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Abstract. The forests with sessile oak (Quercus petraea) and Norway spruce
(Picea abies) from south-eastern Transylvania represent a peculiar type
of phytocenoses, rather unusual for the present-day vegetation of Roma-
nia’s territory. Aim of the study is to provide a detailed description of the
vegetation and to identify the phytosociological and typological units to
which it could belong. Beside this, stand structure and regeneration status
of the main tree species are illustrated. The studied area is located around
Carpathian intermountain depressions Brasov and Ciuc, where vegetation
had a peculiar history and today sessile oak forests on high altitude ex-
ists, interfering with spruce forests. The hypothesis of the process natural-
ness is supported by vegetation history in the area, climate, stand structure
and peculiarities of herb layer composition (the mixture of relic of both
mountain-boreal origin and south-European origin, like Vaccinium vitis-
idaea, Pyrola rotundifolia and respectively Potentilla micrantha, Lathyrus
venetus respectively. Sintaxonomically, studied phytocenoses with ses-
sile oak and spruce belong mainly to acidophilus oak forests (Luzulo lu-
zuloidis-Quercetum petraeae), but some of them resemble oak-hornbeam
forests (Carici pilosae-Carpinetum), indicating a more recent change
in stand structure and suggesting that not the soil, but the climate is the
driving force of succession. Regeneration of sessile oak is at least sat-
isfactory, but the expansion of spruce in such stands could seriously re-
strict the survival of sessile oak. A new typological unit will be appropri-
ate, for a better management of sessile oak forests with spruce admixture.
Keywords sessile oak — spruce forests, phytosociology, vegetation succe-
sion.
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Introduction

The natural admixture of oak and spruce seems
completely unusual for the actual vegetation of
Romania, as long as the biology of these spe-
cies is different and their natural distributions
are separated by a large belt of beech forests.
The natural contact of oak and spruce exists at
present in Northern and Eastern Europe (Fa-
linski & Falinska 1986, Pallas 1996, Serebry-
anny 2002, Patalauskaite 2007), in hemiboreal
regions, where the mesophilous species like
Fagus and Carpinus are outside their area or
ecological optimum. Thus, in the absence of
competitors, the species more tolerant to the
continental climate, like oak or lime could
come in contact with the spruce. In Asia Mi-
nor, at 1100-1500 m altitude, Quercus petraea
form mixed stands with the Caucasian spruce
(Picea orientalis), which were ascribed to a
distinct association: Querco petraeae-Picee-
tum orientalis (Eminagouglu et al. 2007).

In Romania, the mixed stands of oak and
spruce have, in most cases, a man-made ori-
gin, especially because of spruce plantation
outside its natural range (Marcu et al. 1974).
But several authors stress the natural succes-
sion that occur between sessile/pedunculate
oak and spruce in the area of intermountain
depressions of Carpathians (Witting 1936,
Constantinescu & Clonaru 1954, Petcut 1957,
Pascovschi 1967, Csiirds 1973). It was argued
that the conifers are the actively successional
species, favored in front of beech by seed dis-
persal and climate. The continental climate
negatively affects the beech, and therefore the
spruce became more competitive, also on low-
er altitudes (below 700-800 m), where it can
substitute the oaks. Moreover, it was shown
that an inappropriate forest management led to
a faster replacement of oak with spruce, but the
human impact act as secondary factor in this
succession and not as cause-factor. The vegeta-
tion history of the area, documented by pollen
spectra of peat bogs, reflects that the ranges of
oaks and spruce were closer during postglacial
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time (Pop 1932, Pop & Ciobanu 1957, Pop &
Diaconeasa 1967, Diaconeasa & Farcas 1996).
The high proportion of species belonging to
Quercetum mixtum indicates regional favor-
ability for oaks. At present, the existence of
oak stands at high altitude (Sofletea & Curtu
2001) confirms that. The mechanism of the
process appears to be natural, increasing the
interest to study it: e.g. what happens with the
flora of the oak forests invaded by spruce? The
spruce is shade tolerant, so it could develop in
the understorey of oak stand and could induce
changes in the environment of forest floor and
respectively distribution and composition of
species. Phytosociological approach of the dy-
namic stages of vegetation help to better un-
derstand the process of succession (Rameau
1993), as many forest understorey plants are
sensitive indicators of environmental changes
(Dkland et al. 2004). No such study has been
published so for in Romania regarding the oak-
spruce forests.

Therefore, our objective is to provide a
detailed description of the composition and
structure of the vegetation communities with
Quercus petraea and Picea abies, in order to
analyze the variability and specificity of the
plant assemblages, and to identify the cor-
responding vegetation units. Moreover, this
study comes to improve the knowledge of a
newly designated vegetation unit that appears
on the recent map of Romanian forests (Donita
et al. 2008): 4F — “Mixed Norway spruce — sil-
ver fir — sessile oak (— beech — hornbeam) for-
ests”. This unit covers around 2725 ha, from
which more than 90% are in the south-eastern
side of Transylvania.

Materials and methods

Study area. The studied area (Figure 1) is
located in the south-eastern part of Transyl-
vania on the Eastern Carpathians, surrounding
the depressions of Bragov and Ciuc. The site
conditions and geographical location of each
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Miercurea Ciuc

Figure 1 Distribution of studied sites

relevé are indicated in Table 1. Studied forests
are located between 660 and 1050 m, on ridges
or slopes with various aspects and a degree of
inclination between 5 and 30°. The geologic
substrate is either flysch or sandstones. The
A horizon of the soil is strongly acidic (pH -
4.42-4.99), poor to very poor saturated with
basic cations (BS% - 15-45%). Due to depres-
sion vicinity, the climate is characterized by
a higher frequency of thermal inversions, ex-
tended from the bottom of the depressions to
the foothill of the mountains. The eastern com-
partment of the intermountain basin is cooler
and dryer than the rest, because of the conti-
nental air advection (Marcu & Huber 2003).
The annual sum of precipitations is rather low
(525 mm at Tg. Secuiesc, 599 mm at Covasna,
540 mm at Miercurea Ciuc), with two monthly
minima recorded in February and Septem-
ber-October. The mean annual temperature is
6.5-7° C, the mean thermal amplitude exceeds
60-70° C and the mean air temperature of the
coldest month (usually January) goes down
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below -10° C.

