,Moravsky Yellowstone* slouzil v dobé
ledové jako oaza pro teplomilné dreviny

English see below

Praha 3. 6. 2024 — V dobé ledové mohly hydrotermalni prameny sehrat kliCovou roli pro prezivani teplotné
naroénych druhid ve vyssich zemépisnych Sifrkach. K tomuto zjisténi dospél mezinarodni tym védcli vedeny
pracovniky z Centra pro teoreticka studia Univerzity Karlovy a Ceské geologické sluzby, na studii se podileli
i védci z Prirodovédecké fakulty Univerzity Karlovy. Vysledky vyzkumu, cerstvé publikované v prestiznim
casopise Science Advances, do znacné miry méni dosavadni predstavy o migraci druhti po skonéeni posledni
doby ledové a poskytuji nové informace o pfizpiisobovani rostlin klimatickym zménam.

K objevu doSlo pfi geologickém prizkumu v okoli Hodonina na jizni Moravé. Védci zde nehluboko pod povrchem
odhalily vrstvu neobvyklych hornin, tzv. kfemennych sintri. "Je to zviastni typ sedimentu tvofeny hlavné opalem, ktery
vznika u pramen s teplovou vodou bohatou na rozpustény kfemen. Stejné horniny se dnes tvori napr. v okoli gejzirt
v NP Yellowstone v USA, “ vysvétluje hlavni autor studie Jan Ho$ek z Ceské geologické sluzby (CGS) a Centra pro
teoreticka studia Univerzity Karlovy (CTS UK). K vysrazeni opalu dochazi velmi rychle, takze se v téchto sedimentech
Casto nachazeji dokonale zachovalé zbytky vegetace, ktera rostla v okoli pramenist. ,Vzorky odebrané z moravské
lokality jsou na rostlinné pozistatky znacné bohaté. Ve vétsiné pripadd byla navic zachovana i organicka hmota, coz
nam umoznilo pomoci radiouhlikové metody spolehlivé zjistit absolutni stafi jednotlivych nalezd,” dodava HoSek.

Oaza s teplomilnou vegetaci na termalnim pramenisti u Hodonina. llustrace Jifi Svoboda

Vysledky datovani ukazaly, ze jsou fosilni rostliny 28 az 17 tisici let staré. V tomto obdobi zazivala planeta nejchladné&;si
fazi posledni doby ledové, tzv. posledni glacialni maximum. Stfedni Evropa byla seviena mezi alpskym a skandinavskym
ledovcovym &titem, primérné ro¢ni teploty byly o 10 °C niz8i nez dnes a povrch byl promrzly do hloubky aZ nékolika set
pro védce bylo, Ze se v sedimentu ¢asto nachazely pozlstatky dubu, lipy, jasanu a dalSich dfevin vyZzaduijici relativné
vysoké priimeérné teploty a dostatek vody.

» 10, Ze zde tyto teplotné narocné druhy prezZily glacialni maximum si Ize vysvétlit jediné tak, Ze hydrotermalni prameny,
kterych byly ve zkoumané oblasti desitky, podstatnym zptisobem ovlivnily mikroklimatické podminky. Z analyzy izotopt
kysliku vime, Ze se teplota vody pohybovala okolo 25 az 35 °C. Tato konstanté tepla voda ohfivala pudu v okoli
pramenist, zvySovala vzdusnou vlhkost a mohla tak udrzovat v celé oblasti relativné stabilni klima. Analogicky to dnes
funguje napfiklad na Aljasce nebo na Cukotském poloostrové. DileZitym faktorem také bylo, Ze rostliny mély celoroéné
k dispozici kapalnou vodu, které byl v tehdejsi krajiné kriticky nedostatek. Byla to takova oaza uprostfed arktické pousté,“
fika Jan HoSek.

Podle autord studie mohlo byt podobnych hydrotermalnich oaz ve stfedni Evropé vice. Dokladaji to paleobotanickym
zaznamem z termalniho mokfadu v Liptovské kotliné na Slovensku, kde v sedimentech datovanych do posledniho
glacialniho maxima objevili vysoké koncentrace pylu teplomilnych dfevin.



