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HUMAN IMPACT DROVE IMPORTANT CHANGES
TO FOREST ECOSYSTEMS DURING THE LAST FOUR MILLENNIA:
CASE STUDIES FROM THE ROMANIAN CARPATHIANS

GRINDEAN Roxana, FEURDEAN Angelica, TANTAU Ioan

Abstract. Pollen percentage and statistical data from four peat bogs are used to investigate the impact of past human activities on the
composition and diversity of forest ecosystems beginning with the Bronze Age (2200-1200 BC). The studied sites (Avrig, Mohos, Luci,
Taul Muced) are located at elevations ranging between 440 and 1360 m in the Romanian Carpathians, within distinctive vegetation zones
and forest belts. The percentage values in pollen spectra of anthropogenic indicators (cereals and ruderal flora) as well as pollen richness
suggest a gradual decline of main forest taxa (Picea abies, Fagus sylvatica, Quercus, Carpinus betulus) and increase in pollen diversity over
the last four millennia, more evident in the lowlands. From the Medieval Period until recent times, enhanced floristic changes occurred at all
sites, which together with the decline in primary forest constituents suggest the degradation of the original forests and the formation of
mosaic landscapes. The pollen-based reconstruction of major forest loss over the last decades is also shown by modern satellite imagery.
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Rezumat. Impactul uman a cauzat schimbari importante in ecosistemele forestiere in cursul ultimelor patru milenii:
studii de caz din Carpatii Roménesti. Date procentuale si statistice de polen din patru turbarii ombrotrofe sunt folosite pentru a
investiga impactul activitatilor umane din trecut asupra compozitiei si diversititii ecosistemelor forestiere incepand cu epoca bronzului
(2200-1200 BC). Siturile studiate (Avrig, Mohos, Luci, Taul Muced) sunt localizate la diferete altitudini cuprinse intre 440 si 1360 m din
Carpatii Romanesti, in zone si etaje de vegetatie caracteristice. Valorile procentuale din spectrele polinice ale indicatorilor antropici (cereale
si flord ruderald) dar si diversitate polinica sugereaza un declin treptat al principalilor taxoni lemnosi (Picea abies, Fagus sylvatica, Quercus,
Carpinus betulus) si o crestere a diversitatii palinologice, mai evidente in zonele joase. Din perioada medievala pana in prezent s-a remarcat
inceputul unor schimbari floristice semnificative in toate siturile, care Impreuna cu declinul constituentilor primari din padure sugereaza
degradarea padurilor initiale si formarea peisajelor mozaicate. Reconstituirea defrisarilor masive din ultimele decenii este ilustratd de
asemenea de imaginile satelitare moderne.

Cuvinte cheie: analiza palinologicd, diversitate palinologica, indicatori antropici, gradient altitudinal, Carpatii Romanesti.

INTRODUCTION

Natural environments were transformed into anthropogenic landscapes by the long-term action of humans who
have selected and exploited cultivated and wild plants for thousands of years (e.g., BEHRE, 1981; BIRKS et al., 1988;
FAEGRI & IVERSEN, 1989; MARINOVA et al., 2012; MERCURI et al., 2013). The identification of the human
impact on vegetation is largely based on the use of palynology, which attempts to identify the presence and
development of human activities, phases of intensification and abandonment from fossil pollen spectra. The pollen
types that are directly associated with human activities (anthropogenic pollen indicators) are usually grouped into
primary indicators (cereals and arable weeds) and secondary indicators (ruderals and pastureland flora) (BEHRE, 1981;
REILLE, 1999; BRUN, 2009). Furthermore, the heterogeneous and semi-open landscapes with origins often related to
human activities have shown a higher floristic diversity than forested landscapes (FEURDEAN et al., 2013).

