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SANTRUMPOS

BS — vandens lygio pakilimas Baltijos sistemoje vir§ Baltijos jtiros lygio, m

EW (angl. early wood) — ankstyvoji mediena

GTC — Gamtos tyrimy centras

GWD (angl. groundwater depth) — gruntinio vandens gylis nuo durpés
pavirSiaus

GWT (angl. groundwater table) — santykinis gruntinio vandens lygis

LHMT — Lietuvos hidrometeorologijos tarnyba

LW (angl. late wood) — vélyvoji mediena

MGWT - modeliuojamas gruntinio vandens lygis apskaiiuojamas pagal
septyneriy mety P-PET sumas

MS — meteorologiné stotis
P — krituliai
PET - potenciali evapotranspiracija

P-PET - krituliy kiekio (P) ir potencialios evapotranspiracijos (PET)
skirtumas

Raw chronologija — absoliu¢iy duomeny chronologija
RES chronologija (angl. residual chronology) — likutiné chronologija
RSCH (angl. radial stem changes) — radialusis kamieno pokytis

RW (angl. ring width) — vidutinis medziy metiniy rieviy plotis tam tikrais
metais (Raw/RES/STD chronologijos)

RWGWT - gruntinio vandens lygis apskai¢iuojamas pagal metines rieves

STD chronologija (angl. standard/detrended chronology) — standartiné
chronologija

T — temperattira



TERMINU ZODYNAS

Akrotelmas — virSutinis aukstapelkés durpiy sluoksnis esantis auksCiau
apatinés gruntinio vandens lygio ribos. Jam biidinga aerobiniy ir
anaerobiniy salygy kaita, nulemianti organinés medziagos skaidymo
intensyvuma ir durpiy kaupimasi.

Ankstyvoji mediena (EW) (angl. early wood) — vidiné metinés rievés dalis,
esanti Serdies pus¢je, minkStesné, dazniausiai Sviesesnés spalvos.
Ankstyvoji mediena susidaro pavasarj—vasaros pradzioje. Ja sudaro
plonasieniai ir plaCiaertmiai elementai, kuriais i§ Sakny j virSy teka
vanduo.

Juostinis dendrometras (angl. band dendrometer) — medzio kamieno
apimties matavimo prietaisas. Rankiniai arba savadarbiai dendrometrai —
tai plieninés juostos, kuriy galai sujungti spirale. Matavimai atliekami
apjuosus medzio kamieng ir matuojant atstumg tarp dviejy juostoje
fiksuoty tasky. Automatiniai juostiniai dendrometrai yra zenkliai tikslesni
ir gali matuoti radialyjj prieaugj pagal nustatyta laiko intervalg.

Kamieno apimties pokyciai — kamieno apimties pasikeitimas per laiko
vienetg. Tyrimuose naudoti automatiniai dendrometrai kamieno apimtj
matuoja kas valanda.

Kamieno poky¢iy paros ciklas (angl. diurnal/daily/stem cycle) — ciklas, kuris
parodo medzio kamieno pokycius per para. ApskaiCiuojami vidutiniai
kamieno poky¢iai tos pac¢ios valandos visy pary tam tikru periodu.

Kamieno pokyCiy periodai — suminiai valandiniai kamieno pokyciai per
metus, skirstomi j periodus pagal tai, ar kamienas pleciasi, susitraukia ar
yra ramyb¢s biisenoje.

Lagas — Slapia aukstapelkés pakra$¢io juosta, surenkanti vanden] nuo
apypelkio reljefo paaukstéjimy ir aukstapelkés $laito.

Medziy rieviy sinchronizacija, kitaip kryzminis datavimas (angl. Cross
dating) — dél kasmetinés vegetacijos ir ramybés sezony kaitos medziuose
susiformuoja sluoksniné strukttra, t. y. medienos rieviy seka, kurioje
gludi informacija apie augimo sglygas konkreiais metais. Jei praéje
medziy augimo laikotarpiai laiko skaléje perdengia vienas kita, jy rieviy
plo¢iy (metinio radialiojo prieaugio) serijos dendrochronologiniais
metodais gali buti tarpusavyje sinchronizuotos, t. y. vieneriy mety
tikslumu datuotos viena kitos atzvilgiu.
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Plyné — pelkiniy bendrijy tipas su neiSreikStu medziy ardu.

Radialusis kamieno pokytis (RSCH) (angl. radial stem changes) — medzio
kamieno spindulio pokytis per tam tikrg laikg. Kamieno radialusis
didéjimas pasireiskia dél lasteliy plétimosi ir dalijimosi pavasario—
vasaros sezonais. Atéjus ziemai dél nepakankamo vandens pasisavinimo
ir Sal¢io jtakos medzio lastelés traukiasi ir kamieno spindulys mazéja.
RSCH sudaro griztamoji ir negriztamoji dedamosios. Negriztamaja
dedamaja sudaro kamieno radialusis prieaugis dél brazdo lasteliy
dalijimosi ir medienos Igsteliy formavimosi. GrjZtamasis pokytis vyksta
dél medienos Igsteliy vandeningumo poky¢iy.

Prieaugis (angl. increment) — medzio kamieno prieaugis vegetacijos sezono
metu per tam tikra laikg. Medzio kamienas tuo pat metu j visas puses
auga skirtingu mastu. Metinis radialusis prieaugis parodo visag matuojamo
medzio kamieno perimetro pokytj per metus.

Raistas — pelkiniy bendrijy tipas su gerai iSreik§tu medziy aukstu; medziy
Sakos tokiose bendrijose paprastai susisiekia.

Raw chronologija (absoliu¢iy duomeny chronologija) — chronologija
sudaryta i$ pradiniy tiriamy medziy rieviy plo¢io vidurkiy. Tai visy tais
pacCiais metais chronologijoje persidengianciy medziy rieviy plociy
vidurkiai (mm).

RES chronologija — likutiné (angl. residual) tiriamy medziy rieviy plocio
chronologija. Tai skirtumas tarp stebimos ir modeliavimo vertés atlikus
autokoreliacijg. Chronologijoje pasalinta kiekvienos serijos autoregresija.
ISreiskiama indeksu.

STD chronologija — indeksuota, arba standartizuota, chronologija (angl.
standard/detrended chronology). Tai chronologija, kurioje paSalinta
medziy rieviy plocio serijy amziaus tendencija. Chronologija sudaroma
naudojant indeksus, gautus apskaiciavus santykj tarp rievés plocio ir
iSlyginamosios kreivés (angl. indexing curve, detrending curve, growth
curve) reikSmés kiekvienais metais.

Vélyvoji mediena (LW) (angl. late wood) — iSoriné metinés rievés dalis,
esanti zievés puséje, dazniausiai tamsesnés spalvos. Vélyvoji mediena
susidaro vasaros pabaigoje. Ja sudaro storasieniai elementai. Si mediena
atlieka mechanines funkcijas.



IVADAS

Pasaulyje nerimsta diskusijos apie klimato kaitg. Klimato kaitos fenomena
tyringja viso pasaulio mokslininkai. Greta kity mokslo tiriamyjy veikly
ieSkoma indikatoriy, galin¢iy paliudyti klimato kaitos fakta, atlickama
retrospektyvi klimato kaitos analizé, prognozuojama klimato kaita bei
galimos jos pasekmés. Siems tikslams pasiekti pasitelkiami ir
dendrochronologiniai tyrimai.

Dendrochronologiniai  tyrimo  metodai  sudaro  galimybes  ftirti
hidrometeorologines salygas ty laikotarpiy, kai dar nebuvo instrumentiniy
matavimy. Praeities klimatas ir hidrologinés salygos gali biiti analizuojamos
vertinant medziy augimo tempus. ISskirtinis dendrochronologiniy tyrimy
objektas yra aukstapelkése augancios puSys (toliau — aukstapelkiy pusys;
Edvardsson et al., 2016).

Lyginant su dauguma kity ekosistemy, durpynai globaliu mastu yra
pagrindiniai anglies (C) absorbentai (Gorham, 1991; Lafleur et al., 2001;
Turunen et al., 2002; Sagerfors et al., 2008; Salm et al., 2009), bei gali biiti
reik§mingi CHa, CO; ir NOy $altiniai (Matthews, Fung, 1987; Saarnio et al.,
2007; Turetsky et al., 2014), ypaC tuo atveju, jei keiCiasi hidrologinés
durpyny salygos. Anglies deponavimo, t. y. CO: jsisavinimo, greitis ir CHa
emisijos labai priklauso nuo to, kokiame aukstyje vir§ gruntinio vandens
lygio yra durpyno pavirSius (Moore, Knowles, 1989; Freeman et al., 1993;
Salm et al., 2009; Gazovi¢ et al., 2010; Mitsch et al., 2013). Durpyny
hidrologiniai poky¢iai gali buti nusakomi matuojant gruntinio vandens lygj
(GWT), taiau nustatyti C deponavimo ir GWT rySius trukdo trumpas,
daznai vos keleriais metais apribotas instrumentiniy matavimy laikotarpis
(Tamkeviciate et al., 2018).

Medziy augimas durpynuose labiausiai priklauso nuo gruntinio vandens
lygio svyravimy: esant aukStam vandens lygiui, Sakny sistema jsisavina
maziau deguonies ir maisto medziagy (Boogie, 1972; Pukiené, 2001;
Leuschner et al., 2002; Edvardsson et al., 2016), butent dé¢l to medziy kaita
durpynuose gali atspindéti visus praeityje buvusius gruntinio vandens lygio
svyravimus. Kadangi metiniai aukstapelkiy pusy augimo greiciai priklauso ir
nuo temperatiiros, ir nuo krituliy kiekio, galima daryti iSvada, kad medziy
augimg $ioje aplinkoje gali apriboti vienas arba keli faktoriai. Be to, reikia
turéti omenyje, kad gruntinio vandens atsakas j klimatiniy salygy pokycius,
kaip ir gruntinio vandens jtaka medziy metinéms rievéms, gali véluoti
(Kilian et al., 1995; Léainelaid et al.,, 2014; Tamkeviciauté et al., 2018).
Siekiant geriau suprasti sudétingas aukStapelkiy pusy augimo ir
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hidrometeorologiniy rodikliy sgveikas, o taip pat siekiant pagristi gruntinio
vandens lygio rekonstrukcijg, naudojant pelkése auganciy pusy metines
rieves, reikalingos papildomos studijos.

Didelé dalis Siame darbe analizuojamy duomeny, reikalingy aukstapelkiy
puSy metiniy rieviy ir hidrometeorologiniy rodikliy rySio nustatymui,
surinkti vykdant Lietuvos ir Sveicarijos bendradarbiavimo projekta
CLIMPEAT (,,Climate change in peatlands: Holocene record, recent trends
and related impacts on biodiversity and sequestered carbon®, projekto
sutarties nr. CH-3-SMM-01/05). CLIMPEAT projekte vienomis svarbiausiy
klimato indikatoriy pasirinktos metinés puSy rievés. PaZymétinas ypac
didelis dr. Johanneso Edvardssono, Lundo universiteto Geologijos
departamento mokslo darbuotojo, indélis, atlickant projekte vykdyty
dendrochronologiniy tyrimy dalj, kuriuose dalyvavo ir §io darbo autoré. 3.2
skyriuje analizuojami ir dr. J. Edvardssono sudaryty Rékyvos, Keréplio bei
Aukstumalos aukstapelkiy pusy metiniy rieviy chronologijy duomenys,
kuriy panaudojimui buvo gautas dr. J. Edvardssono sutikimas.

Darbo tikslas — istirti auksStapelkése auganciy pusy kamieny radialiyjy
poky¢iy priklausomybe nuo hidrometeorologiniy salygy ir pagal
dendrochronologinius  rodiklius jvertinti hidrometeorologiniy salygy
rekonstrukcijos galimybe.

Darbo uzdaviniai

1. Jvertinti hidrometeorologiniy salygy itaka pariniams ir sezoniniams
aukstapelkése auganciy pusy kamieno apimties poky¢iams.

2. [vertinti galimybe¢ pagal skirtingy vietoviy pusy rieviy plotj nustatyti
drégmés salygy pokycius.

3. Ivertinti meteorologiniy salygy ir gruntinio vandens lygio jtaka
metiniam aukStapelkése auganc¢iy pusy prieaugiui.

4. Skirtingy indikatoriy metodu rekonstruoti aukstapelkés gruntinio
vandens lygio kaitg XIX—XXI a.

Darbo aktualumas ir pritaikomumas

Durpynai randami maziausiai 175 Salyse. Jie uzima apie 4 min. km? plotg
arba 3 % pasaulio sausumos. Lietuvos durpynai §iuo metu uzima 9.9 %
Salies teritorijos, i$ jy tik 2,7 % yra nattralts ir pusiau natdralts, lik¢ 7,2 %
yra antropogeniskai paveikti (sausinti). Zemapelkiniai durpynai uZima
77,8% durpyny ploto, tuo metu tarpinio tipo durpynai — 14,6 %,
aukstapelkiniai — 7,6 % (Taminskas et al., 2012; Povilaitis et al., 2011).
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Durpynai yra paskelbti unikaliomis reCiausiy augaly ir gyviny buveinémis, o
atviro tipo aukstapelkés pripazintos unikaliomis europinés  svarbos
buveinémis (aktyvios aukStapelkés (7110), degradavusios auksStapelkés
(7120); Tarybos Direktyva 92/43/EEB). Sioms buveinéms gresia isnykimas,
todél jos yra svarbios i§saugant Lietuvos ir ES biologing jvairove. Dél Sios
priezasties daugiau nei 50 % Lietuvos durpyny yra jtraukti ] NATURA 2000
tinkla.

Darnus durpyny tvarkymas taip pat turi jtakos Siltnamio dujy
koncentracijai atmosferoje. Remiantis kaimyninése Salyse sukauptais
duomenimis ir skai¢iavimais, natiiralis Lietuvos durpynai gali jsisavinti
768 000 tony CO- (179 000 tony gali biti jsisavinti durpiy formavimosi
proceso metu, 589 000 tony — per miSky biomasg). Savo ruoztu, CO:
sukaupimas nepazeistuose Lietuvos durpynuose galéty sukurti 11,6 mln. Eur
dydzio meting ekonomine verte (Valatka, Oskolokaité, 2010). Ekonominé
durpyny produktyvumo (durpés, mediena, augalai, gyvinai) verté sudaro
26,9 Eur/ha™. Tagiau perdétas durpyny sausinimas, tenkinant zemés ikio,
miskininkystés ir durpiy kasimo reikmes, ne tik sunaikino daugelio riisiy
buveines ir sumazino biojvairove 468 000 ha plote, bet ir sutrikdé jy
reguliacing funkcija, padarydamas Lietuvai daugiau kaip 75 min. Eur zala
(Valatka, Oskolokaité, 2010).

Taigi iSsamios zinios apie klimato kaita ir jo poveikj durpynams bei
gruntinio vandens lygiui bitinos, idant biity vykdomas darnus §iy vertingy
ekosistemy valdymas ir iSsaugojimas. Darbo autorés tyrimy metu gauti
duomenys, geriau atskleidziantys rySius tarp pedosferos, atmosferos ir
antropogeniniy reiskiniy, tikimasi, prisidés prie durpyny i$saugojimo ir
tvarkymo. Remiantis medziy tyrimais sudaromos medziy rieviy
chronologinés sekos, pagal kurias rekonstruojamas gruntinio vandens lygis.
Ivertinus Holoceno metu vykusius pokycius, galima nustatyti durpyny
uzaugimo medziais laikotarpius, parengti durpyny istorines, klimatines ir
aplinkos kaitos interpretacijas.

Tikimasi, kad tyrimo rezultatai bus naudingi aplinkosaugos, biojvairoves
i8saugojimo, Slapyniy hidrologijos ir klimato kaitos sri¢iy specialistams,
suteiks ziniy, reikalingy rengiant Lietuvos durpyny racionalaus naudojimo
strategijg. Taip pat tikimasi, kad tyrimo rezultatai bus naudingi analizuojant
klimato ir gruntinio vandens lygio pokycius, nustatant Siy pokycCiy jtaka
dabartiniy durpyny buklei ir durpyny kaitai ateityje.
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Darbo naujumas ir reik§mé

Pastaraisiais metais pasirodé daug moksliniy darby, kuriuose tiriama
aukstapelkiy raidos istorija, durpiy formavimosi ypatumai jvairiose
aplinkose ir sglygose. Didzioji jy dalis paremti makrofosilijy bei
dendrochronologiniais duomenimis, augalijos kartografine medZiaga arba
aerofotografijy interpretacijomis (Frankl, Schmeidl, 2000; Pellerin, Lavoie,
2003; Linderholm, Leine, 2004; Mauquoy, Yeloff, 2007; Gunnarson, 2008;
Eckstein et al., 2010; Edvardsson et al., 2014; Edvardsson et al., 2015a;
Stancikaité et al., 2017). Dendrochronologinis tyrimo metodas paplitgs,
kadangi pusy medienos liekanos dideliais kiekiais randamos durpése ir teikia
patikimus duomenis apie ekologinius pokyCius ir jy pasireiSkimo laika
(Munaut, 1966; Munaut, Casparie, 1971; McNally, Doyle, 1984; Chambers
et al., 1997; Pukieng¢, 1997; Gunnarson, 1999; Lageard et al., 1999; Boswijk,
Whitehouse, 2002; Boswijk, 2003; Ldanelaid, 1979, 1982; Vaganov,
Kachaev, 1992; MacDonald, Yin, 1999; Linderholm et al., 2002;
Linderholm, Leine, 2004; Dauskane et al., 2011; Moir, 2012; Edvardsson et
al., 2015b). Pelkése augusiy pusy kamieny liekanos durpiy sluoksnyje
i8silaiko nesuirusios, todél jy rieviy tyrimai turi didziule reikSme atliekant
palyginamuosius klimato tyrimus ne tik Baltijos regione, bet ir kitose
pasaulio dalyse.

Ivairiy medziy riiSiy metiniy rieviy reakcija j klimatg bei metiniy rieviy
savitumai labiausiai susij¢ su biologinémis medziy savybémis, litologine
dirvozemiy sudétimi, vandens ir maisto medziagy kiekiu Sakny zonoje.
Medzio metinés rievés leidzia jvertinti augimo salygas vieny mety tikslumu,
taciau metiniy rieviy potencialas hidrologiniy salygy rekonstrukcijai menkai
iSnaudotas (Eckstein et al., 2008, 2009, 2010; Moir et al., 2010; Edvardsson
etal., 2012, 2016).

Nors pastaraisiais metais Lietuvoje buvo nemazai diskutuota apie atskiry
durpyny komponentus, jy tarpusavio saveika bei rySius, taip pat
antropogening  veikla ir klimato poky¢iy atspindj durpynuose
(Simanauskiené et al., 2008; LinkeviCiené et al., 2008; Mazeika et al., 2009;
Taminskas et al., 2011; Zinkuté et al., 2015; Kazys et al., 2015), taciau ilga
laika Lietuvos durpyny tyrimai tebuvo epizodiniai (Balevicius ir kt., 1984;
CrpaBuHckene, 1981) ir nagringjantys daugiausiai atskirus durpyny
reiSkinius (Pakalnis, 1987; Bumblauskis, 1983; Pukiené, 1997).

Sioje disertacijoje analizuojami aukstapelkiy tyrimy klausimai Lietuvoje
nagrinéti mazai, o pusy kamieno apimties poky¢iy nustatymo automatiniais
dendrometrais tyrimai visai nevykdyti. Lauko tyrimy aik$telése, jrengus

grezinius su automatiniais gruntinio vandens lygio ir temperatiros
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matuokliais, bei automatinius dendrometrus, buvo vykdytas aukstapelkiy
hidro-dendrochronologinis  monitoringas. Tai suteiké gana naujos
informacijos apie trumpalaikes hidrometeorologiniy rodikliy ir medziy
kamieno apimties kitimo sgveikas. Naudojant kompleksinius hidrologinius ir
dendrochronologinius tyrimy metodus, Siame darbe analizuojama klimato ir
vandens rezimo kaita aukStapelkése bei jy aplinkoje, jvertinama
hidrometeorologiniy salygy jtaka medziy augimui, nustatomas aukstapelkiy
pusy augimas XIX a. pabaigoje — XXI a. pradzioje. Remiantis medziy
tyrimais (metiniy rieviy pricaugio méginiy analize) buvo sudaromos medziy
rieviy serijos, pagal kurias rekonstruojami gruntinio vandens lygio bei
klimato svyravimai. Medziy radialiajam prieaugiui tirti taikytas dendrometry
metodas leidzia spresti ne vien apie pricaugio dinamika, bet ir apie kitokius
medzio kamieno apimties poky¢ius, medziy fiziologing biikle tam tikrais
laiko periodais, priklausomybg¢ nuo hidrometeorologiniy salygy ir rievés
formavimosi ypatybiy.

Mokslinio darbo aprobacija

Darbo tema paruo$ti septyni straipsniai. Trys i§ jy publikuoti, vienas
pateiktas periodinivose mokslo leidiniuose, turinCiuose citavimo rodiklj
(,,Clarivate Analytics Web of Science (WoS)*). Dar trys straipsniai
publikuoti tarptautinése duomeny bazése referuojamuose ir Kituose
leidiniuose. Moksliniai tyrimai disertacijos tema pristatyti septyniose
respublikinése ir tarptautinése mokslinése konferencijose. Taip pat
publikuotos astuonios konferencijy tezes.

Darbo struktira

Disertacijg sudaro jvadas, literatiros apzvalga, tyrimo metodikos ir tyrimo
rezultaty pristatymas, iSvados, santrauka, padéka, publikacijy sarasas ir jy
kopijos. Pateiktos naudotos santrumpos, sudarytas naudoty terminy zodynas.
Naudotos literatiros sgrasg sudaro 195 $altiniai. Darbo apimtis — 176
puslapiy. Disertacijoje pateiktos 8 lentelés ir 36 paveikslai.
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1. LITERATUROS APZVALGA

Medziai per visg savo augimo laika kiekvieny mety rievése (rieviy plotis,
radialusis prieaugis, tankis, cheminé rieviy sudétis) kaupia informacija apie
buvusias jy aplinkos gamtines ir antropogenines salygas. Todél ne veltui
informacija, gauta tyrin¢jant kasmetinio medziy pricaugio désningumus ir jy
priklausomybe nuo jvairiy veiksniy, turi platy pritaikomumg daugelyje
mokslo ir tkio Saky. Klimatologija, astrofizika, archeologija, architektiira,
kalny glaciologija ir kitos mokslo Sakos, spresdamos jvairius uzdavinius,
remiasi dendrochronologiniais tyrimais.

Sékmingas medziy radialiojo pricaugio dinamikos désningumy ir jy
priklausomybés nuo jvairiy veiksniy pritaikomumas daugelyje mokslo ir
iikio Saky yra glaudziai susijgs su tyrimams naudojamy medziy amZiaus
nustatymu. Patikimai rekonstruoti buvusias gamtinés aplinkos salygas ir
véliau prognozuoti blisimas galima tik iSsiaiskinus paros, vieneriy ir keleriy
mety bei Simtmetinius aplinkos salygy kaitos ciklus. Dél palyginti jauno
Lietuvoje auganciy medziy amziaus, siekianc¢io 200-300 (re¢iau 400) mety,
o aukstapelkése — tik iki 100 mety, yra sunku patikimai nustatyti ilgalaikius
(Simtmetinius ir ilgesnius) ciklus. Todél sudarinéjamos ilgaamzés rieviy
serijos, panaudojant subfosilinés medienos priecaugio duomenis. Kadangi
Ivairiems pastarojo tiikstantmecio pastatams, meno kiiriniams, baldams ir kt.
daugiausiai buvo naudota paprastosios puSies (Pinus sylvestris L.),
paprastojo gzuolo (Quercus robur L.) ir paprastosios eglés (Picea abies (L.)
Karsten) mediena, $iy medziy rasiy radialusis prieaugis iStirtas geriausiai.

1.1 Dendrochronologiniai tyrimai

RySys tarp medziy radialiojo prieaugio ir klimato bei kity aplinkos veiksniy
pastebétas jau XVI a. — tai liudija Leonardo da Vin¢io, K. Lingjaus, D.
Kuechlerio, A. Pokornio, D. Kapteyno, F. Svedovo darbai (Schweingruber,
1993). Pirmuoju dendrochronologu reikéty laikyti Leonardg da Vincj (1452—
1519), kuris pastebéjo metine rieviy kilme ir nustaté, kad jy plotis priklauso
nuo drégmes salygy, bei samprotavo apie klimatiniy salygy rekonstrukcija
(Baillie, 1982; Corona, 1986; Kienast, 1985; Shiyatov, 1988; Stallings,
1937). 1708-1709 metais metinése medziy rievése pastebéje Salcio
pazeidimus daugelis mokslininky, tarp jy ir K. Linéjus, susiejo juos su Salta
ty mety Ziema (Studhalter, 1956). 1837 metais Charlesas Babbageas aprasé
medziy rieviy sinchronizacija (ang. cross dating) ir teigé, jog §is metodas
padéty nustatyti durpynuose palaidoty misky amziy (Baillie, 1982). 1892
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metais rusy mokslininkas F. Svedovas siedamas metines rieves su sausry
pasikartojimu aprasé baltosios akacijos siaury rieviy ritmiskuma (Svedov,
1892). 1898 m. R. Hartigas nustaté, kad rieviy prieaugis susijes su
vegetacijos periodo trukme, krituliais ir oro temperatira. T. ir R. Hartigy
darbams priklauso ekstremaliy klimato salygy ir ,,iSkrentanéiy“ rieviy bei
defoliacijos jtakos radialiajam prieaugiui tyrimai. XIX a. pabaiga — XX a.
pradzia priskiriama pirmajam dendrochronologijos moksly periodui
(Schweingruber, 1993, 1996).

Sistemingi moksliniai tyrimai pradéti ir dendrochronologija kaip mokslo
Saka susiformavo tik XX a. pradzioje (Schweingruber, 1993).
Dendrochronologijos mokslinio termino autorysté priklauso Jungtiniy
Amerikos Valstijy (JAV) mokslininkui A. E. Duglassui (1867-1962), kuris
ir pradg¢jo taikyti sistemingus mokslinius tyrimus, o rieviy datavima naudoti
ilgalaikiy dendroskaliy sudarymui (Douglass, 1914, 1921). A. E. Douglassas
tyré meteorologiniy veiksniy ir saulés aktyvumo jtaka medziy metinéms
rievéms. Sio mokslininko gautos koreliacijos tarp Ziemos krituliy ir
Siauringje Arizonos dalyje augusiy medziy rieviy plociy (Douglass, 1914)
véliau buvo patvirtintos tikslios statistinés analizés metodais (Fritts, 1976).
XX a. pradzios — XX a. vidurio laikotarpis priskiriamas antrajam
dendrochronologijos moksly periodui (Schweingruber, 1993). Laikotarpio
pabaigoje susiformavo dvi dendrochronologijos Sakos: dendrochronologija
siaurgja prasme, t. y. ilgaamziy dendroskaliy sudarymas, ir
dendroklimatologija, apimanti klimato veiksniy rekonstrukcija (Komuus,
UYepnsix, 1977).

Trec¢iojo dendrochronologijos moksly periodo pradzia laikytini 1939-ieji
metai (Schweingruber, 1993). Siuo laiku B. Huberis Europoje patvirtino A.
E. Douglasso nustatytus désningumus (Huber, 1941; Liese, 1978). Sudarytos
ilgesnés radialiojo prieaugio chronologijos. B. Huberis naudodamas
archeologing medieng sudaré 1000 mety amziaus gzuolo chronologija
Vakary Europoje. E. Schulmanas vysté sinchronizavimg Amerikoje. Pirma
karta Europoje atlikta klimato rekonstrukcija. Vystant mokslinius tyrimus
Europoje, kur prieaugj ribojantys veiksniai kitokie nei Amerikoje, pakeisti
sinchronizacijos principai (Schweingruber, 1993, 1996).

Ketvirtasis dendrochronologijos moksly periodas prasidéjo 1950 metais
(Schweingruber, 1993). Sio periodo metu Vokietijoje, Soviety Sajungoje
(Novgorode), DidZiojoje Britanijoje, Lenkijoje, Svedijoje, Lietuvoje,
Suomijoje ir kitose Salyse sudarytos ilgalaikés chronologijos (Pukiené,
1997). Atrandami radioanglies datavimo metodai. 1957 m. O. Lenzas

pritaiké nauja dendroklimatologijos ir dendroekologijos tyrimy metodika —
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radiodensitometrija, kuria rieviy medienos tankio svyravimai tiriami
naudojant rentgeno spindulius (Eschbach et al., 1995; Kienast, 1985).
Septintajame deSimtmetyje iSleistos pirmosios dendroklimatologiniy tyrimy
monografijos: 1974 m. T. Bitvinsko, 1976 m. H. Frittso (Schweingruber,
1996). Sukurta prieaugiui jtaka daranciy veiksniy nustatymui skirta atsako
funkcijos (angl. response function) metodologija (Vitas, 2002). Siaurés
Amerikoje astuntojo deSimtmecio viduryje atliktos pirmosios kiekybinés
klimato rekonstrukcijos (Blasing, Fritts, 1973). Pusdykumiy klimato
sglygomis medziai jautriausiai reaguoja ] drégmés trikuma, todél jy
prieaugio svyravimai gerai koreliuoja su krituliy kiekiu ir su hidrologiniais
rodikliais: upiy vandeningumu, ezery lygiu (Pukiené, 1997). Atsizvelgiant |
vandens iStekliy svarba sausringose JAV valstijose, bei pasitelkus medziy
prieaugj atliktos hidrologiniy rodikliy rekonstrukcijos (Stockton, Fritts,
1973; Stockton, 1975; Stockton, Meko, 1975; Cleaveland, Stahle, 1989;
Meko et al., 1991). Praeities sausroms (Stahle, Cleaveland, 1988; Stahle et
al., 1988; Huges, Brown, 1992), saulétumo trukmei (Stahle et al., 1991),
krituliy kiekio kaitai (Blasing, Duvick, 1984; Blasing et al., 1988)
rekonstruoti buvo panaudotos skirtingos pusdykumiy medziy rusys. Kitame
medziy paplitimo arealo pakrastyje, Siaurés Amerikos arktinéje zonoje, kur
pakankamai stabilus ribojantis veiksnys yra temperatira, medziy prieaugis
panaudotas temperatiiros rekonstravimui (Blasing, Fritts, 1973; Jacoby,
Cook, 1981; Jacoby et al., 1985; Jacoby et al., 1988).

1.2 Dendrochronologiniai tyrimai Lietuvoje

Pirmuosius dendrochronologinius tyrimus Lietuvoje atliko T. Bitvinskas
1953 metais Birzy girios juodalksnynuose. Tirtas juodalksnio (Alnus
glutinosa L. Gaertn.), paprastosios pusies bei paprastosios eglés pricaugis
(Bitvinskas, 1986). 1968 metais Botanikos institute, jsteigus
dendroklimatochronologijos laboratorija, prasidéjo naujas
dendrochronologiniy tyrimy etapas, pradétos naudoti naujos tyrimy
metodikos (Bitvinskas, 1986, 1998). 1974 metais pradéti medziy metinio
pricaugio priklausomybés nuo klimato veiksniy tyrimai. T. Bitvinskas
konstatavo, kad dél to, jog prieaugis priklauso tiek nuo temperatiiros, tiek
nuo krituliy, geresnius rezultatus atskleidzia koreliacija su hidrologiniais
rodikliais, apjungianciais tam tikry ménesiy grupiy temperattros ir krituliy
rodiklius (butBunckac, 1981). Tuo paciu laikotarpiu formavosi nauja
dendrochronology karta: J. Kairaitis, J. Karpavicius, A. Stupneva,
V. Brukstus, L. Kairitikstis, V. Stravinskiené, V. Antanaitis, I. Cerskiené,
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V. Bartkevicius ir kt. (Bitvinskas, 1986; Kairitikstis, 1973). 1980 m. Kaune
ikurtas dendrochronologiniy duomeny bankas. Sudaringjant ilgaamzes
chronologijas R. Pukienés 1997 m. paskelbtoje disertacijoje ,,PuSyny augimo
dinamika Uzpelkiy tyrelio aukstapelkéje subatlanio laikotarpiu” sudaryta
2200 mety Uzpelkiy tyrelio paprastosios pusies chronologija. 2013 metais
Gamtos tyrimy centre jgyvendinant Sveicarijos bendradarbiavimo programa
pradétas vykdyti CLIMPEAT (,,Klimato kaita durpynuose: Holoceno Zenklai
ir dabartinés tendencijos; jtaka biojvairovei ir anglies deponavimui durpése‘)
projektas. Penkiose Lietuvos aukstapelkése (Aukstumaloje (Silutés raj.),
Rékyvoje (Siauliy raj.), Keréplyje (Traky raj.), Riezny¢ioje (Traky raj.),
Cepkeliuose (Varénos raj.)) istirtos augancios ir subfosilinés pusys. 2014—
2018  metais  paskelbti  nauji  aukstapelkése  augusiy  pusy
dendroklimatologiniy tyrimy rezultatai (Tamkeviéite ir kt., 2014;
Edvardsson et al., 2015a; Edvardsson et al., 2015b; Edvardsson et al., 2016a;
Tamkevicitté et al., 2018). Pasitelkus dendrochronologinius ir
radioaktyviosios anglies metodus, bei ankstesnius R. Pukienés, A. Vito ir
kity Latvijos bei Estijos mokslininky tyrimus, sudaryta keliy tiikstantmeciy
chronologija ir jvertinta ilgalaikiy klimato ir drégmés rekonstrukcijy Baltijos
regione galimybé (Edvardsson et al., 2016a).

1.3 Aukstapelkése augancios paprastosios pusies (Pinus
sylvestris L.) tyrimai

Spygliuociai, palyginus su lapuociais, pripazjstami kaip geresni aplinkos
buklés indikatoriai (Dagys, 1980), o paprastoji pusSis dendroekologiniu
pozitriu yra viena svarbiausiy rasiy Europoje (Schweingruber, 1996). Ji
auga Jvairiose augavietése: mineraliniame ir durpiniame grunte,
zemapelkése, auksStapelkése ir tarpinio tipo pelkése, prisitaikydama prie
kintanéiy aplinkos salygy (Vitas, Erlickyté, 2008). Dél S§iy priezasCiy
paprastoji puSis — viena iSsamiausiai dendrochronologiniu pozifiriu iStirty
rusiy tiek Lietuvoje, tiek ir kitose Baltijos Salyse (Nekrosiené, 2013).

Pelkés durpynuose iSaugusios puSys labai skiriasi nuo pusy, auganciy
mineraliniame grunte. Aukstapelkéje pusis turi prisitaikyti prie nuolat
kintancio gruntinio vandens lygio, mazo mineraliniy medziagy ir deguonies
kiekio, bei dideliy temperatiros svyravimy $akny zonoje (Sinkevicius, 2001;
Schweingruber, 1988; Linderholm et al., 2002). Medziy jautrumas glaudziai
susijes su augavieciy hidrologiniu rezimu ir dél to kintancia Sakny sistema.
Kaip teigia M. Kalininas (Kamuamn, 1983), medziai augdami auksto
gruntinio vandens lygio sglygomis formuoja pavirSing Sakny sistemg. Dél
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deguonies trukumo durpése auganciy augaly audiniuose yra oru uzpildyty
stambiy tarpulasCiy. Durpése jsitvirtinusiy augaly poZeminés dalys yra
prisitaikiusios augti ne gilyn | substrata, bet kilti aukS$tyn kartu su
besikaupian¢iu durpiy sluoksniu. Aukstapelkiy augaly Saknys telkiasi
virSutiniame (iki 20-30 cm gylio), o kartais net ir zaliy kiminy sluoksnyje
(Jarasius, 2015). Dél tokios Sakny sistemos aukstapelkése augancios pusys |
gruntinio vandens lygio pokycCius reaguoja jautriau nei puSys, augancios
mineraliniame grunte. Manoma, kad aukstapelkése auganciy puSy amziy
ribojantis veiksnys yra Saknies kaklelio sligsojimo gylis. Kuo senesné pusis,
tuo gyvy kiminy ir besiformuojanciy durpiy sluoksnis vir§ jos Saknies
kaklelio yra storesnis. Rusy botanikas V. N. Sukaciovas ilgai tyrinéjes
pelkése auganciy puSy formas nerado Sakny kakleliy giliau kaip 50 cm.
Manoma, kad tai yra puSies gyvybingumo riba (Sinkevicius, 2001).
Aukstumalos aukstapelke 1898 metais tyringjgs C. A. Weberis nustaté, kad
nunykusiy skurdziy puseliy Saknies kaklelis buvo uzklotas 3040 cm samany
sluoksniu (Weber, 2016). Kai kiminai uzauga vir§ Saknies kaklelio, véjas
judindamas kamieng iSsuka aplink jj ratg. Kai Siame cilindre prisisunkia
vandens ir Saknies kaklelis apsemiamas, medzio biiklé pradeda prasteéti. Kiti
mokslininkai teigia, kad kai tik Saknies kaklelj apauga samany kilimas ir jis
atsiduria 15-20 cm gylyje, puSys pradeda silpti (Sinkevicius, 2001).
Aukstapelkéje auganciy pusy Sakny sistema privalo issilaikyti pavirsiuje, nes
jau 10-20 cm gylyje sliigso vanduo, o jame beveik néra deguonies. Ne tik
deguonies stygius, bet ir toksiski metabolizmo produktai yra augima ir
bendra augalo gyvybinguma ribojantys veiksniai. Bloga aeracija lemia pusy
Sakny atsparumo SalCiams mazg&jimg, sutrikdoma maisto medziagy
pasisavinimo apykaita, maz¢ja A ir B chlorofilo kiekiai spygliuose, trumpéja
ju amzius (Sinkevi¢ius, 2001). Medziai su pavirSine Sakny sistema
nestabiliai jsitvirtina j durpinj grunta, todel dél véjo jtakos kamiene gali
keliomis kryptimis formuotis suspaustos metinés rievés (Schweingruber,
1988; Linderholm et al., 2002). Kaip vieng pagrindiniy kamieny kreivuma
lemianciy priezas¢iy C. A. Weberis (1902) nurodo didelj Sakoms, o kartu ir
kamienui, tenkantj sniego spaudima. Dél tokiy medziy augimui nepalankiy
salygy aukstapelkése auganciy pusy tyrimai yra labai komplikuoti.

AtSiauri abiotiniy veiksniy lemiama aplinka suformavo savitas pusy
formas, tarpusavyje besiskirian¢ias morfologiskai ir net geografiskai
(Sinkevicius, 2001). V. Sukaciovas (Cykaues, 1905) aprasé Siuos pelkiy
augavie¢iy Pinus sylvestris savitumus: jy spygliai trumpesni, juose daugiau
sakotakiy, kankoréziai ir séklos mazesni, metinés rievés labai siauros,
mediena tankesné ir sakingesné, todél 1éCiau piiva. Pelkéje augancios pusys
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dazniausiai yra zematgeés, jy laja reta, kamienai ploni, kreivi, pagrindinés
Saknys dazniausiai nunykusios, o kitos iSlieka susitelkusios pavirSiuje. A.
McNally ir G. J. Doyle‘is (1984a) nurodo, kad Airijoje durpynuose augusiy
pusy produktyvumas beveik dvigubai mazesnis nei augusiy mineraliniame
grunte. Be to durpyno pakrastyje augancios pusys turi didesnj prieaugj, nei
augusios durpyno centre, net jei durpiy sluoksnis po Saknimis yra vienodo
storio. Be nepalankiy aplinkos salygy, maza pelkiy pusy prieaugj lemia
silpnesné nei mineraliniame grunte mikorizé (McVean, 1963).

Keiciantis augavietés salygoms, prie kuriy turi prisitaikyti pusis, keiciasi
ir jos pozymiai. Kaip dar 1915 metais ras¢ R. J. Abolinas, kiekviena
ekologiné pusy forma yra ty salygy, kuriose ji formuojasi, iSraiska. Jis aprasé
pagrindinius bruozus, skiriancius pelkése auganCia pusj nuo pusies
augancios mineraliniame grunte, ypac¢ pabrézdamas, kad nors jos ir skiriasi
ne tik morfologiskai, bet ir anatomiSkai, taciau vis tiek iSlieka tik
ekologinémis formomis, atsiradusiomis dél nepalankiy salygy pelkéje. R.
Abolinas aprasé keturias formas, kurios véliau buvo visuotinai pripazintos
(Sinkevic¢ius, 2001). Tai Pinus sylvestris f. uliginosa Abolin, P. sylvestris f.
litvinowi Sukacz., P. sylvestris f. willkommi Sukacz., P. sylvestris f. pumila
Abolin (1 pav.).