Fosilni listy dubu ve vrstvé opalu. Foto: Jifi Kvacek

Vysledky vyzkumu zasadné méni dosavadni pfedstavy o pfezivani organismG béhem ledovych dob. Obecné se mélo
za to, Ze se béhem posledniho glacidlniho maxima teplotné naro¢né druhy rostlin a Zivo€ichd pfesunuly z nehostinnych
oblasti severni a stfedni Evropy tisice kilometr(i jiznéji, az ke Stfedozemnimu mofi. Zde pfeckaly az do po¢atku soucasné
doby meziledové a zhruba pfed 10 tisici lety se postupnésifily zpét na sever. ,Molekularni fylogeneticka data sice
naznacuji, Ze nékteré teplomilné druhy dfevin preckaly v malych populacich i v severnéjSich oblastech, tzv. severnich
mikrorefugiich. Fakticky paleontologicky doklad vSak zatim chybél. O tom, kde a za jakych podminek mohly tyto druhy
prezit glacialni maximum se tak doposud nic nevédélo” vysvétluje spoluautor studie Petr Pokorny z CTS UK.
,Vysledky vyzkumu povazujeme za vyznamné nejen proto, Ze poprvé presvédcCivé dokladaji existenci severnich
mikrorefugii, ale zaroveri vysvétluji i klimatické a geologické okolnosti, které to umozriovaly,“ doplfiuje HoSek.

V sougasnosti u Hodonina k vyvéru horkych prament nedochéazi. Ze tomu tak bylo pravé b&hem nejchladnéjsiho obdobi
posledni doby ledové podle védct muze souviset se zalednénim Alp a tektonickymi procesy. ,Lokalita se nachazi na
severnim okraji velké tektonické panve, ktera je systémem zlomui navazana na Alpy. Jizni ¢ast panve je v sou¢asnosti
tektonicky pomérné aktivni, coz souvisi s kontinualnim vyzdvihem Alpského horstva. BEhem posledniho glacialniho
maxima byly navic Alpy zatizeny nékolik kilometri mocnym ledovcovym prikrovem, ktery celé horstvo zatlacoval. Pri
téchto protichtGdnych pochodech se pravdépodobné aktivovaly hluboce zaloZzené zlomové struktury, podél kterych mohlo
Z hloubek nékolika kilometri dochazet k vystupu geotermalné ohraté vody. Ochlazeni a s tim spojeny rust alpského
ledovce tak paradoxné napomohl setrvani teplomilné vegetace v oblasti,“ dodava Jan HoSek.

Studie, na které se mimo CGS a CTS podilela i Prirodovédecka fakulta UK, Narodni Muzeum, Masarykova
Univerzita, University of Minnesota a Universita Gottingen je volné dostupna zde: https://www.science.org/doi/10.1126/
sciadv.ado6611
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"Moravian Yellowstone" served as an oasis for thermophilic tree
species during the Ice Age

Prague, June 3, 2024 - During the Ice Age, hydrothermal springs may have played a key role in the survival of
temperature-demanding species at higher latitudes. This finding was made by an international team of scientists led
by staff from the Centre for Theoretical Studies at Charles University and the Czech Geological Survey, with scientists
from the Faculty of Science at Charles University also contributing to the study. The results of the research, recently
published in the prestigious journal Science Advances, largely change the existing ideas about the migration of species
after the end of the last ice age and provide new information about the adaptation of plants to climate change.

The discovery was made during a geological survey in the vicinity of Hodonin in southern Moravia. Scientists have
uncovered a layer of unusual rocks, called quartz sinter, deep below the surface. "It is a special type of sediment, mainly
made up of opal, which is formed at springs with warm water rich in dissolved quartz. The same rocks form today, for
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example, around geysers in Yellowstone National Park in the USA," explains the study's lead author Jan Hosek from
the Czech Geological Survey (CGS) and the Centre for Theoretical Studies at Charles University (CTS CU). The
precipitation of opal occurs very quickly, so these sediments often contain perfectly preserved remnants of the vegetation
that grew around the springs. "Samples taken from the Moravian site are very rich in plant remains. In most cases,
organic matter was also preserved, which allowed us to reliably determine the absolute age of individual finds using the
radiocarbon method," HoSek adds.