Changes in the composition and distribution of forested versus open landscapes in Romania are known to have
occurred under direct or indirect human actions, particularly since the mid-Holocene (FEURDEAN & TANTAU, 2017). The
first signs of crop cultivation were recorded from the early Neolithic (ca. 5500 BC) with human impact effects intensifying
over millennia and especially during the last centuries (FARCAS et al., 2003, 2013; FEURDEAN et al., 2009, 2015;
GEANTA et al., 2014; GRINDEAN et al., 2015, 2019; MAGYARI ET AL., 2009; TANTAU et al., 2003, 2006, 2014a).

This study focuses on the impact of humans on forest ecosystem composition, dynamics and diversity over the
last 4000 years as depicted in fossil pollen spectra and statistical determination of palynological richness from four peat
bogs from Romania (Fig. 1). These ombrotrophic wetlands are located within different vegetation zones and forest belts
so there is the possibility to assess and compare the variability of vegetation response to anthropogenic disturbance over
time at different elevations (Table 1).

The Avrig peat bog is part of a larger complex of peat bogs on an old terrace of the Olt River, in the southern
part of the Transylvanian Depression (Fig. 1). It is located within the mixed oak-hornbeam forests (Carpinus betulus,
Quercus robur, Q. petraea and partly Fagus sylvatica) vegetation zone. The current surrounding landscape is
represented by intensely grazed meadows.

The Mohos peat bog from the Ciomadul massif (Eastern Carpathians) is partly covered by Pinus sylvestris and
Betula pubescens (Fig. 1). The mire is situated at the transition of the Fagus sylvatica-dominated and the mixed conifer-
Fagus sylvatica vegetation belts. Current main protective management measures for this biodiversity-rich area include
the interdiction of deforestation, pastoral activities and artificial draining channels. The Luci peat bog is located in the
Harghita Mountains (Eastern Carpathians) (Fig. 1) and is the largest of its kind in Transylvania. The mire is covered
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with Pinus sylvestris and surrounded by dense Picea abies forests. The challenging road and thick vegetation have
provided protection for the local biodiversity to some extent.

Ukraine

Bulgaria

Figure 1. Location map of the studied sites from the Romanian Carpathians (original).

Table 1. Characteristics of the study sites.

LOS;::i/on O;Fg;)sein Bas(lll:aa)lrea Ele(vli‘lglon Modern local vegetation References
Avrig Peat bog 10 440 Sphagnum and Cyperaceae peat bog, surrounded by | TANTAU et al., 2006
45°43'N, 24°23'E grazed meadows with patchy forests dominated by
Quercus petraea
Mohos Peat bog 80 1050 Sphagnum peat bog partly covered with Pinus | TANTAU et al., 2003
46°08'N, 25°54'E sylvestris and Betula pubescens, with Alnus glutinosa,
Picea abies and Betula pendula at the periphery
Luci Peat bog 120 1080 Sphagnum peat bog covered by Pinus sylvestris and | TANTAU et al,
46°17'N, 25°44'E surrounded by Picea abies forests 2014a
Taul Muced Peat bog 2 1360 Sphagnum peat bog surrounded by Picea abies forests | GRINDEAN et al.,
47°34'N, 24°32'E 2019

The Taul Muced peat bog is located in the Rodna Mountains (Fig. 1) and surrounded by forests dominated by
Picea abies. Despite being part of a protected area (Rodna National Park and Biosphere Reserve), the current landscape
is exposed to ongoing deforestation.

MATERIALS AND METHODS

For a detailed description of the chronology and vegetation history from each sequence, please see the
references mentioned in Table 1.

The groups of plants included in the present study are listed in Table 2. The main types were grouped following a
protocol for assigning pollen taxa to functional types of plants (FEURDEAN et al., 2015). The selection and grouping of
anthropogenic indicators (crops and ruderals) followed BEHRE (1986), BRUN (2009) and FEURDEAN et al. (2013).