Sampling methods. Phytosociological
relevés, each of 400 m? were sampled using
the Braun-Blanquet methodology. The place-
ment of relevés aims to cover all the area and
conditions of the oak-spruce forests in the
south-eastern Transylvania. There were sur-
veyed the oak stands that had more than 10%
cover of Norway spruce (Picea abies) in at
least one layer. The following layers were con-
sidered: tree layer (E3) - trees > 7 m height;
shrub layer (E2) - shrubs and trees of 1-7 m;
herb layer (E1) - herbaceous plants, seedlings
of trees and small shrubs < 1 m; moss layer
(EO). Both, site and vegetation data were col-
lected for each site: altitude, aspect, slope
angle, relief form, plants’ composition, cover
and height. Evaluation of regeneration of tree
species was performed on the basis of the total
number of seedlings in 20 subplots of 1 m* The
stand structure was illustrated for three cases,
subjectively selected, to reflect the main situa-
tions observed during several years of studying
oak-spruce forests. Data about stand structure
were collected on an area of 10 x 40 m: hori-
zontal coordinates of trees (X, Y), diameter of
tree trunk at breast height, tree height, crown
height and crown diameters.

Data analysis. Indicator values of the
species according to Sanda et al. (1983), and
Ciocarlan (2000) were used to evaluate the
site conditions and ecological spectra of the
flora. Some codes of indicator values for site
conditions were used. For soil humidity (U):
1 means xeric, 2- meso-xeric, 3 - mesic, 4 -
meso-hygric, 5 - hygric; for temperature (T):
1 - very cold climate, 2 - cold, 3 - cool, 4 -
moderately warm, 5 - warm; for soil reaction
(R): 1 - extreme acidic, 2 - acidic, 3 - acidic-
neutral, 4 - slightly acidic-neutral, 5 - neutral-
basic. Values of zero mean “indifferent”.

Characterization of competitive relations
among tree species was achieved through the
“dendrological indicator value” (Barbu 1994):
VID = N% + G% + R%, an index that sum the
participation degree (%) of a woody species in
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Table 1 Characteristics of the relevés sites
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) Cover
f;t;e Relevé Near§st Date of Alt. Aspect Slope  E3 E3
in fig. 1 code locality survey (m) ©) upper lower E2 El EO
story story

A 1 Sandominic  31.07.2008 850 SE 30 65 0 40 5 0
B 2 Cozmeni 20.05.2007 770 SW 15 85 0 30 30 0
B 3 Cozmeni 20.05.2007 830 SW 25 80 0 100 15 0
C 4 Plaiesi 30.06.2008 910 SE 30 60 0 15 30 1
D 5 Belani 22.05.2005 850 NE 10 85 10 5 70 1
D 6 Belani 06.07.2006 750  NNW 20 90 0 60 15 2
D 7 Belani 06.07.2006 840 SE 5 80 0 8 70 1
E 8 Estelnic 25.08.2006 790 VNW 7 70 0 7 20 3
E 9 Estelnic 26.08.2006 840 vV 20 70 0 50 5 2
F 10 Lemnia 25.08.2007 780 SE 30 80 0 20 20 O
G 11 Martanus 31.05.2003 800 SSE 10 90 0 10 60 O
G 12 Ojdula 02.05.2004 680 NW 10 60 0 5 50 1
G 13 Ojdula 30.07.2005 810 NW 20 40 60 20 30 1
H 15 Zabala 07.09.2006 840 SE 20 80 10 5 30 1
H 16 Zabala 08.09.2006 670 NW 10 70 10 40 10 1
| 14 Covasna 16.07.2005 750 W 5 70 20 5 60 2
J 17 Chiurus 17.07.2005 690 w5 50 20 5 5 1
J 18 Chiurus 17.07.2005 700 NW 15 70 1 5 5 30
K 19 Zagon 30.07.2006 840 S 25 75 0 75 5 10
K 20 Zagon 30.07.2006 740 SSE 25 70 5 30 10 0
K 21 Zagon 07.10.2006 720 S 10 80 0 30 40 5
K 22 Zagon 11.10.2006 835 SW 25 80 5 30 80 0
K 23 Zagon 11.10.2006 890 SW 20 70 0 50 20 1
K 24 Papauti 12.10.2006 820 SW 30 70 5 25 30 0
K 25 Padureni 01.07.2004 680 SSE 10 70 50 5 15 1

the stand regarding the number of trees (N),
basal area (G) and regeneration (R).

Graphs of the stand structure were produced
with the PROARB software (Popa 1999).
Analyses of vegetation data were performed
within the JUICE software (Tichy 2002). Vari-
ation in floristic composition and similarities
between relevés were detected using TWIN-
SPAN as classification method and detrended
correspondence analysis (DCA) as ordination
method (Jongman et al. 2002). Cover data were
transformed to presence-absence data and rare
species were down-weighted. The relationship
between floristic composition and environment
was extracted superimposing over the ordino-
gram the vectors of the ecological indicator
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values. The diagnostic species for each cluster
were determined through the coefficient of fi-
delity phi (Chytry et al. 2002), considering the
threshold value of 0.30. Plant species names
follow Ciocarlan (2000).

