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Abstract Longer-term  environmental studies are
increasingly used to better understand contemporary
ecosystems conditions and for forecasting their future tra-
jectories. Here, we use radiometric measurements and the
characterisation of sediment properties from six mountain
and a lowland lake in Central Eastern Europe with the aim
to assess temporal and spatial variability in sediment ac-
cumulation rates (SARs) in relation to three socio-eco-
nomic regimes: traditional (1840-1948), socialist
(1948-1989) and post-socialist (post-1990). We also set
out to determine reference conditions for these lakes i.e.
conditions before significant human impact. Our results
show a trend of increasing SARs from basal sediments (pre
1840) towards the present at only two sites. This contrasts
with findings from Western and Central European lakes
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where SARs have predominantly increased from 1850 to-
wards the top of cores. We highlight the differential im-
pacts of the traditional, socialist and post-socialist periods
on the SARs at these lakes. Lowland and mid-elevations
lakes (n = 2) were most markedly impacted by the so-
cialist period of land use regime; lakes from the southern
Carpathians (n = 2) were more impacted in the traditional
period (transhumance pastoral activities), whereas those
from the north (n = 3) in the socialist and post-socialist
periods (summer pastoralism). Results from our study show
a continuous anthropogenic impact during the entire period
considered, even in remote mountain areas. This suggests
that a temporal frame of 100-150 years is too short to
meaningfully register the reference conditions of these
lakes. Furthermore, a predominantly natural state may not
have existed for centuries in this region.
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Introduction

Longer-term environmental studies are increasingly used
for understanding present-day ecological systems and for
forecasting their future trajectories (Willis et al. 2010; Rose
et al. 2011; Dearing et al. 2012; Seddon et al. 2014). Re-
sults from such studies have been integrated into a number
of key environmental reports and initiatives such as the
European Union’s Water Framework Directive 2005;
Millennium Ecosystem Assessment 2005; Intergovern-
mental Panel on Climate Change 2013.

Sediment accumulation rate (SAR) is a fundamental
parameter that can facilitate characterisation of catchment
and lake processes. Fluctuations in SAR may also reflect
the composition of flora and fauna assemblages as a result
of changes in the catchment (Dearing et al. 2006). It is
documented that the SAR has increased during the last
100-200 years in many lakes worldwide, reflecting inten-
sification in land use and subsequent soil erosion. Fur-
thermore, the use of fertilisers can lead to lake
eutrophication and thereby increase the rate of sediment
accumulation via autochthonous material (Dearing et al.
2006, 2012; Rose et al. 2011). A recent review of SAR in
Western and Central Europe indicates that 71 % of the
lakes assessed showed a higher recent SAR (post-1975)
than during the pre-1850 period (Rose et al. 2011). It was
therefore concluded that reference conditions, defined as
conditions before significant anthropogenic impact, in the
majority of these lakes had been altered. The same study
also showed that lakes in lowlands have greater rates of
sediment accumulation than those in upland areas (Rose
et al. 2011). This was potentially related to a more sig-
nificant modification of their catchments as a consequence
of agricultural development. Mountain lakes, away from
direct human impact, on the other hand, were found to be
more sensitive to the effects of climate change (Catalan
et al. 2002; Lami et al. 2000; Rose et al. 2011).

Although it is recognised that much of the present
landscape of Europe has a cultural legacy (Willis and Birks
2006), such cultural landscapes are often considered to be
open, lowland landscapes. In contrast, forested regions, and
in particular those in the mountains of Eastern Europe, are
viewed as ancient, despite studies indicating that many
forests have undergone significant prehistoric and historic
clearance and burning (Tantau et al. 2011, 2014; Farcas
et al. 2013; Feurdean et al. 2009, 2013a), which may have
influenced sediment and nutrient inputs into aquatic
ecosystems. Furthermore, more recently Central Eastern
Europe has undergone a series of marked socio-economic
transitions. These include (i) the socialist period
(1948-1989), which brought large-scale, mechanised and
state-controlled agriculture, and (ii) the post-socialist pe-
riod (post-1990), characterised by the collapse of collective
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agriculture and the restoration of land ownership back to
the private sector; ultimately leading to widespread agri-
cultural land abandonment (Stoate et al. 2009). However,
following Romania’s membership of the EU in 2007
agriculture in productive areas appears to have been rein-
forced via EU subsidy payments (Griffiths et al. 2013).

Because these abrupt socio-economic shifts have greatly
affected land use management, soil stability and erosion
rates in this region, we expect them to have also impacted
rates of sediment accumulation in lake basins. However,
despite the richness of the region in terms of lakes and peat
deposits, assessment of recent changes in SARs in Roma-
nia is entirely derived from only two lakes located in the
southern (a glacial lake) (Rose et al. 2009) and eastern (a
natural barrage lake) Carpathians (Begy et al. 2009). In
addition, Akinyemi et al. (2013) provide information on
recent sediment characteristics and pollution trends in se-
lected mountain lakes across the Romanian Carpathians.

Here, we present the results of radiometric measure-
ments (210Pb, 2! Am and 137Cs) and the characterisation of
sediment properties (organic content, mineral magnetism,
grain size distribution and geochemical analyses) from six
mountain lakes in the Romanian Carpathians and one from
the lowlands of the Transylvanian Plain. The aims are to
(i) examine past changes in SARSs in relation to the three
major socio-economic periods: traditional (1840-1948),
socialist (1948-1989) and post-socialist (1990 onwards);
(i1) determine whether SARs have increased more recently
as compared to an earlier period i.e. the nineteenth century;
(iii) examine spatial variability in SARs i.e. dissimilarities
between lakes in discrete mountain areas in the Carpathi-
ans; and between mountain and lowland lakes. This study
also sets out to determine whether we can find reference
conditions (condition before a significant anthropogenic
impact) in these lakes at such short time scale given the
lasting human impacts in this region.

Study area

Changes in sediment accumulation rates are inferred in
seven lake sediment sequences distributed across Romania
(Figs. 1, 2; Table 1). The lakes in the Carpathians Moun-
tains are located in three distinct areas within the country:
in the north in the Rodna Mountains (Lake Stiol and Lake
Buhaiescu Mare) and Maramures Mountains (Lake Vin-
derel); in the south in the Fagaras (Lake Capra) and Retezat
Mountains (Lake Negru); and in the east, in the Harghita
Mountains (Lake Sfanta Ana) (Figs. 1, 2). The lowland
lake (Lake Stiucii) lies in the Transylvanian Plain, NW
Romania. All of our sites are located in protected areas
such as national or natural parks or have been recently
designated as Natura 2000 sites. Details of the site
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Fig. 1 a Location of the areas of investigation in Europe and
Romania. b Photographs of our study sites: (/) Lake Vinderel; (2)
Lake Buhdiescu Mare; (3) Lake Stiol; (4) Lake Stiucii; (5) Lake

Sfanta Ana; (6) Lake Capra; (7) Lake Negru. Photograph custody:
Marcel Mindrescu and Nicolae Radoane

