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abstract 

The main objectives of  the present investigation were to examine the spatial structure, growth and 
regeneration potential of  the black alder population (Alnus glutinosa (L.) Gaerth.) along Glogozka river in 
Osogovo mountain and to discuss the changes observed with the human invasion. Four sample plots were 
established along the river course. Diameter (DBH) distribution was analysed and age-height relationship 
was estimated based on the height growth of  dominant trees. The natural regeneration was evaluated by the 
number of  seedlings and saplings in 38 rectangular measurement plots (sized 2×4 m,) along 10 transects in 
the sample plots.

The age structure of  studied black alder population suggested that it was almost entirely cut during 
the period of  intensive timber harvesting which started in the river valley at the beginning of  the 60s of  
the last century. At the time of  present study the species had recovered and took its niche along the river 
bed. This process was almost completed in the lower part of  the studied area (sample plots 1 and 2), where 
normal pattern of  DBH distribution was distinguished, but the lack of  alluvial terraces and canopy open-
ings coincided with the very low regeneration rate. In uppermost area of  black alder distribution along the 
river course (sample plots 3 and 4) the species was still invading the adjacent open territories, the natural 
regeneration was abundant, though irregular, and deviation from the normal type of  diameter distribution 
was found.

The studied black alder population showed relatively good productivity and height growth potential 
and the species proved to be a pioneer capable of  invading both eroded and alluvial soils. The population 
along the upper current of  Glogozka river is in stable state and its conservation value will steadily increase, 
provided the current management and ecological conditions persist. 
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introduction

The natural range of  black alder (Alnus glutinosa (L.) Gaerth.) includes most of  
Europe and extends to North Africa, Asia Minor and Western Siberia (Robinson et 
al., 1979). In spite of  its large area of  natural distribution, which includes parts of  
three continents and nearly 30 degrees of  latitude, the species often grows in small and 
isolated populations (Pliûra, 2004). 

The area of  black alder dominated forests in the plains of  Bulgaria has been 
significantly reduced. Decline of  the species here is mainly due to agricultural activities 
and forests drainage. Establishment of  poplar plantations in river valleys also had 
negative impact on the conservation of  riverside Alnetea glutinosae communities.
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Nowadays the black alder’s genepool in Bulgaria is preserved mainly in scattered 
riverside populations in the mountainous regions. Until recently these populations were 
growing in relatively stable ecological conditions.

During the last decade, however, establishment of  hydroelectric power stations 
(HEP) along most of  the mountainous rivers was allowed. The economic effect of  
these HEPs is negligible as most of  the rivers are characterised by average water flow 
capacity of  less than 2 liters per second. On the other hand, the redirection of  the river 
course permanently changes growth conditions of  the river-side vegetation. Regarding 
black alder, the species is considered highly water dependent, especially in the earliest 
phases of  its development: germination and seedling establishment and growth (Mc 
Vean, 1956). Among the three vegetation types described for Northern Ibero-Atlantic 
wetland woods (Rodriguez et al., 2004), Alnus glutinosa dominated type was found to 
have intermediate position, between Salix and Betula types, along the moisture gradient. 
The authors also reported about significant correlations between floristic groups and 
water availability, suggesting that moisture was one of  the most important abiotic factors 
behind the floristic composition and hydrophilic species richness of  the wetland woods 
(Rodriguez et al., 2004).

The main objectives of  the present investigation are to examine the spatial 
structure, growth and regeneration potential of  the black alder population along 
Glogozka river in Osogovo mountain and to discuss the changes in populations’ studied 
parameters with the human invasion.

materialS and methodS

Data collection took place in the mountain Osogovo, South-western Bulgaria. 
The total area of  the mountain is about 4200 km2. It is situated on the territory of  two 
countries, Bulgaria and Macedonia, most of  its territory (about 75%) lying in Macedonia. 
Bulgarian part of  Osogovo mountain is characterised by a variety of  vegetation zones 
and forest communities. Most of  Bulgarian main forest tree species are represented 
here, forming pure and mixed forests. These are: Quercus petraea Liebl., Q. frainetto Ten., 
Q. pubescens Willd., Fagus silvatica L., Pinus nigra Arn, P. sylvestris L., Picea abies Karst., Abies 
alba Mill. (Velichkov, 2004). The mountain includes three relatively compact river-side 
black alder populations (along the rivers Eleshnitsa, Novoselska and Glogozka) and few 
scattered localities in the transition zone toward the mountain of  Lisets (unpubl.).