Results

Mixed forests with sessile oak and spruce
were identified and analyzed in the Mountains
Bretcu, intorsurii, Nemira, Ciuc and Giurgeu,
within the range of localities Zagon, Papauti,
Chiurus, Covasna, Zabala, Ghelinta, Ojdula,
Martanus, Lemnia, Estelnic, Belani (Co-
vasna county), Cozmeni, Plaiesi, Sindominic
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(Harghita county). The forests with sessile oak  considered here, because of the obvious arti-
and spruce observed on the western side of ficial structure of the stand, or the significant
Brasov depression (Bodoc, Baraolt, Intorsurii, —admixture of beech.

Persani and Postidvaru Mountains) were not Stand structure. In the figures 2 and 3 are
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Figure 2 Vertical structure (left) and diameter-class distribution of tree species (right). Plots location: a
— Zagon, b — Estelnic, ¢ - Zabala
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Figure 3 Vegetation profile near Ghelinta village (Bretcu Mountains)

illustrated several situations of stand structure
observed in the field: (a) sessile oak on a single
storey and uneven-aged population of spruce,
including individuals from seedlings to pre-
dominant trees, (b) sessile oak and spruce co-
dominants, (c) sessile oak exclusively domi-
nant on tree layer and abundant regeneration
of spruce. Note that these are examples and a
structure is not unique to a certain geographi-
cal point. In the same stand, one could see all
the situations mentioned above. Obviously, the
structure of spruce populations is more diverse
than that of sessile oak regarding diameter,
height or age (Figure 2). There is no correla-
tion between the abundances of spruce in dif-
ferent development stages (r < 0.3, consider-
ing all the relevés). The canopy cover of the
stands ranges between 60% and 90%. Other
species participating to stand composition are:
beech (in 24% of relevés, with reduced cover,
in the lower storey), hornbeam (20%), silver fir
(8%), aspen (8%) and birch (8%). Sessile oak
trees originate in many cases from sprouts.

The shrub layer is always present, covering
5-75%, and is dominated by spruce, which
sometimes becomes very dense and over-
78

whelming. The structure of this layer is het-
erogencous, depending on the canopy closure,
position on the slope, relief form. Besides
spruce, other species in shrub layer are pre-
sent: Corylus avellana (with 48% frequency),
Juniperus communis (28%), Fagus sylvatica
(16%), Abies alba (16%), Carpinus betulus
(12%), Crataegus monogyna (8%).

The herb layer covers 5-80% and usually is
rich in species (20-60 taxa); the moss layer ex-
hibit a variable presence and cover (0-30%),
with 2-5 identified species.

A special case is represented by the forest
near Sandominic (in Ciuc Depression area),
which is more isolated from the natural range
of oak and arouse a phytogeographical interest.
Here, in the optimal area of Picea abies, the
naturalness of oak could become questionable.
However, the evidence of sprout regeneration
and the stamps more than 60 cm in diameter
indicate a prolonged existence of oak in this
place.

Regeneration. Seedlings of the followring
species (in descending order of frequency)
were observed in the studied area: sessile
oak, spruce, wild cherry, hornbeam, silver fir,
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beech, aspen, mountain ash, lime and field ma-
ple. The regeneration of sessile oak is maybe
not accurately evaluated, because of the longer
periodicity of fruiting, but it seems to evolve at
least satisfactory in all stands, existing 20-180
seedlings/100 m?. Spruce seedlings appear in
almost all relevés, with a density of 10-150 in-
dividuals/100 m?. Their distribution on surface
is not uniform, being obvious the tendency of
clumping, especially on the concave terrain,
bottom of the slope or near the base of mature
trees. In these places, it is probably a higher
atmospheric humidity that compensates the
dryness conditions of the south-facing slopes
and lower altitude.

The VID index (Table 2) reveals a high
competitive capacity for both sessile oak and
spruce. No correlation was observed between
VID values and altitude or geographical posi-
tions. It has to be consider that the numbers
presented in Table 2 underestimate the spruce
regeneration, as long as young spruce individ-

Table 2 VID index for sessile oak, spruce and beech

Phytosociological studies of the forests with sessile oak ...

uals over 1 m height are not counted as seed-
lings, but they often appeared in the plots with
high cover values.

Vegetation. Phytocenoses with sessile oak
and spruce do not have a homogeneous floris-
tic pattern. In 25 relevés were identified 210
species; the number of species/relevé ranges
between 26 and 67, with the mean value of 45.
Numerical analysis of composition (Figure 4
and Appendix) reveals that the most impor-
tant factors affecting species assemblage are
humidity and light, and therefore two groups
of relevés can be defined. The optimum num-
ber of clusters was chosen in accordance with
the maximization of the total number of diag-
nostic species (Tichy 2002). Diagnostic spe-
cies for the first group are common for spruce
forests: mesophytes, shade tolerant species,
acidophytes and mosses (Vaccinium vitis-
idaea, Maianthemum bifolium, Luzula pilosa,
Orthilia secunda, Eurhynchium striatum, Hyp-
num cupressiforme). For the second group,

Locality Species N% G% R% VID rel. VID
Oak 60 60 70 197 0.66
Estelnic Spruce 36 36 11 79 0.26
Beech 2 1 0 3 0.01
Oak 76 85 27 188 0.63
Ojdula Spruce 19 14 36 69 0.23
Beech 0 0 9 9 0.03
Oak 54 89 18 161 0.54
Papauti Spruce 46 11 63 120 0.40
Beech 0 0 0 0 0.00
Oak 48 74 22 144 0.48
Zabala Spruce 50 25 77 152 0.51
Beech 2 1 0 3 0.01
Oak 56 65 55 176 0.59
Zagon (1) Spruce 43 34 42 119 0.40
Beech 0 0 1 1 0.01
Oak 79 87 47 213 0.71
Zagon (2) Spruce 21 13 46 80 0.27
Beech 0 0 2 0.01
Oak 24 57 11 93 0.31
Zagon (3) Spruce 44 29 8 81 0.27
Beech 11 4 1 17 0.06
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Figure 4 Diagram of indirect ordination (DCA) of relevés. The vectors of indicator values (U, T, R) are
passively superimposed. Groups of relevés 1 and 2 are those separated by TWINSPAN

these are meso-xerophytes or light demanding
species (Sedum maximum, Campanula per-
sicifolia, Hypericum perforatum, Polygona-
tum odoratum, Clinopodium vulgare). Species
with high frequencies are Luzula luzuloides,
Calamagrostis arundinacea, Vaccinium myr-
tillus, Carex montana, Cruciata glabra, Viola
reichenbachiana, Hieracium murorum etc. In
half of the relevés appears Carex pilosa, some-
times with high coverage, but without fidelity
for one of the two groups.