Fig. 2 Bathymetric maps of our study sites: a Lake Vinderel; b Lake
Buhdiescu Mare (after Pigsota 1968); ¢ Lake Stiol (after Mindrescu
et al. 2010); d Lake Sfinta Ana (after Pandi and Magyari-Saska

2007); e Lake Negru (after Pisota 1971); f Lake Stiucii (after Serban
and Sorocovschi 2003); g Lake Capra (after Pigsota 1971)

@ Springer



S. M. Hutchinson et al.

504

08

(0) qniog
(9) 1M
(6) Yooy
(07) 992108
(S9) sse1n
L'6¢

anbuo [e1oR[D

wuw 001 1-000°1 = [""d]

€6°CI

(€€) Mool pue 22108
(% €¢) ssein

(% €¢©) qniog

788

anbuo [eroR[D

ww 001 1-000°T = [""d]

6'869

(7) 1oEM
(1) qnrdg
(Lg) da108
(09) sse1n

a4l

anbuo [eror[D

ww 00¢'T = [*°d]

0'68

(1) 1M
(0) o0y
(0) 22108
(0) qniog
(66) sse1D
s

uorssardop
Splspue]
ww 00¢‘T = ["°d]

TLYl
(% ) TorEM
(S) Yooy
(¥1) 22108
(07) qniog
(09) sse1n
961

onbuo [eroR[D

ww 00¢'T = ["d]

(% 10°L) 2rmseq
(% L'6) 11epM
(% 8'98) 152104
8°10C

I311ed OUBd[OA

ww 00L-059 = [""d]

(% ¢) vore o3e[IIA
(% 81) 15910

(% SL) pue]
J[qere pue aInjseq

181

urerdpooysieyopnasq
ww 00L-0SS = ["**d]

onel aYe[ JuawydIe)

(eare doeyINs %)
I9A00 pue]
(ey]) eAIR JUSWIYDIR))

(3%el
Jo uonisod 29 uI3o)
A3o1oydIowoan juswydie)

Do 8001 [— =["]] Do t—=1["11 D2.0CT1=1I["1l] Do CT1=1"1] Do T1=1"1] Do § =1[""1] Do 68 = ["1] siajowrered onew)
S N N A N - AN 10adse adofg
L81 ST S0 Y 0°¢S 99 89 () (xew) ydoq
L8] SO 600 89°0 90T 96°61 8¢ (ey) vary
00£°C 000°C 816°T 089°T 0L9°1 056 6€T (ur) uoneAd[q
‘I SereSeq SIA 1BZ)Y "SI eupoy SN Seanwerej ‘SYA BUPOY ‘SN eysrey ure[d UeIUBA[ISURIL], uonedso0|

O LE ST q ,S¥ 6V oCC a1 ,9€ 8€ ot q,9C LT ot a1 ,SS 8% otC q 4,81 £S oST q ,L0 S 0T
40 9€ oSt N € /1T oSP N 9T Y€ oLt N ,9€ ¥S oLt N ,0€ Y€ oLt N € L0 o9F N 09 /LS o9F uonIsoq

QIR
eide) oye] nigoN oye] nosareyng aye| [oIopUIA B rong aye1 BUY BIUBIS 9Ye] monn§ aye|

SIS ApnIs JO SONSLIAIORIRYD B[ PUB JUAWYDILd A9Y [ IdqeL,

pringer

A's



Impacts of shifts in socio-economic regime

505

locations, climate conditions and the physical characteris-
tics of basins are provided below and summarised in
Table 1.

Lakes in the northern Carpathians

Lake Buhaiescu Mare (1,918 m asl) and Lake Stiol
(1,670 m asl) are located in the Rodna Mountains the
northern part of the eastern Carpathians. Lake Buhaiescu
Mare is remnant (0.1 ha) of a previously larger glacial lake
(1.2 ha), the basin of which is now largely in-filled by peat
bog (Pisota 1968). The geology of this region comprises
crystalline rocks such as epimetamorphic schist and mica
schist. The vegetation surrounding the site is composed of
alpine pasture and shrubs (Ericaceae, Vaccinium spp., Ju-
niperus). Lake Stiol (1,670 m asl) is described as a glacial
lake that was illegally dammed in 2002. This significantly
enlarged the lake surface and augmented the catchment
area, but is thought to have left deeper water zone of the
original lake basin intact (Table 1; Mindrescu et al. 2010).
Lake Stiol is located at the treeline transition with
vegetation dominated by Pinus mugo and scattered Picea
abies trees.

Lake Vinderel (1,680 m asl) situated in the Maramures
Mountains, was formed about 1,000 years ago (Feurdean in
prep.) as a result of hill-slope movement. The geology of
this region comprises epimetamorphic schist and flysch,
and the vegetation comprises high mountain pasture and
shrubs. Unlike the two other lakes, Lake Vinderel has no
discernable inflow or outlet stream.

Lakes in the eastern Carpathians

Lake Sfanta Ana (950 m asl) is a volcanic crater lake lo-
cated in the Harghita Mountains in the eastern Carpathians
(Pandi and Magyari-Saska 2007). The geology of this re-
gion comprises andesite. The slopes surrounding the lake
are covered by mixed forest of Betula pendula, Picea abies
and Fagus sylvatica.

Lakes in the southern Carpathians

Lake Capra (2,300 m asl) is a glacial lake, located in the
Fagaras Mountains in the southern Carpathians (Fig. 1).
The geology comprises predominantly crystalline rocks
and metamorphic strata such as paragneiss and mica schists
(Pana 1990). The vegetation of the Lake Capra catchment
comprises alpine pasture (Table 1). Lake Negru (2,000 m
asl) is a glacial lake situated in the Retezat Mountains in
the western part of the southern Carpathians. The geology
is dominated by granites, and the surrounding slopes are
covered by mountain pasture with Pinus mugo, Vaccinium
spp., Ericaceae and scattered P. cembra (Rose et al. 2009).

Lakes in the Transylvanian Plain

Lake Stiucii (239 m asl) lies in a depression in the Pirtot
river valley in the Transylvanian Plain, NW Romania.
The lake is fed by run-off and from surface and subsur-
face springs (Serban and Sorocovschi 2003). The geology
comprises sedimentary strata such as marls, clay, sands
and salt deposits. The vegetation consists of a mosaic
forest steppe patches, pastures, meadows and arable fields,
mostly in an abandoned state (Feurdean et al. 2013b;
2015).

Materials and methods
Fieldwork

Coring in the upland sites was undertaken from summer
from 2007 to 2012 (Table 1) from small inflatable boat
using a short gravity corer following a survey of each lake
bed with a hand-held depth sensor. Lake Stiucii was also
gravity cored but in the winter of 2012 directly from the
ice. Sediment cores were sliced at 0.25-, 0.5- and 1-cm
intervals in the field.

