
STUDIA UNIVERSITATIS BABEŞ-BOLYAI BIOLOGIA, 66, 2, 2021 (p. 53-83) doi:10.24193/subbbiol.2021.2.04
Aspects from the evolution of past vegetation in  

Southern Transylvania (Sibiu region) Sorina Fărcaș1, Ilie-Adrian Stoica1,  and Ioan Tanțău2 
1Institute of Biological Research Cluj, National Institute of Research and  

Development for Biological Sciences, Cluj-Napoca, Romania; 2Babeș-Bolyai University,  
Faculty of Biology and Geology, Department of Geology, Cluj-Napoca, Romania.  

Corresponding author, E-mail: adrian.stoica@icbcluj.ro 

Article history: Received 1 October 2021; Revised 24 November 2021; 
Accepted 27 November 2021; Available online 30 December 2021. ©2021 Studia UBB Biologia. Published by Babeș-Bolyai University. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Abstract. The article reviews the results obtained through the palynological study of sequences obtained from the Sibiu region and adjacent areas. The oldest Upper Pleistocene sequences we refer to seem to reflect snapshots from the Last Glacial Maximum. The history of the Late Glacial and Holocene vegetation here is broadly part of the succession known for the territory of Romania, in the Carpathians and the surrounding areas of medium and low altitudes. The dynamics of the main forest and grasses taxa were highlighted, influenced both by natural factors and, more recently, by human activity. The reference area is characterized by the domination of the forests during the interstadials and by open landscape of forested steppe during the cold, stadial periods. 
Keywords: Palynological method, vegetation dynamics, influencing factors 
Introduction Paleo-vegetation studies using the palynological method are a useful tool in deciphering the evolution of vegetation over time. The most suitable environments for the conservation of pollen and fossil spores are bogs and swamps, but also lake environments that have met the storage conditions. 
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Palynology studies in Romania, initiated at the beginning of the last century, have gone through several stages of development. At first no emphasis was placed on the identification of grass taxa in the pollen spectra. In addition, these studies have suffered, for decades, from the lack of an absolute chronology provided by 14C dating. Lately, more and more emphasis is being placed on the detailed identification of anthropogenic indicators, charcoals (micro and macro), and on the correlation of these studies with other types of research, to ensure an interdisciplinary character and to increase the level of knowledge. In his pioneering works, Pop (1928, 1929, 1932, 1942) sketched the general scheme of the evolution of the vegetation on the Romanian territory. Thus, in 1928 the first rigorously scientific pollen diagram elaborated in our country is presented. The palynological analysis of the old peat from Colăcel (800 m altitude) showed that during its deposition, the surrounding forest was composed of pine (Pinus sp.), with disseminations of spruce (Picea abies Karst.), willow (Salix sp.), and birch (Betula sp.). This "phase of the pine forest" was, for the first time, highlighted during the Holocene in our country. Pop also finds in this sediment the so-called "grenzhorizont", the level of drying and afforestation of swamps, highlighted throughout Europe. Pop makes a comparison with northern Europe, where three stages are distinguished in the warm Postglacial period: the warm and dry Boreal, the warm and humid Atlantic, and the warm and dry Subboreal. A cold and humid period follows, the Subatlantic, which we are still going through today (periodization cf. Blytt, 1876, 1882, and Sernander, 1890). These climatic oscillations correspond to a dynamic of vegetation that Pop has been sketching ever since. Thus, in 1929, the author describes in his doctoral thesis the following succession of forest and climates: a). Pine phase in Preboreal; b). Pine-spruce 
phase with traces of hazel and mixed oaks in the early Boreal; c). Boreal-Atlantic 
mixed spruce-hazel-oak phase; d). Spruce-hornbeam phase in the Subboreal; e). 
Spruce-beech-fir phase in the Subatlantic. The history of the Holocene vegetation in the Sibiu region (Fig. 1) is broadly part of this succession described for the Romanian territory. 

 
Results and Discussion 
General framework  The relative chronological framework established by Pop (1928, 1929) for the evolution of the postglacial vegetation on the Romanian territory constitutes a starting point for the similar approaches that succeeded it. In addition to establishing some forest phases, Pop (1929) also stated some important conclusions, valid for the evolution of vegetation in Romania, which have demonstrated their viability. Thus, the author underlined the great influence that glaciation had on the vegetation, determining the lowering of the tree line 



THE EVOLUTION OF PAST VEGETATION IN SOUTHERN TRANSYLVANIA (SIBIU REGION)   

 55 

towards the plain and the uniformization of the forest aspect; the genus Pinus was present on very large areas; the belts of forest vegetation, as they are known today, did not exist then. The end of the glaciation and the warm weather that followed changed the composition of the forests. Pine retreated to the mountain belt, spruce became dominant, mixed oaks and hazel vegetated at altitudes with higher amplitude. An altitudinal layering appeared (mixed pine-spruce-oak), in which hornbeam was also integrated, forming in the Subboreal period a narrow and interrupted area, between spruce and oak. The beech belt is the youngest and was formed in the Subatlantic period, completing the forest landscape. The evolution of forests is qualitatively similar at different altitudes, in the sense that the same genera appear and expand in approximately the same order, while the differences are mostly quantitative.  

 
Figure 1. Location of the study region  Pop (1942) goes even further with detailing the evolution of vegetation, establishing three sub-phases for the phase of spruce with hazel and mixed oaks: the 

first peak of mixed oaks (especially elm) and spruce; the absolute maximum of mixed 
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hazel and oak (at the peak of the warm postglacial weather); the absolute maximum 
of the spruce. The author anchors our forest evolution in the general central European framework, underlining the differences. In the Romanian Carpathians and the adjacent lower areas, arid/dry pine forests were preserved during the last glaciation, also housing spruce. Other reported features are the delay of hazel, fir and especially the insertion of the hornbeam phase between the spruce phase and the beech phase. Pop states that most of our thermophilic tree elements are relics of the warm Postglacial period and not of the Tertiary period. Studies conducted by Pop at the time confirm the view that glaciations, interglacials, and the Postglacial period led to profound transformations, migrations, removal, and colonization of species. In addition, based on results obtained until that date, the author draws the conclusion that "the main engine 
of forest variations over large areas and for long periods is the climate." 