Willkommi Litwinowi uliginosa pumila

1 pav. Ekologines pelkése auganciy pusy formos: Pinus sylvestris f.
uliginosa Abolin, P. sylvestris f. litvinowi Sukacz., P. sylvestris f. willkommi
Sukacz., P. sylvestris f. pumila Abolin (Sinkevicius, 2001)

Labiausiai nepalankiomis saglygomis auga Pinus sylvestris f. pumila. Tai
keruzinés formos pusis. Centrinis kamienas ir pagrindinés Sakos paprastai
biina durpéje ar kiminy paklotéje. Lietuvoje P. sylvestris f. pumila aptinkama
retai, dazniausiai tik vakariniy rajony aukstapelkiy ir uzauganéiy ezery
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kompleksuose (Ramanauskas, 1973). P. sylvestris f. willcommii sutinkama
truputj aukStesnése vietose. Ji pasiekia 1,5-2 m aukstj. P. sylvestris
f. litwinowii auga ten, kur gruntinio vandens gylis ne aukstesnis kaip 25—
30 cm. Sios formos pusys iSauga iki 3—4 m auks¢io su pladia, ne maZesne
kaip 2/3 medzio auks¢io plocio, laja. P. sylvestris f. uliginosa artimiausia
mineraliniame grunte auganc¢ioms puSy formoms. Ji pasiekia 10-12 m,
kartais net 15 m auks$tj (Abolin, 1915). Dendrochronologiniams tyrimams
vertingiausios yra P. sylvestris f. uliginosa ir P. sylvestris f. litwinowii
formos, nes labai skurdziy ir uzmirkusiy augavieCiy paprastosios pusies
formy stiebo kreivumas daro jtaka metiniy rieviy ekscentriSkumui ir paslepia
klimatinj signalg radialiojo prieaugio dinamikoje. Formos P. sylvestris f.
pumila radialusis prieaugis beveik neturi rysio su meteorologiniais faktoriais
(Laanelaid, 1979).

1.4 Dendrometry taikymas dendrochronologiniuose tyrimuose

Medzio augimo spartg (radialyjj priecaugj) galima jvertinti ir naudojant
specialius prietaisus, tvirtinamus ant medzio kamieno. Vienas i$
paprasciausiy jrenginiy yra medzio kamieno apjuosimas plienine juosta, jos
galus sujungiant spyruokle ir matuojant atstumg tarp dviejy juostoje fiksuoty
tasky. Nuolatiniai sezoniniai medziy radialiojo prieaugio tyrimai Lietuvoje
atlieckami nuo 1976 m. (Vitas, 2011). Medzio kamieno augimas ] visas puses
yra skirtingas, todél $io metodo privalumas yra tai, kad matuojamas viso
medzio kamieno perimetro pokytis (Schweingruber, 1993). Taciau kaip
pazymi Krameris ir Kozlovskis (Kpamep, Ko3mosckuii, 1983), Sis metodas
turi vieng esminj trikuma — sunku nustatyti dél kokiy priezasCiy: zievés ar
medienos prieaugio, ar audiniy prisotinimo vandeniu, kinta stiebo
perimetras. Metinés rievés priklauso ne tik nuo klimato kaitos, bet ir nuo
edafiniy, fitocenologiniy ir kity veiksniy. Radialyjj prieaug] kaip labai
sudétingg biologinj procesa jvardija ir A. Jacenka-Chmelevskis ir L. Lotova
(Suenko-Xmenerckuii, Jloroa, 1987). Automatiniais dendrometrais atlikti
matavimai yra kur kas tikslesni. MedZiy radialiajam pricaugiui tirti taikomas
automatiniy dendrometry metodas leidzia nustatyti ir interpretuoti klimatiniy
rodikliy jtaka medzio fiziologijai ir augimui, jvertinti mikroklimatiniy salygy
poveikj medZio kamieno poky¢iams. Medziy jautrumas meteorologinéms
salygoms priklauso ne vien nuo biologiniy medziy savybiy, ar augavieciy
hidrologinio rezimo, nulemian¢io Sakny sistemos sandarg, bet ir nuo
laikotarpio, kada formuojasi atskiros metinés rievés dalys (Tamkeviciaté ir
kt., 2014). NevienareikSmi8ki ry$iai tarp medziy prieaugio ir jvairiy jj
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veikianciy aplinkos veiksniy vidutinio klimato sglygomis skatina ieskoti
naujy analizés metody, kurie suteikty galimybes patikslinti klimato
rekonstrukcijos modelius. Pagrindinis Sheilio (2003) bei Drew ir Downeso
(2009) nurodomas automatiniy juostiniy dendrometry matavimy trukumas,
ypaé¢ aktualus vertinant trumpo laikotarpio kamieno poky¢ius, yra juostos
atsilaisvinimas, nes jis gali biiti fiksuojamas kaip kamieno plétimasis, nors
tuo tarpu kamieno pokyciai nevyksta.

Atliekant Siame darbe pristatomus autorés tyrimus remtasi tiek
standartinémis rieviy plo¢io chronologijomis, tiek automatiniy dendrometry
valandiniais duomenimis. Vieningos metodikos kaip nustatyti 1étai auganciy
medziy kamieno radialiyjy pokyciy ypatumus kol kas néra, todél darbe
remtasi keleto autoriy (Tardif et al., 2001; Deslauriers et al., 2007; Vieira et
al., 2013; Turcotte et al., 2009) jzvalgomis analizuojant ir vertinant
standartinio augimo medziy automatiniy dendrometry duomenis.

Kamieno augimo rodikliai gali pasitarnauti kaip indikatorius ateinanciy
mety prieaugio prognozei, o taip pat gali padéti tiriant medziy produktyvuma
silt¢jant klimatui.

1.5 Hidrometeorologiniy salygy jtaka medziy augimui

Svarbiausi klimato rodikliai, naudojami dendrochronologiniuose tyrimuose —
oro temperatiiros bei krituliy kiekio periody kaita (Stravinskiené, 2002).
Temperatiira tiesiogiai veikia medziy augimg vegetacijos periodu ir
netiesiogiai per vandens lygio reguliacija vandeniui garuojant (Mannerkoski,
1985). Optimaliomis salygomis klimato veiksniy koreliacija su medziy
metiniy rieviy radialiuoju prieaugiu yra neZymi, tac¢iau kuo augimo salygos
blogesnés, tuo jy poveikis medziy metinio radialiojo prieaugio formavimuisi
didesnis (L&énelaid, 1994). Po ilgesnio sausros laikotarpio, net ir iSkritus
mazesniam krituliy kiekiui, medziai reaguoja teigiamai ir greitai (per 1 para).
Vyraujant nepalankioms salygoms, pavyzdziui, esant aukStam gruntiniam
vandens lygiui (GWT) aukstapelkése, medziai formuoja siauresnes metines
rieves. Si medziy savybé padeda dendrochronologinei praeities klimato
rekonstrukcijai, jgalina patikimai atstatyti praeityje vykusius aplinkos
pokycius (Eronen et al., 1986).

Pagal ribojanéiy veiksniy teorija, medzio priecaugj lemia tas veiksnys,
kuris yra intensyviausias (Pukiené, 1997). TaCiau daugelyje arealo viety,
artimy ekologiniam optimumui, ribojantis veiksnys néra pastovus bégant
laikui, t. y. jis keiCiasi tiek sezono metu, tiek skirtingais augimo sezonais.
Tik retais atvejais, dazniausiai riiSies arealo pakras¢iuose, galima iSskirti
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daugmaz pastovy vieng ribojantj veiksnj, pvz. drégmés trukumas
sausringuose JAV pietvakariuose, vasaros temperatiira prie Siaurinés ar
aukstutinés (kalnuose) misko ribos. Todél dendroklimatologiniai tyrimai
Europoje daugiausiai nukreipti j Siaurinius ar auk$tuminius arealo pakra$cius
(Pukiené, 1997). Dendroklimatologiniai tyrimai Europoje daugiausiai atlikti
Alpése, Tatruose, Siaurés Svedijoje. Siaurinése ir auk§tuminése misko arealo
ribose nustatomi stipriausi rysiai tarp klimato veiksniy ir radialiojo prieaugio
(Bednarz, 1984; Eckstein, 1986). Cia auganéiy spygliuo&iy rieviy serijos
lengvai  sinchronizuojasi  tarpusavyje, tuo tarpu piety Europoje
sinchronizacija yra zenkliai sudétingesné. Piety Europoje net ir subalpinése
vietovése prieaugi formuoja ilgos vasaros sausros (Richter, 1988;
Schweingruber, 1985). Patikimi rysiai tarp radialiojo medziy prieaugio ir oro
temperatiiros svyravimy aptinkami tik piety Europos aukstikalnése (Kienast,
1985; Richter et al., 1991).

Lietuvos puSynuose nustatyti gana nestipriis (koreliacijos koeficientas tik
retais atvejais didesnis uz 0,4) koreliaciniai rySiai tarp metinio prieaugio ir
meteorologiniy rodikliy (Kapnasuuroc, 1984). Dendroklimatologiniais
paprastosios pusSies tyrimais nustatyta, kad Lietuvoje puSy prieaugis
neigiamai reaguoja j Saltas Ziemas ir vasaros sausras (Vitas, Erlickyte, 2008).
Paprastoji puSis dideliu jautrumu ziemos ir pavasario temperatiiroms
pasizymi ir Lenkijos teritorijoje, kur metinés rievés susiauréja po Saltos
ziemos, nors ir palankiu vegetacijos periodu, o Svelni Ziema ir pavasaris be
Salny padaro teigiamg jtaka puSy metiniam radialiajam prieaugiui (Cedro,
2001). 2013 metais atlikti pusy tyrimai Abakano regione parodé, jog
didziausig patikimg neigiamg jtakg metiniy pusy prieaugiui daro ty paciy
mety liepos ir rugpjii¢io ménesio temperatiira (Shah et al., 2015). Estijos
aukstapelkéje atlikti tyrimai rodo neigiamg vasario ménesio temperatiiros
itaka aukstapelkiy pusy augimui (Smiljani¢ et al., 2014). Skandinavijoje
atlikti paprastosios pusSies dendrochronologiniai tyrimai fiksuoja medziy
teigiamus radialiojo prieaugio atsakus ] praéjusio sezono rudens bei
ankstyvos ziemos temperattras (Linderholm et al., 2003). Tirtose teritorijose
atmosferos krituliy jtaka santykinai yra ne tokia zymi kaip oro temperatiiros
(Cedro, 2001). Taciau paprastosios pusies tyrimai atlikti Ispanijoje parodé,
kad krituliai vegetacijos periodu buvo lemiamas veiksnys, turéjes jtakos
radialiojo prieaugio didéjimui (Bogino et al., 2009). Sausose vietose
Sveicarijoje tarp paprastosios pusies prieaugio ir krituliy gautos teigiamos
koreliacijos, o koreliacijos su oro temperatira — neigiamos. Teigiamai
koreliuoja balandzio, geguzés, spalio bei buvusios ziemos (gruodzio, sausio
ir kovo) krituliai, o neigiamos koreliacijos su temperatiira uzfiksuotos
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birzelio, rugpjii¢io bei spalio ménesiais (Rigling et al., 2001). Ziemos
pabaigos krituliai ir augimo sezono pradzios krituliai teigiamai koreliuoja su
paprastosios pusies prieaugiu daugelyje Europos viety, pvz. Sveicarijos
Alpése, Pranciizijos Alpése. Tai pastebima net ir Sibiro miskuose (Rigling et
al., 2001). Stipri geguzés ménesio krituliy jtaka uzfiksuota Abakano regione
atliktuose tyrimuose. Cia didZiausia patikima krituliy jtaka prieaugiui
pasireiskia geguzés ir birzelio ménesiais (Shah et al., 2015). Pietinéje
Svedijoje atlikti dendroklimatologiniai paprastosios eglés tyrimai parodé,
kad reikSmingiausias klimato veiksnys, lemiantis pricaugj — birzelio krituliai.
Estijos aukstapelkéje atlikti tyrimai rodo neigiama vasario ménesio krituliy
itaka aukstapelkiy pusy augimui (Smiljanic¢ et al., 2014).

Dendroklimatologiniais  tyrimais nustatyta, kad metiniy rieviy
formavimuisi Lietuvos sglygomis didziausia reikSme¢ turi temperatira,
vyraujanti prie§ vegetacinj laikotarpj (Edvardsson et al., 2015b), bei
vegetacijos periodo (balandzio—rugséjo ménesiai) temperatiira ir vasaros
ménesiy krituliai (Stravinskiené, 2003). Metiniy rieviy formavimuisi
didesnés neigiamos jtakos turi geguzés ir birZelio ménesiy sausros, o
rugpjicio ménesio sausros ne tokios reikSmingos. Didziausios jtakos medziy
augimui turi keleta ménesiy besitesiancios sausros, kurios stipriai paveikia
pusis augancias tiek organiniame, tick mineraliniame grunte (Stravinskiené,
2003).

Metiniy rieviy potencialas hidrologiniy salygy rekonstrukcijai yra menkai
iSnaudotas (Eckstein et al., 2008, 2009, 2010; Moir et al., 2010; Edvardsson
et al., 2012, 2016). Atliktos tik kelios Baltijos juros regiono $aliy studijos,
kuriose tiriamos pelkése augancios pusys. 2015 metais Edvardssonas ir kiti
savo studijoje nustaté neigiama drégmés poveiki pelkése auganciy pusy
prieaugiui (Edvardsson et al., 2015b). AukStas gruntinio vandens lygis
(GWT) sukuria nepalankias sglygas augimui dél jvairiy fiziniy, cheminiy ir
biologiniy faktoriy, i§ kuriy ko gero svarbiausias yra sumazéjgs prieinamy
maisto medziagy kiekis uzlietoje zonoje. Kaip ir meteorologiniy rodikliy,
taip ir GWT koreliacija su metiniu rieviy plociu esant optimalioms augimo
sglygoms yra nezymi, taciau kuo augimo sglygos blogesnés, tuo jy poveikis
medziy prieaugiui didesnis (Lédédnelaid, 1994; Fritts, 1976). Jeigu GWT yra
per aukstas, triiksta deguonies, medziai kencia nuo hipoksijos arba anoksijos.
Kai GWT yra per zemas, medZiai patiria sausros stresa (Braekke, 1983;
Dang, Lieffers, 1989; Pepin et al., 2002). I§samiai gruntinio vandens lygio
rekonstrukcija analizuota 2014 mety Marko Smiljani¢o ir kity straipsnyje
(Smiljani¢ et al., 2014). Siame straipsnyje buvo nustatyti rysiai tarp metinio
medziy prieaugio ir GWT, taciau salyginé riba iki kiek gali sumazéti GWT,
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kol medis nepatiria sausros streso, nebuvo nustatyta. Manoma, kad GWT
atstatymas pagal metines rieves gali buti patikimas tik tol, kol GWT
nenukrenta Zemiau medziy patiriamos sausros streso ribos (Smiljani¢ et al.,
2014).

Remiantis anksciau iSdéstyta medziaga, rekonstruojant klimato salygas ir
jvairiais laikotarpiais naudojant radialiojo prieaugio duomenis, patikimai
galima rekonstruoti tik buvusias ekstremalias saglygas. Kitaip tariant,
buvusias Saltas ziemas ir sausus, vésius ar normalaus drégnumo, bet labai
karStus periodus. DaZniausiai literatiiroje nurodoma, kad tyrimuose metiniy
rieviy plocio ir klimatiniy veiksniy rySiams nustatyti turéty biiti nagrin¢jama
ty paciy mety vegetacijos periodo temperatira, trejy praéjusiy mety zZiemos
temperatira, ty paciy mety pavasario Salnos bei vasaros krituliai. Visgi
analizuojant metines rieves daugelyje auks¢iau aptarty straipsniy tiriamos
klimato salygos priklauso vasaros laikotarpiui. Nepaisant to, kity laikotarpiy
klimatinés salygos, ypa¢ ziemos krituliai, taip pat gali daryti jtakg metinés
rievés formavimuisi ateinanciais metais (Vaganov et al., 1999). Medzio
jautrumas klimato veiksniams priklauso ir nuo laikotarpio, kada formuojasi
atskiros metinés rievés dalys. Medzio vélyvoji mediena reaguoja jautriau nei
ankstyvoji. Tai suprantama, nes ankstyvojo prieaugio formavimuisi didesng
jtakg turi ankstesnés (rudens, ziemos ir ankstyvojo pavasario) negu
vélyvesnés hidrologiniy mety klimato salygos (Kaiipaiituc, 1978;
Karpavicius et al., 1996). Paprastai didesnés drégmés atsargos ilgesn] laika
dirvozemyje issilaiko po rudeniniy liety ir pavasariniy polaidziy. Vélyvojo
prieaugio formavimasis daugiausiai susijes su vélyvojo pavasario ir vasaros
klimato salygy kaita.
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2. DARBO METODIKA
2.1 Tiriamy viety parinkimas

Ivertinus ankstesniy tyrimy duomenis, atsizvelgiant | tiriamy viety imties
reprezentatyvuma, antropogeninio pazeidimo intensyvuma ir tolygy tiriamy
viety pasiskirstyma Lietuvoje, Siame darbe pristatomiems tyrimams buvo
pasirinktos keturios aukstapelkés (2 pav.). Tiriamos vietos pasirinktos ir
pagal turimus meteorologinius (Rékyvos durpyno automatiné meteorologiné
stotis) ir hidrologinius duomenis — vietas, kuriose anks¢iau buvo vykdyti
hidrometeorologiniai matavimai.
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N i
B Dencrometra vietos aukstapelkeje mineraliniame grunte

2 pav. Tyrimy vietos Aukstumalos (1), Rékyvos (2), Cepkeliy (3) ir Keréplio
(4) slapyniy kompleksuose

Siekiant nustatyti hidrometeorologiniy rodikliy ir medziy augimo rysius,
atliktas hidrologinis-dendrochronologinis monitoringas. 2013 m. rugséjo—
spalio ménesiais nattiraliose aukstapelkiy dalyse auganciose pusyse jdiegti
6 automatiniai didelés raiSkos juostiniai dendrometrai (DRL 26). Tuo pat
metu greta $iy medziy jrengti greziniai Su automatiniais gruntinio vandens
lygio (GWT) matuokliais.
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Rékyvos Slapyniy kompleksas, kuriame aukstapelké uzima apie 21 %
bendro ploto, yra Siauliy rajono savivaldybéje, 140 km j rytus nuo Baltijos
jiros, 131-134 m vir$ jiros lygio (2 pav.). Durpédaros procesai ¢ia vyksta
pereinamojo i§ jurinio j kontinentinj klimato salygomis. Rékyvos Slapyniy
komplekso plotas — 3 787 ha. Jis susiformavo Dubysos, Ventos, Nevézio ir
MiusSos baseiny vandenskyroje. Vieta tyrimams pasirinkta AukStelkes
aukstapelkéje, kuri iSliko natiirali iki Siy dieny. Vidutinis durpés storis Cia
4,8 m, didZiausias durpés storis — 9,6 m (Lietuvos durpyny kadastras, 1995).

Keréplio Slapyniy kompleksas yra Onuskio sen., Traky rajono
savivaldybéje (2 pav.). Durpédaros procesai ¢ia vyksta kontinentinio klimato
salygomis. Jis yra Merkio-Verknés vandenskyroje, 250 km ] rytus nuo
Baltijos juros, apie 142,5 m vir§ jiros lygio. Aukstapelkiné Slapynés dalis
nebuvo naudojama zemés tikio reikméms, buvo apaugusi pavieniais
medziais ir miSku. Pietiné pelkés dalis 1986-1992 metais buvo
eksploatuojama, todél tyrimy vieta pasirinkta Siaurés vakarinéje dalyje —
beveik natiiralioje aukstapelkéje. Slapyniy komplekso plotas — 144 ha, jame
79 % uzima auksStapelké, 7 % — misri pelké, 4 % — Zemapelké, 10 % —
Keréplio ezeras. Vidutinis durpés storis — 1,8 m, didziausias storis — 5,4 m
(Lietuvos durpyny kadastras, 1995).

Aukstumalos §lapyniy kompleksas yra vakary Lietuvoje, Silutés rajono
savivaldybéje, Nemuno deltos regioniniame parke, apie 15 km j rytus nuo
Baltijos jtiros, 5,5 m virs jiros lygio (2 pav.). Durpédaros procesai ¢ia vyksta
jirinio klimato salygomis. AukStumalos pelké yra stipriai paveikta durpiy
kasybos ir su ja susijusiy sausinimo darby. Aukstapelkés vakariné dalis
daugiausiai i§liko nepakitusi, todél ¢ia buvo pasirinkta tyrimy vieta.
Aukstumalos plotas — 3 018 ha, 98 % jos ploto uzima aukstapelke, 1 % —
tarpinio tipo pelké ir 1 % — Zemapelké. Vidutinis durpés storis — 2,74 m,
didziausias storis — 6,2 m (Lietuvos durpyny kadastras, 1995).

Cepkeliy $lapyniy kompleksas yra pietinéje 3alies dalyje, alia Lietuvos-
Baltarusijos sienos. Apie 270 km j pietry¢ius nuo Baltijos jiros, apie 130 m
vir§ juros lygio (2 pav.). Durpédaros procesai ¢ia vyksta kontinentinio
klimato salygomis. Cepkeliai yra Katros, Ulos ir Grados upiy
vandenskyroje. Pelkés plotas — 5 858 ha. Lietuvos durpyny kadastre
nurodyta, jog Slapyniy komplekse 82 % uZzima aukStapelke, 16 % —
zemapelke, apie 2 % uzima tarpinés pelkés. Vidutinis durpés storis — 2,34 m,
didziausias — 6,5 m (Lietuvos durpyny kadastras, 1995). Cepkeliy pelkeés ir
apypelkio melioracija beveik nepalieté. Taciau paskutiniais XX a.
desimtmeciais nustatytas spartus Cepkeliy aukstapelkés uzaugimas medziais
(Taminskas et al., 2007).
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2.2 Dendrochronologinis monitoringas in situ

Prieaugio jutiklis Increment Sensor DRL 26 yra automatinis juostinis
dendrometras skirtas ilgos trukmés monitoringui — kamieno prieaugio ir oro
temperatiiros matavimui bei duomeny kaupimui (3 pav.). Prietaisu
fiksuojami ir jraSomi kamieno apimties pokyciai ir oro temperatiira,
atliekama iki 50 000 jraSy. Dendrometro matavimy paklaida yra 0,001 mm,
matavimy intervalas — nuo 10 minuciy iki 24 valandy. Temperatiiros jutiklio
tikslumas +2 °C, matavimy intervalas — nuo -30 iki 60 °C.

3 pav. Prieaugio jutiklis DRL 26, Aukstumalos aukstapelké

Tyrimams natiiraliose aukstapelkiy dalyse (durpiy storis vidutiniskai 4 —
6 m), 57-126 mety amziaus pusyse, buvo jdiegti 6 automatiniai
dendrometrai (1 lentel¢). Po du dendrometrus buvo jdiegta P. sylvestris f.
litwinowii ekologinés formos pusyse Rékyvos ir Aukstumalos aukstapelkése,
po viena — P. sylvestris f. uliginosa ekologinés formos pusyse Keréplio ir
Cepkeliy aukstapelkése. Pusy ekologiné forma nustatyta atsizvelgus j pusy
aukstj, lajy forma, augavietés augaly rusis. Visi dendrometrai jdiegti 2013 m.
rugséjo—spalio meénesiais. Matavimai vyko iki 2016 m. sausio ménesio.
Kamieno apimties pasikeitimai ir oro temperatira matuota kas valanda.
Pasirenkant medzius dendrometry jdiegimui buvo parinktos pusys su
vizualiai pana$ia lajos defoliacija bei spygliy dechromacija. Taip pat buvo
atsizvelgta j kamieno kreivuma, kuris gali daryti jtakg metiniy rieviy
ekscentriSkumui ir paslépti klimatinj signalg kamieno apimties kitimo
dinamikoje.

28



1 lentelé. Prieaugio jutikliy (DRL 26) jdiegimo duomenys

Kamieno
imtis 1
AukStapelkeé Idiegimo Medzio j:l' I:u:; O'(:: Koordinatés
p data amzZius tyfl (WGS)
nuo durpés
pavirsiaus, cm

— 54° 27" 45,3";
Keréplis 20131003 57 e 24° 33' 352"

) N 54°1'15,6™;
Cepkeliai 2014 04 16 71 75 24° 34' 15,08"
) 55° 23" 45,26";
AukStumala 201309 18 117 52 21°21' 35,61"
) 55° 23'45,26";
AuksStumala 2013 10 05 126 55 21°21' 35,61"
' 55° 51'54,52";
Rékyva 20130919 112 el 23° 15' 12,85"
. 55° 51'54,52";
Rékyva 201310 12 90 63 23° 15' 12,85"

Vieningos metodikos létai augan¢iy medziy kamieno radialiesiems
pokyCiams jvertinti kol kas néra, todél darbe remtasi keleto autoriy
izvalgomis analizuojant ir vertinant automatiniy dendrometry duomenis.
Pirmiausia duomenys buvo perzidirimi, paSalinami netipiski matavimai,
kuriuos galéjo lemti vorai, voverés, pauksciai, dendrometry gedimai, juostos
pasislinkimai ir kt. (Tardif et al., 2001). L. R. Auchmoody 1976 metais savo
darbe pazyméjo, kad tiriant 1étai augancius medzius reikalinga labai atidi
duomeny patikra. PaSalinti netipiniai matavimai atsirad¢ dél dendrometry
juosty pasislinkimy gali lemti neigiamo augimo rezultata. Tais atvejais kai
tyrimy vietoje buvo keli dendrometrai, siekiant nustatyti netipinius
matavimus kamieny apimties pokyciy duomenys buvo sulyginti tarpusavyje.
Kai skirtumas tarp skirtingy dendrometry ty paéiy valandos duomeny
reikSmiy buvo didesnis arba mazesnis nei 0,2 mm, duomenys pasalinti i$
skaiciavimy. Kadangi dendrometrai matuoja kamieno apimties pasikeitimus
ir oro temperatiirg, toje pacioje tyrimy vietoje esant dviem dendrometrams,
oro temperatiiros duomenys taip pat buvo sulyginami tarpusavyje. Kai
skirtumas tarp skirtingy dendrometry ty paciy oro temperatiiros valandos
reik§miy buvo didesnis nei 3 °C arba mazesnis nei -3 °C, duomenys
pasalinti i$ skai¢iavimy. Kiekvieno dendrometro duomenys taip pat buvo
lyginami su arCiausiai tyrimo vietos esanéiy meteorologiniy stoCiy
temperatiiry duomenimis. Esant vidutinés paros temperatiiros didesniam nei
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5°C neatitikimui, dendrometro rodmenys buvo paSalinami. Eliminuojant
netipiskus matavimy rezultatus, remtasi Tardifo ir kt. (2001), Deslaurierso ir
kt. (2007), Vieiros ir kt. (2013) atliktais tyrimais. Rékyvoje pasalinta 810
(~4 %) valandiniy duomeny eiluc¢iy, Auks$tumaloje — 911 (~5 %), Keréplyje
— 763 (~4 %), Cepkeliuose — 123 (~1 %).

DRL 26 dendrometrais kas valanda buvo matuojama kamieno apimtis.
Norint suzinoti kiek konkreciai tam tikra valanda pasikeité kamieno apimtis,
i§ kiekvienos valandos pirminiy kamieno apimties duomeny buvo atimti
prie§ tai buvusios valandos pirminiai kamieno apimties duomenys. Sis
nuoseklus skirtumo tarp dviejy duomeny apskaiciavimas, kaip vienas i$
bidy, minimas Deslaurierso ir kt. (2007) straipsnyje. Toliau darbe
pateikiami dendrometry kamieno apimties duomenys, padalinant kamieno
perimetra i§ 2 m, perskaiCiuoti | radialiuosius kamieno pokyciy (RSCH)
duomenis (Tardif et al., 2001; Vieira et al., 2013; Deslauriers et al., 2007).
Valandiniai RSCH buvo apskaiciuoti pagal $ig, darbo autorés sudaryta,
formule:

Py — P,
RSCH=”—"1;
2m

€Y)
P» — tam tikros valandos kamieno apimtis.

Skai¢iuojant paros kamieno pasikeitimg (angl. daily approach),
skai¢iuojamas 24 valandy RSCH vidurkis (nuo 00.00 iki 23.00) (Tardif et
al., 2001; Deslauriers et al., 2007; Vieira et al., 2013).

Suminiai radialieji kamieny pasikeitimai mety intervale apskaiciuoti i$
kiekvieno pirminio valandinio dendrometro rodmens atimant pirmosios mety
paros pirmajj pirminj dendrometro rodmenj (pvz., 2014 metais tai bity
2014-01-01 00.00 val. rodmuo). Jeigu dendrometro matavimai pradéti ne
nuo mety pradzios, tuomet i§ pirminiy valandiniy rodmeny atimamas
pirmosios matavimy paros pirmasis pirminis dendrometro rodmuo. Suminiai
RSCH mety intervale buvo apskaiciuoti pagal §ig, darbo autorés sudaryta,
formule:

B, —P
Z RSCH,, = ”Z—:“d; 2

Pprad — pirmos mety paros pirmasis valandinis kamieno apimties rodmuo.
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Kamieno paros ciklui (angl. daily cycle (DC)) jvertinti buvo apskai¢iuoti
tam tikry periody vidutiniai kiekvienos paros tos pacios valandos kamieno
apimties arba radialieji poky¢iai (Tardif et al., 2001; Deslauriers et al., 2007;
Vieira et al.,, 2013). Kamieno paros cikly grafikuose pateikti suminiai
vidutiniai medzio kamieno valandiniai kitimai tam tikru paros laikotarpiu,
apskaiciuoti pagal §ia, darbo autorés sudaryta, formule:

RSCHPY = RSCHy, + RSCHy (n_1y ; (3)

RSCH,, — radialusis kamieno pokytis tam tikru periodu (t) tam tikrg
valanda (n).

Radialiyjy kamieno pokyc¢iy paros ciklai apskaiCiuoti SeSiems periodams:
rudens pabaigos—ziemos—pavasario pradzios ramybés periodas (periodas 1),
pavasario pabaigos—vasaros pradzios augimo periodas (periodas 2), vasaros
kamieno susitraukimo periodas (periodas 3), vasaros pabaigos—rudens
pradzios kamieno plétimosi periodas (periodas 4) ir atskirai vegetacijos
periodas (2, 3, 4 periody laikotarpis) bei ramybés biisenos pradzios periodas
(1 periodo pradzia).

Siekiant nustatyti auks$¢iau pateikty periody trukmes buvo apskaiéiuoti
suminiai radialieji kamieny pokyciai mety intervale. Remiantis kity autoriy
atliktais tyrimais (Turcotte et al., 2009), sudarytuose duomeny seky
grafikuose i$skirti suminiy RSCH pakitimo laikotarpiai, priklausantys nuo
kamieno plétimosi, susitraukimo ar ramybés biuisenos. Nustatytai laikotarpiy
trukmei jvertinti naudota Regime detection3.2 programa, kuri, priklausomai
nuo jvesties duomeny (pasirinkto trumpiausio intervalo ilgio (angl. Cut-off
Length) bei reikSmingumo lygmens), parodé, kad nustatyty laikotarpiy ribos
gali kisti 5 dieny intervale. AukStumaloje aiSkus prieSrudeninio kamieno
apimties susitraukimas nenustatytas.

Analizuojant ramybés biisenos pradzios perioda dél ypa¢ mazy kamieno
apim¢iy pokyc¢iy (~0 mm) duomenys neperskaiciuoti j radialiuosius kamieno
pokycius. Tiriant §] periodg analizuojami valandiniai kamieno apimties
kitimo duomenys. Darbe pateikti 2013 mety rugs€jo—lapkricio ménesiy
Rékyvos, Aukstumalos ir Keréplio aukstapelkése auganciy puSy kamieny
apimties pokyCiy duomenys. Siekiant patvirtinti gautus rezultatus, taip pat
buvo patikrinti 2015 m. bei 2016 m. aukstapelkése jdiegty dendrometry
duomenys.
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Vegetacijos periodo pradzia nustatoma nuo tos dienos kada kamieno
suminis paros radialusis pokytis pastoviai didéja (Deslauriers et al., 2007).
2014 ir 2015 mety duomenimis vegetacijos laikotarpis visose aukstapelkése
prasidéjo pirmg geguzés ménesio dekada.

Vertinant pariniy RSCH atskirais periodais priklausomybe nuo kintancio
gruntinio vandens lygio, vidutinés paros oro temperatiros bei krituliy kiekio,
buvo taikyta statistiné lyginamoji analizé. Duomenys buvo palyginti
naudojant Stjudento t, dispersinés analizés (ANOVA) statistinius kriterijus ir
tiesinés regresijos metoda, grupuojant RSCH | aukstos (>15 °C) bei Zemos
(nuo >7 °C iki 15 °C) temperatiiros, skirtingo krituliy kiekio (0 mm ir >0 iki
5 mm), auksto (iki —0,2 m), vidutinio (nuo -0,2 iki —0,3 m) ir zemo (zemiau
—0,3 m) gruntinio vandens gylio nuo durpés pavirSiaus grupes.

2.3 Hidrometeorologinis monitoringas

2.3.1 Lietuvos hidrometeorologijos tarnybos duomeny panaudojimas darbe

Ménesiniai duomenys apie oro temperatirg ir kritulius 1929-2014 metais
sukaupti Lietuvos hidrometeorologijos tarnybos (LHMT) duomeny bazése.
Ar¢iausiai tiriamyjy viety yra LHMT Varénos, Siauliy, Silutés ir Vilniaus
(Traky Vokés) meteorologijos stotys. Salia Cepkeliy yra Marcinkoniy
automatiné meteorologiné stotis, o Rékyvos durpyne yra Rékyvos
automatiné meteorologiné stotis.

Be temperatiros ir krituliy kiekio darbe naudota potenciali
evapotranspiracija (PET). Krituliy ir PET skirtumas (Di) beveik atitinka
efektyviuosius kritulius, kurie lemia vandens atsargas ir nuotékj iS
aukstapelkiy. Siekiant pratesti gruntinio vandens lygio matavimy serija
Cepkeliy aukstapelkéje potenciali evapotranspiracija buvo apskaiéiuota
pagal Thornthwaiteo lygtj (Thornthwaite, 1948):

10 T\®
PETi=16( ; ); 4)

Ti — vidutiné ménesio temperatiira,
| — Silumos indeksas pasirinktai teritorijai,
a — | funkcijos eksponenté:
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a = 0,000000675I% — 0,0000771% + 0,0179I + 0,49 (6)

Skirtumas (D) tarp krituliy (P) ir potencialios evapotranspiracijos (PET)
parodo vandens pertekliy arba deficita per analizuojama ménesj ir yra
apskaiciuojamas pagal formule (Vicente-Serrano et al., 2010):

Di = Pi - PETL (7)

Remiantis P-PET instrumentiniai gruntinio vandens lygio matavimy
duomenys Cepkeliy aukstapelkéje pratesti. RySiai tarp P-PET ir
instrumentiniy gruntinio vandens lygio matavimy serijy nustatyti atlikus
regresing analizg. Darbe analizuota keleriy mety P-PET suma geriausiai
koreliuoja su instrumentiniais vandens lygio matavimais skirtinguose
Cepkeliy aukstapelkés greziniuose. Modeliuojamo gruntinio vandens lygio
(MGWT) tiesiné priklausomybé isreiksta lygtimi ir pagal Sig lygtj pratgsta
gruntinio vandens lygio matavimy serija 1935-2002 mety laikotarpiui.

2.3.2  Hidrometeorologinis monitoringas Cepkeliy ir Rékyvos Slapyniy
kompleksuose

Pirmieji ilgalaikiai pelkiy gruntinio vandens lygio matavimai Lietuvoje
pradéti Cepkeliy raiste. Cia pelkés GWT monitoringas vykdomas nuo XX a.
paskutiniojo deSimtmecio, o nepertraukiami vandens lygio matavimai
pradéti 2002 metais. GWT Cepkeliuose 2002-2014 m. buvo matuojamas
rankiniu biidu karta per 10 dieny, balandzio—spalio ménesiais. Matavimy
tikslumas — 0,01 m. Rekonstruojant ilgalaikius GWT, darbe remtasi 2002—
2014 m. duomenimis.

Gruntinio vandens lygis greziniuose buvo matuotas pagal absoliutinj
aukstj. Vandens lygio perskai¢iavimui j gruntinio vandens gylj, nuliniu
aukscCiu laikomas pelkés pavirSius Salia grezinio. 2009 metais grezinio 4-A
nulinis aukstis buvo 133,1 BS. PavirSius nustatomas suspaudus akrotelmo
augalija.

Darbe naudoti penkiy Cepkeliy pelkés greziniy matavimo rezultatai
(2 lentelé). Analizuota Cepkeliy pelkés GWT matavimy profilj sudaro 4-G,
4-A, 5-A, 6-A, 3-A greziniai. Prie profilio yra kontrolinis gruntinis reperis
RP-2. Sio reperio altitudé yra 135,67 m, koordinatés: 54° 1' 1,47" N; 24° 25'
53,7" E. Grezinys 4-G yra apypelkio kopoje, arti kopos papédés. 4-A
grezinys jrengtas pelkés lage, kiti greziniai (5-A, 6-A, 3-A) jrengti
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aukstapelkés Slaite. Grezinys 5-A yra raiste, grezinys 6-A yra plynraistyje,
grezinys 3-A yra plynéje (4 pav.).

2 lentelé. Cepkeliy pelkés hidrologinio monitoringo greziniy rodikliai

Atstumas . GreZinio . .
ve . Durpiy ; GrezZinio
GreZinio nuo gylis nuo M .
. . . klodo medZiaga ir
koordinatés ir pelkés Horizontas storis grunto filtro
altitudé pakrascio pavirsiaus .
(m) konstrukcija
(m) (m)
PVC
4G \;aloo tlzlger:s
54° 01" 00" N, - Smélis - 4,50 ’ ;uol
24°25'53"E ’ mineralinio
136,21 m BS
grunto
pavirsiaus
4-A PVC
54°01'01" N, ) Istisai
24° 25'55"E 10,00 Durpe 150 0.72 perforuotas
133,29 m BS vamzdis
5-A PVC
54°01' 01" N, . Istisai
24° 25'56" E 75,00 Durpé 3.20 1,00 perforuotas
133,60 m BS vamzdis
6-A PVC
54°01'01" N I3tisai
! 1 Durpé 1 2
24°26'03"E 50,00 Hpe 510 0.9 perforuotas
133,69 m BS vamzdis
3-A PVC
54°01'01" N, . IStisai
24°26'14"E 340,00 Durpé 3,50 0.80 perforuotas
133,50 m BS vamzdis

Trumpalaikiams tyrimams (matavimy dendrometrais laikotarpiu),
nustatant kamieno apimties pokyciy priklausomybe nuo meteorologiniy
veiksniy, naudoti arCiausiai tyrimy viety esanciy meteorologiniy stociy
duomenys. 3.1.3. skyriuje nustatant RSCH priklausomybg¢ nuo klimatiniy
veiksniy, buvo jvertintas meteorologiniy stociy atstumas nuo tyrimy viety.
Ar¢iausiai tiriamyjy viety yra Cepkeliy ir Rékyvos meteorologinés stotys.
Siame skyriuje detalesnei analizei pasirinktos Rékyvos aukstapelkés pusys,
kadangi Sioje aukstapelkéje  automatiné meteorologiné stotis jrengta
ardiausiai tirlamy puSy, o tyrimy laikotarpis ilgesnis nei Cepkeliy
aukstapelkéje. Be to Cia tiriamuoju laikotarpiu veiké du dendrometrai.
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4 pav. Gruntinio vandens matavimy profilis SV Cepkeliy raisto dalyje: GWT
matavimy greziniai pelkéje (3-A, 4-A, 5-A, 6-4), GWT matavimy greZinys —
mineraliniame grunte — kontinentinéje kopoje (4-G),
kontrolinis reperis (RP-2)

Siekiant patikrinti pelkés GWT rekonstrukcijy kokybe, buvo panaudoti
Nemuno upés nuotékio duomenys ilga matavimy sekg turinCioje Smalininky
vandens matavimy stotyje (nuo 1812 mety).

2.3.3 Hidrologinis monitoringas parinktose aukstapelkése

Parinkus vietas tyrimams ir jrengus matavimo aiksteles, jose buvo jrengti
greziniai, j kuriuos jdiegti automatiniai GWT ir vandens temperattiros
matuokliai. Matuokliai jrengti Rékyvos, Auk$tumalos, Keréplio ir Cepkeliy
Slapyniy kompleksuose Salia pusy, kuriose jdiegti dendrometrai. Kartu su
jais buvo jdiegti ir atmosferinio slégio matuokliai. Idiegta jranga kas valanda
buvo matuojamas gruntinio vandens lygis, oro ir vandens temperatiira bei
atmosferos slégis. Nors GWT matuokliai jdiegti visose aukstapelkése, taciau
Cepkeliy aukstapelkés GWT duomenys, dél prietaiso gedimo, nefiksuoti.