Laboratory analysis

To characterise the physical properties of the sediments
(wet and dry bulk density), samples were weighed, dried at
40 °C and re-weighed (see Last and Smol 2001). Saturation
isothermal remanent magnetisation (SIRM) measurements
were taken with a Molspin pulse discharge magnetiser. The
resultant magnetic remanences were measured using a
Molspin Minispin fluxgate magnetometer (Walden et al.
1999). The geochemical analyses were undertaken with a
field portable Niton XL3t 900 XRF analyser mounted in a
laboratory-based shield. The sediment samples were
ground, and the powder pressed into cups fitted with a
6-um-thick polyester film (Shuttleworth et al. 2014). NCS
DC73308 was employed as a certified reference material
(CRM). To assess the organic matter content, subsamples
were dried at 105 °C overnight, combusted for 5 h at
550 °C, and the resultant weight loss expressed as per-
centage loss of the dry weight (LOI; Heiri et al. 2001). The
particle size distribution characteristics of the sediments
were determined using a Horiba LA-950 Laser Scattering
Particle Size Analyzer.

In order to determine the age of the sediments, sam-
ples were analysed for lead-210 (*'°Pb), radon-226
(**Ra), caesium-137 (*’Cs) and americium-241
(**'Am) by gamma spectroscopy (Appleby et al. 1986,
1992; Appleby 2001). For Lake Stiucii, Sfanta Ana,
Vinderel, Taul Negru and Capra, the radiometric
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analyses were performed using facilities at University
College London (UCL), UK. Dried sediment samples
were analysed by direct gamma assay in the Bloomsbury
Environmental Isotope Facility (BEIF) at UCL, using an
ORTEC HPGe GWL series well-type coaxial low
background intrinsic germanium detector (Supplemen-
tary Material S1). For Lake Buhdiescu Mare and Stiol,
measurements of radioisotope concentrations were taken
at the Faculty of Environmental Science, University of
Babes Bolyai Cluj, Romania, using an ORTEC DigiDart
spectrometer with a HpGE detector, Gamma-X (GMX)
type (Supplementary Material S1).

Results
Age-depth models

The determination of age-depth sediment profiles via
219ph generally follows two models: the constant initial
concentration (CIC model) provided that the sediment
accumulates constantly and constant rate of supply (CRS
model) where sediment accumulation is not constant
through time (Appleby 2001). Given the prevalence of
nonlinear sediment accumulation rates in this study, all
our chronologies were constructed using the CRS model
(Fig. 3). Details on the determination of an age-depth
profile at each site are given in the Supplementary
Material S1.

Changes in the sediment accumulation rates
and of sediment properties

At Lake Stiucii, SAR varied moderately during the period
1964 to 1988 (from 0.04 to 0.11 g cm 2 year ') and de-
creased from 1984 onwards (Fig. 4; Supplementary Material
S1). Ti and SIRM concentrations, as well as particle size
values, largely followed similar trends to the SAR (Fig. 4).
Between 13.5 and 14.5 cm (~ 1961-1963), there was a sharp
peak in the sedimentation rate from 0.08 to 0.33 g cm >
year™ ' associated with a peak in SIRM. However, due to the
unusual equilibrium of total 2'°Pb activity with supporting
210pp, probably a result of a more impacted catchment, little
confidence can be attached to the high sedimentation rates at
depths below 13 cm (Supplementary Material S1).

At Lake Sfanta Ana, there was an overall increase in the
SAR from 1900 to 1970 from 0.012 to 0.07 g cm ™2 year™ "
(Fig. 4; Supplementary Material S1). Except for the Ti
concentrations, there is little association between the in-
crease in SAR and the SIRM and particle size values
(Fig. 4). SAR declined from 1970 to 2000, but re-increased
at the sediment surface (2007) to about 0.06 g cm ™2 year.

At Lake Stiol, there is an increasing trend in the SAR
from 1840 to 1965, followed by two clear episodes of high
sediment accumulation: one around 1965 (from 0.04 to
0.06 g cm ™2 year™ ') and the second and more marked one
after 2003 (from 0.06 to 0.09 g cm ™2 year '; Fig. 4). The
general rise in SAR at this site corresponded most closely
to an increase particle size (Fig. 4).

Fig. 3 Age-depth models O 0 0 0 a
(including the error bars) of the N 9 _ | -%
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Fig. 4 Sediment accumulation rate (SAR) (g cm 2 yearfl), saturation isothermal remanent magnetisation (SIRM; 1075Am? kg’l), median
grain size (micron), Ti content (mg kg") and organic matter content (%) for the seven study sites

At Lake Vinderel, the SAR values are higher between
1920 and 1970 and declined markedly thereafter (Fig. 4;
Supplementary Material S1). Ti concentrations, median
particle size and SIRM fluctuated strongly during most of
this period, but there is a little co-variation among these
parameters (Fig. 4).

Lake Buhaiescu Mare shows a progressive increase in
the SAR from 1870 to 1966, followed by clear rise from
1966 to the present from 0.02 to 0.08 g cm 2 year '
(Fig. 4; Supplementary Material S1). The SAR increase
coincides well with a rise in Ti, SIRM and an coarsening of
sediment particle size (Fig. 4).

At Lake Capra, the SAR varied greatly between 1860
and 1900 from 0.05 to 0.12 g cm™? year ' (Fig. 4; Sup-
plementary Material S1). However, SARs were relatively
uniform (average rate of 0.03 g cm™~ year ') in the last
100 years (1900-2007), with only a slightly rise between
1990 and 2007. The high values in SAR are closely mir-
rored in the particle size values (Fig. 4).

The age-depth model at Lake Negru suggests small
fluctuations in the mean SAR over the period 1867-2009.
The mean sedimentation rate was 0.007 g cm™ > year™ ' with
slightly higher values between 1880 and 1900 (0.01 g cm™>
year ') and between 1970 and 1985 (0.009 g cm™~ year™ '),
respectively (Fig. 4; Supplementary Material S1).

Discussion

Results from this study do not reveal a consistent temporal
pattern in sediment accumulation rates across sites during
the three socio-economic periods of interest in this region.
This indicates the differential impact of land use change
during the traditional (1840-1948), socialist (1948—1989)
and post-socialist (post-1990) periods on the SARs in these
lakes (Figs. 4, 5). However, although at the lowland site
(Lake Stiucii) a reliable SAR record only starts after 1963,
similarities in trends are more apparent at sites located at a
comparable elevation; (a) the lowland (Lake Stiucii) and
(b) mid-elevation lake (Lake Sfanta Ana) showed higher
SARs during the socialist period (Figs. 4, 5a). Sites in the
uplands displayed a more variable and contrasting north—
south pattern; those from the southern Carpathians (Lake
Negru and Lake Capra) show the highest SARs in the
traditional period, whereas two of the three sites in the
northern Carpathians (Lake Buhdiescu Mare and Stiol)
displayed their highest SARs during the post-socialist pe-
riod (Figs. 4, 5a).

Below, we discuss the influence of local factors as well
as the effects of land use regimes of the three socio-e-
conomic periods on the SARs of the seven lakes in our
study.

