18. Number of non-biting midge specimens in dammed and undammed
rivers overall and Pearson‘s y* test for different genera: Ablabesmyia,
Clinotanypus, Cricotopus, Glyptotendipes, and Macropelopia. Blue indicates
dammed rivers, and orange indicates undammed. Statistically significant
differences (p < 0.05) are indicated by ,,*“.

3.5. Upiy ekologiniy faktoriy ir tyrimy viety savybiy poveikis uody triikliy
bendrijoms

Mantel testas, naudotas erdvinei autokoreliacijai jvertinti, parodé, kad
tarp geografinés ir uody triikkliy jvairovés bei individy skaiciaus atstumy
matricy yra statistiSkai nereikSminga silpna neigiama koreliacija (Shannon H’
r=-0,018, p = 0,9554; Margalef r =-0,012, p = 0,8359; individy skaicius r =
-0,034, p = 0,9971), isskyrus Simpsono jvairovés indeksa, kuris parodé
statistiSkai reik§Smingg silpng teigiama koreliacijg (Simpson (1-D) r= 0,025, p
=0,0021) (6 priedas).

Pirson koreliacijos analizé parod¢, kad stipriai ir statistiskai reikSmingai
koreliuoja $ios kintamyjy poros: pH ir vandenyje iStirpes deguonis (Pirson
koreliacijos koeficientas = 0,78, p < 0,0001), druskingumas ir elektrinis
laidumas (Pirson koreliacijos koeficientas = 0,98, p < 0,0001), TDS ir
elektrinis laidumas (Pirson koreliacijos koeficientas = 0,98, p < 0,0001) bei
TDS ir druskingumas (Pirson koreliacijos koeficientas = 0,99, p < 0,0001) (19
pav.). Dél stiprios koreliacijos druskingumas nebuvo jtrauktas j tolimesnes
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GLMM ir db-RDA analizes kaip kintamasis, 0 GLMM modeliuose kartu
nenaudoti pH ir vandenyje istirpusio deguonies bei elektrinio laidumo ir TDS
kintamieji (19 pav.).
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19 pav. Upiy ekologiniy faktoriy (gylis, pH, vandenyje istirpes deguonis,
temperatira, elektrinis laidumas, druskingumas ir TDS) Pirson koreliacijos
analizés rezultatai. Zvaigzdutémis pazyméti statistinio reik§mingumo lygiai:
*—p <0,05, ** —p <0,01 ir *** —p <0,001.

Fig. 19. Results of the Pearson correlation analysis of river ecological factors
(depth, pH, dissolved oxygen, temperature, conductivity, salinity, and TDS).
Statistically significant differences (p < 0.05) are indicated by "*".

Asterisks indicate statistical significance levels with * for p <0.05, ** for p <
0.01, and *** for p < 0.001.

Siekiant jvertinti Chironomidae jvairove naudojant tris jvairoves
indeksus ir gausumg, esant skirtingoms tirty viety savybéms (upé,
uztvenktumas, substrato kategorijos ir kraStovaizdzio kategorijos), ir upiy
ekologiniams faktoriams (upés gylis, pH, vandenyje iStirpusio deguonies
kiekis, temperatiira, elektrinis laidumas ir TDS) buvo atlikta bendryjy tiesiniy
misriy modeliy (GLMM) analizé.

Bendryjy tiesiniy misriy modeliy (GLMM) analizéje vertinant tyrimy
viety savybg — upes, o kaip atsako kintamagjj naudojant Simpsono jvairoveés
indeksa (Simpson (1-D) ~ gylis + vandenyje istirpes deguonis + temperatiira
+ TDS + upés + (data), BIC = 159.,4) gauta, kad reikSmingg dalj uody triikliy
jvairovés paaiskina tirtos upés (koeficiento reikSmés: 0,23 — Plastaka (p =
0,04) ir 0,28 — Sesuola (p = 0,02)) (20a pav., 5 lentelé). Vertinant upes, kai
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atsako kintamasis Shannon-Wiener jvairovés indeksas (Shannon H’ ~ gylis +
pH + temperatiira + TDS + upés + (data), BIC = 285,9) gauta, kad reikSmingg
dalj uody trukliy jvairovés paaiskina tirtos upés (koeficiento reikSmés: 0,37 —
Kiauna (p = 0,02), 0,40 — Dubinga (p = 0,02), 0,43 — Plastaka (p = 0,01) ir
0,50 — Sesuola (p = 0,00)) (20b pav., 5 lentel¢). Vertinant upes, kai atsako
kintamasis Margalef jvairovés indeksas, gauti du modeliai su vienoda BIC
reikSme (Margalef ~ gylis + pH + temperatiira + elektrinis laidumas + upés +
(data), BIC = 312,7 ir Margalef ~ gylis + pH + temperatiira + TDS + upés +
(data), BIC = 312,7) ir nustatyta, kad reikSminga dalj vody trukliy jvairovés
paaiskina tirtos upés (pirmame modelyje koeficiento reik§més: 0,42 — Kiauna
(p = 0,02), 0,42 — Plastaka (p = 0,01), 0,46 — Dubinga (p = 0,02) ir 0,59 —
Sesuola (p = 0,00), o antrame — 0,40 — Kiauna (p = 0,02), 0,40 — Plastaka (p =
0,02), 0,44 — Dubinga (p = 0,02) ir 0,58 — Sesuola (p = 0,00)) ir gylis
(abiejuose modeliuose koeficiento reiksmé — 0,11 (p = 0,03)) (20¢ pav., 5
lentelé). Vertinant upes, kai atsako kintamasis individy skaiCius (individai ~
gylis + vandenyje istirpes deguonis + temperatiira + TDS + upés + (data), BIC
=1638,7) gauta, kad reikSminga dalj uody triikliy individy skai¢iaus paaiskina
tirtos upés (koeficiento reik§mes: 21,34 — Plastaka (p = 0,02) ir 23,73 —
Sesuola (p = 0,01)) (20e pav., 5 lentelé.).

5 lentelé. GLMM analizés rezultatai su skirtingais atsako kintamaisiais, kai
aiSkinamieji kintamieji — upiy ekologiniai faktoriai ir ,,upés‘‘, kaip viena i$
tyrimy viety savybiy. StatistiSkai reikSmingi rezultatai (p < 0,05) pazyméti

EXX3
2 .

Table 5. Results of GLMM analyses with different response variables, using
river ecological factors as explanatory variables, and including 'river' as an
explanatory variable representing one of the study site characteristics.
Statistically significant results (p < 0.05) are marked with ,,**.

Aiskinamieji Koeficiento  Standartiné  z-reikSmé  p - reikSme
kintamieji reikSmé paklaida

Atsako kintamojo — Simpson (1-D) modelis (BIC = 159,4)
Gylis 0,01 0,04 0,36 0,72
Vandenyje -0,02 0,03 -0,90 0,37
iStirpes
deguonis
Temperatira 0,01 0,03 0,51 0,61
TDS -0,04 0,04 -0,92 0,36
Kiauna 0,11 0,11 0,94 0,35
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Luknelé -0,03 0,14 -0,18 0,86
Plastaka* 0,23 0,11 2,07 0,04
Dubinga 0,18 0,12 1,46 0,14
Sesuola* 0,28 0,11 2,42 0,02
Atsako kintamojo — Shannon_H’ modelis (BIC = 285,9)
Gylis 0,08 0,05 1,74 0,08
pH 0,06 0,05 1,18 0,24
Temperatiira 0,05 0,05 0,87 0,38
TDS -0,02 0,06 -0,27 0,79
Kiauna* 0,37 0,17 2,28 0,02
Luknelé 0,20 0,20 0,97 0,33
Plastaka* 0,43 0,16 2,74 0,01
Dubinga* 0,40 0,18 2,28 0,02
Seguola* 0,50 0,16 3,14 0,00

Atsako kintamojo — Margalef (elektrinis laidumas) modelis (BIC =

312,7)

Gylis* 0,11 0,05 2,13 0,03
pH 0,10 0,05 1,87 0,06
Temperatiira 0,02 0,06 0,41 0,68
Elektrinis 0,01 0,06 0,11 0,91
laidumas

Kiauna* 0,42 0,18 2,37 0,02
Luknelé 0,26 0,22 1,18 0,24
Plastaka* 0,42 0,17 2,45 0,01
Dubinga* 0,46 0,19 2,42 0,02
Sesuola* 0,59 0,17 3,41 0,00

Atsako kintamojo — Margalef (TDS) modelis (BIC = 312,7)

Gylis* 0,11 0,05 2,11 0,03
pH 0,10 0,05 1,87 0,06
Temperatiira 0,02 0,06 0,37 0,71
TDS -0,00 0,07 -0,07 0,94
Kiauna* 0,40 0,18 2,24 0,02
Luknelé 0,23 0,23 1,03 0,30
Plagtaka* 0,40 0,17 2,35 0,02
Dubinga* 0,44 0,19 2,27 0,02
Sesuola* 0,58 0,17 3,38 0,00

Atsako kintamojo — Individai modelis (BIC = 1638,7)
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Gylis 1,53 2,92 0,52 0,60

Vandenyje 4,81 2,80 1,72 0,09

iStirpes

deguonis

Temperatiira 5,54 2,92 1,90 0,06

TDS -3,88 3,55 -1,09 0,28

Kiauna 3,27 9,43 0,35 0,73

Luknelé 4,90 11,70 0,42 0,68

Plastaka* 21,34 9,32 2,29 0,02

Dubinga* 11,45 10,29 1,11 0,27

Sesuola* 23,73 9,61 2,47 0,01

a) Atsako kintamojo — Simpson (1-D) modelis (BIC = 159,4)
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Kintamyjy reik§més arba lygiai

20 pav. Numatomos uody trukliy genciy skaiCiaus reikSmés (su 95 %
pasikliautinaisiais intervalais (PI)), apskai¢iuotos naudojant GLMM
modelius, j kuriuos jtrauktas kintamasis ,,upé®, jvertinant skirtingy upiy
aplinkos veiksniy poveikj uody trukliy jvairovei pagal: a) Simpsono, b)
Shannon-Wiener, c¢) Margalef (elektrinis laidumas), d) Margalef (TDS)
jvairovés indeksus ir gausumui pagal e) individy skaiciy. BIC — Bajeso
informacijos kriterijus. StatistiSkai reikSmingi rezultatai (p < 0,05) pazyméti

k¢
29 .

Fig. 20. Estimated responses of the number of non-biting midge genera (with
95 % confidence intervals (PI)), calculated using GLMM models including
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the variable 'river', evaluating the effects of different river environmental
factors on non-biting midge diversity according to: a) Simpson’s, b) Shannon-
Wiener’s, c) Margalef’s (conductivity), and d) Margalef’s (TDS) diversity
indices, as well as on abundance e¢) number of specimens. BIC — Bayesian
Information Criterion. Statistically significant results (p < 0.05) are marked
with "*".

Vertinant tyrimy viety savybe — uztvenktuma, o kaip atsako kintamajj
modeliuose naudojant Simpsono jvairovés indeksg (Simpson (1-D) ~ gylis +
vandenyje istirpes deguonis + temperatira + TDS + uztvenktumas + (data),
BIC = 153,3) gauta, kad reikSmingg dalj uody trikliy jvairovés paaiskina
vandenyje istirpgs deguonis (koeficiento reiksmé -0,07 (p = 0,01)) (21a pav.,
6 lentelé). Vertinant uztvenktuma, kai atsako kintamasis yra individy skai¢ius
(individai ~ gylis + pH + temperatira + TDS + uztvenktumas + (data), BIC =
1629,7) gauta, kad reikSmingg dalj uody trikliy gausumo paaiskina TDS
(koeficiento reiksmé -5,60 (p = 0,03)) (21d pav., 6 lentelé). Kai modeliuose
atsako kintamasis buvo Shannon-Wiener jvairovés indeksas (Shannon_H’ ~
gylis + vandenyje istirpes deguonis + temperatiira + TDS + uZtvenktumas +
(data), BIC = 282,0) (21b pav., 6 lentelé) ir Margalef jvairovés indeksas
(Margalef ~ gylis + pH + temperatira + TDS + uztvenktumas + (data), BIC =
308,7), statistiskai reikSmingy rezultaty negauta (21¢ pav., 6 lentelé).

6 lentelé. GLMM analizés rezultatai su skirtingais atsako kintamaisiais, kai
aiskinamieji kintamieji — upiy ekologiniai faktoriai ir ,,uztvenktumas*‘, kaip
viena i§ tyrimy viety savybiy. StatistiSkai reikSmingi rezultatai (p < 0,05)
pazyméti ,,*“.

Table 6. Results of GLMM analyses with different response variables, using
river ecological factors as explanatory variables, and including 'damming’ as
an explanatory variable representing one of the study site characteristics.
Statistically significant results (p < 0.05) are marked with ,,**.

Aiskinamieji Koeficiento  Standartiné  z - reikSmé p - reikSmeé

kintamieji reikSme paklaida
I —

Atsako kintamojo — Simpson (1-D) modelis (BIC = 153,3)

Gylis -0,00 0,03 -0,09 0,93
Vandenyje -0,07 0,03 -2,54 0,01
iStirpes

deguonis*

Temperatiira -0,02 0,03 -0,71 0,48
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TDS -0,06 0,03 -1,76 0,08
Uztvenktumas -0,06 0,06 -0,93 0,35
Atsako kintamojo — Shannon_H’ modelis (BIC = 282,0)
Gylis 0,05 0,04 1,14 0,25
Vandenyje -0,03 0,05 -0,74 0,46
iStirpes
deguonis
Temperatiira 0,00 0,05 0,08 0,94
TDS -0,08 0,05 -1,83 0,07
Uztvenktumas -0,01 0,09 -0,14 0,89
Atsako kintamojo — Margalef modelis (BIC = 308,7)
Gylis 0,08 0,05 1,81 0,07
pH 0,05 0,05 1,08 0,28
Temperatiira -0,04 0,05 -0,67 0,50
TDS -0,08 0,05 -1,60 0,11
UzZtvenktumas -0,06 0,10 -0,58 0,57
Atsako kintamojo — Individai modelis (BIC = 1638,7)
Gylis -1,46 2,47 -0,59 0,55
pH -0,93 2,50 -0,37 0,71
Temperatiira 1,48 2,55 0,58 0,56
TDS* -5,60 2,58 2,17 0,03
UzZtvenktumas -2,08 5,34 -0,39 0,70
a) Atsako kintamojo — Simpson (1-D) modelis (BIC = 153,3)
Uztvankos Gylis Istirpes deguonis™
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21 pav. Numatomos uody trukliy genciy skaiCiaus reikSmés (su 95 %
pasikliautinaisiais intervalais (PI)), apskaiiuotos naudojant GLMM
modelius, j kuriuos jtrauktas kintamasis ,,uztvenktumas®, jvertinant skirtingy
upiy aplinkos veiksniy poveikj uody triukliy jvairovei pagal: a) Simpsono, b)
Shannon-Wiener, c¢) Margalef jvairovés indeksus ir gausumui pagal d)
individy skai¢iy. BIC — Bajeso informacijos kriterijus. Statistiskai reikSmingi
rezultatai (p < 0,05) pazyméti ,,*“*.

Fig. 21. Estimated responses of the number of non-biting midge genera (with
95 % confidence intervals (PI)), calculated using GLMM models including
the variable 'damming’, evaluating the effects of different river environmental
factors on non-biting midge diversity according to: a) Simpson’s, b) Shannon-
Wiener’s, ¢) Margalef’s diversity indices, as well as on abundance d) number
of specimens. BIC — Bayesian Information Criterion. Statistically significant
results (p < 0.05) are marked with "*".

Bendryjy tiesiniy misriy modeliy (GLMM) analizéje vertinant tyrimy
viety savybes — uztvenktumg ir kraStovaizdzio kategorijas, o kaip atsako
kintamajj naudojant Simpsono jvairovés indeksg, gauti du modeliai su
vienoda BIC reikSme (Simpson (1-D) ~ gylis + pH + temperatiira + elektrinis
laidumas + uztvenktumas + krastovaizdzio kategorijos + (data), BIC = 181,5
ir Simpson (1-D) ~ gylis + vandenyje iStirpes deguonis + temperatiira +
elektrinis laidumas + uztvenktumas + krastovaizdzio kategorijos + (data), BIC
= 181,5) ir nustatyta, kad reik§mingg dalj uody triikkliy jvairovés paaiskina
krastovaizdzio kategorijos (pirmame modelyje reikSmés: 0,59 — GP (p = 0,00)

100



ir 0,78 — MP (p = 0,00), o antrame — 0,60 — GP (p = 0,00) ir 0,79 — MP (p =
0,00)) ir uztvenktumas (abiejuose modeliuose koeficiento reiksmé -0,23 (p =
0,03)) (22a, b pav., 7 lentelé¢). Kaip atsako kintamgji naudojant Margalef
jvairovés indeksa, taip pat gauti du modeliai su vienoda BIC reikSme
(Margalef ~ gylis + vandenyje istirpes deguonis + temperatiira + elektrinis
laidumas + uztvenktumas + krastovaizdzio kategorijos + (data), BIC = 353,3
ir Margalef ~ gylis + vandenyje istirpes deguonis + temperatira + TDS +
uztvenktumas + krastovaizdzio kategorijos + (data), BIC =353,3) ir gauta, kad
reikSmingg dalj uvody triikkliy jvairovés paaiskina kraStovaizdzio kategorijos
(abiejuose modeliuose koeficiento reik§mé 0,60 — KDP (p = 0,01)) (22¢, d
pav., 7 lentelé). Vertinant uztvenktuma ir kraStovaizdzio kategorijas, o kaip
atsako kintamajj naudojant individy skai¢iy (individai ~ gylis + pH +
temperatiira + TDS + uZtvenktumas + krastovaizdzio kategorijos + (data), BIC
= 1648,4) gauta, kad reikSmingg dalj uody triikkliy gausumo paaiskina
krastovaizdzio kategorijos (koeficiento reikSmés: -42,45 — GP (p =0,00),
37,57 — MD (p = 0,01), -35,47 — MP (p = 0,02), -25,24 — M (p = 0,04) ir -
27,73 — MKP (p = 0,02)) (22f pav., 7 lentelé). Kaip atsako kintamajj
naudojant Shannon-Wiener jvairovés indeksa (Shannon H’ ~ gylis +
vandenyje iStirpes deguonis + temperatira + TDS + uztvenktumas +
krastovaizdzio kategorijos + (data), BIC = 332,9), statistiskai reikSmingy
rezultaty negauta (22e pav., 7 lentelé).

7 lentelé. GLMM analizés rezultatai su skirtingais atsako kintamaisiais, kai
aiskinamieji kintamieji — upiy ekologiniai faktoriai ir ,,uztvenktumas‘‘ bei
,.krastovaizdzio kategorijos‘‘, kaip tyrimy viety savybés. Statistiskai
reikSmingi rezultatai (p < 0,05) pazyméti ,,*.

Table 7. Results of GLMM analyses with different response variables, using
river ecological factors as explanatory variables, including 'damming' and
'environment categories' as an explanatory variables representing study site
characteristics. Statistically significant results (p < 0.05) are marked with ,,*.
Aiskinamieji Koeficiento  Standartiné  z - reikSmé p - reikSmeé

kintamieji reikSme paklaida
I ————
Atsako kintamojo — Simpson (1-D) (pH) modelis (BIC = 181,5)

Gylis 0,05 0,03 1,74 0,08
pH 0,01 0,03 0,33 0,74
Temperatira 0,05 0,03 1,74 0,08
Elektrinis 0,02 0,04 0,42 0,68
laidumas
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Uztvenktumas* -0,23 0,11 -2,15 0,03
DG 0,27 0,18 1,52 0,13
M 0,25 0,15 1,71 0,09
MD 0,32 0,17 1,89 0,06
MP* 0,78 0,18 4,33 0,00
Mm 0,05 0,16 0,33 0,74
MK 0,11 0,14 0,80 0,43
MKP -0,27 0,15 -1,81 0,07
MKG 0,06 0,17 0,37 0,71
P 0,21 0,18 1,13 0,26
GPp* 0,59 0,15 3,83 0,00
KD -0,28 0,16 -1,79 0,07
KDP 0,26 0,14 1,84 0,06
KDG 0,24 0,18 1,37 0,17
KP 0,05 0,16 0,33 0,74

Atsako kintamojo — Simpso

modelis (BIC = 181,5)

n (1-D) (vandenyje iStirpes deguonis)

Gylis 0,06 0,03 1,70 0,09
Vandenyje 0,01 0,04 0,32 0,75
istirpes

deguonis

Temperatiira 0,05 0,03 1,68 0,09
Elektrinis 0,02 0,04 0,50 0,61
laidumas

Uztvenktumas* -0,23 0,11 -2,14 0,03
DG 0,28 0,17 1,67 0,10
M 0,26 0,14 1,90 0,06
MD 0,34 0,17 1,96 0,05
MP* 0,79 0,17 4,54 0,00
Mm 0,06 0,14 0,45 0,65
MK 0,12 0,13 0,96 0,34
MKP -0,27 0,15 -1,82 0,07
MKG 0,08 0,16 0,46 0,65
P 0,21 0,19 1,15 0,25
GP* 0,60 0,17 3,50 0,00
KD -0,28 0,15 -1,83 0,07
KDP 0,27 0,14 1,92 0,05
KDG 0,24 0,17 1,44 0,15
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KP 006 | 015 | 037 | 071

Atsako kintamojo — Margalef (elektrinis laidumas) modelis (BIC =

353,3)

Gylis 0,05 0,05 0,97 0,33
Vandenyje -0,12 0,08 -1,54 0,12
iStirpes

deguonis

Temperatiira -0,03 0,06 -0,46 0,65
Elektrinis -0,00 0,07 -0,06 0,95
laidumas

Uztvenktumas 0,03 0,17 0,19 0,85
DG 0,27 0,28 0,95 0,34
M 0,11 0,23 0,47 0,64
MD 0,08 0,28 0,30 0,77
MP 0,28 0,29 0,98 0,33
Mm 0,39 0,24 1,63 0,10
MK 0,10 0,20 0,50 0,62
MKP -0,19 0,24 -0,82 0,41
MKG 0,43 0,27 1,58 0,11
P -0,42 0,31 -1,36 0,17
GP -0,43 0,29 -1,48 0,14
KD -0,06 0,25 -0,25 0,80
KDP* 0,60 0,23 2,67 0,01
KDG 0,32 0,28 1,14 0,25
KP -0,12 0,25 -0,48 0,63

Atsako kintamojo — Margalef (TDS) modelis (BIC = 353,3)

Gylis 0,05 0,05 0,97 0,33
Vandenyje -0,12 0,08 -1,54 0,12
i8tirpes

deguonis

Temperatiira -0,03 0,06 -0,46 0,65
TDS -0,00 0,08 -0,05 0,96
UzZtvenktumas 0,03 0,18 0,18 0,86
DG 0,27 0,28 0,97 0,33
M 0,11 0,23 0,48 0,63
MD 0,08 0,27 0,30 0,76
MP 0,29 0,29 1,00 0,32
Mm 0,39 0,24 1,61 0,11
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MK 0,10 0,20 0,51 0,61
MKP -0,19 0,24 -0,81 0,41
MKG 0,43 0,27 1,57 0,12
P -0,42 0,31 -1,33 0,18
GP -0,43 0,29 -1,47 0,14
KD -0,06 0,25 -0,25 0,80
KDP* 0,60 0,23 2,67 0,01
KDG 0,32 0,28 1,15 0,25
KP -0,12 0,25 -0,48 0,63
Atsako kintamojo — Shannon_H’ modelis (BIC = 332,9)

Gylis 0,04 0,05 0,86 0,39
Vandenyje -0,10 0,07 -1,43 0,15
iStirpes

deguonis

Temperatira 0,01 0,06 0,09 0,93
TDS -0,03 0,07 -0,35 0,72
Uztvenktumas -0,09 0,17 -0,55 0,58
DG 0,27 0,26 1,04 0,30
M 0,14 0,21 0,64 0,52
MD 0,38 0,26 1,48 0,14
MP 0,22 0,27 0,82 0,42
Mm 0,25 0,23 1,10 0,27
MK 0,11 0,19 0,56 0,58
MKP -0,24 0,22 -1,07 0,28
MKG 0,21 0,26 0,83 0,41
P -0,18 0,29 -0,63 0,53
GP -0,46 0,27 -1,68 0,09
KD -0,16 0,23 -0,70 0,48
KDP 0,29 0,21 1,38 0,17
KDG 0,27 0,26 1,02 0,31
KP -0,20 0,24 -0,85 0,40

Atsako kintamojo — Individai modelis (BIC = 1648,4)

Gylis -3,30 2,49 -1,33 0,18
pH 1,83 3,61 0,51 0,61
Temperatiira 2,51 2,84 0,88 0,38
TDS -6,84 3,81 -1,80 0,07
UzZtvenktumas -5,79 8,63 -0,67 0,50
DG -14,04 14,07 -1,00 0,32
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M* -25,24 12,21 -2,07 0,04
MD* 35,37 13,57 2,61 0,01
MP* -35,47 14,89 -2,38 0,02
Mm -22,08 13,49 -1,64 0,10
MK -18,75 11,27 -1,66 0,09
MKP* -27,73 12,23 -2,27 0,02
MKG -14,84 14,60 -1,02 0,31
P -14,61 14,75 -0,99 0,32
GP* -42.45 12,39 -3,43 0,00
KD* -26,52 13,26 -2,00 0,05
KDP* 29,09 11,15 -2,61 0,01
KDG -25,72 14,13 -1,82 0,07
KP* -39,57 12,71 -3,11 0,00
a) Atsako kintamojo — Simpson (1-D) (pH) modelis (BIC = 181,5)
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b)

Numatomas atsakas + 95 % PI

]
S

Numatomas atsakas = 95 % PI

Atsako kintamojo — Simpson (1-D) (vandenyje i$tirpes deguonis) modelis
(BIC = 181,5)
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Atsako kintamojo — Margalef (elektrinis laidumas) modelis (BIC = 353,3)
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Numatomas atsakas £ 95 % PI

Numatomas atsakas + 95 % PI

Atsako kintamojo — Margalef (TDS) modelis (BIC = 353,3)
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Atsako kintamojo — Individai modelis (BIC = 1648,4)
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22 pav. Numatomos uody trukliy genciy skaiCiaus reikSmés (su 95 %
pasikliautinaisiais intervalais (PI)), apskai¢iuotos naudojant GLMM
modelius, | kuriuos jtraukti kintamieji ,,uztvenktumas‘‘ bei ,,krastovaizdzio
kategorijos‘‘, jvertinant skirtingy upiy aplinkos veiksniy poveikj uody triikliy
jvairovei pagal: a) Simpsono (pH), b) Simpsono (vandenyje istirpes
deguonis), c) Margalef (elektrinis laidumas), d) Margalef (TDS), ) Shannon-
Wiener jvairovés indeksus ir gausumui pagal e) individy skai¢iy. BIC — Bajeso
informacijos kriterijus. StatistiSkai reikSmingi rezultatai (p < 0,05) pazyméti

Ko
29

Fig. 22. Estimated responses of the number of non-biting midge genera (with
95 % confidence intervals (PI)), calculated using GLMM models including
variables 'damming' and 'environment categories', evaluating the effects of
different river environmental factors on non-biting midge diversity according
to: a) Simpson’s (pH), b) Simpson’s (dissolved oxygen), ¢) Margalef’s
(conductivity), d) Margalef’s (TDS), e) Shannon-Wiener’s diversity indices,
as well as on abundance f) number of specimens. BIC — Bayesian Information
Criterion. Statistically significant results (p < 0.05) are marked with "*".

Vertinant tyrimy viety savybes — uztvenktuma ir substrato kategorijas, o
kaip atsako kintamajj naudojant Simpsono jvairovés indeksa (Simpson (1-D)
~ gylis + vandenyje istirpes deguonis + temperatiira + TDS + uZtvenktumas +
substrato kategorijos + (data), BIC = 198,9) gauta, kad reik§mingg dalj uody
trukliy jvairovés paaiskina vandenyje iStirpgs deguonis (koeficiento reikSme -
0,07 (p = 0,02)) (23a pav., 8 lentel¢). Kaip atsako kintamgjj naudojant

108



Shannon-Wiener jvairovés indeksg (Shannon H’ ~ gylis + vandenyje istirpes
deguonis + temperatira + TDS + uztvenktumas + substrato kategorijos +
(data), BIC = 321,3) gauta, kad reikSminga dalj uody triikliy jvairovés
paaiskina substrato kategorijos (koeficiento reik§més: 0,45 — SASm (p =0,03)
ir 0,61 — SGRStSm (p = 0,01)) (23b pav., 8 lentelé¢). Kaip atsako kintamaji
naudojant Margalef jvairoves indeksa (Margalef ~ gylis + pH + temperatiira
+ TDS + uztvenktumas + substrato kategorijos + (data), BIC = 351,6) gauta,
kad reikSmingg dali uody trukliy jvairovés paaisSkina gylis (koeficiento
reik§mé 0,11 (p=0,04)) (23c pav., 8 lentelé). Kaip atsako kintamajj naudojant
individy skai¢iy buvo gauti du modeliai su vienoda BIC reikSme (individai ~
gvlis + pH + temperatiira + TDS + uztvenktumas + substrato kategorijos +
(data), BIC = 1641,0 ir (individai ~ gylis + vandenyje istirpes deguonis +
temperatira + TDS + uZtvenktumas + substrato kategorijos + (data), BIC =
1641,0) ir gauta, kad reikSmingg dalj uody triikliy individy skaiciaus paaiskina
substrato kategorijos (pirmame modelyje koeficiento reik§més: 58,95 — SASm
(p = 0,00), 26,74 — SZSt (p = 0,02), 37,16 — SZZvGAStSm (p = 0,00), 25,81
— S77vGSm (p = 0,03) ir 28,56 — SGRStSm (p = 0,02), 0 antrame — 59,26 —
SASm (p = 0,00), 25,88 — SZSt (p = 0,03), 36,44 — SZZvGAStSm (p = 0,00),
25,01 —SZZvGSm (p = 0,04) ir 27,53 — SGRStSm (p = 0,02)) (23d, e pav., 8
lentelé).

8 lentelé. GLMM analizés rezultatai su skirtingais atsako kintamaisiais, kai
aiSkinamieji kintamieji — upiy ekologiniai faktoriai ir ,,uztvenktumas‘‘ bei
,substrato kategorijos‘‘, kaip tyrimy viety savybés. StatistiSkai reikSmingi
rezultatai (p < 0,05) pazyméti ,,**.

Table 8. Results of GLMM analyses with different response variables, using
river ecological factors as explanatory variables, including 'damming' and
'substrate categories' as an explanatory variables representing study site
characteristics. Statistically significant results (p < 0.05) are marked with "*".

