
Providing long environmental and genetic records of glacial and interglacial 
climatic oscillations and human impact in the Carpathian Basin (PROLONG) 

Final report 

The research project focused on the study of both Holocene and last glacial maximum (LGM) 
paleoenvironmental and paleoclimate changes using lake sediment archives from three 
nature reserve areas of the Carpathian Region. One important aim of the project was to train 
specialists in the field of fossil pollen, plant macrofossil and ancient DNA analysis and this 
way initiate the formation of the „Long-term ecology research group”. In this final report we 
summarize the main results of this four year project and demonstrate how the team building 
aspect of the project has been realized. 

The largest research effort was dedicated to the study of Holocene lake sediments in the 
Retezat Mountains (South Carpathians Mountains), where five lakes were studied using 
multi-proxy paleoecological techniques. An exceptionally wide array of proxy methods has 
been applied on these lake sediments in collaboration with the participating scientists and 
also involving several international collaborators (Oliver Heiri, Andy Lotter, Walter Finsinger, 
Odile Peyron, Hilary Birks, Daniel Veres): 

1. Sediment description (Troels‐Smith system), photographic documentation 
2. Loss‐on‐ignition analysis (LOI) 
3. Magnetic susceptibility measurements 
4. Micro and macro element analysis 
5. Biogenic silica measurements 
6. Diatom analysis 
7. Chrysophycean stomatocyst analysis 
8. Pollen, stomata and non‐pollen palynomorph analyses 
9. Plant macrofossil analysis 
10. Ancient DNA analysis 
11. Chironomid analysis 
12. Micro‐ and macrocharcoal analysis 
13. Cladocera analysis 
14. Ostracoda analysis 
15. Oxygen stable isotope analysis (on siliceous algae) 
16. Cryptotephra analysis 
 
In scope of the OTKA NF 101362 grant the focus was on the Holocene sediments. Among 
others, the most important achievements involve the reconstruction of Holocene tree-and 
timberline dynamics both on the northern and southern slopes (Figure 1; Vincze et al., 2017; 
Orbán et al., 2017;  Magyari et al., in press) where we demonstrated that the Holocene 
timberline oscillation was within ~150 m, and the Early Holocene large timberline species 
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diversity decreased by 3000 cal yr BP, when the largest amplitude tree and timberline 
decrease was detected, primarily triggered by climate change. We also demonstrated that 
human impact played important role in the further decrease of the timberline during the last 
3000 years, and concluded that sheep and cattle grazing mainly influenced the timberline 
spruce and stone pine populations. Our inferences for sustainable landscape management 
were the (1) naturalness of the ongoing upward migration of the treeline (has still scope for 
>150 m increase) and (2) the naturally lower share of the alpine grassland habitats that 
otherwise abound in protected, often endemic plants. We demonstrated that these 
herbaceous species were able to maintain viable populations throughout the Holocene even 
though their habitat size was considerably smaller between 3000 and 8000 cal yr BP. 

Another important achievement was the dating of tree immigration and expansion times 
using plant macrofossil, stomata and pollen records from four lakes (Magyari et al., in press). 
We managed to define tree species for which refugial habitats are more likely on the 
northern slope (Norway spruce Picea abies, European larch Larix decidua, Silver fir Abies 
alba) and also some deciduous taxa that showed earlier postglacial population increase on 
the southern slope (e.g. common hornbeam Carpinus betulus, hazel Corylus avellana). From 
a nature protection perspective, our data highlighted the difference between the northern 
and southern slope (much more extensive deciduous woodlands on the southern slope) and 
this way help restoration targets on the largely deforested mid-altitude pastures. 

Although with less published records, the project outcomes also involve the human impact 
history of the two mountain slopes (Tóth et al., 2015, Vincze et al., 2017, Buczkó et al., 2013, 
2017; Hubay et al., in press). These results showed surprisingly earlier onset of the mountain 
farming on the southern slope (from the Late Bronze Age, 4000-4200 cal yr BP), while strong 
burning of the alpine mugo pine (Pinus mugo) forests was demonstrated from ca. 3000 cal yr 
BP on the northern slope (Hubay et al., in press). The Roman times showed decreasing land 
use on both slopes. 