@ Springer
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The influence of local site conditions on changes
in SARs

Although we have analysed only one core at each site, we
assume that the use of single core from each lake will give
a reliable estimation of the sediment accumulation rate
since the lakes sampled are relatively small. An assessment
of within lake variation of sediment properties, however,
was also made by taking multiple cores (Akinyemi et al.
2013). Consequently, the key core in each case was taken
at a location, which avoided the potentially deleterious
effects on the sediments of shallow water (disturbance by
wave action) and an uneven lake bed (slumping).

Except for Lake Stiol whose water depth was artificially
raised by a dam wall in 2002, the lakes in the northern
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Carpathians are considerably smaller and shallower than
those in the south (Table 1). The catchment size of lakes in
the north Carpathians is not significantly different to those
in the south (Table 1), but their catchment to lake ratio is
larger.

The degree of shrub cover at the subalpine sites is greater
around Taul Negru (33 %) and Stiol (20 %) than at the
other upland lakes (Lake Vinderel, Capra, and Buhaiescu
Mare) and therefore might be expected to provide better
protection against surface soil erosion and slope instability
(Table 1; Fig. 4). Lakes from the south have steeper slopes
(Lake Capra and Lake Negru) with more scree and moraine
in their catchments, which could make these sites more
susceptible to erosion. Indeed, the combined effect of lower
vegetation cover and higher scree/moraine cover at Lake
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Capra may have enhanced a tendency towards in-wash from
a steep and rocky catchment at this site.

In the case of Vinderel, the catchment geology is more
variable and includes flysch in the proximity of the lake.
This is reflected in this lake’s formation as a function of
slope movement and may also be significant in terms of the
erosional inputs into the lake.

The influence of changes in socio-economic regimes
on SARs

Traditional period (1840-1948)

There is no available SAR for the lowland site during this
period. Three out of the six upland sites (1,670-2,300 m
asl) show higher SAR in the traditional period, albeit not
simultaneously (Fig. 4). These are Lake Capra and Lake
Negru located in the south Carpathians with highest SARs
between 1840 and 1910, and Lake Vinderel located in the
north Carpathians with greater SAR post-1920 (Figs. 4,
5a). Historically, in the south Carpathians, the practice
of seasonal grazing was much more developed compared
to other regions in Romania (Constantin 2004). This
practice reached its peak in the first half of the nineteenth
century and declined markedly around 1900 (Constantin
2004). Subalpine woody vegetation (Pinus mugo and Ju-
niperus) was also removed to enlarge land for grazing
(Urushibara-Yoshino 2010; Feurdean et al. 2011). The
temporal correlation between highest SARs at lakes in the
southern Carpathians and documentary evidence of more
developed seasonal grazing suggest that soil erosion con-
nected to shrub removal, intensive pastoral activities and
the resultant trampling by livestock might be responsible
for the high SARs at these sites. Support for this inter-
pretation is provided by a coarser median grain size values
at Lake Capra (no such data are available for Lake Negru)
in this steep-sloped and scree-covered glacial cirque
(Figs. 4, 5a). Conversely, the SARs and median particle
size declined after 1910 at sites in the south, parallel to a
reduction in grazing pressure, possibly indicating subse-
quent slope stabilisation as the catchment vegetation cover
recovered (Fig. 4).

Lake Vinderel, in the northern Carpathians (Maramures
Mountain), showed higher values of SAR from 1920 on-
wards. This SAR increase matches higher values of Ti,
variable median particle size and lower SIRM values
(Fig. 4). Documentary records show an intensification of
forest and shrub clearance in the Maramures Mountains
due to the expansion of mountain pastures at this time (Idu
1999). This was a specifically local phenomenon as
Maramures County was then the only region in Europe
where the Jewish population was permitted to lease land
(Kubijovi¢ 1932). Overgrazing with heavy animals (cattle)

alongside sheep and goats on pastures immediately sur-
rounding the lake and the use of Lake Vinderel for water
for animals may have led to localised slope erosion and a
degradation of the lake’s margins, thereby elevating SARs
at this time.

Socialist period (1948—1989)

At the lowland site (Lake Stiucii), high values in SARs
during the socialist period paralleled elevated values of Ti,
fluctuating, but overall a coarser particle size and a peak in
SIRM (Fig. 4). The pollen record at this site indicates a
marked expansion of grasslands and cultivated fields be-
tween 1950 and 1990 (Feurdean et al. 2015). Agriculture
intensification appears to have increased allochthonous,
minerogenic inputs to Lake Stiucii via run-off and/or wind
erosion. These findings are in line with the widespread
intensification of arable agricultural production, dependent
on heavy mechanisation and intensive grazing practices,
across Central Eastern Europe (Stoate et al. 2009; Faostat
2012). However, due to its low productivity, this part of the
Transylvanian Plain was considered marginal for agricul-
ture (Ruprecht et al. 2010). The synchronous peak in SAR
and SIRM along with the deposition of clay rich sediments
around 1963 suggests the impact of a marked catchment
land use or channel change related to agriculture (Serban
and Sorocovschi 2003). However, the following peak in
SAR (at 1970) is synchronous with the extreme rainfall
event and catastrophic flooding in spring 1970 in Romania
(Mustatea 2005), which may have increased the supply of
allochthonous material in Lake Stiucii (Fig. 4). A rise in
the rates of soil erosion in the agricultural landscapes of
central Transylvania between 1950 and 1990, reflecting
unsustainable ploughing techniques used in the agricultural
systems of this period, has also been reported (Iurian et al.
2013). A contemporaneous increase in the proportion of
herbs and cultivated plants reflecting intensive agricultural
land use is further suggested by a pollen record from the
NW Transylvanian Plateau (Geanta et al. 2012).

At Lake Sfanta Ana, our mid-elevation sediment record
(900 m) SAR increased between 1953 and 1977 (Fig. 4).
This lake lies outside the area that was predominantly de-
veloped for arable agriculture during the socialist period,
but is important for recreation (Pandi 2008). The topmost
pollen record from the adjacent crater (Mohos) shows a
marked decline in F. sylvatica and a corresponding in-
crease in conifers and herbaceous species about 60 years
ago, which has been attributed to forest clearance (Tantau
et al. 2003). Photographic evidence documents a forest
fire in the catchment in thel962 (http://4.bp.blogspot.
com/-rX2VE_B94n8/VB2p7OBHFtI/AAAAAAABIDg/
nCLMBMHFT48/s1600/IMG.jpg). This fire episode
matches a peak in SAR and an increase in Ti content of this
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core, but it is not mirrored in SIRM (Fig. 4). Disturbance
by fire, in addition to deforestation, most probably accel-
erated surface soil erosion and contributed to the SAR in-
crease (Fig. 4). The SAR peak around 1970 is not reflected
in any coarsening of sediment grain size, or change in
organic matter content, implying that sources of sediment
infilling remained constant at this time (Fig. 4). This peak
in SAR is also synchronous with the extreme rainfall event
and catastrophic flooding in spring 1970 in Romania
(Mustatea 2005).

