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ABSTRACT

Vegetation is an important ecological indicator of rock glaciers' activity as its development marks the transition from
active to inactive and relict states. Most rock glaciers in Retezat Massif are covered by vegetation, mostly Pinus mugo
shrubs but also herbaceous and forestry vegetation. In this paper, 82 rock glaciers from Retezat are classified into
six classes according to vegetation characteristics, rock glaciers' vegetation changes are assessed using old aerial
and ground imagery, and the timing of shrubs vegetation growth is investigated by means of dendrochronology
methods applied on three rock glaciers. The study's main purpose is to identify what caused the vegetation
colonization, climate variation, or rock glacier inactivation. Results indicate that altitude is the dominant factor of
rock glacier vegetation cover variability. In most cases, the vegetation patches increased in density and only slightly
in surfaces. The last rock glaciers' vegetation colonization initiated in the 18th century, beginning with 1830s on all
the three rock glaciers probably after the last local Little Ice Age cold spell. We conclude that the investigated rock
glaciers were pseudorelict during the entire Holocene and that recent vegetation settling is not the first one in the
Holocene. However, the scenario of rock glaciers inactivation that caused vegetation growth, previously advanced
in the literature, cannot be excluded, especially in light of the recent discoveries of rock glaciers activity, and further
investigations should be done to come to a less ambiguous outcome.
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1. Introduction structure that drain water efficiently, hinder fine
material accumulation and soil formation, and favor
snow persistence (Canone and Gerdol, 2003;
Tampucci et al, 2015). As active rock glaciers can

Rock glaciers are harsh environments for vegetation
colonization because of their openwork scree
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sporadically allow lichens and plants adapted to
surface blocks displacements, the inactive and relict
ones have a more extensive and diverse vegetation
cover favored by stable ground and more availability
of areas with fine debris and soil (Burga et al., 2004).
This observation allowed using the vegetation cover
as an empirical indicator for the activity status of rock
glaciers (e.g., Scotti et al., 2013; Onaca et al., 2017;
Popescu, 2018; Jones et al., 2019). Fine materials are
usually found on rock glacier front and lateral edges,
which are generally less mobile than the rest of the
body and are therefore the first to be colonized by
vegetation. Lichens develop extensively on rock
glaciers, even on the active ones, and that is possible
because of the passive movement of gelifracts that
remain exposed to daylight with the same facets.
Moreover, previous studies showed that Rhizocarpon
geographicum agg. thalli are well correlated with the
rock glacier age and that lichens cannot grow in areas
with snow persistence of more than nine months in a
year (Burga et al, 2004). Overall, the topoclimate,
surface movement and fine sediments availability are
the main controlling factors in vegetation
distribution on rock glaciers.

Rock glaciers are landforms sensitive to climate
changes and air temperature rising induces mostly
dynamics acceleration, but as a final consequence, it
can also inactivate them due the ice content
reduction or disappearance (Fleischer et al, 2021).
Reducing activity rates can increase floristic diversity
on rock glaciers (Cannone and Piccinelli, 2021).

Several species of trees can be used as
palaeoenvironmental indicators applying
dendrochronology (Pearl et al., 2020). By analyzing
tree rings one can determinate age, palaeoclimate
changes or occurrence/variability in geomorphologic
processes interacting with the growing plants. Since
rock glaciers are mainly located above the treeline,
the mostly used species in tree ring studies, i.e.
spruce trees, are unavailable. Thus, alpine shrubs are
the only ones that can offer palaeo-environmental
information. Recent studies revealed that alpine
shrubs like Salix helvetica (Gartner-Roer et al., 2013)
and Linantus pungens (Franklin, 2013) are sensitive to
and can archive information about rock glacier
activity or climate variation. Other species with a
large occurrence above the tree line in the European
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Mountains and Carpathians, in particular, is the dwarf
pine (Pinus mugo), a common shrub belonging to the
subalpine vegetation belt (Sibik et al, 2010),
widespread also on relict rock glaciers (Kellerer-
Pirklbauer et al, 2015  Popescu, 2018).
Dendrochronology was applied on Pinus mugo in
mountain areas (Palombo et al, 2010; Timis and
Popa, 2011; Dai et al, 2017) but rarely on rock
glaciers so far (Urdea, 1998). Thus, the current paper
aims at 1) presenting the ages of 2. mugo shrubs
located on rock glaciers and in their vicinity; 2)
discussing the relevance of A. mugo ages in relation
to rock glaciers dynamics and 3) assessing the rock
glacier vegetation cover in Retezat Mountains and
changes in the last 100 years.