 
Studies conducted in the Făgăraș Depression In his 1945 paper, Pop presents research on the "diluvial" (Pleistocene) forests in Transylvania, respectively in the Avrig area - from Șipoțel and Valea Adâncata, from Săcădate, Sărata and Apoşdorf on the Rohrbach Valley (Tab. 1). In the author’s opinion, the sequences from Adâncata reflect an interglacial forest evolution. Comparing the results to other European interglacials, the author states the possibility that the “interglacial” highlighted at Adâncata is Riss-Würm (Firbas, 1956), also called Eemian (Woldstedt, 1958), and that it is followed by the last glacial period, Würm (Penck & Brückner, 1901-1909). At Şipoţel, the configuration of the palynologically identified vegetation would suggest a cold and dry glaciation. The author also notices the lack of beech (Fagus sylvatica L.) in the layers from Șipoțel. There were no adequate conservation conditions in the Săcădate sequence and too little pollen was identified. At Sărata, the author considers that the deposit is allochthonous, representing the carbonaceous detritus brought by waters from nearby Pliocene layers. This assumption is based on the sporadic presence of pollen from Carya sp. Referring to the peat layers of the Rohrbach Valley, between Apoşdorf and Coveş, the author compares their age with that of the deposits in the Avrig area and concludes that they are part of the same interglacial. A cold, continental phase dominated by spruce is followed by a warmer one of beech (which, however, was not caught in the Avrig area). A new cold but wet phase follows, characterized by the presence of spruce and fir. The succession ends with the upward trend of pine, which indicates a climate that is more continental. Pop also presents various considerations on the framing of the results in the European alpine "glaciological" schemes. The author assumes a sufficiently low temperature in the last glaciation, which would have favoured the generalization of the pine forests and would have determined the descent to low altitudes of the subarctic-subalpine species. The author also considers that the tree line was 
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lower than previously thought. Stronger glaciation could also lead to impoverishment in genera and species. However, maintaining the forest on the Romanian territory even during the last glaciation resulted in the rapid beginning of the first Holocene phase. It is characterized by the presence of local species that were maintained during the glaciation.   
Table 1. Chronology of the studied sites ___________________________________________________________________________________________________________________________ Palynological site Location  The oldest attested climatic period       LGM    OD    LGI    YD    PB    B    AT    SB    SA ___________________________________________________________________________________________________________________________ Adâncata  Făgăraș Depression x Șipoțel   Făgăraș Depression x Apoșdorf  Făgăraș Depression x Dionisie Lake  Făgăraș Depression            x Blidul cu Poame  Făgăraș Depression     x Avrig I   Făgăraș Depression            x Avrig II   Făgăraș Depression           x Porumbacu de Sus Făgăraș Depression x Mlaca Tătarilor Arpaș Făgăraș Depression      x  Bâlea I   Făgăraș Mountains     x Bâlea II   Făgăraș Mountains            x Sărata   Făgăraș Mountains     x Capra I   Făgăraș Mountains     x Capra II   Făgăraș Mountains     x Capra III  Făgăraș Mountains      x Capra IV  Făgăraș Mountains          x Podragu I  Făgăraș Mountains      x Podragu II  Făgăraș Mountains     x Podragu III  Făgăraș Mountains     x Podragu IV  Făgăraș Mountains          x Podragu V  Făgăraș Mountains     x Puha I   Făgăraș Mountains     x Puha II   Făgăraș Mountains     x Oașa   Sebeș River Basin          x Prigoana I *  Sebeș River Basin      x Prigoana II *  Sebeș River Basin      x Mărgila   Sebeș River Basin          x Frumoasa Tărtărău Sebeș River Basin    x Sălane   Sebeș River Basin    x Gura Sălanelor  Sebeș River Basin     x Prigoana I **  Sebeș River Basin      x Prigoana II **  Sebeș River Basin    x Prigoana IV **  Sebeș River Basin    x Prigoana V **  Sebeș River Basin      x Abbreviations: LGM = Last Glacial Maximum; OD = Oldest Dryas; LGI = Late Glacial Interstadials;  YD = Younger Dryas; PB = Preboreal; B = Boreal; AT = Atlantic; SB = Subboreal; SA = Subatlantic 
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Based on the results obtained in the study region and based on other studies conducted in Romania, the author emphasizes the role of the Romanian Carpathians in repopulating Central and Northern Europe with pine, spruce, birch, and other woody taxa.  In 1971 Pop published "The first radiocarbon dating in our Quaternary peat", in which he also refers to the Şipoţel deposit published in 1945 (Tab. 1). The sequence highlights two main stages. The older stage reveals the competition between pine and spruce; birch is present and with low percentages Quercetum mixtum, Corylus, Alnus, Salix, Carpinus and Abies; the more recent and more extensive stage is characterized by the domination of the pine (over 90%). In 1945 the author considered the sequence to be sedimented towards the end of the last Riss-Würm interglacial, evolving from a more temperate climate to the cold-continental climate of the Würm glaciation. The 14C dating of the analyzed sample provided an age of 26,995 ± 360 yr B.P. Based on this 14C date, the author reconsiders his previous assignment, from 1945, of this forest phase to the Riss-Würm interglacial. Consulting other datings of the European Pleistocene, the author concludes that the sample deposited during the Paudorf interstadial (± 27,000 years - Götzinger, 1935); this is a climatic period in which the forest elements listed above survived, a milder period than the previous one, and much warmer than the glacial stage that succeeded it. On this occasion, the author shows the need to determine the absolute age of all sequences and coal layers, both from Adâncata and Rora, but also from the ravines of other valleys in Transylvania. Also, from the Avrig area, Bartmus publishes (1969a, 1995) the analysis of pollen from two eu-mesotrophic swamps, with very humid oligotrophic areas, called “Dionisie Lake” and “Blidul cu poamele”, located at an altitude of 440 m at the edge of Avrig (Tab. 1). The obtained sequences measure 7.20 m and 7.05 m in length, respectively. The sequence from "Blidul cu poamele" begins only in the Subatlantic, with the extension of the beech. The sequence "Dionisie Lake" (Avrig I) reveals the history of vegetation about 15,000 years ago. Basal pollen spectra were assigned to the end of the last glaciation. Bartmus identifies on this basis a phase of the pine (Pinus sp.) with the two sub-phases and the 6 episodes established by Pop in the Bilbor peat and in other regions (1932, 1936, 1943):  a. The sub-phase of arid pine forests without thermophilic elements comprises 4 episodes: 
- the "Old dry pine forests" episode: 80-95.33% pine, accompanied by birch (maximum 14%) and willow (maximum 13.33%), spruce is constantly present, with small percentages; - the "Pinus-Picea" episode: spruce reaches a maximum of 20%; 
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- the Betula episode: the rapid spread of birch, which records a maximum of 79.33%; - the "New arid pine forests" episode: a new percentage increase of pine and the reduction of birch percentages; willow registers the maximum in the sequence, 19.33%; b. The less arid pine sub-phase comprises two episodes: 
- the "Pine forests with Picea, Quercetum mixtum and Corylus" episode: the appearance of more thermophilic elements (mixed oaks) and hazel (Corylus 

