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Development phases and structural characteristics of the Penteleu-
Viforâta virgin forest in the Curvature Carpathians
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Bogdan Apostol (1), 
Octavian Popescu (3-4), 
Ovidiu Badea (1-2)

The stand structure of a virgin forest situated at an average altitude of 1130 m
a.s.l. in the Milea Viforâta Nature Reserve (Southern Carpathians, Romania)
was investigated to determine the specific development phases of the forest
and understand how they influence the stand structure, with the aim of pro-
viding optimal solutions and structural models for sustainable forest manage-
ment. All trees with breast height diameter (dbh) ≥ 8 cm were inventoried in
the study plot (1 ha), and the main dendrometrical variables were measured.
Radial increment cores were taken from all the trees and were subsequently
processed. A total of 317 trees from three species  – European beech (Fagus
sylvatica), silver fir (Abies alba) and Norway spruce (Picea abies) – were sam-
pled  at  different  development  phases  (optimum,  ageing,  breakdown  and
dieback, rejuvenation). Testing stand structural diversity with the Gini index,
a minimal stability was found in the rejuvenation development phase and a
maximum stability in the ageing phase. No significant match was found be-
tween standard theoretical functions (Normal, Weibull, Gamma and Exponen-
tial) and the observed distribution of tree diameter. Also, it  was confirmed
that dominance of beech in all development phases is a consequence of its
high competitive ability and its capacity to endure difficult environmental and
biologically  stressful  conditions.  The  results  revealed a  series  of  structural
models specific to these forest ecosystems, which can help managing forests
under the selection system.

Keywords:  Primary Forest,  Development Phases,  Uneven Aged Forests,  Car-
pathians Forest

Introduction
The  Food  and  Agriculture  Organization

(UN-ECE/FAO  2000)  defines  virgin  forests
as “forests developed under natural condi-
tions  and  undisturbed  by  human  activi-
ties”.  In Europe, in managed forests,  sus-
tainable  management  and  silvicultural
practices at the beginning of the 21st cen-
tury  aim  to  reproduce  virgin  forest  com-
plex  structures  and  their  multi-functional
outcomes (Visnjić et al. 2015). The complex-
ity  of  uneven-aged  forest  structures  en-
sures  economic  value  through  superior
timber quality, as well as high biodiversity
at all levels (Parviainen 2005, Giurgiu 2013).

The  dynamics  of  virgin  forests,  their  re-
sponse to stress factors,  natural  competi-
tion,  species  exclusion,  species  comple-
mentarity  and  niche  development  have
been the subject of research and a refer-
ence  model,  as  well  as  an  inspiration  for
theories and principles of silviculture (Par-
viainen  2005,  Vacek  et  al.  2014).  Further-
more, due to the impact of climate change
on managed forests and the new upcom-
ing challenges, a different approach in the
way forests are managed is needed. New
practices  and management strategies  are
required,  and virgin forests can provide a
model for future silvicultural practices (Král

et al.  2018) and forest management plan-
ning  to  address  the  challenge  of  climate
change.  New  approaches  should  include
silvicultural  practices  aimed  at  improving
the  forest  stability  otherwise  reached  by
unmanaged  forests  (O’Hara  2016).  How-
ever, silvicultural treatments are indispens-
able,  under  certain  circumstances, to
achieve a higher diversity and stability then
that attainable following the forest natural
dynamics (Brzeziecki et al. 2018).

Virgin forests are a natural heritage of ex-
traordinary  value  and  timeless  interest.
Most  of  the  world’s  remaining  virgin  for-
ests survive thanks to limits on logging and
restrictions  to  human  access.  However,
these limitations  are now being removed
because of new harvesting techniques and
the high value of timber, thus virgin ecosys-
tems are becoming increasingly rare (Parvi-
ainen 2005,  Giurgiu 2013). Considering the
negative impacts that have been recorded
on forest succession (Kral 1979), the grow-
ing research interest  and concern on the
survival of virgin forests are justified.

In this study, the term “virgin forest” is
used according to the reference literature
(Korpel 1978, Leibundgut 1982), as synony-
mous of primaveral  forest,  primary forest
and pristine forest (Schuck et al. 1994). This
study focuses on understanding and mod-
elling  virgin  forest  development  phases,
defined as theoretical concepts which help
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characterise the structural dynamics of nat-
ural  forests (Remmert 1991) under the in-
fluence  of  internal  and  external  factors
(Zenner et al. 2015, Feldmann et al. 2018).