2. Study area

Retezat Mountains is located in the western part of
the Southern Carpathians as the first high massif
(maximum altitudes of 2509 m asl in Peleaga Peak)
facing the west wind masses (Fig. 1). It presents the
marks of intense glacial erosion in the Pleistocene
that left well-defined glacial cirques (Mindrescu et al.,
2014) and valleys (Urdea, 2000). Moraines from the
Last Glacial Maximum are located down to about
1100 m asl on the northern and southern slopes
(Urdea, 2000). However, repeated glacial cycles with
a major cumulated effect manifested across the
massif during the Quaternary period (Ruszkiczay-
Ridiger et al, 2016; 2021). The upper limit of the
treeline is located at about 1800 m asl while above
well-defined krummbholz (subalpine vegetation level)
and alpine levels are marked mainly by Pinus mugo
and alpine meadows respectively. Other typical shrub
vegetation consists of species like Alnus viridis,
Rhododendron ssp., Juniperus sibirica, Vaccinium
vitis-idaea, Vaccinium myrtifolium, as well as the
subalpine meadow communities. Glacial valleys have
large and relatively flat valley bottoms with short and
steep interfluves. Several types of scree deposits like
talus slopes, rock glaciers, debris-covered slopes, and
block streams occupy a large part of the high altitude
area of the massif (Onaca et al., 2017; Serban et al,,
2019) and are the result of frost weathering (Vasile et
al, 2014; Vasile and Vespremeanu-Stroe, 2017). The
dominant lithology is represented by granodiorite
rocks but also by amphibolites and amphibolic gnei-
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Figure 1 Study area in the central part of Retezat massif with Pietrele 2 (A), Pietricele (B), and Valea Rea (C) rock glaciers
delineated. The shrubs sampled as reference are also visible here

sses in the SE of the massif in the Custura peak area,
all of upper Precambrian age (Berza et al., 1989).
The climate is alpine specific to mountains
located in mid-latitude temperate zones. The mean
annual air temperature at the closest high altitude
meteorological station (Varful Tarcu, 2180 m asl) is -
0.5 °C for the 1961-2007 time interval (Onaca, 2017).
The 0 °C isotherm of MAAT considered for the
Southern Carpathians occurs at approximately 2050
m asl, (Onaca et al., 2017) and the precipitation above
2000 m is 978-1330 mm/year (Micu et al.,, 2015). Most
precipitations come as rainstorms during summer,
and snow is generally present from November to
June. Several patches of snow can persist until August
in the most favorable locations, but perennial snow is
not documented in Retezat. Sporadic permafrost is

found above 1950 m asl mainly in debris deposits like
rock glaciers and talus slopes (Vespremeanu-Stroe et
al, 2012; Onaca et al,, 2015, Popescu et al., 2017). A
large part of the Retezat Massif is included from 1935
in the Retezat National Park, which is the oldest in
Romania, and it was UNESCO biosphere reserve from
1979 until 2021. The Retezat Mountains comprise a
third of Romania's biodiversity but seriously affected
by overgrazing in the last decades (Kiss and Alexa,
2015). The Carpathian range is a biodiversity hotspot
in Europe serving as a palaeorefugium for numerous
continental, arctic and alpine taxa during the
Pleistocene glaciation because of the relatively
reduced glacial cover in comparison to other
mountain ranges (Balint et al., 2011; Puscas et al.,
2021).
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The three rock glaciers investigated by
dendrochronologic approach are located in Pietrele
and Valea Rea Valleys (Fig. 2). Pietricele and Pietrele
2 are relatively small talus derived lobate rock
glaciers. At the same time, Valea Rea is the largest
rock glacier of the Romanian Carpathians, with a total
length of more than 1.3 km, a surface of 0.41 km2
and a complex origin and evolution (Fig. 3).

3. Methodology

3.1. Age determination of Pinus mugo shrubs
The age of P. mugo shrubs from Valea Rea and
Pietrele valleys was investigated based on a
dendrochronological  approach. During field
campaign conducted in 2013 on Pietrele Valley, 7
sites from Pietrele 2 rock glacier and 7 sites from
Pietricele rock glacier were selected for sampling (Fig.
2). Each site is composed of 1 to 7 shrubs, the total
number of individuals sampled is 36; they are located
only on the terminal fronts of the rock glaciers.
Additionally, 3 sites with a total of 11 individuals were
collected as a reference in the Pietrele Valley in 2015
(Fig. 1). On Valea Rea valley, 19 sites (one shrub per
site) along a longitudinal transect from the front
upwards on Valea Rea rock glacier and an additional
7 reference sites (one shrub per site) were also
selected for sampling in 2015.