avellana L.); spruce reaches 24%; - the "Pine forests with few spruce" episode: the increase of the percentages of oaks up to 20.67%, the curves of spruce and that of pine register a decrease.  After the pine phase, Bartmus highlights the pine-spruce phase, as a phase of transition from pine forests to mixed oak forests; pine registers a maximum of 54%, spruce 27%, and mixed oaks reach 47.33%, dominated by elm. In the Picea-Corylus with Quercetum mixtum phase Bartmus records two sub-phases and 4 episodes. In the first sub-phase mixed oak forests reach a peak, with the maximum of 53.33% (elm reaches 44.67%); fir, hornbeam and beech appear. The second sub-phase is characterized by the maximum of hazel, 180%. Within this sub-phase the author distinguishes 4 episodes: - the episode Quercetum mixtum-Picea-Pinus; - the episode with the domination of spruce over mixed oak forests; - the return episode of oak, with Tilia predominance (19.33%), after the culmination of oak (13%); - the episode of relative domination of spruce, with a maximum of 55.33%.  The hornbeam phase begins with the maximum development of hornbeam (65.33%); spruce persists by 20-30%, with a tendency to decrease continuously. The beech phase is less represented in this sequence of relatively low altitude; beech registers a maximum of 40%; its dynamics is complementary to that of the hornbeam to the surface; the fir tree (Abies alba Mill.) expands reaching values of 8.67% in the pollen spectra. In his work, Bartmus highlights several aspects. Except for hazel which has a maximum of 97.33% (possibly a local over-representation), beech is permanently dominant, competing with hornbeam, which exceeds it only on one level. The author also refers to the material processed by Pop but unpublished, collected in 1928 and 1943 from the swamp "Mlaca or Lacul Tătarilor" found in Arpașul de Sus. An analogy is attempted with the sequences from Adâncata, Șipoțel, Valea Rorei, Coveș -Apoșdorf (Agnita), as Bartmus elaborated a synthetic diagram. 
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At approx. 7 km from the sites near Avrig, close to the commune of Porumbacu de Sus, Boșcaiu et al. (1978) performs the palynological analysis of a layer of coal peat, interspersed between two alluvial layers of coarse gravel (Tab. 1). The base of the palynological diagram highlights two levels in which spruce dominates (maximum 80%), while pine and fir are poorly represented. The thermophilic elements did not exceed 2%. The authors consider these levels to belong to an episode with Picea, with a microthermal climate and a relatively high humidity; then the spruce curve decreases sharply, from 80% to 5%, complementary to the increase of the pine curve from 15% to 73%, which reflects a catastrophic evolution of the climate. These sequences accumulated in a dry episode of pine forests with little spruce and very little fir (0.7%); at its peak, the pine registers 87%. The attenuation of climatic rigor is indicated by an episode in which the pine decreases to 60% and the spruce increases to 37%; the thermophilic elements of Quercetum mixtum keep low values (1-5%). The last episode of the pollen diagram is that of the competition between pine and spruce; a more xeric sub-episode is distinguished, based on the amplitude of the oak and hazel curves, followed by a more humid sub-episode in which fir is affirmed (8%). In conclusion, the authors evoke the existence of a microthermal climate in Porumbacu, characterized by the domination of conifers and the significant lack of beech. The low values of the fir (8%) and of the thermophilic elements exclude the framing in the Eemian interglacial and the synchronization of this diagram with the one from Adâncata (Pop, 1945, 1971), where fir registers a maximum of 56%. The authors correlate this diagram with the base of the Șipoțel diagram (Pop, 1945, 1971) and consider that both sediments were formed during the Denekamp climate oscillation (Van Campo, 1969). In 2006 Tanțău et al. publish the results obtained from the palynological analysis performed in the Avrig swamps (Tab. 1), also approached by Tanțău in 2003 and 2006 (doctoral thesis, respectively the published version of it). Two sequences of approximately 8.06 m and 11.90 m in length, from two adjacent peatlands near Avrig, were analyzed. Examining the obtained results, the paper concludes that the evolution of vegetation in the analyzed sequences, supported by 17 14C dates, begins in the Late Glacial period. This period includes the interval between Last Glacial Maximum (Walker, 1995; Litt et al., 2003; Ravazzi, 2003) and Holocene. It is characterized on a regional scale by repeated climatic oscillations, which have led to significant changes in vegetation. The Avrig 1 sequence (A1) includes seven pollen zones assigned to the Late Glacial and seven Early Holocene pollen zones that have no equivalent in Avrig 2, a much younger sequence; also, in the A1 sequence, an oscillation was noticed that corresponds to a cold episode, dated for the first time in Romania (the “Avrig” 
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episode); the A2 sequence begins only in the Subboreal. Based on the results obtained in these sequences, the authors present a detailed evolution of the vegetation in the region, making comparisons and references to the literature existing at that time in the country and abroad. In the Late Glacial period highlighted in the A1 sequence (Fig. 2), the authors reveal the existence of a steppe in the cold Dryas I period, characterized by the existence of Pinus and 
Betula populations scattered in the grassland vegetation. A 14C dating of 13,880 ± 90 yr BP was obtained for this period. The authors use the name "Late Glacial Interstadial" for the period of moderate warming following Dryas I. The beginning of the climatic improvement of the Late Glacial Interstadial (probably Bølling), was characterized by an "open" arboreal vegetation, dominated by Pinus. A new cooling episode (Dryas II / Gerzensee oscillation) is characterized by steppe vegetation with small patches of Pinus. The obtained 14C dating, too old in the authors’ opinion to be attributed to Dryas II (14C = 12,360 ± 70 yr BP) led to the authors naming this stage "Avrig". The vegetation highlighted for the last period of Late Glacial Interstadial (Allerød) consists of a “mosaic” of swamps and meadows, with specimens of Pinus and Betula. The presence of pine during this period has also been reported in other regions of Europe (de Beaulieu et al., 1988; Willis, 1994; Goslar et al., 1999; Nagy-Bodor et al., 2000; Pokorny, 2002). The constant presence of Picea in the Avrig 1 sequence indicates the existence of this tree in glacial refugia in the region, as it was identified in other sequences in Romania (Fărcaș et al., 1999; Björkman et al., 2002; Tanțău, 2003; Tantau et 
al., 2003), where its expansion began. The cooling characteristic of the last Dryas III stadial led to a strong decrease of Pinus and to the domination of the steppe grassland elements, similar to other Romanian sites. The 14C dating obtained (10,300 ± 60 yr BP) confirms the assignment to this climatic period. The restoration of the forest at the beginning of the Holocene took place gradually. Pine had the fastest response to climate change, followed by spruce and mixed forests were formed. Early elm expansion at the beginning of the Preboreal (14C 9,670 ± 60 yr BP) was first recorded in low altitude areas. The expansion of the other elements of the mixed oak forests (ash, oak and linden) took place in the Avrig region after that of the elm, during the Boreal (14C 8,550 ± 60 yr BP). The period of maximum expansion for hazel was recorded at the beginning of the Atlantic period (14C 7,760 ± 50 yr BP), which, the authors say, would suggest its lack of glacial refugia in Romania. On the current territory of Romania, the hornbeam has its own phase, in the Subboreal as it expanded before beech. The regional differences between the history of the vegetation of Romania and that of Western Europe, e.g. the delay of the hazel phase, the hornbeam phase before the beech phase, etc., have already been noticed by Pop   
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(1942). The beginning of hornbeam expansion is dated to approx. 6,200 yr BP in the Avrig area. The first constant appearance of beech in Avrig suggests the presence of this taxon starting with 7,500 yr BP.   

  
Figure 2. Simplified pollen diagram from Avrig, modified after Tanțău et al., 2006: SA = Subatlantic, SB = Subboreal, AT = Atlantic, BO = Boreal, PB = Preboreal,  YD = Younger Dryas, LGI = Late Glacial Interstadial, OD = Oldest Dryas 
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Its expansion took place much later, as in other locations in Romania. As in many other areas of Europe, human activity was one of the factors that facilitated its expansion and spread. The authors illustrate the difference between the appearance and expansion of a taxon in a region with the Avrig example, where beech survived individually or as small populations in the forest ecosystem for three millennia, before expanding into its own phase. Most palynological studies in Romania show a late appearance of the fir in forest structures, during the Subboreal period. This event was dated around 3,800 yr BP at Avrig. The first indications of human activity, respectively the first appearance of cereal pollen were observed in the A1 sequence, at about 6,000 yr BP. Due to their geographical position, Romania and the Carpathian Mountains constitute a key territory from a biogeographical point of view, a contact area between Western Europe, its center and south, respectively the Balkan Peninsula. It has been claimed that the Carpathian territory was a favorable area for glacial refugia during the last glacial period (Huntley and Birks, 1983; Willis, 1994; Willis et al., 1995; Diaconeasa and Fărcaş, 2002; Willis and Van Andel, 2004). During the Holocene, these areas were important sources for the recolonization of forests in Central Europe. Tanțău et al. (2011) resume and detail a more recent sequence from Avrig. The history of vegetation begins in the Subboreal with the hornbeam optimum in the hornbeam phase, followed by the beech phase (Subatlantic) and is supported by four 14C datings. The first indications of human activities in the region are visible in sequence with the first occurrence of cereal pollen, at about 4,200 yr BP. Some changes in the ecosystem have been caused by natural phenomena. Thus, a colder period that began about 600 years ago could be correlated with the LIA event (Little Ice Age, Mann et al., 2009). However, the most significant changes have been associated, directly or indirectly, with human occupation. These effects induced by man included major deforestation, grazing, agriculture and man-made fires, whether voluntary or involuntary. The peat bog from Arpașu de Sus has also been the subject of more recent studies, starting with 2004, when Fărcaș et al. publish the palynological analysis of a Subboreal age sequence. The “Lacul sau Mlaca Tătarilor” peat bog (540 m altitude) is located 3-4 km southeast of Arpaşul de Sus, Sibiu County, at the foot of the Făgăraş Mountains (Tab. 1). It was described by Pop (1960), who extracted samples from this bog, but did not publish the results. The flora is characteristic of mesotrophic bogs, with a pronounced oligotrophic character. A 16 m long sequence was extracted, and the authors (Fărcaș et al. 2004) present the palynological results obtained for the first 4 m from the surface. The analyzed sequence shows the existence of the last two forest phases, developed 