Moving to the high elevation areas, with the shift to a
socialist collective system of land use and the increase in
urban industrialisation, many mountain villages were
abandoned (Pandrea 1993). However, mountain lakes in
the northern Carpathians (Lake Buhdiescu Mare and Stiol)
show higher SARs in the socialist and post-socialist periods
i.,e. 1960 onwards (Fig. 4). At Lake Buhdiescu Mare, the
SAR increase is coincident with a slight rise in Ti, SIRM
and coarser particles suggestive of an increasing minero-
genic input (Fig. 4). On the contrary, at Lake Stiol, there is
only a particle size and LOI increase, whereas Ti and
SIRM decline slightly, which suggests a more organic in-
put into the sediment or increase in aquatic productivity.
Documentary records of livestock in the Rodna Mountains
indicate that their number was greater in the socialist, and
immediately post-socialist period (until 1993), than in the
pre-socialist period (Faostat 2012). Intensification of sum-
mer grazing and trampling appears to have affected slope
stability. The pollen records from Lake Buhdiescu Mare
(Geanta et al. 2014) and Poiana Stiol peat bog (close to
Lake Stiol) (Tantau et al. 2011) show that grazing has been
sustained in the past 200 years. Contrary to the trends in
SAR at Lake Buhaiescu Mare and Stiol, Lake Vinderel in
Maramures Mountains shows higher values in SAR until
1970 and a continuous decline thereafter (Fig. 4). This
decline in SARs from 1970 parallels an increase in SIRM
and highly variable values in particle size and Ti concen-
tration. This contrasting result may reflect an unstable lake
catchment bringing coarser, mineral magnetically en-
hanced particles into the lake. It should be noted that this
lake was formed by recent, ongoing slope movement.

Lakes in the south Carpathians such as Taul Negru
record a re-increase in sediment accumulation rate be-
tween 1960 and 1990 despite the removal of livestock
from the Retezat National Park within which Lake Negru
is located (Fig. 4). Chironomid, cladoceran, elemental (C,
N, S) and pigment analyses all point to enriched au-
tochthonous production and modification in the trophic
status of the lake (Rose et al. 2009). It is therefore pos-
sible that eutrophication at Lake Negru may explain the
increase in SAR after 1960. At Lake Capra, on the other
hand, grazing, recreational activities, enhanced by the
construction of the nearby Trans-Fagaras Highway
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improving access, remained unrestricted. Such activities,
however, appear to have resulted in only a minor rise in
SAR around 1950 and between 1990 and 2007, supported
by a coarsening of sediment grain size and increased
SIRM concentrations (Fig. 4). What could explain a low
SAR after 1920, and throughout the socialist period, is the
continuous decrease in grazing pressure, first as a re-
sponse to a decline in seasonal grazing pressure and then
the wider rural depopulation of the high mountain area,
which allowed vegetation recovery and slopes
stabilisation.

Post-socialist (post-1990)

Low values or a decline in SARs in the post-socialist pe-
riod is visible at several of the investigated sites (Lake
Stiucii, Sfanta Ana, Vinderel, Lake Negru and Capra). This
is coincident with the disappearance of state control of
agriculture and guaranteed markets for farm products, and
the consequent widespread abandonment of agricultural
land (Stoate et al. 2009; Faostat 2012). The post-socialist
decline in SAR at our lowland site (Lake Stiucii) is mir-
rored in the Ti content, grain size characteristics and LOI
(Fig. 4). The hypothesis of post-1990 agricultural land
abandonment leading to slope stabilisation and a decrease
in soil erosion and SAR is also supported by the decline in
pollen indicative of agro-pastoral activities (Feurdean et al.
2013b).

Our mid-elevation site, Lake Sfanta Ana (900 m) shows
steady SARs in the post 1990 period. This is in agreement
with the forest inventory of the region, which indicates
only a small decline in the forest cover from 175.23 ha
(87 % of land cover) in 1984 to 173.42 ha (86 %) in 2005.
The increase in SAR from 2000 to 2007 is associated with
a grain size and LOI increase and a decline in Ti and
SIRM, indicating a change in sediment sources. A higher
organic content would imply more autochthonous sediment
in this part of the core. The extension of moss vegetation
and sedges from shore and the impact of tourism on Lake
Sfanta Ana sedimentation were noted by Pandi (2008) and
could explain our estimated increase in organic content of
the sediment.

Among the high elevation lakes examined, only two
lakes in the northern Carpathians show a higher SAR in the
post-socialist period (Fig. 4). At Lake Stiol, the high values
in SAR post-1990 are only associated with high values in
Ti (Fig. 4). However, an increase in SIRM, coarsening of
the grain size and elevated LOI values occurred post-2002,
following a dam construction. The rise in the water level of
the lake has perhaps caused riparian erosion increasing
organic content of the sediment. As at Lake Stiol, the in-
crease in SAR at Lake Buhdiescu Mare is only mirrored in
SIRM and grain size coarsening after 2000. This may
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reflect either an erosion feature or a mineral magnetic input
of atmospheric origin. Support for the latter is provided by
elevated Pb concentrations close to the sediment surface
(Akinyemi et al. 2013). In recent years, tourism-related
activities may have further contributed to the increase in
SAR via development of walking trails, mountain huts and
the ski industry in the Rodna Mountains. Upland grazing
also increased after 2007 encouraged by EU subsidy pay-
ments to support agricultural production (Urushibara-
Yoshino 2010).

Comparisons with SARs in other European lakes

Sediment accumulation rates in Central and Western Eur-
ope show that for small, deep, lowland lakes (<50 ha,
>5 m—<200 m asl, lake-type 1121) and therefore the
closest in characteristics to Lake Stiucii; there is a large
temporal variability from 1850 to the present (Rose et al.
2011). Mean SAR in these lakes is 0.01 g cm™ > year™ " for
1850 with a gradual increase from 1925 to the top of each
core (Fig. 5b). A rise in mean SAR from 0.02 g cm~?
year ' at 1850 to values varying between 0.008 and
0.03 g cm™ year ' towards present (in particular in the
post-1975 period) is also evident in larger, deep lowlands
lakes (>50 ha, >5 m deep; type 1122). The core from our
lowland site does not provide a record of SAR prior to
1960 (Fig. 5a). However, in contrast to Central and Wes-
tern European sites, for the overlapping period, the highest
SARs were observed between ~ 1960 and 1988 and there
is a declining trend thereafter i.e. in the post-socialist pe-
riod (Fig. Sa, b).