Palynological richness was used to examine changes in vegetation diversity through time at the landscape
scale. Recent detailed studies demonstrate that pollen-assemblage richness depicts a reliable representation of floristic
richness, as well as a function of landscape structure, openness and diversity (BIRKS et al., 2016, and references
therein). Pollen richness was determined by applying the rarefaction analysis (BIRKS & LINE, 1992) to the pollen
proportions of all terrestrial taxa using the Psimpoll software (BENNETT, 2009). The lowest pollen count from each
studied sequence (T110, T245, T170 and T328) was used to standardize the size of pollen counts.
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Table 2. Groups of main pollen types included in this study: (a) pollen types included in the main terrestrial pollen sum;
(b) herbaceous pollen types included in human impact indicators.

(a) | Main land cover type Pollen types
Conifers Pinus, Picea abies, Abies alba, Larix, Taxus, Juniperus
Cold deciduous trees Alnus, Betula, Salix, Populus, Vaccinium

Temperate deciduous trees and shrubs | Ulmus, Quercus, Tilia, Corylus avellana, Acer, Fraxinus, Carpinus betulus, Fagus sylvatica,
Hedera, Sambucus, Viscum, Viburnum, Juglans, Castanea, Vitis

Grassland and pastures Poaceae, Artemisia, Chenopodiaceae, Plantago lanceolata, other NAP
(b) | Main land use categories Herbaceous pollen types
Crops Cerealia (Triticum, Zea mays), Secale cereale, Cannabis sativa
Ruderals Artemisia, Chenopodiaceae, Brassicaceae, Echium, Plantago lanceolata, P. major, Rumex, Urtica,
Centaurea cyanus Verbascum, Mercurialis, Anchusa, Linaria, Melampyrum, Polygonum aviculare

RESULTS

In all our sequences, palynological richness increased moderately from the oldest part towards the present,
with generally low values between 2000 BC and 500 AD, moderate values between 500 and 1500 AD and high pollen
diversity between 1500 AD and present (Figs. 2; 3). The highest values were recorded at Taul Muced during the
approximately last two millennia. Human impact was mainly derived from percentages of pollen associated with
anthropogenic agro-pastoral activities (Fig. 3). Main changes in pollen diversity correspond to notable changes in
vegetation composition and human impact along an elevational gradient (Fig. 2).
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Figure 2. Summary percentage diagrams of vegetation changes since 2000 BC. See Table 2(a) for vegetation groups.
Black curves represent palynological richness.

During both the Bronze (2200-1200 BC) and Iron Age (1200 BC-271 AD), all our sequences had relatively
low values of pollen richness (Fig. 3). In the lowlands (Avrig), the vegetation was characterized by dense forests
(AP>80%) of Quercus and Fagus sylvatica, with increasing presence of cereals and decreasing Carpinus betulus
proportions during the Iron Age (TANTAU et al., 2006). At mid and high elevations (Mohos, Luci and Taul Muced),
the Bronze/Iron Age transition was marked by the rise and dominance of Fagus sylvatica and Picea abies, mostly to the
detriment of Carpinus betulus. Scattered occurrences of cereals were recorded between 1200 BC and 271 AD
(TANTAU et al., 2003, 2014a; GRINDEAN et al., 2019).

The palynological richness during the Migrations Period (271-900 AD) was low to moderate in the low- and
midlands (Avrig and Mohos), and low at mid (Luci) and high elevations (Taul Muced) (Fig. 3). Pollen percentages
indicate an overall forested landscape dominated by Fagus sylvatica admixed with Picea abies in the montane
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environments (TANTAU et al., 2003, 2014a; GRINDEAN et al., 2019). In other cases (Avrig, Mohos and Luci), higher
proportions of cold deciduous taxa (A/nus) were also observed. Increasing occurrences of ruderal species as well as
pastureland herbaceous taxa can be observed in all sequences (Fig. 3).

Starting with the Medieval Period (900-1700 AD), pollen diversity had increased, particularly in the lowlands
(Fig. 3). The AP percentage values from the Avrig sequence gradually declined in favor of open-land taxa (cereals, ruderals
and grasslands), with Carpinus betulus as the most affected tree species (TANTAU et al., 2006). At elevations above 1000 m,
the AP decline was not as visible, although the proportions of open-land taxa slightly and gradually increase (Fig. 3).