AiSkinamieji Koeficiento  Standartiné z - reikSmé p - reikSmé

kintamieji reikSme paklaida
I —

Atsako kintamojo — Simpson (1-D) modelis (BIC = 198,9)

Gylis -0,04 0,03 -1,23 0,22
Vandenyje -0,07 0,03 -2,33 0,02
i8tirpes

deguonis*

Temperattra -0,02 0,03 -0,68 0,50
TDS -0,05 0,05 -0,92 0,36
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Uztvenktumas -0,06 0,08 -0,70 0,48
SZStSm -0,13 0,12 -1,07 0,28
SZSm -0,14 0,16 -0,84 0,40
SZZvStSm 0,08 0,15 0,54 0,59
SASm -0,10 0,15 -0,68 0,50
SRStSm 0,06 0,10 0,61 0,54
SZSt -0,01 0,16 -0,09 0,93
SZZvASm -0,02 0,18 -0,10 0,92
SZZvGAStSm -0,12 0,15 -0,80 0,42
SZZvGSm 0,28 0,16 -1,77 0,08
SSmSt 0,06 0,11 0,57 0,57
SGRStSm 0,06 0,16 0,35 0,73
Atsako kintamojo — Shannon_H’ modelis (BIC = 321,3)

Gylis 0,06 0,05 1,31 0,19
Vandenyje -0,05 0,05 -0,91 0,36
iStirpes deguonis

Temperatiira 0,01 0,05 0,16 0,87
Elektrinis -0,01 0,07 0,12 0,90
laidumas

UzZtvenktumas 0,17 0,11 1,48 0,14
SZStSm -0,08 0,18 0,42 0,67
SZSm -0,20 0,23 -0,87 0,39
SZ7ZvStSm -0,11 0,22 -0,51 0,61
SASm* 0,45 0,21 2,18 0,03
SRStSm 0,09 0,14 0,61 0,54
SZSt 0,33 0,23 1,45 0,15
SZZvASm -0,06 0,26 -0,22 0,83
SZZvGAStSm 0,28 0,21 1,37 0,17
SZ7ZvGSm 0,14 0,23 0,62 0,54
SSmSt 0,09 0,16 0,58 0,57
SGRStSm* 0,61 0,23 2,65 0,01

Atsako kintamojo — Individai (pH) modelis (BIC = 1641,0)

Gylis 3,25 2,51 1,29 0,20
pH -0,73 2,58 -0,28 0,78
Temperatiira 2,44 2,59 0,94 0,35
TDS -3,26 3,80 -0,86 0,39
UzZtvenktumas 8,15 5,88 1,39 0,17
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SZStSm 11,13 9,47 1,18 0,24
SZSm 7,23 12,01 0,60 0,55
SZ7ZvStSm -6,43 11,27 -0,57 0,57
SASm* 58,95 10,88 5,42 0,00
SRStSm 13,38 7,40 1,81 0,07
SZSt* 26,74 11,91 2,25 0,02
SZZvASm -6,58 13,19 -0,50 0,62
SZZvGAStSm* 37,16 10,98 3,38 0,00
SZ7vGSm* 25,81 12,00 2,15 0,03
SSmSt -3,01 8,55 -0,35 0,72
SGRStSm* 28,56 12,32 2,32 0,02

Atsako kintamojo — Individai (vandenyje iStirpes deguonis) modelis
(BIC =1641,0)

Gylis 3,40 2,59 1,31 0,19
Vandenyje -0,06 2,46 -0,02 0,98
iStirpes deguonis

Temperatiira 2,39 2,58 0,93 0,35
TDS -3,45 3,75 -0,92 0,36
Uztvenktumas 8,12 5,88 1,38 0,17
SZStSm 10,29 9,32 1,11 0,27
SZSm 7,68 11,92 0,64 0,52
SZ7vStSm -6,78 11,38 0,60 0,55
SASm* 59,26 10,86 5,46 0,00
SRStSm 12,81 7,37 1,74 0,08
SZSt 25,88 11,81 2,19 0,03
SZ7vASm -7,43 13,32 -0,56 0,58
SZ7ZvGAStSm* 36,44 10,85 3,36 0,00
SZ7vGSm* 25,01 11,90 2,10 0,04
SSmSt -3,81 8,40 -0,45 0,65
SGRStSm* 27,53 12,04 2,29 0,02

Atsako kintamojo — Margalef modelis (BIC = 351,6)

Gylis* 0,11 0,05 2,03 0,04
Vandenyje 0,07 0,06 1,16 0,24
iStirpes deguonis

Temperatiira -0,03 0,06 -0,60 0,55
TDS -0,05 0,08 -0,57 0,57
UzZtvenktumas 0,13 0,12 1,07 0,28
SZStSm -0,27 0,20 -1,33 0,18
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SZSm -0,22 0,25 -0,88 0,38
SZ7ZvStSm -0,22 0,24 -0,94 0,35
SASm 0,32 0,23 1,42 0,16
SRStSm -0,10 0,16 -0,63 0,53
SZSt 0,24 0,25 0,94 0,35
SZ7vASm -0,29 0,28 1,06 0,29
SZ7vGAStSm 0,06 0,23 0,24 0,81
SZ7vGSm -0,00 0,25 -0,00 1,00
SSmSt -0,11 0,18 -0,63 0,53
SGRStSm 0,41 0,26 1,56 0,12
a) Atsako kintamojo — Simpson (1-D) meodelis (BIC = 198,9)
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Atsako kintamojo — Shannon_H’ modelis (BIC = 321,3)
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d) Atsako kintamojo — Individai (vandenyje iStirpes deguonis) modelis
(BIC = 1641,0)
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e) Atsako kintamojo — Individai (pH) modelis (BIC = 1641,0)
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23 pav. Numatomos uody trukliy genciy skaiCiaus reikSmés (su 95 %
pasikliautinaisiais intervalais (PI)), apskai¢iuotos naudojant GLMM
modelius, | kurivos jtraukti kintamieji ,,uztvenktumas‘‘ bei ,,substrato
kategorijos‘‘, jvertinant skirtingy upiy aplinkos veiksniy poveikj uody triikliy
jvairovei pagal: a) Simpsono, b) Margalef, ¢) Shannon-Wiener jvairovés
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indeksus ir gausumui d) individy skai¢iy (vandenyje iStirpes deguonis), €)
individy skai¢iy (pH). BIC — Bajeso informacijos kriterijus. Statistiskai
reik§mingi rezultatai (p < 0,05) pazyméti ,,*“.

Fig. 23. Estimated responses of the number of non-biting midge genera (with
95 % confidence intervals (PI)), calculated using GLMM models including
variables 'damming' and 'substrate categories', evaluating the effects of
different river environmental factors on non-biting midge diversity according
to: a) Simpson’s, b) Margalef’s, ¢) Shannon-Wiener’s diversity indices, as
well as on abundance d) number of specimens (disolved oxygen), and e)
number of specimens (pH). BIC — Bayesian Information Criterion.
Statistically significant results (p < 0.05) are marked with "*".

Atlikus atstumu pagrista pertekliniy duomeny analiz¢ (db-RDA),
analizuojant upiy, gylio, vandenyje istirpusio deguonies, elektrinio laidumo ir
temperattros jtakg uody tritkkliy gentims, buvo gautas statistiskai reikSmingas
pirmas modelis (vody triikliy gentys ~ upés + gylis + vandenyje istirpes
deguonis + temperatiira + elektrinis laidumas (data)) (F = 2,00; p = 0,00),
kuriame i§ penkiy analizuoty faktoriy statistiSkai reik§minga jtaka uody
trikliy gentims turéjo tik Seduolos upé (F = 2,44; p =0,00) (24 pav., 9 lentelé).

9 lentelé. Pirmame db-RDA modelyje analizuoti aiSkinamieji kintamieji,
paaiskinantys uody trikliy genciy sudétj tirtose upése. StatistiS$kai reikSmingi
(ANOVA, p <0,05) rezultatai pazyméti ,,**.

Table 9. The first db-RDA model analysed the explanatory variables
associated with the composition of non-biting midge genera in the studied
rivers. Statistically significant results (ANOVA, p < 0.05) are marked with an
asterisk "*".

Aiskinamieji Df F - reikSmé p - reikSmé
kintamieji

Upés* 5 2,44 0,00
Gylis 1 1,54 0,10
Vandenyje 1 1,39 0,18
iStirpes deguonis

Elektrinis 1 1,14 0,29
laidumas

Temperatiira 1 1,72 0,06
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Sesuola*

Elektrinis laidumas

Upés
Dubinga
Kiauna

Luknelé
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2 0 2
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24 pav. Tirty upiy, gylio, vandenyje istirpusio deguonies, elektrinio laidumo
ir temperaturos jtakg uody tritkliy gentims, naudojant pirmajj db-RDA modelj
(db-RDA1 = 8,84; db-RDA2 = 6,15). StatistisSkai reikSmingi (p < 0,05)
kintamieji pazyméti ,,*“.

Fig. 24. The effects of river, depth, dissolved oxygen, conductivity, and
temperature on non-biting midge genera, as assessed using the first db-RDA
model (db-RDAT1 = 8,84; db-RDA2 = 6,15). Statistically significant variables
(p < 0.05) are marked with an asterisk "*".

Atlikus db-RDA, analizuojant uZtvenktumo, gylio, vandenyje iStirpusio
deguonies, elektrinio laidumo ir temperatiros jtaka uody trukliy gentims,
buvo gautas statistiSkai patikimas antrasis modelis (vody tritkliy gentys ~
uztvenktumas + gylis + vandenyje istirpes deguonis + temperatiira + elektrinis
laidumas (data)) (F = 2,24; p = 0,00), o i§ penkiy analizuoty faktoriy,
statistiSkai reik§mingg jtaka uody trukliy gentims turéjo trys faktoriai —
uztvenktumas (F = 3,27; p = 0,00), gylis (F = 2,95; p = 0,00) ir vandenyje
i8tirpes deguonis (F = 1,89; p=0,04) (25 pav.). StatistiSkai nereikSmingg jtaka
uody trukliy genciy jvairovei Siame modelyje turéjo elektrinis laidumas (F =
1,63; p = 0,09) ir temperatira (F = 1,47; p = 0,12) (10 lentelé).
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10 lentelé. Antrame db-RDA modelyje analizuoti aiSkinamieji kintamieji,
paaiskinantys uody triikliy genciy sudétj tirtose upése. StatistiSkai reikSmingi
(ANOVA, p <0,05) rezultatai pazyméti ,,**.

Table 10. The second db-RDA model analysed the explanatory variables
associated with the composition of non-biting midge genera in the studied
rivers. Statistically significant results (ANOVA, p < 0.05) are marked with an
asterisk "*".

Aiskinamieji Df F - reikSmé p - reikSmé
kintamieji
Uztvenktumas* 1 3,27 0,00
Gylis* 1 2,95 0,00
Vandenyje 1 1,89 0,04
istirpes
deguonis*
Elektrinis 1 1,63 0,09
laidumas
Temperatura 1 1,47 0,12
6 Uztvenkta
Neuztvenkta
4

Istirpgs deguonis* Temperatiira

g 2
@ Elcktrinis
% o _ _5Gylis* laidumas
5 Neuztvenkta*
4
-2 0 2 4
dbRDAI

25 pav. Upiy uztvenktumo, gylio, vandenyje istirpusio deguonies, elektrinio
laidumo ir temperatiiros jtaka uody trikliy gentims, naudojant antrajj db-RDA
modelj (db-RDA1 =2,41; db-RDA2 =0,70). Statistiskai reikSmingi (p < 0,05)
kintamieji pazyméti ,,*“.

Fig. 25. The effects of damming, depth, dissolved oxygen, conductivity, and
temperature on non-biting midge genera, as assessed using the second db-
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RDA model. Statistically significant variables (p < 0.05) are marked with an
asterisk "*".

Atlikus db-RDA, analizuojant krastovaizdzio kategorijy, gylio,
vandenyje istirpusio deguonies, elektrinio laidumo ir temperattiros jtaka uody
trukliy gentims, buvo gautas statistiSkai reikSmingas treciasis modelis (uody
trikliy gentys ~ krastovaizdzio kategorijos + gylis + vandenyje istirpes
deguonis + temperatiira + elektrinis laidumas (data)) (F = 1,76; p = 0,00), o
i§ penkiy analizuoty faktoriy, statistiSkai reikSmingg jtaka uody trikliy
gentims turéjo tik krastovaizdzio kategorijos (F = 1,85; p = 0,00) (26 pav.).
Siame modelyje temperatiira (F = 1,67; p = 0,06), elektrinis laidumas (F =
1,63; p = 0,07), vandenyje istirpes deguonis (F = 1,37; p = 0,17) ir gylis (F =
1,11; p = 0,34) buvo statistiskai nereikSmingi faktoriai (11 lentelé).

11 lentelé. Treciame db-RDA modelyje analizuoti aiskinamieji kintamieji,
paaiskinantys uody trikliy genciy sudétj tirtose upése. StatistiSkai reikSmingi
(ANOVA, p <0,05) rezultatai pazyméti ,,*“.

Table 11. The third db-RDA model analysed the explanatory variables
associated with the composition of non-biting midge genera in the studied
rivers. Statistically significant results (ANOVA, p < 0.05) are marked with an
asterisk "*".

Aiskinamieji Df F - reikSmé p - reikSmé
kintamieji

Krastovaizdzio 14 1,85 0,00
kategorijos *

Gylis 1 1,11 0,34
Vandenyje 1 1,34 0,17
itirpes deguonis

Elektrinis 1 1,63 0,07
laidumas

Temperatiira 1 1,67 0,06
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4 Krastovaizdzio kategorijos
D
DG
M
MD
MP
Mm
MK
MKP

® MKG

LY
GP
KD
KDP

® KDG

2 0 2 ® Kp

dbRDA1

26 pav. Krastovaizdzio kategorijy (kur: D — dirbami laukai, G — ganykla, K —
kaimas, M — miskas, m — miestas/ miestelis, P — pieva), gylio, vandenyje
iStirpusio deguonies, elektrinio laidumo ir temperatiros jtaka uody trukliy
gentims, naudojant tre¢igjj db-RDA modelj (db-RDA1 = 8,39; db-RDA2 =
5,62). Statistiskai reikSmingi (p < 0,05) kintamieji pazymeéti ,,*“.

Fig. 26. The effects of environmental categories (where: D — agriculture, G —
pasture, K —village, M — forest, m —urban area, P — meadow), depth, dissolved
oxygen, conductivity, and temperature on non-biting midge genera, as
assessed using the third db-RDA model (db-RDAT1 = 8,39; db-RDA2 = 5,62).
Statistically significant variables (p < 0.05) are marked with an asterisk "*".

Atlikus db-RDA, analizuojant substrato, gylio, vandenyje iStirpusio
deguonies, elektrinio laidumo ir temperatiros jtaka uody trukliy gentims,
buvo gautas statistiskai reikSmingas ketvirtasis modelis (vody trikliy gentis ~
substrato kategorijos + gylis + vandenyje istirpes deguonis + temperatiira +
elektrinis laidumas (data)) (F = 2,04; p = 0,00), o i§ penkiy analizuoty
faktoriy, statistiSkai reikSmingg jtaka uody triikliy gentims turéjo du faktoriai
— substrato kategorijos (F = 2,13; p = 0,00) ir elektrinis laidumas (F = 3,22; p
=0,00) (27 pav.). Siame modelyje statistiskai nereik§minga jtaka uody triikliy
genciy jvairovei turéjo vandenyje istirpes deguonis (F = 1,66; p = 0,08), gylis
(F=1,24; p=0,25) ir temperatiira (F = 1,15; p=0,31) (12 lentelé).
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12 lentelé. Ketvirtame db-RDA modelyje analizuoti aiskinamieji kintamieji,
paaiskinantys uody triikliy genciy sudétj tirtose upése. StatistiSkai reikSmingi
(ANOVA, p <0,05) rezultatai pazyméti ,,**.

Table 12. The fourth db-RDA model analysed the explanatory variables
associated with the composition of non-biting midge genera in the studied
rivers. Statistically significant results (ANOVA, p < 0.05) are marked with an
asterisk "*".

Aiskinamieji Df F - reikSmé p - reik§mé
kintamieji

Substrato 11 2,13 0,00
kategorijos *

Gylis 1 1,24 0,25
Istirpes 1 1,66 0,08
deguonis

Elektrinis 1 3,22 0,00
laidumas*

Temperatira 1 1,15 0,31
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27 pav. Substrato kategorijy (kur: A — akmenys, G — gargzdas, R — rieduliai,
S — smélis, Sm — smulki organiné medziaga, St — stambi organiné medziaga,
7 — zvyras, Zv — zvirgzdas), gylio, vandenyje istirpusio deguonies, elektrinio
laidumo ir temperatiiros jtaka uody triikkliy gentims, naudojant ketvirtajj db-
RDA modelj (db-RDA1 = 3,91; db-RDA2 = 1,57). Statistiskai reikSmingi (p
< 0,05) kintamieji pazyméti ,,**.

Fig. 27. The effects of environmental categories (where: A — stones, G — sett,
R - boulders, S — sand, Sm — micro organic material, St — macro organic
material, Z — gravel, Zv — pebble), depth, dissolved oxygen, conductivity, and
temperature on non-biting midge genera, as assessed using the fourth db-RDA
model (db-RDAT1 =3,91; db-RDA2 = 1,57). Statistically significant variables
(p < 0.05) are marked with an asterisk "*".
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4. REZULTATU APTARIMAS

2021-2022 metais tirtose SeSiose panaSiomis charakteristikomis
pasizyminciose upése, esanciose viename Lietuvos regione, identifikuotos 89
Chironomidae risys, kurios sudaro daugiau kaip 50 % visy iki Siol Salyje
nustatyty uody trikliy rusiy (Pakalniskis ir kt., 2006; Ruginis, 2007; Moéra ir
Kovacs, 2009). Siy tyrimy metu buvo nustatytos 37 naujos Lietuvos faunai
Chironomidae risys (jos sudaro 41,57 % visy tyrimy metu nustatyty rasiy) ir
12 pirma kartg Lietuvoje nustatyty genciy. Remiantis $iy ir ankstesniy tyrimy
rezultatais (Pakalniskis ir kt., 2006; Ruginis, 2007; Mora ir Kovécs, 2009),
$iuo metu Lietuvos Chironomidae raiSiy sarasa turéty sudaryti 199 rasys.

Atsizvelgiant | kaimyninése Salyse nustatyty uody triikkliy rusiy skaiéiy,
galima daryti prielaida, kad Sios vabzdziy grupés istirtumas Lietuvoje yra
ribotas. Siuo metu Europoje Zinoma daugiau nei 190 Chironomidae genéiy ir
daugiau nei 1260 riisiy (Paasivirta, 2014; Serra ir kt., 2016; Serra ir kt., 2017).
Pavyzdziui, Vokietijoje zinoma daugiau nei 165 Chironomidae genciy ir 780
rusiy (Orendt, 2000; Brunke, 2004; Orendt ir kt., 2014; Orendt, 2018;
Chimeno ir kt., 2022; Chimeno ir kt., 2023), Lenkijoje — daugiau nei 420 rtsiy
(Ptociennik, 2009; Ptéciennik ir kt., 2015; Plociennik ir kt., 2018;
Leszczynska ir kt., 2019; Pleskot ir kt., 2019; Glowacki ir kt., 2023),
Ukrainoje — apie 340 Chironomidae rusiy (Baranov, 2011; Bitusik ir kt.,
2024). Skandinavijos pusiasalio regione uody trukliy iStirtumas yra vienas
didziausiu Europoje. Remiantis Suomijos duomenimis, §iuo metu Salyje yra
zinoma daugiau kaip 780 uody trukliy rasiy i§ kuriy kelios yra jtrauktos j
Suomijos raudongjg knyga (Paasivirta, 2014; Engels ir kt., 2019; Hyvérinen ir
kt., 2019), Svedijoje — apie 900 riisiy (SLU Swedish Species Information
Centre, 2024), o Norvegijoje — daugiau kaip 650 Chironomidae riisiy (Elven
ir Seli, 2016; Stur ir Ekrem, 2020). Sie uody triikliy riisiy skai¢iai kaimyninése
ir netolimose Salyse rodo, kad Lietuvoje, iSplétus tyrimus ir vykdant juos
daugiau regiony, gali biiti nustatoma dar gerokai daugiau Chironomidae
Seimos risiy.

Uodai trukliai — svarblis organiniy medziagy apytakai ir energijos
perdavimui dél savo jvairios mitybos, skirtingy mitybos budy, gyvenimo cikly
bei deél to, kad yra maisto Saltinis aukStesniy trofiniy lygiy gyvinams, todeél
buvo nustatytos jy lervy trofinés grupés ir jy mitybos biidai (Sanseverino ir
Nessimian, 2008).

Siy tyrimy metu didziausia dalis nustatyty uody trikliy genéiy atstovy
buvo detritofogai, plésriinai, algofagai ir fitofagai, o pagal mitybos biidus —
rinkéjai, siurbikai, filtruotojai ir smulkintojai. Zarnyno turinio analizés rodo,
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kad detritofaginiy lervy mityboje vyrauja detritas ir Sios trofinés grupés lervos
laikomos kaip pasizymincios rinkéjy arba filtruotojy mitybos budais
(Armitage ir kt., 1995; Banegas ir Rocha, 2023; Ocon ir kt., 2023).
Detritofaginiai uodai trukliai atliecka svarby vaidmenj skaidant detritg ir
perdirbant maistines medziagas vandens telkiniuose. Tiek detritofaginé
mityba, tiek rinkéjy mitybos biidas buvo daZniausiai pasitaikantys tarp
nustatyty uody trukliy. Kad detritofaginiy uody trukliy upése yra daugiau nei
kity trofiniy grupiy atstovy nustatyta ir kituose panaSiuose tyrimuose
(Tavares-Cromar ir Williams, 1997; da Silva ir kt., 2008; Biasi ir kt., 2013;
Nunes ir kt., 2020).

Plésriis uodai triikkliai uzpuola grobj ir praryja visg arba dalj jo kiino
(smulkintojai) arba suardo audinius, siurbdami kiino skyscius (siurbikai) (da
Silva ir kt., 2008). Laikoma, kad daugiausiai pléSria mityba pasizyminciy
uody trukliy yra Tanypodinae poseimyje (Ocon ir kt., 2023), kurie §io tyrimo
metu dominavo daugumoje tirty upiy, iSskyrus Dubingg. Tai rodo pakankama
potencialaus grobio — kity bestuburiy — prieinamuma Siose upése. Kalny
upeliuose tyrimas, atliktas Martins ir kt. (2021), parodé, kad plésriy
Chironomidae atstovy yra daugiau tose upés vietose, kurios teka pro ganyklas,
0 upés substrate dominuoja smélis.

Uodai tritkliai, kurie maitinasi dumbliais yra algofagai. Tyrimai rodo, kad
dumbliai gali sudaryti didziaja dalj uody trukliy zarnyno turinio (Butakka ir
kt. 2016). Dumbliai dazniausiai paimami gremziant juos nuo atviry pavirsiy,
nuosédy ir panirusiy organiniy medziagy arba filtruojant vandenj (Armitage
ir kt., 1995; da Silva ir kt., 2008; Ocon ir kt., 2023). Tokia uody triikliy mityba
paplitusi tarp daugumos Chironomidae poSeimiy atstovy (Armitage ir kt.,
1995).

Fitofagai pasizymi smulkintojy ir gremz&jy mitybos budais, nes grauzia,
kramto ir trina augalus, makrofitus ir vandenyje panirusius lapus (Armitage ir
kt., 1995; da Silva ir kt., 2008). Si mityba yra biidinga jvairiems Chironomidae
poseimiy atstovams (Armitage ir kt., 1995).

Smulkintojy mitybos btidu pasizymi ir ksilofaginiai uodai trakliai, kurie
minuoja vandenyje panirusias medienos liekanas. Daugiausiai tokiy uody
trikliy priklauso Orthocladiinae ir Chironominae poSeimiams (Cranston,
2006). Siy tyrimy metu ksilofaginiy genéiy atstovy nustatyta tik nedidelé
dalis. ] méginius jie galéjo patekti atsitiktinai — kartu su bentoso méginiais
surinkus smulkiy medienos fragmenty.

Labai nedidel¢ dalj sudaré ir parazitiniai bei komensaliniai uodai triikliai.
Parazity trofinei grupei priklausé Parachironomus genties atstovai, kurie
parazituoja Lymnaeidae Seimos moliuskus (Tokeshi, 1993). Komensaly
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trofinei grupei priklausé Epoicocladius genties atstovai. Jie yra Seimininkui
specifiski — ir gyvena ant Ephemera genties laSaly nimfy kiino pavirSiaus. Ta
paCia ,.gyvenamagja vieta“ uodai trukliai dalijasi su kitu organizmu -
pirmuonimi Carchesium polypinum (Linnaeus, 1758) Ehrenberg, 1831
(Grzybkowska ir kt., 2016). Bendrai tiek parazitiniu, tieck komensaliniy uody
trukliy jvairove yra gana nedidelé (Armitage ir kt., 1995) ir tai atsispindéjo Siy
tyrimy rezultatuose. Panasiai kaip ir ksilofaginiai uodai trokliai, Sie galéjo biiti
surinkti atsitiktinai.

Sugeneruotos uody trukliy genéiy gausumo akumuliacinés kreivés
parodé, kad reprezentatyviai iStirtomis, Siy tyrimy metu, galima laikyti
Sesuolos, Dubingos, Luknelés ir Plastakos upes, tuo tarpu Kiaunos ir
Skerdyksnos upése faunistinius tyrimus reikeéty testi.

Tyrimo metu nustatyta, kad gausiausias genciy skai¢iumi buvo
Chironominae poseimis, kuriame nustatytos 28 gentys, kas sudaro 44 % visy
Europoje zinomy Chironominae poseimio genciy skai¢iaus. Antroje vietoje
pagal genciy gausuma buvo Orthocladiinae poSeimis — nustatyta 21 gentis
(27% visy S$io poseimio genciy Europoje). Tanypodinae posSeimiui
priklausan¢iy genciy nustatyta 12, kas sudaro 30 % S$io poSeimio genciy
Europoje. Prodiamesinae poseimyje nustatytos 3 gentys, kurios atitinka visa
Europoje zinomg §io poSeimio genciy jvairove (100 %). Maziausias genciy
skaiCius nustatytas Diamesinae poSeimyje — 2 gentys, kas sudaro 18 %
Europoje zinomy Sio poseimio genciy skaiciaus (Paasivirta, 2014; Serra ir kt.,
2016; Serra ir kt., 2017).

Siose SeSiose upése bendrai Chironominae, Tanypodinae ir
Orthocladiinae poSeimiai i$siskyré kaip eudominantiniai: Chironominae —
visose tirtose upése, Tanypodinae — visose iSskyrus Dubinga, o Orthocladiinae
— tik Lukneléje ir Se$uoloje. Panasi poseimiy dominavimo tendencija
nustatyta ir Argentinoje, analizuojant 18 upiy (Pero ir kt., 2023) — ¢ia i$siskyré
Chironominae ir Orthocladiinae, o Tanypodinae poSeimis pagal dominavima
buvo trecias. Taip pat, tirtose upése didziausiu individy gausumu issiskyré
Chironominae poseimis, kurio individy skaicius sudare¢ 60,18 % visy surinkty
uody trikliy individy. Kad Chironominae posSeimio individy skaicius gali
sudaryti daugiau, nei pus¢ visy tyrimy metu surinkty uody triikliy, buvo
nustatyta ir tyrimy Vokietijoje metu (Thienemann, 1954). Panasius rezultatus
gavo ir Leszczynska ir kt. (2019) Lenkijoje, bei Cerba ir kt. (2020) Kroatijoje
— abiejuose tyrimuose i$ visy nustatyty uody triikliy poseimiy Chironominae
buvo individais gausiausias. Po $io poSeimio individy gausumu iSsiskyré ir
Orthocladiinae bei Tanypodinae poS$eimiai, kg taip pat nustaté Leszczynska ir
kt. (2019) tyrimas. Tuo tarpu, Cerba ir kt. (2020) nustaté santykinai mazesnj
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Prodiamesinae poseimio atstovy gausuma, kuris taip pat buvo fiksuotas ir §io
disertacinio darbo tyrimy metu. Sesuolos, Dubingos, Luknelés, Plastakos,
Skerdyksnos ir Sesuolos upése maziausiai (vos $esi) individy nustatyta i3
poseimio Diamesinae. Tai lémé maza Sio poSeimio jvairové ir ribotas
zoogeografinis paplitimas (Ferrington, 2008; Andersen ir kt., 2013; Ekrem ir
kt., 2017).

Orthocladiinae ir Tanypodinae poseimiy atstovai (kartu sudare 37,5 %
visy surinkty Chironomidae lervy individy skai¢iaus) yra siejami su Svariais
vandens telkiniais (Armitage ir kt., 1995; Cortelezzi ir kt., 2020; Molineri ir
kt., 2020; Shahidi-Hakak ir kt., 2022). IS genciy, kuriy $iy tyrimy metu
surinkta daugiau nei 100 individy, trys priklausé poseimiui Tanypodinae —
Conchapelopia, Procladius ir Ablabesmyia, o viena poSeimiui Orthocladiinae
— Psectrocladius. 1§ $iy genciy, vienintelés Ablabesmyia atstovai tyrimy metu
i§siskyrée kaip eudominantai Luknelés, Kiaunos ir Sesuolos upése, bei buvo
labai daznai sutinkami Lukneléje ir Kiaunoje (atitinkamai F = 64,29 % ir F =
53,57 %). Abi Sios upés tekéjo per nattiralias arba pusiau natiiralias buveines.
Tai sutampa su Odume ir Muller (2011) Swartkops upéje gautais tyrimy
rezultatais, jog Ablabesmyia genties atstovai dominuoja maZiau zmogaus
veiklos paveiktose upés vietose.

Pagal GLMM analizés rezultatus uody trikliy jvairové ir gausumas
reikSmingai skyrési tarp analizuoty upiy. Pagal db-RDA analizés rezultatus,
kai pirmas aiSkinamasis kintamasis buvo Dubinga, nustatyty genciy skaicius
reik§mingai skyrési tik SeSuolos upéje. Atsizvelgiant j tai, kad anks¢iau uodai
trukliai Dubingos, Kiaunos, Luknelés, Plastakos, Skerdyksnos ir Sesuolos
upése nebuvo tirti, néra galimybés tiesiogiai palyginti $iy tyrimy metu gauty
uody trukliy gausumo ir taksony jvairovés duomeny su ankstesniais tyrimais.
Taciau svarbu paminéti, kad i§ SeSiy tirty upiy Luknelé iSsiskyré tiek
didziausiu uody trikliy genciy ir individy skaic¢iumi, tiek didziausia jvairove
pagal Margalef jvairovés indeksg. Si upé buvo viena i§ dviejy, kurioje vienos
genties — Ablabesmyia — atstovai buvo labai daznai sutinkami (F > 50 %). Visa
tai gali rodyti, kad i§ visy $eSiy analizuoty upiy, Luknelé¢ yra itin svarbi uody
trukliy bendrijy iSsaugojimui ir palaikymui, o Chironomidae atstovai joje
atlieka svarby ekologinj vaidmenj prisidédami prie mitybiniy grandiniy
stabilumo bei ekosistemos funkcionavimo.

Antroje vietoje pagal nustatyty uody trikliy genéiy skaiéiy, bei ketvirtoje
pagal individy skaiCiy, buvo PlaStakos upé. Joje nustatyta daugiausiai naujy
Lietuvos faunai uody trikliy riiSiy. Vienintelé gentis, kuri Sioje upéje issiskyré
kaip eudominantiné buvo Microtendipes. Sios genties atstovai aptinkami
dugno nuosédose ir samanose, todé¢l Sios genties atstovai indikuoja organika
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praturtintus vandens telkinius (Andersen ir kt. 2013). Remiantis tuo, Plastakos
upé atlieka svarby vaidmenj i§saugant ir palaikant uody triikliy bendrijas.

Trecioje vietoje pagal nustatyty uody trukliy genciy ir antroje vietoje
pagal individy skai¢iy buvo Dubingos upé. Dubingoje buvo daugiausiai
daznai sutinkamy ir dominantiniy uody trikliy taksony. Kaip ir Plastakos
upeje, Dubingoje vienintelé gentis, kuri i8siskyré kaip eudominantiné buvo
Microtendipes. Tai gali atspindéti palankias sglygas jvairioms uody trukliy
bendrijoms formuotis Sioje upéje.

Ketvirtoje vietoje pagal nustatyty uody tritkliy genciy ir trecioje pagal
surinkty individy skai¢iy buvo Kiaunos upé. Joje, kaip ir Luknelés upéje,
vienos genties — Ablabesmyia — atstovai buvo labai daznai sutinkami (F > 50
%). Palyginus su kitomis tirtomis upémis, Kiaunoje nustatyta daugiausiai
eudominantiniy uody tritkkliy genciy (4blabesmyia ir Microtendipes).

Penktoje vietoje pagal nustatyty uody trukliy genciy skaiciy ir maziausia
individy skai¢iy issiskyré Skerdyksnos upé. Sioje upéje kaip eudominantai
issiskyre tik vienos genties — Procladius — atstovai. Sios genties atstovai
aptinkami organinése nuosédose, todél jie indikuoja gausy vandenyje
susikaupusiy organiniy medziagy kiekj (Andersen ir kt. 2013).

Sestoje vietoje pagal nustatyty genéiy skaidiy ir penktoje pagal individy
skai¢iy buvo Sesuolos upé. Nors genéiy Sioje upéje nustatyta maZiausiai,
Sesuola issiskyré didziausia uody triikliy jvairove pagal Shannon-Wiener ir
Simpsono jvairovés indeksus. Palyginus su kitomis tirtomis upémis, Sesuoloje
buvo daugiausiai subdominantiniy uody trikliy genciy ir nustatyta viena
eudominantiné gentis — Ablabesmyia. Visa tai rodo, kad nors nustatytas uody
trukliy genc¢iy skaiCius Sioje upéje buvo maziausias, upé atlicka svarby
vaidmenj uody triikliy jvairovés iSsaugojime ir palaikyme ir sukuria tinkamas
salygas jvairiy taksony uodams trikliams vystytis ir gyventi.

Atsizvelgiant | tai, kad tradiciné Chironomidae identifikacija pagal
morfologinius pozymius yra sudétinga, imli laikui ir reikalauja aukStos
kvalifikacijos specialisty, vis dazniau taikomi molekuliniai metodai, tokie
kaip COI geno seky analize (da Silva ir Wiedenbrug, 2014; Chimeno ir kt.,
2023). Siame tyrime, derinant morfologine uody triikliy identifikacijg ir COI
geno fragmento analize, nustatyta, kad molekuliniai duomenys patvirtino
auk$ta morfologinés identifikacijos tikslumg — 1§ 109 analizuoty
Chironomidae individy buvo nustatytos 56 wuody trikliy rasys, o
identifikavimo neatitikimai iSry$kéjo vos dviejy taksony atveju — Ablabesmyia
longistyla ir Clinotanypus nervosus. Ypa¢ sudétinga taksonomiskai laikoma
Ablabesmyia gentis, kurios rusys — A. longistyla, A. monilis (Linnaeus, 1758)
ir A. phatta (Egger, 1864) — neretai painiojamos. Tuo tarpu C. nervosus
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individai, pasizymintys rySkiomis morfologinémis savybémis, paprastai yra
lengviau identifikuojami rusies lygmeniu. Abiejy risiy atstovai Siame tyrime
buvo teisingai identifikuoti pagal morfologinius analizuoty individy
pozymius, o jy COI sekos atitiko GenBank duomeny bazéje pateiktas sekas.
Vis délto, viduraiSiniai COI seky skirtumai (> 2 %) A4. longistyla ir C. nervosus
grupése gali rodyti genetinj heterogeniskuma, t. y. galimg daugiau nei vienos
genetinés linijos buvimg. Nors GMYC ir bPTP rusiy atskyrimo metody
analizés Siy grupiy atstovy neiSskyrée | atskiras rusis, toks skirtumas gali biiti
susijes su ankstyva genetine divergencija arba kriptine rii§iy jvairove.
Alternatyviai, neatmetama, kad genetiniai neatitikimai galéjo atsirasti dél seky
klaidy duomeny bazése ar neatitikimy tarp morfologiniy ir molekuliniy
pozymiy.

