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Abstract
The aim of the study is to establish the height growth response of Douglas-fir provenances 

in different climatic conditions in provenance test in Bulgaria. The provenance test is located on 
the lower part of the northern slopes of the Western Balkan Range (North-Western Bulgaria) and 
includes 54 provenances originating from North America. The provenances were separated into 
three groups – coastal, continental and Western Cascade Mountains. Regression models be-
tween the average height at the age of 24 and some climatic indicators were developed to reveal 
the correlation between climatic variables and height growth. The transfer distance was calcu-
lated as a difference between the respective climatic indicator of planting site (provenance test) 
and seed sources (provenances). For continental provenances, the transfer is to more humid 
and warmer climate, but its height growth is poorer. The coastal and West Cascade Mountains 
provenances were moved to more continental and drier climate but have a good height growth.

Key words: average height, climatic indicators, transfer.

L.) populations, originating from a broad 
geographic range in provenance tests in 
Europe.

They found that climate change, equiv-
alent to warming by 1–4  oC, would lead 
to an increase in the growth of the most 
northern populations and to a reduction 
for the more southerly Scots pine popula-
tion. Pedlar and McKenney (2017) reach 
to a similar conclusion for the growth of 
the northern and southern provenances 
of Picea mariana and Pinus banksiana. 
Messaoud and Chen (2011) study the im-
pact of climate change on growth in height 
of natural stands of Populus tremuloides 
Michx and Picea mariana Mill. B.S. in Brit-
ish Columbia and found that the height 
growth of both species was positively re-

Introduction

Climate change is expected to have an im-
pact on the growth of tree species. There 
are opinions about reduced growth due 
to increased air temperature and rainfall 
reduction, but also for increased growth 
due to prolongation of the growing period 
and the higher rate of photosynthesis. Ac-
cording to O’Neill and Nigh (2011), climate 
change will lead to reduction in growth or 
slight increase for several decades, fol-
lowed by decline in growth. The authors 
predict decline in the productivity of Pinus 
contorta in British Columbia, Canada, by 
at least 7–13 % by the end of this centu-
ry. Reich and Oleksyn (2008) analyse the 
growth of 283 Scots pine (Pinus sylvestris 
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lated to temperature variables at the re-
gional scale and with soil moisture and 
nutrient availability at the local scale.

Restaino et al. (2016) predicted a de-
crease in Douglas-fir growth across all 
latitudes in the western United States 
due to increased water vapour pressure 
deficit (VPD) as a result of increased air 
temperature. According to Spittlehouse 
(2003), the productivity of Douglas-fir 
will be reduced by about 30 % when the 
average daily temperature increases by 
1–4 oC, due to the reduction of the mois-
ture available during the summer period. 
He found a growth reduction of the hab-
itats with shallower soils due to moisture 
stress at the beginning of the summer. 
Isaak-Renton et al. (2014) predict health 
worsening and reduced productivity of the 
Douglas-fir, not only for the more south-
ern provenances and those ones of lower 
altitudes. This is because all locally adapt-
ed populations experience a discrepancy 
between the new climatic conditions and 
their individual climatic niches, to which 
they have been adapted. Nordic popula-
tions of Douglas-fir can be more vulner-
able to climate change than those in the 
south. Chakraborty et al. (2015), based on 
studies in 50 Douglas-fir provenances test 
in Europe, predict decreasing growth per-
formance at low and middle elevations of 
the case study area, but increasing growth 
performance on high elevation sites.

In a number of studies, models have 
been developed to assess the impact of 
climate change on the growth of the tree 
species. Andalo et al. (2005) develop mod-
els for the transfer of Picea glauca (Mo-
ench) Voss provenances, based on differ-
ences in temperatures and precipitation 
between seed sources and the location of 
the trial sites. The authors found that the 
provenances were optimally adapted to 
the thermal conditions of the experimental 

trials but not for moisture conditions, pop-
ulations that originated from sites receiv-
ing more precipitation generally showed 
higher tree growth than the local sources.

Leites et al. (2012) establish that the 
most sensitive indicator of climate was the 
mean temperature of the coldest month 
for continental provenances of Doug-
las-fir. The maximum population height 
and height growth response to changes in 
climate were dependent on seed source 
climate. All populations had optimal height 
growth when transferred to climate with 
warmer winters. Those originating from 
sites with warmest winters were taller 
across sites and with highest growth at 
a transfer distance closest to zero; those 
from colder climates were shortest and 
had an optimal height when transferred 
utmost far away. Although this different 
response makes height growth differenc-
es among populations smaller, cold-cli-
mate populations still achieve their max-
imum growth at lower temperatures than 
warm-climate populations. The results 
highlight the relevance of understanding 
climate change impact on population lev-
el, particularly for species with big genetic 
variation among populations.

