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Objectives: 

1. Exploring patterns of changing in composition and diversity of vegetation after an altitude 

gradient. 

2. Exploring the impact of rapid climate change (RCC) on vegetation and prehistoric 

communities. 

3. Reconstruction of hydro-climatic changes (the objective continues in the next year). 

 

Activities: 

The main activities in 2018 aimed to analyse biotic parameters (pollen, test amoebae, 

fossil plants) and abiotic (geochemistry, magnetic minerals, granulometry) from peat profiles; 

obtaining the chronology of the studied sequences; dissemination of results (conferences / 

publications). 

 

For this purpose, the project team had the following specific activities: 

- Identifying new sites, taking samples on the field 

- Sampling and processing of samples in the laboratory. 

- Laboratory analyzes: sediment descriptions, palynological analyzes (pollen, spores, 

stomata, NPP=non-pollen palynomorphs), test amoebae, micro and macro charcoal, fossil 

plant macroremains, magnetic minerals, granulometry, geochemistry), organic matter and 

mineral content and chronology (radiocarbon, Pb
210

); 

- Dissemination of results: participation in symposiums/conferences; writing/publish 

scientific articles. 

 

The verifiable estimated results of the activities we have planned to achieve this year 

are: 

1. Database with physico-chemical parameters measured for surface samples. 

2. Obtaining time series of biotic (pollen, spores, testate amoebae, plant macroremains) 

and abiotic data (isotopes, micro- and macrocharcoal, organic and mineral content, magnetic 

susceptibility). 

3. Send for publishing three scientific articles in peer-reviewed journals. 
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1. Identification of sites, sampling on the field and processing in the laboratory. 

Since March 2018, several field campaigns have been carried out to identify new sites 

and take samples, both surface and sedimentary. The main sites were the Harghita Mountains 

(Luci, Mohoş), Rodnei Mountains (Tăul Muced, Poiana Ştiol), Maramureş Mountains (Iezerul 

Mare, Mihailecu), Dorna Depression (Poiana Stampei), Transylvania Depression 

(Mândra/Arpaşu, Avrig). For most of these sites, surface samples were taken to be analyzed to 

obtain data on current fauna with testate amoeba. These data, together with the measurements 

made for some physico-chemical parameters of the water from the peat (temperature, pH, 

hydrostatic level), will be used to obtain the first transfer function in Romania for testate 

amoebae. 

For several more important sites, peat sequences were taken  which have been/ will be 

multidisciplinary analyzed (sediment description, palynological analyzes, stomata, NPP, 

testate amoebae, micro- and macro charcoal, plant macrofossil, magnetic minerals, (XRF), 

organic matter and mineral content, and chronology (C
14

 dating). Depending on the applied 

method, sequences were sampled each centimeter (for the macro charcoal and plant 

macroremains), respectively at 4 cm for other analysis. Some of the samples have already 

been processed, others are being processed. 

 

1.1. Obtaining a database of physico-chemical parameters measured for surface samples 

(Objective 3). 

In order to obtain the database, 74 surface samples from 8 peatlands were collected. For 

each sample, the following parameters were measured: water depth (DWT), pH, electrical 

conductivity (EC), total solids dissolved in water and water temperature (Table 1). Samples 

were processed according to protocols for quantitative analysis of testate amoebae. Vegetal 

remains will be used to establish the relationship and distribution of test amoeba, depending 

on the host vegetation. 

Site 
Latitude / 

Longitude/ 
Elevation 

Samples 
Vegetation 

type 
DWT (cm) 

Temp. 
(°C) 

pH EC CF 
Dissolved 

solids 
(ppm) 

Molhasu 
Mare 

46°35'29.00"N 
22°45'42.00"E 

1209 m 

MM_1 closed pool Sphagnum 3 22.7 4.45 0.12 80 

MM_2 lawn Sphagnum 55 23.5 4.08 0.11 80 

MM_3 pool Sphagnum 1 22.8 4.43 0.03 20 

MM_4 pool margin Sphagnum 27 24.1 4.12 0.07 50 

MM_5 lawn Sphagnum 60 26.1 3.97 0.12 80 

Tinovul 
Mohos 

46° 7'54.00"N 
25°54'12.00"E 

1051 m 

TM_1 hummock Sphagnum 39 26.6 4.13 0.19 120 

TM_2 pool margin Sphagnum 13 26.3 3.86 0.09 70 

TM_3 closed pool Sphagnum 2 24 3.87 0.07 50 

TM_4 lawn Sphagnum 19 24.6 3.82 0.11 80 

TM_5 lawn Sphagnum 12 24.6 3.78 0.1 70 

TM_6 pool margin Sphagnum 6 26.3 3.82 0.09 60 

Tinovul 
Luci 

46°18'4.00"N 
25°43'13.00"E 

1086 m 

TL_1 lawn Sphagnum 17 24.4 3.73 0.13 90 

TL_2 lawn Sphagnum 10 22.7 3.8 0.09 60 

TL_3 pool Sphagnum 2 24.7 4.12 0.07 50 

TL_4 lawn Sphagnum 22 30.6 3.73 0.11 80 
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TL_5 hummock Sphagnum 32 25.6 3.76 0.1 70 

 

Table 1. Database (selection) with physico-chemical parameters measured for surface samples 

 

2. Laboratory analyzes 

Since the volume of data obtained is very high and most of them have not yet been 

published, we will synthetically present preliminary results obtained from analyzes conducted 

so far. 