Nors dauguma riSiy pasizyméjo aiskia genetine diferenciacija,
Chironomus cingulatus — Chironomus piger ir Procladius culiciformis —
Procladius pectinatus risSys nebuvo aiskiai atskirtos. Tai galéjo lemti neseniai
ivykusi divergencija, nevisiSkas linijy rasiavimas arba hibridizacija. Be to,
tam jtakos galéjo turéti mitochondriné introgresija arba ribota COI geno
skiriamoji geba. Tokie atvejai parodo, kad tikslesniam rasiy riby nustatymui
bitina taikyti keliy genetiniy Zymeny ir morfologiniy poZymiy integracija.

Taikant rusiy atskyrimo analizés metodus nustatyta, kad atstumu pagrjsti
algoritmai yra tinkamesni risiy nustatymui nei medziu pagristi metodai.
Konkreciai, ABGD ir ASAP analizés pateiké patikimesnius riisiy atskyrimo
modelius, tuo tarpu GMYC ir bPTP dazniau sujungé gentis ar aukStesnius
taksonus, o ne aiskiai atskyrée atskiras riisis. Tokie rezultatai gali biti susij¢ su
palyginti mazu tiriamosios imties dydziu, t. y. salyga, kuriai esant, gali
pageréti kai kuriy metody efektyvumas (Dellicour ir Flot, 2015; Dellicour ir
Flot, 2018). Panasiai kaip ir $iy tyrimy metu, Song ir kt. (2018) nustaté ABGD
metodo efektyvumg, analizuojant Polypedilum genties COI geno seky
duomeny rinkinj.

Taciau, atstumu pagrjsti metodai turi reikSmingy apribojimy, nes juose
néra universalios genetinés ribos, taikytinos visiems taksonams (Yang ir
Rannala, 2017). Genetiniai skirtumai tiek riiSiy viduje, tiek tarp rasiy gali
skirtis jvairiose taksonominése grupése, todél sudétinga nustatyti vieng
universalig ribg rasiy atskyrimui. Tai rodo, kad atstumu pagristus metodus
butina papildyti alternatyviais metodais. Integruojant kelias analitines
sistemas galima padidinti rasiy priskyrimo tikslumg ir patikimuma, todeél
geriau jvertinama riiSiy jvairové ir atskyrimas gentyje ar taksonomingje
grupéje. Kitas atstumais pagristy metody trikumas — jy algoritmuose
neatsizvelgiama j evoliucinius rysius (Kapli ir kt., 2017).
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Tuo tarpu, medZiu pagristi metodai, tokie kaip GMYC ir bPTP,
atsizvelgia i evoliucinius rysius ir Saky ilgio pasiskirstyma, todél tam tikrais
atvejais jie gali bati patikimesni (Song ir kt., 2018). Siems metodams néra
fiksuotos genetinés ribos, todél jie leidzia nustatyti rusiy ribas pagal
filogenetinius rysius, kas suteikia gilesniy jzZvalgy apie evoliucijos
désningumus.

Tarp gauty tyrimo rezultaty vienas priestaringai jvertintas buvo susij¢s su
rusiy priskyrimu poSeimiams. Pagal didziausio tikétinumo kladograma
Stenochironomus gibbus rusis buvo priskirta Orthocladiinae poSeimiui, nors
§i ruSis formuoja savo atskirg Sakg. Toks iSsidéstymas gali atspindéti
monofiletiska genties pobiidj (Zheng ir kt., 2022). Kitas prieStaravimus
keliantis atvejis pastebétas Pentaneurini triboje (Tanypodinae poSeimyje), kur
trys raSys — Larsia atrocincta, Conchapelopia melanops ir Ablabesmyia
longistyla — buvo sugrupuotos tarp Orthocladiinae ir Prodiamesinae poSeimiy.
Sj nejprasta i$sidéstyma baty galima paaiskinti glaudZiu Tanypodinae ir
Prodiamesinae poSeimiy filogenetiniu giminingumu (Zheng ir kt., 2021).
Panasus rezultatas gautas ir analizuojant Paraphaenocladius sp. rusj, kuri,
nors ir priklauso Orthocladiinae poSeimiui, buvo jterpta tarp Prodiamesinae ir
Tanypodinae poSeimiy, kas gali rodyti galimus filogenetinius rysius tarp Siy
poseimiy.

Sie molekulinés analizés ir risiy atskyrimo metody rezultatai pabrézia
sudétingas ir neiSsprestas problemas, susijusias su Chironomidae Seimos
filogeneze ir evoliucija. Kaip parod¢ §is ir panaSts tyrimai (da Silva ir kt.,
2023), islieka reikSmingy i$Siukiy, susijusiy su riiSiy koncepcijomis ir
dabartiniy filogenetiniy metody apribojimais. Siekiant jveikti Sias problemas
ir pagerinti rusiy atskyrima, j ateities tyrimus reikéty jtraukti didesnés imties
méginius, suaugusiy uody trikliy morfologing analize¢ ir papildomus
genetinius zymenis, tokius kaip 28S rRNA. Be to, keliy lokusy ir
koalescencijos pagrindu veikian¢iy metody integracija galéty padéti geriau
suprasti evoliucinius rysius ir i§spresti taksonominius grupés neaiSkumus.

Nemetrinés daugiamaciy skaliy analizés (NMDS) rezultatai, esant
neaukstai streso vertei, leido vizualiai palyginti uody trikliy kompleksus tarp
uztvenkty ir neuztvenkty upiy. Tyrimo metu, dvejus metus analizuojant tris
uztvenktas ir tris neuztvenktas upes nustatyta, kad uody triikkliy bendrijos Siose
upése persidengia. Tai galéjo lemti tai, kad dauguma uztvanky Siose upése
buvo jrengtos pries daugel] mety, o remiantis ankstesniy tyrimy rezultatais
(Schmid, 1992; Bredenhand ir Samways, 2009; Rosin ir kt., 2009;
Brandimarte ir kt., 2016; Wu ir kt., 2019), uody trukliy jvairové uztvenktose
upése kinta priklausomai nuo atstumo nuo uztvankos — dazniausiai maziausia
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jvairové biina netoli uztvankos, taciau laikui bégant bendrijos gali dalinai
atsistatyti. Todél galima daryti prielaida, kad tarp uztvenkty ir neuztvenkty
upiy uody trikliy kompleksai galéjo supanaséti dél naturaliy procesy ir
pakankamai ilgo laiko tarpo nuo uztvanky jrengimo. Taciau, iSplétus NMDS
analize ir | ja jtraukus tirty upiy ekologinius faktorius ir tyrimy viety savybes,
2022 mety duomenimis, Chironomidae kompleksai uztvenktose ir
neuztvenktose upése skyrési. Tuo tarpu ta pati analizé su 2021 mety ir 2022
mety duomenimis parodé, kad uztvenktose ir neuZtvenktose upése uody
trukliy kompleksai tik i§ dalies sutapo.

UZtvenktose upése vidutiniskai nustatytos 28 uody trukliy gentys ir
surinkta 1 613 individy, o neuztvenktose — 33 gentys ir 2 152 individai. Nors
kai kurie GLMM ir db-RDA analizés modeliai parod¢ statistiskai reikSminga
teigiamg uztvanky poveikj uody trukliy jvairovei bei gausumui, kiti modeliai
reikSmingumo neparodé. PanaSis rezultatai gauti ir kituose tyrimuose.
Pavyzdziui, Piety Afrikos Eerste upéje (Bredenhand ir Samways, 2009)
Zemiau uztvankos nustatytas beveik visiSkas Ephemeroptera, Plecoptera ir
Trichoptera iSnykimas ir smarkiai padidéjes Chironomidae gausumas. Nors
dauguma kity tyrimy (Schmid, 1992; Rosin ir kt., 2009; Brandimarte ir kt.,
2016; Wu ir kt., 2019) rodo, kad uztvenktose upése uody triikkliy bendrijy
Jvairové ir gausumas yra mazesni nei neuztvenktose, Eerste upés tyrimas
parodé, kad net ir viena uZtvanka gali radikaliai pakeisti ekosistemos
struktirg, iSstumdama jautrias grupes (EPT) ir sudaryti salygas
tolerantiskesniy taksony atstovams, tokiems kaip Chironomidae, dominuoti.
Analizuojant upes Lietuvoje, nustatytus skirtumus tarp uZtvenkty ir
neuztvenkty upiy galéjo nulemti tai, kad buvo analizuota genciy, o ne rusiy
vairove, kuri, kaip nurodo Lencioni ir kt. (2012), gali riboti rezultatus apie
Chironomidae bendrijy strukturg. Be to, kaip nustaté Schmid (1992) ir
Bredenhand & Samways (2009), uztvanky poveikis uody trukliy bendrijoms
tolstant nuo uztvankos zymiai sumaz¢ja. Kadangi Sio tyrimo metu buvo
vertintos tiek artimos, tiek toliau nuo uztvanky esancios vietos, tai galéjo turéti
jtakos gautiems rezultatams.

Tiriant uody tritkliy genciy pasiskirstyma tarp uztvenkty ir neuztvenkty
upiy, Pirsono x* testas parodé, kad reikSmingai skiriasi Ablabesmyia,
Chironomus, Clinotanypus, Cricotopus, Glyptotendipes, Macropelopia,
Paratendipes ir Prodiamesa genCiy atstovy gausumas. Ablabesmyia,
Cricotopus bei Macropelopia genciy atstovai buvo gausesni neuztvenktose
nei uztvenktose upése. Ablabesmyia genties atstovai buvo reikSmingai
gausesni neuztvenktoje Luknelés upéje nei uztvenktoje Skerdyksnos. Nors
tam tikry uody tritkliy poSeimiy atstovai gali indikuoti aukstg vandens kokybe,

129



tadiau, pavyzdziui, Portugalijoje atlikti tyrimai rodo, kad Ablabesmyia genties
atstovai yra paplite Zemo pH vandenyje (de Bisthoven ir kt., 2005). Tuo tarpu
kiti atlikti bioindikatoriniai tyrimai rodo, kad Ablabesmyia, Cricotopus ir
Macropelopia genCiy atstovai toleruoja organika ir druskomis uZterSta
vandenj (Arimoro, 2011; Lencioni ir kt., 2012; Cortelezzi ir kt., 2020;
Czechowski ir kt., 2020; Shahidi-Hakak ir kt., 2022). Remiantis Andersen ir
kt. (2013), Ablabesmyia, Cricotopus ir Macropelopia atstovai yra eurytopai —
aptinkami beveik visose gélo vandens buveinése, nepriklausomai nuo jy
ekologinés biiklés, todél jy gausumu remtis vertinant ekologine bukle néra
pakankama.

Uztvenktose upése reikSmingai gausesni buvo Clinotanypus ir
Glyptotendipes genciy atstovai. Clinotanypus genties atstovai buvo
reikSmingai gausesni uztvenktoje Skerdyksnos nei neuztvenktoje Luknelés
upéje. Tuo tarpu Glyptotendipes buvo reikSmingai gausesni uZztvenktoje
Dubingos nei neuztvenktoje Kiaunos upéje. Nors Clinotanypus genties
atstovai susije su Svariais vandens telkiniais, Arimoro (2011) atlikti
bioindikatoriniai tyrimai parodé, kad Sios genties atstovai gali indikuoti
organika uzterSta vandenj. Tuo tarpu, nors ir statistiSkai nereik§mingai, bet
didesnis Clinotanypus genties individy skaicius buvo neuztvenktoje Plastakos
upéje nei uztvenktoje Sesuoloje. Nors i§samiy duomeny apie Glyptotendipes
genties bioindikatorine reikSme néra, taciau remiantis Andersen ir kt. (2013),
Sios genties atstovai yra eurytopai. Chironomus, Paratendipes ir Prodiamesa
genciy atstovai buvo reikSmingai gausesni Skerdyksnos up¢je nei Luknelés.
Nors ir statistiSkai nepatikimai, taciau §iy trijy genciy pasiskirstymas kitose
dviejose upiy porose (uztvenkta ir neuztvenkta upés) buvo priesingas. Todél
uztvanky jtakos jvertinimas $iy genciy pasiskirstymui negalimas.

Siy tyrimy metu nustatyta, kad kelios krastovaizdzio kategorijos turéjo
statistiSkai reik§minga poveikj uody trukliy bendrijy struktiiros formavimuisi.
Rezultatai parodé, kad didziausia jvairové buvo nustatyta tose tyrimy vietose,
kur upés tekéjo pro miskus ir pievas; ganyklas ir pievas; kaimus, dirbamus
laukus ir pievas; kaimus, dirbamus laukus ir ganyklas, o didziausias individy
gausumas — kur upés tekéjo pro miskus ir dirbamus laukus; kaimus, dirbamus
laukus ir pievas. Tai iSrySkina misky, ganykly, kaimy ir ypa¢ pievy bei
dirbamy lauky (pastarosios dvi buvo keturiose i§ SeSiy krastovaizdzio
kategorijy) svarba Chironomidae bendrijy struktiiros formavimuisi tirtose
upése. Misko ir ganykly jtaka uody trikliy bendrijy sudéciai dviejy upiy
pakrantése Brazilijoje anksCiau tyré Sonoda ir kt. (2018). Jie nustaté, kad trijy
dominuojan¢iy Chironomidae genéiy atstovy tankis buvo zymiai didesnis
ruozuose su ganyklomis, nei miskinguose ruozuose. Tokie rezultatai
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grindziami tuo, kad galbiit ruozai su ganyklomis buvo labiau praturtinti maisto
medziagomis. Kito tyrimo metu buvo vertinamas uody trikliy genciy ir
individy skaicius upeliuose, kurie teka pro mazai zmogaus paveiktus plotus,
dirbamus laukus ir ganyklas (Saito ir Fonseca-Gessner, 2014). Nustatyta, kad
nei viena i§ analizuoty krastovaizdziy reikSmingos jtakos netur¢jo, taciau
pastebétos didesnés vidutinés gausumo ir turtingumo vertes upeliuose, kurie
tekéjo pro ganyklas. Kitame tyrime buvo vertinamos trys skirtingos
krastovaizdzio zonos palei upés vaga Argentinoje, kurios atspindi skirtingus
zmogaus veiklos poveikio tipus: dirbami laukai, urbanizuotos teritorijos ir
pramonés veiklos paveiktos teritorijos (Cortese ir kt., 2019). Nustatyta, kad
didziausias uody trukliy gausumas ir taksonominé jvairové buvo tose upés
vietose, kurios paveiktos dirbamy lauky ir urbanizuoty teritorijy. Be to,
rezultatai parodé aiSky skirtumg tarp teritorijy, paveikty urbanizuoto-zemes
gkio ir urbanizuoto-pramoninio poveikio. Kitame tyrime, atliktame
Brazilijoje, buvo vertintas dirbamy lauky, urbanizuoty teritorijy ir ganykly
poveikis uody trikkliy bendrijoms (Martins ir kt., 2021). Nors Sie
krastovaizdziai buvo analizuojamos kaip nepriklausomi kintamieji pagal jy
procenting dalj upés baseine, nustatyta, kad visos trys turéjo reikSminga
poveiki uody trukliy bendrijoms. Maxwell ir kt. (2021) tyrime buvo
vertinamos uody triikliy bendrijos upeliuose, tekanciuose per misko ir pievos
pereinamaja zong Brazilijos pietuose. Nustatyta, kad tiek misko, tiek pievos
buveinés reikSmingai veikia uody trikliy bendrijy struktiira, o pereinamose
zonose pastebimas unikalus bendrijy modelis, kuriam jtakg daro abi Sios
buveinés. Apibendrinant galima teigti, kad skirtingi kraStovaizdziai pro
kuriuos teka upés — nuo natiiraliy misky ir pereinamyjy pievy iki intensyviai
naudojamy dirbamy lauky, ganykly bei urbanizuoty teritorijy — turi
reikSmingg ir daznai kompleksinj poveikj uody trukliy jvairovei ir
pasiskirstymui. Siy kra§tovaizdziy jtaka skiriasi priklausomai nuo vietiniy
salygy bei antropogeninés jtakos lygio, o jy saveika gali suformuoti unikalias
uody trukliy bendrijas, kurios svarbios upiy ekosistemoms bei gali biti
vertingos bioindikaciniais tikslais.

Siy tyrimy metu nustatyta, kad kelios substrato kategorijos turéjo
statistiSkai reik§minga poveikj uody trukliy bendrijy struktiiros formavimuisi.
ReikSmingai didesné uody triikkliy jvairové buvo nustatyta ten, kur tyrimy
vietose upiy substratas turéjo smélio, akmeny ir smulkios organinés
medziagos; smélio, gargzdo, rieduliy, stambios ir smulkios organinés
medziagos. ReikSmingai didesnis uody trukliy gausumas buvo ten, kur tyrimy
vietose upiy substratas turéjo smélio, akmeny ir smulkios organinés
medziagos; smelio, Zvyro ir stambios organinés medziagos; smelio, Zvyro,
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zvirgzdo, gargzdo, akmeny, stambios ir smulkios organinés medziagos;
smélio, zvyro, zvirgzdo, gargzdo ir smulkios organinés medziagos; smélio,
gargzdo, rieduliy, stambios ir smulkios organinés medziagos. Pastebima
tendencija, kad Siose substrato kategorijose vyravo smélis, smulki organiné
medziaga bei stambesnés granuliometrinés sudéties substrato dalelés, kas
leidzia manyti, kad toks substratas itin svarbus uody trukliy jvairovei ir
pasiskirstymui tirtose upése. Neorganinio substrato granuliometrinés sudéties
itaka uody trukliy riiSiy jvairovei buvo nustatyta tyrimuose Lenkijoje
(Leszczynska ir kt., 2019). Bendrai, kad upés dugno substratas reikSmingai
lemia uody trikliy jvairove ir gausumg parodyta keliuose skirtinguose
tyrimuose (Armitage ir kt., 1995; Orendt, 2000; Scheibler ir kt., 2014;
Karaouzas ir Plociennik, 2016; Mauad ir kt., 2017; Leszczynska ir kt., 2019;
Hamache ir kt., 2021; Leszczynska ir kt., 2021; Cerba ir kt., 2022; Cerba ir
kt., 2023, Glowacki ir kt., 2023), o kiti detalesni tyrimai atskleidzia ir skirtingy
taksonominiy grupiy uody tritkkliy sgsajas su skirtingo tipo upés dugno
substratu (Pinder, 1980; Beauger ir kt., 2006; Scheibler ir kt., 2014; Cortelezzi
ir kt., 2020). Upés substratas svarbus sudarant salygas kauptis maisto
medziagoms (perifitonui) ir priklausomai nuo granuliometrinés sudéties,
suformuoja tinkamo dydzio buveines naudojamas kaip sléptuves (Beauger ir
kt., 2006). Pavyzdziui, Brazilijoje analizuojant skirtingy upés dugno substraty
(akmeny, lapy sana8y, akmeny ir lapy sgnasy bei smélio) itaka uody triikliy
bendrijy sudéciai nustatyta, kad méginiuose, paimtuose i§ smélingo substrato,
uody trukliy gausumas ir taksonominé jvairové buvo mazesni, palyginti su
kitais tirtais substratais (Konig ir Santos, 2013). Tuo tarpu lapy sanasose bei
misSriuose akmeny ir lapy sgnaSy substratuose, kurie uztikrina geresnes
priedangos salygas ir yra turtingesni organine medziaga, uody triikliy
gausumas buvo didesnis. Be to, kai kurie tyrimai rodo, kad uody trukliy riisiy
pasiskirstymas substrate gali keistis ir priklausomai nuo sezono — pavasarj
didesnis riiSiy turtingumas nustatomas stambesnés granuliometrinés sudéties
substrate, o vasarg — smélyje (Grzybkowska ir Witczak, 1990). Tai patvirtina,
kad upés dugno substrato sudétis yra vienas svarbiausiy veiksniy, lemianciy
uody trikliy bendrijy struktiirg, jvairove ir pasiskirstymg skirtingose
buveinése. Vis délto, siekiant iSsamiau suprasti Lietuvoje gyvenanciy uody
trukliy skirtingy taksony sgsajas su jvairiais substrato tipais, reikalingi
tolimesni, j Siuos aspektus orientuoti tyrimai.

Siy tyrimy metu analizuoty upiy gylis skyrési tarp méginiy émimo viety,
o vidutiné gylio reik§mé sieké 33 cm. Ivertinus gylio poveikj uody trukliy
bendrijy struktiirai nustatyta, kad didesniame gylyje jy jvairové buvo didesné,
o mazesniame — mazesné. Kad gylis turi reikSmingos jtakos uody triikliy
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jvairovei nustatyta ir kituose tyrimuose: Kinijoje (Chen ir kt., 2014),
Graikijoje (Karaouzas ir Ptociennik, 2016), Brazilijoje (Mugnai ir kt., 2019)
ir Lenkijoje (Kornijow ir kt., 2021; Glowacki ir kt., 2023). Iprastai, uody
trukliy atstovai yra gausesni ir pasiZzymi didesne jvairove seklesnése upés
vietose. Mugnai ir kt. (2019) nustaté, kad Chironomidae jvairové, vertinant
pagal Shannon-Wiener (H') ir Simpsono (1-D) jvairovés indeksus, buvo
didziausia sekliausiame (virSutiniame) vandens sluoksnyje ir mazéjo giléjant.
Sio tyrimo metu dviejose tiriamose vietose nustatyta, kad 10 cm gylyje
aptiktos 17 genciy ir 115 individy, 25 cm gylyje — 11 genciy ir 104 individai,
0 45 cm gylyje — tik keturios gentys ir 17 individy. Taip pat pastebéta, kad
skirtingose tyrimy vietose, esant tam pac¢iam gyliui, Chironomidae gausumas
skyrési, o skirtingi taksonai dominavo skirtinguose upés gyliuose. Kadangi
Dubingos, Kiaunos, Luknelés, Plastakos, Skerdyksnos ir Sesuolos upés
nepasizyméjo dideliu vidutiniu gyliu, tikétina, kad tai galéjo lemti mazesne
Chironomidae jvairove nei buvo pastebéta gilesniuose vandens telkiniuose
kituose tyrimuose.

Kitas uody triikliy jvairovei jtakos turintis faktorius yra vandenyje
iStirpusio deguonies kiekis, kurio reikSmingumas nustatytas ne viename
tyrime (Thienemann, 1954; Rossaro ir kt., 2006; Ozkan ir kt., 2010;
Leszczynska ir kt., 2019; Mezgebu ir kt., 2019; Cortelezzi ir kt., 2020;
Popovi¢ ir kt., 2022; Glowacki ir kt., 2023; Pero ir kt., 2023). Pavyzdziui,
Rossaro ir kt. (2006), Ozkan ir kt. (2010) ir Mezgebu ir kt. (2019) gauti
rezultatai rodo, kad uody triikkliy jvairové yra reikSmingai didesné esant
didesniam vandenyje iStirpusio deguonies kiekiui. Taciau Siy tyrimy rezultatai
rodo priesingg tendencija — didéjant vandenyje istirpusio deguonies kiekiui,
uody trukliy jvairové reikSmingai mazgjo. Cortelezzi ir kt. (2020), Park ir kt.
(2023), Hone ir Beneberu (2020) tyrimai parodé, kad mazéjant istirpusio
deguonies kiekiui vandenyje, kai kuriy uody triikkliy, ypa¢ priklausanciy
Chironominae poseimiui, jvairové gali didéti. Kadangi $iy tyrimy metu
dauguma nustatyty individy ir genciy taip pat priklausé poSeimiui
Chironominae, kuriy atstovai visose tirtose upése buvo eudominantai, tai
leisty paaiSkinti, kodél vandenyje iStirpes deguonis daré neigiama poveikj
uody trukliy bendrijy jvairovei, t. y. dominavus deguonies trikumui
atsparioms rii§ims, didesné deguonies koncentracija galéjo riboti jy gausa, taip
mazindama bendrg jvairove. Taip pat tyrimuose, kuriuose yra vertinami
vandenyje iStirpusio deguonies kiekio ir temperatiiros rySiai, pastebima, kad
zemesné vandens temperatiira paprastai siejama su didesniu deguonies kiekiu
vandenyje, kas atitinka fizikinius ir cheminius procesus. Atsizvelgiant ] tai,
kad $iy tyrimy metu iStirpgs deguonis turéjo neigiamg poveikj uody trikliy
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jvairovei, daznai buvo stebimas ir prieSingas rySys su temperatiira — ji turéjo
teigiama poveikj. Tai irgi leisty paaiskinti gautus rezultatus ir daryti prielaida,
kad tirtose upése Chironomidae bendrijy struktiira geriau galéty atspindéti
temperattros faktorius, kuris buvo beveik statistiskai reikSmingas (p = 0,06).

Elektrinis laidumas — vandens gebéjimo praleisti elektros srove dél jame
i§tirpusiy jony matas — yra svarbus aplinkos kintamasis upése, galintis turéti
itakos tam tikry Chironomidae atstovy vystymuisi (Scheibler ir kt., 2014).
Ankstesni tyrimai rodo, kad $is veiksnys upése reik§mingai lemia uody trikliy
jvairove ir pasiskirstymg (Panatta ir kt., 2007; Ozkan ir kt., 2010; Leszczynska
ir kt., 2019; Mezgebu ir kt., 2019; Cortelezzi ir kt., 2020; Garay ir kt., 2020;
Popovi¢ ir kt., 2022; Pero ir kt., 2023). Sio tyrimo rezultatai taip pat parode,
kad elektrinis laidumas yra vienas i$ reik§mingy veiksniy, paaiskinan¢iy uody
trukliy bendrijy struktiira tirtose upése. Taciau nustatyta netipiné tendencija —
did¢jant elektriniam laidumui, reikSmingai didéjo uody trukliy jvairové.
Literatiroje néra vienareikSmiy jrodymy, kad didesnis elektrinis laidumas
visada yra susijgs su didesne Chironomidae jvairove. Taciau kai kuriais
atvejais jis gali reikSmingai teigiamai veikti tam tikry taksony pasiskirstyma
upése. Pavyzdziui, tokios gentys kaip Polypedilum (Garay ir kt., 2020),
Cricotopus, Rheotanytarsus, Tanytarsus (Villamarin ir kt., 2021) ir
Chironomus (Cortelezzi ir kt., 2020; Garay ir kt., 2020; Villamarin ir kt.,
2021) susijusios su didesniu elektriniu laidumu. Nors §iy tyrimy metu vandens
elektrinio laidumo poveikis atskiry genciy pasiskirstymui nebuvo tiesiogiai
vertintas, gausus kai kuriy su aukstesniu elektriniu laidumu siejamy genciy,
tokiy kaip Chironomus, Tanytarsus ar Polypedilum, lervy aptikimas galéjo
prisidéti prie stebétos teigiamos bendros jvairovés tendencijos.

Pirsono koreliacijos analizé parodé, kad elektrinis laidumas reikSmingai
teigiamai koreliuoja su bendru iStirpusiy kietyjy medziagy kiekiu (TDS).
Taciau $iy dviejy veiksniy poveikis Chironomidae bendrijy strukttirai skyrési
— didesnis elektrinis laidumas turéjo teigiama, o TDS — neigiama poveikj.
Laboratoriniai tyrimai su Chironomus tentans rodo, kad padidéjes TDS kiekis,
daznai budingas jvairiy nuoteky sudéciai, gali neigiamai veikti Sios rusies
individy augima ir i§gyvenamuma, priklausomai nuo specifinés jony sudéties
(Chapman ir kt., 2000). Sie duomenys leidZia manyti, kad kai kurie
Chironomidae rasiy atstovai gali biiti jautris aukStam TDS lygiui, o jy
sumazéjimas gali atsispindéti bendrijos jvairovés sumazéjimu. Atsizvelgiant |
gautus rezultatus, butina juos vertinti kritiSkai, kadangi TDS poveikis
priklauso ne tik nuo koncentracijos, bet ir nuo jony sudéties bei kity aplinkos
salygy. Ateities tyrimuose vertéty atlikti iSsamesne TDS jtakos Chironomidae
bendrijoms analize, jtraukiant skirtingus taksonus ir aplinkos scenarijus.
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Be minéty faktoriy, reikSmingos jtakos uody triikkliy jvairovei ir
pasiskirstymui turi vandens temperatiira ir pH (Rossaro ir kt., 2006; Ozkan ir
kt., 2010; Mezgebu ir kt., 2019; Cortelezzi ir kt., 2020; Popovi¢ ir kt., 2022).
Vandens temperatiira turi reikSmingg jtakg Chironomidae lervoms — ji
pagreitina jy augima (Reynolds ir Benke, 2005) ir vystymasi, padidina
deguonies poreikj, taip pat gali paveikti jy elgesj bei iSlikimg (Lencioni ir
Bernabo, 2015). Temperattiros poveikis priklauso ir nuo lervos vystymosi
stadijos. Jis gali kisti, kai temperatiira saveikauja su kitais aplinkos veiksniais.
Skirtingy Chironomidae posSeimiy atstovai pasizymi skirtingu jautrumu
vandens temperatiirai. Tyrimai rodo, kad Orthocladiinae, Diamesinae ir
Podonominae poSeimiy atstovai geriau prisitaike gyventi vésesniuose vandens
telkiniuose, o Chironominae ir Tanypodinae — §iltesniuose, todél jy jvairové
Zemumy ar miesty upeliuose jprastai biina didesné (Garay ir kt., 2020; Martel-
Cea ir kt., 2021). Siy tyrimy metu panadios tendencijos pastebétos ir
analizuojant poSeimiy genciy gausumga (tirtose upése vidutiné vandens
temperatira sieké 18,2 °C, o Siuose Siltesniuose telkiniuose pagal genciy ir
individy skai¢iy dominavo Chironominae, Orthocladiinae ir Tanypodinae
poSeimiai). Nors, $iy tyrimy metu temperatiiros statistinis reikSmingumas
nebuvo pasiektas tradicine p < 0,05 riba, bet gauta reikSmeé (p = 0,06) leidzia
manyti, kad temperatiira gali turéti jtakos nustatyty Chironomidae bendrijy
struktiirai. Sylan¢io klimato kontekste i§samesni uody trikliy ir vandens
temperattros sgsajy tyrimai Lietuvoje padéty geriau suprasti $ios vabzdziy
grupés jvairovés bei pasiskirstymo pokycius upiy ekosistemose. Tuo tarpu pH,
kuris tyrimy metu svyravo nuo 6,58 iki 8,88, statistiskai reikSmingo poveikio
neparodé. Kadangi pH reikSmiy diapazonas analizuotose upése buvo gana
siauras, o Chironomidae atstovai pasizymi placia tolerancija pH pokyciams
(Orendt, 1999), tikétina, kad tai galéjo lemti nereikSminga pH poveikj uody
trukliy jvairovei.

Tai, kad analizuojant vos SeSiy Lietuvos upiy Chironomidae jvairove
buvo nustatyta daugiau nei 50% iki Siol Zinomos S$ios Seimos faunos
Lietuvoje, atskleidzia didelj Sios dvisparniy grupés neistirtumg Salyje ir
pabrézia tolimesniy faunistiniy tyrimy svarbg. Tiek Sio, tiek kity panaSiy
tyrimy rezultatai rodo, kad Chironomidae filogenija ir sistematika vis dar kelia
Siy vabzdziy filogenetinius rysius, todél bitina taikyti molekulinius metodus
ir jtraukti platesnj genetiniy Zymeny spektra. Tokie duomenys leisty tiksliau
identifikuoti raisis ir geriau suprasti jy evoliucinius rysius. Sio disertacinio
darbo rezultatai taip pat atskleidé rys] tarp Chironomidae taksonominés
jvairovés ir gausos bei jvairiy aplinkos veiksniy, tokiy kaip uztvenktumas,
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vandenyje i$tirpes deguonis, gylis, substrato tipas, upes supantis krastovaizdis
ir kt. Sie rezultatai reikmingai papildo Zinias apie Chironomidae, kaip
bioindikatorinés grupés, taikyma vertinant vandens telkiniy ekologine biikle
Lietuvoje. Atsizvelgiant j tai, kad uodai trukliai pasizymi itin placia ekologine
amplitude ir gebé¢jimu kolonizuoti jvairias buveines, biitina toliau sistemingai
tirti skirtingus biotopus visoje Salyje. Tai leis ateityje sukaupti i§samius ir
reprezentatyvius duomenis apie Chironomidae jvairove bei pagerinti jy
taikyma aplinkos biklés vertinimuose.
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ISVADOS

Tirtose upése nustatytos 65 uody trikliy (Diptera, Chironomidae) gentys
ir 89 riiSys, i$ kuriy 12 genciy ir 37 risys yra naujos Lietuvos faunai. Taip
pat, nustatyti trys eudominantiniai poSeimiai: Tanypodinae,
Orthocladiinae ir Chironominae. Didziausiu individy ir gen¢iy skai¢iumi
issiskyré Luknelés upé. Didziausia genéiy jvairove pasizymi Sesuolos ir
Luknelés upés. Labai dazny genciy nenustatyta. Nustatyta viena
eudominantiné gentis Ablabesmyia.

Molekuliniais tyrimais nustatytos 56 uody triikkliy rasys. Clinotanypus
nervosus ir Ablabesmyia longistyla 1USiy grupés pasizymi dideliu
genetiniu heterogeniSkumu. MazZesni nei 2 % tarpriiSiniai genetiniai
atstumai buvo Procladius ir Chironomus gentyse. RiiSiy atskyrimo
metodais nustatyta nuo 28 iki 58 Chironomidae riisiy.

I8 Sesiy analizuoty upiy, uody tritkliy jvairové reikSmingai didesné buvo
Plastakos, Sesuolos, Kiaunos ir Dubingos upése, o reik§mingai didesniu
gausumu pasizyméjo — Plastakos ir Seuolos upés.