The distribution of species on ecological-
classes (Sanda et al. 1983) for soil humidity,
air temperature and soil reaction emphasizes
the dominance of mesophilous, meso-ther-
mophilous and moderately acidophilous spe-
cies (Figure 5). Species tolerating low tem-
peratures, unusual for sessile oak forests, are
Vaccinium vitis-idaea, Luzula pilosa, Gentiana
asclepiadea, Monotropa hypopitys, Veronica
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urticifolia. On the other hand, there are pres-
ent thermophilous species, unusual for cold-
cool climate: Potentilla micrantha, Galium
pseudaristatum, Lathyrus venetus. A peculiar
feature of floristic composition is the mixture
of species tolerating poor soils (Luzula luzuloi-
des, Vaccinium sp.) with those demanding very
rich soils (Lamium galeobdolon, Pulmonaria
officinalis, Galium odoratum).

Among the protected species in Romania
(Oltean et al. 1994) were identified: Platan-
thera bifolia (in 7 relevés), Hierochloe australis
(4 relevés), Cephalanthera rubra (2 relevés), C.
longifolia (2 relevés), Phyteuma tetramerum (2
relevés), Monotropa hypopitys (2 relevés), Fes-
tuca amethystina (1 relevé), Hepatica trans-
silvanica (1 relevé). Species richness and the
presence of rare species are not related with
the spruce cover.
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Figure 5 Proportion of species on ecological-classes of soil humidity (U), air temperature (T) and soil

reaction (R)

Discussion

The analyzed forests of sessile oak and spruce
are extended over relatively large area, as it
was indicated previously (Witting 1936, Con-
stantinescu & Clonaru 1954) and sometimes
the surface of the stands reaches 10-20 ha.
In the intermountain basins, the expansion of
spruce on lower altitude seems to be natural,
although in some cases could be under the hu-
man influence. There are some floristic char-
acteristics that help to understand the vegeta-
tion of the area. First of all, according with the
management plans, the origin of spruce trees
is natural, the fact sustained by the lack of any
“geometric” pattern of trees’ distribution and
the absence of Picea abies var. europaea.
Then, the presence in sessile oak forests of
the area of isolated populations of thermophi-
lous or xerophilous species with south-europe-
an optimal range (Danciu et al. 2000, Indreica
2007), like Sedum cepaea, Silene viridiflora,
Lathyrus venetus, Potentilla micrantha, Ge-
nista germanica, indicates the favorability of
site conditions for the preservation of natural
old vegetation. Another peculiar group of spe-
cies within the sessile oak forests of the area
are those with mountain range, like Vaccinium

vitis-idaea, Festuca amethystina, Rubus saxa-
tilis, Ranunculus oreophilus, Monotropa hy-
popitys.

The sessile oak forests with spruce should be
reported to the oak, not to the spruce vegetation
units, considering the phyto-climatical condi-
tions and floristic composition, which include
many light demanding and/or drought tolerant
species. Among the syntaxonomic units recog-
nized in Romania, the most similar association
is Luzulo luzuloidis-Quercetum petraeae Hil-
itzer 1932, from the alliance Quercion robori-
petraeae Br.-Bl. 1932. The relevés of group 2
fall in the description of the Campanula per-
sicifolia variant (Pallas 1996), representing
the thermophilous subunit of the named asso-
ciation. There are also similarities with Cala-
magrostio arundinaceae-Quercetum petraeae
(Hartmann 1934) Scamoni et Passarge 1959.
This syntaxon was described from (North-)
Eastern Europe and comprises mountain oak
forests, with species of the Vaccinio-Piceetea
class, being in contact with coniferous forests
(Pallas 1996). Considering the whole floristic
composition, was not possible to separate me-
sotrophic relevés (see the Appendix). For the
classification of transitional vegetation com-
munities, it will be reasonable to give prior-
ity to the species that are more demanding for
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ecological factors (Gafta 1996). Thus, relevés
13 and 22, having a larger group of (cu-)me-
sotrophic species (Stellaria holostea, Lamium
galeobdolon, Asarum europaeum, Carpinus
betulus, Hepatica transsilvanica, Rubus hirtus,
Galium schultesii), should be reported to oak-
hornbeam forests syntaxonomy, respectively
to the association Carici pilosae-Carpinetum
R. et Z. Neuh. 1964.

According with the Romanian classification
of forest’s herb layer (Beldie & Chirita 1967),
almost all studied phytocenoses correspond to
Luzula luzuloides flora type. Several variants
— typical, Vaccinium myrtillus, Campanula
persicifolia or Carex montana — could be dis-
tinguish. In two cases (relevés nr. 13 and 22),
Carex pilosa type is more appropriate. The
most similar ecosystem type according to
Donita et al. (1990) is “Sessile oak forests with
Luzula luzuloides”. Inside of this type it is ap-
propriate to separate a Picea abies-variant, to
better reflect the regeneration peculiarities and
succession tendencies (Pagcovschi 1967).