   

2.1. Palynological and statistical analysis (Objectives 1 and 2) 

So far, samples from 2 sites have been processed and fully studied from the 

palynological point of view: Poiana Stampei and a site in the south of the Depression of 

Transylvania. The palynological analysis of a sequence in the Maramures Mountains is in 

progress and will be completed in 2019. 

The vegetation history of the analyzed sequences is described and the impact of the 

Rapid Climatic Changes (RCC) that have been identified on vegetation and prehistoric 

communities is discussed. 

New for Romania is the application of REVEALS model (Regional Estimates of 

Vegetation abundance from Large Sites) on palynological data from the Mohos and Luci peat 

bogs (Harghita Mountains) in order to calibrate fossil data. 

 

2.1.1. Transylvania Depression 

Preliminary palinological data from the low altitude site located in the south of the 

Transylvanian Depression reveals the vegetation history of the region since the last glacial 

period (Weichselian) and continued with the Oldest Dryas (16500-14700 cal BP) when the 

landscape was covered by open forests dominated by Pinus and, to a lesser extent, by Betula. 

Salix was also present in the region. The steppe vegetation was dominated by Poaceae, 

Artemisia and Apiaceae (Fig. 1). 

The vegetation during the Bölling and Alleröd interstates, along with the Older Dryas 

stadium (14100-13900 cal BP), was dominated by forests with Pinus and Picea abies. The 

Betula and Salix taxa were also present in the region, and Alnus was established through the 

riparian forests in the area. The herbaceous vegetation was still mainly composed of Artemisia 

and various species of Poaceae, as well as ferns (Fig.1). During the Younger Dryas stadial 

(12900-11700 cal BP), pollen spectra indicate the presence of open forests to semi-open (AP 

= 50-80%) dominated by Betula and Pinus. Both Salix and P. abies were present in small 

proportions. Pollen curves of herbaceous plants indicate a steppe vegetation dominated by 

Poaceae and Artemisia, but also Chenopodiaceae. 

Between 11700 and 10500 cal BP, the maximum forest extension (AP=60-99%) is 

recorded over the grassland open landscapes. The main forest taxa in the forests were Pinus 

and Betula. Picea abies also had a higher proportion. The cold climatic oscillation in the 
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11400-11200 cal BP (PBO-Preboreal Oscillation) is characterized by a minimal for herbs 

(NAP) and the beginning of expansion for Ulmus and Picea abies. The cold climatic event at 

10300 cal BP (10.3 kyr) highlights the formation of the forests dominated by Ulmus, and a 

gradual reduction in the proportion of Pinus and Betula. 

 

Fig. 1. Pollen diagram for the low altitude site of the Transylvanian Depression with the identified 

climatic events (RCC-Rapid Climate Changes) for Late Pleistocen- Early Holocen. 

 

In the range of 10500-9000 cal BP, the forests in the region were dominated by Ulmus, 

with a declining proportion of Pinus and Betula and the expansion of mixed oaks (Fraxinus, 

Quercus, Tilia and Acer). The rapid climate change (RCC) from 9300 cal BP (9.3 kyr) 

favored an increase in the percentage of herbaceous plants (Poaceae), to the detriment of 

Ulmus, mainly. In the following interval (9000-8300 cal BP), we notice the expansion of 

Corylus avellana and the gradual reduction of mixed oaks.  

 

2.1.2. Poiana Stampei 

 The pollen data of the Poiana Stampei (900 m) sequence gives us a semi-quantitative 

description of vegetation at the foot of the Calimani Mountains in the last 400 years. 

Palinological data indicate the presence of the frequent forests dominated by Picea abies 

throughout the interval and a gradual increase of Pinus pollen. The percentages of deciduous 

woodland taxa (Fagus sylvatica, Carpinus betulus, and Corylus avellana) are steadily 

decreasing (Fig. 2). 

 The 400-150 cal BP range corresponds to the second half of the cold climatic event 

called "Little Ice Age" (LIA) and was characterized by a higher proportion of hydro- and 

hygrophilous plants (Cyperaceae and Sphagnum) and grassland specific plants (Poaceae, 

Artemisia, Scrophulariaceae). The high percentages of spores of coprophilic fungi indicate a 

higher anthropogenic pressure on the landscape, perhaps by grazing. 