S. FĂRCAȘ, I.-A. STOICA, I. TANȚĂU   

 64 

during the Subboreal and Subatlantic: the hornbeam phase and the beech phase. 
The hornbeam phase is characterized by the percentage increase of hornbeam, which during the Subboreal formed its own forest belt, between that of spruce and that of mixed oaks. The maximum percentage of hornbeam recorded is 58.98% reported to Σ A.P., respectively 53.54% reported to the total amount, ie Σ A.P. + Σ N.A.P. (sum of tree pollen - Arboreal Pollen grains - plus sum of grass pollen - Non-Arboreal Pollen grains). The increase of the hornbeam values is done to the detriment of the mixed oak. The values of the mixed oak reach 10.11% (respectively 8.74%). Beech registers a maximum of 29.74% (respectively 26.23%), and spruce is in turn well represented, with a maximum of 31.27% (respectively 28.95%), which exceeds that of beech. The authors note the first percentage occurrences of pollen from Cerealia, Cannabis, Artemisia, Plantago sp., which is evidence of human activity in the region, more or less distant. The 
beech phase in the Subatlantic is characterized by the percentage increase of beech and fir. Beech has developed favored by climate and human activity and has completed the stratification of vegetation in our mountains. The maximum percentage of beech recorded in its own phase is 58.36% (respectively 54.49%), exceeding the maximum value recorded by fir (12.80%, respectively 11.27%). However, this difference is also due to the low altitude of the analyzed site, respectively to the different distance from the vegetation belts of these trees. Beech remains at almost all levels at high values. There are two exceptions. In the first case, beech values drop to 19.30% (respectively 17.79%), simultaneously with the increase of the hornbeam percentage (45.06%, respectively 38.91%); this phenomenon is known in the Romanian palynological literature as the “subatlantic reaffirmation of hornbeam” (Diaconeasa and Fărcaş, 1998); in the second case, in the surface levels, beech values decrease to 11.79% (respectively 6.59%), simultaneously with the increase of those of spruce, birch, mixed oak, hazel and alder. This trend, associated with the sharp rise in grass pollen levels and the first occurrence of walnut (Juglans) suggestively reflects the anthropization of the region. The authors note the dominance of forest-type ecosystems in almost the entire sequence studied, examining the ratio Σ A.P./ total Σ (Σ A.P. + Σ N.A.P.). Resuming the sequence from Arpașu de Sus partially published by Fărcaș 
et al. (2004), Tanțău et al. (2009) detailed other, older aspects of the history of vegetation in the region. The Late Glacial period has been characterized by several global and regional climatic oscillations. There are numerous studies, from Romania and abroad, that show a clear response of vegetation to Late Glacial climate fluctuations in Europe (Ammann and Lotter, 1989; de Beaulieu 
et al., 1988; Feurdean et al., 2007; Litt et al. ., 2003; Reille et al., 1992 etc.). In Romania, as the authors point out, the succession of Late Glacial forests is 
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known, largely due to the Palynological school in Cluj (Diaconeasa and Fărcaş, 1995-1996; Pop, 1929, 1932, 1942). The lack of absolute chronology (14C dating) of these palynological sequences (except for Pop’s 1971 work), is addressed and solved in modern palynological studies (Björkman et al., 2002, 2003; Fărcaș et al., 1999; Feurdean, 2004, 2005; Feurdean and Bennike, 2004; Tanţău, 2003; Tanţău et al., 2006; Wohlfarth et al., 2001). These studies have shown that there are differences between different sequences in different regions of the country, both between the time of appearance and the expansion of forest taxa. The analysis of the pollen from the base of the sequence from Arpașu, on a length of 4.30 m allowed the authors to reconstruct the history of vegetation starting from the Late Glacial period. Because the authors did not have 14C dating of the sequence, the existing Avrig dating were used as a benchmark (Tanțău et al., 2006). Dryas I, the first and oldest Late Glacial stadial, was not identified at Arpașu, but only in the Avrig sequence. The Late Glacial Interstadial includes milder climatic oscillations, the first of which is chronologically the Bølling oscillation, which is reflected in both sites. The Dryas II stadial was not observed in Arpașu. Allerød is the last interstadial phase of the Late Glacial, and was identified in both sites. Dryas III or Younger Dryas corresponds to an episode of climate deterioration and has also been identified in both sites (Avrig and Arpașu). For the base of the sequence from Arpașu, seven Local Pollen Assemblage Zones (LPAZ) were established, which were correlated with the eight LPAZ from Avrig, in order to punctually capture the changes of the vegetation in the region. Each pollen zonal boundary indicates significant changes in pollen deposition and represents major changes in vegetation cover. The beginning of the Bølling climate improvement was identified in both sequences, Arpaşu and Avrig, being characterized by an open forest vegetation, dominated by pine, with the reduced participation of birch and willow. Isolated occurrences of spruce pollen resulted, according to the authors, from the transport due to air currents, from glacial refugia at lower altitudes. The steppe grasses (Artemisia, Poaceae) are declining. A climatic cooling episode, dated 14C at Avrig in 12,360 ± 70 yr BP, is characterized, in both sites, by a steppe vegetation with Artemisia, Poaceae and Apiaceae. Pine, birch and willow have a dissipated presence. This oscillation is considered by the authors to be "too old" to correspond to the Dryas II period, hence the local name "Avrig". The vegetation of Allerød is a mosaic. The presence of pine and birch is explained by their high ability to colonize open areas in humid or dry environments. In Arpaşu an intense development of the spruce forest, can be seen, which is delayed and more blurred in Avrig, probably due to the large distance between the site and the forest. Dryas III was registered in both Arpaşu and Avrig. The forest vegetation is strongly affected, especially the presence of 
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pine. The birch instead reaches a maximum that can be explained by local conditions: high humidity and lower temperatures. Spruce occurs sporadically in both sites, with frequencies not exceeding 1%. In 2010 Tanțău et al. continue the publication of the results obtained at Arpașu, which palynologically reproduce the evolution of vegetation at the transition Younger Dryas (Dryas III) - Holocene, as well as in the early Holocene. As in the previous paper, chronozones refer to the absolute chronology obtained in Avrig and previously presented (Tanțău et al., 2006). 9 Local Pollen Assemblage Zones were delimited. The first zones correspond to Dryas III, presented also in the previous sequence (Tanțău et al., 2009). During Younger Dryas stadial there was an open forest vegetation, dominated by pine, accompanied by birch. At the beginning of the Holocene, in the Preboreal, the pollen diagram shows the decrease of the steppe grass communities (Artemisia, Chenopodiaceae, Poaceae), and a slight increase for Pinus and Betula. In the area, dense forests are gradually consolidating, forests in which pine, birch, and elm were the most common. Spruce, alder, oak and willow were also sporadically present in these early forests. In Arpaşu, as in other regions of the South-Eastern Carpathians, the low values of 
Picea pollen in the pollen diagram from the beginning of the Holocene are explained by the effect of the cold climate in Younger Dryas. The increase of the 
Ulmus pollen percentage in the beginning of the Holocene is similar to that found in other stations and suggests an early establishment of the elm tree in the Holocene. The early expansion of the elm tree may suggest, in the opinion of the authors, either the presence of small populations in the regional refugia, or the immigration from outside the Romanian territory. The expansion of other elements of mixed oak forests (Fraxinus, Quercus and Tilia) took place after the expansion of elm. Higher temperatures during the growing season played a significant role in their spread. In the Boreal, Ulmus, Quercus, Tilia and 
Fraxinus dominated the composition of the forests, and Pinus, Betula, Alnus and 
Picea were also present. At the end of the period, there is an increase in steppe grass communities, as well as a decrease in Pinus and Betula values. The publication of results obtained in Arpașu (in the Mlaca Tătarilor bog) was resumed in 2020. Tanțău et al. present a palynological sequence, this time accompanied by 14C dates. 5 Local Pollen Assemblage Zones were identified. The base of the sequence is not dated, but in the range 845-847 cm one 14C dating was obtained: 9,110 ± 50 yr BP (9,515–10,087 cal yr BP), and towards the transition to the next area an age of 8,090 ± 40 yr BP (9,040 –9,466 cal yr BP); the vegetation is characteristic of the early Holocene, with a mixed forest dominated by Ulmus (20–40%); Pinus, Picea and numerous deciduous trees were present (Fraxinus, Quercus, Tilia, Betula, Alnus); Σ A.P. reaches 90% at the beginning of the sequence, then decreases to about 70%; the herbaceous 
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elements are still poorly represented. Three 14C datings accompany the next pollen zone, of which the last (5,125 ± 40 yr BP, respectively 5,789–5,937 cal yr BP) at the transition to the next zone; the percentages of A.P. increase; Ulmus remains dominant at first, then the percentages of Corylus, Alnus and Picea increase and 
Ulmus, Betula and Tilia decrease. Pinus and Corylus become dominant at approx. 8,500 cal yr BP; at approx. 7,200 cal yr BP Carpinus appears and expands. At the same time, the steppe herbaceous plants expand and diversify (Poaceae, 
Apiaceae, Chenopodiaceae, Asteroideae, Artemisia); there is a constant appearance of cultivated plants (Cerealia) and nitrophiles (Rumex, Plantago 
lanceolata). The following 14C dating of 3,635 ± 35 yr BP (3,904–4,029 cal yr BP) attests to the presence of extensive mixed forests of Carpinus (30–50%) and 
Picea (20–40%); Corylus drops significantly, as well as herbaceous plants, below 15%. In the last local pollen zone, two 14C datings were obtained, namely 3,480 ± 30 yr BP (3,679–3,802 cal yr BP), and further towards the surface 1,730 ± 30 yr BP (1,650–1,878 cal yr BP); in this interval there are extensive mixed forests of Fagus (40–60%) and Carpinus (20–40%); the percentages of Picea and Corylus decrease, Abies appears and expands and Quercus, Ulmus and Betula maintain constant percentages; the pollen zone towards the surface (45-0 cm) is accompanied by a 14C dating at a depth of 34-36 cm: 645 ± 30 yr BP (387–549 yr BP); the percentages of Fagus, Carpinus and Abies decrease; the percentages of Picea, Alnus, Corylus and Betula increase; the percentages of herbs increase significantly (especially Poaceae), along with the anthropogenic indicators (Plantago lanceolata, Cichorioideae, Asteroideae, Chenopodiaceae, Urticaceae, 
Rumex, Artemisia) and the pollen of cultivated plants (Cerealia undifferentiated and Secale).  