The highest values of palynological richness in all sequences were recorded over the last three centuries  (Fig. 3).
Pollen percentages reveal a sharp decline of tree taxa (AP) and overall expansion of land openness (settlements and
agricultural land) (Fig. 2).

DISCUSSIONS

Depending on the intensity of the anthropic impact, pollen records and palynological richness analyses from the four
sequences indicate three distinct periods in the past vegetation dynamics: i) with negligible impact during the Bronze Age
(22001200 BC) and Iron Age (1200 BC-271 AD); ii) with low to moderate effects during the Migrations Period (271-900
AD); and iii) with moderate to high impact from the Medieval Period (900-1700 AD) to the present (Fig. 3).

Low anthropogenic impact during the Bronze Age and Iron Age (2200 BC-271 AD)

The low values of pollen richness and irregular percentages of anthropogenic human indicators corresponded
to a time period when the regional landscape was dominated by dense deciduous forests (Quercus and Fagus sylvatica)
in the lowlands, and mixed forests (Picea abies and Fagus sylvatica) above 1000 m (TANTAU et al., 2003, 2006,
2014a; GRINDEAN et al., 2019) (Figs. 2; 3). The regional expansion of F. sylvatica and the corresponding decline of
Carpinus betulus at the beginning of the Iron Age was associated with moist climate conditions and low disturbance by
fire and human impact in many sequences of the Romanian Carpathians (e.g., DIACONU et al., 2017; FEURDEAN et
al., 2009, 2016, 2017; PANAIT et al., 2017; TANTAU et al., 2011, 2014b). Archaeological research suggests that the
Bronze Age and Iron Age periods were characterized by extensive deforestation phases associated with the construction
of large fortified settlements, as well as the development of a primitive rotational crop agriculture and, eventually, the
iron ploughshare (URSULESCU & ZUGRAVU, 2014). Thus, human impact may have had a larger role in the retreat of
Carpinus betulus and the rise of Fagus sylvatica than what pollen percentages suggest in our study areas. Hornbeam
usually grows at lower elevations (100450 m), where it prefers organically rich soils, and it has hard and strong wood,
particularly excellent for fuel wood and charcoal (PRACIAK et al., 2013). These characteristics would have made
Carpinus betulus-dominated forests prone to partial devastation during periods of intense settlement of a growing
population (Bronze/Iron Age transition), due to the productivity of the occupied habitats. The later regular occurrences
of cereals during the Iron Age support the presence of progressing agricultural practices (Fig. 3).

Low to moderate anthropogenic impact during the Migrations Period (271-900 AD)

Palynological richness was estimated as moderate for Avrig and Mohos and low for Luci and Taul Muced
(Fig. 3). Fagus sylvatica remained the dominant tree species, admixed with Picea abies above 1000 m, and with
Quercus and Carpinus betulus in the lowlands (TANTAU et al., 2003, 2006, 2014a; GRINDEAN et al., 2019). A slight
decline of the forested landscape is visible in all sequences and corresponds to an increase in the proportions of cold,
early successional deciduous taxa (A/nus and Betula) especially during the first half of the period (Figs. 2; 3). This had a
stronger effect around Avrig and Mohos where pollen richness increased with these changes in vegetation. Another
important shift in the vegetation composition and pollen richness was marked by the concomitant expansion of ruderal
and grassland taxa noticeable in all sequences (Figs. 2; 3). These changes in vegetation could have been directly related
to socio-economical changes during the Migrations Period. The migratory movements are believed to have been
triggered by climate conditions on one hand, and the need for new pasturelands and settlement areas following a
growing population and agricultural land (arable and pastures) degradation (CARPENTIER & FRANCOIS, 2006).
Thus, the lower abundance of cultivated plants (crops) and increase of ruderals and open land (pasture) species recorded
in our sequences could be associated with the re-organization of rural settlements following the establishment and/or
assimilation of migratory populations. Moreover, higher disturbances by fires during the last half of the period would
have likely been promoted by human activities rather than climate conditions (cool and wet) (FEURDEAN et al., 2017),
which was probably used for creating and/or expanding agricultural land.