 The pollen curves of herbaceous plants in the period following the 1816 AD (also 

called "the year without summer") suggest a brief expansion of the specific associations of 

both grassland and human settlements (Poaceae, Artemisia, Chenopodiaceae, Asteroideae, 

Cichorioideae, Plantago major-type ), as well as areas for cereal cultivation (Cerealia). 

 



5 
 

 
Fig. 2. Pollen diagram of the Poiana Stampei sequence (the gray circles indicate the presence of the 

stomata of the respective taxa). LIA=Little Ice Age  

 

2.1.3 Harghita Mountains: the quantitative reconstitution algorithm of vegetation 

and land use (LRA) 

 In order to correct systematic errors due to the differences in pollen productivity and 

pollen dispersion of various vegetal taxa, as well as the type of sedimentary basin (lake or 

peat), we applied to the previous palinological analysis (Tanţău et al., 2003) the model 

REVEALS (Regional Estimates of Vegetation Abundance from Large Sites) to reproduce a 

quantitative reconstruction as close as possible to the reality of the vegetation in the region 

around Mohoş, from Holocene to the present (Fig. 3).  

 For this purpose, we applied two sets of data, related to the estimation of pollen 

productivity (PPEs) of cereals, from a synthesis on Europe (REVEALS 1) and from Czech 

studies (REVEALS 2) (Fig. 3). The results obtained using PPEs in the Czech Republic 

provide a quantitative representation of the recent vegetation (top of the diagrams) closer to 

the graphical representation of the land use for Romania since the sampling date of the fossil 

samples. 

Regarding the composition of Holocene vegetation, according to the REVEALS 

analysis, the coniferous trees had a much smaller proportion in the early Holocene, and wood 

taxa, which prefer cooler conditions, had a narrower extension in the region. Also, the steppe 

landscape was more extensive in the first part of Holocene, while the species of Ericaceae had 

a much larger share, especially in the Middle Holocene. REVEALS suggests a gradual 

reduction in deciduous forests in the late Holocene in favor of pioneering taxa on deforested 

and / or abandoned land and the expansion of agricultural land in the region. 
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Fig. 3. Diagrams illustrating the percentage 

composition of the vegetation with 

original data fossil pollen (left) and the 

estimate vegetation composition given 

by REVEALS (middle and right). 

 

 

2.2. Multidisciplinary analyzes: testate amoebae, plant macroremains, isotopes, micro- and 

macrocharcoal (Objectives 1-3) 

 

For paleoclimate reconstruction (paleohidrology) in the studied areas, multidisciplinary 

studies were used. Among the performed analyzes were the study of testate amoebae 

(including application of transfer functions), plant macroremains, pollen, and 
13

C stable 

isotope. The results provide information about both paleohidrological changes and the 

evolution of local vegetation and its response to climate change. 

 

2.2.1. Harghita Mountains 

A 10-meter sequence was extracted from this peat, from which the study of the last 

1000 years was completed in order to reconstruct the climate changes in this period, to 

determine the ecosystem's response to these variations and to see if these changes are 

reflected at a regional scale or are limited to local changes.  

Analysis of testatae amoebae and the paleoclimate reconstruction 

For the analysis of the tested amoeba, standard methods of processing and extracting 

fossil fauna were used and the identification was performed at species level using specific 

identification keys. These were graphically modeled and statistically, based on the fossil 

communities, 6 distinct periods (TAZ 1-6) could be delimited in their evolution (Fig. 4). For 

the quantitative reconstruction of hydroclimatic variations a pan-European transfer function 

developed using modern assayed amoebae associations was used. The reconstituted variations 

are in direct correlation with changes in fossil associations. These areas are: 

TAZ 1 (210-152 cm; AD 1050-1325): period dominated by Cryptodifflugia oviformis 

and Difflugia pulex, species that alternate between 35 and 45% of the total testate amoebae 
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association. They are followed by Archerella flavum with values of 10 and 20%. The water 

level (DWT) reconstituted based on testate amoebae varies between 13 and 22 cm. 

In TAZ-2 (152-122 cm; AD 1325-1450) the percentages of Difflugia pulex increase to 

60% of the total of the association while Cryptodifflugia oviformis decreases to 30%. The 

third dominant taxon, Archerella flavum, alternates between 10 and 25%. DWT fluctuates 

between 11 and 21 cm. 

TAZ-3 (122-82 cm; AD 1450-1625) is dominated by Archerella flavum (45%) while 

Difflugia pulex records lower values than the previous period (21-40%). Cryptodifflugia 

oviformis grows to 40%, Hyalosphenia papilio grows to 15%. DWT fluctuates strongly with 

minimum between AD 1450 and 1475, AD 1500 and 1550 and between AD 1575 and 1625. 