Uztvenktose upése uody triikkliy taksonominé jvairové didesné nei
neuztvenktose upése. Ablabesmyia, Cricotopus ir Macropelopia genciy
atstovai reikSmingai dazniau aptinkami neuztvenktose, o Clinotanypus,
Glyptotendipes, Chironomus, Paratendipes ir Prodiamesa — uZztvenktose
upése. Individy gausumui uztvankos reikSmingos jtakos neturi.

Tirtose upése Chironomidae jvairové reikSmingai did¢ja, kai didéja upés
gylis ir vandens elektrinis laidumas, o reik§mingai mazéja didéjant
vandenyje iStirpusiam deguonies kiekiui. Chironomidae gausumas
reikSmingai maz¢ja didéjant bendram istirpusiy kietyjy medziagy kiekiui.
Upe supantis kraStovaizdis turi reikSmingg jtaka uody trukliy
taksonominei jvairovei ir gausumui. ReikSmingai didziausia jvairové
nustatyta tyrimy vietose, kur upés teka pro misry krastovaizdj, kurj
formuoja pievos, dirbami laukai, miskai, ganyklos ir kaimai, o
reikSmingai didZiausias gausumas — kur upés teka pro misry krastovaizdj,
formuojamg dirbamy lauky ir misky.

Upiy dugno substrato sudétis turi reikSminga jtaka uody trikliy
taksonominei jvairovei ir gausumui. ReikSmingai didesné jvairove
nustatyta tyrimy vietose, kuriose vyrauja jvairialypis substratas, sudarytas
i§ mineraliniy daleliy (smélio, gargzdo, akmeny ir rieduliy) ir organinés
medziagos, o reikSmingai didesnis gausumas nustatytas — kur vyrauja
jvairialypis substratas, sudarytas i§ mineraliniy daleliy (smélio, Zvyro,
zvirgzdo, gargzdo, akmeny ir rieduliy) ir organinés medziagos.
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PRIEDAI

1 lentelé. Informacija apie tirty upiy ekologinius duomenis 2022 metais. Gylis (cm, pH), vandenyje istirpes deguonis (Van. istirpgs
deguonis, %), temperatiira (Temp., °C), elektrinis laidumas (El. laidumas, uS/cm), druskingumas (Drusk., ppt) ir bendras istirpusiy
kietyjy medziagy kiekis (TDS, ppm/ppt).

Table 1. Information on the ecological parameters of the studied rivers in 2022: depth (cm), pH, dissolved oxygen (Van. istirpgs
deguonis, %), temperature (Temp., °C), conductivity (El. laidumas, uS/cm), salinity (Drusk., ppt), and total dissolved solids (TDS,

ppm/ppt).

Data Tyrimo Upé Koordinatés Gylis pH Van. Temp. El Drusk. TDS
vieta (°N, °E) (cm) iStirpes o) laidumas (ppt) (ppm/ppt)
deguonis (nS/cm)
(“o0)
P ———_—_—_
1 55.01419, 19,5 8,62 110,0 15,1 339 0,17 170
25.63790
2 55.01566, 27,0 8,27 90,9 15,6 341 0,17 171
25.70399
05.23 —— Dubi
3 WPIEE 754 99247, 160 825 79,0 20,5 324 0,16 162
25.75461
4 54.99089, 10,5 8,88 108,0 15,5 337 0,17 169
25.75910
5 54.95236, 46,0 8,17 91,8 19,6 494 0,25 247
05.23 Skerdyksna 2577185
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6 54.94653, 395 847 986 16.2 526 0.27 263
25.75817

7 54.94743, 69.0 856 1124 16,3 524 0.26 262
25.75989

8 54.94574, 140 7.67 688 19.6 648 0,34 324
25.84367

9 55.21364, 410 807 923 13.7 230 0.11 115
25.94224

10 55.22279, 170 823 1027 17.1 265 0.13 133
25.86793

0523 =3 Luknele 5523914, 120 854 1119 16,3 271 0,13 135
25.85406

12 55.25000, 200 830 1045 154 295 0.15 148
25.83959

13 55.24680), 380 829  100.7 15.4 357 0.18 179
25.97070

14 55.26404, 355 834 971 13.6 362 0.18 181
, 25.94127

0523 3 Kiauna 55.29566, 302 824 1007 142 363 0.18 182
25.89389

16 55.30822. 140 794 92,0 14.4 366 0.18 183
25.88691
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17 55.30809, 435 797 871 13.1 352 0.17 176
25.03089

18 5531415, 375 8,66  111,1 14.6 347 0.17 174
) 25.06143

0523 9 Plastaka 55.33593, 33.0 7.67 1010 13.2 566 0.29 284
25.03658

20 55.27795. 495 832 964 12.4 368 0.18 185
24.98634

21 55.25282, 345 8.1, 716 13,1 537 0.27 267
24.97802

2 55.25414, 95 849 962 13.9 537 0.27 269
. 24.97889

0523 =3 Sesuola 55.18436, 155 7.6, 788 13.6 377 0.19 190
24.94257

24 55.18236, 280 7.64 364 121 362 0,18 183
24.94111

1 55.01419, 220 841 1048 19.7 334 0.17 167
25.63790

2 . 55.01566, 200 8,07 953 19,3 331 0.16 166
06.06 Dubinga 25.70399

3 54.99247, 145 859 1136 16,7 333 0.16 166
25.75461
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4 54.99089, 120 826 1035 16,4 324 0.16 163
25.75910

5 54.95236, 400 797 807 21,0 436 0.22 218
2572185

54.94653, 355 844 958 21,6 504 0.25 252
06.06 Skerdyksna 2575817

8 54.94574, 163 7.62 762 20.9 577 0,30 289
25.84367

9 55.21364, 405 814 908 16.1 241 0.12 121
25.94224

10 55.22279, 200 831 1025 19.9 264 0.13 132
25.86793

06.06 =3 Luknele 5523914, 140 857 1126 202 267 0.13 133
25.85406

12 55.25000, 203 832 1033 19.2 204 0.16 147
25.83959

13 5524680, 455 8.19 1005 18.6 346 0.18 172
25.97070

14 . 55.26404, 375 835 99,6 17,1 356 0,18 176
06.06 Kiauna 25.04127

15 55.29566, 350 841 1033 18,0 358 0,18 179
25.89389
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16 55.30822. 190 827 995 18.3 357 0.18 178
25.88691

17 55.30809, 420 788 765 15,7 341 0.17 171
25.03089

18 5531415, 372 855 1043 18.0 344 0.17 172
) 25.06143

06.06 =5 Plastaka 55.33593, 328 739 935 13.8 605 031 301
25.03658

20 55.27795, 453 827 97,0 13.7 370 0.19 184
24.98634

21 55.25282. 363 7.62 835 15.6 461 0.24 230
24.97802

2 55.25414, 110 823 882 154 463 0.24 231
. 24.97889

06.06 =3 Sesuola 55.18436, 108 7,61 814 16,2 370 0,18 185
24.94257

24 55.18236, 300 696 248 15.0 357 0.17 178
24.94111

1 55.01419, 2.0 823 991 19,5 336 0.17 168
. 25.63790

06.20 = Dubinga 55.01566, 280 793 857 19,3 340 0.17 170
25.70399
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3 54.99247, 155 816 763 20,5 330 0.16 164
25.75461

4 54.99089, 70 811 1011 19.4 334 0.16 158
25.75910

5 54.95236, 240 794 876 174 485 0.25 242
25.72185

6 54.94653, 260 823 922 19.9 500 0.25 250
25.75817

06.20 Skerdyksna =70 7a8, 3.0 793 1190 202 505 0.25 252
25.75989

8 54.94574, 128 746 674 16,1 675 0.35 337
25.84367

9 55.21364, 420 776 899 15.2 240 0.11 120
25.94224

10 5522279, 240 785 911 17.9 262 0.13 131
25.86793

06.20 Luknele 55.23914, 145 816 992 19,0 263 0.13 132
25.85406

12 55.25000, 200 776 887 175 292 0.15 147
25.83959

13 . 55.24680, 540 768  73.6 18.5 343 0.17 172
06.20 Kiauna 2597070
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14 55.26404, 400 7.86 847 17.0 344 0.17 172
25.94127

15 55.29566, 360 794 86,0 18,3 358 0.18 178
25.89389

16 55.30822, 195 695 749 18,7 357 0.18 179
25.88691

17 55.30809. 540 711 63.0 14.7 255 0.13 128
25.03089

18 5531415, 475 746 505 17.2 327 0.16 163
) 25.06143

06.20 9 Plastaka 55.33593, 450 701 263 14,1 602 0,33 306
25.03658

20 55.27795. 680 778  99.6 13.8 240 0.11 121
24.98634

21 55.25282. 420 709 598 133 293 0.15 147
24.97802

2 55.25414, 240 793 955 15.7 242 0.25 248
. 24.97889

06.20 =3 Sesuola 55.18436, 130 745 800 18.2 370 0.18 184
24.94257

24 55.18236, 310 686  17.9 16,6 350 0.17 175
24.94111
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1 55.01419, 3.0 782 595 23,9 360 0.18 180
25.63790

2 55.01566, 340 773 663 22,9 364 0.18 178
. 25.70399

07.04 Dubinga 54.99247, 320 803 885 25.0 350 0.16 170
25.75461

4 54.99089, 0.0 786 788 226 360 0.18 181
25.75910

5 54.95236, 290 771 76,6 21.9 476 0.24 237
25.72185

6 54.94653, 37.8 8,08 857 232 479 0.23 239
25.75817

07.04 Skerdyksna 101748, 320 726 233 232 485 0.24 242
25.75989

8 54.94574, 350 747 63,1 18.8 685 0.34 347
25.84367

9 55.21364, 410 798 886 20,0 258 0.12 120
25.94224

10 . 5522279, 260 801 791 233 284 0.13 142
07.04 Luknelé 75.86793

11 55.23914, 140 831 880 242 283 0.14 140
25.85406
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12 55.25000, 205 772 737 22.4 314 0.15 156
25.83959

13 55.24680), 755 753 441 23,6 348 0.17 174
25.97070

14 55.26404, 550 796 689 233 368 0.18 184
, 25.94127

07.04 =3 Kiauna 55.29560, 510 8.19 737 252 370 0.18 185
25.89389

16 55.30822, 365 799 727 25.0 370 0.18 185
25.88691

17 55.30809. 600 731 255 21.9 368 0.17 185
25.03089

18 5531415, 625 712 226 2.8 361 0.17 180
) 25.06143

07.04 =5 Plastaka 55.33593, 280 7.1 263 18.8 605 0,30 302
25.03658

20 55.27795. 110 822  97.1 212 381 0.19 191
24.98634

21 55.25282, 340 743 193 20,5 536 027 269
L 24.97802

07.08 =5 Sesuola 55.25414, 50 805 855 202 538 0.26 263
24.97889
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23 55.18436, 2.0 734 647 233 397 0.19 199
24.94257

24 55.18236, 300 674 7.9 22,0 408 0.20 204
24.94111

1 55.01419, 63.0 738  60.1 19,0 342 0.16 170
25.63790

2 55.01566, 318 802 778 183 348 0.16 174
. 25.70399

07.18 Dubinga =504, 150 818 921 18,9 338 0.17 161
25.75461

4 54.99089, 80 798 973 18.8 338 0.16 159
25.75910

5 54.95236, 400 752 778 16.8 441 0.22 221
2572185

6 54.94653, 515 773 846 17.8 531 0.26 265
2575817

07.18 Skerdyksna =70 748, 360 773 539 18.4 507 0.25 248
25.75989

8 54.94574, 660 701 711 13,5 698 0.35 349
25.84367

, 55.21364, 470 7.3 859 14.4 237 0.11 119
07.18 Luknelé 25.04204
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10 55.22279, 310 725 752 17.8 279 0.13 140
25.86793

11 5523914, 165 741 87.6 19.4 277 0.14 139
25.85406

12 55.25000, 20 757 805 183 306 0.15 153
25.83959

13 55.24630, 91.0 7.6, 416 18.0 342 0.17 171
25.97070

14 55.26404, 705 787 673 173 358 0.17 175
07.18 Kiauna 2594127

15 55.29566, 61.0 694 625 18.8 365 0.17 182
25.89389

16 55.30822. 495 748 627 19.2 366 0.18 183
25.88691

17 55.30809, 60.0  7.00 49,0 16.2 356 0.18 178
25.03089

18 5531415, 620 740 308 18.1 355 0.17 178
) 25.06143

07.18 =3 Plastaka 55.33593, 420 730 295 143 622 0.30 311
25.03658

20 55.27795, 98 754 964 153 373 0.18 187
24.98634
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21 55.25282, 345 7.8 588 16,3 545 0.27 273
24.97802

22 55.25414, 45 779 877 17.2 539 0.24 268
L 24.97889

07.18 —3 SeSuola 55.18436, 190 681 763 17.4 381 0.19 182
24.94257

24 55.18236, 208 6,65 65 15.6 384 0.18 192
24.94111

1 55.01419, 270 7.69 76,6 20,5 367 0.17 174
25.63790

2 55.01560, 265 7.66 719 19.1 351 0.16 175
. 25.70399

08.01 Dubinga 54.99247, 11,0 798 746 19.7 347 0.16 173
25.75461

4 54.99089, 45  7.63 732 19,3 352 0.17 176
25.75910

5 54.95236, 470 791 726 16.8 543 0.26 271
25.72185

6 54.94653, 375 806 867 19.2 549 0.27 275
08.01 Skerdyksna 2575817

7 54.94743, 2.0 747 560 19,3 553 0.27 276
25.75989
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8 54.94574, 510 743 561 132 731 0.36 365
25.84367

9 55.21364, 400 793 873 14,5 273 0.12 137
25.94224

10 5522279, 285 7.82 741 18.4 286 0.14 142
, 25.86793

08.01 = Luknele 55.23914, 120 821 849 20.7 281 0.13 140
25.85406

12 55.25000, 200 805  83.1 19.9 311 0.15 156
25.83959

13 55.24680. 80.0 748 436 19.2 363 0.17 182
25.97070

14 55.26404, 610 779 763 18.2 371 0.17 185
. 25.94127

08.01 =3 Kiauna 55.29566, 535 7.80 723 202 368 0,18 184
25.89389

16 55.30822. 380 782 720 20.7 372 0.19 186
25.88691

17 55.30809, 560 735 544 16,8 358 0.17 179
) 25.03089

08.01 =3 Plastaka 5531415, 500 720 315 20.8 358 0.17 179
25.06143
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19 55.33593, 25 723 104 14.6 621 031 310
25.03658

20 55.27795, 80 822 974 15.7 373 0.17 187
24.98634

21 55.25282. 320 771 55.1 17.1 585 0.29 292
24.97802

2 55.25414, 260 837 886 17.9 577 0.28 289
- 24.97889

08.01 =3 Sesuola 55.18436, 160 747 76,0 17.1 389 0.18 194
24.94257

24 55.18236, 265 658 73 15.8 436 0.21 215
24.94111

1 55.01419, 275 803 807 22.8 334 0.17 167
25.63790

2 55.01566, 260 792 637 212 335 0.16 168
. 25.70399

08.15 = Dubinga 54.99247. 115 824 1096 24.6 322 0.15 162
25.75461

4 54.99089, 55 792 832 202 332 0.16 166
2575910

5 54.95236, 505 804 723 18.9 554 0.28 277
08.15 Skerdyksna 2572185
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6 54.94653, 325 820 784 23.4 549 0.27 274
25.75817

7 54.94743, 275 799 952 23.9 547 0.27 273
25.75989

8 54.94574, 755 760 482 15.8 735 037 367
25.84367

9 55.21364, 360 788  83.7 15.0 264 0.12 132
25.94224

10 55.22279, 180 774 615 175 284 0.14 142
25.86793

08.15 = Luknele 55.23914, 36,0 7,78 388 19,1 281 0.14 141
25.85406

12 55.25000, 230 799 738 20.8 302 0.14 151
25.83959

13 55.24680), 88.0 7.65 442 20.1 357 0.18 178
25.97070

14 55.26404, 695 797 699 18.7 358 0.18 179
, 25.94127

08.15 =3 Kiauna 55.29566, 580 790 663 21,0 361 0.18 181
25.89389

16 55.30822. 435 796 669 21.5 360 0.17 180
25.88691
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17 55.30809, 540 7.63 562 17.3 356 0.18 178
25.03089

18 5531415, 550 759 27,0 21,0 359 0,18 179
) 25.06143

08.15 =5 Plastaka 55.33593, 400 736 57 14.7 638 031 319
25.03658

20 55.27795. 40 836 960 153 377 0.19 188
24.98634

21 55.25282, 310 7,68 67.8 17,4 595 0,30 208
24.97802

2 55.25414, 245 844 789 18.3 584 0.29 292
. 24.97889

08.15 =3 Sesuola 55.18436, 110 735 363 14.0 487 0.24 243
24.94257

24 55.18236, 250 695 128 15.2 378 0,18 189
24.94111
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2 lentelé. Analizuoty upiy viety substrato kategorijos, kur: A —akmenys, G —
gargzdas, R — rieduliai, S — smélis, Sm — smulki organiné medziaga, St —
stambi organin¢ medziaga, Z — Zvyras, Zv — zvirgzdas ir kratovaizdzio
kategorijos, kur: D — dirbami laukai, G — ganykla, K — kaimas, M — miskas, m
— miestas/ miestelis, P — pieva.

Table 2. Substrate categories of the analysed river sites, where: A — stones, G
— gravel, R — boulders, S — sand, Sm — micro organic material, St — macro
organic material, 7 - gravel, 7v — pebble, and environmental categories,
where: D — agriculture, G — pasture, K — village, M — forest, m — urban area,
P — meadow.

Tyrimo Upé Koordinatés Substrato KrasStovaizdzio

vieta kategorijos kategorijos

1 55.01419, SZSt MKG
25.63790

2 55.01566, SStSm M

Dubinga 25.70399

3 54.99247, SGRStSm Mm
25.75461

4 54.99089, SZ7ZvGSm Mm
25.75910

5 54.95236, SRStSm MKP
25.72185

6 54.94653, StSm mD
25.75817

7 Skerdyksna — 5748, S77vStSm mP
25.75989

8 54.94574, SZSm D
25.84367

9 55.21364, SZZvStSm M
25.94224

10 55.22279, SStSm D
25.86793

1 Luknele =014, S7StSm D
25.85406

12 55.25000, SZStSm D
25.83959

13 Kiauna 55.24680, SStSm MK
25.97070
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14 55.26404, SStSm MK
25.94127
15 55.29566, SZRSt M
25.89389
16 5530822, StSm KDG
25.88691
17 55.30809, SRS{Sm MD
25.03089
8 5531415, SRStSm DG
) 25.06143
19 Plastaka  —2=3503, StSm p
25.03658
20 55.27795, SRStSm MP
24.98634
21 55.25282, StSm KDP
24.97802
22 55.25414, SZ7ZvGAStSm MK
- 24.97889
23 SeSuola o136, SASm D
24.94257
24 55.18236, StSm GP
24.94111
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3 lentelé. 2021-2022 metais nustatyty uody trukliy poSeimiy, triby, genéiy ir
rusiy gausumas SeSiose skirtingose Lietuvos upése: Dubinga, Kiauna,
Luknele, Plastaka, Skerdyksna, Sesuola.

Table 3. The abundance of non-biting midge subfamilies, tribes, genera, and
species in six Lithuanian rivers: Dubinga, Kiauna, Luknelé, Plastaka,
Skerdyksna, Sesuola, between 2021 and 2022.

Taksonominés grupés
3
Pl 3|27 %
A N = ~ 7 A
PoSeimis Tanypodinae 355 | 470 | 787 | 262 | 361 | 241
Skuse, 1889
Triba Anatopyniini Fittkau, 1 1
1962
Gentis Anatopynia 1 1
Johannsen, 1905
Anatopynia sp. 1
Triba Coelotanypodini 5 1 4 13 47 10
Coffman, 1978
Gentis Clinotanypus 5 1 4 13 47 10
Kieffer, 1913
Clinotanypus nervosus 5 1 1 13 47 10
(Meigen, 1818)
Triba Macropelopiini 1 16 6
Zavtel, 1929
Gentis Apsectrotanypus 10
Fittkau, 1962
Apsectrotanypus 10
trifascipennis (Zetterstedt,
1838)
Gentis Macropelopia 1 6 2
Thienemann, 1916
Macropelopia nebulosa 2
(Meigen, 1804)>
Macropelopia notata 1 6
(Meigen, 1818)
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Gentis Psectrotanypus
Kieffer, 1909

Psectrotanypus varius
(Fabricius, 1787)

Triba Pentaneurini Hennig,
1950

123 | 249

492

85

55

120

Gentis Ablabesmyia
Johannsen, 1905

119 | 206

412

75

38

94

Ablabesmyia (Ablabesmyia)
longistyla Fittkau, 1962

32 2

&7

Ablabesmyia (Ablabesmyia)
monilis (Linnaeus, 1758)

Ablabesmyia (Ablabesmyia)
phatta (Egger, 1864)

15

Gentis Conchapelopia
Fittkau, 1957!

73

10

16

26

Conchapelopia melanops
(Meigen, 1818)?

Gentis Krenopelopia
Fittkau, 1962

Krenopelopia binotata
(Wiedemann, 1817)

Gentis Larsia Fittkau, 1962!

Larsia atrocincta
(Goetghebuer, 1942)?

Gentis Zavrelimyia Fittkau,
1962

Zavrelimyia melanura
(Meigen, 1804)

Triba Procladiini Roback,
1971

84 68

54

81

153

34

Gentis Procladius Skuse,
1889

84 68

54

81

153

34

Procladius (Holotanypus)
crassinervis (Zetterstedt,
1838)?
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Procladius (Holotanypus)
culiciformis (Linnaeus,
1767)?

14

Procladius (Holotanypus)
denticulatus Sublette, 19642

23

Procladius (Holotanypus)
fuscus Brundin, 19562

Procladius (Holotanypus)
pectinatus (Kieffer, 1909)?

Procladius sp.

Triba Tanypodini Skuse,
1889

Gentis Tanypus Meigen,
1803

Tanypus (Tanypus) kraatzi
(Kieffer, 1912)

Tanypus (Tanypus)
vilipennis (Kieffer, 1918)

PoSeimis Diamesinae
Kieffer, 1922

Triba Diamesini Kieffer,
1922

Gentis Potthastia Kieffer,
1922

Potthastia sp.

Gentis Pseudodiamesa
Goetghebuer, 1939

Pseudodiamesa
(Pachydiamesa) arctica
(Malloch, 1919)

PoSeimis Prodiamesinae
Sether, 1976

85 41

15

30

Gentis Monodiamesa
Kieffer, 1922

10

Monodiamesa bathyphila
(Kieffer, 1918)

10

Gentis Odontomesa Pagast,
1947
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Odontomesa fulva (Kieffer,
1919)

Gentis Prodiamesa Kieffer,
1906

69

41

13

30

Prodiamesa olivacea
(Meigen, 1818)

13

20

PoSeimis Orthocladiinae
Kieffer, 1911

287

232

557

185

47

481

Gentis Acricotopus Kieffer,
1921!

23

Acricotopus lucens
(Zetterstedt, 1850)?

23

Gentis Brillia Kieffer, 1913

Brillia sp.

Gentis Chaetocladius
Kieffer, 1911

Chaetocladius

(Chaetocladius) piger
(Goetghebuer, 1913)?

Gentis Corynoneura
Winnertz, 1846

23

15

14

17

Corynoneura sp.

23

15

14

17

Gentis Cricotopus van der
Wulp, 1874

16

15

Cricotopus (Cricotopus)
bicinctus (Meigen, 1818)

Cricotopus (Cricotopus)
cylindraceus (Kieffer,
1908)*

Cricotopus (Cricotopus)
festivellus (Kieffer, 1906)>

Cricotopus (Isocladius)
perniger (Zetterstedt, 1850)*

Cricotopus sp.

Cricotopus (Isocladius)
sylvestris Fabricius, 1794

10

Gentis Epoicocladius Sulc
and Zavfel, 1924
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Epoicocladius ephemerae
(Kieffer, 1924)

Gentis Eukiefferiella
Thienemann, 1926

Eukiefferiella sp.

Gentis Heterotrissocladius
Spirck, 1923!

Heterotrissocladius
marcidus (Walker, 1856)?

Gentis Limnophyes Eaton,
1875

Limnophyes minimus
(Meigen, 1818)

Gentis Metriocnemus van
der Wulp, 1874

Metriocnemus
(Metriocnemus) eurynotus
(Holmgren, 1883)

Gentis Nanocladius Kieffer,
1913

Nanocladius (Nanocladius)
dichromus (Kieffer, 1906)

Gentis Orthocladius van der
Wulp, 1874

64

Orthocladius (Orthocladius)
decoratus (Holmgren,
1869)*

32

Orthocladius (Orthocladius)
oblidens (Walker, 1856)>

32

Orthocladius (Orthocladius)
rubicundus (Meigen, 1818)

Gentis Paracladius
Hirvenoja, 1973

Paracladius conversus
(Walker, 1856)

Gentis Parakiefferiella
Thienemann, 1936

15

Parakiefferiella sp.

15
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Gentis Parametriocnemus
Goetghebuer, 1932!

Parametriocnemus sp.

Gentis Paraphaenocladius
Thienemann, 1924!

58

Paraphaenocladius sp.

58

Gentis Psectrocladius
Kieffer, 1906

91

Psectrocladius
(Psectrocladius) limbatellus
(Holmgren, 1869)>

Psectrocladius
(Psectrocladius) psilopterus
Thienemann, 1906)

Psectrocladius
(Psectrocladius) sordidellus
(Zetterstedt, 1838)

Gentis Rheocricotopus
Brundin, 1956'

19

Rheocricotopus
(Rheocricotopus) fuscipes
(Kieffer, 1909)>

19

Gentis Synorthocladius
Thienemann, 1935

Synorthocladius semivirens
(Kieffer, 1909)

Gentis Thienemanniella
Kieffer, 1911!

Thienemanniella sp.*

Gentis Zalutschia Lipina,
1939

Zalutschia sp.

PoSeimis Chironominae
Newman, 1834

1718

1392

1291

1199

750

448

Triba Chironomini
Newman, 1834

503

213

82

392

192

98

Gentis Chironomus Meigen,
1803

38

29

85

59

12
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Chironomus (Chironomus)
acidophilus Keyl, 19602

10

Chironomus (Chironomus)
cingulatus Meigen, 1830?

22

Chironomus (Chironomus)
curabilis Belyanina,
Sigareva and Loginova,
1990°

12

Chironomus (Chironomus)
melanescens Keyl, 19612

21

Chironomus (Chironomus)
melanotus Keyl, 19612

Chironomus (Chironomus)
pallidivittatus Malloch,
19152

Chironomus (Chironomus)
piger Strenzke, 19592

Chironomus (Chironomus)
plumosus (Linnaeus, 1758)

Chironomus (Chironomus)
pseudothummi Strenzke,
1959°

Chironomus (Chironomus)
riparius Meigen, 1804

Chironomus (Chironomus)
salinarius Kieffer, 1915

Gentis Cladopelma Kieffer,
1921

Cladopelma sp.

Gentis Cryptochironomus
Kieffer, 1918

Cryptochironomus
albofasciatus (Staeger,
1839)?

Cryptochironomus
obreptans (Walker, 1856)?

Cryptochironomus rostratus

Kieffer, 19212
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Gentis Cryptotendipes Beck
and Beck, 1969

Cryptotendipes sp.

Gentis

Demicryptochironomus
Lenz, 1941

Demicryptochironomus
(Demicryptochironomus)
vulneratus (Zetterstedt,
1838)

15

Gentis Dicrotendipes
Kieffer, 1913

Dicrotendipes nervosus
(Staeger, 1839)

Dicrotendipes tritomus
Thienemann & Kieffer, 1916

Gentis Einfeldia Kieffer,
1924

Einfeldia pagana (Meigen,
1838)

Gentis Endochironomus
Kieffer, 1918

Endochironomus albipennis
(Meigen, 1830)

Endochironomus tendens
(Fabricius, 1775)

Gentis Glyprotendipes
Kieffer, 1913

14 2

Glyptotendipes
(Phytotendipes)
cauliginellus (Kieffer, 1913)

Glyptotendipes
(Phytotendipes) pallens
(Meigen, 1804)

Glyptotendipes
(Trichotendipes) signatus
(Kieffer, 1909)*
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Gentis Harnischia Kieffer,
1921

10

Harnischia fuscimanus
Kieffer, 1921

Gentis Microtendipes
Kieffer, 1915

238 | 152

39

158

63

10

Microtendipes chloris
(Meigen, 1818)

82 20

42

33

Microtendipes pedellus (De
Geer, 1776)

88 24

11

11

27

Microtendipes rydalensis
(Edwards, 1929)?

40

Microtendipes sp.

Microtendipes tarsalis
(Walker, 1856)

Gentis Parachironomus
Lenz, 1921

19

15

Parachironomus vitiosus
(Goetghebuer, 1921)

19

15

Gentis Paracladopelma
Harnisch, 1923

Paracladopelma
camptolabis (Kieffer, 1913)

Gentis Paratendipes
Kieffer, 1911

60

28

Paratendipes albimanus
(Meigen, 1804)

60

Gentis Polypedilum Kieffer,
1912

167 10

17

58

21

Polypedilum (Uresipedilum)
convictum (Walker, 1856)

Polypedilum (Uresipedilum)
cultellatum Goetghebuer,
19312

Polypedilum (Polypedilum)
nubeculosum (Meigen,
1804)
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Polypedilum (Tripodura)
pullum (Zetterstedt, 1838)?

Polypedilum (Tripodura)
scalaenum Schrank, 1803

137

Polypedilum (Pentapedilum)
sordens (Wulp, 1875)

Polypedilum sp.

Gentis Synendotendipes
Grodhaus, 1987

Synendotendipes impar
(Walker, 1856)

Gentis Stenochironomus
Kieffer, 1919!

Stenochironomus
(Stenochironomus) gibbus
(Fabricius, 1794)?

Gentis Stictochironomus
Kieffer, 1919

Stictochironomus sp.

Gentis Tribelos Townes,
1945

14

Tribelos intextus (Walker,
1856)

14

Gentis Xenochironomus
Kieffer, 1921

Xenochironomus xenolabis
Kieffer, 1916

Triba Tanytarsini Zavfel,
1917

195

95

78

146

28

58

Gentis Cladotanytarsus
Kieffer, 1921

11

27

13

Cladotanytarsus mancus
(Walker, 1856)

Gentis Micropsectra
Kieffer, 1908

69

13

32

34

Micropsectra apposita

(Walker, 1856)?
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! Naujos Lietuvos faunai uody trikliy gentys;
2 Naujos Lietuvos faunai uody trikliy rasys.

' New non-biting midges genera in the fauna of Lithuania;

2 New non-biting midges species in the fauna of Lithuania.
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Micropsectra contracta 3
Reiss, 1965
Gentis Neozavrelia 7
Goetghebuer, 1941!
Neozavrelia sp. 7
Gentis Paratanytarsus 1 1 1 3 3
Thienemann and Bause,
1913
Paratanytarsus sp. 1 1 1 3 3
Gentis Stempellina 1
Thienemann and Bause,
1913
Stempellina sp. 1
Gentis Tanytarsus van der 97 82 37 101 22 21
Wulp, 1874
Tanytarsus multipunctatus 41 13
Brundin, 1947?
Gentis Virgatanytarsus 16
Pinder, 1982!
Virgatanytarsus sp. 16
IS viso
Gentys 32 29 37 35 28 25
Rasys 42 28 35 34 31 23
Individai 2476 | 2137 | 2657 | 1663 | 1162 | 1201




4 lentelé. Tyrimy metu nustatyty uody trikliy genciy trofinés grupés:
detritofagai (De), plésrunai (P1), algofagai (Al), fitofagai (Fi), ksilofagai (Ks),
parazitai (Pr), komensalai (Ko)) ir budingi mitybos biidai: rinkéjai (Ri),
siurbikai (Si), filtruotojai (Fi), smulkintojai (Sm), gremzgjai (Gr), jvairi
mityba (LM)).

Table 4. Trophic groups of non-biting midges genera identified during the
study: detritophages (De), predators (Pl), algophages (Al), phytophages (Fi),
xylophages (Ks), parasites (Pr), commensals (Ko) and typical feeding modes:
collector-gatherers (Ri), engulfers/piercers (Si), collector-filterers (Fi),
shredders (Sm), scrapers (Gr), flexible (LM).