The  development  phases  offer  informa-
tion  on  virgin  forests’  growth  dynamics,
about how natural  processes run without
being  disturbed  by  human  activities  and
also  how  we  can  reproduce  these  struc-
tures  through  future  management  prac-
tices (Zenner et al. 2015, Visnjić et al. 2015).
The aim of this  study is to determine the
characteristics of each development phase
in order to develop solutions for structural
models applied in forest management. The
main  objectives  of  the  study  are:  (i)  to
characterise the structure of a virgin stand
and  its  development  phases;  (ii)  to  de-
scribe the stand structure in relation with
diameter (for the entire stand and for each
development  phase)  by  theoretical  func-
tions;  (iii) to  determine  the  relationships
among tree  species  and  their  respective
development phase, age and growth.

Materials and methods
The study area is  situated in  the Curva-

ture Carpathians – more specifically, in the
Penteleu  Massif,  which  is  a  part  of  the
Buzau Mountains  – in  a  temperate  conti-
nental zone at an altitude of 1128 m a.s.l.,
on a southern slope (Fig. 1). The lithological
substrate  is  composed  of  sandstone  and
dune sand  with  variable  granulation.  The
dominant winds come from NNE and the
average annual temperature is 6.1 °C. The
inventoried  plot  is  part  of  the  Milea  Vi-
forâta  Nature  Reserve.  It  is  circular  in

shape, with a radius of 56 m, and has an
area of 1 ha. A tape was used to measure
trees  with  a  circumference  >  25  cm  at
breast height, corresponding to a diameter
of at least 8 cm. The height of each tree in
the plot was measured using an ultrasound
instrument  system  (Vertex  IV®,  Haglof,
Sweden).  The  measured  variables  were:
tree  position,  circumference,  height,
species,  and  storey  position.  Also,  wood
core  samples  were  obtained  with  a
Pressler’s  increment  borer,  as  radial
growth,  together  with  the  structure  of
stand in relation with tree diameter, repre-
sent  the  most  important  element  in  de-
scribing the stand evolution and its devel-
opment phases (Hassani & Amani 2010).

Tree  radial  growth  was  measured  on
cores using the software CooRecorder® v.
7.4  (Cybis  Elektronik  &  Data  AB,  Saltsjö-
baden, Sweden) based on image analysis,
and  the  validation  of  measurements  was
done by COFECHA software (Holmes 1983).
A mean radial growth of the last ten years
was computed for each tree (ir10). Nonlin-
ear  regression  analysis  using  the  “nls”
function  in  R  (Baty  et  al.  2015)  was  con-
ducted for each species to determine a ra-
dial growth (ir) model using the following
mathematical expression (eqn. 1):

(1)

where  ir10  is  the  mean  ir of  the  last  ten
years for each tree and a0, a1 and a2 are the
species-specific  parameters  to  be  esti-
mated. The radial increment derived from
wood core samples allows us to distinguish

different  growth  rates  among  groups  of
trees,  and  thus  to  determine  the  stand’s
development phases.

Theoretical  distributions  (normal  – Patel
& Read 1996; gamma – Hogg & Craig 1978;
weibull  – Nawaz & Nazrul 1980; exponen-
tial – Marshall & Olkin 1967) were fitted us-
ing the “fitdristr” function of the R “fitdis-
trplus”  package  (Delignette-muller  &  Du-
tang 2015). Kolmogorov-Smirnov (KS – Ste-
phens 1979), Anderson-Darling (AD –Ander-
son  & Darling  1954)  and  chi-square  (CHI)
tests were used to assess the fit of theoret-
ical distribution to the experimental diame-
ter distribution. Also, to compute the diam-
eter limit of the stand, an exponential dis-
tribution of  the following form  was used
(Meyer 1952 – eqn. 2):

(2)

where y is the number of trees in a narrow
diameter  interval  yx,  x is  the diameter  at
breast height,  e is the base of the natural
logarithm, and k and α are constants char-
acterising a certain structure.