The maximum values are recorded between AD 1475 and 1500 and between AD 1550 and 

1575 AD. 

 

Fig. 4. Diagram with testate amoebe and the variation of water level (DWT)  

 

TAZ-4 (82-32 cm; AD 1625-1850) is dominated by Cryptodifflugia oviformis (40-

65%), followed by Difflugia pulex (25-40%) and Archerella flavum (10-30%). Hyalosphenia 

papilio reaches 15% at the beginning of the period, but falls below 1% to the end. DWT has 

an upward trend of up to 24 cm between AD 1625 and 1650, AD 1700 and 1725 and AD 

1800 and 1850 AD. Minimum values (15-16 cm) are recorded between 1650 and 1700 AD 

and between AD 1725 and 1800. 

In TAZ-5 (32-10 cm; AD 1850 - 1950), the dominant taxon was Difflugia pulex (40-

70%), followed by Cryptodifflugia oviformis (20 to 45%). Other major taxa in this period 

were Difflugia pristis and Nebela militaris with more than 5% each. DWT records an increase 

in values that vary between 20 and 26 cm. 

TAZ-6 (10-0 cm; AD 1950-present), the last period shows the largest diversity of taxa 

in the association (20 taxa). The most important is Cryptodifflugia oviformis with percentages 

between 40-50% followed by Hyalosphenia elegans (~18%) and Assulina muscorum between 

5 and 20%. Other important taxa were Assulina seminulum, Euglypha rotunda and Nebela 

militaris. DWT has a drying trend with values between 22 and 26 cm. 
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Analysis of plant macroremains and reconstruction of local and regional vegetation 

Plant macrofossils were analysed from contiguous ca. 10-12 cm
3
 peat subsamples 

retrieved at 1 cm intervals. The subsamples were washed and sieved throw a 200 μm mesh 

and analysed under a stereomicroscope to determine the percentage of individual remains of 

vascular plants. After, the various percentages of vegetative remains and of Sphagnum 

sections were estimated in steps of a minimum 5%. Reconstruction based on plant 

macroresults shows that the peat vegetation over the past 1000 years was largely dominated 

by Sphagnum species (S. fuscum, S. rubellum and S. capilifolium) except for 3 short periods 

between 1350 and 1375 AD, AD 1725 and 1750 and between AD 1900 and 1950, when the 

local plant association was dominated by Eriophorum vaginatum (Fig. 5). Another short 

period between 1675 and 1700 AD is characterized by the dominance of Sphagnum 

cuspidatum (55%).  

For the reconstruction of the regional vegetation were used the pollen analyses 

published in Tantau et al. (2003). To better understand the effect of palaeoclimate over the 

dominant vegetation types, we classified the terrestrial pollen types and into three major 

groups: 1) coniferous and cold deciduous broadleaf trees; 2) temperate broadleaf deciduous 

trees; and 3) herbaceous taxa. Anthropogenic influence on vegetation was inferred from the 

presence of crop pollen (primary anthropogenic indicators - PHI) and pollen related to 

pasturing, grazing and ruderals (secondary anthropogenic indicators - SHI) (Fig. 6).  

The results show that the total percentage of tree pollen (AP) was over 90% 

(dominated by Fagus sylvatica) between AD 1050 and 1350 AD, while the primary and 

secondary indicators of anthropogenic activity are 5%. Between 1350 and 1850, the 

percentage of tree pollen drops below 90% with an increase in conifer pollen, and the pollen 

of anthropogenic indicators grows above 10%. Lately, between 1850 AD and the present, tree 

pollen drops rapidly below 80% while pollen of conifers rises above 40%.  

 

Fig. 5. Diagram with plant macroremains, OM content, carbon isotopes 
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Micro- and macro charcoal analysis  

For the macroscopic analysis of vegetal macrocharcoal and the reconstruction of 

vegetation fires over the past 1000 years, samples of each centimeter were kept in the chlorine 

for the discoloration of non-carbonated organic residues and washed through a 150 μm sieve. 

The samples were analyzed on a stereomicroscope and carbonized particles were counted and 

expressed as the accumulation rate. The fragments of the burned vegetation were divided into 

4 groups: 1) wood residues, 2) residues from grass vegetation, 3) Poaceae remains, and 4) 

scraps associated with the burning of tree crowns (Fig. 6). The accumulation rate of 

carbonized vegetal macrocharcoal reflects local vegetation fires (1-2 km from the source area) 

and has high values between AD 1050-1225, 1300-1425, 1650-1775 and 1825-1950. The 

morphologies of carbonized vegetal macroremains show that the fires in the last 1000 years 

were of low intensity, affecting mostly grassy vegetation, with only two important events that 

affected the forests between AD 1300-1350 and AD 1875-1900. 

Microcharcoal analysis was performed on test amoebae slides, and expressed as the 

accumulation rate. These reflect regional-level vegetation fires (~100 km from the source 

area) and record high values between AD 1050-1375 AD and AD 1775-200, while the lowest 

values are between 1375 and 1775 AD. There are also three major vegetation fires that are 

also related to local fires between AD 1300-1350, 1600-1700 and AD 1875-1900. 