Regarding ages, all values are reported to the
year 2012. The main stem of each 2. mugo individual
was sampled either by taking cores (two cores for
each stem sampled) using a Pressler borer or by
taking discs with a hand saw. Disks or cores were
labelled and their sampling location was recorded
with a GPS device. In each site, the larger individuals
were considered the oldest ones intended to be
sampled. In the laboratory, samples were air-dried
and then sanded using a sanding machine with
sanding belts of progressively finer grits (60, 180, 220
or 320, 600), until growth ring structures became
clearly visible. Standard dendrochronological
procedures for age determination were applied
(Stoffel and Bollschweiler, 2008; Stoffel and Corona,
2014). Because the age determination technique by
simple ring counting allows only to estimate roughly
an individual's age, ring-width measurements and
cross-dating of growth-ring series are needed when
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the dating accuracy is required. Therefore, after
preliminary age estimation by ring counting, ring
widths were measured to the nearest 0.017 mm using
a LINTAB 5 measurement station (a measurement
table coupled to a stereomicroscope Leica DMS
1000) and TSAP-Win Scientific software (RINNTECH,
2021). The quality of cross-dating and measurement
accuracy of ring-width series was assessed visually
and statistically using COFECHA software (Holmes,
1983), enabling the detection of missing and/or false
rings. However, the ages obtained are possibly
slightly underestimated because the growth rings of
P. mugo may not be continuous along the stem, and
as the shrub grows, the rings tend to build up only
towards the terminal part of the stem.

3.2. Assessment of the rock glaciers vegetation
cover and its changes

We calculated the actual vegetation cover, including
shrubs and herbaceous vegetation, using supervised
classification on each rock glacier in ENVI software on
RGB orthoimages of 0.5 m spatial resolution from
National Agency for Cadastre and Land Registration
(ANCPI), collection 2012. One of the major sources of
error is related to the steep frontal slopes that
present shades and could sometimes be classified
erroneously as vegetation. To overcome this, we used
newer alternative aerial images that did not have this
problem.

Diachronic analysis of vegetation changes is
done in a qualitative manner by using old aerial
photographs obtained by the National Center of
Cartography, formerly called IGFCOT in the 1968-
1980 period (Margarint, 2010, p. 59). These images
are not orthorectified and georeferenced so
conclusions on the surface changes were made only
on very small areas where deformations are
negligible. Other old photos from the ground found
in the literature were also used.

4. Results

4.1. Pinus mugo growth rings analysis

In Pietrele 2 rock glaciers front, the samples are
located at altitudes between 2073 and 2118 m asl,
and the oldest age from all the sites was obtained at
S1, 182 years. The oldest age from each cluster of
samples is commented. Two shrubs are older than
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Figure 2 Location of sampled shrubs. In Pietrele 2 (A) and Pietricele (B) rock glaciers P. mugo shrubs were only located
on rock glaciers fronts. In Valea Rea rock glacier (C) samples were collected on a transect from the lower to the upper
part. The possible permafrost areas are determined by BTS measurements in 2011 (A and B) and 2013 (C)

150 years, five are older than 100 years, and six are
older than 98 years (Figs. 4 and 5A). Only the one
outside the rock glacier area is very young, of only 14
years. The shrubs and the sampling sites are
distributed across the entire rock glacier front. In
Pietricele rock glacier front, the samples are located
in 2132-2150 m asl altitudinal interval, and one
sample is older than 150 years, two are older than
100 years, and five out of seven are older than 50
years. The shrubs are only located on 2/3 of the entire
rock glacier front length, while the remaining 1/3 is
shrubs free (Figs. 2B si 3B). The distribution of values
indicates a moderate tendency of shrub age decrease
towards the northeast (Fig. 5B). In the Valea Rea rock
glacier, the pattern of shrubs vegetation is
represented by large cover in the lower terminal
sector (2000-1950 m), with relatively low shrubs