Matavimams naudoti SOLINST gamybos automatiniai GWT matuokliai
»Levelogger Gold“. GWT kompensavimui naudoti automatiniai atmosferos
sléegio kompensatoriai ,,Barologger Gold“, kuriy tikslumas =+0,05 %.
Vandens temperatiiros matavimo tikslumas: +0,05 °C, matavimo ribos nuo —
20 °C iki 80 °C. Maksimalus jrasy skai¢ius: 40 000.
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3 lentelé. Aukstapelkiy hidrologinio monitoringo greziniy rodikliai

Greinio Grezinio
Qz.l ! . Horizontas medziaga ir filtro
koordinatés .
konstrukcija
Keréplis
PV
>4° 27 458" N, Durpé I3tisai perf cia vamzdis
24°33'154"E stisal perioruotas
Rékyva
55°51'54,52" N, Durpé Ietisai fPV(E[ 4
23°15'12.87" E Stisai perforuotas vamzdis
AukS$tumala
55° 23' 45,26" N, Durpé e fPVCi .
21°21'35,63" E Stisai perforuotas vamzdis
Cepkeliai
PV
54°1'15,6" N, Durpé c

24° 34 15,08 E Istisai perforuotas vamzdis

2.4 Medziy méginiy émimas ir datavimas

Medziy rieviy dendrochronologinio datavimo méginiai rinkti AukStumaloje,
Cepkeliuose, Keréplyje ir Rékyvoje. Méginiai surinkti, paruo$ti matavimams
bei sudarytos jy chronologijos bendradarbiaujant su partneriais i§ Sveicarijos
ir Svedijos. Lauko tyrimy metu, 2013 metais geguzés ir rugséjo ménesiais,
bei 2014 metais balandzio, rugséjo, spalio ménesiais paimti 344 pusy
méginiai. Kiekvienoje vietovéje sudarytos dvi medziy rieviy chronologinés
sekos — viena i$ medziy, kurie auga aukstapelkése, kita — i§ medziy auganciy
ant mineralinio grunto Salia aukStapelkés. ISsamesné informacija apie
medziy méginiy émima ir chronologijy sudaryma pateikta Edvardssono ir kt.
(2015a, b) straipsniuose. Keréplio aukstapelkéje paimti 63, Reékyvos — 52,
AukStumalos — 56 auganciy puSy meginiai. Atitinkamai, 22, 20 ir 15
meéginiy paimta i§ greta Siy aukStapelkiy mineraliniame grunte auganciy
pusy. Cepkeliuose sudarytos trys medziy rieviy chronologinés sekos — dvi
aukstapelkéje ir viena mineraliniame grunte. ISsamesné informacijg apie
kt. (2018) straipsnyje. Aukstapelkéje paimti 96 medziy méginiai: rytiniame
aukstapelkés pakrastyje (greta pazintinio tako) — 49 ir vakarinéje
aukstapelkés vandenskyrinéje dalyje (prie ESerinio eZzero) - 47.
Mineraliniame grunte buvo paimta 20 paprastosios pusies méginiy (2 pav.).
Meéginiai buvo imami Presslerio prieaugio graztu (angl. Increment Borer)
naudojant standarting technika (Fritts, 1976; Cook, Kairiukstis, 1990).
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Norint sumazinti metiniy rieviy praradimg, dél léto aukstapelkiy pusy
augimo, méginiai buvo imti apie 40 cm nuo durpés pavirSiaus, tuo tarpu
mineraliniame grunte auganciy puSy méginiai imti standartiniame, kriitinés,
aukstyje. Méginiai buvo i8dZiovinti ir Slifuojami tol, kol medziy metinés
rievés ir lgsteliy struktiira tapo aiskiai matoma (Stoffel, Corona, 2014). D¢l
kai kuriy meéginiy rieviy struktiiros problemy, analizei panaudota apie 60 %
aukstapelkiy puSy méginiy. Lyginant su kity autoriy atliktais pelkése
auganciy pusy tyrimais, Siame darbe pateiktame tyrime atmesty méginiy
skaiius yra panasSus — 40 % (Linderholm et al., 2002; Dauskane et al., 2011;
Moir, 2012). Medzio rieviy chronologija buvo sukurta remiantis 0,01 mm
tikslumo matavimais, naudojant standarting dendrochronologing jranga
(Lintab 5 matavimo stalas ir TSAPWin programiné jranga (Rinn, 2003)) ir
bendra kryzminio datavimo technika (Fritts, 1976). Cepkeliy ir Rékyvos
aukstapelkiy méginiams atskirai iSmatuota ankstyvoji ir vélyvoji rievé (EW,
LW). Kryzminis datavimas ir matavimo kokybé, taip pat chronologijy
patikimumas buvo jvertintas naudojant TSAPWin ir COFECHA
programines jrangas. ARSTAN (Cook, 1985) programa buvo panaudota
sukurti tiriamosios vietos chronologijg i§ patikimai kryzmiskai datuoty (angl.
crossdated) serijy. Norint sumazinti neklimatinius pokycius ir tendencijas,
susijusias su medzio amziaus ir geometrijos jtaka, rieviy chronologijos
duomenys buvo standartizuoti ir indeksuoti (Fritts, 1976; Cook, Kairiukstis,
1990). Buvo sudarytos trys chronologijos: Raw, STD, RES. Standartizacijos
procesui buvo naudojamos tokios funkcijos kaip ,,negative exponential
trend”, ,.spline”, ,variable span smoother”, aprasytos Cooko ir Peterso
(1981, 1997), Friedmano (1984). Standartizacija atlikta ARSTAN_41d
programa (Cook, Krusic, 2006). Chronologijy patikimumas ir dispersija
buvo nustatyti naudojant ,,expressed population signal*“ (EPS) (Wigley et al.,
1984) ir ,,running rbar* funkcijas (Cook, Kairiukstis, 1990). Patikimumo
riba, kai duomenys buvo laikomi patikimais, nustatyta kai EPS > 0,85
(Wigley et al., 1984).

2.5 Dendrochronologiniy duomeny naudojimas
hidrometeorologiniy sglygy nustatymui

Rysiy tarp medziy rieviy plo¢iy (RW) ir klimatiniy rodikliy nustatymui buvo
naudojama DendroClim2002 programa. DendroClim2002 — tai statistinis
jrankis skirtas klimato ir medZiy augimo santykiy analizei. Si programa
koreliacijos ir atsako funkcijy koeficienty reikSméms jvertinti naudoja
savirankg — atsitiktinius intervalus sudaromus i§ pateikty duomeny seky
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(angl. bootstrap). Analizei naudojama tiesiné koreliacija, principiniy
komponenciy sukimo (angl. Jacobean rotations for Eigen values) principas,
atskiry veréiy suskaidymas (angl. singular value decomposition) ir
pagrindiniy komponenéiy analizés regresija (angl. principle component
regression) (Biondi, Waikul, 2004). RySiams tarp vietos chronologijos ir
meteorologiniy rodikliy nustatyti darbe buvo pasirinkta kintanciy intervaly
funkcija (angl. evolutionary and moving intervals). Norint gauti didziausia
duomeny ecile pasirinktas maziausias galimas intervalo ilgis — 24 metai.
Rysiai tarp jvairiy aukstapelkiy puSy metiniy rieviy chronologijy (Raw, RES,
STD) ir meteorologiniy ménesiniy kintamyjy buvo ieSkomi isskiriant EW ir
LW. Vidutinés ménesio temperatiiros (Tvig), krituliy kiekio (P) ir skirtumy
tarp krituliy ir evapotranspiracijos (P-PET) sumos buvo apskaiciuotos 86
mety periodui, t. y. nuo 1929 iki 2014 mety. Tyrimams naudotos
maksimalios ir minimalios ménesio temperatiiros nuo 1947 iki 2014 m. (68
mety periodas, kada Varénos MS buvo matuojama minimali ir maksimali
oro temperatiira). Todél visos grafikuose pateiktos Tvis, P ir P-PET
koreliacijos reik§més prasideda nuo 1953 mety, o su maksimalia bei
minimalia temperatiira susijusios reik§més — nuo 1971 mety. Savirankos
koreliacija gauti rezultatai darbe pateikiami grafiskai. Darbe nepateikiamos
visos programa apskaiCiuotos reikSmés, kadangi iSrinkti tik ilgiausi
patikimas koreliacines reikSmes turintys mety intervalai. Labiausiai patikimi
koreliacijos rezultatai buvo gauti naudojant RES chronologijas. Todél
disertacijoje pateikti ir aptariami rezultatai daugiausiai grindziami RES
chronologijy analizémis.

Siekiant nustatyti geriausia GWT aukstapelkése indikatoriy ir atstatyti
GWT, buvo ieSkoma rySio tarp metiniy GWT ir vieneriy—deSimties mety
P-PET sumy. Siekiant pratesti GWT rekonstrukcijas buvo nustatyti rySiai
tarp GWT ir metiniy rieviy chronologijy. RySiams nustatyti darbe remtasi
Pearsono koreliacijos ir regresijos analizémis. Siekiant paaiskinti duomeny
seky vélavima viena kitos atzvilgiu (angl. lag effects), remtasi kryzminés
koreliacijos (angl. cross-corelation) testu. Netiesiniai rySiai tarp RW ir GWT
nustatyti netiesinés regresijos analize. Naudojant segmentuota regresing
analize¢ sukurtas tiesinés regresijos modelis. Sudaryto modelio patikimumui
jvertinti buvo naudoti kalibracijos (1986-2012) ir patikros (1935-1964)
laikotarpiai. Toliau darbe pagal atstatytg GWT aiSkinamasi, kodél P ir
P-PET tam tikrais metais turéjo didziausig jtaka metiniy rieviy formavimuisi.
Darbe analizuojami DendroClim2002 programa nustatyti periodai, kai P ir
P-PET turéjo jtakg RW ir $iy periody GWT kitimo tendencijos.
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3. TYRIMU REZULTATAI

3.1 Hidrometeorologiniy salygy jtaka pariniams ir sezoniniams
medziy kamieny radialiesiems pokyciams

Medziai per visa savo augimo laikg kiekvieny mety rievése kaupia
informacijag apie buvusias jy aplinkos salygas. Patikimai rekonstruoti
buvusias gamtinés aplinkos salygas galima tik iSsiaiSkinus rysj tarp
trumpalaikiy (pariniy ir sezoniniy) medzio kamieno radialiyjy pokyciy ir
hidrometeorologiniy salygy. Siame skyriuje aptariama radialiyjy kamieny
poky¢iy priklausomybé nuo temperatiiros ir gruntinio vandens lygio,
kamieny pokyCiy periodai, paros ciklai ir jy priklausomybé nuo
hidrometeorologiniy salygy.

3.1.1 Radialiyjy kamieny poky¢iy priklausomybé nuo temperatiiros ir gruntinio
vandens lygio

Metinis kamieno apimties kitimas vyksta dél medzio augimo, prasidedancio
pavasario pradzioje ir pasibaigiancio vélyva vasara, bei kamieno apimties
sumazéjimo ziemos ménesiais. Laipsniskas kamieno apimties didéjimas
pasireiSkia dél lasteliy plétimosi ir dalijimosi pavasario-vasaros sezonais,
atéjus ziemai dél nepakankamo vandens pasisavinimo ir $al¢io jtakos medzio
lastelés traukiasi ir kamieno apimtis mazé¢ja (King et al., 2013). Dendrometry
duomeny eilés rodo (5 pav.), kad intensyviausias suminiy teigiamy RSCH
did¢jimas vyksta nuo geguzés pradzios iki birzelio pabaigos, véliau augimo
tempai mazéja. 2014 metais liepos ménesj, 2015 metais rugpjucio ménesj
matomas kamieno susitraukimas, kurj galéjo lemti drégmés deficitas —
ekstremaliai nukrites GWT (6 pav.). Vegetacijos pradzioje gana aiSki
tiesioginé suminio teigiamo RSCH didéjimo priklausomybé nuo kylancios
oro temperatiiros, tuo tarpu GWT kitimas vegetacijos pradzioje priesingas —
zeméjant GWT didéja suminiai teigiami RSCH (5 ir 6 pav.).

Vegetacijos periodas 2014-2015 m. prasidéjo geguzés pradzioje,
vidutinei paros temperatirai pakilus vir§ 7 °C (5 pav.). PanaSu, kad
tiriamuoju laikotarpiu svarbiausia yra didesné nei 7 °C temperatiira, o jos
poky¢iai tiriamuoju periodu didelés jtakos RSCH neturéjo. Siuo laikotarpiu
stebima GWT kitimo jtaka RSCH (6 pav.). GWT krentant kamieno
skersmuo didéja, ir atvirk§ciai, taciau kai GWT nukrinta Zemiau kaip 20 cm
nuo durpés pavirsiaus, priklausomybé pasikei¢ia — GWT krentant kamieno
skersmuo mazéja, ir atvirksciai.
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Aukstumala

Cepkeliai Rékyva
5 pav. 2014-2015 mety suminiai RSCH ir vidutiné keturiy aukstapelkiy
paros temperatiira

Keréplis

Didele jtaka medziy RSCH gal¢jo turéti 2014 metais santykinai ilgai
trukusi Zema prie§ vegetacinio laikotarpio oro temperatiira. 2014 mety
pradzioje ilgai truke SalCiai galé¢jo lemti staigy (maziau nei per ménesj)
suminj neigiamy RSCH padidéjimg. Visose aukstapelkése suminis
neigiamas RSCH padidéjo iki 0,2 mm (5 pav.). Visy medziy kamieny
radialusis priecaugis 2014 metais buvo dvigubai ar net daugiau karty
mazesnis lyginant su 2015 metais. DidZiausias metinis prieaugis buvo
Keréplio aukstapelkés medziy (2014 m. ~0,4 mm, 2015 m. ~0,8 mm), toliau
seka Auks$tumala (2014 m. ~0,3 mm, 2015 m. ~0,8 mm), Cepkeliai (2014 m.
~0,1 mm, 2015 m. ~0,4 mm), Rékyva (2014 m. ~0,1 mm, 2015 m.
~0,2 mm).

Skirtingg aukStapelkése auganciy puSy pricaugj gali lemti skirtingos
augavieciy drékinimo salygos. Didziausig pricaugj Keréplio aukstapelkéje
gal¢jo formuoti iSskirtinai Zemas gruntinio vandens lygis. Keréplio
aukstapelkéje (2014-2016 mety duomenimis) gruntinio vandens lygis buvo
Zemiausias, lyginant su kitomis darbe tirtomis auksStapelkémis. Priklausomai
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nuo mety meteorologiniy salygy, gruntinio vandens lygis Keréplio
aukstapelkéje kinta ir vegetacijos periodo metu gali nukristi Zemiau nei
0,6 m nuo durpés pavirSiaus. Remiantis ankstesniais moksliniais darbais
(Eggelsmann, 1984; Ruseckas, Grigalitinas, 2008; Haapalehto et al., 2011)
nustatyta, kad aktyviy aukStapelkiy bendrijoms ir S$ias bendrijas
formuojantiems augalams optimalus gruntinio vandens lygis vegetacijos
sezonu turi sligsoti ne giliau kaip 30 cm gylyje.
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wD Cepkeliai Rékyva
6 pav. 2014-2015 mety suminiai RSCH ir GWD. Paveiksle pateiktas
vidutinis trijy aukstapelkiy (Aukstumalos, Keréplio ir Rékyvos) GWD.

Cepkeliy aukstapelkés GWT duomenys, dél prietaiso gedimo, nefiksuoti

Aukitumala Keréplis

Didelj Auks$tumalos aukstapelkés puSy metiniy rieviy pricaugj gali lemti
ankstesni durpiy kasybos darbai ir vandens nutekéjimas i§ aukStapelkés ]
durpiy kasybos laukus. Nors 2006-2014 metais Aukstumaloje buvo jrengtos
vandens sulaikymo priemonés (JaraSius, 2015), metiniy rieviy tyrimai
neparodo esminiy poky¢iy metiniy rieviy plociuose. Ankstesni AuksStumalos
pelkés tyrimai rodé, kad neabejotinose sausinimo jtakos zonose augusiy pusy
radialusis prieaugis nuo 1978 m. padidéjo daugiau nei 4 kartus ir sieké

1-2 mm per metus. Tuo tarpu iki durpiy kasybos darby pradzios metinis
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radialusis prieaugis nesieké 0,5 mm per metus (Pakalnis et al., 2008, 2009).
Siekiant jvertinti pakitusio gruntinio vandens lygio aukstapelkéje poveikj
metinéms medziy rievéms, reikia atsizvelgti ]| GWT jtakos puSy augimui
vélavimo galimybe. Kiti autoriai teigia, kad bendrijy kaitos intensyvuma
atkurtose pelkése lemia ir dél geografinés padéties susiformave specifiniai
oligotrofiniy pelkiy bruozai. Patvenktose pietinése Suomijos oligotrofinése
pelkése kiminy danga per desimt mety padidéjo 20-50 % (Haapalehto et al.,
2011). ISanalizavus 56-iy Didziosios Britanijos oligotrofiniy pelkiy
hidrologinio atkiirimo rezultatus nustatyta, kad atkurtos pelkés tipingg
augaline struktiira su budingais hidrocheminiais parametrais jgauna ne
anksciau kaip po devyniy mety (Bellamy et al., 2012). Latvijos pelkése
reik§mingi kiminy dangos pokyc¢iai pastebéti praéjus ketveriems metams po
tvenkimy (Priede, 2013). Ekstensyviai sausintose Kamany valstybinio
gamtinio rezervato pelkés dalyse vandens lygis pasieké aktyvioms
aukstapelkéms buidingas reikSmes praéjus ketveriems metams po tvenkimo
(Ruseckas, Grigaliinas, 2008). Tikétina, kad tvenkimy poveikis
Aukstumalos pelkéje yra ilgalaikis, todél reikalingi tolimesni stebéjimai.
Pastebimas kiminy ir kity aukStapelkiniy durpojy skverbimasis |
degradavusias Aukstumalos pelkés buveines leidzia tikétis, kad ilgainiui
bendrijy kaita vystysis oligotrofiniy pelkiy susidarymo kryptimi (Jarasius,
2015).

Cepkeliuose tirtos pudys auga natiiralioje pelkés dalyje, todél metinis
pusy prieaugis yra artimas vidutiniam pelkiy pusy prieaugiui (Moir et al.,
2010; Pakalnis et al., 2009; Smilijanic et al., 2014). Rékyvos aukstapelkés
pusy prieaugj, taip pat artimg vidutiniam pelkiy pusy prieaugiui, gali nulemti
del patvenkto Rékyvos ezero aukstas gruntinio vandens lygis.

3.1.2 Radialiyjy kamieny poky¢iy periodai

Hidrometeorologiniy salygy jtaka medziy RSCH priklauso nuo mety
laikotarpio, kada formuojasi atskiros metinés rievés dalys. Vykdant tyrima,
aukstapelkiy medziy suminiai RSCH suskirstyti j keturis periodus (7 pav.;
4 lentelé):
1 — rudens pabaigos—Ziemos—pavasario pradzios ramybés periodas, kai
RSCH svyruoja apie nulj;
2 — pavasario pabaigos—vasaros pradzios augimo periodas, kai suminis
teigiamas RSCH kiekvieng parg didéja iki vasaros maksimumo;
3 — vasaros teigiamy suminiy RSCH maz¢jimo periodas, kai per trumpa
laika vasaros pabaigoje fiksuojamas kamieno susitraukimas;
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4 — vasaros pabaigos-rudens pradzios teigiamy suminiy RSCH didéjimo
periodas.

I vy I

N~

II

2014.0827
2014.07.035 2015 -

20150925
2013.0727

2014.0729
20150820

03.03

7 pav. Suminiy RSCH periody schema sudaryta pagal Rékyvos, Keréplio,
Cepkeliy ir AukStumalos auksStapelkése 2014-2015 metais augusias pusis

4 lentelé. 2013-2015 m. aukstapelkiy medziy RSCH periodai

Periodas Rékyva Keréplis Cepkeliai Auks$tumala
2013-2014 m.
1 20131017" - 201310 17" - 201404 17° 20131017 —
2014 05 05 2014 05 05 —2014 05 07 2014 05 05
2014 0505 — 20140505~ 20140507 —
2 2014 07 01 2014 07 01 20140712 20140505~
3 2014 07 01 — 20140701 - 201407 12 —
2014 07 26 2014 07 29 2014 08 04
2014 07 26 — 20140729~ 201408 04 —
4 2014 08 30 2014 08 27 2014 08 27 ~20141020
2014-2015 m.
1 2014 08 30 — 20140827 - 20140827 - 20141020 -
2015 05 08 2015 05 05 2015 04 28 201504 28
201505 08 — 20150505~ 201504 28 —
2 201507 31 2015 07 30 201507 23 20150428 -
3 201507 31 — 20150730—- 201507 23 - B
2015 08 20 201508 20 201508 20
201508 20 — 20150820~ 201508 20 —
4 201509 24 201509 09 201509 26 ~20150921

“Nuo matavimy pradZios
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Lyginant su Turcotte‘o ir kt. (2009) Portugalijos vakaruose atliktais
tyrimais, Lietuvos aukStapelkése aplinkos veiksniy jtaka véluoja, skiriasi
periody trukmeés. AukS$tumalos aukStapelkéje 2014 ir 2015 metais pastebétas
labai nezymus vasaros kamieno susitraukimas (3 periodas). Vertinant
Aukstumalos RSCH darbe vegetacijos periodas neskirstomas j 2, 3, 4
periodus. Toks periody nevienodumas gali bati nulemtas maZzesnio
Aukstumalos pelkés atstumo nuo Baltijos jiiros ir dél to skirtingo nei kitose
aukstapelkése klimato: Siltesniy ziemy ir Saltesniy vegetacijos laikotarpiy bei
skirtingy skystyjy ir kietyjy krituliy kiekio (LHMT steb¢jimy duomenys).
Aukstumalos aukstapelké tik apie 15 km nutolusi nuo Baltijos jiros, tuo
tarpu Rékyvos ~140 km, Keréplio ~250 km, Cepkeliy ~270 km. Tai leisty
daryti prielaidg, kad 3 periodas — teigiamy RSCH sumazéjimas vegetacijos
laikotarpiu, randasi dél ekstremalaus aukstapelkiy GWT nukritimo (30 cm
zemiau pelkés pavirSiaus). 2014-2015 m. Aukstumalos GWT 3-0jo periodo
metu nebuvo nukrites zemiau nei 30 cm nuo durpés pavirSiaus (2015 mety
pavyzdys pateiktas 10 pav.).

3.1.3 Radialiyjy kamieny pokyc¢iy paros ciklai ir jy priklausomybé nuo
hidrometeorologiniy salygy

Per parg RSCH kinta. Matavimai rodo, kad visose aukstapelkése vegetacijos
metu nuo praeitos paros 22 val. iki sekanc¢ios paros 9 val. ryto medziy
kamienai pleciasi ir pasiekia RSCH paros maksimuma. Véliau prasideda
létas kamieno traukimasis, kuris vyksta mazdaug iki 22 val. Tai nustatyta
visose tirtose pelkése, iSskyrus Keréplio aukstapelke (8 ir 9 pav.).
DaZniausiai paros RSCH parodo medzio kamieno audiniy apriipinimg
vandeniu. Kiekvienas paros ciklo etapas labai priklauso ir nuo oro
temperatiiros. Kamienas pleciasi saulei kylant, kai daugiau vandens yra
paimama i$ dirvozemio nei prarandama dél transpiracijos (Kozlowski et al.,
1997; Kozlowski, Winget, 1964; Kpamep, Kosmosckuii, 1983). Kai
temperattira pakyla ir dél intensyvéjancios transpiracijos vandens absorbcija
per Saknis nespéja patenkinti vandens poreikio, kamieno vandens atsargos
mazgja, dél to medzio lgstelés traukiasi ir kamienas plonéja. Saulei
leidziantis transpiracija létéja, o kamienas dél jame kaupiamo vandens vél
pleciasi.
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Nors skirtingose aukstapelkése pusy RSCH paros ciklai yra panasis,
taciau, matyt, dél individualiy medziy savybiy (amziaus, Sakny sistemos, ir
kt.) ir jy aplinkos salygy, Siek tiek gali skirtis. Visose aukStapelkése ne
vegetacijos metu gruntinio vandens lygis kinta nuo 0,1 m iki 0,2 m nuo
durpés pavirSiaus, o vegetacijos laikotarpiu kiekvienoje aukstapelkéje
nukrinta skirtingai. Kaip pavyzdys 10 paveiksle pateikti 2015 mety gruntinio
vandens gylio duomenys. IS jy matyti, kad Keréplio aukstapelkéje GWT
vegetacijos metu nukrinta zemiausiai (daugiau nei iki 0,6 m), tuo tarpu
Rékyvoje ne Zemiau kaip iki 0,5 m, AuksStumaloje tik iki apie 0,3 m nuo
durpés pavirSiaus. Skirtingas gruntinio vandens gylis aukstapelkése gali biiti
susijes su skirtingy augavieciy salygomis. Keréplio aukStapelké pasizymi
tankiu brestanéiu P. sylvestris f. uliginosa ekologinés formos pusynu, todél
vegetacijos laikotarpiu ¢ia transpiracija intensyviausia ir gruntinio vandens
lygis nukrenta zemiausiai. Gruntinio vandens lygio matavimo greziniai
Rékyvoje jrengti kur kas maZesnio tankumo pusSyne, todél Cia transpirancija
mazesn¢ ir gruntinio vandens lygis vegetacijos metu yra aukStesnis nei
Keréplio aukstapelkéje. AuksStumaloje grezinio aplinkoje yra tik mazi
ploteliai skurdziy pugaiGiy, taigi transpiracija dar maZesné. Zemiausias
gruntinio vandens lygio kritimas Keréplio aukstapelkéje fiksuotas ir 2014
metais. Gal dél to Keréplio aukstapelkéje auganciy medziy paros ciklai
labiausiai i$siskiria i§ medziy auganciy kitose aukstapelkése. Matyt dél zemo
GWT, ¢ia medziy kamieny paros ciklai vegetacijos periodu panaSiausi ]
mineraliniame grunte augan¢iy pusy — panaséja j sinusoide (King et al.,
2013; Vieira et al., 2013). Tuo tarpu kitose aukStapelkése apie 18 valanda
pastebimas kiek maZesnis, antrasis kamieno i$siplétimo pikas. Siuo paros
laiku dendrometry temperatiros davikliai fiksavo temperatiiros padidéjima.
Dél Sios priezasties darbe buvo jvertinta temperatiriné paklaida (De Belder,
2015) ir nustatyta, kad temperatiiros pokyciai matavimo prietaisui jtakos
neturéjo.

RSCH paros ciklo amplitudé didziausia Keréplio ir Cepkeliy
aukstapelkése (8 ir 9 pav.). Taip gali buti dél to, kad Cia tirtos puSys yra
jaunesnés (1 lentelé) ir i§ kity tirty pusy issiskiria didesniu santykiniu tiriu
balaninés medienos, kuria cirkuliuoja vanduo (Gjerdrum, 2003).

Detaliau analizuojama RSCH priklausomybé nuo hidrometeorologiniy
veiksniy Rékyvos aukstapelkéje (11-13 pav.). Cia pusy kamieno plétimasis
vyko iki 10 valandos ryto, kol temperatira dar nepasickusi paros
maksimumo (duotuoju atveju nebuvo pakilusi vir§ 20 °C), o GWT per parg
nenukrenta daugiau kaip 4 mm (11 pav.). Tuo metu vandens absorbcija per

Saknis didesné nei transpiracija. Temperatiirai toliau kylant ir kartu krentant
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GWT absorbcija per Saknis nebespéja tenkinti transpiracijos poreikio ir
kamienas plongja, kol 15 val. pasiekiamas pirmasis kamieno paros ciklo
minimumas. Autorés nuomone, po 15 valandos intensyviai vykstant
garavimui visoje aukstapelkés medziy aplinkoje, ore susidaro papildomas
drégmés kiekis, kuris nulemia kamieno plétimasi iki 18-19 val. vakaro.
Saulei nusileidus transpiracija sumazéja (Kozlowski et al., 1997; Kozlowski,
Winget, 1964; Kpamep, Kosnosckwmii, 1983), tadiau vandens atsargos
akrotelme dar minimalios (11 pav.), todél toliau tesiasi kamieno plonéjimas.
Apie 23-24 valandg dél vandens gary kondensacijos pelkéje vandens
atsargos akrotelme papildomos, spartéja vandens absorbcija per Saknis ir
kamienas pleciasi, prasideda naujas paros ciklas. Rékyvos aukstapelkéje
vegetacijos periodo metu teigiamas radialusis kamieno pokytis per parg
vidutiniskai padidéja apie 0,001 mm. Tuo tarpu vidutinis 2014 ir 2015 mety
vegetacijos periodo paros RSCH Cepkeliy aukstapelkéje ~0,003 mm,
Aukstumaloje ir Keréplyje ~0,004 mm.
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11 pav. 2014 ir 2015 m. suminiy RSCH, GWT ir temperatiiros vegetacijos
periodo paros ciklai Rékyvos aukstapelkéje. Temperatiiros duomenys pagal
Rékyvos MS

12 paveiksle matyti, kad vegetacijos metu treCiajame periode visais
atvejais nustatytas kamieno skersmens sumazéjimas. Manoma, kad taip yra
dél to, jog Siuo laikotarpiu labai nukrenta pelkés GWT ir sumazéja drégmés
kiekis akrotelme.
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12 pav. Vegetacijos periodo RSCH paros cikly (I, III, IV periodai)
priklausomybé nuo vidutinio paros gruntinio vandens gylio (A), vidutinés
paros oro temperatiros (B) ir paros krituliy kiekio (C). 2014 ir 2015 m.

Rékyvos duomenys

12 paveikslo A dalyje parodyta RSCH paros cikly kaita priklausomai nuo
gruntinio vandens gylio. Cia 2 ir 3 periody metu kamieno skersmuo
didziausias, kai GWT nuo durpés pavirSiaus yra vidutiniame gylyje (0,2—
0,3m zemiau durpés pavirSiaus), tuo tarpu 4 periodo metu kamieno
skersmuo tuo didesnis, kuo Zzemesnis GWT. Matyt taip yra dél to, kad
4 periodo metu krituliy iSkrenta daugiau nei kitais dviem periodais ir kylantis
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GWT perteklinio vandens augavietése sukuria nepalankias salygas medzio
augimui.

Vertinant RSCH pagal temperatirg (12 paveikslas B) matome, kad
2 periodas yra palankiausias medzio kamieno plétimuisi, Cia teigiamas
RSCH per para padidéja iki 0,005 mm. Visais periodais teigiamo RSCH
did¢jimui palankiausia oro temperatiira nuo 14 °C iki 20 °C.

12 paveikslo C dalyje pavaizduota RSCH priklausomybé nuo krituliy
kiekio. RSCH paros ciklas matomas tik tuo atveju, kai krituliy ne daugiau
kaip 5 mm, nes daugéjant krituliy pasireiskia kamieno brinkimas,
»paslepiantis” RSCH paros ciklg. Didziausias kamieno skersmens
sumazgéjimas nustatytas tomis paromis, kai krituliy visai nebuvo.

2 periodo metu didZiausig jtaka RSCH daro krituliai (13 pav. A, C). Jie
sukuria palankias salygas medzio kamieno plétimuisi. GWT jtaka
aukstapelkés pusims — nevienareikSmé. Ji labai priklauso nuo temperatiiros.
Esant Zemesnei temperatirai (7-15 °C), palankesnés salygos kamieno
plétimuisi yra Zemas ir vidutinis (Zemiau 0,2 m nuo durpés pavirSiaus)
vandens lygis. D¢l Zemesnés temperatiiros ne taip intensyviai vykdoma
transpiracija ir todél kamienas sparciau pleciasi. Kai GWT kyla (aukS¢iau
0,2 m nuo durpés pavirSiaus), palankesné tampa aukStesné temperatiira —
daugiau kaip 15 °C (13 pav. B). Aukstas gruntinio vandens lygis kuria
nepalankias saglygas medzio augimui, o pakilusi temperatiira suaktyvindama
transpiracija reguliuoja vandens balansg ir sudaro palankesnes salygas
medziy augimui.

Isibégéjus vegetacijai ir prasidéjus 3 periodui palankiausios salygos
kamieno plétimuisi yra aukSta temperatira (>15 °C) ir krituliai. GWT
didelés jtakos medzio kamieno pasikeitimams netur¢jo. Daugeliu atvejy Sio
periodo metu kamieno skersmuo mazéja. Paromis, kuriy sglygos palankios
(auksta temperatira ir krituliai), kamieno skersmuo islieka nepakites. Taciau
Siuo vegetacijos laikotarpiu triksta duomeny norint iSsiaiSkinti Zemos
temperattros, GWT ir medziy kamieno skersmens pokyciy rysj.

4 periodo metu kamieno skersmuo labiausiai padidéja paromis su
krituliais, esant Zemam ir vidutiniam GWT (<0,2 m nuo durpés pavirSiaus) ir
daugiau nei 15 °C temperatirai. Paskutiniojo vegetacijos periodo metu,
prieSingai nei pirmojo, vyrauja labai Zemas GWT (<0,4 metry nuo durpés
pavirsiaus) ir auksta temperatiira. Siame periode yra Zemiausias GWT, ta¢iau
del sumazeéjusios nakties oro temperatiros didéja kondensato kiekis
akrotelme. Jis gali kompensuoti vandens trikuma dél Zemo gruntinio
vandens lygio. Kondensatas ir iSkrintantis net ir nedidelis krituliy kiekis
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patenkina pusy augimui reikalingg vandens poreikj, o dienomis, kadangi oro
temperattra dar gana auksta, susidaro palankios salygos pusy augimui.
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13 pav. 2014 ir 2015 m. vegetacijos periody RSCH paros cikly
priklausomybé nuo vidutinio paros gruntinio vandens gylio ir paros krituliy
kiekio (A), vidutinio paros gruntinio vandens gylio ir vidutinés paros oro
temperatiros (B), vidutinés paros oro temperatiros ir paros krituliy kiekio
(C) Rékyvos aukstapelkéje

Krituliai visy periody metu kuria palankias salygas medzio kamieno
plétimuisi. Kai krituliy néra, palankiausias medzio kamieno plétimuisi yra
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vidutinis GWT (0,2-0,3 m nuo durpés pavirSiaus). Didele krituliy jtaka
medzio kamieno kaitai nustaté ir kiti autoriai. Tai parodé ir trijy mety tyrimai
taigoje, matuojant balzaminio kénio (Abies balsamea (L.) Mill.) kasdieninius
radialiuosius pokyc¢ius (Deslauriers et al., 2003). Dendrometrais matuoty
jvairiy medziy rasiy kasdieniy radialiyjy kamieny pokyc¢iy panasumai
Etiopijoje ir Ekvadore taip pat priklausé nuo krituliy kaitos (Brauning et al.,
2009; Krepkowski et al., 2011). Kasdieniniai kedrinés pusies (Pinus
cembra L.) kamieny pokyc¢iai Alpiy ekotone taip pat teigiamai koreliavo su
santykinés oro drégmeés ir krituliy pokyciais (Gruber et al., 2009).

Statistiskai reik§mingi skirtumai (p < 0,005) tarp duomeny grupiy gauti
lyginant skirtingo krituliy kiekio RSCH grupes visais vegetacijos periodais
(2, 3 ir 4 periodai). Statistiskai reik§mingi skirtumai tarp RSCH duomeny
grupiy vegetacijos periodo metu taip pat nustatyti esant vidutiniam (nuo —0,2
iki —0,3 m), lyginant su auks$tu ir Zemu, gruntinio vandens gyliui nuo durpés
pavirsSiaus. Esant §iam gruntiniam vandens gyliui nustatyti didziausi teigiami
RSCH. ReikSmingi skirtumai tarp RSCH duomeny grupiy esant skirtingai
temperatiirai nustatyti tik 2-0jo periodo metu.

Atlikus regresing analize nustatytas teigiamas statistiSkai reikSmingas
(p < 0,005) krituliy poveikis paros RSCH, t. y. didesnis krituliy kiekis
statistiSkai reikSmingai prognozuoja didesn¢ kamieno apimtj. Vertinant
pariniy radialiyjy kamieno poky¢iy priklausomybe nuo temperatiiros,
nustatytas teigiamas statistiSkai reikSmingas (p < 0,005) temperatiiros
atsakas paros RSCH 2-ojo periodo metu, t. y. kylanti oro temperatiira
statistiSkai reikSmingai prognozuoja didesne kamieno apimtj.

3.1.4 Ramybés busenos giliosios fazés nustatymas

Panaudojus didelés raiskos dendrometrus tirtose pelkése pavyko nustatyti
ramybés biisenos giliosios fazés pradzig. Didziausig jtaka medzio ramybés
blisenos fazés pasikeitimui turi temperatira. Matyti, kad maZesnio
kontinentalumo sglygomis, ariau jiiros, §i biisena keliomis paromis véluoja.
Cia pateikti aukstapelkése augandiy pu$y kamieny apimties pokyéiy
duomenys, surinkti 2013 m. rugs¢jo—lapkri¢io ménesiais (14-17 pav.).
Tyrimams pasirinktas ramybés biisenos pradzios periodas leidzia pagilinti
supratima apie meteorologiniy salygy poveikj medzio fiziologijai ir augimui
bei kamieno apimties pasikeitimams. Autorés nuomone, $io laikotarpio
meteorologinés salygos didesneg jtaka turi ankstyvajam kity mety prieaugio
formavimuisi.
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14 pav. Pinus sylvestris kamieno apimties pokyciai ir vidutiné paros
temperatira AukStumalos, Keréplio ir Rékyvos aukstapelkése. 2013 m.
ramybés biisenos pradzios periodas

Visg 2013 mety rugs€jo—lapkriCio ménesiy laikotarpj vidutiné oro
temperatiira buvo teigiama. Zemiausia paros temperatira (T < 4 °C) fiksuota
nuo lapkricio 11 d. Nuo lapkric¢io 5 d., temperattrai nukritus zemiau 7 °C,
prasidéjo gilioji aukStapelkés puSy ramybés biisena (14 pav.), t.y. medzio
kamieno apimties svyravimy amplitudé sumazéjo. Taciau tuo laikotarpiu
Aukstumalos dendrometry duomenys nerodo aiSkios Sios fazés pradzios
(14 pav.). Po lapkri¢io 5 dienos vidutiné paros temperatiira AuksStumaloje
svyruoja apie 6 °C, tuo tarpu Rékyvos ir Keréplio aukstapelkése jau buvo
apie 4 °C. Toks ramybés sezono faziy nevienodumas gali biiti nulemtas
véluojancio (atsizvelgiant | kitas aukstapelkes) Saltesniy ory laikotarpio
(LHMT stebéjimy duomenys).

a)Temperatiira ("C) b)Debesuotumas (balais) ¢©) Kmuhm (mm)
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15 pav. Pinus sylvestris kamieno apimties pokyciai Rékyvos aukstapelkéje,
vidutiné paros temperatira (raudonai), krituliy kiekis (mélynai) ir
debesuotumas (geltonai). 2013 m. ramybés biisenos pradzios periodas
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Ramybés biisenos pradzios periodo metu didziausias kamieno apimties
sumaz¢jimas nustatytas tomis paromis, kai nebuvo krituliy (15 pav.). Tai tik
patvirtina anksciau iSsakyta mintj, kad kamieno apimties paros pokyciai
geriausiai parodo kamieno audiniy apriipinimg vandeniu.

Kamieno apimties kaitg taip pat lemia debesuotumas, tai, tikétina, susij¢
su kamieno audiniuose sulaikomu vandeniu (King et al., 2013). Kamieno
apimtis sumazéja esant mazam ir labai mazam debesuotumui (nuo 0 iki 7
baly) ir nesant krituliy. ISanalizavus duomenis matyti, kad teigiamas paros
kamieno pokytis buvo didelio debesuotumo (8—10 baly) dienomis, kai buvo
krituliy ir vidutiné paros temperatiira siecké >4 °C. Maksimaliis Sio
laikotarpio paros kamieno apimties pasikeitimai nustatyti vidutinei paros
temperatiirai virsijus 8 °C.