PoSeimis Gentis Trofinés Mitybos
grupés budai
Ablabesmyia Al, De, Pl Ri, Si
Anatopynia P1
Apsectrotanypus P1 Si
Clinotanypus Pl Si
Conchapelopia P1 Si
. Krenopelopia P1 Si
Tanypodinae Larsia Pl Si
Macropelopia De, P1 Si
Procladius Al, De, PI Ri, Si
Psectrotanypus Pl Si
Tanypus Al, De, PI Si, Ri
Zavrelimyia P1 Si
Diamesinae Potthastia Al Ri, Gr
Pseudodiamesa Ri, Gr
Monodiamesa Ri
Prodiamesinae  Odontomesa Ri, Fi
Prodiamesa Ri
Brillia De, Ks Ri, Sm
Chaetocladius Ks Ri
Corynoneura De Ri
Cricotopus Al, De, Fi  Ri, Gr, Sm,
Orthocladiinae Si
Epoicocladius Ko Ri
Eukiefferiella De, Fi,Ks, Ri, Gr, Si
P1
Heterotrissocladius De Ri, Gr
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Limnophyes Ks Ri
Metriocnemus De, P1 Ri, Si
Nanocladius De Ri, Si
Orthocladius De, Ks Ri, Sm
Paracladius Ri
Parakiefferiella Ri
Parametriocnemus Ri
Paraphaenocladius Ks Ri
Psectrocladius Al, Fi Ri, Sm
Rheocricotopus Fi, P1 Ri, Sm, Si
Synorthocladius De Ri, Gr
Thienemanniella Al Ri
Chironomus Al, De, Fi, Ri, Fi, Sm,
Pl Si, LM
Cladopelma De, Fi Ri
Cladotanytarsus De Ri, Fi
Cryptochironomus De, P1 Ri, Si
Cryptotendipes LM
Demicryptochironomus Ri
Dicrotendipes De Ri, Fi, Gr
Einfeldia Ri
Endochironomus Al, De, Fi, Ri, Fi, Sm,
Pl Si
Glyptotendipes Al, De, Fi, Ri, Fi, Sm,
. . Ks, P1 Si
Chironominae Harnischia De Ri, Gr, Sm
Micropsectra De Ri, Si
Microtendipes Ri, Fi
Parachironomus Pl, Pr Ri, Fi, Si
Paratanytarsus De
Paratendipes De Ri
Polypedilum Al De, Fi, Ri, Fi, Sm,
Ks, P1 Si
Stempellina Al, De Ri
Stenochironomus Fi, Ks Ri, Sm
Stictochironomus Fi Ri, Sm
Tanytarsus De, Fi Ri, Fi, Gr
Tribelos Pl Ri
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Xenochironomus

Pl

Si

5 lentelé. Uody tritkkliy genciy ir rasiy sarasas, jy COI geno sekos kodas

GenBank sistemoje bei seky panaSumas su BOLD ir GenBank sistemoje
pateiktomis sekomis.

Table 5. Genera and species list of non-bitting midges, their COI gene

sequence code in GenBank and sequence similarity to sequences reported in

BOLD and GenBank.
GenBank | Riisis/Gentis Palyginamoji | Seky panaSumas
kodas seka (%)
PQ458064 | Paraphaenocladius sp. KR633609* 89,79
PQ458065 | Paraphaenocladius sp. KR633609* 89,61
PQ458066 | Ablabesmyia longistyla MT535040 98,01
PQ458067 | Ablabesmyia longistyla MT535040 98,02
PQ458068 | Ablabesmyia longistyla MZ627945 99,66
PQ458069 | Ablabesmyia longistyla MZ627945 99,67
PQ458070 | Ablabesmyia longistyla MZ659490 100,00
PQA458071 | Ablabesmyia longistyla MZ627945 99,67
PQ458072 | Acricotopus lucens MZ656236 99,22
PQ458073 | Apsectrotanypus MT534635 99,30
trifascipennis
PQA458074 | Apsectrotanypus MW378342 99,69
trifascipennis
PQ458075 | Chironomus acidophilus | HQ105031 99,85
PQ458076 | Chironomus cingulatus MZ660424 100,00
PQ458077 | Chironomus cingulatus MZ660424 100,00
PQ458078 | Chironomus cingulatus MZ660424 100,00
PQ458079 | Chironomus cingulatus MZ660424 100,00
PQ458080 | Chironomus curabilis 0P927448 99,85
PQ458081 | Chironomus curabilis OP927684 99,85
PQ458082 | Chironomus JN265100 100,00
melanescens
PQA458083 | Chironomus melanotus MZ659620 99,85
PQ458084 | Chironomus nr. | MZ658408 99,38
pseudothummi
PQ458085 | Chironomus MZ658873 99,53
pallidivittatus
PQ458086 | Chironomus piger MW448370 99,09
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PQ458087 | Chironomus piger MW448370 99,23

PQ458088 | Chironomus MZ626996 100,00
pseudothummi
aggregate

PQ458089 | Clinotanypus nervosus MZ657158 99,85

PQ458090 | Clinotanypus nervosus MZ657158 100,00

PQA458091 | Clinotanypus nervosus 0OP948350 99,53

PQ458092 | Conchapelopia MZ659979 100,00
melanops

PQ458093 | Conchapelopia MZ659979 99,85
melanops

PQ458094 | Conchapelopia MZ659979 100,00
melanops

PQ458095 | Conchapelopia MZ659979 99,85
melanops

PQ458096 | Conchapelopia MZ659979 100,00
melanops

PQ458097 | Conchapelopia MZ659979 100,00
melanops

PQ458098 | Cricotopus bicinctus OP927419 99,39

PQ458099 | Cricotopus sylvestris OP927558 100,00

PQA458100 | Cricotopus sp. KR624168* 92,56

PQ458101 | Cryptochironomus MT534706 100,00
albofasciatus

PQ458102 | Cryptochironomus MT534706 99,85
albofasciatus

PQ458103 | Cryptochironomus MZ657544 98,78
obreptans

PQ458104 | Cryptochironomus MZ657228 99,85
rostratus

PQ458105 | Demicryptochironomus MZ609503 99,69
vulneratus

PQ458106 | Demicryptochironomus MZ609503 99,69
vulneratus

PQ458107 | Dicrotendipes tritomus MZ660815 99,54

PQA458108 | Einfeldia pagana MZ656670 99,85

PQ458109 | Einfeldia pagana MZ656670 99,70
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PQ458110 | Endochironomus JNO016838 99,25
tendens
PQ458111 | Endochironomus MZ659560 100,00
tendens
PQ458112 | Glyptotendipes 0OP927506 99,85
cauliginellus
PQA458113 | Harnischia fuscimana MZ657834 99,85
PQ458114 | Larsia atrocincta MZ656379 100,00
PQ458115 | Larsia atrocincta MZ656379 100,00
PQ458116 | Micropsectra contracta AM398691 100,00
PQA458117 | Microtendipes chloris 0OP927570 99,85
PQ458118 | Microtendipes chloris 0OP927570 99,85
PQA458119 | Microtendipes chloris 0OP927570 99,69
PQ458120 | Microtendipes chloris 0OP927570 99,84
PQ458121 | Microtendipes chloris 0OP927570 99,85
PQA458122 | Microtendipes pedellus MT535305 99,39
PQ458123 | Microtendipes pedellus OP927583 99,54
PQ458124 | Microtendipes pedellus MT535305 99,22
PQA458125 | Microtendipes pedellus MZ626863 99,69
PQA458126 | Microtendipes pedellus MZ656320 99,68
PQ458127 | Microtendipes pedellus MZ623563 100,00
PQ458128 | Microtendipes MZ660975 98,94
rydalensis
PQ458129 | Microtendipes sp. MZ626928* 88,77
PQ458130 | Monodiamesa 0Q469511* 90,06
bathyphila
PQ458131 | Monodiamesa 00Q469511* 90,06
bathyphila
PQA458132 | Nanocladius dichromus MZ658369 98,77
PQ458133 | Nanocladius dichromus MZ658369 99,08
PQ458134 | Odontomesa fulva *E
PQA458135 | Orthocladius oblidens OP927402 100,00
PQ458136 | Orthocladius oblidens 0OP927402 99,85
PQ458137 | Orthocladius oblidens 0OP927402 100,00
PQ458138 | Orthocladius MZ657071 100,00
rubicundus
PQA458139 | Parachironomus MZ660486 99,70

vitiosus
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PQ458140 | Parachironomus MZ660486 100,00
vitiosus
PQ458141 | Parachironomus MZ660486 100,00
vitiosus
PQA458142 | Paratendipes albimanus | MZ658729 99,08
PQ458143 | Paratendipes albimanus | MZ658729 99,85
PQ458144 | Paratendipes albimanus | MZ658729 100,00
PQA458145 | Paratendipes albimanus | MZ658729 99,23
PQ458146 | Polypedilum convictum MG949873 100,00
PQA458147 | Polypedilum cultellatum | OP927637 99,85
PQ458148 | Polypedilum scalaenum | MT535323* 94,26
PQ458149 | Polypedilum scalaenum | MT535323* 94,26
PQ458150 | Polypedilum sp. LC329215% 88,04
PQ458151 | Procladius crassinervis | MW448375 100,00
PQ458152 | Procladius culiciformis 0P927521 100,00
PQA458153 | Procladius culiciformis 0P927521 100,00
PQA458154 | Procladius culiciformis MT535048 100,00
PQ458155 | Procladius denticulatus | MZ657334* 92,81
PQ458156 | Procladius denticulatus | MZ657334* 92,81
PQ458157 | Procladius denticulatus | MZ657334* 92,81
PQ458158 | Procladius pectinatus 0P927498 99,85
PQ458159 | Procladius sp. KR623475% 93,24
PQ458160 | Prodiamesa olivacea MZ657288 99,69
PQ458161 | Prodiamesa olivacea MZ657288 99,09
PQ458162 | Prodiamesa olivacea MZ658582 100,00
PQ458163 | Psectrotanypus varius MZ658785 99,70
PQ458164 | Stenochironomus gibbus | MT535051 99,84
PQ458165 | Stenochironomus gibbus | MT535051 99,85
PQ458166 | Synendotendipes impar MZ660925 99,54
PQ458167 | Virgatanytarsus sp. *E
PQ458168 | Tanytarsus MZ660697 99,84
multipunctatus
PQ458169 | Tanytarsus MZ660697 100,00
multipunctatus
PQ458170 | Tanytarsus MZ660697 100,00
multipunctatus
PQA458171 | Tribelos intextus MZ656366 98,73
PQ458172 | Tribelos intextus MZ656366 98,74
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* sekos BOLD ir GenBank sistemoje identifikuotos iki genties taksonominio
lygmens;

** pirma atstovo seka BOLD ir GenBank sistemoje.

* sequences identified in BOLD and GenBank systems down to genus
taxonomic level;

** BOLD and GenBank systems first representative sequence.
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1 pav. Mantel testo rezultatai, vertinant ry§j tarp geografiniy atstumy ir uody
trukliy jvairovés: a) Shannon-Wiener, b) Margalef, ¢) Simpson indeksai, bei
gausumo: d) individy skai¢ius. Raudona linija nurodo Mantel koreliacijos
koeficiento () ir p reikSme¢ (reikSme statistiSkai reikSminga, kai p < 0,05).
Fig. 1. Mantel test results showing the relationship between geographical
distances and non-biting midge diversity: a) Shannon-Wiener, b) Margalef, c)
Simpson indices, and abundance: d) number of specimens. The red line
indicates the Mantel correlation coefficient (r) and the p-value (the value is
statistically significant at p < 0.05).
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SUMMARY
INTRODUCTION

Lithuania is characterized by a dense river network — there are
approximately 29,000 watercourses in the country, with a total length of
around 64,000 km. Of these, more than 23,000 are shorter than 3 km, while
about 5,367 rivers are longer than 3 km or have a catchment area greater than
5 km?. The sub-basins of the Sventoji and Zeimena rivers, located in eastern
Lithuania, are among the most important hydrographic units in the region. The
rivers of these basins — Dubinga, Kiauna, Luknelé, Plastaka, Skerdyksna, and
Sesuola — are situated within a 60 km radius in the central part of eastern
Lithuania and flow through diverse land use areas, forming an important
system for assessing the impact of both natural and anthropogenic factors on
aquatic ecosystems.

Rivers play a crucial role in maintaining and preserving biodiversity.
They provide habitats for a wide range of plants, fish, invertebrates, and other
organism groups. The hydrological, physical, and chemical properties of
rivers — such as water temperature, pH, substrate, dissolved oxygen, electrical
conductivity, and salinity — directly influence the composition and functioning
of biological communities within river ecosystems. Additionally, the habitats
surrounding rivers — forests, meadows, agricultural lands, or urban areas —also
shape the structure of these communities. Benthic macroinvertebrates living
in rivers, including non-biting midges (Chironomidae), are particularly
important due to their ecological plasticity and sensitivity to environmental
changes.

Chironomids are one of the most important and widespread insect groups
in aquatic ecosystems, characterized by high species diversity and abundance.
Their larvae are found in almost all freshwater habitats, and some species are
adapted to extreme environmental conditions, such as high water temperatures
(hot springs) or low pH (acidic waters). Chironomids fulfil key ecological
functions: they decompose organic matter, their predatory larvae regulate
macroinvertebrate populations, and they serve as a food source for fish, birds,
and other animals. Due to their adaptability to a wide range of environmental
conditions, they are valuable bioindicators. While globally Chironomidae are
extensively studied — from systematics and phylogeny to their ecological roles
and applications in water quality assessment — research on this group in
Lithuania remains fragmented. To date, only one comprehensive
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paleoenvironmental study based on Chironomidae analysis has been
conducted (Gasteviciené, 2022), along with a few species inventory surveys.

In Lithuania, no studies have been conducted to assess the influence of
ecological, environmental, and damming-related factors on chironomid
diversity and abundance in rivers. In the Baltic countries, studies on
Chironomidae diversity and ecology are conducted very fragmentarily, which
limits the applicability of this aquatic macroinvertebrate group in
environmental assessments. This dissertation provides the first systematic
evaluation of Chironomidae diversity and distribution in relation to habitat
characteristics and environmental factors across six rivers in central eastern
Lithuania. For the first time, chironomid community structure was analysed
under varying environmental and hydrological conditions, taking into account
whether rivers were dammed or free-flowing. The obtained results not only
contribute to the faunistic data of Lithuania, but also enable the further use of
Chironomidae as a bioindicator group in assessing the ecological status of
rivers and their anthropogenic impacts.

OBJECTIVE AND MAIN TASKS OF THE STUDY

Aim of the research

To investigate the diversity and distribution of non-biting midges (Diptera,
Chironomidae) in the Sventoji and Zeimena river sub-basins and to assess the
influence of environmental factors on their diversity and distribution.

To achieve this, the following objectives were set:

1. To determine the taxonomic diversity and abundance of Chironomidae in
the Dubinga, Kiauna, Luknel¢, Plastaka, Skerdyksna, and SeSuola rivers.

2. To assess the taxonomic diversity of Chironomidae communities in the
Sventoji and Zeimena sub-basins using molecular identification methods.

3. To compare the taxonomic diversity and abundance of Chironomidae
communities among the analysed rivers.

4. To evaluate the impact of dams on the taxonomic diversity and abundance
of Chironomidae.

5. To assess the influence of environmental variables — depth, pH, dissolved
oxygen, salinity, electrical conductivity, and total dissolved solids — on
the taxonomic diversity and abundance of Chironomidae.

6. To determine the impact of surrounding landscape on the taxonomic
diversity and abundance of Chironomidae.
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To investigate the effect of riverbed substrate composition on the
taxonomic diversity and abundance of Chironomidae.

STATEMENTS TO BE DEFENDED

Dams influence non-biting midge (Chironomidae) communities and
determine their taxonomic diversity.

Morphological analysis, combined with COI gene sequence analysis and
molecular species delimitation methods, allows for a more accurate
identification of Chironomidae taxa and their phylogenetic position.

The composition of Chironomidae communities in rivers is influenced by
water characteristics (such as dissolved oxygen and total dissolved solids)
and habitat features (including river identity, depth, damming status,
substrate, and surrounding landscape).

Larvae of Chironomidae found in rivers exhibit a high diversity of trophic
groups and feeding modes.

SCIENTIFIC NOVELTY OF THE STUDY

This is the first comprehensive study in the Baltic region to assess
Chironomidae communities and their relationships with various river
characteristics and environmental factors.

Twelve genera and thirty-seven Chironomidae species previously
unrecorded in the Lithuanian fauna were identified.

For the first time in Lithuania, the impact of dams on the taxonomic
diversity and abundance of Chironomidae was evaluated.

This study is the first in Lithuania to assess Chironomidae species
diversity using COI gene sequence analysis and molecular species
delimitation methods.

For the first time in Lithuania, a list of trophic groups and feeding modes
of identified Chironomidae larvae was compiled during the Chironomidae
study.

The results of the conducted study supplement waterbody monitoring
research and enable the use of Chironomidae in ecological and zoological
studies in Lithuania.
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1. LITERATURE REVIEW

This chapter of the dissertation provides an overview of Lithuanian
rivers, the Zeimena and Sventoji rivers sub-basins.

It presents the morphology and development of non-biting midge larvae,
their phylogeny and systematics, developmental habitats, trophic groups, and
feeding modes. In addition, the chapter discusses the ecological and
bioindicative significance of non-biting midges in aquatic ecosystems. An
overview of global and Lithuanian research on non-biting midges is also
provided.

2. MATERIAL AND METHODS
2.2. Study site

The study was conducted and material collected in two rivers of Sventoji
(Plastaka and Sesuola) and four rivers of Zeimena (Dubinga, Kiauna, Luknelé,
and Skerdyksna) sub-basins (Fig. 1). All six rivers are situated entirely within
the territory of the Republic of Lithuania and are located within a 60 km radius
in eastern Lithuania (Fig. 1) (Gailiusis et al., 2001; Jablonskis et al., 2007;
Kilkus and Stonevicius, 2011; Lietuvos Respublikos aplinkos ministerija,
2025).

Initially, around 200 Lithuanian rivers were considered as potential sites
for the study. Following a detailed selection process based on the data from
the Cadastre of Rivers, Lakes, and Ponds of the Republic of Lithuania
(UETK), six rivers were selected. During the selection process, morphometric
characteristic (length, catchment area, flow rate) as well as geographical
location of the rivers were evaluated. The selected rivers for the study were
the most similar in terms of their characteristics and took into account whether
the river was dammed (Plastaka, Luknelé, Kiauna) or undammed (Sesuola,
Skerdyksna, Dubinga). Based on the morphometric characteristics of the
rivers, their geographical location, and the factor of damming, all six rivers
were grouped into three pairs: Dubinga and Kiauna, Skerdyksna and Luknele,
and Sesuola and Plastaka.

Several of the studied rivers, or segments of their lengths, fall within
protected areas: the rivers Plastaka and Se$uola are located within the territory
of the Anyksciai Regional Park Unit of the Aukstaitija Protected Areas
Directorate; the rivers Dubinga and Skerdyksna are within the Asveja
Regional Park Unit of the same directorate; and the rivers Kiauna and Luknelé
flow through areas managed by the Aukstaitija National Park and Labanoras
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Regional Park Directorate. These rivers flow through diverse types of habitats:
natural and/or semi-natural forests, natural and/or semi-natural meadows,
agriculture, and urbanised areas (Aukstaitijos saugomy teritorijy direkcija,
2025; Aukstaitijos nacionalinio parko ir Labanoro regioninio parko direkcija,
2025).

2.1.1. Dubinga

The Dubinga River originates from Asveja lake and is a right tributary
of the Zeimena river. Dubinga belongs to the Nemunas river basin and the
sub-basin of the Zeimena river. The river flows through the territory of the
Svencionys District Municipality. The river is 18.1 km long, with a catchment
area of 405.9 km?, and an average multiannual flow rate at the mouth of 4.01
m?/s (Lietuvos Respublikos aplinkos ministerija, 2025). For most of its length,
the river flows through forested areas and separates the Asvejos and Pabradeés
Forest Districts, and it also passes through one natural lake, Lake Rédzios.
There are several villages along the river (Padubingé, Kurniské, Vilkamusiai,
Kabakélis, Trabuciai), and the town of Pabradé is situated in its lower reaches.
Several hydraulic structures are located in the lower reaches of the Dubinga,
such as the earth dam (Hydraulic Structure Code (HSC): 12110320h0004), the
overflow spillway (HSC: 12110320h0003), the Pabradé¢ hydroelectric power
plant (HPP) (HSC: 12110320h0001), and the Pabradé cardboard factory
(HPP: 12110320h0002). These hydraulic engineering structures have formed
the Pabradé Pond in the lower Dubinga River (Lietuvos Respublikos aplinkos
ministerija, 2025).

In the Dubinga River, studies were conducted at four sampling sites
(55.01419, 25.63790 (1); 55.01566 25.70399 (2); 54.99247, 25.75461 (3);
54.99089, 25.75910 (4)). The first (1) study site is located approximately 2.2
km from the source of Dubinga (Lake Asveja) and lies within the territories
of the Asvejos Regional Park (Asveja RP) and the village of Padubingé. The
second (2) study site is located approximately 5.8 km downstream from the
first one, or eight kilometres from the river source, and is situated below Lake
Rédzios in the village of VilkamusSiai. The third (3) study site is located 7.7
km downstream or 15.7 km from the source of the Dubinga River and is in the
Pabradé pond (a suburb of Pabradé), and more than 200 m away from the
Pabradé HPP. The fourth (4) study site on the Dubinga River is in the town of
Pabradé and is about 350 m downstream or 16 km from the source of the river,
and 150 m below the Pabradé HEP. The distance from this study site to the
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mouth of the river is 1.4 km (VS] Statybos sektoriaus vystymo agentiira,
2025).

2.1.2. Skerdyksna

Skerdyksna is a left tributary of the Zeimena River, belonging to the
Nemunas river basin and the Zeimena river sub-basin. The source of the
Skerdyksna is in the Naujasilis Forest, and the river flows in the territory of
the Svengionys District Municipality. The river is 13.77 km long, with a
catchment area of 42.2 km? and an average annual flow rate of 0.50 m?/s at
the mouth. Most of the river is straightened and drained; it flows through
agriculture and marshy areas, with only the lower reaches of the river
remaining semi-natural and undrained. Two hydraulic structures have been
built at Karkaziskés, such as the Karkaziskés earth dam (HSK:
12110370h0002) and the Karkaziskés overflow weir (HSK: 12110370h0001).
These hydraulic structures have formed the Karkaziskés dam in the
Skerdyksna river. The mouth of the Skerdyksna River falls within the Zeimena
Ichthyological Reserve, which is part of the Asveja Regional Park. Several
villages (Gaspariskiai, Puociai, Skirlénai, Zatiskés, Kloc¢itnai, Navasiolkos,
Karkaziské, and Burbiské I) and a couple of homesteads (Kuniské and
Cegelné) are located along the river (Lietuvos Respublikos aplinkos
ministerija, 2025).

In the Skerdyksna River, studies were conducted at four sampling sites
(54.95236, 25.72185 (5); 54.94653, 25.75817 (6); 54.94748, 25.75989 (7);
54.94574, 25.84367 (8)). The first (8) study site is located approximately 2.3
km from the source of the Skerdyksna River (Naujasilis Forest) and is in the
village of Gaspariskés. The second (7) site is located less than 6 km
downstream from the first site, or approximately 8.3 km from the source of
the river, and is located in the Karkaziskés pond in the village of Karkaziskés.
The third (6) study site is located about 160 m downstream from the second
one, or 8.46 km from the source of the Skerdyksna River, below the
Karkaziskés HS, and only 40 m from the barrier. The fourth (5) study site is
located in the village of Burbiskés I and is approximately 3.1 km downstream
from the third study site, or 11.5 km from the source of the river, and 1.72 km
from the mouth of the river (Zeimena River) (V3] Statybos sektoriaus vystymo
agentiira, 2025).
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2.1.3 Luknelé

Luknelé river belongs to the Nemunas river basin and the Zeimena river
sub-basin. It flows through the territory of the Sven&ionys District
Municipality. The Luknelé is a right tributary of the Zeimena River, with its
source at Lake Baltas. The length of the river is 13.6 km, with catchment area
0f 45.0 km?, and the average multiannual water flow at the mouth is 0.54 m®/s.
The entire river flows through the territories of Aukstaitija NP and Labanoras
Regional Park. For most of its length, the river flows through forested areas,
with several sections in small marshy areas. The river falls within three
important protected areas: the Pazemys Landscape Reserve, the Luknelé
Hydrographic Reserve, and the Zeimena Zoological-Botanical Reserve. The
river flows through three lakes, Pastovélis, Indrajai, and Luknelis. Although
the Luknelé flows almost entirely through natural areas, the village of Paluknis
is located next to Lake Luknelis, the village of Juodinélis is located
approximately 200 metres from the river banks and the village of Lukna is
located just downstream of the Luknelis (Lietuvos Respublikos aplinkos
ministerija, 2025).

In the Luknelé River, studies were conducted at four sites (55.21364,
25.94224 (9); 55.22279, 25.86793 (10); 55.23914, 25.85406 (11); 55.25000,
25.83959 (12)). The first study site (9) is located approximately 460 m from
the mouth of the Luknelé River (Zeimena River), and approximately 12.1 km
from the source (Lake Balto). This study site is in the territory of Aukstaitija
NP, above the village of Lukna and below the Juodyné¢lis homestead. The
second (10) study site is located approximately 7.3 km upstream or 4.8 km
from the river source and below Lake Luknelis. This study site falls within the
Labanoras RP and the Luknelé hydrographic reserve. The third (11) study site
is located 2.3 km upstream from the second one, or 2.52 km from the source
of the Luknelé River, and is located between Luknelis and Indrajis lakes, near
the village of Paluknis. This research site falls within the territory of the
Labanoras RP and the Luknelé Hydrographic, and Pazemio Landscape
Reserves. The fourth (12) study site is located approximately 1.7 km upstream
from the third one, or 820 m from the river source. It is located below Lake
Pastovelis and within the territories of the Labanoras RP and the Pazemis
Landscape Reserve (VsI Statybos sektoriaus vystymo agentiira, 2025).

2.1.4. Kiauna

The Kiauna River flows through the municipalities of Ignalina and

Svenéionys districts. The Kiauna River is a right tributary of the Zeimena
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River, belonging to the Nemunas River basin and the Zeimena River sub-
basin, and its source is Lake Kiauna. The river is 17.9 km long, with a
catchment area of 308.7 km?, and an average annual flow rate at the mouth of
the river of 2.95 m¥s. The entire river flows through the territories of
Aukstaitija National Park and Labanoras Regional Park (Aukstaitija NP and
Labanoras RP). Two protected areas have been established around the river:
the Kiauna Landscape Reserve and the Pagiliit¢ Telmological Reserve. For
most of its course, the river passes through forested areas and wetlands, as
well as through two lakes (Giliitas and Sekluotis). Several villages are located
near the river — Pakiaunys, Stirniné, Naujasodis, Briedinés, Jakutiskis,
Vasiuliske, Zvirbliske, Kiriniai, Pagiluté, Kukliai, and Sakaliské (Lietuvos
Respublikos aplinkos ministerija, 2025).

In the Kiauna River, studies were conducted at four study sites (55.24680,
25.97070 (13); 55.26404, 25.94127 (14); 55.29566, 25.89389 (15); 55.30822,
25.88691 (16)). The first study site (13) is located more than 1.7 km from from
the river mouth (Zeimena River) and approximately 15.6 km from the source
(Lake Kiauna). The study site is in the territory of Aukstaitija NP, below
Gliatas and Sekluotis lakes, and below the village of Kukliai. The second (14)
study site is located approximately 4.2 km upstream from the first one, or 11.4
km from the river source, and is located within the territory of Aukstaitija NP,
and near the Pagiliite Telmological Reserve, below the village of Kiiriniai.
The third (15) study site is located 8.7 km upstream from the second one, or
2.66 km from the source of the Kiauna River, and is located between the
villages of Stirne and Briedine, in the territory of the AukStaitija NP, and the
Kiauna Landscape Reserve. The fourth (16) study site is located
approximately 1.8 km upstream or 865 m from the river source. The left bank
of the river is Pakiaunys and the right bank is Kiauneliskis. The study site is
located within the territory of Aukstaitija NP (VS] Statybos sektoriaus
vystymo agentiira, 2025).

2.1.5. Plastaka

The Plastaka River belongs to the Nemunas River basin and the Sventoji
River sub-basin. Its source is in the village of Mereciskiai. The river flows
through the municipalities of Anyksciai and Ukmergé districts. It is the right
tributary of the Siesartis River. The length of the river is 18.3 km, with the
catchment area of 88.3 km?, and the average multiannual water flow at the
mouth is 0.82 m*/s. Below Lake Karalikiai, the river’s territory is part of the
Plastaka Hydrographic Reserve (Plastaka HR) and is included in the European
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wild fauna and natural environment protection under the Bern Convention.
The river is also part of the hydrographic reserves where salmon are protected
in Lithuania according to HELCOM, the Baltic Sea Fisheries Commission
(IBSFC), and the Lithuanian Salmon Restoration and Protection Program.
This territory is within the Anyksc¢iai Regional Park (Anyksciai RP). The river
flows through various territories and the upper reaches of the river are
surrounded by agriculture from the villages of Mereciskiai to Plastaka. Near
the latter village, the river flows through two lakes (Plastaka and Karaliskiai).
Below Lake Karaliskiai, the natural and semi-natural areas of the Plastaka
River, which are protected and characterised by wooded and marshy areas,
begin. There are seven villages (MereciSkiai, Vilkiskiai, Plastaka, Pagojai,
Avizieniai, Valai, Antatil¢iai) and one homestead (Morkiskis) in the vicinity
of the river (Lietuvos Respublikos aplinkos ministerija, 2025).

In the River Plastaka, studies were conducted at four sites (55.30809,
25.03089 (17); 55.31415, 25.06143 (18); 55.33593, 25.03658 (19); 55.27795
24.98634 (20)). The first study site (20) is located approximately 1 km from
the mouth of the Plastaka River (Siesartis River) and approximately 15.6 km
from the source (Mereciskes village). This study site is in the territory of the
Plastaka HD, with village Valai on the left bank, and Antatilciai on the right.
The second (17) and the first study site are located approximately 6.7 km
upstream or 7.9 km from the river source. This study site is also located within
the territory of the Plastaka HD, further away from the Plastaka on the left side
of the river is Kliepsiai and on the right side of the river is Avizieniai. The
third (18) study site is 2.9 km upstream from the second, or 5 km from the
source of the Plastaka. This site is the last site in the Plastaka HD and is in the
area of the village of Plastaka below the Plastaka and Karaliskés lakes. The
fourth (19) survey site is located approximately 4.8 km upstream from the
third survey site, or 130 m from the river source. This study site is in the
village of Mereciskes, in a floodplain and cultivated grassland (V§] Statybos
sektoriaus vystymo agentiira, 2025).

2.1.6. Sesuola

The source of the Sesuola River is Lake Sesuoliai. The river belongs to
the Nemunas river basin and the Sventoji river sub-basin. Sesuola is located
on the territory of Ukmergé district municipality and is a left tributary of
Siesartis River. The length of the river is 15.6 km, the area of the river basin
is 91.7 km?, and the average multiannual water flow at the mouth is 0.65 m?/s.
The upper reaches of the river are dammed at SeSuoliai Lake, and below the
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dam the riverbed is straightened and reclaimed up to the village of Pasesuolé,
passing through agriculture. Below the village of PaseSuolé, the river course
is semi-natural and passes through various types of habitats, such as
agriculture, forests and semi-natural areas. The Sesuola is dammed in two
places — upstream, behind the Seuoliy lake, where hydraulic structures such
as the Sesuoliy earth dam (HSK: 12210951h0004) and the Sesuoliy water
surplus spillway (HSK: 12210951h0002), and in the lower reaches, in the
village of Virksc€iai, where hydraulic structures such as the Virksciai I earth
dam (HSK: 12210951h0003) and the Virksciai I water overflow weir (HSK:
12210951h0001) are located. These hydraulic structures have formed Lake
Seguoliai and the Virk$¢iy I pond in the Sesuola River. The lower reaches of
the river are located below the Virksciai [ pond and fall within the territory of
the Anyksciai RP. Several settlements are located near the river, including
Sesuoliai, Dvarniniai, AukStagiris, UZupénai, PaseSuolée, Mégudiai,
Lauzdonys, Rimeisiai, and Virks¢iai (Lietuvos Respublikos aplinkos
ministerija, 2025).

Four sites were studied in the Sesuola River (55.25282, 24.97802 (21);
55.25414,24.97889 (22); 55.18436,24.94257 (23); 55.18236,24.94111 (24)).
The first study site (22) is located approximately 2.18 km from the mouth of
the Sesuola River (the Siesartis River) and approximately 12.5 km from the
source (Sesuoliai Lake). The first study site is in the village of Virki¢iai, in
the territory of Anyksc¢iai RP, 164 m below the Virksciai I dam. The second
(21) study site is located less than 270 m upstream from the first site, or about
12.2 km from the river source, and is in Virk$¢iy [ dam, Virksciy village. The
third (23) study site is located approximately 9.4 km upstream from the second
site, or 2.8 km from the source of the Seuola River, and is located below the
Sesuoliai dam, from which the study site is just over 40 m away, in the village
of Dvarniniai. The fourth (24) study site on the Sesuola River is located in the
village of Dvarniniai, in the Sesuoliai Lake, approximately 240 m upstream
from the third site, or 2.5 km from the river source, and is located just 200 m
from the dam (VS] Statybos sektoriaus vystymo agentiira, 2025).

2.2. Methodology for collecting the material

The study was conducted and material of non-biting midges larvae was
collected in the years 2021 and 2022. During these two seasons, from May to
September, the study material was collected regularly every two weeks.

To collect larvae of the family Chironomidae from rivers, a D-shaped
frame was used, known as the D-shaped entomological handnet (Fig. 2). Its
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mesh size of the net was one millimetre. This method of collecting benthic
invertebrates has been used previously in other similar studies (Letovsky et al.
2012). Using the handnet, larval samples were collected from six rivers, each
with four sites selected from upstream to downstream, for a total of 24
sampling locations. At each study site, a benthic sample was taken from a one-
square-meter area that was randomly selected during the study by visually
choosing a representative, yet not exceptional, location in the riverbed, in
order to avoid bias and to reflect the overall habitat diversity. The D-frame
handnet was placed on the riverbed in such a way that the straight edge of the
frame (approximately 30 cm in length) was tightly aligned with the riverbed.
Facing upstream, a sample of the riverbed substrate was collected using the
"kick sampling" method (Fig. 2) (Letovsky et al., 2012). This involves
standing in front of the net and vigorously stirring the bottom substrate with
the feet, allowing the water current to carry the stirred-up organisms to the net.
The sample of the river bottom substrate collected by the entomological
handnet was carefully transferred into two-litre plastic sealable bags. The
content of each bag was filled with 99 % propylene glycol to ensure that the
entire sample was completely preserved.

