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Abstract.  Main succession changes are traced down in the Nardus stricta communities from the Central Balkan Range 
(Bulgaria). The demutational phase covers a period of 2–3 decades. Vegetation dynamics processes are 
analysed in parallel, according to the method of Braun-Blanquet and the Dominant approach. Classification 
of the communities according to the two approaches is offered. The Nardetum strictaе and Bruckenthalio-
Juniperetum sibiricae associations represent two opposite points in the succession process. The spatial and 
the syntaxonomic correlation between the vegetation units is analysed, regarding the two phytocoenological 
schools.
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Introduction

Succession is usually defined as a temporary aspect of 
the community structure comprising non-seasonal, di-
rected and cumulative changes in vegetation during the 
time that set in through emergence or disappearance of 
species, or through changes in the quantitative correla-
tions between the species (Braun-Blanquet 1965; Git-
tins 1981; Mueller-Dombois 1981; Begon & al. 1986). 
According to Moravec (1969), succession does not rep-
resent the development of one and the same phytocoe-
nosis, but is a gradual, uniform, directed, and irrevers-
ible replacement of one phytocoenosis with another on 
the same place. Schmithüsen (1961) has similar under-
standing of that process. Replacement of one phytocoe-
nosis with another is also considered as basic content 
of the successional changes in the Russian phytocoeno-
logical school: succession is a process consisting of ir-
reversible and directed changes in the phytocoenoses 
leading to their replacement with other phytocoenoses 
(Shennikov 1964; Rabotnov 1978). 

Vegetation changes in the succession process de-
pend on time and could be divided into stages. A 
clearly distinguishable step in the succession process 
is called stage. This is the smallest and indivisible con-
crete development unit and each stage could be de-
fined floristically and ecologically (Braun-Blanquet 
1965). Stages may differ only slightly, in dominance 
or coverage of some species, but they could also reg-
ister a great qualitative difference, such as a change in 
the community floristic composition (Knapp 1974; 
Bornkamm 1981). 

The substitution of one community with another 
takes place via gradual penetration of the species from 
the next stage into the existing one, accompanied with 
gradual disappearance of some species, characteristic 
for the previous stage (Moravec 1969). When a stage 
is identical to a syntaxonomically defined communi-
ty type, this syntaxonomic unit could be used to name 
the stage (Knapp 1974).

Juniperus sibirica Burgsd., dominated communi-
ties in the Balkan Range, were burned and cut down in 
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the past to enlarge the pastures (Kochev 1967; Mišić & 
al. 1978). Kochev (1967) mentioned the wide distribu-
tion of Agrostis capillaris L. and Nardus stricta L. com-
munities as a result of burning down siberian juniper 
and of the secondary expansion of the mat-grass com-
munities after intensive grazing and trampling. Simi-
lar processes have been observed in neighbouring Ro-
mania (Grigoriu & Alda 2004; Niculescu 2004). After 
deforestation the highly productive Festuca rubra L. 
and A. capillaris communities (at lower altitudes), and 
F. nigrescens Lam. communities (at higher altitudes) 
had developed. Subsequently, they were replaced by 
N. stricta dominated communities, under intensive 
grazing and on poor, acid soils.

Nardus stricta dominated communities are very 
stable and of long standing. Such phytocoenoses, 
which are not in their climax phase but for one or 
another reason remain unchanged for long periods of 
time, are called permanent communities (Schmithü sen 
1961; Braun-Blanquet 1965; Lemée 1967) or blocked 
successional stages (Moravec 1969).

Today, grazing intensity in the Central Balkan Range 
is much decreased and in many localities the pastures 
are abandoned, owing to which intensive regenerative 
processes have been observed in the region. Regener-
ation of the natural vegetation in the same place, after 
a grave interruption, is secondary succession (Schmit-
hüsen 1961; Odum 1971; Ricklefs 1976; Rabotnov 1978) 
and is called “demutation”, “regenerative changes” or 
“progressive succession” (Schmithüsen 1961; Shenni-
kov 1964; Bykov 1970; Rabotnov 1978).

Meshinev & al. (2000) analysed the succession proc-
esses in the high-mountain treeless zone of the Cen-
tral Balkan Range following the Dominant Approach, 
and reported a transition from the N. stricta commu-
nities to the climax (subclimax?) vegetation consist-
ing of J. sibirica dominated communities and a mosaic 
of subalpine herbaceous formations. Transition of the 
N. stricta communities to Vaccinium myrtillus L. and 
J. sibirica communities as a result of decreased graz-
ing was reported also for Romania by Grigoriu & Alda 
(2004). Generally, the vegetation succession that is un-
der way in the region bears to a great extent the stamp 
of the anthropogenic and zoogenic impact.