Studies conducted in the Făgăraș Mountains In addition to the studies from the Făgăraș Depression, the studies carried out in the Făgăraș Mountains are also of interest, as the region is more difficult to access for such analyzes. We have selected in this paper some of the studies made in the Sibiu region and the immediate vicinity. They date back to the last century, but have not lost their validity. Although these studies do not have an absolute chronology, they serve as a starting point for possible follow-up studies, which would benefit from the support of modern, multidisciplinary methods. Diaconeasa published in 1968 the results of the palynological analysis carried out in two peat bogs located in the Bâlea glacial cirque, on the place where former glacial lakes were located (lakes which have clogged in time), at approximately 2000 m altitude (Tab. 1). The palynological results are 



S. FĂRCAȘ, I.-A. STOICA, I. TANȚĂU   

 68 

presented by the author in 4 complementary pollen diagrams. The first is an eutrophic swamp, of relatively recent age (Subatlantic), which tells the story of vegetation during the spruce-beech-fir phase (Picea-Fagus-Abies). The second is an older mesotrophic bog (Boreal-Atlantic), larger and deeper, reflecting the peculiarities of vegetation during the last forest phases described by Pop: the 
spruce phase with mixed oak and hazel (Picea-Quercetum mixtum-Corylus), the 
spruce phase with hornbeam (Picea-Carpinus) and the spruce phase with beech 
and fir (Picea-Fagus-Abies). The author states that in high altitude peat bogs (1900-2000 m) the transition between the Boreal and the Atlantic is characterized by high humidity. This favored the expansion of spruce to higher altitudes, and determined a withdrawal of the elements of mixed oak forests towards the hill belt, respectively the narrowing of the Pinus mugo belt in the alpine zone. Spruce records in the pollen spectra of this transition stage register the maximum of the entire sequence (66%). Its pollen was transported by the ascending air currents from the spruce belt, having the upper limit at about 1800 m altitude. The elements of mixed oaks (Quercus, Ulmus, Tilia) remain at values of 16-20%. The author highlights the relatively high percentage of linden pollen, which reaches 8%, and which suggests in the respective levels an end of phase of the mixed oak. The sporadic appearance of beech and fir pollen, with subunit values, is explained by the author through a long-distance wind transport, while the appearance and increase of the value of Carpinus pollen attests to its existence at lower altitudes. The spruce with hornbeam phase corresponds to the Subboreal and is registered in a relatively thin layer, between the levels 95-80 cm, being characterized by the sudden decrease of spruce pollen from 66% to 50.66%, simultaneously with the increase of hornbeam pollen from 10 % to 22%. These fluctuations, concomitant with the decrease of mixed oaks pollen, suggest the role of hornbeam forests in changing the altitudinal limit of spruce and oak forests. Spruce is forced to climb to higher altitudes, and the oaks are forced to retreat to lower altitudes, in the hills and plains. During the spruce with beech and fir phase (Picea-Fagus-Abies) from the Subatlantic period, the author highlights 4 important moments in the pollen diagrams: the dominance of spruce pollen (64%) and the slight percentage superiority of fir pollen over beech; the same domination of spruce pollen, but with lower values (44%) and a descending trend (21%) simultaneously with the increase of beech pollen (31%); the dominance of beech pollen (56%) over spruce (13-21%) and fir (5-14%); the decline of beech pollen (27.33%) and the percentage return of spruce (40%). The author also finds differences compared to other high-altitude bogs in Retezat (Ciobanu, 1960; Pop et al., 1966) and Parâng (Ciobanu et al., 1967a, b). Thus, the pollen spectra from Bâlea lake show a high percentage of hazel, of 64%, during the spruce phase with mixed oak and 
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hazel. Another peculiarity is the simultaneous appearance of beech and fir pollen in the second part of the spruce hornbeam phase, after which, during the last forest phase, beech begins to dominate in the pollen diagram (56%). The author also highlights the role of ascending air currents, which transported pollen from forests at lower altitudes to the alpine zone, where it was deposited on the surface of the bogs. In 1969 Diaconeasa presents the results of the palynological analysis performed in the Sărata glacial cirque (Tab. 1). The described bog is oligotrophic, formed by the clogging of a former glacial lake, at an altitude of 1750 m, at the lower limit of the alpine zone. Peat began to deposit during the 
spruce-beech-fir phase, characteristic of the cold and wet Subatlantic. The author highlights the importance of this bog, as the pollen spectrum caught the maximum expansion of beech forests in the Făgăraş Mountains. The pollen diagram reflects the dynamics of the main forest taxa, with oscillating and complementary values, respectively spruce, beech and fir. At the level of 115 cm there is a pollen spectrum in which these three species have similar values (32% spruce, 29.7% beech, and 25.3% fir), while at a depth of 110 cm beech scores a first maximum, of 55.33%. Once installed, the beech forests show their supremacy over other forests in the region, although the bog is found approx. 100 m above the spruce forests, being closer to these forests than to the beech forests. The author states that the recent pollen rains of the forests from the alpine belt reflect fairly accurately the ratio between the surfaces occupied by the various belts of forest vegetation, within a radius of at least 20 km in a straight line. Thus, the antagonism between the percentages of spruce, beech and fir pollen reflects their dynamics in the peak period of beech forests. In the Sărata valley bog, the ratio between beech and spruce is sometimes 5/1, going up to 8/1 in the 45 cm level, where the beech pollen registers a maximum of 63.33%; this value was not found in previously published studies from bogs located in the alpine belt (Ciobanu et al., 1967a, b, 1968; Diaconeasa, 1968). The author also explains the ratio between the presence of fir and beech pollen, a ratio in favor of beech throughout the sedimentation period; the higher weight of the large fir pollen disadvantages it compared to the other trees in the case of wind transport. The author states that the situations of slight subordination or equality of fir pollen percentage compared to spruce pollen percentage indicate a greater presence of fir compared to spruce in coniferous forests. The pollen diagram from Sărata also records the presence of pollen from dwarf mountain pine (Pinus mugo Turra, syn. Pinus montana Mill), mountain alder (Alnus viridis (Chaix.) DC), birch, oak, linden, elm, hazel, hornbeam and willow. As in other previously published bogs, the pollen of herbs (Poaceae, Cyperaceae, 
Caryophyllaceae, Compositae, Umbelliferae, Ericaceae, etc.) is present, known 
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under the generic name of N.A.P., which indicates the succession of the meadows around the bog and of the herbaceous vegetation on the surface of the bog. We also mention the studies carried out by Diaconeasa (1970) in the Capra glacial cirque, approx. 1 km away from Bâlea Lake, in the perimeter of 4 peat bogs, of different ages, located at approx. 2200 m altitude (Tab. 1). The analyzes performed revealed the same forest phases described above, with particularities that we will focus on below. It is important to note the older age of sedimentation in one of the bogs, which thus completes the picture of the evolution of vegetation in the Făgăraș Mountains. The pine phase is captured only in one of the swamps, called by the author the 3rd swamp, in a short layer of 15 cm, in a gray mud sediment. The allocation to this phase is made on the basis of substantial percentages of pine pollen, which reach a maximum of 86%. Together with spruce pollen (maximum 17%), conifer pollen in the levels assigned to this phase reaches values of 95-97%; the difference to 100% is represented by pollen of birch, willow, alder and mixed oak. The author attributes a Preboreal age to this stage, including it in the sub-phase of less arid 
pine forests, based on several arguments: the lack of hornbeam, beech and fir pollen; low percentages of grasses; the constant presence of pollen from mixed oak forests (oak, lime, elm and hazel species), evidence of global warming. The values of decreasing pine pollen (63%) and increasing spruce (28%) in the adjacent upperlevel, as well as the slight percentage increase of the mixed oak forests indicate the beginning of the pine-spruce transition phase; during this sequence, a sedimentation gap is recorded. The next chronological phase, the 
phase of spruce with mixed oak and hazelnut, is also not completely captured in the author’s opinion, but probably only the end of it. It is characterized by relatively high values of hazel (16-24%) and oak (10%), with the addition of alder (8.66%), hornbeam, birch, fir and willow. The high percentage of spruce (70-78%), unlike the percentages registered in other bogs from the Făgăraş Mountains, is interpreted as a local expression of spruce expansion. The author does not exclude a possible under-representation of mixed oak forests pollen, with values influenced by the filtering effect of forests at higher altitudes. In the author’s opinion, another cause for the under-representation of mixed oak forests, could be the mechanical processes of melting and draining of the snow on the surface of the bog, due to its slope, and the delayed deposition of spruce pollen compared to deciduous pollen. Another phase recorded in the pollen diagrams of the bogs studied in the Capra glacial cirque is the spruce with 
hornbeam phase, recorded complementary in these bogs. The maximum values recorded by hornbeam pollen are between 9% (bog 3 sequence a) and 20% (in bog 3 sequence b), but are even better represented in bog 4, where the phase of 
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spruce with hornbeam is shown in more detail, on a thickness of 45 cm. Here the pollen of hornbeam has three maxima (23%), simultaneous with as many minima of spruce (45%), which, however, remain superior to hornbeam. The pollen percentages of fir and beech in this bog (15% and 8%, respectively) reflect their substantial spread towards the end of the phase. Mixed oak forests have cummulated pollen values of approx. 10%, of which oak (5-7%) and lime (3-5%) are better represented in the forests from lower altitudes. Pollen percentages of dwarf mountain pine and mountain alder (10%) indicate their rather modest presence in the glacial cirque. During the last chronological phase, the spruce phase with beech and fir, the author notes, as a feature of the Făgăraş Mountains, the simultaneous appearance of fir and beech in the pollen spectra, unlike the northern area of the Eastern Carpathians where beech appears before fir (Pop 1929) and unlike the southwest of the Southern Carpathians, where fir precedes beech (Ciobanu, 1948). The author emphasizes the continuous presence, with constant values, of beech and fir pollen which started in the previous phase of spruce with hornbeam, but also the competition between spruce, beech and fir during this last forest phase. At the beginning of this phase, the author highlights the “initial episode of the spruce-beech-fir 