Comparisons with sessile oak forests around
Brasov depression conducted by Morariu et al.
(1970), Danciu (1972), Ularu (1972) and Fink
(1977) suggest that no evident changes oc-
cured due to spruce admixture. In the context
of Romanian oak forests, it appears that those
around intermountain depression emphasize
some unique characteristics of flora, induced,
most probably, by the climate. So, the expan-
sion of spruce follows the rule and do not create
it. From another point of view, the composition
of phytocenoses is not significantly contami-
nated with non-forest species, suggesting a
low level of disturbance. Exceptions of spe-
cies indicating disturbances are: Moehringia
trinervia (36% frequency), Prunella vulgaris
(12%), Galeopsis pubescens (4%), G. speciosa
(4%), Galium aparine (4%), Torilis japonica
(4%), but they are not concentrated in specific
relevés, as number of taxa or individuals.

The relic sessile oak forests on higher alti-
tude (over 900 m), with remarkable phyto-
geographic and genetic value, are confronted
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with this successional process. They need to
be protected, by proper management actions,
otherwise they will be replaced by spruce for-
ests (Witting 1936, Constantinescu & Clonaru
1954).

Conclusion

Stands with Quercus petraea and Picea abies
are still present over a large area in the Intorsu-
rii, Bretcu and Nemira Mountains. Such phy-
tocenoses were found, on small areas, even in
Giurgeu and Ciuc Mountains. Either wholly or
at the stand level regarded, floristic composi-
tion of oak forests with spruce admixture in
South-Eastern Transsylvania is not homoge-
neous, being a mixture of species with dif-
ferent ecological affinities. The vegetation is
more similar with the units of acidophilous oak
forests, but the spatial and dimensional struc-
ture of spruce and its abundant regeneration
are characteristic.

The interest for oak-spruce forests is sup-
ported by naturalness the successional pro-
cess, relict character of vegetation and peculiar
composition of species. The human influence
on stand structure should be not excluded,
at least in the case of some stands. Because
spruce shows a high competitive value in ses-
sile oak habitat, we plead for a special attention
through the forest management plan, in order
to preserve some valuable stands of sessile oak
in the region, like those on high altitude.

Acknowledgements
This study was partially supported by grants

TD-74/2007 (CNCSIS) and 27/2005 (RNP
Romsilva).

References

Barbu 1., 1994. Contributii la cunoasterea conditiilor eco-



Indreica & Kelemen

logice din zonele cu uscare intensa la brad din Buco-
vina [Contributions to the knowledge of the ecological
conditions on the areas with silver fir intense dieback in
Bucovina]. Bucovina Forestiera, 2: 2-20.

Beldie A., Chirita C., 1967. Flora indicatoare din padurile
noastre [The indicator flora of the Romanian forests].
Ed. Agro-Silvica, Bucuresti.

Chytry M., Tichy L., Holt J., Botta-Dukat Z., 2002. Deter-
mination of diagnostic species with statistical fidelity
measures. Journal of Vegetation Science 13: 79-90.

Ciocarlan V., 2000. Flora ilustratd a Romaniei. Pteridophy-
ta et Spermatophyta [The illustrated flora of Romania.
Pteridophyta et Spermatophyta]. Ed. Ceres, Bucuresti.

Constantinescu N., Clonaru Al., 1954. Un caz de inlocuire
a gorunului prin molid [A case of sessile oak replace-
ment by spruce]. Buletinul Stiintific al Academiei
Romane 6(4): 1087-1093.

Csitirds St., 1973. Geobotanische Forschungen im Casin
(Kaszon) Becken (Ost-Karpaten). [Geobotanical re-
search in Casin hydrological basin (Eastern Carpath-
ians)]. Acta Botanica Academiae Scientiarum Hungari-
cae 19: 55-71.

Danciu M., 1972. Aspecte fitocenologice din gorunetele
Muntilor Baraolt [Phytosociology of sessile oak for-
ests in Baraolt Mountains]. Buletinul Universitatii din
Brasov, Seria B, 14: 129-134.

Danciu M., Parascan D., Gurean D., Ularu P., 2000.
Contributii la cunoasterea raspandirii in Romania si a
fitocenologiei speciei Genista germanica L. [Contribu-
tions to the knowledge of spreading in Romania and
phytoconology of Genista germanica L.] Revista de
Silvicultura (1-2): 18-22.

Diaconeasa B., Farcas S., 1996. Stejarisurile amestecate,
evolutia si dinamica lor in tardiglaciarul si holocenul
din Romania [Mixed oak forests, their evolution and
dynamics in the Late Glacial and Holocene in Roma-
nia]. Contributii Botanice 33: 103-115.

Donitd N., Bandiu C., Biris [.A., Gancz V., Apostol J.,
Marcu C., 2008. Harta padurilor pe unitati ecosistemice
[Romanian forests map on ecosystems types]. Ed.
Silvica, Bucuresti.

Donitd N., Chirita C., Stanescu V. (coord.), 1990. Tipuri de
ecosisteme forestiere din Romania [Types of forest eco-
systems in Romania]. Ministerul Apelor, Pad. si Med.
inconj., ICAS, Bucuresti.

Eminagaoglu O., Ansin R., Kutbay H.G., 2007. Forest
Vegetation of Karagol-Sahara National Park Artvin-
Turkey. Turkish Journal of Botany 31: 421-449.

Falinski J.B., Falinska K., 1986. Vegetation dynamics in
temperate lowland primeval forests. Ecological studies
in Bialowieza Forest. Dr. W. Junk Publishers.

Fink G.H., 1977. Pflanzengessellschaften des Schulerge-
birges (Sud-Ost Karpaten). [Plant communities of
Postavaru  Mountains (South-Eastern Carpathions)].
Stapfia, Publikation der Botanischen Arbeitsgemin-
schaft am O.0. Landsmuseum Linz.