Glogozka river is located in the northern part of  Osogovo mountain, at a 
distance of  about two kilometers from the town of  Kyustendil in western direction. It 
is a right-side tributary of  Bistritsa river, which is the main catchment river of  this part 
of  the mountain. The study area is situated along the upper current of  Glogozka river, 
between the village of  Zhilentsi and upper altitudinal limit of  black alder distribution. 
The elevation varies from 800 m a.s.l. in SP1 to 950 m a.s.l. in SP4. The average annual 
precipitation is approximately 625 mm (data for climatic station Kyustendil, Koleva, 
Peneva, 1990). Mean annual temperature is 9 ºC, with a July mean of  20 ºC and a January 
mean of  minus 3 ºC (Beshkov, 1973).
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Four sample plots, 600 m2 in size, were established along river course. SP1 was 
set just above the village of  Zhilentsi at 800 m. SP4 is the most distant and characterised 
by the highest elevation (950 m). SP2 and SP3 were set in between. In establishing the 
sample plots, representative parts of  river course were chosen. Their length was between 
30 and 50 m depending of  the width of  black alder population along the river.

Breast height diameters (DBH) of  all trees above 4 cm were measured to study 
the diameter distribution. Diameters were grouped into classes (from 6 to 50 cm) 
by 4 cm. Frequency distribution of  the diameter classes was analysed by descriptive 
statistics, frequency distribution chart, Q-Q probability plot for normal distribution and 
tests for normality of  the distributions. The Q-Q probability charts were applied to 
determine whether the distribution of  DBH matches a normal distribution, which is 
done by plotting the quantiles of  the variable against the quantiles estimated for the 
normal distribution.  Kolmogorov-Smirnov and Shapiro-Wilk tests for normality were 
employed to assess the normality of  diameter distribution.

Age-height relationship was estimated based on the height growth of  the 
dominant trees. Biogroups were distinguished and 15 dominant trees in total were 
selected according to their ‘leading tree’ status (Rondeux, 1999). This type of  selection 
differs slightly from the usual one, in which dominant height corresponds to the average 
height of  the 100 trees of  largest diameter per ha. According to Thibaut et al. (2004), 
the method of  dominant height determination by measuring few trees of  ‘leading tree’ 
status fits well the investigation of  the small-size sampling units or the presence of  only 
few appropriate for measurement trees.

The dominant height – age relationship was estimated using the function by Richards 
(1959), as suggested by studies of  other investigators (Beck, 1971; Payandeh, 1974):

mlAgekH −−−= 1

1

))exp(1( ,      (1)

where k, l, and m are coefficients. The goodness of  fit of  the regression was 
estimated through its significance (F-test), the coefficient of  determination (R2) and the 
Standard error of  the estimate. The plots of  independent values against residuals and 
predicted values against residuals were examined to check for data deficiencies (Draper, 
Smith, 1981).

The natural regeneration was evaluated by establishing of  10 transects in the 
sample plots. The transects were set parallel to the river course. Seedlings and saplings 
were counted in rectangular measurement plots, sized 2×4 m, arranged at 10 m distances 
along the transects, with the long side of  each plot perpendicular to the transect line. A 
total of  38 measurement plots were established along the transects in the sample plots.

reSultS

The following parameters of  the studied black alder populations were assessed 
to describe its structure: (1) spatial distribution of  the tree biogroups along the river 
course; (2) DBH distribution of  the trees; (3) age structure; (4) height growth potential 
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and (5) regeneration pattern. Spatial distribution pattern of  the trees along the river 
course varied in accordance with the changes of  the river-side topography. In SP1 and 
SP2 black alder had almost completely taken its potential niche, the river-bank.

The adjacent slope territories were covered by dense beech (Fagus sylvatica L.) 
forests. In upper direction (SP3 and SP4), the broadening of  valley bottom and the 
presence of  several, up to 20 m in width, alluvial terraces had resulted in a different 
spatial distribution pattern of  the trees. Black alder had invaded the terraces and formed 
biogroups and small stands along the river.