The very high time resolution of the pollen records from four Retezat mountain lakes 
allowed for the study of rapid climate change event ecosystem impacts in this mountain for 
the Early Holocene (EH) (Pál et al., 2015, 2016, 2017). The project participant, Ilona Pál, 
worked on this topic as part of her PhD, and very successfully demonstrated that the S 
Carpathian Mountains display warm summers, cold/wet springs and high fire frequency 
during the EH short term cooling events that lead to the disturbance of the climax forests in 
the mid altitude deciduous forest zone and helped the establishment of new taxa (e.g. 
Carpinus betulus common hornbeam). We also worked on the fire history of the mountain, 
and concluded that similarly to the human impact history, the two slopes had different fire 
histories, with more fires on the southern slope(Finsinger et al., 2015, 2017).In agreement 
with other East-Central European records, we demonstrated higher fire frequencies during 
the EH until c. 7500 cal yr BP. 
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Another research aim was the paleogentic study of the glacial lake sediments in the 
Retezat. Here our aim was to use of novel methods (DNA metabarcoding) in fossil 
biocoenosis reconstruction and to further investigate the population genetic changes of 
Norway spruce in the mountain. This latter species underwent genetic diversity decrease 
during the Holocene (Magyari et al., 2011), but the timing of a possible genetic bottleneck 
was unclear. This subproject involved the employment of Bertalan Lendvay, Ágnes Erős and 
Zsuzsanna Pató who worked hard and achieved outstanding results both on the spruce 
population genetics (Lendvay et al., submittted) and on the fossil biocoenoses 
reconstructions (Magyar et al., submitted). We had some difficulties however with 
publishing these results. This was despite the novel techniques applied particularly in the 
biocoenoses reconstructions. This field of science develops very fast, with new techniques 
emerging every year. Probably this was the reason why the manuscript of Lendvay et al. 
(submitted) had to be submitted twice. Both DNA papers are under review in Quaternary 
International and Quaternary Science Reviews. 

There is no scope to give details of all publication and research results that have been 
attained during the study of these lake sediments, but the number of published journal 
articles in connection with this sub-project attains 29 by now (most of them were published 
between 2012-2017), and we successfully completed the special issue with a title 
“RECONSTRUCTION OF LATE GLACIAL AND HOLOCENE ENVIRONMENT AND CLIMATE IN THE 
RETEZAT MOUNTAINS, SOUTH CARPATHIANS, ROMANIA” in the journal Quaternary 
International. The full list of publications in this special issue is included in Appendix 1, and 
the majority of the papers is already available online. 

Our second study area in the Carpathian Mountains was the Ciomadul Mountains, where we 
focused on the paleoenvironmental study of the last glacial maximum. In these volcanic 
mountains two crater lakes were formed during the last glaciation, Lake St Anne and Lake 
Mohos. Our aim was to carry out detailed geoelectric and seismic surveys in the Lake St 
Anne crater in order to find the point with the thickest sediment deposition. In this crater 
both reconnaissance survey method failed in 2012 due to the large quantity of CO2 and CH4 
gas in the sediment. For the drilling we had to rely on earlier field experience. A surprising 
and much welcomed achievement was however the geoelectric research result of Lake 
Mohos (Appendix 2; Karátson et al., 2015, 2016, 2017), which demonstrated the presence of 
>70 m claysilt deposit at the deepest point of the crater. This research output later led to the 
successful drilling of this crater by a German team down to 35 m (Borman et al., in press). In 
Lake St Anne the Austrian Uwitec Company was responsible for the drilling in 2013. The 
team led by Richard Niederreiter drilled down to 24 m in the crater (6 m water + 18 m 
sediment) and we reached the bottom of the crater. Paleoenvironmental work on this long 
core started with the dating, physical and chemical study of the deposit (see Magyari et al., 
2015ab) and the pollen analysis of the full glacial, Late Glacial and Early Holocene sediment 
sections. This was followed by detailed plant macrofossil (Ildikó Vincze), diatom (Krisztina 
Buczkó), chironomid (Mónika Tóth) and aDNA analyses (Ágnes Erős, Enikő Magyari). 
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Currently the results of these analyses are under publication. The main result of the LGM 
multi-proxy study was the demonstration of boreal mixed leaved woody vegetation in the 
study area throughout the coldest phase of the LGM. We demonstrated the refugial role of 
the area (Magyari et al., 2015ab). We also detected strong increases in deciduous tree 
populations at two Dansgaard-Oeschger warm events and the advance of juniper (Juniperus 
sp.) heath during Heinrich-event 1 (18-15ka BP). These vegetation responses showed that 
the ocean circulation driven large amplitude climatic fluctuation of Greenland Stadial 2 
(broadly equalling the LGM) exerted strong impact in the continental interior area of Europe. 
Overall, several proxies and an enormous work-load has already been dedicated to the study 
of the Lake St Anne 2013 core, which is still ongoing and several paleonevironemntal and 
paleoclimate studies will be published on this topic in the forthcoming years. A bunch of 
these under publication analysis outputs are included in Appendix 3. 