phase”, when these three elements have almost equal values in some levels: 32% spruce, 30% fir, 29% beech. In the pollen diagram Capra 5, fir pollen exceeds in some levels beech pollen, but not spruce pollen, levels framed by the author in the “second episode of spruce-fir-beech” of this phase. The surface levels captured the pollen of the neighboring forests during the peak of beech (49-52%), simultaneously with the decrease of spruce (20-33%) and fir (5-10%). This "episode of beech-spruce-fir" is followed by a fourth episode, recent and sub-recent, of "spruce-beech-fir", characterized by the reaffirmation of spruce (beech 35%, spruce 42-45%). The author shows in this paper that grass pollen (N.A.P.) fluctuates from one level to another and from one bog to another, but considers that the current alpine zone of the glacial cirque has never been occupied by spruce, and also, closer to present days, he considers that the expansion of open landscape has been noted. An interesting theory proposed by Diaconeasa in this paper is that the Făgăraş Mountains represent "the meeting point of fir and beech, as these trees immigrated to Romania on different pathways, the first from the Balkans, the second from the Atlantic region".  Diaconeasa continues the series of pollen-analytical investigations carried out in the Făgăraș Mountains within the doctoral thesis, and publishes in 1971 the results of the analyzes carried out in the peat bogs from the Podragu glacial cirque (Tab. 1). The palynological analysis of the 5 bogs shows that they began to form in the Holocene, but in totally different forest phases. Peat bog 
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no. 1 began to sediment right at the end of the pine phase, but the sequence showed hiatuses. Bogs 2 and 3 date from the beginning of the Subatlantic, presenting a fragment from the spruce-beech-fir phase. Bog 4, very compact, began to sediment in the spruce with hornbeam phase. Bog 5 was deposited in the Subatlantic period, being relatively recent. The peat sediment at the base of bog I preserved 68% pine pollen, 20% spruce, 6% hazel, 4% mixed oak, willow, alder and birch. The author frames this base level at the boundary between Preboreal and Boreal, which corresponds, according to the author, with the end of the pine phase. In the nextlevel, characterized by the lower value of pine pollen (43%), and the increasing value of spruce (32%), mixed oak (15%) and hazel (15%), there is probably an incomplete phase of pine-spruce transition. Hornbeam, beech and fir pollen are missing. The spruce with mixed oak and 
hazel phase is well preserved in the following levels. In the pollen spectra, the pollen of spruce, mixed oak and hazel dominates. At the beginning of the phase, the elm pollen participates with 14-18% in the mixed oaks, a high value for an altitude bog; this value consolidates the results previously obtained by Pop (1929), Ciobanu (1948) and Diaconeasa (1969), and demonstrates that in the Făgăraș Mountains the elm tree initially had a dominant role among the mixed oaks. The percentage of elm pollen decreases as lime (9.33%) or oak (9.33%) pollen increase. This competition between elm and lime-oak suggests that the former became subordinate in the second part of the warm post-glacial (Atlantic) weather, when the values of mixed oaks decrease from 20-23% to 7.33%. The maximum percentage of spruce reaches 68.75%, while that of pine decreases to 29.33%. Hazel has the highest pollen percentage in the Atlantic (56.66%), a significant value compared to those recorded in the bogs of Parâng (Ciobanu et al., 1967a) and Retezat (Pop, 1960) or even Semenic (Ciobanu, 1948) at lower altitudes. The author also reports the appearance of hornbeam pollen with 1.33%, which reaches 8% at the end of this forest phase, while fir and beech continue to be absent from the pollen spectra. The phase of the spruce 
with hornbeam corresponds climatically to the Subboreal and is recorded both in the peat of the first bog and in that of bog 4. The ascending curve of hornbeam pollen, from 8% to 17% in the pollen spectra of bog 1 reflects the final installation of hornbeam forests between oak and spruce forests. In the pollen diagram of bog 4 a maximum is registered for hornbeam (20.66%). Towards the end of the phase, beech and fir pollen appear in the pollen spectrum, with low values. The phase of spruce with beech and fir is represented in the pollen spectra of the 5 bogs analyzed. At the beginning of the phase, fir and beech occurred simultaneously, with modest values, an aspect highlighted in the pollen diagrams of the bogs 2-5; then there is an advance of fir, which records 23.33%, compared to beech’s 15.33% (in bog 2). Spruce remains dominant, 
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showing sudden oscillations at the beginning (44.66-55%). It is the spruce-fir-
beech episode of this phase. The results obtained in the other swamps reflect the competition between spruce, fir and beech. The beech-spruce-fir episode is also highlighted, in which beech pollen (34%) exceeds that of spruce, while fir registers only 10%. The author considers that some studied bogs ceased their activity before beech dominated in this part of Făgăraș. Alpine grassland pollen was also recorded in palynological analyzes performed; alpine grassland associations were dominated by Gramineae and Cyperaceae, which are associated with species of the Compositae, Caryophyllaceae, Umbelliferae and 
Ericaceae families. The author states that in this glacial cirque and its surroundings the herbs are less represented in certain forest phases, and assumes that the forests covered larger areas compared to the alpine meadows. The bogs of the Făgăraş Mountains also include those located in the Puha glacial cirque, on the border with Vâlcea county, published by Diaconeasa in 1972 (Tab. 1). In the Puha glacial cirque, the author found and explored two peat bogs. The first formed on a platform of glacial erosion at over 2200 m altitude and continues in the western part with a glacial lake. The second bog is 30 m below, and is fragmented by many streams. The author shows that both sediments began to deposit in the last postglacial climatic period (Subatlantic), in the spruce-beech-fir phase and that the results of the palynological analysis are slightly different from each other, due to the morphology of the terrain. Referring to the second bog, the pollen spectra of the base levels indicate a stage of domination of spruce (± 38%), which equals the percentage of fir and beech combined, while hornbeam is still well represented (maximum 14%). The upper level, at 90 cm, captures a moment when spruce and beech have equal values (26.66%), and mixed oak forests reach the maximum in the sequence, of 12%, while fir decreases to 6%. Towards the surface, beech pollen registers 3 successive and progressive maxima, up to 58%, contemporary with as many minima of spruce pollen, which decreases to 10%. The author considers these values as a clear indication that the peat sedimented during the maximum extension of beech. In this sequence, as in the sequence from Sărata (Diaconeasa 1969), fir is generally poorly reflected palynologically compared to beech, but participates with values almost equal to those of spruce (13.33% fir, 14% spruce). There are also exceptions to the rule, when the pollen curve of beech is disadvantaged (28%) by the more substantial assertion of spruce (26%) and fir (20%), for example in the level at 40 cm. Based on the pollen spectra obtained, the author finds that in most levels the pollen percentages of alder (Alnus viridis) are higher than dwarf mountain pine (Pinus montana); it is demonstrated that in the Puha glacial cirque the alder shrubs were much more extensive than the dwarf mountain pine shrubs, which the author observes in 
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the palynological analyzes carried out in other alpine bogs from the Făgăraș Mountains. Another common denominator of these bogs is the decrease in the percentage of beech pollen towards the surface, concomitant with the revival of spruce pollen. The author also identified walnut pollen (Juglans) and edible chestnut (Castanea) in this bog, proof of the sub-recent existence of these trees in the surrounding intra-mountain depressions, with a milder and more constant microclimate. Comparing the palynological information obtained in the peat bogs from the Puha glacial cirque, with those in the Bâlea, Sărata, Capra and Podragu glacial cirques (Diaconeasa 1968, 1969, 1970 and 1971), the author states that they illustrate the last episode of the spruce-beech-fir phase, the beech episode.  
Studies conducted in the upper basin of the Sebeș river We further present two works, less known, published in the last century in the study region, this time in the upper basin of the river Sebeș. Bartmus publishes the palynological analysis of some bogs from the Sebeș Mountains (1969b), complementary to the analyzes carried out by Ciobanu in 1970 in the same region. The upper basin of the river Sebeș is one of the 10 regions of peat bogs established by Pop (1960) in the remarkable monograph on peat bogs in Romania, and these are, according to Pop, "the largest and most typical in the southern Carpathians." They are divided into three main groups: the first group with the bogs from the river meadows of the Frumoasa and Tărtărău valleys, tributaries of the Sebeș (1310-1320 m altitude), the second group with the bogs from the Sebeș and Sălanelor river meadows (1200-1210 m altitude), and the third group includes the highest bogs, located on the Prigoanei valley, a more northern tributary of the Sebeș (1360-1400 m altitude). Bartmus analyzes in his work the bogs from Oașa, Prigoana and Iezerul Șurianului (Tab. 1). In the Oașa peat bog, located just above the confluence of Sălanelor and Frumoasa rivers, the author conducted 9 surveys, of which he analyzed three sequences. The Oașa III pollen diagram resulting from the deepest sequence of the bog shows even in the base levels a numerical superiority of spruce pollen (74-90%). The diagram reflects three sub-phases of forest evolution: a spruce with hornbeam sub-phase; a sub-phase of spruce-