Ramybés biisenos pradzios periodui istirti buvo sudaryti ir iSanalizuoti
kamieno apimties poky¢iy paros ciklai (16, 17 pav.). Rugséjo—lapkric¢io
ménesiais tirtose pelkése maksimali matuoty pusy kamieno apimtis biidavo
stebima apie 9.00 val., véliau apimtis mazédavo, kol 16.00 val. pasiekdavo
minimuma, tuomet vél prasidédavo létas kamieno plétimasis, kuris tesdavosi
iki kitos paros 9.00 val. (16 pav.). Grafike matyti, kad paros temperattiros
kitimas yra prieSingas kamieno apimties paros ciklui. Tikétina, kad tai 1émé
Sil¢iausiu paros metu padidéjanti transpiracija. Kamieno plétimasis prasideda
saulei leidziantis ir baigiasi ateinantj ryta, tuo metu transpiracija sumazéja —
vandens yra jsisavinama daugiau nei prarandama dél transpiracijos. Panasiai
Siuos procesus aiskina ir kiti autoriai (Kozlowski, Winget, 1964; Herzog et
al.,1995; Kozlowski et al., 1997).

Atlikus dendrometry duomeny analiz¢ nustatyta, kad tiriamuoju
laikotarpiu dienomis su krituliais, esant aukStam debesuotumui (daugiau nei
7 balai) ir vidutinei paros temperatiirai <5 °C medzio kamieno kaitos per
parg amplitudé yra maziausia (17 pav). Tikétina, kad tokios salygos lemia
del pastovaus drékinimo beveik nekintancig kamieno drégme (iSbrinkima),
bei sulétéjusia transpiracija ir mazg vandens netekt] medzio lastelése.
Tokiomis meteorologinémis sglygomis pasiZyminciomis paromis medzio
kamieno apimtis per parg padidéjo daugiausiai (~0,0005 mm). Penkis kartus
mazesnis medzio kamieno apimties padidéjimas nustatytas paromis kai
debesuotumas mazesnis nei 7 balai, o temperattra ir krituliai yra tokie patys
kaip auk$¢iau minétu atveju (17 pav.). Tokiomis meteorologinémis
salygomis  transpiracija, tikétina, daug intensyvesné.  Kitomis
meteorologinémis salygomis buvo nustatytas medzio kamieno apimties
maze€jimas.
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= === Kamieno apimties pokytis

Temperatira
16 pav. 2013 m. Rékyvos, AukStumalos ir Keréplio aukstapelkiy pusy
ramybés biisenos pradzios periodo vidutinis kamieny apimties pokyciy paros
ciklas ir vidutinés oro temperatiros kaita

-T<5°C,P>0 mm, D>7 bal = = = T<5°C, P=0mm,D>7bal = - T<5°, P=0 mm, D<7 bal == -T>5°C, P>0 mm, D>7 bal
e==T1>5"C,P>0 mm, D<7 bal — T<5°C,P>0 mm, D<7 bal «..... T>5°C, P=0 mm, D>7 bal = =T>5°C, P=0 mm, D<7 bal
0,005
£
£ 0
)
%0,005
o
"
X
E 001
a
L]
2
§ -0,015
£
2
-0,02

-0,025
8 3 8 g B a

17 pav. Rékyvos aukstapelkéje auganciy pusy kamieno apimties pokyciy

g

18:00

paros ciklai esant skirtingoms klimatinéms sqlygoms. T — temperatira, P —
krituliy kiekis, D — debesuotumas. 2013 m. ramybés busenos pradzios
periodas

Didziausi neigiami kamieno apimties paros poky¢iai rugséjo—lapkri¢io
mén. laikotarpiu nustatyti kai debesuotumas buvo mazas, krituliy nebuvo, o
oro temperatira buvo >5 °C. Tokiomis meteorologinémis salygomis
pasizymin¢iomis paromis kamieno kaitos amplitudé yra didziausia (17 pav.),
o kamieno apimtis sumazéja apie 0,0025 mm. Tai, tikétina, lemia padidéjusi
transpiracija ir medzio kamieno dzitivimas giedromis dienomis bei naktj,
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atvésus orui sulétéjes vandens patekimas ] medzio lasteles (Tamkevicitité ir
kt., 2014).

3.2 Medziy kamieny radialieji poky¢iai skirtingomis drékinimo
salygomis

Keréplio slapyniy komplekse vidutinis metinis aukStapelkéje auganciy pusy
prieaugis 1866-2012 metais buvo 0,6 mm. Salia pelkés mineraliniame
grunte augan¢iy pusy — 1,1 mm. Koreliacija tarp Raw chronologijos
duomeny im¢iy yra neigiama, stipri r = —0,35 (p < 0,00001), taciau Stjudento
t testas neparodé medziy auganciy skirtinguose gruntuose prieaugio
duomeny seky panasumy tarp Raw chronologijos duomeny pory. Koreliacija
tarp Res chronologijos duomeny, lyginant su kity aukstapelkiy duomenimis
(18 pav.; 5 lentelé), buvo stipriausia (r = 0,34; p < 0,0001).
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Res RW pusy auganciy durpiniame grunte
18 pav. Keréplio aukstapelkéje ir mineraliniame grunte auganciy pusy Res
chronologijy rysio grafikas

Nuo 1952 iki 2000 mety didesnj metiniy rieviy prieaugj matome
aukstapelkéje nei mineraliniame grunte (19 pav.). Vidutinis aukstapelkés
pusy prieaugis per §j laikotarpj buvo ~1 mm, o mineraliniame grunte, greta
Keréplio aukstapelkés, ~0,75 mm. Mazdaug nuo treciojo XX a. deSimtmecio
mineraliniame grunte auganéiy puSy pricaugis labai sumazéja ir toks
i8silaiko beveik iki XXI a. pradzios. Tai gali buti susij¢ su krituliy, o tuo
paciu ir maisto medziagy, kiekio sumazéjimu $iuo laikotarpiu. Tuo tarpu
durpéje auganciy pusy prieaugis sparciai padidéja penktaji XX a. deSimtmet;j
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ir beveik nekinta iki paskutinio XX a. deSimtmecio (19 pav.). Tai gali buti
sietina su pelkés pasauséjimu durpyno eksploatacijos laikotarpiu. Jau
1950 m. Zemélapiuose vakarinéje Keréplio dalyje matomas drenazas
(Topografinis Zemélapis..., 1950). Paskutiniais deSimtmeciais situacija
keiCiasi — durpése auganCiy puSy prieaugis pradeda mazéti. Manoma, kad
aukstapelkés pusSy rieviy plocio sumazéjimas paskutiniais deSimtmeciais
gal¢jo biiti nulemtas didéjancio krituliy kiekio ir atsistaciusio natiiralaus
augavietés vandens rezimo.

Aukstumalos Slapyniy komplekse vidutinis metinis aukstapelkéje
auganCiy puSy pricaugis 1922-2012 metais buvo 0,8 mm. Tuo tarpu
mineraliniame grunte Salia aukStapelkés augancios pusys (1945-2012 m.)
vidutiniskai per metus suformuoja 2,4 mm plocio rievg. Koreliacija tarp
méginiy imty aukStapelkéje ir mineraliniame grunte stipri r = 0,65
(p<0,00001), taciau Stjudento t testas neparodé medziy auganéiy
skirtinguose gruntuose pricaugio duomeny seky panasumy tarp Raw
chronologijos duomeny pory. Koreliacija tarp Res chronologijos duomeny
silpna (r = 0,26; p < 0,05). Nustatyta, kad paskutinj trisdeSimtmetj tiek
aukstapelkéje, tiek mineraliniame grunte augantys medziai formuoja
siauresnes metines rieves: aukStapelkéje ~0,6 mm, mineraliniame grunte
~2 mm (19 pav.). Didesnj AuksStumalos pusy prieaugj, miisy tyrimy vietoje
(centriné neeksploatuojama pelkés dalis), 1942—-1980 m. galéjo lemti
augavietés nusausinimas XX a. pradzioje. Véliau po 1980 m., pagal GTC
Klimato ir vandens tyrimy laboratorijos matavimus, atsistaté beveik
natiiralus augavietés vandens rezimas. AukStumalos durpiy kasybos karjero
jtakos zonoje auganc¢iy medziy prieaugio kitimas minimas ir R. Pakalnio bei
kity autoriy (2007) studijoje.

Rékyvos Slapyniy komplekse vidutinis puSy rieviy metinis prieaugis
1863-2012 m. buvo 0,5 mm. Salia pelkés mineraliniame grunte auganéiy
pusy 1920-2012 metais — 1,8 mm. Koreliacija tarp Raw chronologijos
duomeny iméiy stipri r = 0,52 (p < 0,00001), taciau Stjudento t testas
neparod¢ medziy auganciy skirtinguose gruntuose priecaugio duomeny seky
panasumy tarp Raw chronologijos duomeny pory. Koreliacija tarp Res
chronologijos duomeny nepatikima (5 lentelé). Labiausiai Rékyvos pusy
metiniy rieviy plo€io kaitoje iSsiskiria 1863—1900 mety laikotarpis, kai
aukstapelkés puSys formavo tik apie 0,2 mm plo¢io rieves (19 pav.).
Neatmestina galimybé, kad tam jtakos turéjo nattiraliai aukstas pelkés
vandens lygis. Mazdaug XX a. pradzioje prasidéjo Rékyvos ezero vandens
lygio reguliavimo, apyezerio pelkés sausinimo darbai (Rékyvos ezero biiklés
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jvertinimas ir jo aplinkos optimizavimo plano parengimas, 2008), kurie
galéjo lemti metinio rieviy plocio didéjima po 1900-yjy.
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19 pav. Aukstapelkiy durpése ir Salia aukstapelkiy mineraliniame grunte
auganciy pusy metiniy rieviy plocio kaita. Grafikuose pateikti Raw
chronologijos duomenys (mm) kai medziy chronologiniy seky tais paciais
metais ne maziau nei desimt
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5 lentelé. Koreliacija tarp aukstapelkiy durpése ir Salia aukstapelkiy
mineraliniame grunte auganciy pusy RW

Lo Laikotarpis, Raw Res
Koreliuojamos poros

m. r P r P

Aukstumalos mineraliniame ir
durpiniame grunte auganciy pusy RW
Kereéplio mineraliniame ir durpiniame
grunte auganciy pusy RW

Rékyvos mineraliniame ir durpiniame
grunte auganciy pusy RW

Cepkeliy mineraliniame ir durpiniame
grunte auganciy pusy RW

Cepkeliy mineraliniame grunte ir prie
aukstapelkes lago auganciy pusy RW
Cepkeliy mineraliniame grunte ir prie
ESerinio ezero auganciy pusy RW
Cepkeliuose prie Eserinio eZero ir prie
aukstapelkeés lago auganciy pusy RW
Cepkeliy ir Aukstumalos durpiniame
grunte auganciy pusy RW

Cepkeliy ir Keréplio durpiniame
grunte auganciy pusy RW

Cepkeliy ir Rékyvos durpiniame
grunte augan¢iy pusy RW
Aukstumalos ir Keréplio durpiniame
grunte auganciy pusy RW
Aukstumalos ir Rékyvos durpiniame
grunte auganciy pusy RW

Reékyvos ir Keréplio durpiniame
grunte auganciy pusy RW

Cepkeliy ir Auktumalos
mineraliniame grunte auganciy pusy 1945-1999 0333 <001 0502  <00001
RW

Cepkeliy ir Keréplio mineraliniame
grunte auganéiy pusy RW
Cepkeliy ir Rékyvos mineraliniame
grunte augan¢iy pusy RW
Aukstumalos ir Keréplio
mineraliniame grunte auganciy pusy 19452012 0051 >006 0466  <00001
RW

Aukstumalos ir Rékyvos

mineraliniame grunte auganciy pusy 19452012 0727 <0 00001 05  <000001
RW

Rékyvos ir Keréplio mineraliniame
grunte augan¢iy pusy RW

1945-2012 0656 <0,00001 0261 0B
1866-2012 033 <0,00001 0342  <00001
1920-2012 0521 <000001 0200 >006
18811999 0049 >006 029 <0001
18811999 0020 >006 029% <0001
18811999 0032 >006 0227 0B
1869-2014 0518 <0,00001 0553  <000001
19222012 0127 >006 0068 >006
19222012 0608 <000001 054 <000001
19222012 0000 >006 0243 0B
19222012 0208 >006 0228 0B
19222012 0618 <0,00001 0327 <001

19222012 0144 >006 0361 <0001

1928-1999 0572 <000001 0659  <000001

1928-1999 0169 >006 0439 <0001

1928-2012 0060 >006 0611  <000001

“Skai¢iavimams naudojami duomenys kai medZiy chronologijy seky tais padiais
metais ne maziau nei deSimt
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Paskutinj trisdesimtmetj vél fiksuojamas metiniy rieviy plo¢io sumazéjimas
(~0,3 mm). Tai gali bati sietina su nereguliuojamo slenksc¢io jrengimu
dirbtinéje Rékyvos ezero iStakoje. Irengus §j slenkstj didelés pelkés dalies
vandens rezimas tapo panasus j natiraly (Rékyvos ezero buklés jvertinimas
ir jo aplinkos optimizavimo plano parengimas, 2008).

Cepkeliuose 1880-2014 m. prie aukstapelkés lago (vakariné pelkés dalis)
auganciy pusy vidutinis medziy prieaugis buvo 0,5 mm. Auganciy rytinéje
pelkés dalyje prie ESerinio ezero (vienoje aukSCiausiy pelkés viety) —
0,7 mm. Salia pelkés mineraliniame grunte augan¢ios pusys vidutinidkai per
metus uzaugino 1,5 mm plocio rieves. Tiek vakaringje, tiek rytinéje
aukstapelkes dalyse pusy augimo tendencijos panasios (20 pav.). Koreliacija
tarp meéginiy imty prie ESerinio ezero ir vakarinéje aukStapelkés dalyje yra
stipri, patikima (r = 0,55; p < 0,00001).
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Res RW pusy auganciy pie aukstapelkés lago
20 pav. Cepkeliy aukstapelkéje prie Eserinio eero ir prie aukstapelkés lago
auganciy pusy Res chronologijy rysSio grafikas

Mineralinio grunto medZziy metiniy rieviy su aukStapelkés durpése
augan¢iy medziy metinémis rievémis koreliacija nepatikima (Raw) arba
silpna (Res) (5 lentelé¢). Panasu, kad Cepkeliy aukstapelkéje durpiniame
grunte ir Salia auksStapelkés mineraliniame grunte auganciy medziy augimo
sglygos labai skiriasi. Lyginant Salia ESerinio eZero augancias puSis su
auganciomis vakarinéje aukstapelkés dalyje, galima iSskirti tris periodus, kai
prie ESerinio eZero augantys medziai formavo nejprastai siauras rieves (Cia
buvo daug ,.i8krentanciy” rieviy): 1899-1909 mety laikotarpis; 1917-1922
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mety laikotarpis; 1981-1991 mety laikotarpis. Tai galéjo nulemti vietinés
hidrologinés salygos. Pavyzdziui, paskutinysis periodas buvo lietingas ir
Siltas (krituliy kiekis ir temperatiira, pagal Varénos MS duomenis, aukstesni
uz normg) — tai galéjo nulemti aukstg ESerinio eZero ir jo apyeZzerio vandens
lygi. 1970-1990 m. laikotarpiu pelkés pavirSius buvo labai susliges
(Taminskas et al., 2018) — tai taip pat galéjo padaryti jtaka nejprastai siauram
metiniy rieviy plociui 1981-1991 m. Galbit dél to Eserinio ezero vanduo vis
labiau uzliedavo jo apyeZeryje augusias pusis. Ypa¢ nepalankiis periodai
medZziy augimui abiejose aukstapelkés dalyse buvo 1905-1912 m. ir 1929-
1939 m. Mazesniy rieviy formavimas matomas ir paskutinj deSimtmetj
(19 pav.).

Daugeliu atvejy didziausi patikimi koreliacijos koeficientai nustatyti tarp
Raw medziy metiniy rieviy chronologijy (5 lentel¢), taciau Stjudento t testas
neparodé medziy prieaugio duomeny seky panasumy tarp jokiy Raw
chronologijos duomeny pory. Vertinant Res chronologijy skirtingame grunte
auganCiy pusy metiniy rieviy plocio indeksus, aukSCiausias patikimas
koreliacijos koeficientas (r = 0,34; p < 0,00001), kaip ir buvo tikétasi,
nustatytas tarp Keréplio auksStapelkéje ir Salia aukstapelkés mineraliniame
grunte auganéiy pusy metiniy rieviy (5 lentelé; 18 pav.). Sioje aukstapelkéje
auganéiy puSy panaSumas ] mineraliniame dirvoZzemyje augancias pusis
pastebétas ir analizuojant dendrometry duomenis, t. y. vertinant parinius
kamieny apimties ciklus.

Tirtose aukstapelkése auganciy pusy rieviy plocio kovariacija, iSskyrus
auk$Ciau aptartus individualius atvejus, gana stipri (21 pav.). Ivertinus
Stjudento t testo medziy prieaugio duomeny seky panasumus skirtingose
aukstapelkése, nustatyti panasiis kamieny prieaugiy kitimai tarp visy
aukstapelkiy duomeny pory (97-65 % panasumas tarp empiriniy duomeny
vidurkiy). Tai parodo, kad pastaruosius 150 mety Siose aukStapelkése
augimo salygos, kurias, tikétina, labiausiai Iémé pelkiy hidrologinis rezimas,
galéjo buti panaSios. Pavyzdziui, santykinai sausos sglygos, uzregistruotos
nuo XX a. 7-ojo deSimtmecio antros pusés, gali paaiskinti stipry Sio
laikotarpio radialyjj medziy augimg visose tirtose aukStapelkése. Per §j
laikotarpj Estijos §lapyniy kompleksuose taip pat buvo nustatytas didesnis
metinis medziy prieaugis ir medziy iSplitimas durpynuose (Smiljani¢ et al.,
2014). 7-ame deSimtmetyje hidrologinés sglygos Baltijos $aliy auksStapelkése
interpretuojamos kaip sausos esant Zemiems GWT (Charman et al., 2004;
Smiljani¢ et al., 2014). Didziausi metiniy rieviy plocio poky¢iai, atspindintys
hidrologiniy salygy pasikeitima, nustatyti 1942—1980 metais AukStumaloje,
1952-2000 m. Keréplyje, bei 1900—1980 m. Rékyvoje (21 pav.).
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21 pav. Pusy metiniy rieviy plocio kaita Aukstumalos, Keréplio, Rékyvos ir
Cepkeliy aukstapelkése

Ivertinus koreliacijos koeficientus, rysj tarp duomeny pory (5 lentelé;
22 pav.) ir Stjudento t testo medziy pricaugio duomeny seky panasumus
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22 pav. Res chronologijy rysiy grafikai tarp skirtingy 1922-2012 mety
laikotarpiu aukStapelkése augusiy medziy rieviy duomeny seky (Cepkeliai-
Keréplis; Rekyva-Keréplis; Rékyva-Cepkeliai; Keréplis-Aukstumala;
Rékyva-Aukstumala; Cepkeliai-Aukstumala)
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skirtingose aukstapelkése 1922-2012 mety laikotarpiu, nustatyti panaSts
kamieny prieaugiy kitimai tarp $iy pory: Cepkeliy ir Keréplio (r = 0,54;
p <0,00001); Rékyvos ir Keréplio (r = 0,36; p < 0,001); Rékyvos ir
Cepkeliy (r = 0,24; p < 0,05). MaZesnis panagumas tarp duomeny seky (60—
70 % panasumas tarp empiriniy duomeny vidurkiy) ir (arba) mazesni
koreliacijos koefecientai nustatyti tarp $iy medziy prieaugio skirtingose
aukstapelkése duomeny pory: Aukstumalos ir Keréplio (r = 0,23; p < 0,05);
Aukstumalos ir Rékyvos (r = 0,33; p < 0,01). Statistiskai reikSmingo rysio
tarp Auks$tumalos ir Cepkeliy aukstapelkiy pusy metiniy rieviy chronologijy
nenustatyta (5 lentel¢). Kur kas aukstesni koreliacijos koeficientai nustatyti
tarp visy mineraliniame grunte auganciy pusy metiniy rieviy plo¢iy indeksy
(5 lentelé; 23 pav.).
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23 pav. Res chronologijy rysiy grafikai tarp skirtingy mineraliniame grunte
augusiy medziy rieviy duomeny seky (Cepkeliai-Keréplis; Rékyva-Keréplis;
Rékyva-Cepkeliai; Keréplis-Aukstumala; Rékyva-Aukstumala; Cepkeliai-
Aukstumala)
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Remiantis meteorologiniy stoCiy temperatiiry ir krituliy duomenimis, per
paskutinjji Simtmetj stebimas klimato pasikeitimas. Klimatas tampa vis
Siltesnis ir sausesnis, ypa¢ nuo 1950-yjy. Paskutiniais deSimtmeciais
Vilniaus MS stebima teigiamos temperatiiros tendencija. Tai labai gerai
koreliuoja su medyny isSplitimu Lietuvos aukstapelkése ir, ypatingai, su
intensyviu medyny jsigal¢jimu AukStumalos pelkéje nuo 1970 m.
(Edvardsson et al., 2015a). Dabartinis pusy jsigalé¢jimas aukstapelkése gali
dar labiau paspartinti pusy i$plitima, per aeracijos ir pagreitéjusio durpiy
skaidymo procesus nulemdamas padidintg evapotranspiracijg ir pageréjusias
maistmedziagiy salygas pelkése (Moir et al., 2010). Nors Silt¢jantis ir
saus¢jantis klimatas daro jtaka pusy paplitimui aukstapelkése, stiprus rySys
tarp aukstapelkiy ekosistemy pokyciy ir specifinés ontogenezés nulemia
silpna ry$j tarp medziy rieviy plocio ir meteorologiniy veiksniy konkreciais
metais. Skirtingomis savybémis pasizyminciose aukstapelkése augancios
pusys ] klimatinius pasikeitimus gali sureaguoti per skirtingg laiko tarpa.
Medziy prieaugis aukstapelkése priklauso nuo individualiy aukstapelkés
savybiy: specifinés vietovés morfogenezés, gruntinio vandens lygio, durpiy
sluoksnio storio bei jo infiltraciniy savybiy, medziy Sakny sistemos
i8sivystymo ir kity (Léaénelaid, 1988; Linderholm et al., 2002; Edvardsson et
al., 2016). Jei skirtingose Lietuvos vietose mineraliniuose gruntuose
esanCiose augavietése medziy prieaugio reikSmés reikSmingai koreliavo
tarpusavyje, tai pelkése reik8mingi rySiai tarp tyrimo viety fiksuoti ne visais
atvejais.

3.3 Meteorologiniy salygy itaka metiniam medziy prieaugiui

Tarp meteorologiniy sto¢iy, esaniy arti tirty aukStapelkiy, ilgiausia
steb¢jimy seka yra Varénos meteorologingje stotyje. Todél detalesniam
meteorologiniy salygy poveikio metiniam puSy prieaugiui nagrinéjimui
pasirinkta Cepkeliy aukstapelké. Remiantis 47 formulémis nustatyta, kad
mazdaug 69 % visy krituliy Cepkeliy aukstapelkéje prarandama dél
evapotranspiracijos. Didzioji dalis (~82 %) krituliy evapotranspiracijos metu
iSgaruoja vegetacijos laikotarpiu, kuris prasideda geguzés ménesj ir trunka
iki rugséjo pabaigos. Vidutiné metiné potenciali evapotranspiracija Cepkeliy
aukstapelkéje yra 469 mm.

Cepkeliuose buvo paimti 96-iy durpéje auganéiy medziy méginiai.
Pasalinus rieviy sekas, atsiradusias dél asinchroninio augimo, sinchronizuoti
50-ies medziy meéginiai (24 pav.). Pasalintas méginiy skaiCius (48 %) yra
panasus ] kity autoriy dendrochronologiniuose pelkése auganéiy pusy
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tyrimuose pasalintg méginiy skaiciy (Linderholm et al., 2002; Dauskane et
al., 2011; Moir, 2012). Daugiau kaip 5 medziy chronologijos buvo 162 mety
(nuo 1853 iki 2014 m.). Raw, STD, RES chronologijy EPS reik§més buvo
didesnés uz 0,85 kriting patikimumo riba. IS 50 datuoty medziy 26-iems
buvo iSmatuota EW ir LW.

3
=
f

4
o Raw (E
Tas | I\ 2 A L
Eu \ W R " e \\&
gu J S N /M\W\ 1 A A,
H P -
25 20
3o ; . STD =4 ) SToEW N
0 S A o ; AT AL A A Maf o A
Ll AR A s, B DA AR
g 10 = A7 T R v T ol ) { \
20 0
' RES

15 | s i , RES (EW)
e 1) st 1 Baad ool [ . Ak aaa
B Sk -"’"‘“«,-f*ﬁ‘."-"ﬁ._"“"‘**‘"’ﬂ 100 | TWT\' f“‘f"‘:f'flﬁﬁ"“'w—!‘“”;\
o5 || ' 0, R A o
%! 30}
Beo; o
E30! i
i !
0| }

. Raw (LW)

P

'3

il
| | |
' /"’ww’ '*‘ vl ‘\

j R

28 STD (LW)

2.0, i
%L‘; §. ! | ,.' il ‘["l ) A
T o e N AN e
e S L WA o ALA T P
= | [ RES LW
El..i, | I N Ill | 1
guy; YA ”‘““A"",x" \,v"ﬁ*tl i .}\r/y":‘\
0!

i I

30|
5 1
£ 204
g |
EW.

uoo 1880 1900 1920 1940 3.'.0 1980 2000 2020
24 pav. Raw, STD ir RES metinio prieaugio bei ankstyvosios (EW) ir
vélyvosios (LW) medienos rieviy plocio chronologijos

Lietuvoje atliktais tyrimais nustatyta, kad puSys teigiamai reaguoja j
vidutines ziemos ir pavasario temperatiiras (Karpavicius, Zeimaviéius, 2004;
Vitas, Erlickyté, 2008). Kuo Siltesnés ziemos ir pavasariai, tuo palankesnés
sglygos EW formavimuisi. Lenkijoje atlikti tyrimai taip pat parodé, kad
paprastoji pusis pasizyméjo dideliu jautrumu Ziemos ir pavasario
temperattiroms (Linderholm et al., 2003). Skandinavijoje atlikti paprastosios
pusies dendrochronologiniai tyrimai fiksuoja teigiamus medziy radialiojo
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pricaugio atsakus j praéjusio sezono rudens—ankstyvos ziemos temperatiiras
(Linderholm et al., 2003). Siame darbe pateikti tyrimy rezultatai rodo, kad ty
paciy mety sausio ménesio temperatira turi neigiamg jtaka aukstapelkes
pusy rieviy formavimuisi (LW), o praeity mety geguzés meénesio
temperatiira daro teigiamg jtaka rievés formavimuisi. Geguzes temperatiiros
teigiama jtaka labiausiai matoma EW (25-27 pav.). Vidutiné oro
temperatlira vegetacijos periodo metu (geguzé—rugséjis) daré teigiama jtaka
ir Latvijos pelkése augusioms pusims (Dauskane et al., 2011).
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25 pav. Patikimos koreliacijos reiksmés tarp Cepkeliy aukStapelkés pusy
metiniy rieviy RES chronologijos ir ty paciy ar praéjusiy mety aplinkos
kintamyjy: Tmax (raudona), Tmin (geltona), Tvia (purpuriné), P (mélyna) ir P-
PET (zZalia). Vienspalvis ir dryzuotas Zyméjimas atitinkamai reiskia teigiamqg
ir neigiamgq koreliacijg

Paprastosios pusies tyrimai atlikti Rusijoje, trijose Abakano regiono
vietose, santakoje tarp Jenisiejaus ir Abakano upiy, parodé, jog didZiausia
patikimg neigiamg jtakg metiniy pusy prieaugiui daro ty paciy mety liepos ir
rugpjucio ménesiy temperatiros (Shah et al., 2015). Stipri rugpjucio
temperatiros jtaka matoma ir Cepkeliy aukstapelkés pusy tyrimy
rezultatuose (25-27 pav.). 1970-1994 m. ankstyvojoje medienoje stebime
neigiamg rugpjucio temperatiiros jtaka, 2003-2014 metais vélyvojoje
medienoje fiksuojamas teigiamas rugpjicio temperatiry atsakas. Autorés
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26 pav. Patikimos koreliacijos reiksmés tarp Cepkeliy aukstapelkés pusy
RES EW RW ir ty paciy ar praéjusiy mety aplinkos kintamyjy. Tmax
(raudona), Tmin (geltona), Tvia (purpuriné), P (mélyna) ir P-PET (Zalia).
Vienspalvis ir dryZuotas Zyméjimas reiskia teigiamgq ir neigiamgq koreliacijg
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27 pav. Patikimos koreliacijos reikimés tarp Cepkeliy aukStapelkeés pusy
RES LW RW ir ty paciy ar praéjusiy mety aplinkos kintamyjy: Tmax
(raudona), Tmin (geltona), Tvia (purpuriné), P (mélyna) ir P-PET (Zalia).
Vienspalvis ir dryzuotas zZyméjimas reiskia teigiamgq ir neigiamq koreliacijq
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nuomone, skirtingg temperatiiros jtaka metiniy rieviy plociui galéjo lemti Siy
laikotarpiy krituliai. 1970-1994 m. laikotarpiu vidutinis rugpjicio ménesio
krituliy kiekis buvo beveik dvigubai maZesnis nei 2003-2014 m. Kity
ménesiy temperatiiros jtaka aukStapelkés puSy augimui tiriamuoju
laikotarpiu nebuvo reik§minga.

Cepkeliuose atlikti tyrimai parodé, kad aukstapelkés pusy metinéms
rievéms teigiama jtakg daro ty paciy mety balandZzio ir geguzés P ir P-PET.
Taip gali buti dél to, jog jau nuo pavasario vidurio GWT krenta ir pavirSine
Sakny sistema pasiZyminéios puSys, po ilgai trukusio auksto GWT
laikotarpio, jautriau reaguoja i GWT pokyCius. Tai ypal pasireiskia
besikeiciancio klimato sglygomis, kada ziemos metu nebesusidaro didelés
sniego atsargos. ISkrite pavasario krituliai pakelia GWT, kartu atne$dami
papildoma maisto medziagy kiekj. Geriausiai rezultatai matomi Res LW
(27 pav.). Iki 2002 m. didziausig poveikj metiniy rieviy susidarymui turi
balandzio ménesio P-PET, beveik deSimtmetj nuo 1967 iki 1976 mety
didelés jtakos medziy formavimuisi tur¢jo ir kovo ménuo, o Stai 2003—2014
mety laikotarpiu P-PET jtaka rievéms daroma nebe balandj, o ménesiu
véliau — geguze. Panasu, kad to priezastis gali biiti klimato kaita, kuri lemia
Siltesnes ziemas ir padidéjusj krituliy kiekj Saltuoju mety laikotarpiu. Jdomu,
kad 1967-1976 m. laikotarpis, kada medziy rieviy formavimuisi didesn¢
itaka turéjo ir kovo ménesio P-PET, pasizyméjo zemu GWT pelkéje, tuo
tarpu laikotarpis po 2003 mety pasizyméjo santykinai auk$tu GWT
(27 pav.). Kity autoriy tyrimais taip pat nustatyta, kad spygliuo¢iy augimas
teigiamai reaguoja j pavasario kritulius (Karpavi¢ius, Zeimavicius, 2004;
Bogino et al., 2009; Vaganov et al., 1999). Stipri geguzés ménesio krituliy
jtaka uzfiksuota ir Abakano regione atliktuose tyrimuose. Cia didZiausia
patikima jtaka metinéms rievéms pasireiskia geguzés ir birzelio ménesiais
(Shah et al., 2015).

Neigiamg jtakg medienos formavimui daro praeity mety birzelio ménesio
P ir P-PET skirtingose metiniy rieviy chronologijose (darbe pateikiami tik
RES) apimantis visg tyrimy laikotarpj. Prie§ dvejus metus buve vasaros
meénesiy P ir P-PET taip pat daro neigiamg jtakg rieviy formavimuisi. Prie$
trejus metus vasaros ménesiy P ir P-PET taip pat neigiamai veikia medienos
formavimasi, tik ¢ia rugpjucio P ir P-PET pakeicia rugs¢jo P ir P-PET. Taigi,
rievés formavimuisi vasaros ménesiy krituliai turéjo neigiama jtaka, kuri
paprastai pasireiSké ateinanciais metais ir atsiliepé medzio formavimuisi
sekancius trejus metus. Vertinant ty paciy mety krituliy jtakg valandiniams
RSCH, buvo nustatytas teigiamas krituliy poveikis medzio kamieno apimties
plétimuisi (detaliau zr. 3.1.3. Radialiyjy kamieny pokyciy paros ciklai ir jy
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priklausomybé nuo hidrometeorologiniy sqlygy). Tai tiesioginis krituliy
poveikis dél kamieno iSbrinkimo jam suSlapus. Vertinant ilgalaikj krituliy
poveikj medziy metinéms rievéms, reikéty atsizvelgti i tai, kad krituliai daro
itaka gruntinio vandens lygio kilimui ir taip netiesiogiai, per gruntinio
vandens lygj, auksto gruntinio vandens lygio augavietése kuria nepalankias
salygas medziy augimui. Krituliy jtaka, priklausomai nuo aukStapelkés
individualiy savybiy, gruntinio vandens lygiui gali pasireiksti po keliy ar net
keliolikos mety, o gruntinio vandens lygio jtaka medZzio metinei rievei taip
pat gali véluoti (detaliau zr. 3.4.2. Metiniy medziy rieviy priklausomybé nuo
gruntinio vandens lygio).

Isskirtinai, tiek teigiamai, tiek neigiamai, metiniy puSy prieaugi
skirtingais laikotarpiais 1émé trejy mety prie§ rugséjo ménesio, dviejy mety
prie§ spalio ménesio ir praeity mety gruodzio ménesio P ir P-PET (25—
27 pav.; 6 lentelé). Tokia skirtinga krituliy jtaka metinéms rievéms galéjo
buti dél pasikeitusio GWT tam tikrais mety periodais.

6 lentele. Laikotarpiai su skirtinga RW priklausomybe nuo P ir P-PET,
vidutinio metinio GWT tendencija ir jy patikimumas

Praéje metai ir

. Pir P-PET GWT Koreliacijos

Periodas (kainlgeinru;)-PET korelizzlcijos su  tendencija koefic_ientai ir

furéjo jtaka RW) RW Zenklas patikimumas
1955-1970 1, gruodis + ] Li%%%i
1989-2013 1, gruodis - + :;%%1011
1954-1960 2, spalis - + r;fgfg‘l‘?

1980-2000 2, spalis + ] pr: 0%70%% )

1955-1969 3, rugséjis + ] Li%%?l
1970-2003 3, rugséjis - + r;fz%?

DaZznai mokslininkai nesutaria del krituliy poveikio metinéms rievéms.
Skirtingose augavietése tos pacios riiSies medziai skirtingai (neigiamai arba
teigiamai) reaguoja j krituliy poveikji (Karpavidius, Zeimavi¢ius, 2004).
Frittsas 1976 metais savo darbe teigia, kad drégnose augavietése auganciy
pusy reakcija j kritulius, ypac j vasaros kritulius, yra neigiama (Fritts, 1976).
Taciau kity autoriy iSvados prieSingos — krituliy poveikis drégnose
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augavietése auganciy pusy radialiajam priecaugiui yra teigiamas, nors
paprastai yra statistiSkai nepatikimas (Linderholm, 2001). Tokj reiskinj
galima paaiSkinti hidrologiniy salygy augavietése skirtumu. Esant aukStam
GWT, papildomas krituliy kiekis stabdo aukstapelkése auganciy pusy
metiniy rieviy prieaugj. Tuo tarpu esant Zemesniam GWT, papildomas
krituliy kiekis veikia atvirkSciai. 6 lenteléje pateiktas laikotarpiy su skirtinga
P ir P-PET priklausomybe metinéms medziy rievéms GWT tendencija. P ir
P-PET, priklausomai nuo GWT mazgjimo ar didéjimo tendencijos,
atitinkamai teigiamai arba neigiamai paveikia metinés rievés formavimasi.
1980-2000 m., kai P ir P-PET jtaka metinei rievei buvo teigiama, neigiamas
GWT tendencijos patikimumas buvo didziausias i§ visy tirty periody
(p <0,00001). Sausas 1980-2000 mety laikotarpis minimas ir Kkituose
Saltiniuose (Taminskas et al., 2007).

3.4 Aukstapelkés gruntinio vandens lygio svyravimy
rekonstrukcija naudojant kelis metodus

Siekiant pratesti gruntinio vandens lygio svyravimy serijg, buvo taikoma
dviejy etapy modeliavimo procedira: i) GWT instrumentiniy matavimy
serijy pratgsimas 1935-2014 m. laikotarpiui, pagrijstas P-PET; (ii)) GWT
svyravimy rekonstrukcija 1870-2014 m. laikotarpiui, remiantis paprastosios
pusies RW serijomis. Tyrimo metu naudojant hidrologinius ir
dendrochronologinius tyrimy metodus buvo aiSkinamasi klimato ir vandens
rezimo kaita aukstapelkése bei jy aplinkoje, jvertinama hidrometeorologiniy
salygy itaka medziy augimui.

34.1 Gruntinio vandens lygio rekonstrukcija pagal krituliy kiekio ir potencialios
evapotranspiracijos skirtuma

Darbe siekta nustatyti, keleriy mety P-PET sumos geriausiai koreliuoja su
vandens lygiu skirtinguose Cepkeliy aukstapelkés greZiniuose (7 lentelé).
Didziausia patikima koreliacijos reik§me (r = 0,92; p < 0,00001) nustatyta
tarp vidutinio metinio GWT 4-A grezinyje, esancio netoli pelkés lago, ir
septyneriy mety P-PET sumos. GWT instrumentiniy matavimy ir septyneriy
mety P-PET sumy rySio grafikas pateiktas 28 paveiksle.

Modeliuojamo gruntinio vandens lygio (MGWT) tiesiné priklausomybé
iSreiksta lygtimi:
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7
MGWT = 0,00142(1) — PET) + 130,79 (8)

=1

Si lygtis buvo naudojama siekiant rekonstruoti gruntinio vandens lygio
svyravimy serijg prie pelkés lago (4-A grezinys) laikotarpiu kai matavimy in
situ nebuvo. Pagal $ig lygtj rekonstruotas 1935-2002 mety GWT laikotarpis.
Remiantis atliktomis rekonstrukcijomis, gruntinio vandens lygis svyravo nuo
133,3 m BS iki 132,1 m BS. Tai reiskia, kad drégnuoju laikotarpiu gruntinio
vandens lygis prie aukStapelkés lago buvo 20 cm auksciau durpés pavirSiaus,
t. y. 4-A grezinio aplinka buvo uztvindyta. Labai sausais metais gruntinio
vandens lygis 4-A grezinyje nukrisdavo 100 cm Zemiau durpés pavirsiaus.
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>+(P-PET), mm
28 pav. GWT instrumentiniy matavimy (4-A grezinys) ir septyneriy mety
P-PET sumy (Y7) Cepkeliy aukstapelkéje (2002-2014 m.) rysio grafikas

Tyrimai parodé, kad P-PET rySiai su GWT priklauso nuo vietos, kurioje
GWT buvo matuotas. Didziausias patikimas koreliacijos su metiniu GWT
koeficientas buvo nustatytas arCiausiai auksStapelkés lago esanéiame
grezinyje. Tai gali bati dél to, kad lago vandens iStekliai labiau atspindi
drégmés salygas visoje pelkéje, o kitose pelkés dalyse GWT daugiau
priklausomi nuo pelkés mikroreljefo.
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7 lentelé. Koreliacijos reikimés tarp GWT Cepkeliy aukstapelkés
greziniuose (4-G, 4-A, 5-A, 6-A, 3-A) ir P-PET metiniy sumy (2002—
2014 m.). Analizuotos P-PET sumos nuo vieneriy iki deSimties mety

2 3 4 5
> - pET) ;(P — PET) ;(P — PET) ;(P — PET) ;(P — PET)
4-A 0,14 0,25 0,56 0,78* 0,76*
4-G 0,12 0,19 0,51 0,72* 0,68
5-A 0,17 0,29 0,54 0,74* 0,63
6-A 0,22 0,32 0,53 0,70* 0,50
3-A 0,19 0,27 0,48 0,71* 0,58
6 7 8 9 10
;(P — PET) ;(P — PET) ;(F — PET) ;(P — PET) ;(P — PET)
4-A  0,73* 0,92%*** 0,90%** 0,87** 0,86**
4-G 061 0,82** 0,82** 0,76* 0,74*
5-A  0,69*% 0,88*** 0,83** 0,79* 0,78*
6-A 0,58 0,79* 0,76* 0,68* 0,60
3-A 0,64 0,84** 0,80** 0,75* 0,68
Patikimos koreliacijy reik§més pazymétos atitinkamai:
*(p<0.01);

4 (p <0.001);
*#% (p < 0.0001);
5% (n < 0.00001).