Finally, we studied the lake and peat deposit of Lake Öcs from the Balatonfelvidék National 
Park and did detailed archaeological survey in this area in collaboration with Zoltán Czajlik. 
The results of this investigation are included in Appendix 4 and will be written up in a 
publication which compares the pollen record of Lake Öcs with Lake Balaton (studied in 
scope of another project). Overall, Lake Öcs had poor pollen preservation between 2000 and 
3000 cal yr BP (155-175 cm) and a large hiatus was detected between the Early Holocene 
and Late Holocene deposits. Pollen preservation was good between 175-205 cm that 
corresponds to the Early Holocene (8000-11000 cal yr BP). Our data suggests that oak-
hornbeam forests were typical around Lake Öcs in the Late Holocene. Our study 
demonstrated that the potential natural forest type in this area is oak-hornbeam forest.  

In connection with the OTKA project 29 journal papers were published during the 5 years of 
the project and 4 manuscripts have been submitted that are currently under review. The 
number of publications in Q1 ranked journals is 28 and the total impact factor generated so 
far is 94.055. The list of these publications has been uploaded with this report. 

A very important aim of this project was the establishment of the "Long-term ecology 
research group" and train young scientists in the field of paleoecology. In scope of the OTKA-
PROLONG project 3 PhD students and one master student worked on different study sites 
using various proxy methods and completed their PhD research. Ildikó Vincze was trained as 
a plant macrofossil specialist and anthracologist (wood charcoal analyst) and finished her 
PhD studentship at ELTE in August 2017. She fulfilled all criteria for submitting her thesis, 
which is expected in May 2018. Ilona Pál was trained as a pollen specialist and she also 
completed her PhD studentship in January 2017 at ELTE. She also fulfilled the criteria for 
submitting her thesis. Currently she is working on her thesis, which is expected to be 
submitted by December 2017. Katalin Hubay was working on the sediment geochemistry 
and radiocarbon dating of the Retezat lakes. Her PhD studentship was at the University of 
Debrecen under the supervision of Mihály Braun. Ildikó Orbán did her master studies in 
Norway and her master thesis was on the macrofossil analysis of two Retezat glacial lake 
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sequence under the supervision of Eniko Magyari and Hilary Birks. In addition, Zsuzsanna 
Pató worked on the paleogenetic part of the project and started a PhD studentship in 2016 
at ELTE. Her PhD topic is the history of beech forests in Hungary and she uses ancient DNA 
analysis combined with other classical paleoecological methods (pollen and plant 
macrofossil analysis).  

Two of the former PhD students got jobs and stayed with the research group (Ilona Pál and 
Katalin Hubay), and we are also trying to help the further employment of Ildikó Vincze. 
Overall, we think that both the team building and training aspects of the OTKA project were 
very successful. The PhD students wrote several papers in connection with the OTKA project 
topic. 
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Quaternary International special issue 

(most papers are already available online) 

RECONSTRUCTION OF LATE GLACIAL AND HOLOCENE ENVIRONMENT AND 
CLIMATE IN THE RETEZAT MOUNTAINS, SOUTH CARPATHIANS, ROMANIA 

 

Editors:  

Magyari, E.K., Braun, M., Veres, D., Buczkó, K. 

List of articles: 

1. Magyari, E.K., Buczkó, K., Braun, M., Veres, D. 

Introduction to the reconstruction of the Late Glacial and Holocene terrestrial and aquatic 
ecosystems in the Retezat Mountains, Romania 