beech-hornbeam and fir; and a spruce-beech sub-phase. The first sub-phase, characterized by the domination of spruce, also shows a considerable participation of hornbeam, with a maximum of 18%. Beech appears only towards the end of this sub-phase. In the second sub-phase the curve of beech exceeds that of hornbeam, towards the end of the sub-phase. Fir has a significant evolution, registering a maximum of 14%. In the third sub-phase, spruce wins in front of the beech, registering even a remarkable maximum of 
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91%. The Oașa II diagram broadly reflects the same situation as the previous one, with the difference that pine is better represented in the basal spectrum (7.33%), and fir registers higher values (27.33%) in the 2nd sub-phase. The author concludes that the Oașa peat bog is relatively young, most of the peat being deposited in the Subatlantic. In the author’s opinion, in these sequences the boundary between the two climatic periods was captured (the hot and dry Subboreal, respectively the colder and wetter Subatlantic), the so-called “grenzhorizont”. In the Prigoana samples the author analyzed two palynological sequences, in peat bogs located on the left side of the stream (Tab. 1, Prigoana I*, Prigoana II*). At the base of the Prigoana I sequence, pine has a value of 52.67%, while in the Prigoana II peat bog, located upstream of the first, it is 91.33%, indicating a pine phase, followed in the levels immediately above by a pine-
spruce transition phase. Following are the typical phases described by Pop, namely the spruce phase with mixed oaks and hazel (remarkable for the maximum of hazel, 70%), the spruce with hornbeam phase (29.3% maximum of hornbeam, maximum of fir at 14,7%) and the spruce-beech-fir phase (maximum 37% beech and 14% fir). With the exception of the basal levels in both sequences, in which pine dominates, the rest of the pollen diagrams are categorically dominated by spruce. In the same paper from 1969 Bartmus also refers to the results of the palynological analysis undertaken in the Mărgila peat bog, located at an altitude of approx. 1800 m, below Iezerul Șurianului; the author states that the base level was formed in the last period of the spruce with 
hornbeam phase. As arguments, the author invokes: the percentages recorded by the main tree species (spruce 71.33%, hornbeam 22%, hazel 10.67%), the dynamics of the spruce curve (ascending) and hornbeam curve (descending), with a last maximum of 32%. In the last forest phase, beech surpasses hornbeam, and in two levels it suprasses even spruce, while fir reaches the maximum in the sequence, 19.33%. The author states that beech could not reach domination in the last forest phase, as the peat bog was located at an altitude that goes far beyond today’s upper limit of beech. However, the presence of beech pollen with high percentages in the pollen spectra shows that the beech forest was not far away. In 1970, from the same region of the upper basin of the river Sebeş, Ciobanu presents the results of palynological analyzes performed in seven of the bogs described by Pop (1960): one from the first group (Frumoasa), two from the second group (Sălane and Gura Sălanelor) and four belonging to the third group (Prigoana I-II** and IV-V**) (Tab. 1). The Frumoasa valley harbored a series of bogs, located on the higher meadows of its banks, above 1300 m altitude. Ciobanu collected samples south of the canton of Tărtărău, on the right meadow of the valley, from the largest bog. The author states that the layers at 
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the base of the sequence reflect an end of the spruce with mixed oak and hazel 
phase, respectively its last sub-phase, characterized by domination of spruce (69-78%), but also by the significant presence of mixed oaks (8 %) and hazel (10-12%). The pine curve starts with values of 10% and then gradually decreases, while alder reaches a maximum of 18%. The pollen of Cyperaceae and Gramineae is represented by the highest values in the sequence (23-30%, respectively 5.33-6.66%). The spruce with hornbeam phase was captured only in one level, with modest values for hornbeam (6.84%). Subsequent levels to the surface reflect a spruce phase, corresponding to the beech phase at lower altitudes. Throughout the sequence, spruce is dominant, reaching an maximum of 84%. The author notes the simultaneous appearance of fir and beech in the pollen diagram and the different evolution of the two taxa. The unbroken fir curve is characterized by very small values, while the beech curve, although much more modest than in other sequences at similar altitudes in the southern Carpathians, reaches values between 4 and 20%. On both their banks, the Sălanele (tributaries of the Sebeș on the left side) harbour a large number of peat bogs, of which Ciobanu extracted samples and analyzed two sequences, “Mălștina Sălane”, and the peat bog called by Ciobanu “Gura Sălanelor” located near the outflow of Sălan into the Sebeș river. The diagram from Sălane reflects at its base the end of the spruce with hazel phase, and in the immediately next level a snapshot from the spruce with hornbeam phase. Hornbeam reaches the value of 14.66%. In the same phase, beech and fir simultaneously appear, and together with hornbeam they cause a sudden decrease in spruce values, from 95% to 62.66%. The rest of the pollen diagram reflects the last phase from the evolution of forests in the region, which Ciobanu calls the new spruce phase, and which corresponds, at lower altitudes, to the beech phase (from the Subatlantic). The reflected episode is one of spruce-beech, characterized by low values of fir (2-10%), compared to those of beech (11-42%); they, at some point, surpass those of spruce (42% compared to 36%). At Gura Sălanelor the peat deposit is much younger, belonging to the last forest phase. The first levels reflect a spruce forest (93-98%), accompanied by pine, fir, beech, hornbeam, all with low values, below 3.33%. Starting from 145 cm to the surface, the diagram reflects 
the spruce-beech-fir sub-phase, with a last episode of spruce-beech. During this sub-phase, spruce always remains dominant, with values ranging between 56 and 98%. Fir and beech, present in the beginning with modest values, begin to assert themselves progressively. The beech curve has an upward trend, culminating in a maximum of 27.33%. Fir, which appears simultaneously with beech, spreads faster than beech, but at some point its curve is exceeded by that of beech and remains modest (maximum 15.33%). Like Bartmus (1969b), Ciobanu (1970) analyzes the succession of vegetation in the bogs from the 
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Prigoana meadow (Prigoana I-II and IV-V). Prigoana I and V bogs are located on the right meadow of Prigoana, while Prigoana II and IV are located on the left meadow. The Prigoana I peat bog, located high on the ridge, reflects older aspects of the history of forests in the region, namely three distinct phases, the 
pine phase, the spruce with mixed oak and hazel phase and the more recent phase 
of beech and fir. The pine phase is characterized by very high values of pine (80%), along with spruce (21.33%), birch, alder, willow and hazel. The elements of mixed oak forests are missing. The author considers that this is the “less arid sub-phase of Preboreal pine forests”, respectively “the episode of pine 
forests with few spruces” (Pop 1943). The pine-spruce transition phase is recorded at a single level, and is characterized by a rapid increase in spruce pollen values (at 53.33%) simultaneously with a sudden decrease in pine (at 36%), but also by the significant increase of birch and hazel and the appearance of mixed oak forests. The spruce with mixed oak and hazel phase is characterized by spruce domination, which reaches a maximum of 86%. The relatively low values of mixed oaks (maximum 10%) and hazel (maximum 25%) indicate the 
last sub-phase, namely the ”absolute maximum of spruce, with a moderate spread 
of mixed oaks and hazel” (Pop 1942). The author emphasizes that the order of occurrence of the elements of mixed oaks is elm, linden, oak, an aspect reflected in several pollen analyzes from Romania. Hornbeam, with an uninterrupted curve but with low values, reaches a maximum of only 8.66%, so it is considered that the spruce with hornbeam phase could not be captured in this sequence. The 
recent spruce phase, represented by the spruce-beech-fir sub-phase, reaches the surface of the sequence and shows the dominance of spruce in the forests of the region (minimum 50%), but also its dynamics in competition with beech and fir. Fir is represented by quite low values, which reach 12.66%, while beech reaches two highs of 28.66% and 32%. In general, its curve is antagonistic to that of fir, but both undermine the percentage representation of spruce in the diagram. About 2 km south of the first peat bog, Prigoana I, Ciobanu collects and analyzes samples from the bog he calls Prigoana V, finding a great similarity between their pollen diagrams. In Prigoana V, however, it is worth noting that in the pine phase, there is a higher percentage of pine in the basal level (90%) and a lower percentage of spruce (9.33%) that can be noticed, which attests to a slightly older age of this sequence; in the spruce with mixed oak and hazel 
phase, spruce registers its maximum in the sequence, of 91.33%; elm and hazelnut culminate simultaneously (12.66% and 36.66% respectively) causing a sudden decrease in spruce values (from 88% to 61%); birch also contributes to this decrease, reaching at the same level a maximum of 18.66%, unique in the region; in the spruce-beech-fir phase the continuous curves of fir and beech begin simultaneously (with maximum values of 12.66% and 24.66%, 
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respectively). In the analyzed bogs located to the left of the Prigoana valley (Prigoana II and IV) the pollen diagrams reflect in the basal levels the end of the 
spruce with mixed oaks and hazel phase. The high values of thermophilic essences are noticeable, oak reaching 18%, the highest percentage of all the seven diagrams, and hazel 32%, a maximum surpassed only in the Prigoana V sequence (36.66%). The spruce with hornbeam phase follows, the author noting that in Prigoana II sequence it is the best represented of all the seven diagrams analyzed. Hornbeam reaches a maximum of 22% in this phase. In the last forest phase, the sub-phase reflected in both diagrams is that of spruce-beech-fir, much better outlined than in the other bogs analyzed here. Fir has the highest values in the region (15.33% for Prigoana II, 22.66% for Prigoana IV); beech also reaches the highest values in the region (37.33% and 32%, respectively), having as a complementary effect in the pollen diagrams the significant decrease of spruce values (below 50% on average). The values of the identified herbaceous pollen are low, reaching a maximum of 30%, which shows the predominance of the forest in each level analyzed.   