vegetation mostly on ridges (1980-2140) only
herbaceous vegetation above. The shrubs sampled
are located between 1955 and 2133 m asl. The results
indicate that two shrubs are older than 150 years, 11
are older than 100 years, 18 are older than 50 years,
and only two are younger than 50 years. There is no
spatial tendency of the age distribution. Comparing
the entire data recovered from rock glaciers, age
clustering at around 100 years with a larger number
of cases towards higher ages can be observed (Fig.
5C). The reference shrubs are located at altitudes
between 1790 and 1885 m asl and have, in general,
younger ages in comparison to rock glaciers. They
are clustered between 30-50 years old, but several
shrubs are also old and comparable to those found
on rock glaciers (Fig. 5D). The mean annual growth
rate of shrubs located on the Valea Rea rock glacier
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Figure 3 The three rock glaciers investigated by dendrochronological analysis with the terminal fronts delineated.
Pietrele 2 (A), Pietricele (B) and Valea Rea (C- photo: Daniela Pascal, 2017)

is between 137 and 705 pm/year, and on the
reference sites, it is between 205 and 1250 um/year.
There is a moderate to high correlation between
growth rates and ages, with the older shrubs having
lower values than the younger ones (Fig. 6). 63% of
growth rates variability is related to shrubs' age.

4.2 Rock glaciers vegetation cover and its recent
changes in Retezat Massif

An inventory comprising 82 rock glaciers from
Retezat was used to analyze the vegetation cover and
type visually. Six rock glaciers classes were
distinguished (Fig. 7) and are described below.

1) Type 1 (e.g., Lower Ciumfu Mic) rock glaciers
are mostly covered with shrubs, but also trees can be
found on their surface (16 rock glaciers);

2) Type 2 (e.g., Lower Ana) rock glaciers have
densely shrub/grass-covered fronts and moderate
shrub/grass cover on the rest of their surface (29 rock
glaciers);
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3) Type 3 (e.g., Pietrele) rock glaciers have
(quasi)continuous shrub-covered fronts and sparse
shrubs/grass patches on the rest of their surfaces (13
rock glaciers);

4) Type 4 (e.g. Judele) rock glaciers present
sparse grass- and/or shrubs on their fronts, absent or
very sporadic shrubs/grass on the rest of their surface
are possible (11 rock glaciers);

5) Type 5 (e.g. Stirbu 2) rock glaciers with
continuous grass-covered fronts, no shrubs, and
insignificant grass areas on the rest of their surfaces
(6 rock glaciers);

6) Type 6 (e.g., Galesu) rock glaciers with sparse
to absent grass on front and sparse to absent grass
on the rest of their surfaces (7 rock glaciers).

The large majority of rock glaciers present A.
mugo shrubs on their surface (the lower ones on
almost their entire surface) shrubs coverage
decreasing with altitude. Rock glaciers vegetation
cover variation can be explained by the altitude chan-
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Figure 4 Shrubs age distribution at the studied rock glaciers. A - Pietrele 2; B — Pietricele; C — Valea Rea. Age classes in
years are: 1 - >175; 2 - 151-175; 3 - 126-150; 4 — 101-125; 5 - 76-100; 6 — 51-75; 7 — <50

ge in proportion of 59% as revealed by the analysis
of 40 rock glaciers (Fig. 8), simultaneously with MAAT
decrease, snow cover persistence and wind intensity
increase. The vegetation cover of more than 70% of
the rock glacier surface can be found close to 1700
m asl, while less than 5% is encountered above 2150
m asl. The data are pretty scattered from the
tendency line, especially at lower altitudes. For
example, one rock glacier from about 1890 m asl has
less than 28% vegetation cover, and another rock
glacier as high as 2150 has nearly 80%. Other
controlling factors that account for the rest 41%
should be related to exposition that influences the
input of solar radiation, debris size properties and
availability of fines that allow plants to take roots but
also the geomorphological processes that impede
vegetation growth: snow avalanches, debris flows,
rockfalls and debris dynamics (via rock glacier creep