2. Hubay K, Molnár M, Orbán I, Braun M, Bíró T, Magyari E 

Age-depth relationship and accumulation rates in four sediment sequences from the Retezat Mts, 
South Carpathians (Romania) 

https://doi.org/10.1016/j.quaint.2016.09.019 

3. Hubay K., Braun M., Pál I., Veres D., Túri M.,  Bíró T., Magyari E. 

Holocene environmental changes as recorded in the geochemistry of glacial lake sediments from 
Retezat Mountains, South Carpathians) 

submitted 

4. Magyari E.K:, Vincze, I., Orbán, I., Pál, I. 

Timing of major forest compositional changes and tree expansions in the Retezat Mts during the 
last 16,000 years 

submitted 

5. Pál I., Buczkó K., Vincze I., Finsinger W., Braun M., Biró T., Magyari E.K. 

Terrestrial and aquatic ecosystem responses to early Holocene rapid climate change (RCC) events 
in the South Carpathian Mountains, Romania 

https://doi.org/10.1016/j.quaint.2016.11.015 

6. Orbán I., Birks H.H., Vincze I., Finsinger W., Pál I., Marinova E., Jakab G., Braun M., Hubay K., 
Bíró T., Magyari E.K. 
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Treeline and timberline dynamics on the northern and southern slopes of the Retezat Mountains 
(Romania) during the late glacial and the Holocene 

https://doi.org/10.1016/j.quaint.2017.03.012 

7. Finsinger W., Fevre J., Orbán I., Pál I., Vincze I., Hubay K., Birks H.H., Braun M., Tóth M., 
Magyari E.K. 

Holocene fire-regime changes near the treeline in the Retezat Mts. (Southern Carpathians, 
Romania) 

https://doi.org/10.1016/j.quaint.2016.04.029 

8. Magyari E.K., Peyron O., Tóth M., Heiri O., Lotter A.F., Buczkó K. 

Pollen and chironomid based reconstruction of late glacial summer temperatures in the southern 
Carpathians (Romania): conflicting results and supporting independent proxies 

submitted 

9. Lendvay B., Bálint M., Pál I., Vincze I., Orbán I., Magyari E.K. 

How did past population size changes influence the genetic diversity of Norway spruce (Picea abies 
L.) in the South Carpathians? A combined paleobotanical and ancient DNA approach 

submitted 

10. Buczkó K., Szurdoki E., Braun M., Magyari E. 

Reconciling diverse diatom-based lake responses to climate change in four mountain lakes in the 
South-Carpathian Mountains during the last 17 kyrs 

https://doi.org/10.1016/j.quaint.2017.03.013 

11. Tóth M., Buczkó K., Specziár A., Heiri O., Braun M., Hubay K., Czakó D., Magyari E.K. 

Limnological changes in South Carpathian glacier-formed lakes (Retezat Mountains, Romania) 
during the Late Glacial and the Holocene: A synthesis 

https://doi.org/10.1016/j.quaint.2017.05.023 
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Appendix 4 

Short report on the aerial photographic survey of archaeological sites in the 
vicinity of Öcs Lake 

Date of aerial photography: 19 June 2013 

Technical details: 

- type of aircraft: Cessna 152 
- type of camera: Nikon D300, Nikkor ED 24/70 objective 
- identification of sites: ont he basis of Garmin GPS coordinates, data are in Excel 

spreadsheet. 

Circumstances of aerial photography: 

We followed routine protocol, and aerial photos were taken when cereals were in full green 
mature state on 19 June 2013. For better light condition we chose the afternoon hours, when 
archaeological phenomena are not only distinguished by colour difference, but also by the 
different growing conditions (different heights) of the cereals. During the flight we noticed 
intense vapour flow from the direction of Lake Balaton likely due to the high daytime 
temperature (> 30 oC) intense. 

Study area: rural areas around Öcs, Pula, Vigándpetend and Taliándörögd villages 

The vicinity of Lake Öcs has been the subject of archaeological reconnaissance survey in the 
11960’s and 1970’s and sites discovered are included in the Hungarian Archaeological 
Topography series (MRT). The number of identified sites is however low, and particularly 
few prehistoric sites were found. 

Results 

Around the village Öcs the traces of two settlements were noticed in a narrow parcelled tillage 
(photos 6275-6280 and 6304-6308). In the demarcation zone of Taliándörögd and 
Vigántpetend we photographed known sites (photos 6297-6300); these were however much 
larger than indicated by the earlier topographic survey results. In the same zone, an additional 
settlement was also discovered (photo 6298). Highly significant findings are the ancient road 
remains in the borderland of Vigándpetend (photos 6293-6296) and the ditch remains of 
unknown age around the village Öcs (photos 6309-6314). Further investigations are inevitably 
required for the hilly area between Öcs and Lake Öcs, in which aree we noticed the traces of 
Bronze Age fortification. 

Budapest, 19 June 2013 Dr Zoltán Czajlik 
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