A review of the available literature has contribu-
ted to the impression that the researchers of the 
Braun-Blanquet school seldom engage in relation 
the successional processes to strictly syntaxonomic 
changes. Investigations into the primary and secondary 

succession emphasize chiefly on the qualitative and 
quantitative changes in the species composition with 
time, without indicating the changes in the syntaxono-
mic status of the communities. This circumstance has 
been probably enforced by the fact that the change of 
one syntaxon to another in the progress of succession 
defined by the Braun-Blanquet school requires a 
very long period of time, contrary to the Dominant 
approach, where a new syntaxon is reached after 
changes of the dominant species or of the dominant-
subdominant species combination. Such changes 
could take place in a relatively short period of time.

In this study, the authors seek to show some direc-
tions of change of the mat-grass communities in the 
Central Balkan Range after grazing reduction, as well 
as to compare the scope of syntaxa defined by the two 
methodological approaches.

Material and methods

Relevé sampling has been made within the framework 
of the Central Balkan National Park management plan 
preparation project (Meshinev & al. 2000). For the pur-
poses of the project, detailed data on the geographical, 
climatic and soil characteristics of the National Park 
were submitted (Popov & Meshinev 2000).

Initially, data were collected on the basis of domi-
nance principle (Lavrenko 1959; Shennikov 1964; Su-
kachev 1964; Aleksandrova 1973). Each sample plot 
contains the complete species composition of the phyto-
coenosis. The size of the sample plot varies depending on 
the homogeneity of the vegetation cover (most frequent-
ly it was 100 m2). The relevés were stored in the TUR-
BOVEG data base (Hennekens & Schaminèe 2001).

Meshinev & al. (2000) classified the communi-
ties following the Dominant approach. In this study 
the same relevés are classified according to the Braun-
Blanquet approach (Braun-Blanquet 1965; Westhoff & 
der Maarel 1973; Mueller-Dombois & Ellenberg 1974). 
For the purposes of classification according to the flo-
ristic school, the original quantitative estimates of the 
species were converted according to the combined 
7-point scale for abundance and coverage (Braun-Blan-
quet 1965) following a method proposed by Meshinev 
& Apostolova (2002). The analyses were made with the 
help of the JUICE software package (Tichy 2002). 

It is well known that both phytocoenological schools 
accept the discreet character of the vegetation cover, 
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while the plant association is accepted as a basic syn-
taxonomic unit.

To reveal the succession trends and the relative 
continuum between the associations, Indirect Gra-
dient Analysis (Orloci 1973) was used with the help 
of CANOCO software package (ter Braak & Šmilauer 
2002). Two ordination methods are applied – Princi-
pal Component Analysis (PCA) and Detrended Cor-
respondence Analysis (DCA) for summarizing the 
changes of species composition within analysed plots. 
The axes are ecologically interpreted. Square-root da-
ta transformation was used in both analyses.

The species nomenclature follows Kozhuharov 
(1992).

Results and discussion

The analysed 76 relevés were referred to the asso-
ciations Nardetum strictae Greb. 1950 and Bruck-
enthalio-Juniperetum sibiricae Horvat 1938 emend. 
Zupančič 1992. Both associations are distributed 
in the subalpine belt, within the altitude range of 
1480–2080 m. 

The relevés are presented in Table 1. They are ar-
ranged in a descending order, according to the quan-
titative estimates of N. stricta, in order to illustrate the 
succession changes.

amysheva 1967; Mirkin 1978), which explains the great 
difference in the number of correlating syntaxa.

The final degradation phase is determined by 
the quantitative share of N. stricta in the communi-
ty structure over 75 %. It is observed in 11 of the an-
alysed sample plots which relate to the Nardus stric-
ta association according to the Dominant approach, 
and to Nardetum strictae association according to the 
Florisitic approach. The final stage of pasture digres-
sion is characterized by the lowest biological diversi-
ty (Fig. 3). With decrease of the anthropogenic impact, 
the presence of N. stricta in the communities begins to 
shrink, which conditions the changes in their floristic 
composition. Thus, with time, correlations among the 
species change. Gibson & Brown (1992) regard time 
as the major factor determining the species composi-
tion of the pastures after grazing abandonement. De-
mutation directed to the association Bruckenthalio-Ju-
niperetum sibiricae is accompanied by an increase in 
abundance and coverage of J. sibirica, Bruckenthalia 
spiculifolia Rchb., Rubus idaeus L., Vaccinium vitis-
idaea L., and V. myrtillus L. (Fig. 1). This marks the 
beginning of the demutational process. 