and or dry creep). Quantifying the shrubs cover from
krummholz is possible (Mullerové, 2005) as they have
a higher contrast with the boulder mantle of rock
glaciers from Retezat, while smaller shrubs and
herbaceous vegetation areas need to be assessed
with higher resolution images with better contrast.
The analysis of vegetation changes using old
aerial imagery in the period between 1968-1980 and
2012 revealed that patches of P. mugo are relatively
easy to distinguish from other land cover types, while
grass cannot be separated from scree in most cases.
Several rock glaciers from 1720 to 2130 m asl and
from 1960 and 2180 m asl on the northern/southern
slopes are presented (Figs. 9 and 10). In some cases,
no identifiable modifications occurred (Figs. 9B, D;
and 10B), while in other cases, the shrub areas
increased their vegetation density but not their
surface (Figs. 9A, C, and 10A, C). Only in one case stu-
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Figure 5 Statistic distribution of shrub ages on each rock glacier (A); the shrub age variation on the Pietricele rock glacier
front from south-west to north-east (B); the absolute frequency of shrub ages on all rock glaciers classes (C) and on the
reference sites (D); on the last two plots, the polynomial curve of 6th grade is added

dy was distinguishable the increase of shrubs area by
the growth of new P. mugo small islands (Fig. 10A).
In another place, we identified the first appearance of
two trees within a compact shrub cover of 2. mugo
downhill the rock glacier front (Fig. 9A). For the
Pietrele rock glacier, the current vegetation surface
was compared with the one from more than 100
years ago using an old picture taken from Bucura
pass (de Martonne, 1907). Across the rock glacier, the
vegetation patches are at the same positions, but
their extent seems smaller than in the present (Fig.
11). This is also visible at the rock glacier from 1950
m asl with the eastward exposition. In the
background, on the steep slopes below the
Stanisoara and Retezat peaks both the shrubs density
and area seem to have increased considerably.

5. Discussion

5.1. Rock glaciers vegetation in Retezat Massif

Vegetation can be used as an indicator for rock
glaciers activity and permafrost occurrence (lkeda
and Matsuoka, 2002). It is a good marker also for the
activity of periglacial processes in high-altitude
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mountains (Nedelea et al, 2012; Munteanu et al.,
2012; Sandulache et al, 2015). Based on previous
investigations in Retezat Massif, at type 1 rock
glaciers permafrost is improbable, at type 2
permafrost is possible only at the rock glacier-talus
slope contact but it is more a consequence of ground
air circulation inside the talus slope, at type 3 rock
glaciers permafrost is probable only at certain areas;
at type 4-6 rock glaciers, permafrost is probable on
almost the entire surface excluding the grass island
(Vespremeanu-Stroe et al,, 2012; Onaca et al., 2015;
Popescu et al, 2017). According to vegetation
indices, the 6th type rock glaciers are the only ones
where permafrost creep could be likely. Their
structure represented by numerous creep lobes with
prominent ridges indicates a relatively fresh
morphology even though lichens colonize all the
exposed blocks except those located in depressions
where snow persists more than 9 months/year (Burga
et al, 2004). Rock glaciers from types 1-2 can be
considered totally relict; types 3-5 could be
considered pseudorelict (Onaca et al., 2017), and type
6 could be inactive. The latter seems to be of a
younger chronological phase and with a morphology



Rock glaciers vegetation colonization in Retezat Mountains: implications for morphodynamics and palaeoclimate reconstruction

Shrubs first growth ring year

® 1834 -1850
Shrubs mean annual growth rate © 1850 - 1875
) .
° 1;: ;:‘5‘ O 1875 - 1900
® 255:315 O 1900 - 1925
O 315 a1 © 1925 - 1950
8 oo © 1950 - 1975
i ® 1975- 1964
200
()
8 150
&
s 100
"
>
£ 50
(-8
0
0 100 200 300 400 500 600 700 800
Mean anual growth rate (um/yr)

Figure 6 Mean annual growth rate and age of 2. mugo from Valea Rea rock glacier along with the linear regression
between the two parameters

that was probably more recently inactivated. Yet, age
dating (relative and absolute) should be applied to
distinguish between several generations of rock
glaciers and verify this hypothesis.

5.2. Vegetation growth and changes in relation to
rock glacier activity

Both Pietrele 2 and Pietricele rock glaciers belong to
type 4 in terms of vegetation cover, presenting
sporadic shrubs and grass on their frontal slopes and
on the interior surface (Figs. 2, 3). Valea Rea rock
glacier is a complex landform with progressive
vegetation cover diminishing from its terminal front
(1950 m asl) to its upper part (almost 2200 m asl) but

overall can be included in a type 3 rock glacier (Fig.
2).