For small, deep mountain lakes (<50 ha, >5 m, lake-
type 1321) in Central and Western Europe, SARs were
found to be lower in the 1850 period (0.005-0.007 g cm™>
year ') and increased modestly towards the surface
(Fig. 5b). In many of these lakes, however, SARs have
remained constant through the entire period (Rose et al.
2011). In contrast to Central and Western European lakes,
our small, deep mountain lakes (e.g. Lake Capra and Taul
Negru in the southern Carpathians) show highest SARs
(0.05-0.10 g cm™? year™') in the 1850-1920 period
(Fig. 5b). However, this pattern is similar to other lakes in
SE Europe such as the Rila Mountains, Bulgaria (Ogna-
janova-Rumenova et al. 2009). Results from our study were
also comparable to remote arctic and alpine lakes in North
America and Greenland, which indicates a stronger imprint
of human impact on sediment properties in their geo-
chemistry and biota response between 1950 and 1970, and
again after AD 1980 (Wolfe et al. 2013). Over this period,
reservoir lakes in Romania also show a significant increase
in sediment inputs leading to severe silting problems
(Radoane and Radoane 2005).

Concluding remarks and future prospects

Although the number sites are relatively limited (n = 7),
our study presents the first preliminary results on the
temporal and spatial variability of sediment accumulation
rates from a previously under studied region (the Romanian
Carpathians in Central Eastern Europe). Our key findings
include the following points:

1. Sediment accumulation rates show an increase from
basal (i.e. pre 1840) sediments towards the top of cores
at only two sites. This trend contradicts wider findings
from Western and Central European lakes, where
sediment accumulation rates have predominantly in-
creased over the last 150-year period.

2. Results from this study do not reveal a common

temporal pattern in sediment accumulation rates across
the range of sites during the three socio-economic
periods of interest. This indicates the differential
impact of changing land use in the traditional
(1840-1948), socialist (1948-1989) and post-socialist
(post-1990) periods on SARs at these lakes.

3. Lowland and mid-elevations lakes were most markedly

impacted by the socialist land use regime i.e. intensive
land use with industrialised agriculture and deforesta-
tion. The higher elevation lakes from the southern
Carpathians (n = 2) were more impacted by the
intensification of summer pastoralist and shrub layer
removal of the traditional period (1840-1920); whilst
lakes from the northern Carpathians (n = 2) responded
more strongly to the impact of the socialist and post-
socialist land use regimes.

4. Results from this study, combined with other sources

of evidence (pollen, documentary records), highlight
the sustained impact of anthropogenic activities
throughout the entire period considered and even in
relatively remote mountain areas. This suggests that a
temporal frame of 100-150 years is too short to
register reference conditions of these lakes i.e. condi-
tions before significant human impact. Therefore, a
predominantly natural state may not have existed in
these catchments for centuries. This is an important
consideration if such reference conditions are an-
ticipated as providing a ‘baseline’ against which
environmental quality can be assessed.

5. Superimposed on the changes in socio-economic
regimes, climatic conditions can affect the trajectory
of SARs. Mountain lakes in particular are regarded to
be sensitive to climate change through both the direct
effects of climate conditions on lake water tem-
perature and the growing season of aquatic flora
(Ramstack et al. 2004; Kernan et al. 2009) and
indirectly through climate change-related
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consequences for land cover and thereby catchment
erosion processes (Guilizzoni et al. 2006). However,
to examine the effect of climate warming, and to
disentangle the effect of climate from other environ-
mental drivers of lake productivity and autochthonous
material changes to the sediment column, further
analyses (e.g. C, N isotopes, pigment and biotic
indicators such as diatoms, chironomid, cladoceran),
together with independent measures of land cover
change such as remotely sensed images (e.g. Land-
sat), are needed. Given the known recent land use
change history of the region, and the availability of
instrumental records showing ongoing, changing
climatic conditions (Dragota and Kucsicsa 2011),
such integrated analyses must be a priority for the
effective environmental management of the Carpathi-
an Mountains.

Acknowledgments This work acknowledges support from the Ro-
manian National Authority for Scientific Research, CNCS-
UEFISCDI, Project Number PN-II-RU-TE-2011-3-0145. Professor N.
Rose at UCL is thanked for kindly supplying data from his work at
Taul Negru (Rose et al. 2011). Students from Suceava University are
thanked for their help with field and laboratory work and Gabriela
Florescu for discussion about the proxies used in this manuscript. The
two anonymous referees are greatly acknowledged for suggestions to
improve this manuscript.

References

Akinyemi FO, Hutchinson SM, Mindrescu M, Rothwell JJ (2013)
Lake sediment records of atmospheric pollution in the Romanian
Carpathians. Quat Int 293:105-113. doi:10.1016/j.quaint.2012.
01.022

Appleby PG (2001) Chronostratigraphic techniques in recent sedi-
ments. In: Last WM, Smol JP (eds) Tracking environmental
change using lake sediments, vol. 1: basin analysis, coring, and
chronological techniques. Kluwer Academic Publishers, Dor-
drecht, pp 171-203

Appleby PG, Nolan PJ, Gifford DW, Godfrey MJ, Oldfield F,
Anderson NJ, Battarbee RW (1986) *'°Pb dating by low
background gamma counting. Hydrobiologia 141:21-27

Appleby PG, Richardson N, Nolan PJ (1992) Self-absorption
corrections for well-type germanium detectors. Nucl Instrum
Methods B 71:228-233. doi:10.1016/0168-583X(92)95328

Begy R, Cosma C, Timar A (2009) Recent changes in Red Lake
(Romania) sedimentation rate determined from depth profiles of
210Pb and 137Cs radioisotopes. J Environ Radioact
100:644-648. doi:10.1016/j.jenvrad.2009.05.005

Catalan J, Pla S, Rieradevall M, Felip M, Ventura M, Buchaca T,
Camarero L, Brancelj A, Appleby PG, Lami A, Grytnes JA,
Agusti-Panareda A, Thompson R (2002) Lake Redd ecosystem
response to an increasing warming the Pyrenees during the
twentieth century. J Paleolimnol 28:129-145. doi:10.1023/A:
1020380104031

Constantin M (2004) Capitalism and transhumance: a comparison of
three pastoral market types in Europe. Bucharest, New Europe
College Yearbook, pp 55-116

@ Springer

Dearing JA, Battarbee RW, Dikau R, Larocque I, Oldfield F (2006)
Human environment interactions: learning from the past. Reg
Environ Change 6:1-16. doi:10.1007/s10113-005-0011-8

Dearing JA, Yang X, Dong X, Zhang E, Chen X, Langdon PG, Zhang
K, Zhang W, Dawson TP (2012) Extending the timescale and
range of ecosystem services through paleoenvironmental ana-
lyses, exemplified in the lower Yangtze basin. Proc Natl Acad
Sci. doi:10.1073/pnas.1118263109

Dragota CS, Kucsicsa G (2011) Global climate change-related
particularities in the Rodnei Mountains National Park. Carpathi-
an J Earth Environ Sci 6:43-50

Faostat (2012) Land resources, Faostat. Available at: http://faostat.
fao.org/site/377/default.aspx#ancor

Farcas S, Tantau I, Mindrescu M, Hurdu B (2013) Holocene
vegetation history in the Maramures mountains (Northern
Romanian Carpathians). Quat Int 293:92-104. doi:10.1016/j.
quaint.2012.03.057