Analysis of stable carbon isotopes (δ
13

C) 

An additional method for the reconstruction of wet periods is the analysis of stable 

carbon isotopes (δ
13

C). Their values are measured on fragments of Sphagnum and vary 

between -26.8 ‰ and -22.6 ‰ (Fig. 6). The highest values are recorded between AD 1250-

1325 AD and AD 1450-1850 AD, while the lowest values are recorded between AD 1050-

1250, AD 1325-1450 AD and between AD 1850 present. 

The physical properties of the sediment (organic matter content and bulk density)  

In order to determine the organic matter content (OM) and the bulk density of the 

material, the studied samples (2 cm3/sample) were weighed (wet sample), dried to remove 

moisture, rewound and burnt at 550°C for 4 hours to find the OM content expressed in% of 

total dry material.  

Bulk density (BD) values fluctuated over the past 1000 years between values of 0.2 

and 1.1 g / cm3 (Fig. 5). Starting with AD 1050, BD values ranged between 0.7-0.9 g/cm3, 

stable values until AD 1325. Between AD 1325 and 1400 the values increased by 1.1 g / cm3, 

followed by a decrease to AD 1450 when BD decreases at 0.7 g/cm3. Between AD 1450-

1625, BD values drop to ~0.4 g/cm3 and between AD 1625 and 1850 the values increase to 

1.1 g / cm3. Between 1850 and 1950, the values fall back to values of 0.6 g / cm3 and so far 

they have reached 1g / cm3. The values of the OM content are stable 1000 years with values 

above 95%, with a short event around 1880 when the OM content reaches 87% (Fig. 7). 
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Fig. 6. Diagram with vegetation groups and micro- and macrocharcoal morphological types 

 

Fig. 7. Synthetic diagram with biotic (pollen) and abiotic parameters (micro-macrocharcoal, δ
13

C) 

  

2.2.2. Poiana Stampei 

By surface, Tinovul PS is the largest ombrotrophic peat bog in Romania. This was 

subjected to multidisciplinary studies (Pb
210

 and C
14

 datas, testate amoebae analysis, plant 

macroremains, micro- and macrocharcoal, physical properties of sediments) in order to 

analyze the paleoclimatic and paleoecological evolution of the last 400 years in a complete 

area influenced by anthropogenic activities and deciphering the impact of these communities 

on the evolution of the local environment. 

Cronology. To determine the age of the sequence (1 m), 10 samples were measured with the 

Pb210 method and 2 samples with the C14 method. Dates with Pb210 give the age of 120 

years the first 50 cm of the profile, showing a constant accumulation rate. 
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Testatae amoebae Analysis and the paleoclimate reconstruction  

For the analysis of the testate amoeba, standard methods of processing and extracting 

fossil fauna were used and the identification was performed at species level using specific 

identification keys. These were graphically and statistically modeled, on the basis of the fossil 

communities, three distinct periods (TAZ 1-3) could be delimited in their evolution (Fig. 8). 

For the quantitative reconstruction of the hydro-climatic variants a pan-European transfer 

function developed using modern testate amoebae associations was used. The reconstructed 

variations are in direct correlation with changes in fossil associations. These zones are: 

TAZ-1 (80-40 cm) reprezintă o zona dominata de Difflugia pulex (30-70%) urmata de 

Cryptodifflugia oviformis (15-50%). Amphitrema flavum, specie caracteristica mediilor umede 

prezinta proportii de (20%) urmand un trend descrescator spre finalul perioadei. Fluctuatiile 

nivelului apei (DWT) variaza intre valori de 1.7 si 8 cm, reprezentand cea mai umeda zona. 

TAZ-2 (40-28 cm) is a zone dominated byTrinema lineare, a species characteristic of 

very humid environments. This period shows a decline for Cryptodifflugia oviformis and 

Difflugia pulex, and Archerella flavum, wet indicator, disappears. Reconstruction of the water 

level shows fluctuations between 7 and 16 cm, indicating the driest period. 

TAZ-3 (28-0 cm) is a return to a wetter environment dominated by Cryptodifflugia 

oviformis and Difflugia pulex, with variations of DWT between 4 and 7.5 cm 

 

Fig. 8. Diagram with testate amoebae and DWT curve from PS 

  

Plant macroremains analysis 

To analyze the plant macroresites, samples of each cm of sediment were washed 

through a 200 μm sieve and analyzed on a stereomicroscope to determine the individual 

percentages of vascular plant debris, with plant debris of Sphagnum groups being estimated in 

steps of minimum 5%. The analysis shows that in the first 35 cm the material consists of 

Sphagnum angustifolium (10-50%) and S. magellanicum (10-70%). Between 35 and 70 cm 

Eriophorum vaginatum exceeds in some cases 50%. Between 70 and 80 cm the material is 

dominated by Picea abies debris and large fragments (> 1 cm) of carbonized vegetal material 
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have been identified indicating a major fire. Also, during this period, the specific peat bog 

vegetation disappears, indicating a transition environment. Between 80 and 100 cm, the 

vegetal remains are mostly unidentifiable wood material. 