Maziausi koreliacijos koeficientai tarp vidutinio metinio GWT ir
septyneriy mety P-PET sumy buvo nustatyti toliausiai nuo pelkés pakrascio
Slaite esanCiame 6-A grezinyje. Einant toliau j pelke (3-A grezinys), mazéja
nuolydis ir vandens apykaitos greitis, matyt, dél to Sio grezinio GWT geriau
atspindi metinj P-PET kiekj. Cia koreliacijos koeficientas tarp auks¢iau
minéty kintamyjy vél padidéja. MaZesni koreliacijos koeficientai ir tarp
metinio GWT, iSmatuoto pelkés pakrastyje smélio kopoje esanCiame 4-G
grezinyje, ir P-PET (7 lentelée).

34.2 Metiniy medziy rieviy priklausomybé nuo gruntinio vandens lygio
Analizuojant rySius tarp modeliuvojamo gruntinio vandens lygio,
apskaiCiuoto pagal septyneriy mety P-PET sumas (MGWT), ir metiniy
medziy rieviy plo¢io (STD chronologijos indeksy) buvo gauta netiesiné

priklausomybé (29 pav.). Grafike matyti du intervalai, pagal kuriuos MGWT
kintamieji suskirstyti j esan¢ius zemiau uz 132,6 m BS (50 cm zemiau pelkés
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pavirsiaus) ir esancius aukS¢iau. Tai riba charakterizuojanti skirtingas
metiniy medziy rieviy plo¢io ir MGWT priklausomybes (30 pav.).

1,6
1,4 + ¢
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1,2 . $ ¢ % . *
T 9
x fé: * & &
s 98 S
0,8 S
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E 06 * s * et
5 O ¢ ¢
0,4
N y =-0,6466x2+ 171,48x - 11368
, R2=0,2353
0 T T T T T T ! '

132 132,2 1324 1326 1328 133 133,2 133,4 133,6

MGWT, m BS

29 pav. Cepkeliy aukstapelkéje auganciy pusy metiniy rieviy plocio (su

dviejy mety poslinkiu) ir vidutinio metinio MGWT (4-A grezinys) rysio
grafikas. 1935-2014 mety laikotarpis.

1,6 ——y,=-0,5868x+ 79,005
~_ R2 =0,3284
14 o ® ya=0,2178x- 27,817
’ RZ = 0,032
] 1,2 i
2
>
c 1
= .
» 0,8 S
0,6
0,4 T T T T T T T 1

132 132,2 132,4 132,6 132,8 133 133,2 133,4 1336
MGWT, m BS
30 pav. Tiesiné metiniy medziy rieviy plocio priklausomybé nuo vidutinio
metinio MGWT skirtinguose intervaluose pagal MGWT svyravimus. Juoda
spalva zZymi neigiamq RW priklausomybe, kai MGWT auksciau uz 132,6 m
BS (yn), pilka — teigiamq priklausomybe ekstremaliai sausais metais (yq)
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Neigiama tiesiné priklausomybé (30 pav.) nustatyta tarp metiniy medziy
rieviy plo¢io ir MGWT, kai gruntinio vandens lygis yra ne Zemiau kaip
50 cm gylyje nuo pelkés pavirSiaus, o gruntinio vandens lygiui nukritus
zemiau §io lygio, patikimos tiesinés priklausomybés néra.

Didziausias patikimas koreliacijos koeficientas (r = -0,604, p < 0,00001)
nustatytas tarp MGWT ir STD chronologijos indeksy su dviejy mety
poslinkiu, kai MGWT auksciau uz 132,6 m BS. Nustatytas uzdelstas GWT
kitimo poveikis metinéms medziy rievéms parodo, kad GWT jtaka metinéms
aukstapelkiy pusy rievéms gali pasireiksti po 2 mety (8 lentelé). 8 lenteléje
pateikti duomenys apskaiciuoti nejtraukiant 1965-1985 m. periodo, kai
MGWT nukrenta Zemiau 132,6 m BS.

8 lentelé. Koreliacijos koeficientai tarp MGWT
ir RW atsizvelgiant j mety poslinkj pagal RW

Mety poslinkis pagal RW r p
0 -0,227 > 0,05
-1 -0,417 <0,001
-2 -0,604 < 0,00001
-3 -0,573 < 0,00001
-4 -0,457 <0,001
-5 -0,318 <0,05

3.4.3 Gruntinio vandens lygio rekonstrukcija pagal metines medziy rieves

Stipri tiesiné priklausomybé buvo nustatyta tarp MGWT ir STD
chronologijos, i$skyrus labai sausg perioda (vandens lygis Zemiau 132,6 m
BS), kuris buvo nuo 1965 iki 1985 m. Naudojant segmentuotg regresing
analizg¢ sukurtas tiesinés regresijos modelis, o sudaryto modelio patikimumo
jvertinimui naudoti kalibracijos (1986-2012 m.) ir patikros (1935-1964 m.)
laikotarpiai (pagal Gordon, 1982). Kalibruojamo periodo laikotarpiu
nustatytas rySys tarp MGWT ir STD chronologijos indeksy (31 pav.).
Kalibruojamo periodo koreliacijos tarp MGWT ir STD chronologijos
indeksy koeficientas su dviejy mety poslinkiu yra r =-0,602, p < 0,001.
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31 pav. MGWT (4-4 grezinys) ir STD chronologijos indeksy Cepkeliy
aukstapelkéje (1986—2012 m.) rysio grafikas

Pagal nustatyta rySj sukurta tiesinés regresijos lygtis:
RWGWT; = —0,9564STD;,, + 133,91; 9

¢ia RWGWT; yra rekonstruotas GWT pagal RW (STD chronologija) tam
tikrais metais (t); STDw2 yra metiniy rieviy plo¢io STD indeksas po dvejy
mety (t+2).

Pagal Sig lygtj buvo rekonstruotas gruntinio vandens lygis 1935-1964
mety laikotarpiui ir atlikta Sio laikotarpio patikra. Patikros laikotarpio
koreliacijos koeficientas tarp modeliuojamo gruntinio vandens lygio,
apskaic¢iuoto pagal septyneriy mety P-PET sumas (MGWT), ir pagal medziy
metines rieves rekonstruoto gruntinio vandens lygio (RWGWT) 4-A
grezinyje 1935-1964 mety laikotarpiu yra 0,691 (p < 0,0001). Patikros
laikotarpio MGWT ir RWGWT rysio grafikas pateiktas 32 paveiksle.

Atlikus modelio patikra ir nustacius patikima koreliacijos koeficientg
patikros laikotarpiu, gruntinio vandens lygis, pagal sukurta tiesinés
regresijos lygti (RWGWT=-0,9564 STDw,+133,91), rekonstruotas 1870—
1935 mety laikotarpiui (33 pav.).
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32 pav. MGWT ir RWGWT (4-4 grezinys) Cepkeliy aukstapelkéje (1935—
1964 m.) rysio grafikas
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33 pav. Vidutinis metinis gruntinio vandens lygis Cepkeliy auksStapelkéje 4-A
grezinyje MGWT (pilka kreivé) ir pratesta gruntinio vandens lygio
rekonstrukcija RWGWT (punktyriné kreivé). Juoda kreive paveiksle

pavaizduotas RWGWT kalibruojamu laikotarpiu. Juoda tiesé zymi GWT
ribg, iki kurios tarp GWT ir RW nustatytas rysys

Rekonstruotas  Cepkeliy pelkés GWT 1935-2014 mety laikotarpiu
atitinka 1§ literatliros Saltiniy Zinomus sausus ir $lapius metus bei sausus ar
Slapius keliy mety laikotarpius. Zinoma, kad Cepkeliy rezervate 1974—
1977 m. laikotarpiu apie 3 m gylio Lygucio ezerélis, esantis prie Lynezerio

..........

75



ezeré¢lio esantys Zemapelkiy ,liezuviai“. Nuo 1978 m. prasidéjo ryskus
vandeningas laikotarpis, vél prisipildé Lygucio ezeras ir Zemiau esancios
zemapelkes, atsinaujino nuotékis i§ Zaliojo eZero (Balevicius ir kt., 1984).

Remiantis rekonstrukcijomis 1870-1873 m., 1879-1888 m., 1902-
1910 m., 1915-1919 m., 1926-1939 m., 1947-1950 m., 1957-1963 m.,
1983-1990 m. laikotarpiams ir laikotarpiui nuo 2005 m., nustatyti auksto
gruntinio vandens lygiai (>133,0 m BS, arba iki 0,1 m Zemiau durpés
pavir§iaus). Zemi gruntinio vandens lygiai (<132,8 m BS, arba Zemiau kaip
0,3 m nuo durpés pavirSiaus) nustatyti 1874—1878 m., 1889-1897 m., 1920—
1926 m., 1940-1946 m., 1952-1956 m. ir 1995-2003 m. Reikéty atkreipti
démesj | tai, kad remiantis aukStapelkéje auganciy pusy rieviy serijomis,
negalima nustatyti gruntinio vandens lygio, kai $is nukrenta Zemiau kaip
132,6 m BS, arba 0,5 m Zemiau durpés pavirSiaus. Norint ekstremaliai
sausais metais rekonstruoti GWT pagal RW svarbu naudoti papildoma
indikatoriy, kuris padéty nustatyti ekstremaliai sausus (kai GWT nukrenta
7emiau 50 cm nuo pelkés pavir§iaus) apie 10 mety trukusius periodus. Siais
laikotarpiais RW metodo naudojimas GWT rekonstrukcijai gali bati
netinkamas.

Norint patikrinti Cepkeliy aukstapelkés gruntinio vandens hidrologines
rekonstrukcijas, rekonstruotas aukstapelkés GWT buvo palygintas su
vidutiniais metiniais nuotékio duomenimis Smalininky vandens matavimo
stotyje (34 pav.).
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34 pav. Vidutinis metinis MGWT 4-4 grezinyje (pilka kreivé), pratesta GWT
rekonstrukcija pagal RWGWT (punktyriné kreivé) ir Nemuno nuotékis
(juoda kreivé)
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Rekonstruoti ilgalaikiai GWT Cepkeliy aukstapelkéje patikimai
koreliuoja su Nemuno upés nuotékiu (r = 0,39, p < 0,00001, 1870-2014 m.).
Rekonstruotas GWT pagal Cepkeliy aukstapelkés pusy metines rieves
atitinka bendra hidrologine biikle Nemuno baseine. Si darna rodo, kad
aukstapelkés pusy metinés rievés yra tinkamas indikatorius GWT nustatyti, o
i§skirtinai sausi ilgi laikotarpiai, kai priklausomybé tarp RW ir GWT
iSnyksta, gali buti traktuojami labiau kaip iSimtiniai atvejai.

3.5 Gruntinio vandens lygio jtaka metiniam puSy priecaugiui

Medziy augimas aukstapelkése labiausiai priklauso nuo gruntinio vandens
lygio svyravimy, kurie savo ruoztu labiausiai priklauso nuo krituliy ir
temperatiiros, lemiancios garavimo ir transpiracijos intensyvumg. Klimato
jtaka vandens lygiui gali pasireiksti ne i§ karto, o po keliy ar keliolikos mety
(Kilian et al., 1995; Linderholm et al., 2002; Edvardsson, Hansson, 2015).
Véluojantis klimato veiksniy pasireiSkimas GWT gali lemti véluojantj
hidrometeorologiniy veiksniy atsaka aukstapelkés medziy augimui
(Vaganov, Kachaev, 1992). Kaip rodo Sio darbo rezultatai, stipriausi rysiai
buvo nustatyti tarp metinio gruntinio vandens lygio, rekonstruoto pagal
septyneriy mety P-PET sumas, ir STD chronologijos. Rekonstruoto gruntinio
vandens lygio ir STD chronologijos indeksy tendencijos sinchronizuojasi,
kai STD chronologijos kreivé yra perstumta, atsizvelgiant | rekonstruota
gruntinj vandens lygj, dvejus metus atgal (35 pav.). Tai parodo uzdelsima
tarp krituliy ir vandens atsargy aukstapelkéje, kurie matomi aukstapelkiy
pusy metinése rievése. Panasy GWT jtakos pasireiSkimo vélavimag nustaté
Linderholmas ir kt. (2002), Edvardssonas ir kt. (2015b), Laanelaidas ir kt.
(2014) bei Edvardssonas ir Hanssonas (2015).

Vélavima gali lemti keleto procesy kombinacija su skirtinga medzio
reakcijos atsako trukme, pavyzdziui, laipsniSkas Sakny formavimosi
slopinimas ar irimas vandens prisotintoje aplinkoje, arba maistiniy medziagy
prieinamumas durpiniame grunte, labai priklausantis nuo mikroby aktyvumo
ar mikorizés gryby veiklos (Kozlowski, 1997; Pallardy, 2008), kuriy
kiekvienas priklauso nuo GWT svyravimy (Dimitrov et al., 2010).
Fiziologinis aukstapelkése auganéiy pusy prisitaikymas prie auksto gruntinio
vandens lygio ir maisto medziagy trikumo, pavyzdziui, angliavandeniy
saugojimo sistema, taip pat gali daryti jtaka létesnei reakcijai j aplinkos
poky¢ius (Kozlowski, 1997). Kity autoriy studijose nustatyta, kad dalj
maisto medziagy (daugiausiai azota) medziai kaupia tam tikruose
,sandéliuose, kad galéty panaudoti jas naujy audiniy statybai sekanciais
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metais (nustatyta, kad nuo 40 % iki 50 % azoto paimama i§ seny augalo
audiniy (Sleinys, 1973)), bet eksperimenty su aukstapelkiy pusSimis vis dar
truksta (Edvardson et al., 2014). Kaip maistmedziagiy pasiskirstymas ir
srautai veikia augalo-grunto sistemoje aplinkos streso salygomis, moksliniy
tyrimy reikalaujantis klausimas, kurj vis dar reikia spresti.

133,6 16
133,4 |
£ 1,4
@ 133,2
2 13 1,2 2
= ]
©
q 1328 - 1 B
= | a
% 132,6 038 ;
é 132,4
132,2 06
132 T 0,4
P o wn 2 o o n ° o o w o n o un ]
8 & & & &8 5§ &5 8 8 &8 &8 8 8 8
-4 - - - L] L] - - - - - - - ~ ~N ~
—MGWT ——STD indeksai
a5 per. Mov. Avg. (MGWT) 5 per. Mov. Avg. (STD indeksai)

35 pav. Vidutinis metinis MGWT (4-4 grezZinys) ir metiniy medZiy rieviy
plocio STD indeksai. RW kreivé paslinkta atgal per dvejus metus

Nustatyta, kad medziy augimui palankios aplinkos salygos susidaro
gruntinio vandens lygiui krentant iki tam tikros ribos, ir atvirksciai,
nepalankios sglygos susidaro grutinio vandens lygiui kylant (36 pav.). Kitaip
tariant, auksStapelkés puSy metiniy rieviy siauréjimo laikotarpiai atitinka
auksSto gruntinio vandens lygio laikotarpius (kai RW kreivé yra paslinkta per
dvejus metus atgal): 1935-1939 m., 1945-1950 m., 1958-1963 m., 1983—
1994 m. ir nuo 2004 m. PrieSingai, auksStapelkés puSy metiniy rieviy
platéjimo laikotarpiai atitinka Zemo gruntinio vandens lygio laikotarpius:
1939-1945 m., 1953-1956 m. ir 1995-2003 m. Per Siuos laikotarpius
salyginai sausos salygos nulémé spartesnj medziy augima. Vienintel¢ i§imtis
yra 1965-1985 m. laikotarpis, kai gruntinio vandens lygis nukrenta Zemiau
132,6 m BS. Siuo laikotarpiu aukstapelkés pusy metiniy rieviy platéjimas
nestebimas.

Netiesinis silpnas teigiamas rySys nustatytas tarp metiniy medziy rieviy ir
GWT 1965-1985 metais, kai GWT Cepkeliy pelkéje nukrisdavo Zemiau
132,6 m. 1978 metais GWT pradéjo kilti, taciau ilgai trukusio sauso periodo
itaka metinéms rievéms dar iSliko. Autorés nuomone, taip yra dél to, kad
esant ypa¢ Zzemam GWT medziy Saknys nebepasiekia vandens ir ima
formuoti siauresnes metines rieves. Kai GWT nukrenta, pradeda dzitti ir
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susliigti pavirSinis durpiy sluoksnis, kuriame aukstapelkiy medziai yra
isitvirting didZigja dalimi savo Sakny, o tai lemia sausros stresg (Braekke,
1983; Dang, Lieffers, 1989; Pepin et al., 2002). Taip pat darytina i$vada, kad
tokiais laikotarpiais RW labiau priklauso nuo kity medziy augima ribojanciy
aplinkos veiksniy. Taciau Siai hipotezei patvirtinti reikalingi detalesni
tyrimai.

Iprastai, kuo aukstesnis gruntinio vandens lygis, tuo siauresnés metinés
rievés. Vandens prisotintas durpinis gruntas sukuria nepalankias salygas
medziy augimui dél daugelio fiziniy, cheminiy ir biologiniy procesy
(Kozlowski, 1997). Aukstas gruntinio vandens lygis apriboja medziy Sakny
augimg, nukreipdamas jas link virSutinio aerobinio durpés sluoksnio ir
galiausiai sumazina Sakny vystymasi (Coutts, 1982; Kozlowski, 1997). Be to
jis apriboja medziams reikalinga maistiniy medziagy kiekj jau ir taip maisto
medziagy skurdzioje aplinkoje (Ohlson, 1995), o tai sutrikdo augalo augima.
Mazas deguonies kiekis dirvozemyje lemia deguonies truikumg virSutinése
augalo dalyse ir v¢liau slopina augalo augima (Boggie, 1977).

Metiniy rieviy formavimasi nulemia ne vien tik prie$ dvejus metus buves
konkre¢iy mety GWT, bet ir ankstesniy mety GWT, ypac jeigu panaSiis
GWT issilaiko ilgesnj laiko tarpa, o paskui labiau negu jprastai sumazéja
arba padidéja. Pavyzdziui, 35 paveiksle matyti, kad po ekstremaliai sauso
periodo (1965-1985) pakiles GWT neturéjo tokios didélés neigiamos jtakos
metiniy rieviy formavimuisi kaip GWT pakilimas po ilgai trukusio periodo
su vidutiniu gruntiniu vandens lygiu (po 1940-1960 m.). Per ilgai trukusius
Slapius arba sausus periodus medis i§ dalies fiziologiskai prisitaiko augti
esamomis salygomis, todél nauji vandens lygio pokyciai darys skirtingg
itaka medziy augimui.

Taigi, galima daryti prielaidg, kad augimg ribojantis gruntinio vandens
lygis skirstytinas j tris horizontus: virSutinj, vidurinj ir apatinj. GWT esant
virSutiniame horizonte, auksStapelkése auganCios pusSys kencCia nuo
hipoksijos, jy augimas sulétéja. Palankiausios augimo salygos kai GWT yra
viduriniame horizonte, mazdaug 10-50 cm gylyje nuo durpés pavirsiaus. Kai
GWT nukrenta ] apatinj horizonta, vél prasideda streso busena. GWT
nukritus | apatinj horizonta, esant palankioms meteorologinéms salygoms,
medziy Sakny sistema gali gauti tik krituliy ir kondensacinj vandenj. Autorés
nuomone, durpés porose susikaupiantis kondensacinis arba krituliy vanduo
(porinis vanduo) kartais gali kompensuoti gruntinio vandens stygiy.
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36 pav. Gruntinio vandens lygio ir medziy metiniy rieviy Cepkeliy aukstapelkéje rysio grafikas. Kairéje — RW priklausomybé nuo
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MGWT virs 132,6 m BS, o raudona spalva zymi laikotarpj, kai MGWT nukrenta zemiau 132,6 m BS (rysio tarp RW ir MGWT nebéra).
Desinéje — Cepkeliy aukstapelkés vidutinis metinis MGWT (4-A grezinys) ir aukstapelkés pusy STD RW (RW chronologija,
atsizvelgiant f MGWT, per dvejus metus paslinkta atgal). Apacioje — vidutinis metinis MGWT, pratesta GWT rekonstrukcija pagal RW

(RWGWT) ir Nemuno nuotékis
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Medziy augimo kaita aukStapelkése gali atspindéti visus praeities
gruntinio vandens lygio svyravimus tol, kol GWT bus pagrindinis faktorius
darantis jtakag medziy augimui. Autorés nuomone, esant labai sausiems
laikotarpiams, kai GWT nukrenta j apatinj horizonts, augimas tampa
priklausomas nuo kity augima lemianciy veiksniy, dél ko prarandamas
tiesinis rySys tarp RW ir GWT. Norint tai iSsiaiSkinti reikalingi papildomi
tyrimai. Detalesni tyrimai taip pat reikalingi aiSkinantis, kokios priezastys
lemia hidrometeorologiniy veiksniy atsako metinéms medziy rievéms
vélavimg. Dél auksStapelkiy ekosistemos hidrologinio funkcionavimo
vélavimo ir griztamyjy rysiy, ziniy apie tiksly klimato ir aplinkos salygy
poveikj radialiesiems kamieno pokycCiams vis dar triksta. AukStapelkiy
raidos  désningumai ir savitumas plaCiau atsiskleisty tesiant
dendrochronologinius  hidrologiniy  procesy tyrimus ir jvertinant
kompleksine klimato jtaka aukStapelkiy medziams. Pavyzdziui, pirminj
tiesiogini klimato poveikj augimui jungiant su daugiameciu integruotu
atsaku j nuo regioninio klimato priklausancius vandens lygio svyravimus.
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ISVADOS

Aukstapelkése pusy radialusis augimas prasidédavo vidutinei paros
temperattrai virSijus 7 °C. Temperatiirai nukritus zemiau 7 °C prasidédavo
ramybeés biisena. Radialy kamieno kitima vegetacijos laikotarpiu gruntinio
vandens lygis veiké labiau nei oro temperatiira. Didele jtaka medziy
pricaugiui daro ir prie§ vegetacinio laikotarpio meteorologinés salygos.
Esant zemai oro temperatiirai, aukStapelkiy puSy kamieno plétimuisi,
palankesnis yra zemas gruntinio vandens lygis. Esant aukstai temperattrai
palankesniu tampa aukstas gruntinio vandens lygis.

Aukstapelkése auganc¢iy puSy metiniy rieviy plo¢io kovariacija parodo, kad
pastaruosius 150 mety pusy augimo saglygos, iSskyrus individualius atvejus,
buvo panasios. Didziausias vidutis metiniy rieviy prieaugis 1922-2012 m.
fiksuotas Aukstumalos aukstapelkéje, toliau seka Keréplio, Cepkeliy ir
Rékyvos aukstapelkés. Skirtingg aukstapelkiy puSy prieaugj galéjo lemti
skirtingos augavieciy hidrologinés salygos.

Reik$§minga koreliacija nustatyta tarp visy tirty skirtingose Lietuvos vietose
Salia aukstapelkiy mineraliniame grunte auganciy pusy metiniy rieviy plociy.
ReikSmingi ryS$iai tarp skirtingose aukstapelkése auganciy pusy metiniy
rieviy plo¢iy fiksuoti ne visais atvejais. Skirtingomis savybémis
pasizyminciose aukstapelkése augancCios puSys ] hidrometeorologinius
pasikeitimus gali sureaguoti per skirtingg laiko tarpa.

Medziy prieaugis aukstapelkése labiausiai priklauso nuo gruntinio vandens
lygio. Nustatytas uzdelstas gruntinio vandens lygio poveikis pus$y metinéms
rievéms. Stipriausias rySys rastas tarp vidutinio metinio vandens lygio ir
septyneriy mety P-PET sumy, bei pagal P-PET rekonstruoto MGWT ir RW
(STD) su dvejy mety vélavimu.

Nustatyta gruntinio vandens lygio riba, iki kurios tarp gruntinio vandens
lygio ir RW yra tiesiné neigiama priklausomybé. GWT nukritus Zemiau Sios
ribos RW formavimasis gali labiau priklausyti nuo kity, augimag ribojanciy,
aplinkos veiksniy. Nepaisant Siy iSim¢iy, aukStapelkés pusy RW yra
tinkamas indikatorius GWT nustatyti. Remiantis Cepkeliy aukstapelkés pusy
RW chronologija, rekonstruota Sios aukstapelkés gruntinio vandens lygio
kaita atitinka Nemuno upés nuotékio kaitg. Atsizvelgiant j tai, kad
subfosilinés puSy liekanos dideliais kiekiais randamos durpése, naujai
sukurti rySiai gali buti naudojami nustatant gruntinio vandens lygio pokycius
Holoceno laikotarpiu.
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SUMMARY

The global climate change is a heavily debated topic worldwide. Supporters
of the climate change idea present seemingly undeniable facts evidencing
that the climate changes towards warmer conditions. Climate change-related
research covers a number of issues, including the clarification of causative
factors in climate change, its retrospective analysis, as well as prediction of
climate change and its impacts. These issues are addressed by
dendrochronological research as well, and for decades, annual growth rings
from trees have been one of our most commonly used and important climate
archives (Esper et al., 2007; Cook et al., 2015).

Past climate and hydrological conditions can be analyzed by assessing
tree growth rates (Fritts, 1976). Several studies have shown that pine trees
growing in peatlands represent an exclusive object for decadal to multi-
millennial (hydro)climatic reconstructions (Edvardsson et al., 2016a and
references therein). Peatland ecosystems are important carriers of
biodiversity and habitats for numerous plant and animal species, as well as a
significant player influencing the global carbon cycle (MacDonald et al.,
2006; Turetsky et al., 2015). Most often, peatlands act as major carbon sinks
(Gorham, 1991; Lafleur et al., 2001; Turunen et al., 2002; Sagerfors et al.,
2008; Salm et al., 2009), but can also be significant sources of CH4, CO and
NOx (Matthews and Fung, 1987; Saarnio et al., 2007; Turetsky et al., 2014),
especially in the case that hydrological conditions should be changing.
Spatiotemporal dynamics of carbon fluxes in raised bogs are closely linked
to the hydrological conditions in the peatland (Moore and Knowles, 1989;
Freeman et al., 1993; Salm et al., 2009; Gazovi¢ et al., 2010; Mitsch et al.,
2013). Hydrological shifts in peatlands can be measured as water-table (WT)
changes, but the scarcity of instrumental time series, often limited to a few
years, has so far hampered a precise knowledge of relationships between C
sequestration and WT fluctuations beyond the period covered by
instrumental records (Tamkeviciute et al., 2018). Proxy records for peatland
WT depth, which indirectly also generate information about C sequestration
in the peatlands, are therefore highly valuable to improve both moisture and
climate reconstructions.

Tree growth in raised bogs is mainly dependent on groundwater
fluctuations. Several studies have shown that radial tree growth of peatland
trees is limited by the moisture status in the water unsaturated zone, and
thereby drive the formation of tree-ring width (TRW) patterns that are

closely linked to WT fluctuations in peatlands (Boogie, 1972; Pukiené,
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2001; Leuschner et al., 2002; Edvardsson et al., 2016a). Further studies are
therefore needed to increase our understanding about the complex interaction
between hydrology and tree growth at peatlands, as well as to improve our
moisture reconstructions using tree-ring data from peatland trees.

Explaining the relationship between the annual ring of pine trees growing
in peatlands and hydrometeorological conditions, most of the data analyzed
in this work were collected during the Lithuanian and Swiss cooperation
project CLIMPEAT (Climate change in peatlands: Holocene record, recent
trends and related impacts on biodiversity and sequestered carbon). Project
agreement No CH-3-SMM-01/05. CLIMPEAT project leaders: professor
Markus Stoffel at the University of Bern, Institute for Geological Sciences,
professor Jonas Mazeika at the Nature Research Centre, and professor
Egidijus Rimkus at the Vilnius University. The CLIMPEAT project was an
international and interdisciplinary Swiss-Lithuanian research collaboration
aiming to explore the interconnections and interdependencies of peatlands
ecosystems with climate (change), anthropogenic activity and sequestered
carbon. In the CLIMPEAT project, the tree-rings of pines was selected as
one of the main climate proxies. In this investigation, Dr Johannes
Edvardsson (researcher of the Geology Department, Lund University) made
an especially great contribution to this project. He performed most to the
project part of dendrochronology research. In this work, among other data,
Dr Johannes Edvardsson's research results were used, which were published
in 2015 in “Science of the Total Environment” and “Plant and Soil” journals.

The aim of the study was to (1) investigate in what way radial growth of
bog pines is depending on changes of hydrometeorological conditions in the
raised bog, and (2) to reconstruct hydrometeorological conditions from
dendrochronological indicators.

Research tasks

To evaluate the impact of hydrometeorological conditions on daily and
seasonal radial stem changes in raised bog pine trees.

To evaluate the possibility of determining variations in moisture
conditions according to the ring width of pine trees growing in different
locations.

To evaluate the impact of meteorological conditions and groundwater
level on the annual pine tree stem radial increment.

To reconstruct changes in the raised bog groundwater level since the 19%"
century using a multi-indicator method.
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Relevance and applicability

The data obtained from this study will increase our understanding about the
relation between the pedosphere, atmosphere and anthropogenic impacts,
thus contributing to the preservation and rational management of peatbog
resources. To understand what impact groundwater level and climate
fluctuations have on peatbogs, we reconstructed groundwater changes,
formost from tree-ring series compiled from peatland trees. Thorough
knowledge of climate change and its impact on peatbogs and groundwater
level is indispensable for ensuring effective management and preservation of
these valuable ecosystems. By assessing the changes that have taken place
during the Holocene, it is possible to identify periods of peatland
colonization by trees, to develop interpretations of historical, climatic and
environmental changes in peatlands. Several studies have already identified
tree colonization at Lithuanian peatbog (Pukiené, 1997, 2001; Vitas, 2009;
Edvardsson et al., 2016b), but further studies from living trees are needed to
understand the cause and effects of these tree colonization events.

It is expected that results of this work will benefit researchers working in
the areas of environmental protection, biodiversity conservation, wetland
hydrology and climate change. On a national scale, this study is expected to
provide knowledge indispensable for the development of rational peatbog
exploitation strategy in Lithuania. This study is expected to significantly
contribute to the assessment of climate and water level changes, their impact
on the state of present-day peatbogs as well as peatbog evolution in the
future.

Scientific novelty and significance of the research

Over recent years, a great number of studies have addressed the history of
raised bogs and their deposits formation based on macrofossil and
dendrological data, vegetation (cartographic material) or interpretations of
aerophotographs (e.g. Frankl and Schmeidl, 2000; Pellerin and Lavoie, 2003;
Linderholm and Leine, 2004; Mauquoy and Yeloff, 2007; Gunnarson, 2008;
Eckstein et al., 2010; Edvardsson et al., 2014; Edvardsson et al., 2015a;
Stancikaité et al., 2017). Among the study methods employed, one of the
most popular is the dendrochronological method because subfossil pine
remains found in peat medium in great amounts provide reliable data
(annual) on ecological changes in the past (Leuschner et al.,, 2002;
Edvardsson et al., 2016a).
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Analysis of annual growth rings from trees enable accurate dating of tree-
ring formation (Fritts, 1976). The potential of this scientific method for the
reconstruction of hydrological conditions in peatlands is, however, still
underused. There has been a lot of debate about components of individual
peatlands and their interactions and connections, anthropogenic activities
and the reflection of climate change in peatlands (Simanauskiené et al.,
2008; Linkevic¢iené et al., 2008; Mazeika et al., 2009; Taminskas et al.,
2011; Zinkuté et al., 2015; Kazys et al., 2015; Edvardsson et al., 2015a, b) in
recent years in Lithuania. Until recently, studies of peatlands in Lithuania
have been episodic (BaleviCius et al., 1984; CrpaBunckene, 1981) and
mainly focused on the occurrence of individual peatbogs (Pakalnis, 1987;
Bumblauskis, 1983; Pukiené, 1997). The relation between groundwater level
and growth dynamics of peatbog pines has, however, not been clearly
addressed in many of the earlier studies. Moreover, the determination of
changes in the stem radius of raised bog pine trees have not been
investigated using dendrometers before this dissertation. The employment of
these measurement devices in this study provided new information on short-
term interactions between hydrometric parameters and tree changes.

The current study employs complex  hydrological and
dendrochronological research methods for the analysis of changes in climate
and in raised bog water regime, determination of interrelations between
meteorological conditions and tree growth, reconstruction of raised bog pine
growth in the industrial era. The tree-ring series compiled based on tree
studies are used for the reconstruction of groundwater levels. The
dendrometric method employed for the investigation of tree radial-growth
changes enables determining not only tree increment dynamics but also
changes in tree stem girth in general, the physiological state of trees in
certain periods of time, as well as its dependence on hydrometeorological
conditions and peculiarities of ring formation.

Approbation of research results

A total of 7 articles have been prepared on the topic of this thesis. One of
them has been submitted and three articles were published in an international
scientific journal with impact factor (Clarivate Analytics Web of Science
(WoS)) and the remaining three articles were published in scientific
publications included into national and international databases. Presentations
of thesis results were made at seven national and international scientific
conferences. In addition, eight conference theses were published.
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Structure of the dissertation

The dissertation contains the following chapters: Introduction; Literature
Review; Methods; Results and Discussion; Conclusions; References;
Appendices. The dissertation consists of 176 pages and includes 36 figures
and 8 tables. The dissertation is written in Lithuanian with a summary in
English.

METHODS

Selection of study sites

Four raised bogs were selected for this study based on data availability,
representativeness of the study site sample, state of tree colonization,
variation in bog damage degree, and evenness of their distribution
throughout Lithuania. The availability of meteorological and hydrological
data for the sites, i.e. records of previously conducted hydrometeorological
measurements therein, was also taken into account when choosing study
sites. To determine relationships between hydrometeorological indices and
tree growth, we conducted the hydrological-dendrochronological
monitoring. In September—October 2013, six automatic high-resolution band
dendrometers (DRL 26) were installed in natural parts of the raised bogs. At
the same time, wells with automatic water level and temperature gauges
were installed close to those trees.

The Rékyva wetland complex is located in Siauliai District Municipality,
140 km east of the Baltic Sea, at 132.5 m a. s. |. Peat- and vegetation-
forming processes therein take place in conditions of the transitional marine-
continental climate. The Rékyva raised wetland complex covering an area of
2608 ha has formed in the watershed of the Dubysa, Venta, Nevézis and
Misa River basins. The study site was chosen in the Aukstelké raised bog as
it has preserved its naturalness until these days. The mean peat thickness
therein is 4.8 m, but can locally be as much as 9.6 m.

The Keréplis wetland complex is located in Onuskis neighbourhood,
Trakai District Municipality. Peat- and vegetation-forming processes therein
take place in conditions of the continental climate. It is situated in the
watershed of the Merkys-Verkné Rivers, 250 km east of the Baltic Sea, at
142.5 m a. s. |. As the southern part of the bog was exploited in 1986-1992,
the study site was selected in its north-western part, which is almost a natural
raised bog. The wetland complex covers an area of 144 ha. The mean peat
thickness is 1.8 m, but can locally be as much as 5.4 m.
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Fig. 1. Location of study sites in Aukstumala (1), Rékyva (2), Cepkeliai (3)
and Keréplis (4) wetland complexes.

The Aukstumala wetland complex is situated in western Lithuania, Siluté
District Municipality, the Nemunas River Delta Regional Park, 15 km east of
the Baltic Sea, at 5.5 m a. s. I. Peat- and vegetation-forming processes
therein take place in conditions of the marine climate. The AukStumala bog
is greatly affected by peat mining and peat mining-related drainage works.
The study site was selected in the western part of the bog as it has remained
almost unchanged. The AuksStumala bog covers an area of 3018 ha. The
mean peat thickness is 2.74 m, but can locally be as much as 6.2 m.

The Cepkeliai wetland complex is situated in the southern part of the
country near the border of Lithuania with Belarus, about 270 km southeast of
the Baltic Sea, at approximately 130 m a. s. |. Peat- and vegetation-forming
processes therein take place in conditions of the continental climate. This
wetland complex is located in the watershed of the Katra, Ula and Griida
Rivers. The bog covers an area of 5858 ha. The mean peat thickness is 2.34
m, but can locally be as much as 6.5 m. The Cepkeliai marsh and nearby
areas were almost unaffected by reclamation. However, in the last decades of
the 20th century a rapid overgrowth of the marsh with trees was observed.
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Dendrochronological monitoring in situ

Six automatic DRL 26 type dendrometers (two devices in Rékyva and
Aukstumala bogs each, one dendrometer in Keréplis and Cepkeliai wetlands
each) were installed on approximately 100-year-old pine trees in natural
parts of raised bogs in September—October 2013. Measurements were carried
out until 2016. Variations in stem girth and air temperature were measured
every hour. When selecting trees for device installation, attention was paid to
crown defoliation, dechromation of pine needles and stem curvature, which
can cause eccentricity of annual rings and mask the climate signal in stem
growth dynamics.

So far, there is no unified methodology for assessing radial stem changes
(RSCH) in slow-growing trees. Hence, when analyzing and assessing data of
automatic dendrometers in this study, we followed several authors. Firstly,
the data obtained were reviewed and all atypical measurements were
excluded. If at the same study site there were several dendrometers installed,
their readings were compared. As dendrometers record changes in stem girth
and air temperature, to eliminate erroneous records, we also compared the
temperature data obtained from dendrometers. The data obtained from each
dendrometer were also compared with those of the nearest meteorological
stations. When eliminating atypical measurements, we followed studies
performed by Tardif et al. (2001), Deslauriers et al. (2007), Vieira et al.
(2013). There were 810 (~4%) rows of hourly data eliminated for the
Rékyva bog, 911 (~5%) for Aukstumala, 763 (~4%) for Keréplis, and 123
(~1%) for the Cepkeliai bog.

To determine a change in stem girth per given hour, we calculated the
difference between two successive data points (Deslauriers et al. 2007).
Radial stem changes data were calculated by dividing the stem
circumference by 2.

To determine the daily stem cycle, a 24-hour average was calculated
(Tardif et al., 2001; Deslauriers et al., 2007; Vieira et al., 2013).

The total intra-annual radial stem change was calculated by subtracting
the first initial dendrometer reading on the first day of the year from each
initial hourly dendrometer reading value.

For the assessment of the daily cycle of radial stem changes, we
calculated averages of stem changes recorded daily at the same hour during a
given period (Tardif et al., 2001; Deslauriers et al., 2007; Vieira et al., 2013).
The daily cycle of stem changes was calculated for six periods: the
dormance period covering the end of autumn, winter and the beginning of
spring (period 1); the growth period covering the end of spring and the
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beginning of summer (period 2); the summer period of stem contraction
(period 3); the period of stem expansion covering the end of summer and the
beginning of autumn (period 4); the vegetation period covering periods 2, 3,
4; and the period of the dormance beginning (the beginning of period 1). In
the AukStumala bog, the pre-autumn period of stem contraction was not
discerned. The vegetation period is considered to begin when the total daily
stem radial change starts increasing continuously (Deslauriers et al., 2007).
According to the data for 2014 and 2015, the vegetation period in all the
examined raised bogs began as of the first decade of May.
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Fig. 2. Scheme of total RSCH periods in pine trees growing in Rékyva,
Kereplis, Cepkeliai and Auk$tumala raised bogs in 2014-2015

In assessing RSCH dependence on groundwater level, temperature and
precipitation variables, a statistical analysis was applied (Student's t-test,
Analysis of Variance (ANOVA) and linear regression model). Daily RSCH
data was classified into high (>15 °C) and low (>7 to 15 °C) temperature,
different precipitation (0 mm and >0 to 5 mm), as well as high (up to -0.2
m), medium (from -0.2 to -0.3 m) and low (below -0.3 m) groundwater
depths (GWD) from peat surface.

Hydrometeorological monitoring

Monthly air temperature and precipitation data for 1929-2014 were
obtained from the archives of Lithuanian Hydrometeorogical Service
(LHMT). In case of our study, nearest to the study sites were LHMT
Meteorological Stations of Varéna, Siauliai, Siluté and Vilnius. In our long-
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term studies aimed at determining the dependence of groundwater level on
P, P-PET and that of annual tree-rings on meteorological factors, we used
data of those meteorogical stations that had the longest data row. Potential
evapotranspiration (PET) was calculated by the main Thornthwaites
equation (Thornthwaite, 1948).

In short-term investigations (using dendrometer data) aimed at
determining the dependence between RSCH and meteorological factors, we
used hourly data for the 2013-2016 period. They were obtained from
Rékyva and Marcinkonys meteorological stations. Identifying the deep
dormancy phase, data on precipitation and temperature were obtained from
Rékyva meteorology station, and data on cloud cover from Siauliai
meteorology station.