Moderate to high anthropogenic impact from the Medieval Period (900-1700 AD) to the present days

Pollen richness values increased from moderate to high for most of the studied sequences during the Medieval
Period, particularly in the lowlands (Fig. 3). The pollen percentages depict a gradual decrease of the main forest taxa
(Fagus sylvatica and Picea abies) associated with an increase of cold deciduous taxa (Betula and Alnus) especially at
the onset of an open landscape (AP<80%). These changes are less visible in the forests at higher elevations (above 1000
m), while in the lowlands Carpinus betulus declined rapidly (TANTAU et al., 2003, 2006, 2014a; GRINDEAN et al.,
2019; Fig. 2). However, a common characteristic feature throughout the studied areas is the noticeable increased
proportions of herbaceous anthropogenic indicators (crops and ruderals) (Fig. 3).
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Figure 3. Schematic representation of the occurrence of crops and ruderal anthropogenic human indicators
and values of palynological richness (grey gradient) at each site. See Table 2(b) for vegetation groups.

The Medieval Period was characterized by extensive deforestation and agricultural practices as the main
economy followed a demographic rise. Trees were mainly used for firewood and large quantities were also used in the
mining industry (WILLIAMS, 2003; KAPLAN et al., 2009). The fallow land maintained for agricultural purposes, as
well as abandoned terrain, were probably the media for increasing floristic richness during this period. Recent studies
have emphasized the importance of mosaic landscapes (semi-open sites) over forested sites, as a driver of greater
palynological diversity (CIOCARLAN, 2000; FEURDEAN et al., 2013). Forest clearance, expansion of cropland and
tree plantations over the past 300 years have led to a severe change in the autochthonous woody species and grasses
across the Romanian Carpathians. These changes were intensified during more recent decades due to increased human
pressure, which, if not approached by future forestry policy and conservation measures, could lead to significant losses
in Romania’s remaining old-growth forests.

Furthermore, recent studies focused on the deforestation process throughout the Romanian Carpathians based
on state-of-the-art satellite imagery technology, having issued similar concerns regarding the rapid changes on the forest
cover under the recent increased anthropogenic activities (Global Forest Watch, 2016; KNORN et al., 2012;
KUCSICSA & DUMITRICA, 2019; MURARIU et al., 2017; PETRISOR, 2015; PINTILII et al., 2017).

CONCLUSIONS

Starting with the late Bronze Age a continuous and abundant presence of ruderal and crop plant species
occurred, which gradually increased thereafter and expanded rapidly at the onset of the Medieval Period. Human impact
on the vegetation was earlier and stronger in the lowlands than at high elevations. However, the continuous occurrence
of secondary anthropogenic pollen indicators (ruderals) at pollen sites from mountainous areas indicates the increasing
use of these habitats for seasonal pastoral activities. The ongoing rise in the abundance of pollen types associated to
human impact starting with the late Iron Age was paralleled by a gradual decrease in forest cover mainly involving
dominant tree taxa.

From the Medieval Period onwards, heavily exploited ecosystems have led to irreversible changes following
the decline of main forest taxa (Fagus sylvatica, Picea abies, Quercus, Carpinus betulus), the increase of secondary
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forest taxa (Pinus, Betula and Alnus) and herbaceous anthropogenic pollen indicators. Thus, the composition and
proportion of contemporary forests of the Romanian Carpathians are different from the original forests. Our results are
further supported by the satellite imagery of recent forests changes in the Romanian Carpathians in that ongoing
deforestation is markedly affecting the vestigial forests, particularly those from within protected areas.
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