Schmidtling (1994) has suggested the 
use of a regression method to analyse 
the response of provenances to tempera-
ture differences between the provenance 
source and the provenance test planting 
sites. He found significant correlation 
between temperature and growth varia-
bles for loblolly pine (Pinus taeda L.) and 
Norway spruce (Picea abies (L.) Karst.), 
and predicted that an increase in average 
annual temperature of 4  oC would result 
in a relative height growth loss of about 
5–10 % for these species. Carter (1996) 
applies Schmidtling’s regression method 
for published provenance test data about 
the following 10 forest tree species native 
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to eastern North America: Acer rubrum L., 
Abies balsamea (L.), Betula alleghanien-
sis Britton, Picea glauca (Moench) Voss, 
Pinus strobus L., Pinus banksiana Lamb., 
Prunus serotina Ehrh., Fraxinus america-
na L., Fraxinus pennsylvanica Marshall 
and Larix laricina (Du Roi) K. Koch. For all 
species except Acer rubrum and Fraxinus 
pennsylvanica, the northern provenances 
did not respond to warmer growing condi-
tions with increased growth. Growth even 
decreased for some species on warmer 
sites.

The aim of the study is to establish the 
height growth response of North Ameri-
can Douglas-fir provenances in different 
climatic conditions in a provenance test in 
North-Western Bulgaria.

Material and Methods

The Douglas-fir provenance test is locat-
ed on the lower northern slopes of the 
Western Balkan Range (North-Western 
Bulgaria) in the Training-and-Experi-
mental  Forest Enterprise in Petrohan. 
The trial was established in a flat terrain 
facing the east, at an altitude of 600 m 
a.s.l., latitude 43o11’23.48”  N and lon-
gitude 23o08’47.24”  Е. The soil is Orthic 
Luvisol (FAO), mixed sandy and clayey, 
slightly stony and very deep. The site is 
medium rich to rich. The climate in the 
region is temperate with an average an-
nual temperature of 10.2  oC and annual 
precipitation of 1004 mm. The duration 
of the growing season is about 6 to 6.5 
months. The 54 studied provenances 
originate from natural stands of Doug-
las-fir in North America and were classi-
fied into three groups: continental (CON), 
Western Cascade Mountain (CASC) and 
coastal (COAS) provenances. Along with 
the American provenances, the prove-

nance Dimovets is included in the prov-
enance test. This is the oldest Douglas-fir 
plantation in Bulgaria, established about 
110 years ago and accepted for ′local′ 
provenance in this study. In this planta-
tion, the species is fully naturalized to lo-
cal conditions. It is characterized by rapid 
growth, high productivity and successful 
regeneration (Popov 1991). Data about 
the provenances and weather stations, 
from which the climate data were includ-
ed, are presented in Table 1. All climate 
data about the American provenances 
was normalized climate data (1982–2012) 
collected from weather stations closest 
to the population’s origins (Anonymous 
2018). The climate data about the ′local′ 
provenance and about the trial site were 
as follows – for the temperatures for the 
period 1931–1970 (Kyuchukova et al. 
1983) and for precipitations for the period 
1931–1985 (Koleva and Peneva 1990).

The following climatic indicators were 
included in the analyses: mean annual 
temperature (MAT), average annual min-
imum temperature (AAMT), mean cold-
est month temperatures (MCMT), mean 
warmest month temperatures (MWMT) 
– Wang et al. (2006), continentality in-
dex (Ic, which is the difference between 
MWMT and MCMT, Chakraborty et al. 
2015, Wang et al. 2016, Rivas-Martin-
ez et al. 2017), mean annual precipita-
tion (MAP: sum of monthly precipitation). 
These climatic indicators and average 
height of each provenance at the age of 
24 (according to Petkova et al. 2014) are 
listed in Table 2.

Analysis of variance (ANOVA) was 
used to determine if there were signifi-
cant effects of populations on the height 
growth. The influence of the provenance 
groups on height growth was investigat-
ed by one way ANOVA and the differenc-
es between the means values in groups 
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by Tukey multiple comparisons of mean 
method.

For the development of a regression 
model, established by Schmidtling (1994) 
and confirmed by Carter (1996), the dif-
ference between the mean height of each 
provenance with the mean height of the 

′local′ provenance (height deviation, rel-
ative height, HD) was determined and 
accepted as a dependent variable and 
the difference between the average an-
nual minimum temperature of each prov-
enance and provenance test (TD) as an 
independent variable.

Table 2. Climatic indicators and average height at age 24 of the Douglas-fir provenances.