For the reconstruction of groundwater level (GWT) fluctuations, we used
the data of the measurements which were conducted manually in Cepkeliai
raised bog once in 10 days in April-October throughout the 2002-2014
period, with the accuracy of measurements being 0.01 m.

Cepkeliai wetland
complex

5-A
© Geodetic survey benchmark Water level
Sand ‘:] Peat layer well

@ Ground water level well

Fig. 3. Location of GWT measurement wells in the north-western part of the
Cepkeliai bog (3-A, 4-A, 5-A, 6-A), a GWT measurement well installed in
the mineral soil in the continental dune (4-G), and location of the geodetic

survey benchmark (RP-2)

In wells, GWT was measured according to the absolute height. When
converting groundwater level data into groundwater depth data, the bog
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surface near the well was assumed to be of zero height. The bog surface was
determined by compressing the acrotelm vegetation. In this study, we used
the findings of the measurements conducted in five water table wells in
Cepkeliai bog.

To determine the quality of the performed reconstruction of raised bog
GWT values, we used the data of the Smalininkai water measuring station,
which has a long Nemunas River discharge data row covering the period
since 1812.

In order to conduct short-term investigations using dendrometer data,
there were measuring stations set up in Rékyva, Aukstumala, Keréplis and
Cepkeliai wetland complexes. At these stations, next to the pine trees with
dendrometers measuring their girth development, there were wells equipped
with automatic GWT, temperature and atmospheric pressure gauges
(SOLINST Levelogger Gold, Barologger Gold) installed. GWT data from
the Cepkeliai raised bog were not recorded because of the failure of the
device. The installed equipment allowed carrying out hourly measurements
throughout the 2013-2016 period.

Tree sample collection and dating

Scots pine (Pinus sylvestris L.) trees were sampled at Auk$tumala,
Cepkeliai, Keréplis and Rékyva raised bogs for the development of tree-ring
chronologies. The sample collection, dating and chronology creation were
carried out in cooperation with partners from Switzerland and Sweden.
During the fieldwork in May, September of 2013 and in April, September,
October of 2014, 344 samples of pine trees were collected. Two tree-ring
chronologies were compiled for each locality — one developed from trees
growing on the raised bogs, and one from the trees growing on mineral soils
in the vicinity of the bogs. For more detailed information about the tree
sampling and development of tree-ring chronologies, see Edvardsson et al.
(20154, b). In total, 63 samples of pine trees were collected from Keréplis
bog, 52 from Rékyva bog, and 56 samples from AukStumala. Respectively,
22, 20, and 15 samples of pine trees growing in the mineral soil near these
bogs were collected. Three further chronological sequences of tree rings
were compiled for the Cepkeliai raised bog — two sequences from trees
growing in the raised bog and one sequence from trees growing at mineral
soil. For more detailed information about the tree sampling and development
of tree-ring chronologies see Tamkeviciute et al. (2018). A total of 96 tree
samples were collected from the raised bog: 49 from the eastern edge of the

bog (alongside the educational trail) and 47 from the western, watershed part
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of the bog (at Lake Eserinis). From the mineral soil, samples from 20 pine
trees were collected. The tree samples were taken with an increment corer
employing a standard technique (Fritts, 1976). For the development of tree-
ring chronologies (RW), we used tree-ring measurements accurate to 0.01
mm, standard dendrochronology equipment (measurement table Lintab 5 and
TSAPWin software (Rinn, 2003)) and the cross-dating technique (Fritts,
1976; Schweingruber, 1988; Cook and Kairiukstis, 1990).

Samples of earlywood (EW) and latewood (LW) from Cepkeliai and
Rékyva raised bogs were measured separately. Cross-dating and
measurement quality as well as chronology accuracy were assessed using
TSAPWin and COFECHA software. Thereafter, the ARSTAN (Cook, 1985)
program was used to construct the chronology of the study site from the
reliably cross-dated series.

To reduce non-climatic changes and trends related to the influence of tree
age and geometry, the RW data were standardized and indexed (Fritts, 1976;
Cook and Kairiukstis, 1990). Three chronologies were constructed: Raw
(average ring width data, mm), STD (standardized dimensionless tree-ring
indices), and RES (residual chronology corrected for autocorrelation). Such
functions as “negative exponential trend”, “spline”, “variable span
smoother” described by Cook and Peters (1981; 1997) and Friedman (1984)
were used in the process of standardization, which was performed using the
ARSTAN_41d program (Cook and Krusic, 2006). Reliability and dispersion
of tree-ring chronologies were determined using “expressed population
signal“ (EPS) (Wigley et al., 1984) and “running rbar* functions (Cook and
Kairiukstis, 1990). The safety margin, i.e. when data were considered to be
reliable, was determined for periods when EPS > 0.85 were reached (Wigley
etal., 1984).

The use of dendrochronological data for the indication of hydro-
meteorological conditions

To determine relationships between climate variables and tree-rings, we used
the program DendroClim2002 (Biondi and Waikul, 2004). We attempted to
detect potential relationships between RW chronologies (Raw, RES, STD,
distinguishing EW and LW) of pine trees growing in different raised bogs
and monthly meteorological variables. To determine temporal changes of
these relationships, we chose the function of 24-year long evolutionary and
moving intervals. The mean monthly temperature (Tvig), monthly
precipitation amount (P) and the difference between precipitation and

evapotranspiration were calculated for the 86-year long period from 1929 to
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2014. In the study, we also used the maximum and minimum monthly
temperature values of the 1947-2014 period. The results obtained employing
bootstrap correlation are presented in this paper graphically. However, not
all the values computed using this program were reported in this paper, just
the longest year intervals with statistically significant correlation values. The
most robust correlation results were obtained using the RES chronologies.
The results presented and discussed in this dissertation are therefore
primarily based on the analyses using RES chronologies.

To determine the best indicator of GWT in the raised bogs and to
reconstruct GWT, we attempted to determine the relationship between
annual GWT and the 1-10-year amount of P or P-PET sums. In order to
extend GWT reconstructions, we determined relationships between GWT
and annual ring chronologies. For that purpose, we used Pearson‘s
correlation and regression analyses. Lagged correlations between
hydrological, meteorological, and dendrochronological data were computed
to quantify potential lag effects. Nonlinearity between RW and GWT was
determined by nonlinear regression analysis. Segmented regression with a
breakpoint at the vertex of best fit second order polynomial curve was used
to establish the interval of GWT fluctuations in which linear regression
model could be applied. Separate calibration (1986-2012) and independent
verification (1935-1964) periods were used to validate the GWT
reconstruction models based on our RW series developed from peatland
pines. The Nemunas River runoff data were thereafter used to validate the
GWT reconstructions obtained for the Cepkeliai raised bog. Then, based on
the reconstructed groundwater level data, we tried to elucidate why in certain
years annual ring formation was most strongly impacted by P and P-PET
values. This study presents periods of significant correlation between P and
P-PET values and annual tree-rings, which were revealed using the
DendroClim2002 program, GWT trends during these periods and their
reliability.

RESULTS AND DISCUSSION

The impact of hydrometeorological conditions on daily and seasonal
radial stem changes

The sensitivity of trees to meteorological conditions depends not only on the
biological properties of the trees or on the stand's hydrological regime
determining the structure of the root system, but also on the period when
separate tree-ring parts are formed. Based on other authors' investigations

(Turcotte et al., 2009), the total RSCH occurring in the course of the year
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can be divided into separate periods depending on stem swelling, shrinking,
and dormancy (Fig. 2). Dendrometer data rows show that the total positive
RSCH increase occurs from the beginning of May to the end of July (period
2), and later the growth curve reaches the stationary level. Stem shrinking
(period 3) was observed in July of 2014 and in August of 2015, which could
be due to moisture deficit — extremely low GWT. In 2014 and 2015, a slight
summer stem shrinking was observed in the Aukstumala raised bog. Such
discrepancy in periods can be due to a lower degree of continentality and a
greater amount of precipitation in the AukStumala raised bog. AukStumala is
located merely 15 km away from the Baltic Sea, whereas the Rékyva raised
bog is ~140 km away from the sea, Keréplis raised bog ~250 km, and
Cepkeliai raised bog ~270 km away from the sea. This would allow making
a presumption that period 3 — RSCH decrease during the vegetation period —
occurs as a result of extreme fall of GWT in raised bogs (30 cm below peat
surface). In 20142015, Aukstumala's GWT during period 3 was not lower
than 30 cm below peat surface.

At the beginning of the vegetation period, we observed a rather clear
direct dependence of the total positive RSCH increase on increase in air
temperature, whereas the effect of GWT was opposite — with GWT
decreasing the total positive RSCH was increasing (Fig. 4). In 2014-2015,
the vegetation period started at the beginning of May when the average 24-
hour temperature was above 7 °C (Fig. 4). It seems that the main factor
during the investigation period was temperature above 7 °C, and its
alterations in the course of the period did not significantly affect RSCH. The
effect of GWT change on RSCH is illustrated in Fig. 4. With GWT falling,
stem diameter was increasing, and vice versa; however, when GWT dropped
lower than 20 cm below peat surface, dependence changed — the falling
GWT induced decrease in stem diameter, and vice versa.

The RSCH might be considerably affected by a rather cold winter of
2014 and low air temperature before the onset of the vegetation period
(period 1). Long-lasting colds at the beginning of 2014 could affect a sharp
(less than within a month) total increase of negative RSCH. In all raised
bogs, the total negative RSCH increased up to 0.2 mm. The radial stem
increment of all trees was twice or more times lower in 2014 compared to
2015. The greatest annual increment was recorded in pines of the Keréplis
raised bog (~0.4 mm in 2014, ~0.8 mm in 2015), followed by AukStumala
(~0.3 mm in 2014, ~0.8 mm in 2015), Cepkeliai (~0.1 mm in 2014, ~0.4 mm
in 2015), and Rékyva (~0.1 mm in 2014, ~0.2 mm in 2015).
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The investigation of the beginning of period 1 enabled identifying the
onset of the deep dormancy phase in the investigated bogs. Temperature had
the greatest impact on the change of tree dormancy phases. We can see that
dormancy delayed for several days in the areas of a lesser degree of
continentality, i.e. closer to the sea. During the investigation period, when
temperature fell below 7 °C in the raised bogs, the deep dormancy phase
started and fluctuations in stem girth change decreased. However, the
dendrometers data obtained in the AukStumala bog did not show a clear
beginning of the deep dormancy phase at that period. After November 5th,
the mean 24-hour temperature fluctuated around 6 °C in AukStumala,
whereas in Rékyva and Keréplis it was already about 4 °C. At the beginning
of the dormancy phase, the greatest stem girth decrease was recorded on the
days without precipitation. Stem girth changes also depended on cloud
cover, which was most probably related with the amount of water in stem
tissues. This was determined based on stem girth decrease under conditions
of a small amount of clouds and absence of precipitation. From our data
analysis, we can see that positive daily stem changes were recorded for days
when the mean daily temperature was >4 °C, with precipitation (P>0 mm),
and a great amount of clouds (8-10 points). The maximum daily stem girth
changes occurred when the mean 24-hour temperature exceeded 8 °C. The
period of the beginning of the dormancy phase allows improving our
understanding of the impact of meteorological conditions on tree physiology
and growth as well as on stem girth changes. A more detailed investigation
of this period can be found in Tamkeviciiité et al. (2014).

The investigation of the impact of hydrometeorological conditions on
daily RSCH revealed that during the vegetation period tree stems were
swelling until 9:00 a.m. when they reached the maximum in all bogs. Then
stems began shrinking slowly up to around 10:00 p.m. Such process was
observed in all bogs, except for Keréplis. Most often, the daily cycle of
RSCH shows stem tissue supply with water. The daily cycle of RSCH also
largely depends on air temperature. Tree stems are swelling at sunrise when
more water is taken from soil than lost through transpiration. When
temperature rises and water absorption through roots does not satisfy water
demand because of more intensive transpiration, stem water storage
decreases wherefore tree cells shrink and the stem gets narrower. With the
daylight fading, transpiration gets slower and the stem starts swelling again
due to water accumulating in it. The greatest daily RSCH amplitude was
observed in Keréplis and Cepkeliai raised bogs. This, in our opinion, could

be explained by the fact that the pines investigated in Keréplis and Cepkeliai
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were of younger age and therefore distinguished from other investigated
pines by a greater relative volume of sapwood, through which water
circulates.
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Fig. 5. RSCH daily cycles in periods I, I1, 111, and IV of 2013-2015 (a) and

in the vegetation period of 2014 and 2015 (b)

During the non-vegetation period, GWT fluctuated within 0.1-0.2 m
below peat surface in all studied bogs. In the vegetation period, each bog
experienced a different GWT fall. The greatest GWT reduction was recorded
in Keréplis (e.g. in 2015, the water table dropped lower than 0.6 m from peat
surface), whereas in Rékyva it dropped not more than 0.5 m, and in
Aukstumala merely about 0.3 m below peat surface. This is most probably
the reason why daily cycles of trees growing in Keréplis are different from
those observed in the other raised bogs. Most probably, low GWT is the
reason why daily cycles of stem growth in Keréplis during the vegetation
period are mostly similar to the daily cycles of pines growing in mineral
soils — become similar to a sinusoid (King et al., 2013; Vieira et al., 2013).
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In other bogs, a second (less significant) stem swelling peak was observed
around 6:00 p.m. At that time of the day, dendrometer temperature sensors
recorded temperature rise. For this reason, temperature error was taken into
consideration (De Belder, 2015) and it was found that temperature changes
did not have any effect on the measuring device. It is likely that additional
amount of moisture appears in the air after 3:00 p.m. due to intensive
evaporation in the entire bog tree environment. Such moisture induces stem
swelling up to 6:00-7:00 p.m. Most probably, temperature rise that
dendrometer temperature sensors recorded around 6:00 p.m. (1-2 °C jump
was recorded at 6:00 p.m.) was kind of a short-term hothouse effect caused
by water vapour condensation in the bog. This is however only a hypothesis
the proof whereof requires additional investigation.

A detailed analysis of RSCH dependence on climatic factors during
period 2 in the Rékyva raised bog demonstrated that RSCH was mostly
affected by precipitation (Fig. 6 (a, c)). Precipitation creates favourable
conditions for stem swelling. GWT impact on pines largely depends on
temperature. Under lower temperatures (7—15 °C), low and average (lower
than 0.2 m from peat surface) water levels were more favourable for stem
swelling. Low temperatures slowed down transpiration intensity wherefore
stem swelling accelerated. With GWT rising (higher than 0.2 m from peat
surface), higher temperatures (above 15 °C) became more favourable (Fig. 6
(b)). High groundwater level creates unfavourable conditions for tree
growth, and higher temperature activates transpiration and regulates water
balance and thus creates more favourable conditions for tree growth.

With the vegetation period reaching the turning point and with the
beginning of period 3, high temperatures (>15 °C) and precipitation became
the most favourable factors for stem swelling, whereas GWT did not have
any effect. This was most probably due to significant GWT variations during
the investigation period, which excluded GWT from factors limiting tree
growth during period 3. In most cases, stem diameter decreased in period 3.
In days with favourable conditions (high temperature and precipitation) stem
diameter remained unchanged. There is no sufficient data to establish
relationship between low temperature, GWT and RSCH during this
vegetation period.

During period 4, stem diameter mostly increased in days with
precipitation, low and average GWT (<0.2 m below peat surface) and
temperature exceeding 15 °C above zero. During period 4, otherwise than
during period 1, a very low GWT (<0.4 m below peat surface) and high

temperature prevailed. In period 4, GWT was the lowest, but low
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temperatures at night increased the amount of condensate in acrotelm. It
most presumably compensated water deficit caused by low GWT.
Condensate and even a small amount of precipitation satisfied water demand
necessary for pine growth, and in the days when air temperature was rather
high, favourable conditions for pine growth occurred.
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Fig. 6. Dependence of RSCH daily cycles on groundwater depth and
precipitation (a), groundwater depth and temperature (b), and temperature
and precipitation (¢) in the Rékyva raised bog during vegetation periods of

2014 and 2015
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During all periods, precipitation created favourable conditions for tree
stem swelling. In the absence of precipitation, the average GWT (0.2-0.3 m
below peat surface) was the most favourable factor for tree growth. The
RSCH daily cycle was visible only when precipitation did not exceed 5 mm,
because with precipitation exceeding this limit stem swelling prevailed,
which "hid" the RSCH daily cycle. The greatest stem shrinking was
observed on the days without precipitation.

Based on statistical analysis (Student's t-test, ANOVA), statistically
significant differences (p<0.005) were obtained by comparing RSCH
classified into different precipitation groups (0 mm and >0 to 5 mm)
throughout the vegetation period (periods 2, 3 and 4). Statistically significant
differences between RSCH data groups during the vegetation period were
also determined at average (from -0.2 to -0.3 m below peat surface),
compared to high (up to -0.2 m) and low (below -0.3 m) groundwater depths.
The highest positive RSCH was determined at this level (from -0.2 to -0.3
m) of groundwater depth. Significant differences between RSCH data groups
at different temperatures (>7 to 15 °C and >15 °C) were determined only
during period 2. A regression analysis showed a positive statistically
significant (p<0.005) precipitation effect on daily RSCH (i.e. a higher
amount of precipitation statistically significantly predicted increase in stem
girth). Evaluating the impact of air temperature on RSCH, a positive
statistically significant (p<0.005) temperature effect on the daily RSCH (i.e.
rising air temperature statistically significantly predicted increase in stem
girth) was determined during period 2.

Radial stem changes under different humidity conditions

From the AukStumala raised bog, a tree-ring width chronology covering the
period 1922-2012 has been developed (Edvardsson et al., 2015a, b). The
mean annual pine increment was 0.8 mm in the period of 1922-2012,
whereas the pines growing in the mineral soil near the raised bog formed 2.4
mm ring width on average in 1945-2012. Correlation between samples taken
in the raised bog and in the mineral soil was significant in the case of Raw
RW (r=0.65, p<0.00001) and insignificant in the case of Res RW (r=0.26,
p<0.05).

From the Keréplis raised bog, a tree-ring width chronology covering the
period 1866-2012 has been developed (Edvardsson et al., 2015a, b). The
mean annual pine increment was 0.6 mm, whereas the mean annual
increment of pines in the mineral soil near the raised bog was 1.1 mm (the

data of 1866-2012). Correlation between chronologies from bog and mineral
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soil was significant (Raw RW r=-0.35, p<0.00001; Res RW r=0.34,
p<0.0001).

The tree-rings from Rékyva raised bog pines (Edvardsson et al., 2015a, b)
show a mean annual increment of 0.5 mm (1863-2012), whereas pine
increment in the mineral soil near the raised bog was 1.8 mm per year on
average (1920-2012). Correlation between chronologies from bog and
mineral soil was significant (Raw RW r=0.52, p<0.00001) or insignificant
(Res RW).

From the Cepkeliai raised bog, a tree-ring width chronology covering the
period 1860-2014 has been developed (Tamkeviciute et al., 2018). The
mean annual increment of pines was 0.5 mm near the lagg (western part of
the bog) and 0.7 mm in the eastern part of the bog near Lake ESerinis (in the
watershed). However, for the pine trees growing in the mineral soil adjacent
to the bog, the average ring width was 1.5 mm (1881-1999), which shows
what great impact the moisture in the peat bog had on radial tree growth.
Pine growth trends in western and eastern parts of the bog were similar.
Correlation between samples taken near Lake ESerinis and in the western
part of the raised bog was significant (Raw RW r=0.52, p<0.00001; Res RW
r=0.55, p<0.00001). Correlation between trees growing in the mineral soil
and trees growing in the peat of the raised bog was insignificant.

Although significant correlation was established between the Raw
chronology data in the above cases; however, the Student's t-test did not
show trees increment data similarities between Raw chronology data pairs.
Evaluating Res chronology (when each series' autoregression was removed)
indices of pines growing in different soil, the highest significant correlation
(r=0.34; p<0.00001), as expected, was found among annual rings of pine
trees in the Keréplis raised bog and in the mineral soil near the bog.
Similarity between pine trees growing in this raised bog and in the mineral
soil was also noticed by analyzing dendrometer data, i.e. evaluating the daily
cycles.

The greatest annual ring width changes reflecting changes of hydrological
conditions were recorded in Aukstumala in 1942—1980, in Keréplis in 1952—
2000, and in Rékyva in 1900-1980. Changes in AukStumala and Keréplis
could be due to the drainage of bogs during peat exploitation, while in
Rékyva due to lake water level regulation, drainage of bog area round the
lake, and installation of an unregulated threshold.

Quite strong covariance was found between ring width of pines growing
in the raised bogs, except for the individual cases discussed above.
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Fig. 7. Annual ring width change in raised bog pines under different

humidity conditions. The Figure presents Raw chronology data (mm) with

no less than 10 tree chronological sequences in the same year

Comparing tree-ring data of different raised bogs, similar changes in stem
increment were found among all raised bogs' TRW data pairs (65-97%
confidence interval on the similarity between the means). It shows that in the
past 150 years the growing conditions in the studied raised bogs could have
been similar, which apparently was mainly due to the hydrological regime of
the bogs. Based on the correlation coefficients and similarity of the raised
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bogs' TRW data sequence during the period of 1922-2012, similar changes
of tree increment were determined between the following bog pairs:
Cepkeliai and Keréplis (r=0.54, p<0.00001); Rékyva and Keréplis (r=0.36,
p<0.001); Rékyva and Cepkeliai (r=0.24; p<0.05). Lower similarity between
the data sequence (65-70% confidence interval on the similarity between the
means) and/or lower correlation coefficients were determined between the
following raised bogs' TRW data pairs: Aukstumala and Keréplis (r=0.23;
p<0.05); AukStumala and Rékyva (r=0,33; p<0,01). There was no significant
correlation between the TRW chronology of Aukstumala and Cepkeliai.
Higher correlation coefficients were obtained between ring width indices of
all pines growing in mineral soils (Res chronological data), which indicates
that climate influences tree growth at mineral soils in a similar manner
across almost tentire Lithuania.

A strong correlation between raised bog ecosystem changes and specific
ontogenesis determined weak correlation between tree-ring width and
meteorological parameters in particular years. Due to site-related lag and
feedback effects in the peat bogs, the growth response to various climate-
related changes may not be synchronous for pine trees growing in different
raised bogs. Stem increment for trees growing in raised bogs depends on
specific features such as groundwater level, peat layer thickness, water
infiltration properties, and tree root system development (Laanelaid, 1988;
Linderholm et al., 2002; Edvardsson et al., 2016a). As a result, the increment
for trees growing in mineral soils of different habitats in Lithuania always
generated significant correlation values, whereas correlation tests between
tree increments representing different peat bogs resulted in weak correlation
values or absence of correlation.

The impact of meteorological conditions on (intra-)annual tree
increment

The Cepkeliai raised bog was chosen for a detailed investigation of the
impact of meteorological conditions on annual pine increment. As a result,
the EPS values of Raw, STD, and RES chronologies exceeded the
statistically accepted threshold of EPS > 0.85. Out of 50 dated trees, 26 were
chosen for early wood (EW) and late wood (LW) measurements.

An assessment of temperature impact on annual rings of raised bog pines
showed that the strongest negative impact on annual ring growth was exerted
by January temperature extremes of the current year (LW). A positive
impact on ring formation was exerted by the May temperature of the

previous year (EW). The results of investigation of raised bog pines also
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show a strong impact of the August temperature of the current year. In
1970-1994, a negative impact of August temperature on EW was observed.
In 2003-2014, a positive impact of August temperatures was recorded on
LW. A different (positive and negative) impact of August temperature on
annual ring formation could most probably be due to precipitation. The mean
monthly precipitation amount in August months of 1970-1994 was nearly
half less than in August months of 2003-2014. The greatest significant
negative impact of the current year's July and August temperatures on annual
pine increment was also observed in Abakan region, Russia (Shah et al.,
2015). The impact of other months' temperatures on pine growth was found
to be insignificant during the investigation period.

Our investigations from the Cepkeliai raised bog showed that annual tree-
ring formation for bog pines was mostly positively affected by P and P-PET
of April and May of the current year. This could be explained by GWT drop
from mid-spring, when pine trees that grew in areas of surplus humidity and
had a surface-spreading root system did not reach water. This was
particularly characteristic under variable climate conditions when sufficient
water stocks did not form in winter. Before 2002, annual ring formation was
mostly affected by April P-PET. For nearly a decade (1967—-1976) tree-ring
formation was also greatly influenced by March P-PET, whereas during
2003-2014 the impact of P-PET on tree-ring formation was mostly felt in
May, but not in April, i.e. a month later. This could be due to global climate
change, which causes warmer winters and a greater amount of precipitation
during the cold part of the year.

Evaluation of long-term impacts of P and P-PET on annual ring
formation shows that summer precipitation negatively affects ring formation,
and such effect usually manifests in the following year and can be felt still
for two years. A negative impact on tree-ring formation was observed to be
made by previous June's P and P-PET in different annual ring chronologies
throughout the entire period of investigation as well as by P and P-PET of
summer or early autumn months before two or three years.

A great (both positive and negative) impact on annual pine increment in
different periods was made by P and P-PET of September before three years,
October before two years, and December of the previous year (could be seen
in different RW chronologies). After examination of GWT trends of these
periods it was found that P and P-PET, depending on GWT
decrease/increase trend, respectively, positively/negatively affected annual
ring formation.
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Reconstruction of groundwater level fluctuations in a raised bog by
using several methods

In order to extend a series of groundwater level fluctuations, a two-step
modelling was applied: (i) extension of GWT instrumental measurement
series for 1935-2014, based on P-PET; and (ii) GWT fluctuation
reconstruction for 1870-2014, based on Pinus sylvestris RW series. The
highest significant correlation value (r=0.92, p<0.00001) was found between
the mean annual GWT in the well 4-A located near the bog lagg and the sum
of seven years' P-PET (7). The linear dependence of the modelled
groundwater table (MGWT) can be expressed by the following equitation:

MGWT=0.0014Y7(P-PET)+130.79

Investigations demonstrated that P-PET correlation with GWT depended
on the location where GWT was measured. The highest significant
correlation with annual GWT was recorded in the well nearest to the lagg.
This could be due to the fact that lagg water resources better reflect moisture
conditions throughout the bog, whereas in other bog places GWT more
depends on the bog's micro-relief.

The correlation tests between MGWT and annual tree-ring width (RW)
show a non-linear dependence, which was divided into variables when
MGWT was below 132.6 m a.s.l. (50 cm below peat surface) and above
132.6 ma.s.l. A linear dependence between RW and MGWT was established
when groundwater level was 50 cm or less below peat surface. When
groundwater level dropped below this level, on the other hand, no reliable
linear dependence existed anymore. The strongest significant correlation
coefficient (r=-0.604, p<0.00001) was found between MGWT and STD
chronology indices with a two-year shift, when MGWT was above 132.6 m
a.s.l. The delayed effect of GWT fluctuations on tree-ring formation shows
that GWT effect on tree-rings in bogs can manifest after 2 years.

A segmented regressive analysis was used to create a linear regression
model, and the validation of the created model was performed using
calibration (1986-2012) and verification (1935-1964) periods (according to
Gordon, 1982). Calibration period's correlation coefficient between MGWT
and STD chronology with a two-year shift was r=-0.602, p<0.001. The
following linear regression equation was created for this period:

RWGWT=-0.9564 STD:+>+133.91
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where RWGWT; is the reconstructed GWT according to RW in a
particular year (t); STDw2 is the STD index of annual rings after two years
(t+2). This equation was used to reconstruct groundwater level for the period
of 1935-1964. Verification period's correlation coefficient between the
modelled and reconstructed GWT was 0.691 (p<0.0001). After verification,
the groundwater level was reconstructed for the period 1870-1935 too.

The reconstructed GTW of the Cepkeliai raised bog of 1935-2014
complies with dry and wet years as well as with dry and wet periods of
several years presented in literature (BaleviCius et al.,, 1984). Besides,
RWGWT complies with the general hydrological situation in the Nemunas
River basin (r=0.39, p<0.00001, 1870-2014). This compliance shows that
annual rings of raised bog pines can serve as a suitable indicator to
determine GWT, and long periods of extreme drought, when dependence
between RW and GWT disappears, can be rather treated as exceptions.

Groundwater level impact on annual pine increment

Tree growth in raised bogs is closely linked to groundwater fluctuations,
which in their turn, is dependent on precipitation and temperature. A delayed
manifestation of climatic factors in GWT can condition delay between
climate-related changes and tree growth responses to these changes observed
in the growth patterns of bog trees. As can be seen from the results of this
research, the strongest relationship was found between the groundwater level
reconstructed according to the sums of seven years' P-PET and STD
chronology with two years' shift. The delay can be caused by the
combination of several processes with a different duration of tree response
as, for example, gradual inhibition of root formation or root decay in the
environment saturated with water, availability of nutrients in peat soils
largely dependent on activity of microbes and fungi (Kozlowski, 1997,
Pallardy, 2008), which depend on GWT fluctuations (Dimitrov et al., 2010).
In the Tellissaare Bog, northern Estonia, the effect of drainage on Scots pine
(Pinus sylvestris L.) with a growth surge was investigated after about 8
years. The lagged enhancement was evidently caused by the lowered soil-
water table and additional release of nutrients due to intensified
mineralisation in the aerated peat (L&inelaid et al., 2014). Physiological
adaptation of bog pines to high groundwater level and to shortage of
nutrients as, for example, peculiarities of the carbohydrate storage system,
might also contribute to a slower response to environmental changes
(Kozlowski, 1997). Other authors state that trees accumulate part of nutrients

(mostly nitrogen) in the so-called "storing houses™ for the purpose of using
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them for the construction of new tissue in the following year (40-50% of
nitrogen are found to be taken from old plant tissue (Sleinys, 1973));
however, experiments with bog pines are still scanty. How distribution and
flow of nutrients act in the plant-soil system under environmental stress
related to soil moisture is therefore one of the scientific research issues that
still needs to be solved.

Tree-ring formation is determined not only by the level of the GWT that
existed before two years, but also by the GWT during years even further
back in time, in particular if similar GWT persists for a longer period of time
and then goes up or down sharply. During long-lasting wet or dry periods,
trees partly adapts to the existing conditions, and new GWT changes
differently affect their growth.

Favourable environmental conditions for tree growth were recorded when
GWT dropped down to 132.6 m a.s.l., and unfavourable conditions when
GWT went up. Weak non-linear reverse relationship was observed between
annual tree-rings and GWT during the period 1965-1985 when GWT used to
fall below 132.6 m in the Cepkeliai raised bog. In 1978, GWT started rising,
yet the impact of the long-lasting dry period on tree-ring growth still
persisted. An assumption can be made that the groundwater limiting tree
growth can be divided into three horizons: upper, medium, and lower. When
GWT is in the upper horizon (0-10 cm), bog pines suffer from hypoxia and
their growth is limited. High GWT inhibits the growth of tree roots by
directing them towards the upper aerobic peat layer and thus slowing down
root development (Coutts, 1982; Kozlowski, 1997). Besides, it restricts the
amount of nutrients necessary for trees in the environment, which by itself is
poor in nutrients (Ohlson, 1995), and thus tree growth is inhibited. Small
amount of oxygen in soil incurs oxygen deficiency in the upper parts of the
plant and later inhibits plant growth (Boggie, 1977). The most favourable
growth conditions occur when GWT is in the medium horizon, at a depth of
about 10-50 cm below peat surface. When GWT falls down to the lower
horizon (50 cm or more below bog surface), the surface peat layer where tree
roots are mainly entrenched starts drying and sinking, which can cause
drought stress. When GWT falls to the lower horizon, tree root systems can
be nourished only by precipitation and condensed water in case of
favourable meteorological conditions. Condensed or precipitation water
(pore water) accumulated in peat pores can sometimes compensate
groundwater deficit. Moreover, a weak correlation was observed between
very low WT and TRW, suggesting a shift in limiting factors from a
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moisture-limited radial increment to a growth depending on other limiting
environmental factors.

Radial tree growth changes detected in raised bog trees reflect GWT
fluctuations, as the level of the GWT is the main factor limiting tree growth.
Due to hydrological raised bog ecosystem functioning delays and feedback,
there is still a shortage of knowledge about the exact impact of climate and
environmental conditions on radial stem changes. The regularities and
specificity of the development of raised bogs could be better revealed
through continuation of dendrochronological investigations of hydrological
processes on the complex impact of climate on trees in raised bogs: by
combining the primary direct climate impact on tree growth with the
multiannual integrated response to groundwater level fluctuations depending
on regional climate.

CONCLUSIONS

The seasonal radial stem growth of raised bog pines was found to begin
when the mean 24-hour temperature exceeds 7 °C. When temperature drops
below 7 °C, the dormant season begins and the amplitude of radial stem
changes decreases. Groundwater level rather than temperature regulates
radial increment throughout the vegetation period. A great impact on tree
increment is also exerted by the climate conditions of the pre-vegetation
period. In assessing the radial stem change daily cycles, we found that at low
temperatures the expansion of the volume of pine stems is more favoured by
low water level. At high temperatures, when transpiration become more
active, high groundwater level becomes more favourable.

The covariance of tree-ring width series of raised bog pines shows that
over the last 150 years the growing conditions of pines was similar in the
investigated bogs. In the period 1922-2012, the greatest average radial
increment of pines was recorded in the AukStumala raised bog, followed by
Kereéplis, Cepkeliai and Rékyva. Different increment of bog pines can be
caused by different humidity conditions.

Significant correlation was recorded between annual ring widths of pines
growing in the mineral soils by all investigated raised bogs situated in
different parts of Lithuania. However, not in all cases was there recorded a
significant correlation between annual ring widths of pines growing in the
raised bogs. The pines growing in raised bogs characterised by different
features can respond to different climate-related changes within a different
time period.
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Tree increment in raised bogs mainly depends on groundwater level. The
study recorded a delayed effect of GWT on tree-rings. The strongest link
was found between the mean annual water level and 7-year P-PET sums and
between MGWT reconstructed according to P-PET and RW (STD
chronology) with a two-year delay.

There was established the GWT threshold, up to which GWT and RW
were in linear negative relationship and according to which the groundwater
level in the raised bog could be reconstructed. Moreover, a weak correlation
was observed between very low GWT and RW, suggesting a shift in limiting
factors from a moisture-limited radial increment to a growth depending on
other limiting environmental factors. Despite these limitations, TRW series
of pines were proved as a valuable proxy to reconstruct WT fluctuations in
the bog lagg zone. In addition, the reliability of TRW chronologies was
further demonstrated by significant correlation between our reconstruction
and Nemunas runoff series. Considering the widespread availability of pine
remains in peat deposits of boreo-nemoral peat bogs, the newly established
relations can be used to reconstruct hydrological variability over major parts
of the Holocene.
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Continuous water-table (WT) measurements from peatlands are scarce and - if existing at all -very short.
Consequently, proxy indicators are critically needed to simulate hydrological changes in peatlands over
longer time periods. In this study, we demonstrate that tree-ring width (TRW) records of Scots pine (Pinus
sylvestris L.) growing in the Cepkeliai peatland (southern Lithuania) can be used as a proxy to reconstruct
hydrological variability in a raised bog environment. A two-step modelling procedure was applied to
extend existing measurements and to develop a new and longer peatland WT time series. To this end,
we used instrumental WT measurements extending back to 2002, meteorological records, a P-PET (dif-
ference between precipitation and potential evapotranspiration) series covering the period 1935-2014,
so as to construct a tree-ring based time series of WT fluctuations at the site for the period 1870-
2014. Strongest correlations were obtained between average annual WT measured at the bog margin
and total P-PET over 7 years (r = 0.923, p < 0.00001), as well as between modelled WT and standardized
TRW data with a two years lag (r = —0.602, p < 0.001) for those periods where WT fluctuated at the level
of pine roots which is typically at <50 cm depth below the peat surface. Our results suggest that moisture
is a limiting factor for tree growth at peatlands, but below a certain WT level (<50 cm under the soil sur-
face), drought becomes a limiting factor instead. To validate the WT reconstruction from the Cepkeliai
bog, results were compared to Nemunas river runoff since CE 1812 (r = 0.39, p < 0.00001, 1870-2014).
We conclude that peatlands can act both as sinks and sources of greenhouse gases in case that hydrolog-
ical conditions change, but that hydrological lags and complex feedbacks still hamper our understanding
of several processes affecting the hydrology and carbon budget in peatlands. We therefore call for the
development of further proxy records of water-table variability in peatlands to improve our understand-
ing of peatland responses to climatic changes.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

sinks (Gorham, 1991; Lafleur et al., 2001; Turunen et al., 2002;
Sagerfors et al., 2008; Salm et al., 2009), but can also be significant

Wetland ecosystems are important carriers of biodiversity and
habitats for numerous plant and animal species, as well as a signif-
icant agent in the global carbon cycle (MacDonald et al., 2006;
Turetsky et al., 2015). Most often, peatlands act as major carbon
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sources of CHy, CO, and NOy (Matthews and Fung, 1987; Saarnio
et al., 2007; Turetsky et al., 2014; Joosten and Clarke, 2002;
Tanneberger and Wichtmann, 2011), especially in the case that
hydrological conditions should be changing.

Spatiotemporal dynamics of carbon fluxes in raised bogs are
closely linked to the hydrological conditions in the peatland
(Moore and Knowles, 1989; Freeman et al., 1993; Salm et al.,
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2009; Gazovic et al., 2010; Mitsch et al., 2013). Hydrological shifts
in peatlands can be measured as water-table (WT) changes, but the
scarcity of instrumental time series, often limited to a few years,
has so far hampered a precise knowledge of relationships between
C sequestration and WT fluctuations beyond the period covered by
instrumental records. Proxy records for peatland WT depth, which
indirectly also generate information about C sequestration in the
peatlands, are therefore highly valuable to improve both moisture
and climate reconstructions.

Several studies have shown that radial tree growth of peatland
trees is limited by the moisture status in the water unsaturated
zone, and thereby drive the formation of tree-ring width (TRW)
patterns that are closely linked to WT fluctuations in peatlands
(Boggie, 1972; Pukiené, 2001; Leuschner et al., 2002; Edvardsson
et al., 2016). Periods for which the water table has been located
close to the bog surface usually generated low oxygen uptake
and limited nutrient assimilation by the root system of trees
(Linderholm et al., 2002), which most often resulted in depressed
tree growth (Boggie, 1972; Edvardsson et al., 2016). Consequently,
TRW data from peatland trees have been used to reconstruct
hydrological variations within peatlands at annual to decadal time
scales (Edvardsson et al., 2015a; Edvardsson and Hansson, 2015).
Initial studies, based on peatland trees, have already been per-
formed in the Baltic region by Balevicius et al. (1984), Cedro and
Lamentowicz (2011), Smiljanic et al. (2014), and Edvardsson
et al. (2015a). Most often, negative correlations have been
observed between the moisture status in the peatland and radial
tree growth (Smiljanic et al., 2014; Edvardsson et al., 2015a), but
lag responses often rendered the interpretation of results difficult.
Most of these studies have been based on the correlation between
TRW and temperature and precipitation records, which, however,
only yielded indirect information on WT changes in the peatland.
Further studies are therefore needed to increase our understanding
about the complex interaction between hydrology and tree growth
at peatlands, as well as to improve our moisture reconstructions
using tree-ring data from peatland trees. In this context, an almost
natural (semi-pristine) wetland complex in southern Lithuania was
chosen. A relatively long instrumental record of hydrological
observations already exist from this wetland complex as well as
meteorological data from a nearby weather station.

In this study, we explore the potential of Scots pine growing at
the peatland as a proxy for WT fluctuations and a tool to extend
WT records beyond the limits of the instrumental series at the
study site. Our objectives are to: (i) extend the WT series with a
P-PET series (i.e. difference between precipitation and potential
evapotranspiration); (ii) establish a relation between TRW and
WT values; and (iii) develop a WT record based on TRW data and
instrumental measurements. These objectives provide the struc-
tural sub-headings used in the following Statistical analyses,
Results and interpretation, Discussions sections.

2. Material and methods
2.1. Study site

Roughly one tenth (9.9%) of Lithuania is covered by peatlands,
of which 2.7% are pristine or semi-pristine and the remaining
7.2% have been drained or managed; these figures are comparable
to Lithuania‘s neighboring countries (Taminskas et al., 2012). The
Cepkeliai wetland complex is located in southern Lithuania
(54°01'N, 24°32'E), and borders Belarus (Fig. 1). The Cepkeliai State
Nature Reserve was established in 1975, and has formed a Ramsar
site since 1993. The total area of the reserve is 8477 ha, of which
5858 ha are covered by a wetland complex and the remaining
2725 ha are covered by forests. The Eepkeliai State Nature Reserve

was formed to preserve one of the oldest and most natural raised
bogs in Lithuania, as well as for the conservation of forested conti-
nental sand dunes, lakes, the natural hydrological regime of the
raised bog and a rare plant and animal life. The highest point of
Cepkeliai is 134 m above sea level (a.s.l.) in the domes of the raised
bog, and reaches 127-130 m a.s.l. in the marginal fens. As such, the
wetland complex represent one of the largest peatlands in the Bal-
tic region and is, in addition, characterized by unusually large,
open raised bog areas (82%), scattered fens (16%), transition mires
(2%), small lakes, pools, forested islands and permanently flooded
old forested areas (Povilaitis et al., 2011; Taminskas et al., 2012).