Modern climate change causes the vegetation
belts to increase in altitude and to decrease the
intensity of periglacial processes that in turn allows a
denser and wider vegetation cover. Rock glaciers are
landforms restrictive to economic activities like
grazing being less exposed to clearcutting. Thus
vegetation colonization at these sites is impeded
mainly by geomorphologic processes and climatic
conditions. The oldest 2. mugo shrubs from the three
investigated rock glaciers date back to 1830-1839
and those from the reference areas date back to 1840
and 1888. The ages distribution indicates quasisynch-

81



POPESCU et al. / Revista de Geomorfologie 23 (2021)

: Upper Galesu

Figure 7 Rock glacier types in Retezat massif according to vegetation cover
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Figure 8 Rock glaciers vegetation cover, both shrubs and grass, in relation to their mean altitude

ronous colonization at Pietrele 2 and Valea Rea and
relatively progressive colonization from SW to NE at
Pietricele, where the northeastern most sector of the
front is vegetation-free. Two scenarios can explain
the shrub ages distribution and will be discussed
below.

(1) In the climate influence scenario, the climate
warming after the local Little Ice Age (LIA) allowed for
the expansion of shrubs at higher altitudes starting
with 1830 AD. A dendroclimatological study carried
on in the Romanian Carpathians (Calimani
Mountains) revealed that LIA last cold episode
manifested between 1820-1840 AD after a long
climate phase between 1370 and 1630 AD (Popa and
Kern., 2009). In this case, rock glaciers were active in
Late Glacial and probably early Holocene and stable
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during most of Holocene, and only the moderate
climate variations (e.g. LIA, Medieval Warm Period)
could influence the P. mugo limit changes besides
anthropic impact that is considered negligible on
rock glaciers. The shrubs' age distribution pattern of
the Valea Rea rock glacier supports this scenario.

(2) In the rock glacier movement scenario, the
three rock glaciers were active in LIA and became
inactive in the post-LIA period as a consequence of
climate warming and subsequent permafrost
degradation. That allowed the vegetation installation
on the now stable rock glacier terminal fronts and
internal creeping lobes. This is supported by the
shrubs decreasing ages on Pietricele rock glacier
front towards NE, but only if the northernmost sector
would be active today, which doesn't seem to be the
case considering the stable and weathered boulders
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Figure 9 Vegetation changes on rock glaciers with northern aspects by comparing aerial imagery from 1968-1980 (left)
and 2012 (right). The black rectangles indicate areas of increasing vegetation density. The old aerial imagery is the
property of the National Center of Cartography (former IGFCOT) and was kindly provided by prof. M. Geanana (personal
collection). The new images are the property of National Agency for Cadastre and Land Registration of Romania (ANCPI)

83



POPESCU et al. / Revista de Geomorfologie 23 (2021)

Judele 2180 m

Figure 10 Vegetation changes on rock glaciers with southern aspects. The black rectangles indicate areas of increasing
vegetation density and the appearance of new bushes (only on A). The old aerial imagery is the property of the National
Center of Cartography (former IGFCOT) and were kindly provided by prof. M. Geanana (personal collection). The new
images are the property of National Agency for Cadastre and Land Registration of Romania (ANCPI)