The presence of shrub and partially of tree species 
(Juniperus, Vaccinium, Picea) in the mat-grass commu-
nities shows a trend towards regeneration and proves 
that N. stricta has moved into shrub and tree habitats. 
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Fig. 1. PCA diagram of the 76 relevés. 
Legend:   – ass. Nardetum strictae;    – ass. Bruckenthalio-Juniperetum

The Nardetum strictae 
association is secondary in 
origin, representing some 
highly degraded vegetation, 
submitted to the strongest 
possible anthropogenic im-
pact. The Bruckenthalio-Juni-
peretum sibiricae association 
represents the climax vegeta-
tion in the subalpine belt of 
the region. 

These associations corre-
late with 43 associations that 
belong to eight formations 
defined by the Dominant ap-
proach (Table 2). It is well 
known that plant associations 
in the Braun-Blanquet school 
have a greater volume than 
the associations according to 
the Dominant approach (Kar-
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Ganchev & Kochev (1969) and Mišić & al. (1978) 
mentioned the transition of N. stricta communities in-
to A. capillaris communities after the grazing discon-
tinuance. They reported the replacement of N. stric-
ta by larger gramineous plants [Lerchenfeldia flexuosa 
(L.) Schur., Anthoxanthum odoratum L., Bellardiochloa 
violacea (Bell.) Chiov., etc.] already in the first years 
after the stopping of grazing. Different species appear 
as subdominants depending on the particular envi-
ronment, as for instance B. violacea occupies ridges 
and more eroded terrains while A. capillaris prevails 
in plane areas with well moistured and deep soils.

The phytocoenoses referred to the associations of 
Nardus stricta, and respectively to Nardetum strictae, 
are secondary in origin and that is why when the dis-
turbances (grazing) stop they demutate towards the 
primary vegetation.

Dominant species in the opposite successional stages 
(N. stricta, J. sibirica, V. vitis-idaea, B. spiculifolia) are well 
separated in PCA diagram (Fig. 1). However, the relevés 
that belong to Nardetum strictae and Bruckenthalio–Juni-
peretum sibiricae associations are dispersed along Y – ax-
is. Due to such dispersion, the relevés that are located at 
opposite ends of the successional gradient are closely dis-
tributed in ordination plane. Such result may mislead to 
the conclusion that floristic composition of these relevés 
are similar. PCA often produces undesirable “arch” or 
“horseshoe” effect (Gauch 1982; Karadžić & al. 1999). In 

such cases, communities and species that are located at 
opposite sides of an environmental gradients are closely 
distributed in ordination planes. In order to eliminate the 
curvilinear distortion of clearly recognized successional 
gradient, we perfomed detrended correspondence anal-
ysis (DCA).

Figure 2 shows the succession gradient of the 
communities which lies along the X-axis of the dia-
gram. One can see that the gradient of changes clear-
ly correlates with the gradient of N. stricta abun-
dance. The set of relevés referred to the associations 
of Nardetum strictae and Bruckenthalio-Juniperetium 
sibiricae has a clearly expressed continuum. Within 
the framework of that continuum, the opposite proc-
esses of degradation and demutation take place. This 
is illustrated by the X-axis which could be viewed as 
coenocline of the process. The X-axis could be also 
viewed as the time of succession, i.e. the time gradi-
ent of succession. According to Whittaker & Wood-
well (1973), the succession could be viewed as eco-
cline in time.

In the DCA diagram, the final degradation phase 
is positioned as far as possible from the climax vege-
tation on the first axis. In the two opposite ends of the 
gradient the associations of N. stricta are positioned, 
defined according to the Dominant approach, as a 
representative of the final phase of pasture digression, 
and of J. sibirica, as a representative of climax vege-
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Fig. 2. DCA diagram of the 76 relevés.
Legend:  
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tation. The phytocoenoses subjected to different an-
thropogenic impact occupy an intermediate position. 
These are the samples where the vegetation is dif fe-
rently disturbed and the opposite processes of pasture 
digression and pasture demutation are in an interme-
diate stage (Tables 1, 2).