Gafta D., 1996. Dégénération des quelques sapinicres
de I’ordre Fagetalia dans les Alpes du Trentin (Italie).

Phytosociological studies of the forests with sessile oak ...

[Degeneration of some fir associations of the Fagetalia
order in the Alps of Trentino (Italy)]. Colloques Phyto-
sociologiques 24: 181-186.

Indreica A., 2007. Species of thermophilous forests in the
upper basin of Olt river. Bulletin of the Transilvania
University of Bragov 49: 301-304.

Jongman R.H.G., Ter Braak C.J.E., van Tongeren O.F.R.,
(eds.) 2002. Data analysis in community and landscape
ecology. Cambridge University Press.

Marcu Gh., Ionescu A., Ene M., Petrescu M., Patrascoiu
N., Purcelean $t., Stanciu N., Tabrea A, Popescu Gh.,
Lazar D., Sabau V., Ursulescu A., Ghelmeziu N., Da-
mian L., Paunescu C., Negrutiu F., Florescu Gh., 1974.
Cercetari privind extinderea culturii molidului in R. S.
Romania [Researches about the extension of spruce
plantations in R.S. Romania]. Ed. Ceres, Bucuresti.

Marcu M., Huber V., 2003. Air thermal stratification in the
depression area forms. ,,.Depression effect”. Phytogeo-
graphycal implications. Analele ICAS 46: 141-150.

Morariu I., Ularu P., Danciu M., Lungescu E., 1970. Go-
runetele de pe Magura Codlei [The sessile oak forests
on Magura Codlei]. Buletinul Institutului Politehnic din
Brasov, seria B, 12: 97-101.

Oltean M., Negrean G., Popescu A., Roman N., Dihoru
G., Sanda V., Mihiilescu S., 1994. Lista rosie a plante-
lor superioare din Romania [Red list of vascular plants
of Romania]. Institutul de Biologie Bucuresti — Studii,
sinteze, documentatii de ecologie 1: 1-52.

(kland T., Bakkestuen V., @kland R.H., Eilertsen O.,
2004. Changes in forest understorey vegetation in Nor-
way related to long-term soil acidification and climatic
change. Journal of Vegetation Science 15: 437-4438.

Pallas J., 1996. Beitrag zur Syntaxonomie und Nomenkla-
tur der bodensauren Eichenmischwélder in Mitteleuro-
pa. [Contribution to the syntaxonomy and nomenclature
of the acidophilous oak forests in Central Europe]. Phy-
tocoenologia 26(1): 1-79.

Pascovschi S., 1967. Succesiunea speciilor forestiere
[The succesion of forest species]. Ed. Agro-Silvica,
Bucuresti.

Patalauskaite D., 2007. Communities of Quercus petraea
in Lithuania. Acta Biol. Univ. Daugavp. 7(2): 159-164.

Petcut M., 1957. O statiune de stejar (Quercus robur L.) la
altitudini mari — in etajul rasinoaselor [A site with oak
(Quercus robur L.) at high altitude — within coniferous
belt]. Comunicarile Academiei R.P.R. 7(4): 475-481.

Pop E., 1932. Contributii la istoria vegetatiei cuaternare
din Transilvania [Contributions to the history of Qua-
ternary vegetation in Transylvania]. Buletinul Gradinii
Botanice, Cluj 12: 29-102.

Pop E., Ciobanu 1., 1957. Analizele de polen in turba de la
Cotul Carpatilor [Pollen analyses of the peat from the
Curvature Carpathians]. Buletinul Universitatii Babes-
Bolyai, Seria Stiintele Naturii 2(1-2): 453-470.

Pop E., Diaconeasa B., 1967. Analiza palinologica a tur-
bei din tinovul Mohos (Tusnad) [Pollen analysis of peat
from peat-bog Mohos (Tusnad)]. Contributii Botanice
Cluj-Napoca 7: 297-303.

83



Ann. For. Res. 54(1): 73-88, 2011

Popa L., 1999. Aplicatii informatice utile in cercetarea
silvica [Informatics applications useful in forestry re-
search]. Revista Padurilor (2): 41-42

Rameau J.C., 1993. Phytodynamique forestiere: 1’appro-
che du phytoécologue forestier. [Forest phytodinamics:
the approach of forest phytocoenology.] Colloques phy-
tosociologiques 20: 29-71.

Sanda V., Popescu A., Doltu M.IL., Donita N., 1983. Carac-
terizarea ecologica si fitocenologica a speciilor spontane
din flora Romaniei [Ecological and phytosociological
characterisation of native species of Romanian flora].
Studii i Comunic. - Stiintele Naturii, Muzeul Bruken-
thal, Sibiu 25: 1-126.

Serebryanny L., 2002: Mixed and deciduous forests. In
Shahgedanova M. (ed.), The Physical Geography of
Northern Eurasia. Oxford University Press, pp. 234-
247.

84

Research articles

Sofletea N., Curtu L., 2001. Dendrologie (vol. IT) — Coro-
logia, ecologia si insusirile biologice ale speciilor [Den-
drology (2" vol.) — Chorology, ecology and biology of
species]. Ed. Pentru Viata, Brasov.

Tichy L., 2002. JUICE, software for vegetation classifica-
tion. Journal of Vegetation Science 13: 451-453.

Ularu P., 1972. Cercetari fitocenologice in gorunetele
din Muntii Persani [Phytosociological researches of
sessile oak forests of Persani Mountains]. Buletinul
Universitatii din Brasov, Seria C, 14: 173-186.

Witting O., 1936. Problema stejarului in Transilvania [The
oak matter in Transylvania]. Revista Padurilor (2): 138-
141.



Indreica & Kelemen

Phytosociological studies of the forests with sessile oak ...