During each benthic sampling, at each of the study sites, always in the
same one-square-meter area where the benthic samples were taken, the river
depth (cm) was measured using a Stabila T-NL spirit levelling rod, and in the
year of the 2022 studies, water quality parameters were also assessed:
Dissolved oxygen (%), pH, temperature (°C), conductivity (uS/cm), salinity
(ppt) and total dissolved solids (ppm/ppt) (Engl. Total dissolved solids (TDS)
(Annex 1). Additionally, based on the benthic macroinvertebrate monitoring
methodology (Arbaciauskas et al., 2009), the river substrate was visually
assessed at each study site where benthic samples were collected. The
assessment recorded whether the following substrate types were visible on the
riverbed: sand (S) (6 pm — 2 mm), gravel (Z) (2 mm — 2 cm), pebble (Zv) (2
— 6 cm), sett (G) (6 —20 cm), stones (A) (20 — 40 cm), boulders (R) (> 40 cm),
micro organic material (Sm), and macro organic material (St) (Annex 2). In
addition, each study site was evaluated — both visually and using data from the
Lithuanian Spatial Information Portal (VS| Statybos sektoriaus vystymo
agentiira, 2025) — to determine whether the river at the site flows through
forest (M), agriculture (D), pasture (G), meadow (P), villages (K), or urban
area (m) (Annex 2).

A total of 336 benthic samples were collected during the entire study
period. After each collection, the samples were transported to the Zoological
Research Laboratory of the Life Sciences Centre of Vilnius University. There,
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each collected substrate sample was transferred from plastic bags to a sorting
tray. Each sample was then examined under a Nikon SMZ445 microscope to
extract the larvae of the Chironomidae family. These larvae were then placed
in sealed plastic containers and preserved in 96 % ethanol.

Further analysis of Chironomidae larvae involved the preparation of
permanent microscopic slides, with the larvae mounted in Euparal (Langton
and Pinder, 2007). The larvae were photographed and further analysed using
a Leica DCM6 microscope equipped with a Leica K3C camera and the Las X
software. Chironomidae larvae were identified to the taxonomic level of genus
or species by Laurynas Stasiukynas and Prof. Dr. Fabio Laurindo da Silva,
based on morphological characteristics using the identification keys of Epler
(2001), Orendt et al. (2011), and Andersen et al. (2013). Taxonomic names
and classification of genera or species were assigned based on Andersen et al.
(2013). The material collected during the studies is stored at the Life Sciences
Centre of Vilnius University.

2.3. Ecological data

To determine the dominance of Chironomidae subfamilies and genera
both across all studied rivers and individually for each of the six rivers, their
relative proportion (%) in the community was evaluated based on taxon and
individual abundance. A dominance index (D;) was calculated to determine
dominant subfamilies and genera (Durska, 2001):

Di=l’li/N x 100 %

, where n; is the abundance of taxon i in the community, N is the
abundance of all members in the community.

The taxa were divided into four groups according to the dominance index
(Di):

(1) eudominants — taxa with > 15 % of the community;

(2) dominants — 5.1 — 15.0 %;

(3) subdominants — 1.1 — 5.0 %;

(4) minor taxa — < 1.0 %.

To determine the rarity categories of non-biting midge species, the
frequency of occurrence (F;) was calculated. It was calculated for each genus
both across all studied rivers collectively and separately for each of the six
rivers. The frequency of occurrence (F;) was calculated by using the formula
(Brower and Zar, 1984):
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Fi=ji/k x 100 %

, where: j; is the number of samples in which genus i was found, k is the
total number of samples.

The identified genera are divided into four rarity categories based on their
frequency of occurrence (Fj):

(1) Very rare — < 2.0 %;

(2) Rare — 2.0 —10.0 %;

(3) Common — 10.0 — 50.0 %;

(4) Very common —> 50.0 %.

To compare and analyse the diversity of Chironomidae, Hill numbers
were used, calculated using PAST 3.22 software (Hammer et al., 2001). The
total number of genera in the community, richness, which corresponds to Hill's
zero number, the number of genera in the sample and the relative abundance
of specimens in each of these genera, Shannon-Wiener diversity index, which
corresponds to Hill's number one, and the dominance of the genera in the
community, Simpson's diversity index, which corresponds to Hill's number
two, were all assessed (Hill, 1973). The Shannon-Wiener diversity index
(Shannon_H') is sensitive to the presence of rare and abundant genera in a
community (Morris et al., 2014). The Simpson Diversity Index (Simpson (1-
D)) is sensitive to the dominance of certain genera and does not take rare
genera into account, and indicates the probability that two specimens taken at
random from the community belong to the same genus (Morris et al., 2014).
To compare the richness of the number of genera with sensitivity to sample
size, Margalef's diversity index was also calculated using PAST 3.22 software
(Hammer et al., 2001) (Magurran, 2004). Along with the diversity indices, the
abundance of taxa was also assessed, i.e. the total number of representatives
of each taxon analysed.

To determine the trophic groups of chironomid genera, the classifications
proposed by Armitage et al. (1995), da Silva et al. (2008), Sanseverino and
Nessimian (2008), Merritt et al. (2008), Galizzi et al. (2012), and Merritt et al.
(2019) were used. Feeding strategies were identified based on Armitage et al.
(1995), Tavares-Cromar and Williams (1997), da Silva et al. (2008),
Sanseverino and Nessimian (2008), Merritt et al. (2008), and Merritt et al.
(2019). Considering that larval feeding habits vary depending on seasonality
and food availability — both of which are influenced by environmental
conditions and substrate type (Butakka et al, 2016) — as well as by
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developmental stage, with early instar larvae (I-II instars) potentially feeding
differently from mature ones (III-IV instars) (Baker and McLachlan, 1979;
Banegas and Rocha, 2023), it was decided not to compare trophic groups or
feeding strategies between the studied rivers. This decision is based on the
understanding that assigning a trophic group or feeding strategy based on a
single larval instar would be misleading and could distort the analysis of
chironomid community structure.

2.4. Molecular analysis

Chironomidae larvae, characterised based on morphology, were also
classified into distinct morphological groups. To confirm morphological
identifications, a fragment of the mitochondrial DNA cytochrome ¢ oxidase
subunit I (COI) gene was analysed. A total of 200 Chironomidae specimens
were randomly selected from the larvae representing the various
morphological groups, ensuring that at least one specimen from each group
was included.

DNA extraction from Chironomidae larvae was performed using the
DNeasy Blood & Tissue Kit (Qiagen), following the manufacturer's
instructions for the isolation of DNA from tissues. Samples were incubated
overnight at 56 °C with protein kinase K.

Polymerase chain reaction (PCR) of the 658 bp partial sequences of the
mitochondrial COI gene was performed using the primer pair LCO-1490 (5'-
GTC AAC AAA TCA TAA AGA TAT TGG-3") and HCO-2198 (5'-TAA
ACT TCA GGG TGA CCA AAA AAT CA- 3") (Folmer et al., 1994). PCR
amplification was performed on a Mastercycler nexus thermocycler
(Eppendorf). For the PCR reaction (30 ul), 1 sample was used with 1,5 ul each
of LCO-1490 and HCO-2198 primers (0,5 pM), 15 pl of DreamTaq PCR
Master Mix (Thermo Scientific), and 9 ul of nuclease-free water (Thermo
Scientific). Thermal profile of COI fragment amplification: initial
denaturation at 95 °C for 3 min (1 cycle), denaturation at 95 °C for 30 s, primer
binding at 49 °C for 30 s, synthesis at 72 °C for 60 s (35 cycles), and final
synthesis at 72 °C for 10 min (1 cycle).

To visualise the PCR products, horizontal electrophoresis was performed
on a 1.5 % agarose (Thermo Scientific) gel with ethidium bromide (Carl Roth)
using 1xTBE buffer (Thermo Scientific). A Fast Ruler Low Range marker
(Thermo Scientific) was used to determine DNA fragment length and
concentration. At the end of the electrophoresis time, the agarose gel with the
separated fragments was photographed using the UVITEC gel documentation
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and analysis system. The PCR products were purified using the GeneJet PCR
Purification Kit (Thermo Scientific) and sequenced at Macrogen Europe BV
(Amsterdam, The Netherlands). The same primers as for PCR were used for
sequencing.

The DNA sequences of each sample were prepared for analysis using
BIOEDIT 7.7.1 (Hall, 1999) and compared with other sequences using
BLASTN (National Library of Medicine, 2024). All sequences have been
submitted to the GenBank database (numbers: PQ458064-PQ458172).

2.5. Genetic distances and phylogenetic analysis

The sequences suitable for further analysis were grouped according to
their morphological identification and BLAST results to assess genetic
distances among individuals of the same species (intraspecific) and between
different species (interspecific). Genetic distances were calculated as the
proportion of differences (p-distances) using the software MEGA-X 10.2.6
(Kumar et al., 2018). During the initial data analysis, tests were conducted
both with and without an outgroup (Culicoides arakawae Arakawa, 1910,
GenBank accession number MH135788.1). Since the initial results showed
that the outgroup had no effect on the topology of the phylogenetic trees, final
analyses were performed using trees without the outgroup.

For the phylogenetic analysis in MEGA-X 10.2.6 (Kumar et al., 2018),
the GTR + G + I substitution model was selected. An ultrametric tree was
constructed using BEAST v1.10.4 (Drummond and Rambaut, 2007) by
calculating a Maximum Clade Credibility (MCC) tree. This was done using
an uncorrelated lognormal relaxed clock model with a mean of 1.0 and a
standard deviation of 0.33, applying a birth-death model to simulate the
evolutionary process, accounting for species diversification and extinction.

To explore possible evolutionary relationships among Chironomidae
representatives, two Markov chain Monte Carlo (MCMC) chains were run,
each for 100 million generations, with sampling every 1,000 generations. To
ensure result reliability, the posterior trees obtained were combined using
LogCombiner v1.10.4 (Drummond and Rambaut, 2007) after discarding the
first 10 % of iterations as burn-in. The convergence and stability of the
algorithm were assessed using Tracer v1.7.2 (Drummond and Rambaut,
2007).

To generate a representative evolutionary scenario, the combined
posterior trees were summarized by determining the heights of the common
ancestor nodes using TreeAnnotator v1.10.4 (Drummond and Rambaut,
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2007). The final tree was visualized using the baltic v.0.2.2 library in Python3
(GitHub, 2024) for presentation of the results.

2.6. Species separation methods

Four species separation methods were used to distinguish the species of
the family Chironomidae on the basis of the analysis of the DNA sequences
obtained: the ASAP (Assemble Species by Automatic Partitioning) method
(Puillandre et al, (Puillandre et al., 2012), ABGD (Automatic Barcode Gap
Discovery) (Puillandre et al., 2012), GMYC (Generalized Mixed Yule-
Coalescent) (Pons et al., 2006) and bPTP (Bayesian implementation of the
Poisson Tree Processes) (Zhang et al., 2013). These methods have been used
in other similar studies (Dellicour and Flot, 2015; Goulpeau et al., 2022;
Mendoza-Ramirez et al., 2022; da Silva et al., 2023).

ASAP is a distance-based approach that does not require a prior
biological understanding of mid-species diversity. Partial COI sequences of
Chironomidae samples were analysed using a graphical online version of
ASAP with Kimura's two Parameter (K2P) model to calculate distances
(ASAP web, 2024).

ABGD is also a distance-based method, which analyses the default
minimum and maximum genetic distances or user-defined distances. The
online version of ABGD (ASAP web, 2024) with the K2P (Kimura 2-
parameter) model was used to calculate the default distance parameters.

The GMYC model is a phylogenetic tree analysis-based method applied
to an ultra-parametric maximum likelihood (MCC) tree constructed as
described above. Species-level panels were constructed and their robustness
assessed using the SPLITS package in R4.4.0 software (R Core Team, 2024).

The bPTP model is another approach based on phylogenetic tree analysis,
using a Newick-format tree constructed as described above. The tree was
analysed on the bPTP web server (Zhang et al., 2013) using the default settings
for all parameters except for the number of generations, which was set to
300 000.

2.7. Statistical analysis

Statistical analyses were conducted using PAST 3.22 (Hammer et al.,
2001) and R 4.4.0 (R Core Team, 2024) software. These and Microsoft Excel
software were used to create graphical representations of the data, with colours
modified by Inkscape 1.1.1. vector drawing software (Burghoff, 2021).
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Non-parametric statistical methods were used to analyse the
Chironomidae data collected during the study, as the Shapiro-Wilk normality
test showed that the distribution of non-biting midges collected in all rivers
was not normal (p < 0.05) (Hammer et al., 2001).

To evaluate the sampling effort, species richness accumulation curves
(PAST 3.22 (Hammer et al., 2001)) were generated for each of the analysed
rivers. Communities whose curves reached the asymptote were considered to
be a true reflection of the richness of non-biting midges genera in that river.

Non-metric multidimensional scaling (NMDS), using the Bray-Curtis
similarity index (Hammer et al., 2001), was used to visualise differences in
non-biting midges communities between the six surveyed dammed and
undammed rivers. This was done using the PAST 3.22 software (Hammer et
al., 2001). Using R 4.4.0 (R Core Team, 2024) software, the NMDS analysis
was extended to include ecological and environmental factors, based on 2021-
2022 and 2022 study data.

Pearson's chi-squared test (%*) was performed to compare the detection
frequency of different non-biting midges genus in the six surveyed dammed
and undammed rivers (sample > 5). A statistically significant value is
considered p < 0.05.

To assess whether the abundance and diversity of non-biting midges
correlated with the geographical distances between the study sites, a Mantel
test statistic (r) analysis was performed. The geographic distance matrix was
constructed using the Geosphere v.1.5-18 package (Hijmans, 2022), and
differences in abundance and diversity of non-biting midges were assessed
using the Bray-Curtis index using the vegan v.2.6-6.1 package (Oksanen et
al., 2022) in R4.4.0 software (R Core Team, 2024). To assess the significance
of the correlation, the Mantel test (with 999 permutations) was performed
using the ecodist v.2.1.3 package (Goslee and Urban, 2007). The Mantel test
coefficient values range from -1 (strong negative correlation) to 1 (strong
positive correlation).

The Pearson Correlation Coefficient (PCC) was calculated to assess the
relationships between the ecological factors of the rivers studied: depth, pH,
dissolved oxygen, temperature, conductivity, salinity, and total dissolved
solids (TDS). Variables with a Pearson correlation coefficient greater than |
0.7 | (strong correlation) were estimated separately in Generalized Linear
Mixed Models (GLMM) and Distance-based Redundancy Analysis (db-
RDA), thus avoiding multicollinearity of data. PCC was performed using R
4.4.0. software.
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General linear mixed models (GLMMs) were used to determine what
proportion of non-biting midges diversity (using Shannon-Wiener, Simpson
and Margalef diversity indices) and abundance explained by the river
ecological factors analysed (depth, pH, dissolved oxygen, temperature,
conductivity, and TDS) and the characteristics of the study sites (rivers,
damming, substrate categories, and environment categories). Since river
ecological data were collected for one survey season, only data from the 2022
studies were used in the models. A total of 80 models were constructed for the
analysis, with the response variables being: Simpson (1-D), Shannon H/,
Margalef diversity indices, or number of specimens. Explanatory variables —
the previously mentioned ecological factors of the rivers and, separately, the
rivers, damming, environmental categories, and damming, as well as substrate
categories and damming. The random variable is the date of the survey (date).
Model structure: (response variable ~ depth + (dissolved oxygen or pH) +
temperature + (conductivity or TDS) + (river /| damming / substrate categories
/ environmental categories) (date). The models were analysed as follows: for
rivers, the first explanatory variable was Skerdyksna; for damming, the first
explanatory variable was dammed rivers; for environmental categories, the
first explanatory variable was agriculture; and for substrate categories, the
first explanatory variable was macro and micro organic material. Models were
thus constructed for each response variable where only one of the study site
characteristics differed. From each group of models for each response variable
(20 models in total), one best model was selected, the one with the lowest
Bayesian Information Criterion (BIC) value. The general linear mixed model
analysis was performed using the glmmTMB function and the gaussian family
in R4.4.0 software (R Core Team, 2024), with the vegan v.2.6-4 (Oksanen et
al.,2022) and glmmTMB v.1.1.11 (Brooks et al., 2017) packages. The ggplot2
v.3.4.4 software package (R Core Team, 2024) (Wickham, 2016) was used to
visually represent the results of the GLMM analysis.

To determine what proportion of the composition of identified
chironomid genera can be explained by the analysed ecological factors of
rivers (depth, dissolved oxygen, temperature, and conductivity) and by each
of the site-specific characteristics (rivers, damming, substrate categories, and
environmental categories), a distance-based redundancy analysis (db-RDA)
was performed. Since the ecological data of the rivers were collected during a
single research season, only the 2022 studies data were used. Based on
Pearson's correlation coefficient, the results of the GLMM analysis, and the
four site-specific characteristics, four db-RDA models were constructed:

227



- first model: non-biting midges genera ~ rivers + depth + dissolved
oxygen + temperature + conductivity (date) — when rivers, the first
explanatory variable was Dubinga;

- second model: non-biting midges genera ~ damming + depth +
dissolved oxygen + temperature + conductivity (date) — with damming, the
first explanatory variable was dammed rivers;

- third model: non-biting midges genera ~ environmental categories +
depth + dissolved oxygen + temperature + conductivity (date) — with
environmental categories, the first explanatory variable was agriculture;

- fourth model: non-biting midges genera ~ substrate category + depth
+ dissolved oxygen + temperature + conductivity (date) — with substrate
category, the first explanatory variable was macro and micro organic material.

In all four db-RDA models, the response variable is the non-biting
midges genera, the explanatory variable is river ecological factors and one
characteristic of the study site, and the conditional variable is date. To
determine the statistical significance of each model, an ANOVA analysis was
performed (1001 permutations). The distance-based redundancy analysis (db-
RDA) was conducted using the dbrda function and Bray-Curtis distances in
the R 4.4.0 software (R Core Team, 2024), utilizing the vegan package v.2.6-
4 (Oksanen et al., 2022). To visually present the db-RDA analysis results, the
ggplot2 package v.3.4.4 (Wickham, 2016) in R 4.4.0 software (R Core Team,
2024) was used.
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3. RESULTS
3.1. Taxonomic diversity and abundance of non-biting midges

A total of 11,296 non-biting midges specimens belonging to five
subfamilies, 65 genera, and 89 species were collected during benthic sampling
(Table 1). Collected Chironomidae larvae were identified to the subfamily
taxonomic level, while fourth-instar larvae were identified to the genus or
species level based on their morphological characteristics and partial COI
sequence analysis. 4,446 non-biting midges specimens were identified to the
genus taxonomic level and 1,585 specimens to the species taxonomic level
(Annex 3). During the study, 12 genera and 37 species of non-biting midges
(Chironomidae) were identified, which are new to the fauna of Lithuania
(Annex 3).

Based on Armitage et al. (1995), Tavares-Cromar and Williams (1997),
da Silva et al. (2008), Sanseverino and Nessimian (2008), Merritt et al. (2008),
Celeste Galizzi et al. (2012), and Merritt et al. (2019), the chironomid genera
identified during the study were classified into seven trophic (feeding) groups:
detritivores, predators, algivores, phytophages, xylophages, parasites, and
commensals, as well as into six feeding strategy groups: gatherers, suckers,
filterers, shredders, scrapers, and genera exhibiting multiple feeding strategies
(Annex 3). A total of 27 genera were assigned to the detritivore group, 23 to
the predator group, 12 to the algivore group, 12 to the phytophage group, nine
to the xylophage group, and one genus each to the parasite and commensal
groups (Annex 3). Regarding feeding strategies, among the chironomid
genera identified in the study, 47 were classified as gatherers, 24 as suckers,
12 as shredders, 10 as filterers, nine as scrapers, and only two genera exhibited
multiple feeding strategies (Annex 3).

The study revealed that the highest number of non-biting midges genera
belonged to the subfamily Chironominae, with 28 genera identified (Fig. 3).
The lowest number of genera belonged to the subfamily Diamesinae, with two
genera identified. The second most numerous subfamily was Orthocladiinae,
with 21 identified genera. Subfamily Tanypodinae was the third most
numerous subfamily, with 12 genera identified. The fourth largest subfamily
was Prodiamesinae, with three identified genera of non-biting midges.

In terms of number of specimens, the subfamilies Chironominae (6,798
specimens) and Tanypodinae (2,476 specimens) were the most abundant,
together accounting for 82.10 % of all collected specimens. The subfamilies
Prodiamesinae and Diamesinae were the least abundant, together accounting
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for only 1.67 % of all collected specimens. Specimens belonging to the
subfamily Orthocladiinae made up 15.57 % of all collected specimens (Fig.
3).

Of the genera found during this studies, the genus Ablabesmyia was the
most abundant (944 specimens), accounting for 21.23 % of the specimens
identified. The other genera with the highest number of specimens were:
Microtendipes (660 specimens), Procladius (474 specimens), Tanytarsus (349
specimens), Polypedilum (279 specimens), Chironomus (223 specimens),
Conchapelopia (168 specimens), Prodiamesa (156 specimens), Micropsectra
(151 specimens), Paratendipes (104 specimens), and Psectrocladius (103
specimens). The genera with more than 100 specimens accounted for 81.22 %
of the total number of specimens identified up to the taxonomic level of the
genus (Fig. 4).

Among the genera identified during the study, 4blabesmyia was the most
abundant, with 944 specimens, accounting for 21.23 % of all identified
specimens. Other highly abundant genera included: Microtendipes (660
speciemens), Procladius (474), Tanytarsus (349), Polypedilum (279),
Chironomus (223), Conchapelopia (168), Prodiamesa (156), Micropsectra
(151), Paratendipes (104), and Psectrocladius (103). Genera represented by
more than 100 specimens made up 81.22 % of all specimens identified to the
genus level (Fig. 4).

Genera with fewer specimens included Corynoneura (83), Clinotanypus
(80), Orthocladius (73), Paraphaenocladius (58), Cladotanytarsus (56),
Cricotopus  (37),  Parachironomus  (34),  Parakiefferiella  (34),
Endochironomus (26), Synendotendipes (24), Cryptochironomus (24), and
Acricotopus (23). These accounted for 12.42 % of all identified specimens
(Fig. 4).

Genera with fewer specimens included FEinfeldia and Rheocricotopus,
each represented by 19 specimens. Three genera — Glyptotendipes,
Demicryptochironomus, and Virgatanytarsus — were each represented by 16
specimens. Meanwhile, Tribelos was represented by 14 specimens,
Monodiamesa by 13, and Harnischia by 12. These genera together accounted
for only 2.81 % of all specimens identified to the genus level (Fig. 4).

Additionally, nine specimens each were identified from the genera
Stenochironomus, Macropelopia, Paratanytarsus, and Zalutschia. Eight
specimens each were found in Tanypus and Symnorthocladius; seven in
Odontomesa, Paracladopelma, and Neozavrelia. Six specimens each were
recorded for Larsia, Zavrelimyia, and Dicrotendipes, while five were found
in Stictochironomus, Cryptotendipes, and Paracladius. Four individuals each
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were identified from Epoicocladius, Potthastia, Heterotrissocladius, and
Psectrotanypus. These low-abundance genera collectively accounted for just
2.74 % of all specimens identified to genus level (Fig. 4).

The least abundant genera were Parametriocnemus and Eukiefferiella,
with only three specimens each. Two specimens each were identified from
Thienemanniella, Chaetocladius, Krenopelopia, = Xenochironomus,
Cladopelma, Pseudodiamesa, Anatopynia, and Nanocladius. Finally, one
specimen each was found from Brillia, Stempellina, Metriocnemus, and
Limnophyes. These rarest genera represented only 0.58 % of all specimens
identified to the genus level (Fig. 4).

3.2. Phylogenetic analysis of non-biting midges

Molecular genetic analyses were carried out to verify some of the non-
biting midges collected from rivers and morphologically identified into
distinct morphological groups. A total of 200 Chironomidae samples were
used to analyse the mitochondrial DNA COI gene fragment, and the obtained
sequences were compared with sequences available in BOLD and GenBank.
In total, 109 sample sequences matched published sequences — with an
accuracy of 88.04 — 94.26 % at the genus level and 98.01 — 100.00 % at the
species level — and were assigned to 54 distinct taxa. The sequences of two
specimens were published for the first time in the BOLD and GenBank
databases (Annex 5).

After evaluating intraspecific genetic distances (p-distances), it was
determined that the average distance among the analysed 27 species was 0.81
%, with values ranging from 0.00 % to 9.94 %. Intraspecific differences of
less than 2 % were identified in 25 Chironomidae species: Apsectrotanypus
trifascipennis, Conchapelopia melanops, Larsia atrocincta, Procladius
culiciformis, Procladius denticulatus, Monodiamesa bathyphila, Prodiamesa
olivacea, Nanocladius dichromus, Orthocladius oblidens, Paraphaenocladius
sp., Chironomus cingulatus, Chironomus curabilis, Chironomus piger,
Cryptochironomus  albofasciatus, — Demicryptochironomus  vulneratus,
Einfeldia pagana, Endochironomus tendens, Microtendipes chloris,
Microtendipes pedellus, Parachironomus vitiosus, Paratendipes albimanus,
Polypedilum  scalaenum, Stenochironomus gibbus, Tribelos intextus,
Tanytarsus multipunctatus (Table 2). Meanwhile, average intraspecific
differences greater than 2 % were found in two species groups — Clinotanypus
nervosus and Ablabesmyia longistyla (Table 2).
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Interspecific genetic distances (p-distances) were calculated for seven
genera in which two or more species were found. Average genetic distances
were found to exceed 10 % for most species pairs (genera Cricotopus,
Orthocladius, Cryptochironomus, Microtendipes and Polypedilum) (Table 3).
The highest average genetic distance was found in the genus Polypedilum
(14.45 %) and the lowest in the genus Procladius (7.80 %). Two species
pairwise p-distances of < 1 % were also found for Chironomus cingulatus —
Chironomus piger (0.76 %) and Procladius culiciformis — Procladius
pectinatus (0.22 %) (Fig. 5).

The phylogenetic analysis of Chironomidae species based on COI gene
sequences showed that most species of the same genus formed shared clusters
in the MCC phylogenetic tree (Fig. 5). Specifically, species belonging to the
genera Orthocladius, Cricotopus, Procladius, and Chironomus formed
distinct clusters. Similar results were obtained for Microtendipes (excluding
Microtendipes sp.) and Cryptochironomus (excluding Cryptochironomus
rostratus), while Polypedilum did not form distinct clusters (Fig. 5).

The ASAP species delimitation analysis identified 10 partitions based on
the lowest ASAP score. The optimal ASAP partition divided the data into 58
groups (ASAP score: 4.0; p < 0.05) (Fig. 5). The second-best partition
identified 56 groups (ASAP score: 5.0; p < 0.05). A graph of ASAP scores
and threshold distances showed that partitions with a clustering distance of
0.02 (dc =0.02) corresponded to 58 groups.

According to the ASAP method, the highest diversity among the
subfamilies analysed was found in Chironominae, which accounted for 34 of
the 58 isolated groups. This was followed by Tanypodinae with 13 groups,
Orthocladiinae with eight groups, and Prodiamesinae with three groups (Fig.
5).

For the ABGD species delimitation analysis, the K2P model was applied,
using a transition/transversion ratio of 2.0. The following parameters were
used: Pmin = 0.001, Prmax = 0.10, 10 steps, and 20 distance distribution bins.
This analysis divided the data into 55 groups at a K2P MinSlope value of 1.00,
with a barcode gap distance of 0.045, and the initial partition determined by a
preset maximum genetic distance of p = 0.0599 (Fig. 5).

According to the ABGD method, the greatest diversity was also observed
in the Chironominae subfamily, which was divided into 31 groups. This was
followed by Tanypodinae with 11 groups, Orthocladiinae with eight, and the
least diverse was Prodiamesinae, with three groups (Fig. 5).

The single-threshold GMYC species delimitation analysis identified 29
maximum-likelihood entities (confidence interval = 22-41), including 28
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maximum-likelihood (ML) clusters (confidence interval: 21-34) and one
single entity. Analysis of the GMYC species separation model grouped 29
entities into genera and/or related clades (Fig. 5).

The bPTP species delimitation analysis, using the Bayesian method,
identified 28 operational taxonomic units (OTUs) and generated two trees:
one based on the maximum-likelihood (ML) method (24 OTUs), and the other
a Bayesian tree (28 OTUs). The Bayesian tree was selected for comparison
with other species delimitation methods, as it grouped the data into more
OTUs (28) (Fig. 5). The topologies of both trees differed from the MEGA X
phylogenetic tree and the ultrametric tree used in the GMYC analysis.
Compared to GMYC, the bPTP analysis less frequently split closely related
OTUs and tended to group sequences into genera or closely related clusters.

Each species delimitation method identified a different number of OTUs:
ASAP - 58, ABGD - 55, GMYC - 29, and bPTP — 28 (Fig. 5). A comparison
of all four species delimitation methods showed that only eight OTUs (14.29
% of all phylogenetic tree branches) were consistently identified by all
methods. The ASAP and ABGD analyses had 52 OTUs in common, while the
GMYC and bPTP analyses had 24 OTUs in common.

3.3. Comparison of non-biting midges communities in the studied rivers

Accumulation curves were constructed to determine in which of the six
studied rivers the collected data reflected the genus-level richness of
chironomids (Fig. 6). The analysis showed that in the Sesuola and Dubinga
rivers, the number of genera reached an asymptote, indicating that a
representative portion of chironomid diversity was collected in these rivers. In
the Luknelé and Plastaka rivers, the asymptote was nearly reached — additional
data would not significantly change the number of genera. In contrast, the
Kiauna and Skerdyksna rivers did not reach an asymptote, and their 95 %
confidence intervals suggest that collecting more individuals would likely
increase the total number of genera.

Calculating the number of non-biting midges larvae in each river
analysed, the average number of non-biting midges larvae collected in each
river was 1883 (SD + 640). The highest abundance of non-biting midges
larvae was found in the Luknelé River (2,657 specimens), while the lowest
abundance was found in the Skerdyksna River (1,162 specimens) (Fig. 7). The
abundance of non-biting midges was also high in Dubinga (2,476 specimens)
and Kiauna (2,137 specimens), while the abundance was lower in Plastaka
(1,663 specimens) and Sesuola (1,201 specimens).
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It was also found that, on average, 31 (SD + 5) chironomid genera were
identified in each of the studied rivers. The highest number — 37 genera — was
recorded in the Luknelé River, while the lowest — 25 genera — was found in
the Sesuola River (Fig. 7). In the other rivers, the number of chironomid
genera was as follows: 28 in Skerdyksna, 29 in Kiauna, 32 in Dubinga, and 35
in Plastaka (Fig. 7).

After calculating the number of chironomid genera, it was found that
nearly one-third (32.31 %, 21 genera) of the Chironomidae genera identified
during the study were recorded in only one river (Fig. 8a). Fifteen genera
(23.08 % of all identified genera) were found in two rivers, nine genera (13.85
%) in three rivers. The smallest proportion — 4.62 % (three genera) — was
shared among four rivers. Nine genera (13.85 %) were found in five rivers,
while eight genera (12.31 %) were found in all six studied rivers (Fig. 8a).
After removing from the list of identified Chironomidae genera those with
only one to five specimens, it was found that the highest number of genera
was recorded in two rivers (nine genera: Parachironomus,
Demicryptochironomus, Glyptotendipes, Harnischia, Stenochironomus,
Zalutschia, Dicrotendipes, Larsia, and Zavrelimyia) and in five rivers (nine
genera: Chironomus,  Prodiamesa,  Micropsectra,  Paratendipes,
Psectrocladius, Endochironomus, Cryptochironomus, Synendotendipes, and
Paratanytarsus). The lowest number of genera (three genera:
Cladotanytarsus, Cricotopus, and Parakiefferiella) was recorded in four
rivers (Fig. 8b). In other rivers, seven Chironomidae genera (Orthocladius,
Einfeldia, Monodiamesa, Macropelopia, Synorthocladius, Tanypus, and
Paracladopelma) were found in three rivers, while eight genera
(Paraphaenocladius,  Acricotopus,  Rheocricotopus,  Virgatanytarsus,
Tribelos, Apsectrotanypus, Neozavrelia, and Odontomesa) were recorded in
one river, and another eight genera (Ablabesmyia, Microtendipes, Procladius,
Tanytarsus, Polypedilum, Conchapelopia, Corynoneura, and Clinotanypus)
were found in all six analysed rivers (Fig. 8b).

The values of the Shannon-Wiener (Shannon H') and Simpson (Simpson
(1-D)) diversity indices for the rivers studied showed that the highest diversity
of non-biting midges genera was observed in the Sesuola River (Shannon H'
=2.71; Simpson (1-D) = 0.91), and the lowest diversity was observed in the
Luknelé River (Shannon H'= 2.20; Simpson (1-D) = 0.75) (Table 4). In the
rivers studied, the mean value of the Shannon-Wiener diversity index
(Shannon_H') was 2.44 (£ 0.22), and the mean value of the Simpson diversity
index (Simpson (1-D)) was 0.86 (= 0.06). The Margalef diversity index values
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showed that the highest diversity was found in the Luknelé River (Margalef =
5.32), and the lowest in the SeSuola River (Margalef = 3.92).