Conclusions The oldest vegetation records from the Upper Pleistocene in the Sibiu region are those from the Adâncata Valley and from Şipoţel, those from Săcădate, and from the Rohrbach Valley in Apoşdorf. They probably reflect images of the vegetation from the Late Glacial Maximum and are characterized by the dominance of forests in the interstadial periods and by the open landscape of forested steppe in the cold, stadial periods. The oldest episode at Adâncata shows a spruce and fir forest, with a lot of oak and lime, with alder, pine, birch, hazel and few willow trees. The analyzes highlight the competition between spruce and fir. The sequence from Șipoțel shows two main stages: an older stage of competition between pine and spruce, when the forest also included birch and disseminations of mixed oaks, hazel, alder, willow, hornbeam and fir; the more recent and more extensive stage (extensive as duration) highlights the dominance of pine. In Apoșdorf, a cold and continental phase dominated by spruce is followed by a warmer one, with beech, which was not represented in the Adâncata and Șipoțel sequences. A new cold but wet phase follows, characterized by the presence of spruce and fir. The succession ends with the upward trend of the pine, which indicates a more continental climate. In the layers of coal peat discovered near Porumbacu de Sus, the existence of a microthermal climate is revealed, characterized by the domination of conifers. This episode of vegetation evolution can be correlated with the basis of the diagram from Șipoțel. The total lack of 



THE EVOLUTION OF PAST VEGETATION IN SOUTHERN TRANSYLVANIA (SIBIU REGION)   

 79 

beech is also significant. In the Late Glacial, the succession of stadial vegetation (Dryas I-III) was registered, respectively the succesion of interstadial vegetation (Bølling-Allerød complex). The succesion was more or less incompletely captured in the sequences from Avrig and Arpașul de Sus, supported by 14C dates. During the stadials, in the study region an open, steppe vegetation is revealed, characterized by the existence of isolated populations of pine and birch, scattered throughout the herbaceous vegetation. During the interstadials, there is an open forest vegetation, dominated by pine, with a low participation of birch, willow and spruce. The history of the Quaternary vegetation from the Holocene in the Sibiu region and the surrounding areas fits broadly in the classical succession known for Romania, for the Carpathians and the surrounding areas of medium and low altitudes: the end of the pine phase, respectively a pine-spruce transition phase in the Preboreal period; the spruce with hazel and mixed oaks phase in the Boreal-Atlantic period; the spruce-hornbeam phase in the Subboreal; the spruce-beech-fir phase in the Subatlantic. Supporting the history of vegetation in the Sibiu region with an absolute chronology was possible since modern palynological studies. The differences and similarities between the percentages of taxa were highlighted, but also between the moment of appearance and expansion of different plant taxa in the different sites studied. Also, the determining factors of the vegetation evolution were analyzed, both natural, especially climatic but also edaphic, geographical, micro-morphological, etc., as well as those related to human intervention.   
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