The patterns of  diameter distribution and descriptive statistics by sample plots are 
presented on Fig. 1. The histograms for SP 1 and 2 and the relatively low absolute values 
of  the skewness and the kurtosis estimated for diameter frequencies implied a normal 
pattern of  distribution of  this parameter. Results from the Q-Q normal probability plot 
and the analytical tests to assess normality (Table 1) confirmed the normal pattern of  the 
DBH distribution for SP1 and SP2. On the opposite, the diameter frequency plots and 
the Q-Q normal probability plots for SP 3 and 4 indicated deviation from the normal 
distribution. The high positive values of  skewness and kurtosis confirm the distribution 
asymmetry of  a long right tail, the observations clustering more and having longer tails 
than expected for the normal pattern of  distribution. The statistically significant lack of  
DBH distribution normality for SP 3 and 4 was convincingly proven by Kolmogorov-
Smirnov and Shapiro-Wilk tests for normality (Table 1). Some additionally examined 
Q-Q probability plots showed that DBH data for SP 4 is closest to Gamma type of  
distribution, while none of  the tested distributions matched the DBH data of  SP 3. 
Although the normal DBH distribution is considered an indicator of  relatively even-
aged stand structure, the age estimation of  20 trees from SP 1 and SP 2 (10 per plot) of  
different diameters showed an age span of  14 years (from 22 to 36 years) in SP1 and 16 
years (from 16 to 32 years) in SP2, most of  the trees (70%) being older than 26 years. 
Trees from 4 to 16 cm in diameter predominated in SP3 and SP4 (Fig. 1). The number 
of  the trees of  diameter classes from 16 to 34 cm was relatively constant. Diameter 
distribution here is determined by the presence of  younger and older biogroups. Trees 
aged from 8 to 34 years were measured, these growing in the same biogroups being 
relatively even aged.

The sampled dominant trees were 4 to 21 m tall and their age ranged from 5 to 26 
years (Fig. 2). The dominant height was approximated on the age by Richard’s function 
with high degree of  determination and the regression was statistically significant (Table 
2), in spite of  the relatively high value of  standard error of  the model due to the small 
sample size. The residuals showed random manner of  distribution (Fig. 3), which 
suggested that there were no violations of  the assumptions about the errors.

In SP1 and SP2 the lack of  alluvial terraces and canopy openings coincided with 
the very low black alder regeneration rate. Seedlings older than 1 year were found in 3, 
out of  20, measurement plots. In only one plot the density of  the reproduction stratum 
was higher than 2 seedlings per square meter. The average height growth of  the naturally 
regenerated young trees was also low: in most cases less then 20 cm per year. In SP3 and 
SP4, the recruitment was abundant, but the plants were irregularly distributed over the 
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Fig. 1. Distribution plots, descriptive statistics and Q-Q normal probability plots for breast height diameter by sample plots.

fig. 1. Distribution plots, descriptive statistics and Q-Q normal probability plots for breast  
height diameter by sample plots
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Fig. 1. Ccontinued. 
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table 2 
Regression estimation of  the age - dominant height relationship

Degrees of 
freedom Sum of squares Mean Square Coef. F Probability

Regression 2 378.6162 189.3081 59.8069 <0.001

Residual 12 37.9838 3.1653

Total 14 416.6 29.7571
R2= 0.953 Standard error of  the estimate:  1.78

table 1 
Tests of  normality for diameter distribution by sample plots

kolmogorov-Smirnov Shapiro-Wilk

Statistic Degrees
of  freedom

Significance
level Statistic Degrees

of  freedom
Significance

level

SP1 0.149 33 0.060 0.964 33 0.339

SP2 0.145 38 0.041 0.957 38 0.152

SP3 0.406 168 0.001 0.551 168 0.001

SP4 0.204 100 0.001 0.804 100 0.001
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Fig. 2. Age-dominant height relationship based on the height growth 
of dominant trees 

fig. 2. Age-dominant height relationship based on the height growth of  dominant trees
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area. Their density was distinctly higher in 6 out of  the 18 measurement plots. From 3 
to 10 seedlings and small saplings (up to 4 cm in DBH) per square meter were counted 
there. They were growing in small open areas, up to 100 m2 in size, and were receiving 
direct sunlight from above. The height growth of  10 dominant individuals, 4-7 years of  
age, averaged 80 cm per year. No regeneration was found in 7 measurement plots. They 
were all situated under dense canopy of  previously established black alder stands.