Oasis with thermophilic vegetation at a thermal spring near Hodonin. lllustration by Jifi Svoboda

The dating results showed that the fossil plants are 28 to 17 thousand years old. During this period, the planet was
experiencing the coldest phase of the last ice age, the so-called Last Glacial Maximum. Central Europe was sandwiched
between the Alpine and Scandinavian ice caps, with average annual temperatures 10 °C lower than today and the
surface frozen to a depth of several hundred metres. Only the hardiest plant species, especially herbs, were able to
survive in these conditions. What was even more surprising to the scientists was that the sediment often contained the
remains of oak, lime, ash and other trees that required relatively high average temperatures and plenty of water.

"The fact that these temperature-demanding species survived the glacial maximum here can only be explained by the
fact that hydrothermal vents, of which there were dozens in the study area, significantly influenced the microclimatic
conditions. From oxygen isotope analysis, we know that the water temperature was around 25 to 35 °C. This constant
warm water warmed the soil around the springs and increased the humidity in the air, and was thus able to maintain
a relatively stable climate throughout the area. This is analogous to how it works today in Alaska and the Chukchi
Peninsula, for example. Another important factor was that liquid water, which was critically scarce in the landscape at
that time, was available to plants all year round. It was an oasis in the middle of the Arctic desert," says Jan Hosek.

According to the authors of the study, there could have been more similar hydrothermal oases in Central Europe. They
prove this with a palaeobotanical record from a thermal wetland in the Liptovska basin in Slovakia, where they found
high concentrations of pollen from thermophilic trees in sediments dating back to the last glacial maximum.

Fossil oak leaves in a layer of opal. Photo by Jifi Kvacek

The results of the research fundamentally change existing ideas about the survival of organisms during ice ages. It was
generally thought that during the Last Glacial Maximum, thermally demanding plant and animal species moved from
the inhospitable regions of northern and central Europe thousands of kilometres south to the Mediterranean Sea. Here
they survived until the beginning of the present interglacial period and gradually spread back northwards around 10 000
years ago. "Although molecular phylogenetic data suggest that some thermophilic tree species have survived in small
populations in more northern regions, the so-called northern microrefugia. However, actual palaeontological evidence
has so far been lacking. Thus, nothing has been known about where and under what conditions these species could
have survived the glacial maximum,” explains study co-author Petr Pokorny from CTS CU.

"We consider the research results significant not only because they provide convincing evidence for the first time of the
existence of northern microrefugia, but also explain the climatic and geological circumstances that made this possible,"
adds HoS3ek.

At present, there are no hot springs near Hodonin. According to scientists, the fact that this was the case during the
coldest period of the last ice age may be related to the glaciation of the Alps and tectonic processes. "The site is located
on the northern edge of a large tectonic basin, which is linked to the Alps by a system of faults. The southern part of the
basin is currently quite active tectonically, which is related to the continuous uplift of the Alpine mountains. In addition,
during the last glacial maximum, the Alps were burdened by a glacial ice sheet that was several kilometres thick and
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pushed the entire mountain range down. These opposing marches probably activated deeply based fault structures
along which geothermally heated water could have emerged from depths of several kilometres. The cooling and the
associated growth of the alpine glacier paradoxically helped the thermophilic vegetation in the area to persist," adds
Jan Hosek.

The study, which involved the Faculty of Science of the UK, the National Museum, Masaryk University, the University of
Minnesota and the University of Géttingen, is freely available here: https://www.science.org/doi/10.1126/sciadv.ado6611

Contact person:
RNDr. Jan Hosek, PhD

Czech Geological Survey & Centre for Theoretical Studies, Charles University
Tel: +420 731 905 752

email: johan.hosek@gmail.com

For accuracy:

Petra Klusakova, DiS.

Department of External Relations of the Charles University
Ovocny trh 560/5, 116 36 Prague 1

tel.: 224 491 350

Mobile: 773 205 725

petra.klusakova@ruk.cuni.cz

http://www.cuni.cz



mailto:johan.hosek@gmail.com
mailto:petra.klusakova@ruk.cuni.cz
http://www.cuni.cz