Feurdean A, Willis KJ, Astalos C (2009) Legacy of the past land use
changes and management on the ‘natural’ upland forests
composition in the Apuseni Natural Park, Romania. Holocene
19:967-981. doi:10.1177/0959683609337358

Feurdean A, Tantau I, Farcas S (2011) Holocene variability in the
range distribution and abundance of Pinus, Picea abies, and
Quercus in Romania; implications for their current status. Quat
Sci Rev 30:3060-3075. doi:10.1016/j.quascirev.2011.07.005

Feurdean A, Parr CL, Tantau I, Farcas S, Marinova E, Persoiu I
(2013a) Biodiversity variability across elevations in the
Carpathians: parallel change with landscape openness and land
use. Holocene 23:869-881. doi:10.1177/0959683612474482

Feurdean A, Liakka J, Vanniere B, Marinova E, Hutchinson SM,
Mossbruger V, Hickler T (2013b) Holocene fire regime drivers
in the lowlands of Transylvania (Central-Eastern Europe): a
data-model approach. Quat Sci Rev 81:48-61. doi:10.1016/j.
quascirev.2013.09.014

Feurdean A, Marinova E, Nielsen AB, Liakka J, Veres D, Hutchinson
SM, Braun M, Timar-Gabor A, Astalos C, Mossbruger V,
Hickler T (2015) Origin of the forest steppe and exceptional
grassland diversity in Transylvania (central-eastern Europe).
J Biogeogr. doi:10.1111/jbi.12468

Geantda A, Tantau I, Tamas T, Johnston VE (2012) Palacoenviron-
mental information from the palynology of an 800 year old bat
guano deposit from Magurici Cave, NW Transylvania (Roma-
nia). Rev Palaeobot Palynol 174:57-66. doi:10.1016/j.revpalbo.
2011.12.009

Geanta A, Gatka M, Tantdau I, Hutchinson SM, Mindrescu M,
Feurdean A (2014) High mountain region of the Northern
Romanian Carpathians responded sensitively to Holocene
climate and land use changes: a multi-proxy analysis. Holocene
8:944-956. doi:10.1177/0959683614534747

Griffiths P, Miiller D, Kuemmerle T, Hostert P (2013) Agricultural
land change in the Carpathian ecoregion after the breakdown of
socialism and expansion of the European Union. Environ Res
Lett 8:045024. doi:10.1088/1748-9326/8/4/045024

Guilizzoni P, Lami A, Manca M, Musazzi S, Marchetto A (2006)
Palacoenvironmental changes inferred from biological remains
in short lake sediment cores from the Central Alps and
Dolomites. Hydrobiologia 562:167-191. doi:10.1007/s10750-
005-1810-0

Heiri O, Lotter AF, Lemcke G (2001) Loss on ignition as a method
for estimating organic and carbonate content in sediments:
reproducibility and comparability of results. J Paleolimnol
25:101-110. doi:10.1023/A:1008119611481

Idu PD (1999) Om si natura min Carpatii Maramuresului si
Bucovinei. Viata pastorald, Napoca star, Cluj, p 268

Turian AR, Mabit L, Begy R, Cosma C (2013) Comparative
assessment of erosion and deposition rates on cultivated land


http://dx.doi.org/10.1016/j.quaint.2012.01.022
http://dx.doi.org/10.1016/j.quaint.2012.01.022
http://dx.doi.org/10.1016/0168-583X(92)95328
http://dx.doi.org/10.1016/j.jenvrad.2009.05.005
http://dx.doi.org/10.1023/A:1020380104031
http://dx.doi.org/10.1023/A:1020380104031
http://dx.doi.org/10.1007/s10113-005-0011-8
http://dx.doi.org/10.1073/pnas.1118263109
http://faostat.fao.org/site/377/default.aspx#ancor
http://faostat.fao.org/site/377/default.aspx#ancor
http://dx.doi.org/10.1016/j.quaint.2012.03.057
http://dx.doi.org/10.1016/j.quaint.2012.03.057
http://dx.doi.org/10.1177/0959683609337358
http://dx.doi.org/10.1016/j.quascirev.2011.07.005
http://dx.doi.org/10.1177/0959683612474482
http://dx.doi.org/10.1016/j.quascirev.2013.09.014
http://dx.doi.org/10.1016/j.quascirev.2013.09.014
http://dx.doi.org/10.1111/jbi.12468
http://dx.doi.org/10.1016/j.revpalbo.2011.12.009
http://dx.doi.org/10.1016/j.revpalbo.2011.12.009
http://dx.doi.org/10.1177/0959683614534747
http://dx.doi.org/10.1088/1748-9326/8/4/045024
http://dx.doi.org/10.1007/s10750-005-1810-0
http://dx.doi.org/10.1007/s10750-005-1810-0
http://dx.doi.org/10.1023/A:1008119611481

Impacts of shifts in socio-economic regime

513

in the Transylvanian Plain of Romania using 137Cs and
210Pbex. J Environ Radioact. doi:10.1016/j.jenvrad.2013.02.009

Kernan M, Ventura M, Bitusik P, Branceli A, Clarke G, Velle G,
Raddum GG, Stuchlik E, Catalan J (2009) Regionalisation of
remote European mountain lake ecosystems according to their
biota: environmental versus geographical patterns. Freshw Biol
54:2470-2493. doi:10.1111/§.1365-2427.2009.02284.x

Kubijovi¢ V (1932) La repartition des cultures et des homes dans les
Carpathes du Nord. Bratislava

Lami A, Cameron N, Korhola A (2000) Palacolimnology and
ecosystem dynamics at remote European Alpine lakes mountain
lakes research programme, (MOLAR). Journal of Limnology 59:
Supplement 1

Last WM, Smol JP (2001) Tracking environmental change using lake
sediments, physical and geochemical methods, vol 2. Kluwer
Academic, Dordrecht

Millennium Ecosystem Assessment (2005) Ecosystems and human
well-being: synthesis. Island Press, Washington, DC

Mindrescu M, Cristea I, Hutchinson SM (2010) Bathymetric and
sedimentological changes of glacial Lake Stiol, Rodna Masiff.
Carpathian J Earth Environ Sci 5:57-65

Mustdtea A (2005) Viituri exceptionale pe teritoriul Romaniei.
Editura Institutului National de Hidrologie si Gospodarirea
Apelor, Bucuresti

Ognajanova-Rumenova A, Botev N, Velle G, Rose N, Appeleby P,
Branceli A, Lami A, Musazzi X (2009) Environmental changes
in the Rila Mountains, South-western Bulgaria, as recorded by
the sediments of a remote lake. Adv Limnol 62:265-287

Pana D (1990) Central and Northern Fagaras- Lithological sequences
and structures. Dari de seama. Inst. Geol. Geofiz., 74/5.
Bucuresti

Pandi G (2008) Morphometry of Lake Sfanta Ana, Romania (Lake
Saint Ann). Lakes, reservoirs and ponds 1-2:72-79