Volume growth  was established using a
method based on single-inventory informa-
tion and on wood cores taken from stand-
ing trees (Giurgiu et al. 2004). The follow-
ing equation was used to calculate the vol-
ume of each individual tree (Giurgiu et al.
2004 – eqn. 3):

(3)

where  h is the tree height (m),  dbh is the
diameter at breast height (cm) and  a0, …,
a4 are the regression coefficients (spruce:
a0 = -4.18161,  a1 = 2.08131,  a2 = -0.11819,  a3 =
0.70119, a4 = 0.148181; beech: a0 = -4.11122, a1

= 1.30216,  a2 = 0.23636,  a3 = 1.26562,  a4 = -
0.079661; fir: a0= -4.46414, a1 = 2.19479, a2 = -
0.12498, a3 = 1.04645, a4 = -0.016848) estab-
lished  for  the  most  important  species  in
Romania’s forests (Giurgiu et al. 2004).

To analyse structural diversity, the Gini in-
dex (Gini 1912) was calculated for each de-
velopment phase (Klopcic & Boncina 2011).
Each tree was assigned to one of four vir-
gin  forest’s  development  phases  (Feld-
mann et al. 2018): (i) optimum; (ii) ageing;
(iii) breakdown and dieback; (iv) rejuvenan-
tion.  The  classical  method  (Mayer  1976)
was applied  for  delimitating the develop-
ment phases on the ground, using the fol-
lowing  stand  characteristics:  number  of
trees,  basal  area,  volume  growth,  stand
class, vitality, mortality, age structure, sta-
bility  of  the  stand  and  regeneration  (see
also  Tab.  S1  in  Supplementary  material).
GPS technology was used for spatial delimi-
tation of the development phases. 

All statistical analyses were conducted us-
ing the R software (R Core Team 2014).

Results
All  development  phases  (optimum,  age-

ing, breakdown and dieback, rejuvenation)
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Fig. 1 - The study area (black cross) in the Milea Viforâta Nature Reserve (Romania).
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were found in the study plot,  but  with a
high variability in the size of the area cov-
ered by each phase (Tab. 1). The small area
covered  by  early  development  phases  is
the consequence of the lower limit (8 cm)
adopted  for  trees  to  be  inventoried.  The
number  of  trees  in  each  development
phase was highly positively correlated with
the basal  area (r= 0.896;  p<0.01562).  The
smallest number of trees was recorded for
the optimum phase, followed by the reju-
venation phase, with 90 trees. The break-
down and dieback and ageing phases were
well represented within the plot, with 178
and  112  trees,  respectively.  The  optimum
phase covered 14 per cent of the total sur-
face area of the plot,  with basal  areas of
1.05  m2.  With  the  exception  of  the  opti-
mum phase, mean radial growth showed a
weak correlation with the average age of
trees  (r  =  0.25,  p<0.001),  as  well  as  with
tree volume (r = 0.35, p<0.001). The volume
per tree (overall aboveground tree volume
for  broadleaves  and  trunk  volume  for
coniferous)  ranged  between  0.11  m3  and
3.28 m3.

Characterisation of the stand using dbh 
theoretical distributions

Theoretical  functions  (normal,  gamma,
weibull, exponential) were fitted to the ex-
perimental  distribution  of  diameters  (Fig.
2).  All  the statistical tests applied (Kolmo-
gorov-Smirnov,  Anderson-Darling  and  chi-
square  – Tab.  2)  confirmed  that  none  of
these distributions corresponds to that ob-
served  in  the  virgin  forest  stand  at  Pen-
teleu-Viforâta.  Therefore,  a  mixture  of
three normal distributions was used to de-
scribe the stand structure (Fig. 3). The sig-
nificant (p<0.001) fitting confirmed the ex-
istence  of  a  three-modal  distribution  of
tree  diameters,  where  each  peak  corre-
sponds to a storey position in the canopy
(see also Tab.  S2 in Supplementary  mate-
rial).

Similar results were obtained when theo-
retical  functions  were  fitted on observed
diameter distribution of each development
phase  (whenever  sufficient  samples  were
available),  except  for  the  rejuvenation
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Tab. 1 - Main structural characteristics of the four development phases recorded at the studied virgin forest.

Characteristics
Development phase

Total
Optimum Ageing Breakdown

and dieback
Rejuvenation

Number of trees 17 112 178 90 397
Covered area (%) 31 21 41 7 100
Basal area (m2) 1.08 7.01 20.06 15.58 43.73
Gini Index 0.57 0.78 0.69 0.52 -

Min radial growth (ir, mm) 0.42 0.15 0.14 0.15 0.14
Max radial growth (ir, mm) 2.04 3.56 4.36 4.33 4.36
Mean radial growth (ir, mm) 0.97 1.06 1.08 1.42 1.15
Min age (yrs) 32 11 24 27 11
Max age (yrs) 329 365 328 334 365
Average age (yrs) 115.88 89.17 112.46 145.72 113.57

Mean unitary volume (m3) 0.70 0.86 1.74 2.83 1.69

Tab. 2 -  Goodness-of-fit of theoretical functions to the experimental distribution of
diameters at the Penteleu-Viforâta virgin forest.