After calculating the frequency of occurrence (F, %) of chironomid
genera, it was found that none of the studied rivers contained very frequently
(> 50 %) occurring chironomid genera overall (Fig. 9). Across all studied
rivers, most genera identified were very rarely encountered (48 genera),
accounting for 75.83 % of all identified genera. The least common were
frequently occurring genera (eight), which made up 12.31 %, while rarely
occurring genera (nine) represented 13.85 % of the total number of genera.
The highest number of very rarely (< 2 %) occurring chironomid genera was
recorded in the Luknelé River (16 genera), and the lowest in the Sesuola River
(eight genera) (Fig. 9). In other rivers, the number of very rarely occurring
genera ranged from 14 (in Dubinga and Skerdyksna) to 15 (in Kiauna and
Plastaka). Rarely occurring genera (2—10 %) were most abundant in the
Luknelé River (14 genera), and least abundant in the Kiauna River (eight
genera) (Fig. 9). In the remaining rivers, nine rarely occurring genera were
found in Plastaka, and ten were recorded in Dubinga, Skerdyksna, and
Sesuola. Frequently (10-50 %) occurring chironomid genera were most
numerous in the Dubinga River (nine genera), and least numerous in the
Skerdyksna River (four genera) (Fig. 9). In the other rivers, the number of
frequently occurring genera ranged from five (Kiauna) to eight (Plastaka).
One very frequently (> 50 %) occurring genus was identified in two rivers:
Kiauna and Luknelé (Fig. 9).

A total of 37 chironomid genera were identified as rarely, frequently
and/or very frequently occurring either in individual rivers or across all
studied rivers (Fig. 10). Across all rivers, the frequently occurring genera were
Ablabesmyia, Chironomus, Corynoneura, Microtendipes, Polypedilum,
Procladius, Prodiamesa, and Tanytarsus. Rarely occurring genera included
Clinotanypus, Conchapelopia, Cricotopus, Cryptochironomus,
Endochironomus, Micropsectra, Paratendipes, Psectrocladius, and
Synendotendipes.

In Dubinga, the frequently occurring chironomid genera were
Ablabesmyia, Chironomus, Corynoneura, Microtendipes, Polypedilum,
Procladius, Prodiamesa, Synendotendipes, and Tanytarsus. Rare genera in
this river included Clinotanypus,  Conchapelopia,  Cricotopus,
Cryptochironomus,  Endochironomus,  Glyptotendipes, = Micropsectra,
Paratendipes, Stenochironomus, and Tribelos (Fig. 10).

In Kiauna, only one genus — Ablabesmyia — was classified as very
frequently occurring. Frequently occurring genera included Corynoneura,
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Microtendipes, Procladius, Prodiamesa, and Tanytarsus. Rarely occurring
genera  were Chironomus, Conchapelopia, Cryptochironomus,
Parakiefferiella, Paratendipes, Polypedilum, Psectrocladius, and Tanypus
(Fig. 10).

In Luknele, only Ablabesmyia was identified as a very frequently
occurring genus. Frequently occurring genera were Conchapelopia,
Corynoneura, Microtendipes, Procladius, Prodiamesa, and Tanytarsus. Rare
genera in this river included Apsectrotanypus, Cladotanytarsus, Clinotanypus,
Cryptochironomus, Demicryptochironomus, Macropelopia, Micropsectra,
Orthocladius, Parakiefferiella,  Paraphaenocladius, Polypedilum,
Psectrocladius, Xenochironomus, and Zavrelimyia (Fig. 10).

In Plastaka, frequently occurring chironomid genera were Ablabesmyia,
Chironomus, Clinotanypus, Corynoneura, Microtendipes, Polypedilum,
Procladius, and Tanytarsus. Rarely occurring genera included Acricotopus,
Conchapelopia, Cryptochironomus, Cryptotendipes, Harnischia,
Micropsectra, Paratendipes, Synorthocladius, and Tanypus (Fig. 10).

In Skerdyksna, frequently occurring genera were Ablabesmyia,
Chironomus, Clinotanypus, and Procladius, while rarely occurring ones
included Conchapelopia, Corynoneura, Cricotopus, Cryptochironomus,
Dicrotendipes, Microtendipes, Paratendipes, Polypedilum, Psectrocladius,
and Tanytarsus (Fig. 10).

In Sesuola, frequently occurring genera were Ablabesmyia, Chironomus,
Clinotanypus, Conchapelopia, Corynoneura, Procladius, and Tanytarsus.
Rare genera included Cricotopus, Einfeldia, Endochironomus,
Glyptotendipes, Micropsectra, Microtendipes, Parachironomus,
Polypedilum, Prodiamesa, and Synendotendipes (Fig. 10).

Calculation of the dominance index (D, %) for each Chironomidae
subfamily showed that, in total, three eudominant (Chironominae, D = 60.42
%, Orthocladiinae, D = 15.96 % and Tanypodinae, D = 22.00 %), one
subdominant (Prodiamesinae, D = 1.56 %), and one subordinate (Diamesinae,
D = 0.05%) subfamily were present in the rivers analysed (Fig. 11).

Calculating the dominance index (D, %) for each Chironomidae
subfamily revealed that, across the rivers studied, there were three eudominant
subfamilies (Chironominae, D = 60.42 %, Orthocladiinae, D = 15.96 %, and
Tanypodinae, D = 22.00 %), one subdominant subfamily (Prodiamesinae, D
=1.56 %), and one minor subfamily (Diamesinae, D = 0.05 %) (Fig. 11).

The greatest number of eudominant subfamilies (three) was found in the
Luknele and SeSuola rivers, where the eudominant subfamilies were
Chironominae, Orthocladiinae, and Tanypodinae (Fig. 11). Two eudominant
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subfamilies were found in the Kiauna, Plastaka, and Skerdyksna rivers, where
the eudominant subfamilies were Chironominae and Tanypodinae (Fig. 11).
One eudominant subfamily was found in Dubinga (Chironominae, D = 70.15
%).

Dominant subfamilies were found in three rivers: in Dubinga, where
Orthocladiinae (D =11.72 %) and Tanypodinae (D = 14.50 %) were dominant,
and in Kiauna and Plastaka, where Orthocladiinae was dominant (D = 10.87
% and D = 11.60 %, respectively).

One subdominant subfamily (Prodiamesinae) was found in Dubinga (D
=3.47 %), Kiauna (D = 1.92 %), Sesuola (D =2.50 %), and Skerdyksna, where
Orthocladiinae was the subdominant subfamily (D = 4.04 %).

Two secondary subfamilies (Diamesinae and Prodiamesinae) were found
in Luknelé (D = 0.04 and D = 0.57, respectively) and Skerdyksna (D = 0.09
and D = 0.26, respectively), while one secondary subfamily was found in
Dubinga (Diamesinae, D = 0.16) and Plastaka (Prodiamesinae, D = 0.12) (Fig.
11).

After calculating the dominance index (D, %) for each identified genus
of the Chironomidae family, it was found that overall, in all rivers, the most
numerous were genera of secondary non-biting midges (49 genera), which
accounted for 75.38 % of all genera identified during the study (Fig. 12). The
highest number of secondary genera was identified in the Luknelé River (23
genera), and the lowest in the Sesuola River (seven genera). In the remaining
rivers, there were 17 secondary genera each, which accounted for 26.15 % of
all identified genera (Fig. 12).

Overall, 10 subdominant genera of midges were distinguished in the
rivers, making up 15.38 % of all identified genera (Fig. 12). The highest
number of subdominant genera was recorded in the Seiuola River (12
subdominant genera), and the lowest in the Skerdyksna River (five genera),
while in other rivers the number of subdominant genera ranged from six
(Kiauna) to 10 (Luknelé) (Fig. 12).

In total, five dominant genera were identified in the studied rivers (Fig.
12), and after calculating the dominance index for each river separately, it was
found that the most dominant genera were in the Dubinga River (seven
dominant genera), and the fewest in the Luknelé River (three genera) (Fig.
12).

In individual rivers and overall, across all studied rivers, a total of 31
eudominant, dominant, and/or subdominant Chironomidae genera were
identified, which accounts for 47.69 % of all identified genera (Fig. 13).
Overall, in the studied rivers, only the genus Ablabesmyia (D =21.23 %) stood
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out as eudominant. The genera Chironomus, Microtendipes, Polypedilum,
Procladius, and Tanytarsus were dominant across all rivers, while
Cladotanytarsus, Clinotanypus, Conchapelopia, Corynoneura, Micropsectra,
Orthocladius,  Paraphaenocladius, Paratendipes, Prodiamesa, and
Psectrocladius were subdominant (Fig. 13).

In the Dubinga River, only the genus Microtendipes was identified as
eudominant (D = 20.86 %), while the genera Ablabesmyia, Micropsectra,
Polypedilum, Procladius, Prodiamesa, Psectrocladius, and Tanytarsus were
dominant. The genera  Chironomus, Corynoneura, Cricotopus,
Glyptotendipes,  Parakiefferiella,  Synendotendipes,  Tribelos, and
Virgatanytarsus were subdominant (Fig. 13).

In the Kiauna River, representatives of two genera, Ablabesmyia (D =
29.43 %) and Microtendipes (D = 21.71 %), stood out as eudominant. In this
river, representatives of the genera Conchapelopia, Procladius, Prodiamesa,
and Tanytarsus were dominant, while Chironomus, Cladotanytarsus,
Corynoneura, Parakiefferiella, Paratendipes, and Polypedilum were
subdominant (Fig. 13).

In the Luknelé River, only the genus Ablabesmyia was identified as
eudominant (D = 47.30 %). The dominant genera in this river were
Conchapelopia, Paraphaenocladius, and Procladius, while the subdominant
genera  were  Apsectrotanypus,  Cladotanytarsus,  Corynoneura,
Demicryptochironomus,  Micropsectra,  Microtendipes,  Polypedilum,
Prodiamesa, Rheocricotopus, and Tanytarsus (Fig. 13).

In the Plastaka River, the only eudominant genus was Microtendipes (D
= 20.10 %). The dominant genera were Ablabesmyia, Chironomus,
Paratendipes, Polypedilum, Procladius, and Tanytarsus, while the
subdominant genera were Acricotopus, Cladotanytarsus, Clinotanypus,
Conchapelopia,  Corynoneura, Endochironomus,  Harnischia, and
Micropsectra (Fig. 13).

In the Skerdyksna River, only the genus Procladius was identified as
eudominant. The dominant genera in this river were Ablabesmyia,
Chironomus, Clinotanypus, Microtendipes, and Paratendipes, while the
subdominant genera were Conchapelopia, Corynoneura, Parachironomus,
Paracladopelma, and Tanytarsus (Fig. 13).

In the Sesuola River, only the genus Ablabesmyia was identified as
eudominant (D = 20.66 %). The dominant genera in this river were
Conchapelopia, Micropsectra, Orthocladius, Procladius, and Prodiamesa,
while the subdominant genera were Chironomus, Clinotanypus, Corynoneura,
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Cricotopus, Einfeldia, Endochironomus, Microtendipes, Parachironomus,
Paratendipes, Polypedilum, Synendotendipes, and Tanytarsus (Fig. 13).

3.4. Non-biting midges in dammed and undammed rivers

To assess the similarity of Chironomidae genera in six studied rivers over
different years, a non-metric multidimensional scaling (NMDS) analysis was
performed, with a stress value of 0.167 (the spatial visualization accurately
reflects the real data) (Fig. 14). The analysis showed that the Chironomidae
genus complexes did not clearly separate based on whether the studied rivers
were dammed or undammed.

Extending the NMDS analysis to include ecological factors of the studied
rivers collected in 2022 (depth, pH, dissolved oxygen in water, temperature,
conductivity, TDS, and salinity), as well as site characteristics such as river
substrate and surrounding environment categories, it was found that
Chironomidae genus complexes differed between dammed and undammed
rivers (Fig. 15).

Similarly, when the NMDS analysis included data collected during the
2021-2022 surveys on the ecological factors of the studied rivers — such as
depth, pH, dissolved oxygen, temperature, conductivity, total dissolved solids
(TDS), and salinity — as well as site characteristics like river substrate and
surrounding environment categories, it was found that Chironomidae genera
in dammed and undammed rivers partially overlapped (Fig. 16).

To determine whether the distribution of Chironomidae genera differed
between pairs of dammed and undammed rivers, a Pearson ¥ test was
conducted. The results showed that, among all identified genera, only the
distributions of Ablabesmyia, Chironomus, Clinotanypus, Glyptotendipes,
Paratendipes, and Prodiamesa genera differed significantly between pairs of
dammed and undammed rivers (Fig. 17). Between the undammed Luknelé
River and the dammed Skerdyksna River, the distributions of Ablabesmyia (¥*
= 15.88, df = 1, p < 0.001) (Fig. 17a), Chironomus (> = 9.79, df = 1, p <
0.002) (Fig. 17b), Clinotanypus (¥*> = 7.05, df = 1, p < 0.008) (Fig. 17¢), and
Paratendipes (y* = 4.15, df = 1, p < 0.042) (Fig. 17e) genera differed
significantly. Between the Kiauna (undammed) and Dubinga (dammed)
rivers, only the distribution of Glyptotendipes genus differed significantly (y>
=4.15,df =1, p<0.042) (Fig. 17d), while between the Plastaka (undammed)
and SeSuola (dammed) rivers, only the distribution of Prodiamesa genus
differed significantly (y*> =5.08, df = 1, p < 0.024) (Fig. 17f).

239



In addition, a Pearson’s ¥2 test was performed to determine whether the
distribution of Chironomidae genera differed between dammed and
undammed rivers overall. The results showed that, among all identified
genera, only the distributions of Ablabesmyia, Clinotanypus, Cricotopus,
Glyptotendipes, and Macropelopia genera differed significantly between pairs
of dammed and undammed rivers (Fig. 18). Between undammed rivers
(Luknelé, Kiauna, and Plastaka) and dammed rivers (Skerdyksna, Dubinga,
and Sesuola), the distributions of Ablabesmyia (x* = 9.64; df = 1; p = 0.002),
Clinotanypus (y*> = 4.07; df = 1; p = 0.04), Cricotopus (y>* =4.61;df=1;p =
0.03), Glyptotendipes (y* = 6.11; df = 1; p = 0.01), and Macropelopia (y*> =
5.08; df = 1; p = 0.02) genera differed significantly.

3.5. Effects of river ecological factors and study site characteristics on non-
biting midges communities

The Mantel test, used to assess spatial autocorrelation, showed a
statistically insignificant weak negative correlation between the geographic
distances and the distance matrices of Chironomidae diversity and individual
counts (Shannon H’ r =-0.018, p = 0.9554; Margalefr =-0.012, p = 0.8359;
individual count r = -0.034, p = 0.9971), except for the Simpson diversity
index, which showed a statistically significant weak positive correlation
(Simpson (1-D) r = 0.025, p = 0.0021) (Annex 4).

Pearson correlation analysis revealed strong and statistically significant
correlations among the following pairs of variables: pH and dissolved oxygen
in water (Pearson correlation coefficient = 0.78, p < 0.0001), salinity and
conductivity (Pearson correlation coefficient = 0.98, p < 0.0001), TDS and
conductivity (Pearson correlation coefficient = 0.98, p < 0.0001), and TDS
and salinity (Pearson correlation coefficient = 0.99, p <0.0001) (Fig. 19). Due
to the strong correlation, salinity was not included as a variable in subsequent
GLMM and db-RDA analyses, and the variables pH and dissolved oxygen in
water, as well as conductivity and TDS, were not used together in the GLMM
models (Fig. 19).

To assess Chironomidae diversity using three diversity indices and
abundance under different studied site characteristics (river, damming status,
substrate categories, and environment categories) and river ecological factors
(river depth, pH, dissolved oxygen concentration, temperature, conductivity,
and TDS), a generalized linear mixed model (GLMM) analysis was
performed.
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In the GLMM analysis evaluating the study site characteristic — rivers,
using the Simpson diversity index as the response variable (Simpson (1-D) ~
depth + dissolved oxygen + temperature + TDS + rivers + (date), BIC =159.4)
it was found that a significant part of Chironomidae diversity is explained by
the studied rivers (coefficient values: 0.23 — Plastaka (p = 0.04) and 0.28 —
Sesuola (p = 0.02)) (Fig. 20a, Table 5). When evaluating rivers with the
Shannon-Wiener diversity index as the response variable (Shannon H’ ~
depth + pH + temperature + TDS + rivers + (date), BIC = 285.9) it was found
that a significant part of Chironomidae diversity is explained by the studied
rivers (coefficient values: 0.37 — Kiauna (p = 0.02), 0.40 — Dubinga (p = 0.02),
0.43 — Plastaka (p = 0.01) and 0.50 — Sesuola (p = 0.00)) (Fig. 20b, Table 5).
When evaluating rivers with the Margalef diversity index as the response
variable, two models with the same BIC value were obtained (Margalef ~
depth + pH + temperature + conductivity + rivers + (date), BIC = 312.7 and
Margalef ~ depth + pH + temperature + TDS + rivers + (date), BIC = 312.7),
and it was found that a significant part of Chironomidae diversity is explained
by the studied rivers (in the first model coefficient values: 0.42 — Kiauna (p =
0.02), 0.42 — Plastaka (p = 0.01), 0.46 — Dubinga (p = 0.02) and 0.59 — Sesuola
(p = 0.00); in the second model: 0.40 — Kiauna (p = 0.02), 0.40 — Plastaka (p
=0.02), 0.44 — Dubinga (p = 0.02) and 0.58 — Sesuola (p = 0.00)) and depth
(in both models coefficient value — 0.11 (p = 0.03)) (Fig. 20c, Table 5). When
evaluating rivers with abundance as the response variable (specimens ~ depth
+ dissolved oxygen + temperature + TDS + rivers + (date), BIC = 1638.7), it
was found that a significant part of Chironomidae abundance is explained by
the studied rivers (coefficient values: 21.34 — Plastaka (p = 0.02) and 23.73 —
Sesuola (p = 0.01)) (Fig. 20e, Table 5).

When evaluating the study site characteristic — damming, and using the
Simpson diversity index as the response variable in the models (Simpson (-
D) ~ depth + dissolved oxygen + temperature + TDS + damming + (date), BIC
= 153.3), it was found that a significant part of Chironomidae diversity is
explained by dissolved oxygen (coefficient value -0.07 (p = 0.01)) (Fig. 21a,
Table 6). When evaluating damming with abundance as the response variable
(specimens ~ depth + pH + temperature + TDS + damming + (date), BIC =
1629.7), it was found that a significant part of Chironomidae abundance is
explained by TDS (coefficient value -5.60 (p = 0.03)) (Fig. 21d, Table 6).
When the response variable in the models was the Shannon-Wiener diversity
index (Shannon H’ ~ depth + dissolved oxygen + temperature + TDS +
damming + (date), BIC = 282.0) (Fig. 21b, Table 6) and Margalef diversity
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index (Margalef ~ depth + pH + temperature + TDS + damming + (date), BIC
=308.7), no statistically significant results were obtained (Fig. 21c, Table 6).
In the generalized linear mixed models (GLMM) analysis evaluating the
study site characteristics — damming and environmental categories, and using
the Simpson diversity index as the response variable, two models with
identical BIC values were obtained (Simpson (1-D) ~ depth + pH +
temperature + conductivity + damming + environmental categories + (date),
BIC = 181.5 and Simpson (1-D) ~ depth + dissolved oxygen + temperature +
conductivity + damming + environmental categories + (date), BIC = 181.5).
It was found that a significant part of Chironomidae diversity is explained by
environmental categories (in the first model coefficient values: 0.59 — GP (p
=0.00) and 0.78 — MP (p = 0.00), and in the second model: 0.60 — GP (p =
0.00) and 0.79 — MP (p = 0.00)) and damming (coefficient value -0.23 (p =
0.03) in both models) (Fig. 22a, b, Table 7). Using the Margalef diversity
index as the response variable, two models with the same BIC value were also
obtained (Margalef ~ depth + dissolved oxygen + temperature + conductivity
+ damming + environmental categories + (date), BIC =353.3 and Margalef ~
depth + dissolved oxygen + temperature + TDS + damming + environmental
categories + (date), BIC = 353.3). It was found that a significant part of
Chironomidae diversity is explained by environmental categories (coefficient
value 0.60 — KDP (p = 0.01) in both models) (Fig. 22¢, d, Table 7). When
evaluating damming and environmental categories using specimen count as
the response variable (specimens ~ depth + pH + temperature + TDS +
damming + environmental categories + (date), BIC = 1648.4), it was found
that a significant part of Chironomidae abundance is explained by
environmental categories (coefficient values: -42.45 — GP (p = 0.00), 37.57 —
MD (p =0.01), -35.47 — MP (p = 0.02), -25.24 — M (p = 0.04), and -27.73 —
MKP (p = 0.02)) (Fig. 22f, Table 7). Using the Shannon-Wiener diversity
index as the response variable (Shannon H’ ~ depth + dissolved oxygen +
temperature + TDS + damming + environmental categories + (date), BIC =
332.9), no statistically significant results were obtained (Fig. 22e, Table 7).
Evaluating the study site characteristics — damming and substrate
categories, and using the Simpson diversity index as the response variable
(Simpson (1-D) ~ depth + dissolved oxygen + temperature + TDS + damming
+ substrate categories + (date), BIC = 198.9), it was found that a significant
part of Chironomidae diversity is explained by dissolved oxygen (coefficient
value -0.07 (p = 0.02)) (Fig. 23a, Table 8). Using the Shannon-Wiener
diversity index as the response variable (Shannon H’ ~ depth + dissolved
oxygen + temperature + TDS + damming + substrate categories + (date), BIC

242



= 321.3), it was found that a significant part of Chironomidae diversity is
explained by substrate categories (coefficient values: 0.45 — SASm (p = 0.03)
and 0.61 — SGRStSm (p = 0.01)) (Fig. 23b, Table 8). Using the Margalef
diversity index as the response variable (Margalef ~ depth + pH + temperature
+ TDS + damming + substrate categories + (date), BIC = 351.6), it was found
that a significant part of Chironomidae diversity is explained by depth
(coefficient value 0.11 (p = 0.04)) (Fig. 23c, Table 8). Using specimen count
as the response variable, two models with identical BIC values were obtained
(specimens ~ depth + pH + temperature + TDS + damming + substrate
categories + (date), BIC = 1641.0 and specimens ~ depth + dissolved oxygen
+ temperature + TDS + damming + substrate categories + (date), BIC =
1641.0). It was found that a significant part of Chironomidae specimen count
is explained by substrate categories (in the first model coefficient values:
58.95 — SASm (p = 0.00), 26.74 — SZSt (p = 0.02), 37.16 — SZZvGAStSm (p
=0.00), 25.81 — SZZvGSm (p = 0.03), and 28.56 — SGRStSm (p = 0.02); in
the second model: 59.26 — SASm (p = 0.00), 25.88 — SZSt (p = 0.03), 36.44 —
SZZvGAStSm (p = 0.00), 25.01 — SZZvGSm (p = 0.04), and 27.53 —
SGRStSm (p = 0.02)) (Fig. 23d, e, Table 8).

Distance-based redundancy analysis (db-RDA) was performed to assess
the influence of rivers, depth, dissolved oxygen, conductivity, and temperature
on non-biting midges genera. A statistically significant first model was
obtained (non-biting midges genera ~ rivers + depth + dissolved oxygen +
temperature + conductivity (date)) (F = 2.00; p = 0.00), in which, among the
five analysed factors, only the SeSuola river had a statistically significant
effect on non-biting midges genera (F = 2.44; p = 0.00) (Fig. 24, Table 9).

Performing distance-based redundancy analysis (db-RDA) to analyse the
influence of damming, depth, dissolved oxygen, conductivity, and
temperature on non-biting midge genera, a statistically reliable second model
was obtained (non-biting midges genera ~ damming + depth + dissolved
oxygen + temperature + conductivity (data)) (F = 2.24; p = 0.00). Among the
five analysed factors, three had a statistically significant effect on non-biting
midge genera — damming (F = 3.27; p = 0.00), depth (F = 2.95; p = 0.00), and
dissolved oxygen (F = 1.89; p = 0.04) (Fig. 25). Conductivity (F =1.63; p =
0.09) and temperature (F = 1.47; p = 0.12) showed statistically insignificant
effects on non-biting midge genera in this model (Table 10).

Performing db-RDA to analyse the influence of environmental
categories, depth, dissolved oxygen, conductivity, and temperature on non-
biting midge genera, a statistically significant third model was obtained (non-
biting midges genera ~ environmental categories + depth + dissolved oxygen
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+ temperature + conductivity (data)) (F = 1.76; p = 0.00). Among the five
analysed factors, only environmental categories had a statistically significant
effect on non-biting midge genera (F = 1.85; p=0.00) (Fig. 26). In this model,
temperature (F = 1.67; p = 0.06), conductivity (F = 1.63; p = 0.07), dissolved
oxygen (F =1.37; p=0.17), and depth (F = 1.11; p = 0.34) were statistically
insignificant factors (Table 11).

Following db-RDA analysis examining the influence of substrate, depth,
dissolved oxygen, conductivity, and temperature on non-biting midge genera,
a statistically significant fourth model was obtained (non-biting midges
genera ~ substrate categories + depth + dissolved oxygen + temperature +
conductivity (data)) (F =2.04; p=0.00). Among the five analysed factors, two
showed a statistically significant effect on non-biting midge genera — substrate
categories (F = 2.13; p=0.00) and conductivity (F =3.22; p = 0.00) (Fig. 27).
In this model, dissolved oxygen (F = 1.66; p = 0.08), depth (F = 1.24; p =
0.25), and temperature (F = 1.15; p = 0.31) had no statistically significant
effect on non-biting midge genera (Table 12).
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4. DISCUSSION

In 2021-2022, 89 species of non-biting midges (Chironomidae) were
identified in six rivers with similar characteristics, located within the same
region of Lithuania. These species constitute more than 50 % of all non-biting
midges recorded in the country to date (Pakalniskis et al., 2006; Ruginis, 2007,
Mora and Kovacs, 2009). During this research, 37 non-biting midges species
new to the Lithuanian fauna were identified (accounting for 41.57 % of all
species found in the study), along with 12 genera recorded for the first time in
Lithuania. Based on the results of this and previous research (Pakalniskis et
al., 2006; Ruginis, 2007; Moéra and Kovacs, 2009), the current list of
Chironomidae species in Lithuania should consist of 199 species.

Considering the number of non-biting midges species recorded in
neighbouring countries, it can be assumed that the knowledge of this insect
group in Lithuania is still limited. Currently, more than 190 Chironomidae
genera and over 1,260 species are known in Europe (Paasivirta, 2014; Serra
et al., 2016; Serra et al., 2017). For example, more than 165 genera and 780
species are known in Germany (Orendt, 2000; Brunke, 2004; Orendt et al.,
2014; Orendt, 2018; Chimeno et al., 2022; Chimeno et al., 2023), over 420
species in Poland (Pociennik, 2009; Piociennik et al., 2015; Plociennik et al.,
2018; Leszczynska et al., 2019; Pleskot et al., 2019; Gtowacki et al., 2023),
and around 340 species in Ukraine (Baranov, 2011; Bitusik et al., 2024). The
Scandinavian Peninsula has some of the highest levels of Chironomidae
research in Europe. According to data from Finland, over 780 species of non-
biting midges are currently known there, several of which are included in the
national Red List (Paasivirta, 2014; Engels et al., 2019; Hyvirinen et al.,
2019). In Sweden, about 900 species are known (SLU Swedish Species
Information Centre, 2024), and in Norway, more than 650 species (Elven and
Seli, 2016; Stur and Ekrem, 2020). These species counts in neighbouring and
nearby countries indicate that, with expanded research across more regions in
Lithuania, significantly more species from the Chironomidae family could be
identified.

Chironomidae play an important role in organic matter cycling and
energy transfer due to their diverse feeding habits, feeding modes, life cycles,
and because they serve as a food source for animals at higher trophic levels.
Therefore, the trophic groups and feeding strategies of their larvae were
identified (Sanseverino and Nessimian, 2008).

In this study, the majority of Chironomidae genera identified were
detritivores, predators, algivores, and phytophages, while the most common
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feeding modes were gathering, piercering/engulfering, filtering, and
shredding. Gut content analyses show that the diet of detritivorous larvae is
dominated by detritus, and these larvae are generally considered to employ
gathering or filtering feeding modes (Armitage et al., 1995; Banegas and
Rocha, 2023; Ocon et al., 2023). Detritivorous Chironomidae play a crucial
role in decomposing detritus and recycling nutrients in aquatic ecosystems.
Both detritivorous feeding and the gatherer mode were the most frequently
observed among the Chironomidae taxa identified in this study. Similar
findings — where detritivorous Chironomidae are more abundant than
representatives of other trophic groups — have also been reported in other
related studies (Tavares-Cromar and Williams, 1997; da Silva et al., 2008;
Biasi et al., 2013; Nunes et al., 2020).

Predatory Chironomidae attack their prey and either ingest the whole
body or parts of it (engulfers), or they break down tissues by sucking body
fluids (piercers) (da Silva et al., 2008). The subfamily Tanypodinae is
considered to include the largest number of predatory Chironomidae (Ocon et
al., 2023), and they dominated most of the rivers in this study, with the
exception of the Dubinga river. This suggests a sufficient availability of
potential prey — other invertebrates — in these rivers. A study by Martins et al.
(2021) in mountain streams showed that predatory Chironomidae were more
abundant in river sections flowing through pastures, where sandy substrates
predominated.

Chironomidae that feed on algae are considered algivores. Research
shows that algae can constitute a major part of Chironomidae gut content
(Butakka et al., 2016). Algae are typically consumed by scraping them from
exposed surfaces, sediments, and submerged organic matter, or by filtering
water (Armitage et al., 1995; da Silva et al., 2008; Ocon et al., 2023). Such
feeding mode is common among representatives of many Chironomidae
subfamilies (Armitage et al., 1995).

Phytophagous Chironomidae exhibit shredding and scraping feeding
modes, as they gnaw, chew, and rasp plants, macrophytes, and submerged
leaves (Armitage et al., 1995; da Silva et al., 2008). This type of feeding is
characteristic of various representatives across Chironomidae subfamilies
(Armitage et al., 1995).

Shredding is also characteristic of xylophagous Chironomidae, which
burrow into submerged wood debris. Most of these Chironomidae belong to
the subfamilies Orthocladiinae and Chironominae (Cranston, 2006). In this
study, only a small number of xylophagous genera were recorded. They may
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have been collected accidentally, as small wood fragments were included in
the benthic samples.

Parasitic and commensal Chironomidae also accounted for a very small
proportion. Representatives of the genus Parachironomus, which parasitize
mollusks of the family Lymnaeidae, were classified in the parasitic trophic
group (Tokeshi, 1993). Representatives of the genus Epoicocladius were
classified in the commensal group. They are host-specific and live on the body
surface of Ephemera mayfly nymphs. This “living space” is shared with
another organism — the ciliate Carchesium polypinum (Linnaeus, 1758)
Ehrenberg, 1831 (Grzybkowska et al., 2016). Overall, both parasitic and
commensal Chironomidae diversity is generally low (Armitage et al., 1995),
which was reflected in the results of this study. As with xylophagous
Chironomidae, these taxa may also have been collected incidentally.

Accumulation curves of genus abundance revealed that the rivers
Sesuola, Dubinga, Luknel¢, and Plataka were were comprehensively
surveyed during this study, whereas additional genera of non-biting midges
may still be detected in the Kiauna and Skerdyksna rivers.

The study revealed that the subfamily Chironominae had the highest
number of genera, with 28 identified, representing 44 % of all Chironominae
genera known in Europe. The second most diverse was the subfamily
Orthocladiinae, with 21 genera identified (27 % of all European
Orthocladiinae genera). Twelve genera belonging to the subfamily
Tanypodinae were recorded, corresponding to 30 % of the known genera in
this subfamily in Europe. Three genera of the subfamily Prodiamesinae were
identified, covering the entire known diversity of this subfamily in Europe
(100 %). The lowest number of genera was found in the subfamily
Diamesinae, with only two genera identified, representing 18 % of all
European Diamesinae genera known (Paasivirta, 2014; Serra ir kt., 2016;
Serra ir kt., 2017).

Among the six rivers, the subfamilies Chironominae, Tanypodinae, and
Orthocladiinae were overall classified as eudominant: Chironominae in all
rivers studied, Tanypodinae in all except Dubinga, and Orthocladiinae only in
Luknelé and Sesuola. A similar pattern of subfamily dominance was observed
in Argentina, where 18 rivers were analysed (Pero et al., 2023). In those cases,
Chironominae and Orthocladiinae were most dominant, with Tanypodinae
ranking third in terms of dominance. Likewise, in the rivers studied here,
Chironominae exhibited the highest number of specimens, accounting for
60.18 % of all collected non-biting midges. This predominance of
Chironominae was also observed in studies conducted in Germany
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(Thienemann, 1954), as well as in Poland (Leszczynska et al., 2019) and
Croatia (Cerba et al., 2020), where Chironominae was the most numerous
subfamily by specimen count. Orthocladiinae and Tanypodinae also showed
relatively high specimen numbers, consistent with findings by Leszczynska et
al. (2019). Meanwhile, Cerba et al. (2020) reported relatively low numbers of
Prodiamesinae, a pattern also confirmed in this study. In all six rivers —
Sesuola, Dubinga, Luknel¢, Plastaka, Skerdyksna, and SeSuola — only six
specimens from the Diamesinae subfamily were recorded. This low
occurrence is attributed to the limited diversity and narrow zoogeographical
distribution of this subfamily (Ferrington, 2008; Andersen et al., 2013; Ekrem
etal., 2017).