2.2.3. Luci. The third area is located in the northern part of the Harghita Mountains. A 

sequence of 7 meters was extracted from this site. For the analysis of the testate amoebae 

samples of 4 in 4 cm were taken and processed in the laboratory. The microscopy stage 

(identification and counting of taxa) is currently underway. For the plant macroremains study, 

which will be completed in 2019, samples were taken at 1 cm. 

 

2.3. Micro- and macro charcoal analysis 

For the reconstruction of the fires activity in the Rodna Mountains during the Holocene, 

we used micro- and macro charcoal analysis. These provide data on past fires, their intensity, 

and the type of burned biomass (by identifying the specific types of morphologies charcoal). 

These analyzes are very important because of the information they provide both on the 

evolution of vegetation over time and on the response of ecosystems to these fires. 

Important results have been obtained so far in several sites in the Rodna Mountains 

(Florescu et al., 2018). In this study we used seven sedimentary charcoal records within a 

small climatically homogenous area, but with heterogeneous vegetation and human history in 

the Eastern Romanian Carpathians. We found more homogenous fire histories during the 

early and mid-Holocene (11,000–6000 cal yr BP), which became more heterogeneous 

thereafter. This suggests that climate exerted a stronger influence on fire activity during the 

early Holocene, whereas local controls (vegetation type and load, land cover and -use) 

became more important over the mid and late Holocene (Fig. 9-11).  

 

 

Fig. 9. Macro charcoal accumulation rates (particles cm−2 yr−1) and the macro- and micro-charcoal 

composite record for the study area (after Florescu et al., 2018). 
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On an elevation gradient, we found discrepancies in trends in fire activity between the 

coniferous forest, treeline and subalpine vegetation that could have resulted from variability in 

fuel availability in response to changes in the elevational climate gradient and degree of 

anthropogenic impact. For the coniferous forests, anthropogenic activities enhanced biomass 

burning from ca 2000–1500 cal yr BP through the use of fire to open up the forests. For the 

treeline-subalpine areas, humans enhanced fire activity earlier, i.e., from 8000 to 4500 cal yr 

BP, and reduced burning activity through clearance and hence decrease in fuel load, from ca. 

3000 cal yr BP. 

 

Fig. 10. Pollen types, total micro- and macro-charcoal accumulation rate and archaeological sites at 

the closed conifer forest sites Lake Iezerul Sadovei (IZR) and Tăul Muced (TM) (after 

Florescu et al., 2018). 

 

 
Fig. 11. Pollen types, total micro- and macro-charcoal accumulation rate and archaeological sites at 

the treeline-timberline sites Poiana Ştiol, Lake Ştiol and Lake Vinderelu (after Florescu et al., 

2018). 



14 
 

Determination of macro-charcoal size-classes show that the 150–300 μm fractions is 

present in the highest proportion at all sites, with most of this fraction perhaps connected to a 

combination of local and regional fires, and not strictly to local fire activity. Lakes provide 

higher charcoal influx and larger sizes of charcoal particles than peat, and this suggests that 

peat-lake sediment lithological transitions within the same record can contribute to a 

taphonomic change in apparent rates of charcoal deposition. 

 

2.4. Multiproxy analysis (abiotic): lithology, geochemistry, magnetic properties of minerals.  

In order to determine climate variability in the past and the degree of erosion we use 

information derived from multidisciplinary analysis i.e., magnetic susceptibility and other 

magnetic parameters, loss on ignition (LOI), particle size by microscopic and laser methods, 

chemical composition determined by technical-elementary XRF. 

To date, samples from 6 sites have been processed and partially analyzed from a 

geochemical and granulometric point of view: 2 from the Rodna Mountains (Ştiol and Poiana 

Gargalău), 2 from the Apuseni Mountains (Molhaşul Mare and Ic Ponor) and 2 from the 

Harghita Mountains (Mohoş and Luci). 

 

2.4.1. Molhașul Mare 

A sequence of 5.3 m was extracted from this peat bog and was used to reconstruct 

variations in the atmospheric mineralogical influx and to determine the local environmental 

factors that favored the erosion, transport and deposition of these particles. To see if these 

changes are reflected on a regional scale or are limited to local changes, the data in this profile 

will be correlated with data from other sites using the same methods. 

The sequence was extracted from the center of the marsh using a Russian carotier in 

60 cm parallel segments; these were wrapped in plastic foil, and stored at 4°C. 