Appendix. Species composition of the sessile oak-spruce forests

Relevé nr.: Cn T T 02058222 &
Diagnostic species for Group 1

Luzula pilosa + + + R U S B . 11
Maianthemum bifolium I+ . . ++1++++ + + + + + 111
Sorbus aucuparia (E1) B e S .o .o 1I
Symphytum tuberosum 1 + + . ++1 ++ + + 1 . + + I
Vaccinium vitis-idaea ++ .+ +++ 0+ 1+ . + 11
Potentilla erecta + +++ 00 L+ . 1I
Orthilia secunda . + + + + + + + 1I
Viola canina + + .+ . 1
Festuca rubra B R . . + . 11
Atrichum undulatum .+ + + + + + . .o+ . . + 1I
Polytrichum formosum + + . + + + .t 1 + + + + . I
Tilia cordata (E1) + .+ B + 11
Veronica urticifolia .+ + + + . + . . I
Hypnum cupressiforme . ++ .+ .1 + . 1
Ranunculus auricomus + + + ++ .+ + . + II
Eurhynchium striatum R .+ 310+ 4+ . I
Carpinus betulus (E3) .ot 1 . 1 1 + 1
Gentiana asclepiadea .+ R 1 + . . 1
Neottia nidus-avis + . +++ .+ .+ + + . 11
Athyrium filix-femina ++ .+ + 0+ 0+ . . + 11
Platanthera bifolia .+ + 4+ .+ 4+ + RS 1I
Polypodium vulgare . + + + 1 + 1
Diagnostic species for Group 2

Sedum maximum + .+ .0+ + 1 + + + L+ IO
Achillea distans 1+ . ++ + . . + 1 +++ . ++ 1 +|1
Campanula persicifolia + .+ + + + + + + 4+ + 4+ + + +| 1
Hypericum perforatum . . . + + B + .+ 1
Clinopodium vulgare + + + + + 11 + 21 + + 1| I
Dactylis polygama .+ + + + 1
Cornus sanguinea + + + 1 . I
Fagus sylvatica (E2) + + 1 + 1
E3 — tree layer

Quercus petraea 44444554+4344354554455454°V
Picea abies 211122232313221224311122+ V
Fagus sylvatica .ot . + 1 + + + 1I
Abies alba 3 1 1
E2 — shrub layer

Picea abies + + 2 1331+ + 221 2312222 12V
Corylus avellana + 12 . L+ 0+ . 21 + . + + I
Juniperus communis I + 2 2 . 1 .+ . + 11
Abies alba . + + 1 + 1
Carpinus betulus + + + 1

E1 — herb layer (including seedhngs)

85



Ann. For. Res. 54(1): 73-88, 2011 Research articles

Appendix (continuation)

Relevé nr. P~ T 020 T 9T QA DI SRS 4

Oligotrophic/Acidophilous species
Luzula luzuloides 211 +111++212 1112312+2121V
Calamagrostis 1111 ++1+ .+ . +++11111+11+1+V
arundinacea
Picea abies + . . ++111+++1 111 .2+ . + v
Hieracium murorum Lt F 11 ++1++ . +1111111+1 v
Veronica officinalis + R S o o SR S Il ++++1 . +1+ 1V
Vaccinium myrtillus 32 .4 21 +12221 . 1 +2 1 .1
Chamaecytisus hirsutus 1 + . + + + + .+ + 4+ L+ + I
Hieracium lachenalii + .+ .+ . + + + + 4+ ++ .+ + 111
Pteridium aquilinum + .. .+ o+ + 0+ 0 01 + 1. 1
Solidago virgaurea e e e T L o . + I
Silene nutans ssp. dubia T S 1 2 1
Hieracium sabaudum A S R I
Pyrola rotundifolia B U T 1
Juniperus communis T o 1
Hieracium

) + 1 + I

transsylvanicum

Xerophilous
Carex montana 11 2 .1 +++ 11+ + 4+ 1 + +12 .11+ 1V
Festuca heterophylla + 1+ + 1 1 + + + 1 + 12 .2+ 11V
Melittis melissophyllum + 4+ + + ++++++ + 4+ + + + + .. %
Trifolium medium + 4+ +++ 1 + . .t 1+ L+ 1+ 4+ + I
Campanula rapunculoides + . + + . + + .+ 1 + + L+ o+ 11
Lathyrus niger + + + .+ ++ 11+ . +++ . . I
Genista tinctoria + .. L+ Lt + + + 1
Tanacetum corymbosum + + + + + + . 1I
Polygonatum odoratum + + + + + I
Pulmonaria mollis T T 1
Melampyrum cristatum + . + + 1
Poa angustifolia 1+ . + I
Potentilla alba + + + .. 1
Hierochloe australis + 1 R 1 1

Mesophilous/Mesotrophic
Carex pilosa + . ... . .2++1 . +11233+1. ... .1
Carpinus betulus e ... o210+ 2+ + .+ + + + + + I
Prunus avium T + + 1 + + + + + I
Galium schultesii + .+ .+ 4+ 0+ 1 + + 1 . 21 II
Dryopteris filix-mas + + ++++ 0 00 0L+ .o . . + I
Euphorbia amygdaloides . . . . . . ++ . .+ . . .+ + 1 + . + II
Lamium galeobdolon B U S B R + . 11
Rubus hirtus B U P B + + + 1I
Scrophularia nodosa e + . + + 1
Pulmonaria officinalis B T + . 1
Carex sylvatica B T I
Festuca gigantea L . 1
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Relevé nr. Co T 020582 alLE o
Melampyrum bihariense + + Lo I
Galium odoratum . . . + + + I
Epilobium montanum + . .+ 1 0
Dryopteris carthusiana + .+ + 1
Variae