Theoretical
Function

Statistical tests

CHI
Kolmogorov-Smirnov

NO/YES
Kolmogorov-

Smironov
Anderson-

Darling

Normal 595.53 rejected 0.20 31.07

Weibull 212.92 rejected 0.15 14.09

Gamma 193.78 rejected 0.12 13.78

Exponential 217.63 rejected 0.24 19.78

Fig. 2 - Theo-
retical (col-
ored lines) 
vs. experi-
mental 
(bars) distri-
butions of 
tree dbh at 
the Penteleu-
Viforâta vir-
gin forest.

Fig. 3 - The mixture of three normal distributions used to describe the distribution of
diameters at the Penteleu-Viforâta virgin forest. The significant (p<0.001) fitting con-
firmed the existence of a three-modal distribution, where each peak corresponds to a
storey position in the canopy.
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phase (Tab. 3) where significant (p<0.001)
fitting was found for normal,  gamma and
weibull  functions. In the case of all  other
phases and functions, fitting was rejected.

Relation between development phase 
and species

Beech was the dominant species in all lay-
ers and phases, being present in large num-

bers in every development phase. Ageing,
breakdown dieback and rejuvenation were
the  three  phases  which  mainly  cover  the
study plot, and they were well covered by
all three species (beech, fir and spruce). As
mentioned  above,  the  limited  number  of
trees falling in the optimum development
phase is the consequence of the adoption
of a lower limit (8 cm) for trees to be in-
ventoried (Tab. 4).

Relation between age and species
The predominance of trees belonging to

lower age class (80-100 years old) was ob-
served in the studied plot. However, a sig-
nificant number of trees belonging to up-
per age class were also found, but with a
lower  frequency.  Beech  reach  an  age  of
380  years  in  the  Penteleu-Viforâta  virgin
forest, while fir and spruce are no longer
present after 340 years (Tab. S3 in Supple-
mentary  material).  Most  of  beech  trees,
however, are in the lower age classes, with
the highest abundance recorded in the age
class 80-120 years. Both beech and fir have
an uneven-aged distribution characterised
by a large number of trees in the younger
classes,  whereas  for  spruce,  the  distribu-
tion is platykurtic, with a similar number of
trees in every age class.

Relation between diameter and growth 
by species

The analysis of mean radial growth based
on  wood  core  samples  allowed  to  build
species-specific  growth  models  (Fig.  4),
which revealed high increment values for
all  the species.  For beech,  the highest ra-
dial  increment  (1.82  mm  year-1)  was  re-
corded for trees with a diameter of 50 cm,
while  for  fir and spruce higher increment
values were observed at larger diameters
(2.22 mm year-1 at 70 cm diameter and 2.43
mm year-1 at 75 cm diameter, respectively –
Fig. 4). However, after reaching these max-
imum increment levels, radial growth rate
decreases  and  trees  enter  a  senescent
overstory  stage.  This  is  characterised  by
high mortality with the stand density curve
sloping downward, reaching the diameter
limit. In our study, the diameter limit corre-
sponds to the category of 84 cm (Fig. 5).

Discussion
Compared with even-aged stands,  virgin

forests  are  thought  to  better  withstand
natural disasters, such as insect outbreaks,
windthrows and severe drought, thanks to
the  co-occurrence  of  different  develop-
ment phases which ensure long-term sus-
tainability and continuity of the forest eco-
system  (Orman & Dobrowolska 2017). The
typical process of identification of develop-
ment  phases  in  virgin  forests  can  suffer
from  subjectivity  (Feldmann  et  al.  2018),
whereas  the  adoption  of  quantitative
methods  to  investigate  stand  dynamics
based  on  repetitive  measurements  com-
bined  with  GIS  data  and  stand  structural
characteristics  is  required to obtain more
precise and reliable results.

392 iForest 13: 389-395

Tab. 3 -  Goodness-of-fit of theoretical functions to the experimental distribution of
diameters for each development phase at the Penteleu-Viforâta virgin forest. Results
for the optimum phase are not reported due to the limited sample size. 