Cronology 

The sequence chronology was established on the basis of ten AMS radiocarbon 

measurements on plant macroremains. On the basis of obtained ages, an age-depth model was 

developed which reveals that the sequence is about 5500 years old and its accumulation rate is 

relatively constant over time (Fig. 12). 

 

 

 

 

 

 

 

Fig. 12. The age-deepth model for the 

Molhaşul Mare sequence
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Analysis of peat mineral particles by laser diffraction 

The average particle size of this profile is 39.72 μm (Fig. 13). The minimum average 

is 9 μm and the maximum is 131 μm. In general, it can be seen that the trend over time is 

decreasing of the average, suggesting that the peat receives more and more fine particles. 

The basal section of the profile from 5500 to 5000 years is dominated by dust and 

sand in relatively equal proportions. After 5500 years, the percentage of sand increases 

considerably suggesting a greater influence of local factors on the inflow of wind sediments. 

After 5000 years the percentage of sand is diminishing, and after 2500 years the inflow of 

sediment from the turf will be predominantly from very fine, silty minerals. After 1000 yr BP 

and up to now, the appearance of fairly fine minerals and clays is noticeable, suggesting the 

possibility of an influx of regional nature.  

Content of organic and inorganic matter, and geochemistry 

The inorganic content of the peat at Molhaşul Mare was on average 2.72%, typical of 

an ombrotrophic peat. In the lower part of the profile, in the first 20 centimeters, we can 

observe increased inorganic matter values of over 10-20%, which suggests that the incipient 

development of the basin was not the ombrotrophic peat, but the transition from the lake to 

the final of warping, to a peat with a large inflow of mineralogical material (Fig. 13). 

 

Fig. 13. The grain size determined by analysis of laser-based particle size.  

 

Peat density (Dry BD) was on average 0.10 g / cm3 ranging from 0.04 to 0.18 g / cm3. 

Density is higher in the basal part of the profile confirming the hypothesis suggested by 

organic matter that the basal part is not ombrotrophic. 

Magnetic susceptibility generally has negative values suggesting that samples are 

predominantly diamagnetic (diamagnetic materials are rejected by a magnetic field, eg 

organic matter, quartz, etc.). This indicates that the environment of the peat was 

predominantly calm, without interruption in sedimentation. Around 2500 years the 

susceptibility curve indicates a few short periods of time with more magnetic materials. This 
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may suggest two hypotheses: the short interruption of the growth of Sphagnum species that 

led to a small hiatus and the oxidation of the peat surface or the influx of magnetic 

mineralogical material. 

The average Ti concentration was 382.07 ppm for the entire sequence. Values ranged 

from 41.53 ppm (4830 years) to 2,787 ppm (5472 years). The Ti concentration has fallen over 

time, but has ended with an upward trend, rising to the recent. Ti is a lithogenic and 

conservative chemical element (of a crust, and it is inert to chemical changes), and due to its 

properties, we used it to calculate the flow of dust into the peat bog (Fig. 14). For this we used 

the concentration of this element in peat (μg g-1), the concentration of this element in the 

upper continental crust (UCC), the peat accumulation rate (cm yr-1) and peat density (g cm-3) 

(Shotyk et al., 2002).  

Based on the calculated dust flow, we have been able to identify in the ravine several 

periods with an increased inflow of wind. These are 5500-5100 years, 3650-3550 years, 3950-

3800 years, 3300-3050 years, 1850-1600 years, 1285-1080 years, 850-550 years, and 120 

years. 

 
Fig. 14. Variability in the amount of dust and mineral content. Gray - periods of increased 

wind activity, blue line - 5 x exaggerations of parameters. 

 

2.4.2. Luci.  Lithology, geochemical analysis, magnetic susceptibility 

The preliminary analyzes performed on the Luci peat show that the profile (in a total 

length of 700 cm) can be divided into three parts: (1) the lower part (700-650 cm) which 

corresponds to a transition zone between lake and peat, made of clay and gyttja; (2) the more 

decomposed part of the ombrotrophic peat (650-50 cm), where the peat accumulation was 

above the aquifer layer, and (3) the upper (50-0) decomposed peat, which was affected by a 

low sedimentation rate . 
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The geochemical analyzes performed at the top of the profile show the high 

concentration of all identified elements (especially Pb) between AD 1450 and 1850, which 

can be attributed to mining activities in the area. Ti content reaches up to 2500 ppm (Fig. 15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15 Synthetic results of geochemical 

analyzes obtained for the upper part of the 

Luci sequence. 

 

Conclusions 

The project team carried out all the activities foreseen in the Implementation Plan for 2018, 

fulfilling all the proposed objectives.  

We have obtained all the verifiable estimates of the activities we have planned to perform this 

year, exceeding the number of manuscripts to be submitted for publication. Instead of 3 

manuscripts were sent for publication 5, all to ISI indexed journals: 1 published, 1 accepted 

and 3 in the evaluation (see the list below). Also, 2 manuscripts are in the final editing phase 

and will be submitted for publication to ISI-indexed journals until the end of 2018/early 2019. 