Representatives of the Orthocladiinae and Tanypodinae subfamilies —
together accounting for 37.5 % of all collected Chironomidae larvae
specimens—are typically associated with clean water bodies (Armitage et al.,
1995; Cortelezzi et al., 2020; Molineri et al., 2020; Shahidi-Hakak et al.,
2022). Among the genera from which more than 100 specimens were collected
in this study, three belonged to Tanypodinae — Conchapelopia, Procladius,
and Ablabesmyia — and one to Orthocladiinae: Psectrocladius. Of these, only
Ablabesmyia representatives stood out as eudominants in the Luknelé,
Kiauna, and Se$uola rivers and were very frequently encountered in Luknelé
and Kiauna (F = 64.29 % and F = 53.57 %, respectively). Both rivers flowed
through natural or semi-natural habitats. This finding aligns with results from
Odume and Muller (2011) in the Swartkops River, where Ablabesmyia species
dominated in areas less affected by human activity.

According to GLMM analysis, the diversity and abundance of non-biting
midges differed significantly among the analysed rivers. db-RDA analysis
results, with Dubinga as the first explanatory variable, showed that the number
of genera differed significantly only in the Sesuola river. Given that non-biting
midges in the Dubinga, Kiauna, Luknelé, Plastaka, Skerdyksna, and Sesuola
rivers had not previously been studied, it is not possible to directly compare
species abundance and taxonomic diversity data obtained in this study with
earlier investigations. However, it is important to note that among the six
rivers studied, Luknelé exhibited the highest number of non-biting midges
genera and specimens, as well as the greatest diversity according to the
Margalef diversity index. This river was one of two in which Ablabesmyia
was frequently encountered (F > 50 %). All these results suggest that Luknelé
may be particularly important for the conservation and maintenance of non-
biting midges communities, with Chironomidae representatives playing a
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significant ecological role in stabilizing food webs and maintaining ecosystem
functionality.

The Plastaka river ranked second in the number of non-biting midges
genera and fourth in the number of specimens. It also yielded the highest
number of non-biting midges species newly recorded for the Lithuanian fauna.
The only genus that stood out as eudominant in this river was Microtendipes.
Members of this genus are found in sediments and mosses and thus indicate
accumulation of organic matter in the water (Andersen et al., 2013). This
suggests that Plastaka plays an important role in maintaining non-biting
midges communities.

Dubinga ranked third in the number of genera and second in specimen
count. It also had the highest number of frequently encountered and dominant
non-biting midges taxa. As in the Plastaka river, the only eudominant genus
in Dubinga was Microtendipes. This may indicate that the environmental
conditions in this river are favourable for the development of diverse
Chironomidae communities.

The Kiauna river ranked fourth in terms of non-biting midges genera and
third in specimen count. Like Luknelé, it had Ablabesmyia as a very frequently
encountered genus (F > 50 %). Compared to the other rivers, Kiauna had the
highest number of eudominant non-biting midges genera (4blabesmyia and
Microtendipes).

The Skerdyksna river ranked fifth in terms of the number of identified
non-biting midges genera and had the lowest number of individuals. In this
river, representatives of only one genus — Procladius — stood out as
eudominants. Members of this genus are found in mud and thus indicate a high
accumulation of organic matter in the water (Andersen et al., 2013).

The Sesuola river ranked sixth in the number of genera and fifth in
specimen count. Although it had the fewest genera, Sesuola stood out with the
highest non-biting midges diversity based on the Shannon-Wiener and
Simpson diversity indices. Compared to the other rivers, Sesuola had the most
subdominant non-biting midges genera and one eudominant genus —
Ablabesmyia. This suggests that even with a lower genus count, the river plays
an important role in maintaining and preserving Chironomidae diversity by
providing suitable conditions for various midges taxa to develop and thrive.

Given that traditional Chironomidae identification based on
morphological traits is complex, time-consuming, and requires highly
qualified specialists, molecular methods such as COI gene sequence analysis
are increasingly applied (da Silva ir Wiedenbrug, 2014; Chimeno et al., 2023).
In this study, a combination of morphological identification and COI gene
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fragment analysis showed that molecular data supported the high accuracy of
morphological identification. Out of 109 analysed Chironomidae specimens,
56 non-biting midges species were identified, and discrepancies in
identification occurred only in two cases — Ablabesmyia longistyla and
Clinotanypus nervosus. The genus Ablabesmyia is considered especially
taxonomically challenging, with species such as A. longistyla, A. monilis
(Linnaeus, 1758), and A. phatta (Egger, 1864) often being confused. In
contrast, C. nervosus, which has distinctive morphological features, is
generally easier to identify at the species level. In this study, representatives
of both species were correctly identified morphologically, and their COI
sequences matched those found in the GenBank database. However,
intraspecific COI sequence variation (> 2 %) within 4. longistyla and C.
nervosus may indicate genetic heterogeneity, i.e., the presence of more than
one genetic lineage. Although GMYC and bPTP species delimitation methods
did not separate these lineages into distinct species, such differences may
reflect early genetic divergence or cryptic species diversity. Alternatively,
discrepancies may have arisen due to sequencing errors in databases or
mismatches between morphological and molecular traits.

Although most species showed clear genetic differentiation, Chironomus
cingulatus — Chironomus piger and Procladius culiciformis — Procladius
pectinatus were not clearly separated. This may be due to recent divergence,
incomplete lineage sorting, or hybridization. Additionally, mitochondrial
introgression or the limited resolution of the COI gene may also contribute.
These cases demonstrate the need to integrate multiple genetic markers and
morphological traits to achieve more accurate species delimitation.

Species delimitation analyses showed that distance-based algorithms
were more suitable for species identification than tree-based methods.
Specifically, ABGD and ASAP analyses provided more reliable species
delimitation models, while GMY C and bPTP more frequently grouped genera
or higher taxa rather than distinguishing individual species. These outcomes
may be related to the relatively small sample size analysed — a condition under
which some methods may perform better (Dellicour and Flot, 2015; Dellicour
and Flot, 2018). Similar findings were reported by Song et al. (2018), who
confirmed the effectiveness of the ABGD method when analysing COI gene
sequences in the genus Polypedilum.

However, distance-based methods have significant limitations, as there
is no universal genetic threshold applicable to all taxa (Yang and Rannala,
2018). Genetic differences within and between species can vary across
taxonomic groups, making it difficult to define a single treshold for species
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delimitation. This highlights the need to complement distance-based methods
with alternative approaches. Integrating multiple analytical systems can
increase the accuracy and reliability of species identification, thereby
improving the assessment of species diversity and resolution within a genus
or taxonomic group. Another drawback of distance-based methods is that their
algorithms do not consider evolutionary relationships (Kapli et al., 2017).

In contrast, tree-based methods such as GMYC and bPTP take into
account evolutionary relationships and branch length distributions, making
them potentially more reliable in certain cases (Song et al., 2018). These
methods do not rely on fixed genetic thresholds and instead determine species
boundaries based on phylogenetic relationships, providing deeper insight into
evolutionary patterns.

Among the results obtained in this study, one controversial finding
involved subfamily assignment. Based on the maximum likelihood
cladogram, the species Stenochironomus gibbus was assigned to the
Orthocladiinae subfamily, even though it formed a distinct clade. This
placement may reflect the monophyletic nature of the genus (Zheng et al.,
2022). Another problematic case was observed in the tribe Pentaneurini
(subfamily Tanypodinae), where three species — Larsia atrocincta,
Conchapelopia melanops, and Ablabesmyia longistyla — were grouped
between Orthocladiinae and Prodiamesinae subfamilies. This unusual
positioning could be explained by the close phylogenetic relationship between
Tanypodinae and Prodiamesinae (Zheng et al., 2021). A similar result was
obtained in the analysis of Paraphaenocladius sp., which, although belonging
to the Orthocladiinae subfamily, was placed between Prodiamesinae and
Tanypodinae, possibly indicating phylogenetic links between these
subfamilies.

These results from molecular analysis and species delimitation methods
emphasize the complexity and unresolved issues in the phylogeny and
evolution of the Chironomidae family. As demonstrated by this and other
studies (da Silva et al., 2023), significant challenges remain regarding species
concepts and the limitations of current phylogenetic approaches. To address
these issues and improve species delimitation, future research should include
larger sample sizes, morphological analyses of adult midges, and additional
genetic markers such as 28S rRNA. Moreover, the integration of multilocus
and coalescent-based methods could provide a better understanding of
evolutionary relationships and help resolve taxonomic uncertainties in the

group.
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The results of non-metric multidimensional scaling (NMDS) analysis,
with a low stress value, enabled a visual comparison of non-biting midges
communities between dammed and undammed rivers. During this study, in
which three dammed and three free-flowing rivers over two years were
analysed, it was found that Chironomidae communities in these rivers overlap.
This may be because most of the dams in these rivers were built many years
ago. According to previous research (Schmid, 1992; Bredenhand and
Samways, 2009; Rosin et al., 2009; Brandimarte et al., 2016; Wu et al., 2019),
midges diversity in dammed rivers varies with distance from the dam —
typically being lowest near the dam, with partial recovery of communities over
time. Therefore, it is plausible that the midges communities in dammed and
undammed rivers became more similar due to natural processes and the
relatively long period since the dams were built. However, an extended
NMDS analysis incorporating ecological factors and site characteristics from
the studied rivers showed that, based on 2022 data, Chironomidae
communities in dammed and undammed rivers differed. Meanwhile, the same
analysis using 2021 and 2022 data together revealed only partial overlap of
non-biting midges communities between the two river types.

In the dammed rivers, an average of 28 non-biting midges genera and
1,613 specimens were recorded, while in the undammed rivers, 33 genera and
2,152 specimens were recorded. Although some GLMM and db-RDA models
showed a statistically significant positive impact of dams on midges diversity
and abundance, other models did not show significant effects. Similar results
have been reported in other studies. For example, in South Africa’s Eerste
River, nearly complete disappearance of Ephemeroptera, Plecoptera, and
Trichoptera was observed downstream of a dam, along with a significant
increase in Chironomidae abundance (Bredenhand and Samways, 2009).
While most studies indicate that midges diversity and abundance are lower in
dammed rivers than in undammed ones (Schmid, 1992; Rosin et al., 2009;
Brandimarte et al., 2016; Wu et al., 2019), this study showed that even a single
dam can radically alter ecosystem structure by displacing sensitive groups
(EPT) and creating conditions for more tolerant taxa, such as Chironomidae,
to dominate. The differences observed between dammed and undammed
rivers in Lithuania may be due to the fact that this study focused on genus-
level, rather than species-level, diversity — which, as noted by Lencioni et al.
(2012), may limit conclusions about Chironomidae community structure.
Additionally, as Schmid (1992) and Bredenhand and Samways (2009) found,
the impact of dams on midges communities decreases with distance from the
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dam. Since this study included both sites near and farther from the dams, this
may have influenced the results.

When examining the distribution of non-biting midges genera between
dammed and undammed rivers, Pearson’s %* test showed significant
differences in the abundance of the genera Ablabesmyia, Chironomus,
Clinotanypus, Cricotopus, Glyptotendipes, Macropelopia, Paratendipes, and
Prodiamesa. Representatives of Ablabesmyia, Cricotopus, and Macropelopia
were more abundant in undammed than in dammed rivers. Specifically,
Ablabesmyia was significantly more abundant in the undammed Luknelé river
than in the dammed Skerdyksna. Although some non-biting midges
subfamilies can indicate high water quality, studies in Portugal suggest that
Ablabesmyia species are widespread in low-pH waters (de Bisthoven et al.,
2005). On the other hand, other bioindicator studies show that representatives
of Ablabesmyia, Cricotopus, and Macropelopia tolerate organic and saline
water pollution (Arimoro, 2011; Lencioni et al., 2012; Cortelezzi et al., 2020;
Czechowski et al., 2020; Shahidi-Hakak et al., 2022). According to Andersen
et al. (2013), species from these genera are eurytopic — found in almost all
freshwater habitats regardless of ecological condition — so their abundance
alone is insufficient to assess ecological status.

In dammed rivers, Clinotanypus and Glyptotendipes were significantly
more abundant. Clinotanypus was significantly more abundant in the dammed
Skerdyksna river than in the undammed Luknelé. Glyptotendipes was
significantly more abundant in the dammed Dubinga river than in the
undammed Kiauna. Although Clinotanypus is generally associated with clean
water, bioindicator studies by Arimoro (2011) suggest its representatives can
tolerate organic pollution. Meanwhile, Clinotanypus specimens were also
found more abundantly — though not statistically significantly — in the
undammed Plastaka river than in the dammed Se$uola. While there is limited
data on the bioindicator value of Glyptotendipes, Andersen et al. (2013)
consider them eurytopic. Chironomus, Paratendipes, and Prodiamesa were
significantly more abundant in the Skerdyksna river than in Luknelé.
However, their distribution in the other two river pairs (dammed vs.
undammed) showed the opposite trend, so it is not possible to evaluate the
effect of dams on the distribution of these genera.

This study found that several environmental categories had a statistically
significant effect on the formation of non-biting midges community
structures. The results showed that the highest diversity was observed at
sampling sites where rivers flowed through forests and meadows; pastures and
meadows; villages, agriculture, and meadows; and villages, agriculture, and
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pastures. The highest specimen abundance was observed where rivers flowed
through forests and agriculture, and villages, agriculture, and meadows. This
highlights the importance of forests, pastures, villages, and particularly
meadows and agriculture (the latter two being present in four of the six
environmental categories) in shaping Chironomidae community structure in
the studied rivers. The influence of forests and pastures on non-biting midges
communities along two riverbanks in Brazil was previously studied by Sonoda
et al. (2018). They found that the density of three dominant Chironomidae
genera was significantly higher in pasture sections compared to forested ones.
These results are thought to be due to greater nutrient enrichment in pasture
zones. Another study assessed the number of non-biting midges genera and
specimens in rivers flowing through minimally human-impacted areas,
agriculture, and pastures (Saito & Fonseca-Gessner, 2014). It was determined
that none of the analysed environments had a statistically significant
influence, but higher average abundance and richness values were observed
in rivers flowing through pastures. Another study in Argentina evaluated three
different environmental zones along a river channel that reflect distinct types
of human influence: agriculture, urbanized areas, and industrially impacted
zones (Cortese et al., 2019). The highest abundance and taxonomic diversity
of non-biting midges were observed in river sections affected by agricultural
and urban environments. The study also showed a clear distinction between
urban—agricultural and urban-industrial impact zones. In a study conducted in
Brazil, the effects of agriculture, urban areas, and pastures on non-biting
midges communities were evaluated (Martins et al., 2021). Although these
environments were analysed as independent variables based on their
percentage coverage in the river basin, it was found that all three had a
significant impact on midges communities. In another study by Maxwell et al.
(2021), non-biting midges communities in rivers flowing through forest-
meadow transition zones in southern Brazil were analysed. It was found that
both forest and meadow habitats significantly influenced community
structure, and transitional zones exhibited unique community compositions
influenced by both habitats. In summary, the different environments through
which rivers flow — from natural forests and transitional meadows to
intensively used agriculture, pastures, and urbanized areas — have a significant
and often complex influence on non-biting midges diversity and distribution.
The impact of these environments varies depending on local conditions and
levels of anthropogenic influence, and their interactions may form unique
midges communities that are ecologically valuable and useful for
bioindication purposes.
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This study also found that several substrate categories had a statistically
significant effect on non-biting midges community structure. Significantly
greater diversity was recorded at sites where the river substrate consisted of
sand, stones, and micro organic material, and sand, gravel, boulders, macro
and microrganic material. Specimen abundance was significantly higher
where the substrate included combinations such as sand, stones, and micro
organic material; sand, gravel, and macro organic material; and sand, gravel,
pebbles, sett, stones, macro and micro organic material. The observed trend
suggests that substrate categories dominated by sand, micro organic material,
and larger-grained particles are particularly important for non-biting midges
diversity and distribution in the studied rivers. The influence of inorganic
substrate grain size composition on the diversity of non-biting midges species
has been demonstrated in studies conducted in Poland (Leszczynska et al.,
2019). Overall, several different studies have shown that riverbed substrate
significantly affects the diversity and abundance of non-biting midges
(Armitage et al., 1995; Orendt, 2000; Scheibler et al., 2014; Karaouzas &
Plociennik, 2016; Mauad et al., 2016; Leszczynska et al., 2019; Hamache et
al., 2021; Leszczynska et al., 2021; Cerba et al., 2022; Cerba et al., 2023;
Glowacki et al., 2023). More detailed studies have also revealed associations
between different taxonomic groups of non-biting midges and various types
of riverbed substrates (Pinder, 1980; Beauger et al., 2006; Scheibler et al.,
2014; Cortelezzi et al., 2020). River substrate plays an important role in
enabling the accumulation of food resources (such as periphyton) and,
depending on its grain size composition, provides habitats of suitable size that
serve as refuges (Beauger et al., 2006). For example, a study in Brazil
analysing the impact of different riverbed substrates (stones, leaf litter, a
combination of stones and leaf litter, and sand) on non-biting midges
communities found that samples taken from sandy substrates had lower
abundance and taxonomic diversity of non-biting midges compared to the
other substrates (Konig and Santos, 2013). In contrast, leaf litter and mixed
stone—leaf litter substrates, which offer better cover and are richer in organic
matter, supported higher midges abundance. Furthermore, some studies
indicate that the distribution of non-biting midges species within the substrate
may vary seasonally, with higher species richness observed in coarser
substrates during spring, and in sandy substrates during summer
(Grzybkowska and Witczak, 1990). This confirms that riverbed substrate
composition is one of the key factors shaping the structure, diversity, and
distribution of non-biting midges communities across different habitats.
Nevertheless, to gain a more comprehensive understanding of how different
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non-biting midges taxa in Lithuania relate to various substrate types, further
research specifically focused on these aspects is needed.

The depth of the rivers analysed during these studies varied between
sampling locations, with an average depth of 33 cm. An assessment of the
effect of depth on the structure of non-biting midges communities revealed
that species diversity was greater at greater depths and lower at shallower
depths. The significant influence of depth on non-biting midges diversity has
also been confirmed in other studies conducted in China (Chen et al., 2014),
Greece (Karaouzas and Ptociennik, 2016), Brazil (Mugnai et al., 2019), and
Poland (Kornijow et al., 2021; Gtowacki et al., 2023). Typically, non-biting
midges are more abundant and diverse in shallower parts of rivers. For
instance, Mugnai et al. (2019) found that Chironomidae diversity, as measured
by Shannon-Wiener (H') and Simpson (1-D) indices, was highest in the
shallowest (upper) water layers and declined with increasing depth. In this
study, two sampling sites were analysed: at a depth of 10 cm, 17 genera and
115 specimens were recorded; at 25 cm, 11 genera and 104 specimens; and at
45 cm, only 4 genera and 17 specimens. It was also observed that at the same
depth, Chironomidae abundance varied between sites, and different taxa
dominated at different river depths. Since the Dubinga, Kiauna, Luknelé,
Plastaka, Skerdyksna, and Sesuola rivers had relatively low average depths, it
is likely that this contributed to lower Chironomidae diversity compared to
deeper water bodies examined in other studies. Another factor influencing
non-biting midges diversity is the amount of dissolved oxygen, which has
been shown to be significant in several studies (Thienemann, 1954; Rossaro
et al., 2006; Ozkan et al., 2010; Leszczynska et al., 2019; Mezgebu et al.,
2019; Cortelezzi et al., 2020; Popovic et al., 2022; Pero et al., 2023). For
example, findings by Rossaro et al. (2006), Ozkan et al. (2010), and Mezgebu
et al. (2019) indicate that non-biting midges diversity increases significantly
with higher levels of dissolved oxygen. However, the results of the current
study revealed an opposite trend — as dissolved oxygen levels increased, non-
biting midges diversity significantly decreased. Studies by Cortelezzi et al.
(2020), Park et al. (2023), and Hone & Beneberu (2020) have shown that as
dissolved oxygen levels decrease, the diversity of some non-biting midges
groups, especially those belonging to the subfamily Chironominae, may
increase. Given that the majority of specimens and genera identified in this
study also belonged to the subfamily Chironominae, which were eudominant
in all studied rivers, this could explain why dissolved oxygen had a negative
effect on non-biting midges diversity. In other words, where species tolerant
to low oxygen dominated, higher oxygen concentrations may have limited
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their abundance, thus reducing overall diversity. Additionally, studies
examining the relationship between dissolved oxygen and water temperature
have observed that lower temperatures are generally associated with higher
levels of dissolved oxygen, consistent with known physical and chemical
processes. Considering that dissolved oxygen had a negative effect on non-
biting midges diversity in this study, an opposite relationship was often
observed with temperature — it tended to have a positive effect. This could
further explain the results and suggests that, in the studied rivers, temperature
may be a more accurate predictor of Chironomidae community structure.
Indeed, its effect approached statistical significance (p = 0.06).

Conductivity — a measure of water’s ability to conduct an electric current
due to the presence of dissolved ions — is an important environmental variable
in rivers and can influence the development of certain Chironomidae
representatives (Scheibler et al., 2014). Previous studies indicate that this
factor significantly affects the diversity and distribution of non-biting midges
in river ecosystems (Panatta et al., 2007; Ozkan et al., 2010; Leszczynska et
al., 2019; Mezgebu et al., 2019; Cortelezzi et al., 2020; Garay et al., 2020;
Popovic et al., 2022; Pero et al., 2023). The results of this study also
demonstrated that conductivity was one of the significant factors explaining
the structure of non-biting midges communities in the studied rivers.
However, an atypical trend was observed — non-biting midges diversity
increased significantly with rising conductivity. The literature does not
consistently show that higher conductivity is always associated with greater
Chironomidae diversity. Nonetheless, in some cases, it may positively
influence the distribution of specific taxa in rivers. For example, genera such
as Polypedilum (Garay et al., 2020), Cricotopus, Rheotanytarsus, and
Tanytarsus (Villamarin et al., 2021), and Chironomus (Cortelezzi et al., 2020;
Garay et al., 2020; Villamarin et al., 2021) have been linked to environments
with higher conductivity. Although this study did not directly assess the effect
of conductivity on the distribution of individual genera, the frequent
occurrence of larvae from some of these genera may have contributed to the
observed results.

Pearson correlation analysis showed that conductivity was significantly
and positively correlated with total dissolved solids (TDS). However, the
effects of these two variables on Chironomidae community structure differed
— higher conductivity had a positive impact, whereas higher TDS had a
negative effect. Laboratory studies on Chironomus tentans have demonstrated
that elevated TDS levels — often characteristic of various wastewater
compositions — can negatively affect the growth and survival of specimens,

257



depending on the specific ionic composition (Chapman et al., 2000). These
findings suggest that some Chironomidae species may be sensitive to high
TDS levels, and a reduction in their presence could be reflected in lower
overall community diversity. Given these results, it is important to interpret
them with caution, as the impact of TDS depends not only on its concentration
but also on the specific ionic composition and other environmental conditions.
Future research should include more detailed analyses of TDS effects on
Chironomidae communities, incorporating different taxa and environmental
scenarios.

In addition to the factors already discussed, water temperature and pH
also play a significant role in determining the diversity and distribution of non-
biting midges (Rossaro et al., 2006; Ozkan et al., 2010; Mezgebu et al., 2019;
Cortelezzi et al., 2020; Popovic et al., 2022). Water temperature has a notable
effect on Chironomidae larvae — it accelerates their growth (Reynolds and
Benke, 2005) and development, increases oxygen demand, and may influence
their behavior and survival (Lencioni and Bernabo, 2015). The impact of
temperature can also vary depending on the larval developmental stage and its
interaction with other environmental factors. Representatives of different
Chironomidae subfamilies exhibit varying sensitivities to water temperature.
Studies show that subfamilies such as Orthocladiinae, Diamesinae, and
Podonominae are better adapted to colder waters, whereas Chironominae and
Tanypodinae tend to prefer warmer conditions, and thus are typically more
diverse in lowland or urban rivers (Garay et al., 2020; Martel-Cea et al., 2021).
Similar patterns were observed in this study when analyzing the abundance of
genera within subfamilies. The average water temperature in the studied rivers
was 18.2°C, and in these relatively warm environments, the dominant
subfamilies in terms of both genera and specimen numbers were
Chironominae, Orthocladiinae, and Tanypodinae. Although temperature did
not reach conventional statistical significance (p < 0.05), the result (p = 0.06)
suggests that temperature may influence the structure of Chironomidae
communities. In the context of a warming climate, more detailed research on
the relationship between water temperature and non-biting midges in
Lithuania would contribute to a better understanding of how this insect
group’s diversity and distribution might change within river ecosystems.
Meanwhile, pH, which ranged from 6.58 to 8.88 in this study, did not show a
statistically significant effect. Since the pH range in the analysed rivers was
relatively narrow, and Chironomidae are known to tolerate a broad range of
pH conditions (Orendt, 1999), this likely explains the negligible impact of pH
on non-biting midges diversity in this case.
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Non-biting midges are typically the dominant group of
macroinvertebrates in river ecosystems (Popovi¢ et al., 2022). Due to their
diverse feeding habits, trophic roles, life cycles, and function as a key food
source for organisms at higher trophic levels, they play an important role in
organic matter cycling and energy transfer (Sanseverino and Nessimian,
2008). In this study, the distribution of non-biting midges taxa representing
different trophic groups and feeding modes was assessed across the sampled
rivers. Particular attention was given to whether the rivers were dammed or
free-flowing, the type of surrounding landscape, and the composition of the
benthic substrate. Descriptive rather than analytical statistics were used in the
data analysis. This approach was chosen due to the high variability in larval
feeding behavior, which depends on seasonality and food availability — factors
largely influenced by environmental conditions and substrate type (Butakka
et al., 2016). Additionally, feeding habits vary across larval developmental
stages: early instars (I-1[) may feed differently from later instars (III-IV)
(Baker and McLachlan, 1979; Banegas and Rocha, 2023). For these reasons,
using the feeding behavior of a single developmental stage to represent the
entire taxon would be misleading and could distort observed patterns in the
structure of non-biting midges communities in rivers.

In this study, the majority of identified non-biting midges were classified
as detritivores, predators, algophages, and phytophages. Based on feeding
modes, they were categorized as collector-gatherers, engulfers/piercers,
collector-filterers, and shredders. Gut content analyses have shown that
detritivorous larvae primarily consume detritus and are typically characterized
by collector-gatherer or collector-filterer feeding modes (Armitage et al.,
1995; Banegas and Rocha, 2023; Ocon et al., 2023). Detritivorous non-biting
midges play an important role in breaking down organic matter and recycling
nutrients in rivers. Both detritivory and the gatherer feeding mode were the
most frequently recorded among the non-biting midges observed in this study,
aligning with previously documented feeding patterns in Chironomidae
larvae. Other studies have also found detritivorous midges to be the most
dominant trophic group in rivers (Tavares-Cromar and Williams, 1997; da
Silva et al., 2008; Biasi et al., 2013; Nunes et al., 2020).

Predatory non-biting midges feed on live animal tissue — they either
attack prey and consume all or part of the body (shredders) or break down
tissues by sucking out body fluids (piercers) (da Silva et al., 2008). Predatory
diet is most commonly associated with the subfamily Tanypodinae (Ocon et
al., 2023), which was dominant in most of the studied rivers, except for the
Dubinga. This indicates a sufficient availability of potential prey — other
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invertebrates — in these systems. A study conducted by Martins et al. (2021)
in mountain rivers showed that a higher proportion of predatory Chironomidae
occurred in river sections flowing through pasturelands where sandy
substrates predominated. These findings partly align with the current results,
where the highest proportion of predators was found in substrate categories
containing sand admixtures (e.g., SZStSm, SRStSm, SsmSt). Contrary to the
findings of the earlier study, the highest abundance of predators in this case
was recorded in rivers flowing through forested rather than pastoral
landscapes. Such differences may indicate that more natural, forested
environments support greater diversity and abundance of other organisms
(potential prey), thus providing more favourable conditions for the
development and feeding of predatory non-biting midges.

Non-biting midges that feed on algae are referred to as algophages.
Studies have shown that algae can comprise a substantial portion of their gut
contents (Butakka et al., 2016). Algae are typically consumed by scraping
them from exposed surfaces, sediments, or submerged organic matter, or by
filtering them from the water (Armitage et al., 1995; Silva et al., 2008; Ocon
et al., 2023). This diet is commonly observed across many Chironomidae
subfamilies (Armitage et al., 1995).

Phytophagous non-biting midges were also abundant in this study. These
larvae exhibit shredder and scraper feeding modes, feeding by gnawing,
chewing, or rasping aquatic plants, macrophytes, and submerged leaves
(Armitage et al., 1995; Silva et al., 2008). This type of diet is likewise
characteristic of various Chironomidae subfamilies (Armitage et al., 1995).

Xylophagous non-biting midges, which bore into submerged woody
debris and shred it as part of their diet, also fall under the shredder feeding
mode. These larvae are mainly found within the Orthocladiinae and
Chironominae subfamilies (Cranston, 2006). In the present study,
xylophagous individuals represented only a small proportion of the identified
larvae. They may have been collected incidentally, as small wood fragments
were present in some benthic samples.

Only a very small number of parasitic and commensal non-biting midges
were recorded. Representatives of the genus Parachironomus, which
parasitize molluscs of the family Lymnaeidae, were classified as belonging to
the parasitic trophic group (Tokeshi, 1993). Commensal midges included
members of the genus Epoicocladius, which are host-specific and reside on
the surface of mayfly nymphs from the genus Ephemera. These non-biting
midges share their "habitat" with other organisms such as the protozoan
Carchesium polypinum (Linnaeus, 1758) Ehrenberg, 1831 (Grzybkowska et
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al., 2016). Overall, the diversity of both parasitic and commensal midges is
relatively low (Armitage et al., 1995), a pattern reflected in the results of this
study. Similar to the xylophagous forms, these larvae may have been collected
by chance.

The fact that the analysis of Chironomidae diversity in just six rivers in
Lithuania revealed more than 50% of the country’s currently known fauna of
this dipteran family highlights how underexplored this group remains and
underscores the importance of further faunistic research. The results of this
and similar studies indicate that Chironomidae phylogeny and systematics
continue to pose significant challenges. Morphological analysis alone is
insufficient to accurately reflect the phylogenetic relationships of these
insects; therefore, it is essential to apply molecular methods and incorporate a
broader range of genetic markers. Such data would allow for more precise
species identification and a better understanding of their evolutionary
relationships. The findings of this dissertation also revealed links between
Chironomidae taxonomic diversity and abundance and various environmental
factors, such as damming, dissolved oxygen levels, depth, substrate type,
surrounding landscape, and others. These results significantly contribute to
the understanding and application of Chironomidae as a bioindicator group
for assessing the ecological status of water bodies in Lithuania. Given that
Chironomidae exhibit an exceptionally wide ecological amplitude and the
ability to colonize various habitats, it is crucial to continue systematic
investigations across different biotopes throughout the country. This will
enable the future compilation of comprehensive and representative data on
Chironomidae diversity and improve their application in environmental
quality assessments.
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1.

CONCLUSIONS

A total of 65 Chironomidae (Diptera) genera and 89 species were
identified in the studied rivers, of which 12 genera and 37 species are
newly recorded for the Lithuanian fauna. Three eudominant subfamilies
were identified: Tanypodinae, Orthocladiinae, and Chironominae. The
Luknelé River had the highest number of individuals and genera. The
highest genus diversity was recorded in the Sesuola and Luknelé rivers.
No genera were classified as very frequent, and only one eudominant
genus, Ablabesmyia, was recorded.

Molecular studies identified 56 Chironomidae species. The species groups
Clinotanypus nervosus and Ablabesmyia longistyla exhibited high genetic
heterogeneity. Interspecific genetic distances below 2 % were found in the
genera Procladius and Chironomus. Depending on the species
delimitation method applied, between 28 and 58 Chironomidae species
were identified.

Of the six rivers analysed, Chironomidae diversity was significantly
higher in the Plastaka, SeSuola, Kiauna, and Dubinga rivers, with
significantly higher abundance observed in the Plastaka and Sesuola
rivers.

Taxonomic diversity of Chironomidae was greater in dammed rivers
compared to undammed ones. Representatives of the genera Ablabesmyia,
Cricotopus, and Macropelopia were significantly more frequent in
undammed rivers, while Clinotanypus, Glyptotendipes, Chironomus,
Paratendipes, and Prodiamesa were more common in dammed rivers.
Dams did not have a statistically significant effect on Chironomidae
abundance.

In the studied rivers, Chironomidae diversity increased significantly with
increasing river depth and electrical conductivity, and decreased
significantly with higher levels of dissolved oxygen. Chironomidae
abundance significantly declined with an increase in total dissolved solids.
The landscape surrounding a river has a significant impact on the
taxonomic diversity and abundance of Chironomidae. Significantly higher
diversity was observed at study sites where rivers flowed through a mixed
landscape composed of meadows, agriculture, forests, pastures, and
villages, while significantly higher abundance was recorded where rivers
flowed through a mixed landscape formed by agriculture and forests.
The composition of the riverbed substrate has a significant influence on
the taxonomic diversity and abundance of Chironomidae. Significantly
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higher diversity was observed at study sites with a heterogeneous
substrate composed of mineral particles (sand, sett, stones, and boulders)
and organic matter, while significantly higher abundance was recorded
where the substrate was heterogeneous and composed of mineral particles
(sand, gravel, pebbles, sett, stones, and boulders) and organic matter.
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