diScuSSion

Historically, black alder forests situated close to the settlements in mountainous 
regions of  Bulgaria were occasionally used for firewood and timber production. Their 
utilisation was pronounced mainly during the winter when the access to other forests, 
located at higher elevation, was hindered by the snow cover. The good regeneration 
potential of  black alder by seeds and stump sprouts enabled its fast regrowth. Stands, 
however, rarely attain old-growth stage.
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Fig. 3. Residual plots for age - dominant height relationship: A. Predicted values against residuals; B. Independent values against residuals
fig. 3. Residual plots for age - dominant height relationship: A. Predicted values against residuals;  

B. Independent values against residuals
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Along the upper current of  Glogozka river, this somehow sustainable management 
was interrupted at the beginning of  the 60s of  the last century. A road was built along 
the river course. It was designated to transport the timber harvested in river valley. Broad 
parts of  the riverside black alder population were also cut. The timber harvesting on 
broad area in the water catchment basin and the activities along the river course led to 
intensification of  the erosion processes. The road maintenance required anti-erosion 
activities and several barrages were built. Timber harvesting in the river valley decreased 
significantly towards the end of  the seventies of  the last century.

Age structure of  studied black alder population suggests that it was almost 
entirely cut during the period of  intensive timber harvesting in the river valley. The 
oldest measured tree was 36 years of  age (DBH=51 cm). In relatively short period (10 
to 15 years) the species had recovered and took its niche along the river bed. At the time 
of  the present study, this process was almost completed in part of  the studied area, 
represented by SP1 and SP2. 

In the uppermost area of  the black alder distribution along the river course, 
represented by SP 3 and 4, the species was still invading the adjacent open territories. 
The mixture of  biogroups and small stands of  different ages as well as the pattern of  
tree diameter distribution resembled forest structure maintained by means of  uneven-
aged-reproduction method, but at the scale of  grove (the stripe of  black alder trees 
along the river rarely exceeded 10 meters in width).

The changes observed in the studied black alder population with the human 
invasion are strongly confirmed by the results of  a profound research on the vulnerability 
of  the forest ecosystems of  the Borska nizina lowland in Slovakia (Kubicek, 2003). The 
two types of  forest ecosystems including Alnus glutinosa as a major tree species were 
evaluated of  the highest degree of  vulnerability to mechanical destruction of  soil surface 
by harvesting, wood transport, building activities and silvicultural works, to change of  
the groundwater level as well as to destruction of  vegetation as a direct impact of  forest 
management, building activities, recreation and tourism (Kubicek, 2003).  

In the present study, black alder proved to be a pioneer species capable of  
invading both eroded and alluvial soils. Presence of  dense regeneration groups on the 
grassy surface of  alluvial terraces suggests that the species does not necessarily need 
well-saturated soil to provide successful seed germination and good early growth. Black 
alder is reported as a pioneer tree species also in studies by other investigators (Mc Vean, 
1956; Fuuk, 1979; Gilman, Watson, 1993; Obidzinski, 2004; Fuuk, 2005).

Besides the good regeneration, which enabled the species successfully occupying 
its niche along river course, studied black alder population is characterised by relatively 
good height growth potential. Considering the three major types of  growth curve shapes 
derived for Alnus glutinosa in Belgium (Thibaut et al., 2006), the height growth trend of  
the investigated population can be classified as the type specific to the most favourable 
sites for high growth rate, with permanence of  good moisture and aeration conditions. 
By the height growth curve estimated through the Richard’s model in the present study 
can be extrapolated the dominant heights at age 50 years – 22 m and at age 100 years 
– 24 m. Despite the difference between the age-height growth model applied here and 
the site index construction methods employed for black alder by other investigators, an 
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approximate comparison suggested that the investigated population along Glogozka 
river is of  high productivity relatively to the stands investigated in Belgium (Thibaut 
et al., 2006). An intermediate level of  productivity for the studied alder stand would 
be estimated by drawing of  a parallel to the site indices estimated for Alnus glutinosa in 
Poland at age 100 years (Bruchwald et al., 2003). 

Considering the studied parameters, it might be concluded that black alder 
population along the upper reaches of  Glogozka river is in stable state. It is likely that 
its conservation value will steadily increase, provided the current management and 
ecological conditions (especially the water regime) persist. 
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