 

 

3. Dissemination of results 
 

3.1. Participation in conferences and workshops 
 

1. Diaconu, AC, Grindean R., Tanţău, I., Panait, A.M., Braun M., Feurdean, A. The 

effect of Holocene fire regime on the south-eastern European (Romania) grasslands 

dynamics. EGU General Assembly Conference, Vienna, 04.2018. 

2. Panait, A.M., Feurdean, A., Diaconu, A., Hutchinson, S., Tanţău, I., Mid-Holocene 

aeolian fluxes based on a multiproxy approach on two ombrogenous peat profiles from 

northern Romania. EGU General Assembly Conference, Vienna, 04.2018. 

3. Grindean, R., Nielsen, A.B., Tanțău, I., Feurdean, A., 2018. Pollen productivity 

estimates for the reconstruction of land-cover changes in the forest-steppe zone from SE 
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Romania (SE Europe). European Palaeobotany and Palynology Conference, Dublin, 12-

17.08.2018. 

4. Florescu G., Veski S., Giesecke T, Carter V., Brown K., Feurdean A. Response of fire 

activity to Holocene rapid climate changes, inferred from high-resolution european 

charcoal records. European Palaeobotany and Palynology Conference, Dublin, 12-

17.08.2018. 

5. Diaconu, AC, Feurdean, A., Grindean R., Panait, A.M., Ruskal A., Tanţău, I. 

Holocene fire regime dynamics on the south-eastern European grasslands. 11-th 

Geosymposium of Young Researcher “Silesia 2018”, Poland, 09.2018. 

6. Ruskal A., Diaconu, Grindean R., Panait, A.M., Tanţău, I. Holocene 

palaeohydrological reconstruction in the Apuseni Mountains (NW Romania). 11-th 

Geosymposium of Young Researcher “Silesia 2018”, Poland, 09.2018. 

7. Grindean, R., Tanțău, I., Feurdean, A., 2018. Human impact drove dramatic changes to 

forest ecosystems during the last four millennia: case studies from the Romanian 

Carpathians. International Scientific Conference “Muzeul si Cercetarea Stiintifica”, 

Craiova, 20-22 September 2018. 

8. Grindean R., Tanţău I., 2018. Pollen-inferred quantitative reconstructions of Holocene 

land-cover in the Romanian Carpathians and adjacent lowlands. Annual scientific session 

„IP Voitești”, UBB Cluj-Napoca (14.12.2018). 

 

3.2. Publications:  

- 1 article published in the journal Quaternary International (ISI):  

Florescu G., Vannière B., Feurdean A. 2018. Exploring the influence of local controls 

and charcoal sizes on fire activity using charcoal records from Northern Romanian 

Carpathians. Quaternary International, 488: 41-57. 

 

- 1 manuscript accepted in the journal Biological Conservation (ISI):  

Grindean R., Tanţău I., Feurdean A., 2019. Linking vegetation dynamics and stability 

in the old-growth forests of Central Eastern Europe: implications for forest 

conservation and management. Biological Conservation (accepted; Reference: 

BIOC_2018_805) 

 

- 3 manuscripts were sent to journals (ISI) and are in the evaluation: 

Feurdean A., Vannière B., Finsinger W., Warren D., Connor S.C., Liakka J., Panait A., 

Andrič M., Bobek P., Carter V.A., Davis B., Diaconu A.C., Dietze E., Feeser I., 

Florescu G., … Tanţău I., et al., 2018. Vegetation composition and structure 

strongly drive biomass burning in Europe over the Holocene. PNAS (in review; 

reference: 2018-17368)  

Grindean R., Nielsen A.B., Tanţău I., Feurdean A., 2019. Relative pollen productivity 

estimates in the forest steppe landscape of southeastern Romania. Review of 

Palaeobotany and Palynology (in review; reference: PALBO_2018_173). 
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Panait A., Hutchinson SM., Diaconu A., Tanţău I., Feurdean A. 2019. Disentangling 

dust and sand deposition using a peat record in CE Europe (northern Romania): a 

novel multiproxy analysis. Palaeogeography, Palaeoclimatology, Palaeoecology (in 

review; reference: PALAEO_2018_751). 

 

- 2 manuscripts are being finalized and will be submitted for publication in ISI journals by 

the end of 2018 / beginning of 2019. 

Diaconu A.C., Tanţău I., Panait A., Feurdean A., Gałka M. A multi proxy view of 

hydroclimate trends over the last millennium in Eastern Carpathians (Romania). 

Climate Dynamics 

Tanţău I., Reille M., Farcaș S., Grindean R., de Beaulieu J.L. Pollen analysis in 

southern Transylvania. Grana. 

 

 

Project manager,  
Assist. Prof. Dr. Ioan Tanţău 