Figure 2 presents the strong unifying role of inten-
sive grazing in relation to the general environmental 
conditions. It is obvious that at reduced grazing the 
abundance of N. stricta respectively decreases and the 
phytocoenoses disperse along the Y-axis. This results 
from the manifestation of the natural environmen-
tal conditions diversity, previously suppressed by in-
tensive grazing. The Y-axis could be interpreted as an 
ecocline – gradient of the environmental factors.

Figure 3 points out the richest in species communities 
in which N. stricta has a cover/abundance estimate “2”. 
This is an intermediate succession phase under a mod-
erate anthropogenic impact. The moderate degree of dis-
turbance, in this case the moderate grazing, favours the 
enhancement of biological diversity and this corresponds 
to the conception of intermediate disturbances (Connell 
1978). Grazing often is the major factor regulating the 
species composition of the pastures (Miles 1981).

After a lasting for long grazing abandonement, the 
demutation process reaches its final point: formation 
of climax vegetation, which in the subalpine belt of the 
Balkan Range is represented by the Bruckenthalio-Ju-
niperetum sibiricae asosciation. Unlike Vaccinio–Juni-
peretum sibiricae Mišić 1964 and Piceo subalpine–Vac-
cinio–Juniperetum Mišić & Popović 1954 associations 
described in Serbia, which are considered as second-
ary on the place of former coniferous forests dominat-
ed by Picea abies (Mišić & al. 1978; Kojić & al. 1998), 
Bruckenthalio-Juniperetum sibiricae is considered as 
the climax vegetation in the studied region. Accord-

ing to palynological data (Filipovitch & Petrova 1995; 
Filipovitch & al. 1997) the spruce forests have built a 
coniferous belt during Subboreal. Later on they have 
been replaced by the expansion of the beech and since 
that in the Bulgarian part of the Balkan Range there 
have not been established continuous coniferous belt. 
This fact undoubtedly leads to the conclusion that the 
Juniperus sibirica dominated communities in the stud-
ied region should be considered as climax vegetation 
but not as derived from spruce clearings.

The species that are of decisive importance for the 
replacement of one successional stage by another are 
called “destructive”, while the species that build up 
the next stage are called “constructive” (Knapp 1974). 
During transition of the Bruckenthalio-Juniperetum 
sibiricae association into Nardetum strictае associa-
tion, N. stricta appears as a constructive species, be-
cause it plays a decisive role for the development of the 
association Nardetum strictaе. However, this species 
cannot be regarded as destructive, because in this case 
the destructive factors are the disturbances that have 
set in following human interference: overgrazing. 

Owing to its high edification role, J. sibirica could 
be regarded as destructive because its development 
gradually destroys the conditions for existence the 
Nardetum strictaе association. At the same time it 
could be considered as a constructive species for the 
establishment of the next stage: Bruckenthalio-Juni-
peretum sibiricae. In the process of demutation the ter-
ritories of juniper expand in a natural way. The tran-
sition Nardus stricta → Juniperus sibirica is a natural 
process in the result of demutation, while the reverse 
transition Juniperus sibirica → Nardus stricta is an un-
natural process resulting from digressions.

Figure 4 presents some basic syngenetic and spa-
tial relationships between the syntaxa, defined ac-
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1938 emend. Zupan i  1992
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cording to the two mentioned approaches. The 
final successional stages according to the Dom-
inant approach are the associations of N. stricta 
and J. sibirica, with an entire successional series of 
syngenetically linked sytaxa between them, which 
actually represent the different successional stag-
es. Mention deserves the fact that the succession-
al stage has one and the same content under both 
phytocoenological schools. The difference is that 
while according to the Dominant school each new 
successional stage represents a new association, 
under the school of Braun-Blanquet a new syn-
taxonomic category could be assigned only after 
a significant change in the ecological conditions 
and in the floristic composition. The associations 
Nardetum strictaе and Bruckenthalio-Juniperetum 
sibiricae represent two opposite points in the suc-
cessional process. They are syngenetically linked 
and could be regarded as originating one from the 
other in the processes of degradation and demu-
tation. In the absence of exact data it is difficult 
to determine the time period of the degradation 
phase. The demutation phase, however, could be 
related to a period of two-three decades during 
which, in fact, reduction and stopping of the pas-
ture regime have set in.
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