Theoretical 
function

Statistical 
test

Phase

Ageing Rejuvenation Breakdown
and dieback

Normal KS 0.24 0.12 0.21

AD 13.67 1.37 14.32

CHI 215.94 27.79 198.81

TEST Reject Fitted Reject

Weibull KS 0.21 0.07 0.15

AD 7.47 0.40 6.87

CHI 94.99 15.57 74.25

TEST Reject Fitted Reject

Gamma KS 0.16 0.06 0.16

AD 6.75 0.37 6.73

CHI 75.68 14.21 65.28

TEST Reject Fitted Reject

Exponential KS 0.31 0.19 0.23

AD 10.17 3.63 9.60

CHI 115.37 24.52 80.02

TEST Reject Reject Reject

Tab. 4 - Species distribution in relation with development phase.

Development phase
Number of trees

Fir Beech Spruce Total

Ageing 21 82 9 112

Breakdown and dieback 52 108 18 178

Optimum 5 11 1 17

Rejuvenation 18 58 14 90

Total 96 259 42 397

Fig. 4 - Species-specific growth models based on wood core samples analysis.

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry



Structure and development of a virgin forest in Southern Carpathians

In the studied forest, the number of trees
per ha was 225-400 and the basal area was
32-47 m2. Such values are at the upper limit
of the ranges reported in the literature for
other  old-growth European forests  (Hole-
ksa et  al.  2009,  Zenner  et  al.  2015).  Also,
the  dominance  of  the  ageing  and  break-
down  and  dieback  phases  at  Penteleu-Vi-
forâta is likely the result of the protection
from wind provided by the surrounding re-
liefs.  Indeed, the analysed plot is situated
on  a  south-facing  slope  with  dominant
winds blowing from NNE, and this is similar
to other virgin forests reported in the liter-
ature (Anić & Mikac 2008).

The  values  of  the  Gini  coefficient  ob-
served  at  Penteleu-Viforâta  reflect  the
structural  characteristics of each develop-
ment phase and support the hypothesis of
a high stability of the stand (Chivulescu et
al.  2014).  The  lower  values  of  Gini  coeffi-
cient recorded in the rejuvenation phase in-
dicate a reduced structural  diversity.  Con-
trastingly,  high  values  were  found  in  the
ageing  phase,  thus  indicating  a  higher
structural diversity and stability. Moreover,
the values of Gini coefficient recorded for
each development phase were fairly similar
to those reported in the literature for vir-
gin forests (Zenner et  al.  2015),  i.e.,  0.69-
0.76 for the optimum phase, 0.51-0.64 for
the ageing phase and 0.51-0.60 for the reju-
venation phase. We believe that such val-
ues  can be used as  reference for  further
studies  focused on virgin  beech-fir-spruce
forests in Europe.  This information,  along
with the species growth models, could be
relevant for  the development of  a model
to manage cultivated forests based on evi-
dences obtained from virgin forests (Pach
& Podlaski 2015),  thereby increasing long-
term  functionality  and  stability  of  stands
(Giurgiu 2013). 

The diameter distribution of trees in our
study area did not fit any of the most com-
mon distributions  suited to  managed for-
ests,  due  to  the  structural  complexity  of
each  development  phase  in  virgin  forest
ecosystems (Giurgiu 2013). It is known that
diameters  in  uneven-aged  forests  do  not
follow a general theoretical distribution, al-
though  in  some  cases  experimental  data
showed a fairly  good fit  to  Weibull,  Beta
and  Meyer  distributions  (Akhavan  et  al.
2012). In fact, the structure of a virgin for-
est stand keeps changing as a result of the
balance of inputs and outputs. Inputs are
provided by new areas covered by regener-
ation, and the outputs are the result of the
high tree mortality rate due to the strong
competition that exists in a virgin forest.

Regarding the relation between develop-
ment phases  and species,  the dominance
of beech in all development phases, espe-
cially  in  lower-diameter  categories,  con-
firms previous findings on this species (Dia-
ci et al.  2008,  Višnjić et al.  2015). In virgin
beech-fir-spruce  forests,  disturbances  are
frequent, though balanced by rapid stand
growth  (Paluch  et  al.  2015).  Since  virgin
ecosystems are not directly  influenced by

any  anthropic  disturbances,  this  growth
pattern may occur as a response to climate
change  (Višnjić  et  al.  2015).  Furthermore,
our results  confirm the capacity of beech
for regeneration and survival in the under-
story, showing an increase in growth even
under the canopy (Wagner et al. 2010,  Or-
man et al. 2018).