Pandi G, Magyari-Saska Z (2007) Turismul la lacul Sfanta Ana.
Geografia In contextul dezvoltarii contemporane (The tourism at
the Saint Ana Lake. The geography in the context of contem-
porary evolution). Presa Universitara Clujeana

Pandrea A (1993) Oaia, ciobanul si brinza. Considerapii etno-
lingvistice. Buletinul Bibliotecii Romane. Studii si documente
romanesti, vol. XVII (XXI)- serie noud, Institutul Roman de
Cercetari, Freiburg, Germania, pp 241-77

Pisota I (1968) Lacurile glaciare din Muntii Rodnei. Anal. Univ.
Bucaresti (St. nat) Geologie — Geografie, 12, 2, 113—-124.ANM
(2006), Clima Romaniei, Editura Academiei Romane, Bucuresti

Pisota I (1971) Lacurile glaciare din Carpatii Meridionali, Ed. Acad.
Romane, Bucuresti, 162 p. si harti

Radoane M, Radoane N (2005) Dams, sediment sources and reservoir
silting in Romania. Geomorphology 71:112-125. doi:10.1016/j.
geomorph.2004.04.010

Ramstack JM, Fritz SC, Engstrom DR (2004) Twentieth century
water quality trends in Minnesota lakes compared with pre
settlement variability. Can J Fish Aquat Sci 61:561-576. doi:10.
1139/F04-015

Rose NL, Cogilniceanu D, Appleby PG, Bancelj A, Camarero L,
Fernandez P (2009) Atmospheric contamination and ecological

changes inferred from the sediment record of Lacul Negru in the
Retezat National Park. Adv Limnol 62:319-350

Rose NL, Morley D, Appleby PG, Battarbee RW, Alliksaar T,
Guillizzoni P, Jeppesen E, Korhola A, Punning JP (2011)
Sediment accumulation rates in European lakes since AD 1850:
trends, reference conditions and exceedence. J Paleolimnol
45:447-468

Ruprecht E, Szabé A, Enyedi MZ, Dengler J (2010) Steppe-like
grasslands in Transylvania (Romania): characterisation and
influence of management on species diversity and composition.
Tuexenia 29:353-368

Seddon AW, Mackay A, Baker AG et al (2014) Looking forward
through the past: identification of 50priority research questions
in palaeoecology. J Ecol 102:256-267. doi:10.1111/1365-2745.
12195

Serban G, Sorocovschi V (2003) Lacul Stiucii- Campia Transilvaniei.
Studia Universitas Babes-Bolyai, Studia Geographia 1

Shuttleworth EL, Evans MG, Hutchinson SM, Rothwell JJ (2014)
Assessment of lead contamination in peatlands using field
portable XRF. Water Air Soil Pollution 225:1844. doi:10.1007/
s11270-013-1844-2

Stoate C, Baldi A, Beja P, Boatman ND, Herzon I, van Doorn A, de
Snoo GR, Rakosy L, Ramwell C (2009) Ecological impacts of
early 21st century agricultural change in Europe: a review.
J Environ Manage 91:22-46. doi:10.1016/j.jenvman.2009.07.005

Tantau I, Reille M, de Beaulieu JL, Farcas S, Goslar T, Paterne M
(2003) Vegetation history in the eastern Romanian Carpathians:
pollen analysis of two sequences from the Mohos crater. Veg
Hist Archaeobot 12:113-125. doi:10.1002/jqs.937

Tantau I, Feurdean A, de Beaulieu JL, Reille M, Farcag S (2011)
Holocene vegetation history in the upper forest belt of the
eastern Romanian Carpathians. Palaeogeogr Palaeoclimatol
Palaeoecol 309:281-290. doi:10.1016/j.palaeo.2011.06.011

Tantau I, Feurdean A, de Beaulieu JL, Reille M, Farcag S (2014)
Vegetation sensitivity to climate changes and human impact in
the Harghita Mountains (Eastern Romanian Carpathians) over
the past 15,000 years. J Quat Sci 29:141-152. doi:10.1002/jgs.
2688

Urushibara-Yoshino K (2010) Changing social conditions and their
impacts on sheep transhumance in Romania and Bulgaria.
Department of Geography, Hosei University, Japan, 108 pp

Walden J, Oldfield F, Smith JP (1999) Environmental magnetism: a
practical guide. Quaternary Research Association, London

Willis KJ, Birks HIB (2006) What is natural? The need for a long-
term perspective in biodiversity conservation. Science
314:1261-1265. doi:10.1126/science.1122667

Willis KJ, Bailey RM, Bhagwat SA, Birks HIB (2010) Biodiversity
baselines, thresholds and resilience: testing predictions and
assumptions using palaeoecological data. Trends Ecol Evol
25:583-591. doi:10.1016/j.tree.2010.10.002

Wolfe AP, Hobbs WO, Birks HH, Briner JP, Holmgre SU, Ingolfsson
O, Kaushal SS, Miller GH, Pagani M, Saros JE, Vinebrooke RD
(2013) Stratigraphic expressions of the Holocene-Anthropocene
transition revealed in sediments from remote lakes. Earth Sci
Rev 116:17-34

@ Springer


http://dx.doi.org/10.1016/j.jenvrad.2013.02.009
http://dx.doi.org/10.1111/j.1365-2427.2009.02284.x
http://dx.doi.org/10.1016/j.geomorph.2004.04.010
http://dx.doi.org/10.1016/j.geomorph.2004.04.010
http://dx.doi.org/10.1139/F04-015
http://dx.doi.org/10.1139/F04-015
http://dx.doi.org/10.1111/1365-2745.12195
http://dx.doi.org/10.1111/1365-2745.12195
http://dx.doi.org/10.1007/s11270-013-1844-2
http://dx.doi.org/10.1007/s11270-013-1844-2
http://dx.doi.org/10.1016/j.jenvman.2009.07.005
http://dx.doi.org/10.1002/jqs.937
http://dx.doi.org/10.1016/j.palaeo.2011.06.011
http://dx.doi.org/10.1002/jqs.2688
http://dx.doi.org/10.1002/jqs.2688
http://dx.doi.org/10.1126/science.1122667
http://dx.doi.org/10.1016/j.tree.2010.10.002

	Recent sediment accumulation rates in contrasting lakes in the Carpathians (Romania): impacts of shifts in socio-economic regime
	Abstract
	Introduction
	Study area
	Lakes in the northern Carpathians
	Lakes in the eastern Carpathians
	Lakes in the southern Carpathians
	Lakes in the Transylvanian Plain

	Materials and methods
	Fieldwork
	Laboratory analysis

	Results
	Age-depth models
	Changes in the sediment accumulation rates and of sediment properties

	Discussion
	The influence of local site conditions on changes in SARs
	The influence of changes in socio-economic regimes on SARs
	Traditional period (1840--1948)
	Socialist period (1948--1989)
	Post-socialist (post-1990)

	Comparisons with SARs in other European lakes

	Concluding remarks and future prospects
	Acknowledgments
	References