even from this sector. This assumption is based on
the fact that climate warming is immediate while the
rock glacier dynamics decreasing response is
delayed. This hypothesis was supported by Urdea
(1998) that revealed a trend of decreasing ages of ~.
mugo from the main front inwards in the upper part
of Pietrele rock glacier. In the south-eastern part of
the rock glacier, the author indicates values from 137,
96, and 80 years old shrubs on three different set of
ridges and 125 years in the central longitudinal ridge.
That would correspond to 1860, 1901, and 1917 AD
as years of shrubs development at these sites if we
consider 1997 as the reference year. In Stanisoara
Valley, the same author indicated the oldest shrubs
developing at rock glacier/protalus rampart fronts
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from 2130/2190 m asl in 1857 AD and 1895 AD,
respectively interpreted similarly as a result of the
progressive cessation of permafrost creep with
altitude followed by subsequent shrubs colonization.
If we assume an average lapse rate of 0.6 °C/100 m
and a -0.5 °C MAAT from Tarcu Mountain
meteorological station to be valid for Retezat at 2180
m asl, in that case, the rock glaciers investigated in
this study and those of Urdea (1998) would have a
MAAT at their front of -0.6...+0.9 °C. The necessary
regional (average) MAAT for relict rock glaciers to be
active was calculated to be -1.6...-3.3 °C in different
mountain regions in Switzerland, even though local
differences can be encountered (Frauenfelder and
K&ab, 2000). Also, Haeberli (1985) indicated that acti-
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Figure 11 Vegetation changes on Pietrele rock glacier from 1907 to 2012 and from 1968-1980 to 2012. The black
rectangles indicate areas of increasing vegetation density. The old picture of Pietrele rock glacier (up) is from de
Martonne (1907)
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ve rock glaciers typically lie above the MAAT
isotherm of -2 °C. Considering the relatively dry
alpine climate of Southern Carpathians, it is expected
that Retezat rock glaciers needed MAAT rather closer
to -3 °C. Thus, the temperature lowering of several
degrees Celsius needed to allow rock glacier activity
would then have been possible only in Late Glacial
and Early Holocene (before 11.1 ka and during 8.2 ka
cold event) as LIA climate conditions were
insufficiently cold. However, Necsoiu et al. (2016)
revealed that Pietrele rock glacier is active in the
upper part and Judele rock glaciers is active on its
entire surface with very low creep rate of a few cm
per year. This is a much weaker dynamics , typical for
marginal permafrost conditions, in comparison to
what is traditionally considered an activity for a rock
glacier, movement of a few tens of cm and m per year
(e.g. Serrano et al., 2006) besides the recent rock
glaciers acceleration caused by climate change (Kaab
et al, 2021). In that case, shrubs growing seem
possible in spite of small boulders movement.
Suppose the permafrost creep was more intense in
comparison to the recently discovered values as a
consequence of colder LIA climate. In that case, it
might be possible that the rock glacier movement
scenario is valid for explaining the shrubs age
distribution at the six investigated landforms. Recent
studies indicate indirectly that climate was milder
than at present in 8-3.2. ka BP as indicated by
timberline at least 50 m higher than today at lake Lia
in Retezat (Vincze et al., 2017). The fact that P. mugo
ages are higher on rock glaciers despite of the more
difficult conditions indicates the anthropic activity
that manifested already beginning with 2.2 ka BP as
indicated by the above mentioned study. This could
also be the case for the lower, highly vegetated part
of Valea Rea rock glacier. In any case, the Valea Rea
shrubs age distribution presented in this study does
not support a progressive upwards cessation of
permafrost creep even though the conditions of this
rock glacier are ideal (high altitudinal range of almost
250 m and numerous creep lobes systems that could
move independently) for illustrating such a scenario.
Based on the presented arguments, we incline more
to the first scenario but the second scenario cannot
be excluded. Future investigation like age dating of
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landforms should give a clearer picture of the rock
glaciers' past evolution.

The vegetation changes from 1907 to the present
indicate the vegetation expansion of P. mugo on
steep mountain slopes. However, on rock glacier
ridges, the P. mugo was already in place more than a
hundred years ago, but it increased its surfaces since.
In the period between 1968-1980 and 2012, the rock
glaciers shrubs seem to have increased the density
and only sporadically it has colonized new debris
areas across rock glaciers, which proves that
vegetation colonization on rock glaciers was at its
maximum immediately after LIA (1840-1880) or at the
end of the 19th and first half of the 20th centuries.
The tendency of P. mugo area growth is natural in the
context of climate change even though in the
Carpathians the clearcutting surpasses the shrubs'
natural expansion (Rosca et al., 2019). In this context
rock glaciers shrubs seem to be more useful in
climate reconstruction than shrubs from surrounding
areas.

6. Conclusions

In this study, rock glacier shrubs vegetation cover, the
timing of colonization, and vegetation cover changes
from the last century were investigated in Retezat
Mountains. The following conclusions could be
drawn:

- At all the three investigated rock glaciers, the
earliest period of Pinus mugo colonization
correspond to the fourth decade of the 19th century,
matching probably the end of the last cold spell of
Little Ice Age;

- The frequency of very old shrubs (>150 years)
is much higher on rock glaciers in comparison to the
reference areas indicating a probable less anthropic
to non-existent impact on the former;

- Rock glaciers' vegetation cover increases with
altitude, and it has changed slightly after 1907 AD,
mainly by increasing vegetation density and slightly
increasing the surfaces of existing patches. New
islands of shrubs appeared only rarely on rock
glaciers. Six types of rock glaciers were classified
based on their vegetation cover that has relevance
for potential permafrost content evaluation and
activity status inferences;
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- It is still debatable whether vegetation
colonization of rock glaciers was caused by post LIA
climate warming or by rock glacier inactivation. Our
results indicate rather the first scenario as more
probable as the vegetation growth was relatively
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