 Leuschner & Meier (2018) in a study on
42 European forest tree species, reported a
maximum  longevity  of  450,  450  and  300
years  for  beech,  fir  and  spruce,  respec-
tively. In this study, we found several indi-
viduals of beech reaching up to 380 years
of  age,  confirming  that  the  Penteleu-Vi-
forâta forest is an optimum site for beech.
Although  the  general  climatic  conditions
suggest a good vegetation site also for the
other two species (fir and spruce), their ca-
pacity to grow in the understory is lower
than that  of  beech,  and this  affects  their
growth  dynamics  and  longevity.  Indeed,
beech shows a superior capacity of surviv-
ing under stress conditions, making it more
competitive than fir and spruce. This is re-
flected  by  the  high-intensity  growth  of
beech  in  the  optimum  phase,  compared
with the two conifers.

Uneven-aged stands are more productive
than  even-aged  stands  (Danescu  et  al.
2016);  this  also  holds  for  mixed  forests
compared to pure stands (Pretzsch et  al.
2013).  The  most  common  natural  mixed
composition  in  uneven-aged  forests  of
Central  Europe  consists  of  beech,  spruce
and fir, due to their ecological complemen-
tarity.  Nonetheless,  these  species  show
different growth dynamics and competitive
ability,  particularly  in an uneven-aged for-
est.  As  mentioned  above,  beech  has  a
higher capacity to survive in the understory
(Bose et al. 2017) due to a well-developed
root  system  reaching  deeper  soil  layers.
Moreover, beech growth has a low variabil-
ity compared to the conifer species (Vrška
et al. 2009), as a consequence of its capac-
ity to endure a wider range of environmen-

tal conditions (including drought). In gen-
eral, beech shows high growth rates up to
approximately 100-120 years of age, while
spruce and fir outstrip beech productivity
and  maintain  growth  longer  than  beech
and at a higher level, as indicated from the
different peaks of mean radial growth for
each species observed in this study. 

The  identification  of  the  maximum
growth  increment  by  wood  core  analysis
and  the  ascertainment  of  the  diameter
limit for each species could help define sil-
vicultural practices aimed at optimizing se-
lective cutting in uneven-aged and/or mix-
ed stands. For virgin forests, the diameter
limit is taken, from the physiological point
of view, as the last category of the diame-
ter distribution a living tree can reach (Se-
celeanu 2012). In uneven-aged forest man-
agement,  the  maximum  point  of  species
growth can be used for predicting the di-
ameter  limit  of  the  stand.  The  diameter
limit  is  dynamic,  depending  on  the  site
species and the stand history. According to
Meyer’s negative exponential distribution,
the diameter limit is the diameter category
with a frequency of one tree.

Conclusions
Virgin  forests  are  a  natural  heritage  of

great  value,  offering  solutions  and  struc-
tural  models  for  sustainable  forest  man-
agement.  The  analysis  of  development
phases of virgin forests may provide impor-
tant information to be included in silvicul-
tural practices aimed at enhance the stabil-
ity and functionality of these ecosystems.

The structural diversity of the Penteleu-Vi-
forâta  virgin  forest  was  analyzed  by  the
Gini index. We observed the dominance of
the breakdown and dieback as well as age-
ing development phases,  while  maximum
and minimum stability  were  recorded  for
ageing and rejuvenation phases.

Tree diameter distribution did not match
any of the tested theoretical functions, due
to  the  complexity  of  the  stand  structure
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Fig. 5 - Stand diameter limit and maximum point of growth for beech, spruce and fir at
Penteleu-Viforâta virgin forest.
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and its dynamics continuously changing in
time and space. The study of the relation
between development phases and species
confirmed  the  dominance  of  beech  in  all
phases as a consequence of its competitive
ability  and  capacity  to  endure  a  wider
range  of  stressful  conditions.  Moreover,
the wood core analysis revealed a different
mean radial increment and maximum radial
growth  for  the  three  species  analyzed,
which should be taken into account by for-
est management planners when establish-
ing the diameter limit.

Virgin forests can be considered as in situ
laboratories  for  forest  research,  particu-
larly  for  better  understanding  the  princi-
ples underlying the stability and functional-
ity  of  these  ecosystems.  These  types  of
forests provide a  vast array of  resources,
offering at the same time a higher level of
protection,  conservation  and  biodiversity.
In this context, further research on devel-
opment phases in virgin forests are needed
in order to devise sustainable forest man-
agement strategies.
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