Quercus petraea 2 + lr12+++11111 . ++++11+121V
Cruciata glabra 11 ++1++ .1 ++ . +1+1+.1.1+1+ V
Fragaria vesca 1 . lI++++ .1 ++ . ++11+ . 1+++1+ V
Viola reichenbachiana + + I+ . +11+++++ A U S I e s S B A4
Poa nemoralis + + I+ 1+ . 1 . +11+2++1++ 1V
Veronica chamaedrys 1 + I +++ 4+ . + RS ST S G R B R R B S A4
Ajuga reptans + + +1 1 1 ++ . R T S e | v
Anemone nemorosa 12 L+ o+ 2 o+ + 10 0+ 0 0+ 11+ 0 IV
Mycelis muralis + . + 4+ .+t Lt + 4+ .+ 1+ . + + Il
Abies alba + . + + 1+ + .+ 01 ++ 0+ 4+ + I
Fagus sylvatica . + .+ + + ++ .+ 4+ 0+ 0+ 0+ 111
Carex digitata + + 4+ .+ 0 L+ ++ + .+ .+ . I
Corylus avellana + . + + 4+ + + R + . 1T
Rosa canina + + .+ R + 1 + + . + + II
Moehringia trinervia + + B B R e PR o 1T
Lathyrus vernus . . + + + + . 1+ 1+ . 1 + I
Populus tremula 1. + . .+ + + R S 1T
Vicia sepium .+ + + . . + R S i S P | |
Hieracium umbellatum + 1 . + + . .o + + . .+ 4+ 1
Crataegus monogyna + .+ + + + . + . II
Sanicula europaea Lo+l . + + A .+ 1T
Frangula alnus .o + + + + + .+ . .1
Iris ruthenica 1 + . .o . . + 4+ + + 1
Viburnum opulus .o + .+t + + 0
Serratula tinctoria + + + . . + 1
Rubus sp. + .t . 1 . + 1
Euonymus verrucosa + + .+ . . + 1
Festuca drymeja 1 + 1 . I
Acer campestre Lo + + + . I
Melica nutans . + + . + I
Convallaria majalis .o+ + . 0
Astragalus glycyphyllos + . . . + + 1
Prunella vulgaris + + .+ I
EO — moss layer

Polytrichum juniperinum + B . + I
Dicranum scoparium + + . 2 1
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Other species in 1-2 relevés: E3 — Sorbus aucuparia
16: +; Tilia cordata 3: +; E2 — Tilia cordata 17: +;
Populus tremula S: +; Lonicera xylosteum 5: +, 3: +;
Crataegus monogyna 12: +, 24: +; Daphne mezereum
3: +; Malus sylvestris 23: +; Frangula alnus 21: 1; E1
— Acer pseudoplatanus 25: +; Asarum europaeum 12:
+, 13: +; Stellaria holostea 13: 2; Carex michelii 25:
+, 5: +; Primula veris 7: +, 24: +; Lychnis viscaria 7:
+, 10: +; Brachypodium pinnatum 24: 1, 10: +; Viola
hirta 22: +; Potentilla micrantha 15: +; Rosa pimp-
inellifolia 9: +; Trifolium pannonicum 19: +; Lathyrus
venetus 13: 1; Digitalis grandiflora 10: +, 1: +; Galium
pseudaristatum 10: +; Trifolium alpestre 7: +, 4: +;
Vincetoxicum hirundinaria 10: +; Coronilla varia 22:
+, 4: +; Lonicera xylosteum 9: +, 2: +; Astrantia major
13: +, 9: 1; Viola alba 22: +, 23: 1; Lathyrus laeviga-
tus 13: +, 3: +; Cephalanthera rubra 19: +, 23: +; Ce-
phalanthera longifolia 22: +, 24: +; Lilium martagon
5.+, 7: +; Hieracium bauhinii 7: +, 19: +; Hieracium
cymosum 14: +, 15: +; Avenula adsurgens 14: +, 7: +;
Peucedanum oreoselinum 23: +, 10: +; Polygonatum
verticillatum 18: +, 6: +; Hordelymus europaeus 7: +;
Senecio fuchsii 2: +; Phyteuma tetramerum 5: +, 4:
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+; Aegopodium podagraria 9: 1; Milium effusum 13:
+; Galeopsis pubescens 14: +; Torilis japonica 10: +;
Heracleum sphondylium 3: +; Arrhenatherum elatius
25: +; Vicia sylvatica 11: 1; Galium mollugo 23: +;
Campanula trachelium 11: +; Juglans regia 6: +; Vicia
tetrasperma 25: +; Oxalis acetosella 16: 1; Euphorbia
carniolica 13: +; Carex depauperata 21: +; Cerastium
holosteoides 20: +; Galeopsis speciosa 25: +; Bromus
ramosus 7: +; Galium aparine 9: +; Rubus idaeus 18:
+; Monotropa hypopitys 3: +, 1: +; Polygonatum mul-
tiflorum 11: +; Silene nutans 24: 1; Malus sylvestris 7:
+; Hieracium laevigatum 5: +; Rosa gallica 13: +; Pre-
nanthes purpurea 13: +; Hepatica transsilvanica 13: 1;
Lotus corniculatus 24: +, 4: +; Succisa pratensis 12: +;
Hieracium caespitosum 25: +; Daphne mezereum 13:
+; Rosa pendulina 3: +; Ranunculus oreophilus 5: +, 4:
+; Dactylis glomerata 4: +; Festuca amethystina 4: +,
Geum urbanum 4: +, 1: +; Hypericum montanum 4: +;
Lapsana communis 4: +; Laserpitium latifolium 1: +;
Melampyrum pratense 4: +; Ranunculus polyanthemos
4: +; E0 — Plagiochila asplenioides 8: +, 9: +; Hyloco-
mium splendens 18: +, 8: +.