The wetland complex at Cepkeliai has been formed during the
Holocene in the watershed of the Katra, Ula, and Grada streams
(Nemunas river catchment). Rapid establishment of trees has been
observed in the Cepkeliai raised bog over recent decades
(Taminskas et al., 2008b), a process which is believed to be related
to hydrological changes in the region (Edvardsson et al., 2015b;
Ruseckas and Grigalitinas, 2008). As clear signs of anthropogenic
activities are clearly absent in the Cepkeliai wetland complex and
its surroundings (Stancikaité et al., 2017), colonization of the site
with trees is believed to be related to hydrological changes associ-
ated with ongoing climate change (Bukantis, 1994; Stonevicius
et al, 2017).

Geology and long-term palaeohydrological changes in the
region have been discussed extensively in the past (Linkeviciene,
2009; Mazeika et al., 2009; Balakauskas et al., 2013; Stancikaité
et al., 2017), whereas research on bog vegetation and its interac-
tion with hydrology has remained scarce (Balevicius et al., 1984).

2.2. Meteorological data

Meteorological data was obtained from the Varéna weather sta-
tion (54°14' 53.79” N, 24°33’ 6.31” E, 109 m a.s.l.) managed by the
Lithuanian Hydrometeorological Survey, and located about 27 km
north of the Cepkeliai wetland complex. At this site, monthly pre-
cipitation and air temperature have been measured since 1929.
Average annual precipitation in the region is 680 mm yr~', (max/
min values: 423/874 mm yr~!, respectively). About two-thirds of
annual precipitation falls during the vegetation period of trees that
locally lasts from late May to late September. Over the last decade,
precipitation has been above the average, especially during the
vegetation period (i.e. +14% between 2004 and 2014 as compared
to 1929-2014). Average annual temperature has been +6.4 °C
(1929-2014). January is usually coldest with an average tempera-
ture of —5.1 °C whereas July is highest with +17.7 °C.

2.3. Hydrological data

Water-table fluctuations at Cepkeliai raised bog have been mea-
sured manually in 5 wells (Fig. 2, Table 1), at ten-day intervals from
April to November since 2002 with a precision of 0.01 m.

Well 4-G is situated in the sand dunes adjacent to the raised
bog, whereas well 4-A can be found in a transition zone at the bog's
margin where water from the raised bog dome is collected (Rigg,
1925; Osvald, 1933; Howie and Meerveld, 2011). By contrast, wells
5-A, 6-A, and 3-A are located inside the raised bog. Water level in
the wells was measured in m a.s.l. The elevation of the geodetic
survey benchmark (RP-2) is H = 135.67 m (54°1'1.47"N, 24°25'53.
7"E). Changes in water table are expressed as changes relative
top the height of a zero level in each well which was set at the
top of the peat layer. For well No 4-A, for instance, the zero level
(i.e. the top of the peat layer in 2009) was at an elevation of
133.1m as.l

Runoff data from the Nemunas river are measured at the Sma-
lininkai gauging station (55°4’ 22.05”N, 22°35’ 15.86"E) by the
Lithuanian Hydrometeorological Survey. We used this data to test
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Fig. 1. Location of the study site and tree sampling design in the raised bog of the Cepkeliai wetland complex.

m a.s.l.
138

137
136
135
134
133
132

Cepkeliai wetland

complex 131
130

129

128

6 .3-A 127

100 200 300 400 500

5-A
Water level

O Geodetic survey benchmark
Sand I:‘ Peat layer well

@ Ground water level well
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Table 1
Water table (WT) parameters of the wells analyzed at the Cepkeliai wetland complex.

Well, coordinates Top of well Distance from  Soil Peat layer Well depth from bog Filter structure
(m as.l) bog margin horizon thickness (m) or mineral soil surface
(m) (m)

4-G 54°01' 00" N, 24° 25' 53" E  136.21 - Sand - 4.50 PA Grid 4.0-4.5 m from the mineral soil surface
4-A 54° 01’ 01" N, 24° 25’ 55" E  133.29 10.00 Peat 1.50 0.72 Continuously perforated pipe

5-A 54° 01’ 01" N, 24° 25’ 56” E  133.60 75.00 Peat 3.20 1.00 Continuously perforated pipe

6-A 54° 01’ 01” N, 24° 26’ 03" E  133.69 150.00 Peat 5.10 0.92 Continuously perforated pipe

3-A54° 01’ 01" N, 24° 26’ 14" E  133.50 340.00 Peat 3.50 0.80 Continuously perforated pipe

and validate the tree-ring based water-table reconstructions from PET = 16(10T/I)? (1)

the Cepkeliai raised bog. The Smalininkai gauging station has the
longest measurement series of river runoff data in Lithuania
(1812-today).

2.4. Tree-ring data

In April, September, and October 2014, increment cores from 96
Scots pine trees (Pinus sylvestris L.) were collected using a Pressler
increment borer. Trees growing near the raised bog lagg zone were
sampled as low as 40 cm above the peat surface so as to maximise
the number of growth rings in these slow-growing samples. By
contrast, trees growing near ESerinis Lake (Fig. 1) were sampled
at conventional breast height (130 cm) as growth was less sup-
pressed in their case. Tree cores were air dried and sanded with
increasingly finer grit until tree-rings and cellular structures
became clearly visible (Stoffel and Corona, 2014). Thereafter tree-
ring widths (TRW) chronologies were computed based on the mea-
surements of annual growth rings with a precision of 0.01 mm,
using a Lintab 5 measuring table and TSAPWin software (Rinn,
2003). Series were then cross-dated with conventional den-
drochronological techniques (Fritts, 1976). The quality of measure-
ments and TRW chronologies was evaluated with COFECHA
(Holmes, 1983), which allowed removal of trees characterized by
asynchronous growth.

3. Statistical analyses

To reconstruct hydrological variability in the Cepkeliai peatland,
a two-step modelling procedure was employed to (i) extend the
instrumental WT series via a P-PET analyses, and (ii) to reconstruct
WT fluctuations based on the TRW series from Pinus sylvestris
growing at the peatland.

3.1. WT reconstruction based on P-PET analysis

To reconstruct fluctuations of the water table in the Cepkeliai
raised bog, we first computed relations between annual instru-
mental WT (IWT) changes and compared them to estimated pre-
cipitation vs. Potential evapotranspiration (P-PET) data for time
windows ranging from 1 to 10 years. To estimate possible trends
and/or changes thereof in evaporative demand, we looked at the
four primary meteorological variables wind speed, atmospheric
humidity, radiation, and air temperature, as these have been
shown to be particularly relevant in long-term water resource
assessments (McVicar et al., 2012). At the Varéna meteorological
station, net radiation is not measured, which prevented the appli-
cation of Penmans's or Priestly-Taylor equations (Sumner and
Jacobs, 2005) to estimate evapotranspiration. We therefore used
an equation based on air temperature in which potential evapora-
tion rates are obtained via empirical relationships (Donohue et al.,
2010). In concrete terms, and for the purpose of our study, Thorn-
thwaite‘'s equation (Thornthwaite, 1948) has been applied as
follows:

where T represents average monthly temperature, I is a heat index
for a given area which is the sum of 12 monthly index values i and,
where a is an empirically derived exponent as a function of I:

i=(1/5)"" )

a = 0.0000006751% — 0.00007711* + 0.01792I + 0.49239 (3)

To model PET in the Cepkeliai peatland, we used average
monthly temperature from the Varéna meteorological station.
The difference (D) between P and PET provides a simple means
to measure water surplus or deficit for the analysed time window
(Vicente-Serrano et al., 2010):

D; =P, — PET; (4)

Based on this equation, we estimate that roughly 69% of total
precipitation is lost through evapotranspiration in Cepkeliai, of
which 82% takes place in during the vegetation period of trees
which is locally lasting from late May to late September. On aver-
age, the annual potential evapotranspiration is about 469 mm.
Relations between P-PET and IWT were thereafter modeled
through regression estimates and used to reconstruct WT changes
for the period of available meteorological data.

3.2. Relation between TRW and WT

In a second step, relations between modeled mean annual
water table (MWT) according to the P-PET analyses were con-
trasted with annual tree growth to extend the hydroclimatic recon-
struction further back in time.

To minimize the influence of non-climatic variations and trends
related to tree age and geometry, the TRW data was standardised
and transformed into dimensionless TRW indices (Fritts, 1976;
Cook and Kairiukstis, 1990) using the ARSTAN_41d software
(Cook and Krusic, 2006). To preserve potential low-frequency vari-
ations in tree growth, a flexible Friedman’s variable span smoother
(Friedman, 1984) was used for standardization. Reliability of the
TRW chronologies and the common variance of the single series
were evaluated with the expressed population signal (EPS;
Wigley et al,, 1984) and running rbar (Cook and Kairiukstis,
1990), respectively. The limit at which the records were considered
reliable and well replicated was set to the commonly accepted
threshold of EPS > 0.85 (Wigley et al., 1984). Three different TRW
chronologies were created using ARSTAN_41d, a raw TRW chronol-
ogy (Raw), a standardised TRW chronology (STD) and a residual
TRW chronology (RES).

Pearson correlation analysis was used to estimate the relation-
ship between TRW series (STD chronology) and WT fluctuations.
Lagged correlations between hydrological, meteorological, and
dendrochronological data were computed to quantify potential
lag effects. Nonlinearity between TRW and MWT was taken into
account by nonlinear regression. Segmented regression with a
breakpoint at the vertex of best fit second order polynomial curve
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was used to establish the interval of WT fluctuations in which lin-
ear regression model could be applied.

3.3. WT reconstruction using TRW data

Separate calibration (1986-2012) and independent verification
(1935-1964) periods were used to validate the WT reconstruction
models based on our TRW series developed from the peatland
pines. The TRW based water table reconstruction (TRWWT) was
considered only for that period for which TRW data were reliable
and statistically robust. Nemunas river runoff data was thereafter
used to validate the WT reconstructions obtained for the Cepkeliai
raised bog.

4. Results and interpretation
4.1. WT reconstruction derived from P-PET assessment

The correlation values (2002-2014) between annual instru-
mental water table (IWT) measurements in the different wells
shown in Fig. 2 and the ratio of precipitation vs. potential evapo-
transpiration (P-PET) for periods ranging from 1 to 10 years are
presented in Table 2. The strongest correlation coefficient (r=
0.92, p<0.00001) was observed between average annual IWT at
well 4-A, located closest to the lagg, and P-PET over 7 years. The
following regression model was used for estimates of WT fluctua-
tions from the P-PET:

WT = 0.0014%;, (P — PET) + 130.79 (5)

Estimates from this model were then used to extend the WT
series at the lagg (well 4-A) for the period 1935-2002. According
to our reconstructions, the WT fluctuated from 133.3 m a.s.l. to
132.1 m a.s.l. This means that the WT has been 20 cm above the
zero level in wet years at the bog lagg and that its surroundings
were subject to flooding. At the other extreme, in very dry years,
the WT at well 4-A was 100 cm below the level of the peat surface.

4.2. Relations of TRW with WT

After crossdating and evaluation of the TRW series, 50 out of 96
trees were included in the final TRW chronologies used for WT
reconstructions. The relatively high rejection rate of samples
(48%) is related to the large number of missing rings in many
tree-ring samples. The final TRW chronologies and related sample
depth over time are presented in Fig. 3. The EPS values of the raw

Table 2

(RAW), standardised (STD), and residual (RES) TRW chronologies
are above the critical threshold of 0.85 between 1870 and 2014
for all series.

Strongest correlation has been obtained between the measured
WT at well 4-A and the STD TRW chronology. A lag effect between
tree growth and water level in the peatland was detected as the
strongest relation between TRW and MWT which was obtained
with a 2-year lag in the TRW record. Moreover, the 2-year lag
between TRW and MWT revealed a nonlinear dependence between
the two parameters (Fig. 4). Nevertheless, MWT could be seg-
mented into two distinct intervals with a threshold at the vertex
of the best-fit curve, i.e. at 132.6 m a.s.l. (i.e. 50 cm below the peat
surface), as characterized by different response of TRW to WT fluc-
tuations. Linear negative dependence (r = -0.57) of TRW with MWT
was observed when MWT fluctuated within a 50 cm layer below
the peat surface, but this relation vanished and even turned to
insignificantly positive after the MWT dropped below the 50 cm
threshold (Fig. 5).

Our records show a dry period, with water levels below 132.6 m
a.s.l., between 1965 and 1985. At the beginning of this phase, tree
growth was fairly moderate before a growth depression started to
emerge in the 1970s, followed by a gradual recovery up to 1981.
With the exception of the period just described before, negative
correlations between MWT and STD-TRW chronology was
observed, suggesting that increasing peat moisture limited tree
growth at the peatland. The strongest significant correlation coef-
ficient (r=-0.604, p <0.00001) was computed between MWT
and STD TRW chronology with an offset of 2 yrs in TRW indices
(see Table 3), which supports the idea that the WT fluctuations
have a delayed influence on radial tree growth.

The correlation tests show that any rise in water table results in
depressed tree radial growth, which is visible in the form of nar-
rower annual growth rings, except for the extremely dry period
1965-1985. In Fig. 6, we compare STD-TRW indices and MWT val-
ues with their low frequency components (i.e. a 5-yr moving aver-
age). In general terms, those periods associated with depressed
radial growth correspond with phases with high water levels, as
was the case for instance during 1935-1939, 1945-1950, 1958-
1963, 1983-1994, and ever since 2004. Opposite conditions were
recorded for periods with low water tables during 1939-1945,
1953-1956, and to a lesser extent, 1995-2003. During these
phases, relatively dry conditions allowed better growth in trees.
The only exception is observed for the period 1965-1985, as this
interval was characterized by water-table levels <132.6 m a.s.l.;
the latter did not trigger any specific trends in tree growth.

Correlations between annual instrumental water table (IWT) measurements in different wells (4-G, 4-A, 5-A, 6-A, 3-A) and the ratio of precipitation vs. potential

evapotranspiration (P-PET) for periods ranging from 1 to 10 years.

31(P-PET) 3"5(P-PET) 3"5(P-PET) 4(P-PET) 3"5(P-PET)
4-A 0.14 0.25 0.56 0.78 0.76
4-G 0.12 0.19 0.51 0.72 0.68
5-A 0.17 0.29 0.54 0.74 0.63
6-A 0.22 0.32 0.53 0.70 0.50
3-A 0.19 0.27 0.48 0.71 0.58
>6(P-PET) >_7(P-PET) >_s(P-PET) >_o(P-PET) >_10(P-PET)
4-A 0.73 0.92 0.90 0.87 0.86
4-G 0.61 0.82 0.82 0.76 0.74
5-A 0.69 0.88 " 0.83 0.79 0.77
6-A 0.58 0.79 0.76 0.68 0.60
3-A 0.64 084" 0.80 " 0.75 0.68
Correlation significance levels are marked as follows:
T (p<0.01).
“ (p<0.001).

™ (p<0.0001).
" (p < 0.00001).
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Table 3

Pearson correlation values between mean annual water table (MWT) and the
standardised tree-ring width (STD-TRW) chronology indices depending on year
offsets in TRW indices.

Offset MWT-TRW (in yrs) r P

0 -0.23 >0.05

-1 —0.42 <0.001
-2 —0.60 <0.00001
-3 -0.57 <0.00001
—4 —0.46 <0.001
-5 —0.32 <0.05

4.3. WT reconstruction based on TRW data

A significant correlation was obtained between WT fluctuations
as derived from P-PET analyses for well 4-A and the STD-TRW
chronology (p < 0.00001), provided that the dry period comprised
between 1965 and 1985 was excluded from analyses. The linear
regression model between both datasets was calibrated over the
period 1986-2012, whereas the time window 1935-1964 was

515

used for independent model verification. The correlation coeffi-
cient between MWT and STD-TRW chronology, using an offset of
2 years, is r=—0.602 (p <0.001) for the calibration period 1986-
2012 and the linear regression model is expressed as follows:

TRWWT, = —0.9564STD,, + 133.91 (6)
where TRWWT, is the reconstructed WT based on TRW in year t,
and STDy., is the tree-ring STD index with a 2-yr offset.

For the verification period, correlation between observed and
estimated WT fluctuations is 0.691 (p < 0.0001). Based on the sig-
nificance of this test, our model was thereafter used to estimate
WT levels at the site between 1870 and 1935 (Fig. 7).

Periods with high water tables (>133.0 m a.s.l,, or 0.1 m below
the peat surface) were reconstructed for the phases 1870-1873,
1879-1888, 1902-1910, 1915-1919, 1926-1939, 1947-1950,
1957-1963, 1983-1990, and since 2005. Low water tables
(<£132.8 m a.s.l, or 0.3 m below the peat surface) were detected
in 1874-1878, 1889-1897, 1920-1926, 1940-1946, 1952-1956
and 1995-2003. Noteworthy, our tree-ring records are not able

1.6
133.4 />/*1-4
133.2 - A —
Ry s *yr'w-x-w N
o NI ‘I_,-DWJA/AL N
5132.6 indl \= | E
2 1) NVA\NES, /A0 i
132.2 / \J \VAV' =] - 0.6
132mu‘wéuwHHw‘6wwwHHwH‘HH‘HHwHHwHHwHHwHHHuuuwo‘uuuuuuu0.4
) ) ) —‘_MW'I"_ i i i i —‘_STD‘i_ndices‘_ i X X )

5 per. Mov. Avg. (MWT)

e 5 per. Mov. Avg. (STD indices)

Fig. 6. Mean annual water table (MWT; well 4-A) and tree-ring width (TRW) indices of the standardised (STD) chronology. The best match between curves was obtained
when the TRW chronology curve is shifted by 2 years, thus taking account of the lagged response to the MWT.

133.6
1N
133.4 H
AL A 1N AN "
1332 A .'"‘| I A T 1“11’ "l "|' .
VAR Ty Ve
133 M | ML) (Y] N ' I | 10\
— oy u AT 172" N |
[ TRV ] - \ ","’u A
= 1328 4y Ly L 4 %'\:—ﬂf—: t <
b V
S 4326 LVl iy [ YV Y
£ 3 v ;'F v ) T " *r
132.4 u
|
132.2 v VAW
132
T
HEEEEE S §E 823838 EEE 288 ¢ ¢
SRR R EEEEEEEEEEEEEEEEEEEEEEREE

MWT

= = = = TRWWT (calibration period 1986-2012)

e— TRWWT (verification period 1935-1964)

Fig. 7. Reconstructed mean annual water table (MWT) in the raised bog (well 4-A) based on (i) 7-yr P-PET values (solid grey line; MWT = 0.0014>_(P-PET) + 130.79) and (ii)
the tree-ring based water table (TRWWT) reconstruction for well 4-A according to the standard tree-ring width (STD-TRW) chronology (dotted line; TRWWT, = —0.9564
STDy, + 133.91). Calibration period is 1986-2012 (dotted line), verification period is 1935-1964 (solid black line).



516

M. Tamkeviciaté et al./Journal of Hydrology 558 (2018) 509-519

133.6
1334
133.2 »
133 E.
- &
. o
4 132.8 £
I =
E 1326 g
3
132.4 nE>
z
132.2
132 100
131.8 +—rrrrTTTTTTTTTTTTTTTT T e 0
o o n =3 wn =3 o wn =3 wn =3 wn (=3 wn n =3 wn =3 [ed (=3 wn o
~ ~ © © [ (=] =3 =3 - - N el ] < < e [7e] ~ ~ © © (=] (=23 =3 =3 -
© © © © ] © o o o o o o o o o o o o o o o o o o o o <3 =3 =
Y Y v ¥ v v ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ - ¥ ¥ v+ - v - v - = - - N & «
MWT = ===« TRWWT Nemunas runoff

Fig. 8. Reconstructed mean annual water table (MWT) in raised bog at well 4-A according to (i) 7-yr P-PET values (solid grey line; MWT = 0.0014%_;(P-PET) + 130.79), (ii)
tree-ring width based water table (TRWWT) reconstruction at well 4-A using the standardised tree-ring width (STD-TRW chronology; dotted line; TRWWT, = —0.9564

STD..»+133.91) and Nemunas runoff (in m?/s; blue line).

to reproduce prolonged periods of low water tables during which
values drop below 132.6 m a.s.l.

To validate our hydrological reconstructions, the Cepkeliai WT
data was compared to mean annual runoff data from the Nemunas
river at Smalininkai gauging station. Runoff data is assumed here
to represent the common hydrological situation for the entire
Nemunas catchment area (Fig. 8). Reconstructed long-term
changes for the hydrological regime at Cepkeliai raised bog, which
is located in the central course of Nemunas river, are significantly
correlated with river runoff data (r=0.39, p<0.00001, 1870-
2014).

The agreement between the reconstructed TRWWT and Nemu-
nas runoff data further underline the robustness of our reconstruc-
tion. Periods with high WT correspond to narrow growth rings in
the TRW records and years with large overall runoff. This coher-
ence suggests that TRW data developed from peatland pine trees
can be used as a proxy of WT levels in peatlands. The only excep-
tion was the prolonged and exceptionally dry period in which the
link between TRW and WT disappeared.

5. Discussion
5.1. WT reconstruction based on P-PET

The different calculation models considered in this study have
allowed comparison of different approaches in a field for which
data is still scarce and knowledge of processes and drivers remains
fragmentary. The application of Thornthwaite’s equation, based
exclusively on a temperature relationship, has certain limitations
and at bests a theoretical justification (Taylor and Ashcroft,
1972). Since temperature and vapour pressure gradients are
related to the movement of air as well as to the heating of the soil,
the validity of the equation should not be generalized. Moreover,
the equation has to be tested empirically whenever the climate is
appreciably different from the area in which it has been tested
originally (Skaggs, 1980; Nokes, 1995; Xu and Singh, 2001). We
opted for Thornthwaite’s equation due to a lack of more complete
input data, but also because earlier studies by Taminskas et al.
(2008a) have obtained a reliable relationship (R? from 0.57 to
0.62) between observed actual evapotranspiration and potential
evapotranspiration in a set of sites close to our study site. In that
study, the utility of Thornthwaite’s estimates towards a recon-
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Fig. 9. Comparison of observed actual evapotranspiration (weighing lysimeter, ETa)
and modeled potential evapotranspiration (PET) using Thornthwaite’s equation at
Utena, Lazdijai and VéZaiCiai (Lithuania).

struction of variability in evapotranspiration was tested by com-
paring results according to Thornthwaite’s equation with the
same month weighing lysimeter method estimates of actual evap-
otranspiration at three locations (Fig. 9).

Our study has also demonstrated the crucial role of a dense WT
monitoring network so as to accurately reconstruct WT fluctua-
tions in peat bogs. Indeed, correlations between P-PET, TRW data
and raised bog WT fluctuations obviously depend on piezometer
location (Table 2). In our case, the strongest correlation was
obtained at the raised bog lagg, which is characterized by a lack
of surface runoff. The lagg is located in the lowest part of the
bog, and might therefore be the best location for the assessment
of water resources in the bog water system (Howie and
Meerveld, 2011). Strong correlation coefficients between precipita-
tion and IWT in the lagg further indicate that water level in the
lagg depends more on the annual amount of precipitation than
WT fluctuations in the raised bog slope or in the mineral soil sur-
rounding the peat bog. Interestingly, the lowest correlation coeffi-
cients were recorded between P-PET and annual IWT in well 6-A,
located on the bog slope at a distance of 150 m from the bog
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margin (Fig. 2). The steepest slope in bog surface along the cross-
section analyzed is located close to this well, and the higher influ-
ence of surface runoff at this location apparently determines a
decline in the correlation coefficient in this area. Most often, the
slope gradient on the bog surface declines as soon as the distance
from bog margin increases; bog surface is indeed close to flat in the
area where well 3-A is located (at a distance of 340 m from the bog
margin, Fig. 2). In this area, WT is linked to P-PET rather than sur-
face runoff from other areas in the bog complex. An increase in the
correlation coefficient between IWT and P-PET is therefore
observed again, and an increase in correlation is observed between
IWT recorded in well 4-G, located on sand dunes and P-PET as com-
pared to well 6-A (inside the bog) and P-PET (Table 2). The water
level in well 4-G is, however, most likely affected by both water
supply from the bog and groundwater levels in the bog margins.
Stronger correlations have been observed between annual IWT
and P-PET in wells located in the lagg and on the raised bog as
compared to well 4-G located on sand dunes (Table 2). Further-
more, comparison between well 4-G and the wells located at the
bog surface shows that water level varies differently inside the
bog and on mineral soil sites over the year. This may depend on
differences in groundwater recharge in the wells on the bog and
mineral soil, especially during the dry season of the year. IWT data
from the bog wells is therefore more suitable for TRW analysis
than is IWT data from wells located on mineral soils outside the
bog. This observation is in agreement with comparisons between
pine trees growing under identical climatic conditions but different
soil moisture (Edvardsson et al., 2015a). Even though the trees
sometimes grew only a hundred meter apart, correlation was often
close to absent between the TRW series from the mineral and peat
soil pines.

Our studies are also in agreement with results from Howie and
Meerved (2011), suggesting that WT in a bog lagg is more inte-
grated indicator of hydrological regime in the wetland.

5.2. TRW relations with WT changes

In general, WT changes in peat bogs are mainly controlled by
precipitation, but they also tend to be influenced by temperature
controlled evapo(transpi)ration (Charman et al., 2004). Several
studies have shown that peat bogs can indeed act as water reser-
voirs, thereby buffering water, and that WT fluctuations in peat
bogs therefore can lag several years behind climatic or environ-
mental changes (Kilian et al., 1995; Linderholm et al., 2002;
Edvardsson and Hansson, 2015). This lag may also explain the
delayed response that is sometimes recorded in TRW records to cli-
mate changes, especially if the series are developed from pines
growing on raised bogs (Vaganov and Kachaev, 1992; Edvardsson
etal., 2015a). In this study, the strongest correlation was computed
between total P-PET over 7 years and STD-TRW chronology with a
2-yr lag. Our results also confirm that tree growth in peatlands
reflects the multiannual synthesis of moisture variability as well
as a hydrological lag and/or feedback responses (Linderholm
et al., 2002; Edvardsson et al., 2015a; Edvardsson and Hansson,
2015).

WT fluctuations within the peat bog are the main driver of
radial growth of bog pines. The 2-yr lag observed in our records
(Table 3) is consistent with results from the Mdnnikjdrve peat
bog in Estonia (Smiljanic et al., 2014). Lagged responses of about
3 yrs were detected between the increases in moisture (derived
from 8'3C isotopes in annual tree rings) and decreased radial
growth of subfossil pine trees in two Swedish bogs (Edvardsson
et al.,, 2014). Drivers of lag responses can be related to the progres-
sive inhibition of root formation or root decay in water-saturated
environments or the availability of nutrients in peaty substrates,
which have been shown to be highly dependent on the activity

of decomposing microbes or mycorrhizae fungi (Kozlowski, 1997;
Pallardy, 2008). These processes, however, all depend on WT fluc-
tuations as well (Dimitrov et al., 2010). Physiological adaptation of
peatland pines to extremely wet conditions and shortage of nutri-
ents, e.g. peculiarities in carbohydrates storage system, could also
influence the existence of a slower reaction to environmental
changes (Kozlowski, 1997).

Studies on the contribution of different carbon sources on tree
growth show rather variable ratios of new carbohydrates versus
remobilised reserves from previous years, ranging from 71% to
35% (Briiggemann et al., 2011), but experiments on bog pines are
still lacking (Edvardsson et al., 2016). Whether and to which
degree carbon allocation and carbon fluxes in the plant-soil system
are affected by environmental stress conditions remains one of the
research questions in this field (Briiggemann et al., 2011).

Water saturated peat soils create unfavourable conditions for
tree growth due to a number of physical, chemical, and biological
processes (Kozlowski, 1997; Linderholm et al., 2002; Edvardsson
et al, 2016). Most often, increased peat moisture result in
depressed tree growth, which can be analysed a posteriori through
the presence of narrower annual growth rings (Smiljanic et al.,
2014; Edvardsson et al., 2015a). High water tables also restrict
the development of tree roots to the upper aerobic peat layers
(Coutts, 1982; Kozlowski, 1997; Leuschner et al., 2007), and there-
fore limit the nutrient pool available for trees in an already
nutrient-limited environment (Ohlson, 1995). Moreover, low oxy-
gen levels in peat soils can favor oxygen deficiency in the upper
plant tissues and can thus cause inhibition of plant growth
(Boggie, 1977). The growth patterns observed in this study are in
line with these findings, but also suggest that tree growth can be
depressed during extremely dry phases as well. Similar to
Smiljanic et al. (2014), we observe that extremely low water levels
may cause growth stress as well, a fact which may result from the
shallow and horizontal spreading root systems of peat trees
(Edvardsson et al., 2016). In our study, a weak positive link
between MWT and STD-TRW chronology indices was observed
during the unusually dry period 1965-1985, during which the
WT was as low as 132.6 m a.s.l. or even lower (i.e. the average
annual depth of the water table was 50 cm below the peat surface).
Although the water level started to rise again in 1978, the drought
signal in the TRW data persisted for some more years. In times
with low WT, the surface layers of peat dry out, leaving the shallow
roots in the top peat layers with very limited access to water and
hence expose the trees to drought stress (Braekke, 1983; Dang
and Lieffers, 1989; Pepin et al., 2002). We hypothesize that during
these dry periods, TRW will depend less on hydrological drivers.

Taking into consideration recent global warming and the pro-
jected intensification of extremes (Rimkus et al, 2011;
Stonevicius et al., 2017), one may expect more frequent droughts
in the study region and thus also increased drought stress on bog
trees. Indeed, our WT reconstructions show enhanced amplitudes
of WT fluctuations in the second half of the 20th century.

5.3. WT reconstruction based on TRW

The development of a 130-year WT reconstruction from peat-
land TRW data represents the core of this study and an important
step to a more widespread application of a new proxy record for
moisture variability in peatland ecosystems far beyond the period
covered by monitoring data. Such proxy records are important due
to the close relation of hydrology with carbon sequestration in
peatland ecosystems. In general terms, our results show that
moister conditions generate harsher growth conditions for bog
trees, and are thus in line with previous findings (Leuschner
et al.,, 2002; Edvardsson et al., 2016). At the same time, however,
our findings also indicate that unusually dry conditions may result
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in unfavorable growth conditions as well. Once that the WT falls
below a threshold of 50 cm beneath the peat surface, TRW indices
will no longer remain statistically dependent on WT depth. In other
words, as soon as WT fluctuations fall>50 cm below the peat sur-
face, TRW records will fail to significantly estimate past WT fluctu-
ations. Under current conditions, such conditions must, however,
be considered as quite exceptional. To reconstruct WT depths dur-
ing such extremely dry periods as well, one needs to take alterna-
tive proxies into consideration. By way of example, stable isotopes
in tree rings may offer an opportunity, however, isotope studies on
peatland trees have remained rather limited so far (Sass-Klaassen
et al.,, 2005; Edvardsson et al., 2014). In the case of proxies without
annually resolved proxies, like e.g., testate amoebae, could thus be
added to strengthen WT reconstructions, especially in a longer-
term perspective (Hendon and Charman, 2004, van Bellen et al.,
2014, Lamentowicz et al., 2015).

Despite the limitations of TRW data to reconstruct MWT fluctu-
ations during extreme droughts, statistically significant correlation
between our reconstruction and the instrumental Nemunas runoff
data suggests that TRW records from peatland pines can indeed be
used as a reliable proxy of past WT variability in peatlands. More-
over, the reconstructed WT fluctuations in the Cepkeliai raised bog
correspond to periods which are associated with dry/wet condi-
tions known from the literature (Balevicius et al., 1984;
Taminskas et al., 2008a,b).

6. Conclusions

The radial growth of peatland pine trees is strongly influenced
by WT fluctuations, which in turn depend on changes in precipita-
tion and temperature. In our case, the strongest correlation
between average annual IWT and P-PET totals has been obtained
if the latter was considered for a period of 7 years. Further, strong
correlations were obtained between MWT and STD-TRW chronol-
ogy with a 2-yr lag. While this lagged response sustains the find-
ings in other raised bog studies, more thorough investigations
are necessary to really understand the eco-physiological factors
predetermining time lags in peatland ecosystem functioning.

The negative dependence of TRW on WT fluctuations was found
in this study as well, provided that the latter fluctuated within a
50 cm layer below the peat surface. By contrast, the correlation
quickly fades as soon as the WT drops below this threshold. Conse-
quently, and in case of extremely low water levels, narrow TRW
may be formed as well, which could possibly result in some bias.
Moreover, a weak correlation was observed between very low
WT and TRW, suggesting a shift in limiting factors from a
moisture-limited radial increment to a growth depending on other
limiting environmental factors. Despite these limitations, TRW ser-
ies from pine trees were used successfully in this study as a valu-
able proxy to reconstruct WT fluctuations in the bog lagg zone. In
addition, the reliability of TRW chronologies is further demon-
strated by the significant correlation observed between our recon-
struction and Nemunas runoff series. Considering the widespread
availability of pine remains in peat deposits of boreo-nemoral peat
bogs (Edvardsson et al., 2016), the newly established relations can
be used to reconstruct hydrological variability over major parts of
the Holocene.
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Cyclic peatland surface variability is influenced by hydrological conditions that highly depend on climate and/or
anthropogenic activities. A low water level leads to a decrease of peatland surface and an increase of C emissions
into the atmosphere, whereas a high water level leads to an increase of peatland surface and carbon sequestration
in peatlands. The main aim of this article is to evaluate the influence of hydrometeorological conditions toward
the peatland surface and its feedback toward the water regime. A regional survey of the raised bog water table
fluctuation and surface variability was made in one of the largest peatlands in Lithuania. Two appropriate
indicators for different peatland surface variability periods (increase and decrease) were detected. The first
one is an ~200 mm y~ ! average net rainfall over a three-year range. The second one is an average annual
water depth of 25-30 cm. The application of these indicators enabled the reconstruction of Cepkeliai peatland
surface variability during a 100 year period. Processes of peatland surface variability differ in time and in separate
parts of peatland. Therefore, internal subbasins in peatland are formed. Subbasins involve autogenic processes
that can later affect their internal hydrology, nutrient status, and vegetation succession. Internal hydrological
conditions, surface fluctuation, and vegetation succession in peatland subbasins should be taken into account
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Surface variability
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during evaluation of their state, nature management projects, and other peatland research works.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The nature of peatlands is controlled by hydrological processes, and
normally, their formation begins in moist depressions. These depr are
filled with partially decayed litter, and thus, peatland grows upward
and expands laterally (Korhola, 1992; Franzén, 1994; Almquist-Jacobson
and Foster, 1995; Franzén et al., 1996; Korhola et al., 1996; Yu et al.,
2000). Afterward, peatland transforms into a raised bog phase. The sur-
face of the raised bog depends on the organic mass balance. The raised
bog shape and the notion of its change are based on several assumptions:
(i) peat accumulation is faster at the bog centre resulting in a convex
shape of the peatland surface; (ii) raised bog surface height is a function
of its age and the rate of peat accumulation decreases over time; and
(iii) a raised bog is drained by streams, which are fed by a constant area
of peatland. These assumptions are mainly based on the bog growth
model (BGM) (Clymo, 1984) and the groundwater mound hypothesis

* Corresponding author at: Nature Research Centre, Akademijos str. 2, Vilnius,
Lithuania.
E-mail addresses: julius.taminskas@geo.lt (J. Taminskas), rita.linkeviciene@geo.lt
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(Childs and Youngs, 1961; Ingram, 1982). Both hypotheses make predic-
tions for large-scale patterns (e.g., a huge peatland complex) and long-
term peatland dynamics (e.g., Holocene period) (Yu et al., 2001). The
changes of the peatland surface will have a constant character as the
bias of the peat age detection is ~100-200 years (MaZeika et al., 2009).
However, the small-scale (e.g., a part of peatland) and short-term re-
search (e.g., up to 100 years) show the intensive fluctuation of the
peatland surface (Franzén, 2006). Observations on European peatlands
(Ingram, 1983; Weber, 1902; Glaser et al., 2004) describe seasonal or an-
nual fluctuations of peatland surfaces in the range of 10-30 cm. More re-
cent research suggests that peatland surface fluctuations occurring from
+ 18 to —43 cm could be observed over a short time series (during sev-
eral decades) (Franzén, 2006). However, the peatland surface changes
over the long time scale will approach the rate of peat addition to
catotelm, i.e., ca. <1 mmy~ ' (Belyea and Baird, 2006), and must not be
related to a seasonal phenomenon but to longer-term hydrological fluctu-
ations (Almendinger et al., 1986; Feurdean et al., 2015).

Although the bog growth model and the groundwater mound hy-
pothesis were landmark advances of their time, a hierarchical approach
to modelling could lead to a better representation of peatland develop-
ment and a response to external forcing (Belyea and Baird, 2006).
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Moreover, the rate of peat production and decay is different in the
acrotelm and catotelm. Acrotelm, which is the upper oxic layer (stra-
tum), is a product of several decades and indicates microforms of
peatland; whereas catotelm, which is the underlying anoxic layer, re-
flects mezoforms of peatland (Holden and Burt, 2003; Baird et al., 2016).

The constant accumulation of organic material in the catotelm (Clymo,
1984) influences the augmentation of the peat layer at 1 mmy~ ! in pris-
tine peatlands (Franzén, 2006). However, our observations imply more
rapid changes of the peatland surface, which is influenced by peat accu-
mulation and subsidence. Favourable humidity conditions (high net rain-
fall) influence a rapid development of peat-forming plants. Moreover, low
peat decomposition rates induce a high litter production in the acrotelm.
Therefore, the increase of the raised bog surface is up to several cm y~'.
Water regime changes (a lack of humidity) in the acrotelm influence
the subsidence of peat, and the raised bog surface decreases up to several
cm y~ !, The main indicators of the raised bog surface variation are aver-
age annual excess precipitation (also called net rainfall) and average an-
nual water table depth.

Therefore, the main aim of this article is to evaluate the influence of
hydrometeorological conditions toward the peatland surface and its
feedback toward the water table depth. This theory implies the dynamics
of limits of peatland subbasins and is vitally important for sustainable
peatland management and maintenance. The restoration of disturbed
peatland habitats requires the ability to comprehend the complex mech-
anism of peatland renaturalization in the context of the subbasin's level.
Methodological applications for peatland restoration after the disturbed
hydrological regime are many (Gorham and Rochefort, 2003; Holden
et al., 2004; Howie and Meerveld, 2011). However, the lack of a holistic
approach in the subbasins level may prolong a recovery of many hydro-
logical and ecological processes for many decades (Price et al.,, 2003). To
date, most of the research on Lithuanian peatlands (Taminskas et al.,
2008a; MaZeika et al., 2009; KaZys et al., 2015) concentrates on the influ-
ence of climate change toward the hydrological regime and peatland's
landscape (Edvardsson et al., 2015). However, no studies are available

on peatland surface variation and hydroclimatic interdependencies.
Therefore, in this study, we will concentrate on (i) the raised bog surface
and subdivision issue and (ii) climate, hydrology, and the raised bog sur-
face variation interrelationships.

2. Study area

Cepkeliai (54°00'N, 24°30’E) is one of the largest peatlands in
Lithuania (5858 ha) consisting of raised bogs (82% total area), fens
(16%), and transition mires (2%). This peatland consists of 3.2% of all
of the natural (nondrained) Lithuanian mires (Taminskas et al., 2012).
Several mineral substrate islands and 21 small lakes are located inside
this peatland.

Cepkeliai peatland is drained by three streams (Fig. 1): Katra
(109 km, the right inflow of the Nemunas River) and the Ula (84 km)
and Grada (36 km) streams (inflows of Merkys). The Ula and Katra
catchments changed in the middle of the nineteenth century because
of natural capture. Accordingly, the discharge changes, transformations
of the rivers' longitudinal profiles, and reduction and extinction of lakes
in these catchments were observed (Linkeviciené, 2009). No research
regarding the capture influence on Cepkeliai peatland surface develop-
ment was carried out.

The surface of the peatland is slightly undulating (128.5-134.4 m
asl). The average depth of the organic layers is ~2.3 m but can locally
be as much as 16.5 m.

The average annual temperature is 6.8 °C in this region. The average
monthly temperature fluctuates from — 3.7 °C in January up to 17.9 °C
in July. The average annual rainfall is ~700 mm, and snow cover remains
for ~90 days. Annual net rainfall is ~220 mm.

Farming activities are restricted in the whole Cepkeliai peatland and
its surroundings, as this territory is covered by different protected area
status. The Cepkeliai state strict nature reserve was founded in 1975. It
was included in the Ramsar site list as a Wetland of International

BELARUS

Zervynos GS

Cepkeliai
peatland

5 km

Fig. 1. Location map of the Cepkeliai peatland (WS - weather station; GS - gauging station; W1-W5 - wells).
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Importance in 1993. Cepkeliai peatland is also an important part of the
European Union ecological network — NATURA 2000 territory.

3. Materials and methods
3.1. Peatland surface and subbasins

LiDAR (Light Detection and Ranging) point cloud surface data from
the Lithuania surface scanning project and implemented by the National
Land Surface Agency of Lithuania in 2007 and topographic maps at the
scale of 1:10,000 from 1981 were used for determination of the
Cepkeliai surface variation during the period from 1981 to 2007 and
the identification of drainage subbasins of peatland. The DEM (digital el-
evation model) data, vector and raster surface elevation layers from the
LiDAR point cloud, and topographic maps (after vectorization) were
processed and calculated with ArcGIS 10.4 version. The data were
used for further analysis, identification of drainage subbasins, and
scale of the surface changes.

Absolute values of peatland surface changes were not analysed in
detail because of the different accuracies of the LiDAR point cloud sur-
face data and topographical maps. These values were generalized into
three surface change classes: slight increase (>+0.1 m), slight decrease
(2-0.1 m), and no changes (—0.1-+-0.1 m). Based on these changes, the
peatland surface variability map was formed.

To detect the discontinual character of peatland moisture conditions,
a terrain recognition and cartographical interpretation of the desicca-
tion areas of peatland pine trees (Fig. 4) was made in 2012-2013.

3.2. Peatland water table and surface variability

Water table fluctuations in Cepkeliai peatland were analysed accord-
ing to the data of five wells (W1, W2, W3, W4, and W5) located in the
northwestern and north-central parts of the raised bog. The W1 well
is located at 65 m, the W2 well at 155 m, the W3 well at 10 m, and
the W4 well at 300 m from the western margin of the peatland. The
W5 well is located 450 m from the north margin of the raised bog
(Fig. 1). Long-term (2002-2016) peatland surface elevation and water
table measurements were made only in the W1 and W2 wells. These
measurements are valuable for showing the long-term relationship be-
tween peatland surface elevation and the water table. The measure-
ment period is comprised of dry and wet years. However, long-term
measurements were affected only in two wells that are located close
to each other.

In other wells (W3, W4, and W5), short-term measurements (2-
5 year period) were made during 2002-2016. They are located in
other parts of the peatland and their measurements enable an evalua-
tion and verification of the W1 and W2 results.

The water table in all of the wells was measured during the
vegetation period (April-October). Measurements were made manually
and every 10 days with an accuracy of 1 cm. According to these mea-
surements, the average annual water table was calculated. Water table
reconstruction is based on the long-term water table measurements in
W1 and W2 (H; and H, m asl).

The peatland surface variability was analysed in correspondence
with the W1, W2, W3, W4, and W5 measurements. The surface eleva-
tions near the wells were measured manually and every 10 days with
an accuracy of 1 cm during the vegetation period (April-October) of
2007-2016. According to these data, the average annual surface eleva-
tion was calculated (SE, m asl).

According to the difference between the water table and the
peatland surface elevation, the average annual water depth
(d, m) during 2007-2016 was calculated in all of the wells: d = H - SE.

An analysis of the climate indices were made according to precipita-
tion and air temperature measurements made at the Varéna weather
station (WS) during 1929-2016. The Varéna WS is located 27 km to
the north of the Cepkeliai peatland centre (Fig. 1). Air temperature

differences between the peatland and WS are insignificant. However,
precipitation, especially heavy rain, may slightly differ in the Varéna
WS and Cepkeliai peatland. According to Varéna WS precipitation mea-
surements, the average annual precipitation (P, mm) was calculated.
The temperature data were used to calculate the potential evapotranspi-
ration (PET, mm) according to the Thornthwaite (1948) equation.
Thornthwaite's equation is based entirely upon a temperature relation-
ship, has the disadvantage of a rather flimsy physical basis, and has
only theoretical justification (Taylor and Ashcroft, 1972). Because the
temperature and vapour pressure gradient are modified by the move-
ment of air and by the heating of the soil and surroundings, the formula
generally is not valid but must be tested empirically whenever the cli-
mate is appreciably different from areas in which it has been tested in
original spatial and temporal contexts (Skaggs, 1980; Nokes, 1995; Xu
and Singh, 2001). However, no measurements have been made of the
net radiation since 1929 in the Varéna WS. Therefore, the evaluation of
evapotranspiration from the peatland was complicated, and Penmans’
or Priestly-Taylor formulas (Sumner and Jacobs, 2005), although very ap-
propriate, could not be used in our case. However, prior research
(Taminskas et al., 2008b) showed a reliable relationship (R? from 0.57
to 0.62) between estimated actual evapotranspiration and potential
evapotranspiration estimated according Thornthwaite's equation in the
territories near our study area.

Net rainfall (NR, mm) was calculated after the evaluation of the dif-
ference between average annual precipitation and potential evapo-
transpiration. The net rainfall (NR) for the year i is also known as the
average annual excess and provides a simple measure of the water sur-
plus or deficit for the analysed year: NR; = P; - PET;. Long-term (2, 3 and
4 years) average NR, NR,, NR3, and NR, was also used for further analysis.

Linear relationships between the measured values of the peatland
water table (H; and H,) and NR of the different periods were analysed.
According to the analysis of these relationships, an average annual
water table in W1 and W2 wells during 1930-2016 was reconstructed
(Hyr and Hay, m asl).

To evaluate the peatland surface variations, the annual peatland sur-
face elevation gradients (ASE: ASE, = SE, + ; - SE,) were calculated ac-
cording to the average annual surface elevation (SE,). To reconstruct the
peatland surface variation during the longer period, a reliable relationship
between the surface variation and NR during 2007-2016 was detected.
According to this relationship, the peatland surface elevation from 1930
to 2016 was reconstructed near the W1 and W2 wells (SE;, and SEy,,
m asl). The average annual water depth was reconstructed in relation to
the reconstructed peatland surface elevation and reconstructed average
annual water table (d;, and dy,, m).

To evaluate the results derived from the W1 and W2 wells, relation-
ships between NR, d, and SE in the short-term wells (W3, W4, and W5)
were analysed.

Ula stream runoff data from the Zervynos water gauging station (GS)
during 1960-2015 were used for verification of the reconstructed
peatland water table and surface change. Ula is one of three streams
that drain the Cepkeliai peatland. Zervynos GS is situated ~25 km down-
stream from the Cepkeliai peatland (Fig. 1). After analysis of the rela-
tionship between the average annual water depth in the peatland (d)
and various indices of draining stream runoff, the strongest correlation
was found with the annual minimum of 7 days of runoff (Qzmin,
m?> s~ ). This index of draining river runoff was used for verification
of the reconstructed water table and surface elevation of the peatland.

4. Results
4.1. Peatland surface and subbasins

Elevation of the Cepkeliai peatland surface is approximately 129-
135 m asl The raised bog is located in the northern, western and eastern

parts of the peatland. The central part of the raised bog is >132 m asl,
whereas the highest elevation point is located in the west of the raised
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Fig. 2. Cepkeliai peatland profile graphs.

bog (>134 m asl). The surface is lower and more undulated in the mar-
gins of the raised bog and fen that are located in the southern part of the
peatland (Fig. 2). According to the raised bog profile graphs, the surface
does not continuously increase to the centre. Rather, it is more undulat-
ed with the appearance of hollows and hillocks. The groups of hollows
form watersheds of the subbasins.

The surface of the Cepkeliai peatland increased in the past few de-
cades (Fig. 3). Only in a few areas in the Katra subbasin, mainly in the
fen, can the decrease of the surface be observed. The surface variation
was from — 1.8 to + 1.9 m when comparing the topographical map
(1981) and LiDAR data (2007). Thus, the average annual change was
47 cm in the areas of the fastest surface variability.

In the plain watershed surface of the peatland, even small differ-
ences in elevation influence surface runoff distribution and water stor-
age in the different subbasins. Peculiarities of the water regime,
vegetation development, and peat formation in different parts of the
peatland are a function of insularity of these subbasins and the condi-
tions of the surface runoff. Seven parts have different draining condi-
tions in the Cepkeliai peatland: the Ula, Grida, and Katra subbasins, in
which water runs to the rivers; and four closed drainage subbasins,
where water surplus is removed by groundwater exchange or

evapotranspiration (Fig. 4). The probable differences of hydrological
conditions in the subbasins reflect the pine desiccation phenomenon
in a closed subbasin that is located in the northwestern part of the
peatland (Fig. 4). No pine desiccation was detected in other parts of
the peatland.

4.2. Climate, hydrology, and peatland surface variation

Overland flow and throughflow are the main causes of water loss in
raised bogs. However, the water table depends on the main water bal-
ance elements, which are precipitation and evapotranspiration. Long-
term change and periodical fluctuations of the water balance elements
mostly influence the inequality of the water table in the peatlands and
the development of the other processes. Existing meteorological data
enable the evaluation of three-decade climate normals and comparison
of the humidity conditions during these periods in the Cepkeliai
peatland (Table 1).

Differences of NR show various conditions of peatland humidity dur-
ing the three-decade period and in separate years. According to the
graph (Fig. 5), the rotations of the dry or wet year sequences of the dif-
ferent lengths prevail. This influences long-term transformations of the
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Fig. 3. Transformation of the Cepkeliai surface during 1981-2007.

peatland groundwater table and surface. For example, the dry period
during 1959-1988 was not favourable for the surface increase: a low
net rainfall induced the processes of surface decrease. However, two pe-
riods with high net rainfall were observed during 1989-2016 with a
short interruption of lower net rainfall in the 1990s (Table 1, Fig. 5).
Fluctuation of the average water table in the wells corresponds to
net rainfall in the same year (Fig. 5). However, a weak relationship be-
tween the average annual water table (H; and H,) and annual

A

precipitation, PET and NR, is observed. The correlation coefficient be-
tween annual NR and the average water table is 0.101 (NR/H;) and
0.313 (NR/H>). A weak relationship also occurs between the average an-
nual water table and net rainfall (NR, and NR3). A possible explanation
for this might be that the water table of previous years was not included
in the evaluation process. A strong relationship is observed only be-
tween NR; and the average annual water table in the wells: R =
0.616, p < 0.05 (W;) and R = 0.685, p < 0.01 (W5).

[] open drainage subbasin
[ closed drainage subbasin
I lake
/\/ river/channel

? monitoring well
/N drying pine area in 2012
/\/ drying pine area in 2013

Fig. 4. Situation of the subbasins in 2007 in the Cepkeliai peatland.
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Table 1
Hydroclimatical indices are calculated according to the Varéna WS 1929-2016 data.
Index Period
1929-2016 1929-1958  1959-1988  1989-2016
Min Max Avg Climate normals
P, mm 423 874 680 686 654 701
PET, mm 414 511 469 464 462 481
NR, mm —43 423 211 222 192 220

A strong and significant relationship is observed between the aver-
age annual water depth and the net rainfall of the two years (NR,):

in the first well R =0.714,p<0.05,d;, = 0.0009 NR,-0.463 (1)

in the second well R = 0.759,p<0.05,d, = 0.0006 NR; +0.395 (2)

This confirms that the relationship between net rainfall and the
water table is weak. However, it has a strong character if we take into
account net rainfall and water depth. Such differences could be ex-
plained by the significant influence of water depth toward
evapotranspiration.

The water depth in wells W1 and W2 (d;, and d>,) was reconstructed
according to Eq. (1) and Eq. (2) during 1930-2016 (Fig. 6). The analysis
of the relationship between the reconstructed water depth and the
peatland draining river flow showed a strong correlation with annual
7-day minimum flow (R = 0.562, p < 0.00001). Therefore, the minimum
annual flow is appropriate for evaluation of the peatland water storage.

According to the measurements, the peatland surface variability may
have a high amplitude and may be characterized by different trends. It
depends on various factors such as vegetation productivity, the amount
of litter and its level of decomposition, and acrotelm subsidence. Most
of these factors are linked directly with the water table. It is critical for
peatland development because it controls species composition through
anoxia at depth, which retards decomposers and enables peat accumula-
tion (Price et al., 2003). Meteorological conditions influence peat accu-
mulation. In addition, the net accumulation of peat can occur if the
summer water deficit is <100-150 mm (Maltby and Proctor, 1996).
Our research confirms the proposition that the raised bog surface vari-
ability depends on annual net rainfall. A comparison of the annual sur-
face elevation gradient (ASE) of the Cepkeliai peatland with the
average value of NR; showed that the peatland surface increased when
the 3 year net rainfall average was >196-209 mm y~ ', ca. NR;
> 200 mm (Fig. 7).

Therefore, when the annual net rainfall is >200-220 mm, the
peat surface increases; whereas the decline of the annual net rainfall
(<200-220 mm) determines the decrease of the surface (Fig. 7). These

intervals were derived according to the analysis of long-term measure-
ments (W1, W2). A significant influence of the net rainfall toward
peatland development was mentioned in earlier studies: no bogs
occur in those regions of Ireland where the average annual net rainfall
is <250 mm (Hammond, 1984).

Additionally, a strong linear correlation (R = 0.728; p < 0.05) was
detected between ASE and NR; near the short-term wells W3, W4,
and W5. However, the measurements in these wells were only taken
during the increased surface periods. Therefore, hydroclimatical condi-
tions influencing the surface decrease could be detected only according
to the linear relationship. The surface decrease in these wells should be
observed when NR; < 186 mm (Fig. 8). Such differences compared to the
abovementioned results are influenced by a small set of data. It might
also be influenced by the difference of surface and hydrological
conditions: W1 and W2 wells are located in the slope of peatland, W3
(near lagg), and W4 and W5 (in the flat part of the peatland).

According to the net rainfall, wet (NR > 200 mm) and dry (NR
<200 mm) years were distinguished. A wet year prevailed in 1929-
2016, and the trend of the peatland surface increase was observed. Dry
years prevailed in the 1960s and 1970s (Fig. 5). A significant decrease
of the peatland surface is observed in this period, and the question arises
as to what could evoke vegetation succession (a rapid overgrowth of
peatland with woody vegetation) (Edvardsson et al., 2015).

Surface increase and decrease cycles were observed in the Cepkeliai
peatland during 2007-2016. In this period, a strong linear correlation
was detected between the annual peatland surface elevation change
(ASE) and the water depth (d) in the W1 and W2 wells: R = 0.739, p <
0.05 (ASE;/d;), R = 0.734, p <0.05 (ASE>/d>). According to these relation-
ships, the peatland surface decrease replaced the increase and vice versa
when the average annual water table was ~27-30 cm (Fig. 9). The water
depth decline leads to the acceleration of the peatland surface increase.
The fastest peatland surface increase, which was 7 cmy ™~ ', was detected
in 2011 when the average annual water depth was 20-21 cm (Fig. 9,
W1). The fastest decrease, which was nearly 6 cm y~!, was in 2014
when the average annual water depth was 27-29 cm (Fig. 9, W2).

Another kind of relationship appeared between water depth in the
W3, W4, and W5 wells and surface elevation. Additionally, the strong
linear correlation (R = 0.769, p < 0.05) between d and NR3 near the
wells is observed according to these measurements (Fig. 10). However,
as mentioned above, no measurements were made in these wells dur-
ing the dry and surface-decreasing periods. Therefore, the linear corre-
lation only shows that the surface decrease appears when the water
depth declines <15 cm in the wells. Measurements of the W3, W4,
and W5 wells are excluded from the retrospective analysis because of
the short period and different surface and hydrological conditions.

The annual variability amplitude of the peatland surface near W1
well was from — 6 up to +6 cm. The amplitude of the farther well W2
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Fig. 5. Fluctuation of the measured water table (H; and H,) in the Cepkeliai peatland wells and net rainfall (NR).
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Fig. 6. Fluctuation of the reconstructed water depth of the Cepkeliai peatland (d;, and d>,) and minimum annual 7 day flow of the Ula River (Qzmin)-

was smaller and was from —6 up to +4 cm y~ . Although the peatland
surface varied differently near the W1 and W2 wells in separate years,
the trend of the surface variability was the same.

The variability amplitude of the peatland surface increase or de-
crease according to NR (Figs. 7 and 8) and d (Figs. 9 and 10) corresponds
to the specific case and the limited set of our observations. Additional
research is needed to specify these limits and to determine the applica-
tion possibilities in other raised bogs.

Analysis of the minimum 7 day annual Ula flow (Qznin) was per-
formed to evaluate the relationships between the river flow and the
peatland surface variation. The results showed a very similar variation
of the minimum flow and estimated the annual surface elevation
gradient (ASE) (Fig. 11). The peatland surface increases during the wet
years, which is detected by the 7-day minimum annual river flow
(Q7min >3.7 m3 571)~

The correlation coefficient between the raised bog annual surface el-
evation gradient and net rainfall (NR, NR>) varies from 0.606 up to 0.663
(p<0,1). A higher correlation and a positive relationship (R = 0.782,p <
0.05, ASE,; = 0.0489 NR3-9.58) was obtained between the annual sur-
face elevation gradient ASE close to the W1 well and average NRs. A
weaker positive relationship was obtained between the annual surface
elevation gradient close to the W2 well (R = 0.696, p < 0.05, ASE,, =
0.0446 NRs3 - 9.336). Therefore, the annual surface elevation gradient
of the raised bog was calculated according to NRs. The reconstructed
peatland surface (SEr; and SEr,) is based on the calculations of the annu-
al surface elevation gradient (ASE,). Parameters SEr; and SEr» show that
because of favourable humidity conditions, the raised bog surface close
to the W1 and W2 wells was increasing during the 1930-2016 period.
The surface of the peat increased in the 61 cm (ca. 7 mmy~ ') close to

the W1 well, whereas an increase of only 4 cm (ca. 0.5 mmy~') close
to the W2 well was estimated. Generally, the surface increased more
quickly in the margins of the peatland. Therefore, the reconstructed
peatland surface in 2011 close to the W1 well became higher compared
with the W2 well that is located farther from the peatland margins
(Fig. 11), and according to the measurements it occurred in 2015.
Thus, the local direction of the surface slope changed, and a natural bar-
rier for overland flow toward the margin of the raised bog formed.
Analysis of shorter periods showed even different peatland surface
variation trends. A fast surface decrease was observed during the
1960s and 1970s: the average annual decrease was ca. 8 mm yr— '
near the peatland margin (W1) and even 21 mm y~! farther from the
margin (W2). The surface of the peatland increased again during the
1980s: ca. 28 mmy~ ! (W1) and ca. 17 mm y~ ! (W2). Development
of the peatland surface was rather stable starting from the 1990s up to
2004. It increased 3 mm y~' on average near the peatland margins
and it has decreased on average 3 mm y~ ! farther from margin. A
rapid vertical growth of the peatland surface may be observed from
2005: 26 mmy~' (W1) and 16 mm y~' (W2) (Fig. 11). According to
the reconstructed surface elevation gradient, the cyclic raised bog sur-
face variability prevails and depends on water storage, which is influ-
enced by local or regional causes in a particular part of the raised bog.
From 1970 to 2005 in Swedish raised bogs, the total surface decrease
was as much as 17.8 cm or ca. 5 mm y~ ' (Franzén, 2006). In our case,
the reconstructed surface of the Cepkeliai peatland close to the first
well (W1) increased insignificantly by only 8.2 cm or ca. 2 mmy~ !,
whereas the data from the second well (W2) (surface decreased
14.6 cm or 4 mm y~ !, Fig. 12) are consistent with the results shown
in the abovementioned article. Surface variation close to the peatland
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Fig. 7. The relationship between the annual peatland surface elevation gradient (ASE) near the W1 and W2 wells and the 3 years of net rainfall average (NR3).
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Fig. 8. Relationship between annual peatland surface elevation gradient (ASE) near W3,
W4, and W5 wells and the 3 year net rainfall average (NR3).

margins (W1) could be influenced by the local water table in the
peatland lagg zone, whereas the surface variation near the W2 well
could be more affected by meteorological conditions and indicate the
surface variability of the bigger part of the peatland. Analysis of LIDAR
and topographic maps during 1981-2007 showed that the bigger part
of the peatland surface has increased from 0.1 to 1.9 m (Fig. 3). Accord-
ing to surface observation data near the wells (W1 and W2), the recon-
structed surface confirms that the Cepkeliai peatland surface increased
by 0.16-0.36 m during 1981-2007 (Fig. 12).

5. Discussion

Former studies that have noted the importance of the peat accumu-
lation rate have shown different accumulation results varying from
<1 mm up to several mm y~' (Franzén, 2006; Stivrins et al., 2017). A
possible explanation for these differences may be the lack of a uniform
concept of peat accumulation, i.e., no difference is made between the lit-
ter accumulation rate in the acrotelm and the peat accumulation rate in
the catotelm. Some previous research analysed peat accumulation rates
in the acrotelm and in the catotelm (Belyea and Baird, 2006; Morris and
Waddington, 2011; Baird et al., 2016), whereas other studies suggested
taking into account only the catotelm peat to determine the peat accu-
mulation rate (Kremenetski et al., 2003; Yu, 2006; Kleinen et al.,
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Fig. 10. Relationship between peatland annual surface elevation gradient (ASE) near W3,
W4 and W5 wells and the estimated average annual water depth (d).

2012). Obvious separation of the peatland-forming processes enables
us to evaluate the litter-peat accumulation rate and the surface variation
more precisely. Our findings are in accord with recent studies; however,
the main focus is given to the peatland surface variation. Our results in-
dicate that intensive litter accumulation and low decomposition rates
lead to an annual surface increase of a few centimetres. This process is
highly influenced by hydrometeorological conditions. A small amount
of litter and (or) an intensive decomposition process in the acrotelm
may cause a significant peatland surface decrease during certain years.
Such a surface variation has a minor influence toward peat accumula-
tion in the catotelm. The litter-peat accumulation rate and peatland sur-
face variability describes different processes. The peatland surface
variability depends on the annual amount of litter and aerobic decom-
position of litter in the acrotelm, whereas the peat accumulation rates
are likely to be related to the annual amount of material that transforms
from acrotelm to catotelm and to anaerobic decomposition of this mate-
rial in the catotelm.

From a hydrology point of view, peatland is usually treated as a ho-
mogeneous hydrological system (Ingram, 1983). Other research studies,
which are based on relationships of the peatland vegetation and humid-
ity conditions (Lamentowicz et al., 2015), highlight the water regime of
the microrelief forms (hummocks, hollows, and lawns) (Foster and
Glaser, 1986; Foster et al., 1988; Bubier et al., 1993; Namatéva, 2010;
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Fig. 9. Relationship between peatland annual surface elevation gradient (ASE) near W1 and W2 wells and estimated average annual water depth (d).
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Fig. 11. Fluctuation of reconstructed peatland surface elevation gradient (ASE;,, ASE;,;) and minimum annual 7 day Ula River flow (Qzmin)-

Shi et al., 2015). Our research supports the idea that separate parts of
the peatland may have an individual water regime. Peatland is divided
into separate parts that could be called peatland subbasins. They are
separated by microrelief forms that become watersheds for these sub-
basins. Subbasins involve autogenic processes that can later affect
their internal hydrology, nutrient status, and vegetation succession
(Hu and Davis, 1995; Swindles et al., 2012; Lavoie et al.,, 2013). As a re-
sult, internal hydrological changes or transitions in these subbasins in-
fluence peatland vegetation and peat formation peculiarities (Stivrins
etal,, 2017). Therefore, we can assume that internal hydrological condi-
tions in the peatlands subbasin level should be taken into account dur-
ing their state of evaluation, nature management projects, and in other
peatland research.

As mentioned above, peatland subbasins influence vegetation suc-
cession. Recently, a desiccation of the pine trees was observed in the
northwestern part of the Cepkeliai peatland. According to the map of
the subbasins, this area coincides with one of them. This finding, while
preliminary, suggests that individual water regime changes of this par-
ticular subbasin are the main cause of woody vegetation degradation in
this area. No similar phenomena are observed in the other parts of the
Cepkeliai peatland. Further field and monitoring studies are thus need-
ed to clarify the exact interactions between climate and peatland devel-
opment, hydrology, and vegetation dynamics.

Peatland surface variability is directly influenced by hydrometeoro-
logical conditions (Lamentowicz et al., 2008; Feurdean et al., 2015). Cli-
mate change consequences to the Baltic region are well analysed in
prior studies (Taminskas et al., 2008a; KaZys et al., 2015; Stonevicius
et al,, 2017). However, in contrast, few studies (Hilbert et al., 2000)
and indicators that enable the evaluation of peatland surface variability

have been detected. In regard to this question, our study found two ap-
propriate indicators for different peatland surface variability periods (an
increase or decrease). The first one is an ~200 mm y~ ' average net rain-
fall in the 3-year range. The second one is the average annual water
depth of 25-30 cm. However, short-term measurements in the flat
part of the peatland showed a 15 cm value of water depth.

The application of these indicators enabled us to reconstruct the
Cepkeliai peatland surface variability during nearly an entire 100-year
period. The most obvious finding to emerge from this reconstruction
was that the peatland surface variability amplitude was small; however,
more significant changes were detected during the shorter periods. Fur-
ther studies in this and other peatlands, which take these indicators into
account, will need to be undertaken before the association between
these indicators and peatland surface variability is more clearly
understood.

6. Conclusions

Significant climate changes were observed during the last century.
This influenced the cyclic fluctuation of net rainfall and water storage
in the studied peatland.

When 3 years of the net rainfall average and the annual water depth
in a raised bog falls below the limit of the dry years, the bog surface de-
creases up to few cm per year and vice versa (the bog surface increases
when these indicators remain above the dry years limit).

Climate change influences the significant raised bog surface variabil-
ity in the short time series. However, the average annual surface even-
tually increases, approaching the rate of peat addition to the catotelm.

masl mSE OSE

133.7

1336

I

1335 4

1334 -

1333

1332 4

133.1 4

133.0

1329

933

036 T———
030 T—————————
042 ————————————
945 ————
048 I———
Bl ———
954

057 I —
060 ————
063 ————
966

069 ——
972 T——

975

978 —

981

984 [m———

987

990

993 —

096 —

999

|\|

2005
2008
2011
2014

Fig. 12. Variation of the reconstructed surface elevation (SE;r and SE,r).



J. Taminskas et al. / Geomorphology 304 (2018) 40-49 49

Watersheds of short-term closed or open drainage subbasins may
change because of uneven peatland surface variation in the different
peatland areas. This may influence the water regime conditions in cer-
tain parts of the peatland.
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ABSTRACT

The goal of this research report is to describe annual precipitation reconstruction from Pinus
sylvestris trees on three sites in the Abakan region, located in the Minusinsk Depression, at the
confluence of the Yenisei and Abakan Rivers, Russia. The study was performed during the 4™ annual
international summer course “Tree Rings, Climate, Natural Resources and Human Interaction™ held
in Abakan, 5-19 August 2013. The reconstruction, for the 12-month total precipitation ending in July
of the growth year, is based on a reliable and replicable statistical relationship between precipitation
and tree-ring growth, and shows climate variability on both interannual and interdecadal time scales.
The regional tree-ring chronology accounts for 56% of the variance of observed annual precipitation in
a linear regression model, with the strongest monthly precipitation signal concentrated in May and
June of the current growing season. Composite 500 mb height-anomaly maps suggest that the tree-ring
data from this site, supplemented by other regional tree-ring data, could yield information on long-
term atmospheric circulation variability over the study area and surrounding region.
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INTRODUCTION

Dendroclimatology is the science of determin-
ing past climate variability from tree rings. Time
series of tree-ring measurements spanning several
centuries serve as proxy records of past climatic
conditions (Cook et al. 1999). Such records provide
us with knowledge of the past frequency and
severity of climatic anomalies, such as drought
and wet periods, and can be used to help anticipate
the probability of such events in the future.

Dendroclimatology studies in the Khakasian
region of southern Siberia began with an investi-
gation by Vaganov et al. (1985) of a wide range of
ecological factors and climatic factors influencing
tree-ring formation. This work was followed by
other dendroclimatological and ecological studies
(Magda et al. 2002, 2004, 2011; Block et al. 2003;
Vaganov et al. 2006; Knorre et al. 2010), culminat-
ing in a reconstruction of June temperature in the
forest-steppe of the Republic of Khakassia by
Babushkina et al. (2011).

This report describes dendroclimatological as-
pects of the 4™ annual international summer course
“Tree Rings, Climate, Natural Resources and Hu-
man Interaction” (Figure S1). The main purpose of
the course was training of participants in basic
dendrochronology and in dendroclimatic application
of tree-ring data. As part of the course, we produced a
regional tree-ring chronology of Pinus sylvestris from
the Abakan region, investigated the seasonal climatic
signal of the chronology with correlation methods,
and applied the chronology to reconstruct annual
precipitation for the monthly grouping of previous
August to current July (prior August-current January
= PA-CJ). A 138-year reconstruction for the Abakan
region is analyzed for time series features of
variability relevant to water resources planning. The
association between unusually dry years and wet
years in Abakan, with broad-scale atmospheric
circulation anomalies, is summarized by analysis of
500 mb height reanalysis data.

MATERIALS AND METHODS
Study Area

Three sites near Abakan were selected (Figure 1).
The site GRN (53.66°N latitude and 91.59°E

longitude) is 11 km southwest Abakan at an ele-
vation of 273 m a.s.l. MAM and MIN (53.75°N
latitude and 92.04°E longitude) are 30 km east of
Abakan at 497 m a.s.l. and 506 m a.s.1., respective-
ly. At the GRN site Pinus sylvestris forms pure
stands but in MAM and MIN it grows in asso-
ciation with Betula pendula. The soil is similar at all
three sites and is sandy with a humus layer at 10—
15 cm. However, soil density at GRN is higher as
compared to the other two sites, MAM and MIN.
The relief of GRN has small depressions with
slopes 2—15° whereas sites MAM and MIN are on a
hill with slopes of 2-45°.

Chronology

Increment cores were taken from living trees
at all sites. A total of 128 cores were taken from 67
trees. Samples were fine-sanded and crossdated
using standard dendrochronological techniques
(e.g. Stokes and Smiley 1968). The width of each
annual ring was measured to the nearest 0.01 mm
using TSAP-LINTAB (Rinntech 2011). In addi-
tion, CooRecorder and CDendro software (http://
www.cybis.se/forfun/dendro/) were used to obtain
measurements from digital scans of core samples.
Crossdating and measurement accuracy were ver-
ified using COFECHA (Holmes 1983; Grissino-
Mayer 2001).

Each tree-ring width series was fit with a
cubic smoothing spline having a 50% frequency
response cutoff equal to 67% of the series length to
remove the non-climatic trends caused by tree age,
size, and the effects of stand dynamics (Cook
and Briffa 1990). The detrended series were then
prewhitened with low-order autoregressive models
to remove persistence, which was observed to be
appreciably higher in the tree-ring series than in
seasonal and annual precipitation. The resulting
series is called a “‘residual” index. Combining of
individual indices into the regional chronology
was done using a bi-weight robust estimate of the
mean (Cook 1985), designed to minimize the
influence of outliers.

We used expressed population signal (EPS) to
assess the adequacy of replication in the early
years of the chronology (Wigley et al. 1984). We
limited our analysis to the period with an EPS of
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Figure 1. Locations of tree-ring sites (A) and climate station (@®).

at least 0.85 to ensure the reliability of the
reconstructed precipitation. These thresholds cor-
respond to a sample depth of 6 trees (12 series),
and allow for reconstructing the period A.D.1875-
2012 (Figure 2A).

Climate Data

Monthly precipitation (P) and temperature (T)
were obtained from the Minusinsk meteorological
station (Khakassian Centre of Hydrometeorology
and Environmental Monitoring) (Figure 3). The
period of availability of monthly data for the
station is 1935-2012 for P and T.

We conducted correlation analysis of the
residual ring-width chronology against the climate
data using the seasonal correlation (SEASCORR)
procedure developed by Meko er al (2011). We
used individual months as well as seasonal values
integrating 3, 6, and 12 months. We considered a
14-month window starting in the August prior to the
growth year and ending in the current September.

A transfer function analysis (TFA) was
conducted between the regional tree-ring chronol-
ogy and the seasonal climate series identified by
SEASCORR. A regression equation of seasonal
precipitation on the regional tree-ring chronology
for the calibration period 1935-2012 was devel-
oped. The validity of this equation as a transfer
function model for converting tree-ring values to
precipitation values was examined using regression

MONGOLIA

statistics (R? and adjusted R?), and the PRESS
procedure for cross-validation (Weisberg 1985;
Fritts et al. 1990; Meko 1997; Touchan et al
2011). A split-sample procedure (Snee 1977; Meko
and Graybill 1995; Touchan et al. 2011) that
divides the full period (A.D. 1935-2012) into two
subsets (1935-1973 and 1974-2012) was also used
to verify model stability. In the two verification
periods, the reduction of error statistic (RE) was
calculated as a measure of reconstruction skill
(Fritts 1976). An RE value greater than 0 indicates
positive skill. The calculated transfer function was
then applied to the regional residual chronology to
produce the time series of reconstructed PA-CJ
total precipitation for as many years as the
adequately-replicated portion of the chronology
allowed.

Dry years and wet years were defined as
reconstructed precipitation below or above spec-
ified thresholds corresponding to percentiles of the
observed precipitation for the base period 1935-
2012. Percentiles for the thresholds were based on
exploratory scatter plots of reconstructed precip-
itation on observed precipitation, recognizing the
threshold must be high enough to represent a
significant departure from average conditions. A
five-year moving average of reconstructed precip-
itation was used as an alternative summary
measure of drought severity.

The association of extremely dry or wet years
in Abakan with atmospheric circulation anomalies
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Figure 2. (A) Tree-ring residual chronology of Pinus sylvestris along with number of trees; (B) Time series plot of reconstructed PA-
ClJ precipitation; (C) Five-year moving average of reconstructed PA-CJ precipitation. Values are plotted at the center of each 5-year

period. Uncertainty values are shown at 80% confidence interval.

in the warm season was studied with the aid of
composite maps of 500 mb geopotential height
anomaly drawn with the mapping tool provided by
NOAA/ESRL Physical Sciences Division (http:/
www.esrl.noaa.gov/psd/) using NCEP/NCAR Re-
analysis data (Kalnay et al. 1996).

RESULTS AND DISCUSSION

A regional chronology was built using mate-
rial from three sites in Abakan (Figure 1). The
tree-ring series of the three sites show strong
similarities in terms of visual crossdating of the
wood and computer-based quality control. The
high degree of common variation in trees is
supported by the EPS, which reaches a critical
value of 0.85 at a sample size of 6 trees
(Figure 2A).

The combined chronology is 138 years long
(A.D. 1847-2012), which is slightly longer than the
period deemed suitable for climate interpretation
(A.D. 1875-2012). Average series inter-correlation
among all radii is 0.51. The mean sample segment
length (MSSL) of the regional chronology is
97 years and is adequate to investigate multi-
decadal climate variability (Cook and Peters
1997).

PA-CJ total precipitation was selected as a
reconstruction target (predictand for the recon-
struction model) based on program SEASCORR
results relating the residual chronology, 1935-
2012, to P and T (Figure 3). The analysis identifies
the strongest annual P signal as a 12-month total
from previous August to current July. Individual
months with most significant P correlation are
previous August, previous November, current
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Figure 3. Program Seascorr summary of seasonal climatic signal in the residual chronology data. Climatic variables are monthly
precipitation and temperature of Minusinsk meteorological station. (Top) Correlation of tree-ring variable with monthly, 3-month
total, 6-month total, and 12-month total precipitation for ending months from August preceding the growth year through
September of the growth year. (Bottom) Partial correlations (controlling for precipitation) of tree-ring variable with monthly
average temperature. Colors indicate Monte-Carlo-derived significance of correlation or partial correlation (Meko et al. 2011) for a-
levels 0.01 and 0.05. Analysis period is tree-ring years 1937-2012.

May and current June. Temperature’s influence, as 320 mm and the 70" percentile as 366 mm
summarized by partial correlations in SEAS- (Figure 2B). The long-term reconstruction for the
CORR, is significant for the single months of period 1875-2012 contains 41 dry years according
current July and August. The negative sign of to these criteria. Twenty-two events have duration
partial correlations for those months indicates that — of one year, eight have duration of two years, and
high temperature exacerbates the negative tree- one has duration of three years (1915-1917). The
growth anomaly associated with a given precipi- driest single year of the reconstruction is 1910

tation deficit. (179.9 mm). The driest year in the instrumental
The final regression statistics for the 1875- datais 1965 (197.8 mm; reconstructed is 283.9 mm).
2012 precipitation reconstruction, obtained from The reconstruction contains 41 wet years. The

the relationship between the regional tree-ring wettest year in the reconstruction was 1995
chronology (predictor) and precipitation record (472.9 mm; reconstructed is 469.8 mm). The wettest
(predictand), are highly significant (Figure 2B). year during the instrumental data was 2003
The predictor variable accounts for 56% of (566.5 mm; reconstructed is 445.9). Nineteen wet
observed precipitation. Cross-validation using events had duration of one year, five a duration of
the PRESS procedure indicates the model per- 2 years, and four lasted 3 years (1897-1899, 1921—
forms adequately in estimating precipitation data 1923, 1925-1927, and 1936-1939).
not used to produce the model (prediction R? = A five-year moving average of the reconstruc-
0.54). The split-sample calibration-validation ex- tion demonstrates multi-annual to decadal varia-
ercise indicated stability of the relationship over tion in PA-CJ precipitation and suggests several
halves of the available instrumental data period. prolonged dry and wet events (Figure 2C). The
The computed RE statistics indicated skill of driest five-year reconstructed period is 1940-1946
reconstruction in the calibration/validation exer- (300 mm). The second and third driest periods are
cises using different sub-periods. On this evidence, 1910-1914 and 1961-1965. The wettest five-year
the full calibration period (1935-2012) was then reconstructed period is 1969-1973 (393 mm). Two
used for the final reconstruction model (Table S1).  other wet periods were 2000-2004 and 1993-1997.
Empirical thresholds for the dry and wet The association of dry and wet years with
events defined the 30" percentile of the observed P circulation anomalies was studied with composite
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Figure 4. Composite map of difference in May-June 500 mb height anomalies in dry years and wet years. Years for composites are
among driest (or wettest) ten years both in the precipitation reconstruction and in May-June observed precipitation at Minusinsk.
Dry years are 1965, 1964 and 2012. Wet years are 1970, 1995 and 2003. Anomalies (color bar) are departures (m) from 1981-2010
climatology. Map drawn with online mapping tool from the NOAA Earth System Research Laboratory (http://www.esrl.noaa.gov/

psd/cgi-bin/data/getpage.pl).

maps of the difference of average 500 mb geopo-
tential height anomalies in dry and wet years (dry
minus wet), 1949-2012 (Figure 4). To avoid
mixing seasons with different characteristic circu-
lation patterns, we focused this analysis on height
anomaly and precipitation in the two-month
season May-June: May and June are the only
two consecutive months in the annual (PA-CJ)
period for which the correlation between precip-
itation and tree-ring index is highly significant
(p < 0.01).

First, the precipitation record was examined
to identify the 10 driest and wettest observed and
reconstructed years, 1949-2012. Second, the
subset of years among the driest 10 by both
observed and reconstructed data was identified. A
subset of common wet years was likewise
identified. These subsets focus on wet and dry
years effectively captured by the tree-ring data.
The procedure yielded three common dry years
(1964, 1965, 2012) and three common wet years
(1995, 1970, 2003).

The composite difference (dry-wet) 500-mb
anomaly map for those subsets of years shows that
the tree-ring site (red star) is located at the eastern
edge of an anomalous high (Figure 4). This
position is climatologically consistent in indicating
a more stable atmosphere and more northerly flow
at the site in dry years than in wet years.

CONCLUSIONS

The report represents the first precipitation
reconstruction for the Abakan region. It demon-
strates that tree-ring reconstruction provides a
baseline for studying past climate variability
beyond the instrumental data. The reconstruction
can help natural resource managers apply low-risk
and long-term plans to use, conserve, and sustain
water and other natural resources that are the
foundations of social, political, and economic
systems in the region. Additional tree-ring collec-
tions from this region, combined with tree-ring
datasets elsewhere, may be useful in studying
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long-term variability of atmospheric circulation
anomalies, especially in the warm season.
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