Group Provenance 
name/number MAT AAMT MTCM MTWM Ic MAP H24

oC oC oC oC oC mm m
CON Whitefish 3 5.6 -1.2 -6.5 17.4 23.9 532 10.6
CON Alamogordo 55 15.8 7.4 5.5 26.2 20.7 282 6.2
CON Greenwood 1 10.0 3.5 -3.2 22.3 25.5 296 9.9
CON Keremeos 2 9.2 3.7 -3.7 21.3 25 278 9.7
CON Naches 13 8.8 1.9 -2.2 19.9 22.1 280 15.3
CON Parkdale 14 9.8 2.4 -0.2 19.8 20 345 15.8
CON Parkdale 15 9.8 2.4 -0.2 19.8 20 345 16.6
CON Parkdale 16 9.8 2.4 -0.2 19.8 20 345 15.3
CON Parkdale 17 9.8 2.4 -0.2 19.8 20 345 16.1
CON Parkdale 18 9.8 2.4 -0.2 19.8 20 345 16.2
CON Parkdale 19 9.8 2.4 -0.2 19.8 20 345 13.6
CON Parkdale 20 9.8 2.4 -0.2 19.8 20 345 13.2
CON Wаrm Springs 33 7.4 -0.5 -1.7 17.4 19.1 394 12.9
CON Wаrm Springs 32 7.4 -0.5 -1.7 17.4 19.1 394 14.9
CON Santiam Pass 38 7.4 -0.7 -1.2 16.8 18 425 12.9
CON Crescent 47 6.3 -1.8 -2.6 16.3 18.9 574 15.7
CON Crescent 48 6.3 -1.8 -2.6 16.3 18.9 574 14.7
CON Bates 21 6.7 0.5 -3.3 16.7 20 447 7.1
CON Bates 22 6.7 0.5 -3.3 16.7 20 447 6.4
CON Bates 23 6.7 0.5 -3.3 16.7 20 447 10.4
CON Canyon City 35 7.8 -0.5 -2.6 18.9 21.5 360 10
CON Canyon City 36 7.8 -0.5 -2.6 18.9 21.5 360 10.4
CON Canyon City 37 7.8 -0.5 -2.6 18.9 21.5 360 6.4
CON Crater Lake 49 7.4 -0.6 -1.7 17.8 19.5 511 15.3
CON Medford 50 11.8 4.4 3.3 21.5 18.2 516 14.9
CON Medford 51 11.8 4.4 3.3 21.5 18.2 516 15.2

CASC Newhalem 4 9.9 5.1 2.3 17.8 15.5 1834 16.7
CASC Newhalem 5 9.9 5.1 2.3 17.8 15.5 1834 18
CASC Darrington 6 9.4 4.2 1.4 17.6 16.2 2064 20
CASC Darrington 7 9.4 4.2 1.4 17.6 16.2 2064 17.9
CASC Darrington 8 9.4 4.2 1.4 17.6 16.2 2064 16.1
CASC Monroe 9 10.4 5.4 3.7 17.8 14.1 1244 17.9
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Group Provenance 
name/number MAT AAMT MTCM MTWM Ic MAP H24

oC oC oC oC oC mm m
CASC Idanha 24 5.5 0.8 -1.4 13.8 15.2 2137 12.3
CASC Idanha 25 5.5 0.8 -1.4 13.8 15.2 2137 11.7
CASC Idanha 26 5.5 0.8 -1.4 13.8 15.2 2137 14.2
CASC Idanha 27 5.5 0.8 -1.4 13.8 15.2 2137 17.5
CASC Idanha 28 5.5 0.8 -1.4 13.8 15.2 2137 16.9
CASC Idanha 29 5.5 0.8 -1.4 13.8 15.2 2137 16.7
CASC Idanha 30 5.5 0.8 -1.4 13.8 15.2 2137 16
CASC Idanha 31 5.5 0.8 -1.4 13.8 15.2 2137 16.4
CASC Santiam Pass 39 7.4 -0.7 -1.2 16.8 18 425 11.4
CASC Oakridge 40 10.9 4.1 3.4 19.1 15.7 1184 13.9
CASC Oakridge 41 10.9 4.1 3.4 19.1 15.7 1184 14.6
CASC Oakridge 42 10.9 4.1 3.4 19.1 15.7 1184 14.8
CASC Oakridge 43 10.9 4.1 3.4 19.1 15.7 1184 14.5
CASC Oakridge 44 10.9 4.1 3.4 19.1 15.7 1184 14.7
CASC Oakridge 45 10.9 4.1 3.4 19.1 15.7 1184 14.8
CASC Oakridge 46 10.9 4.1 3.4 19.1 15.7 1184 12.7
COAS Bremerton 10 10.2 5.1 3.3 17.7 14.4 1329 16.2
COAS Bremerton 11 10.2 5.1 3.3 17.7 14.4 1329 17.9
COAS Moclips 12 9.7 5.4 4.5 15.2 10.7 2699 16.5
COAS Toledo 34 11.0 6.6 6.4 16 9.6 1958 11.5
COAS Brookings 52 11.8 7.3 8.5 15.6 7.1 2012 14.6
COAS Brookings 53 11.8 7.3 8.5 15.6 7.1 2012 15.9
LOCAL Dimovetz 10.7 4.9 -0.7 21.4 22.1 588 14.2
Test site Berkovitza 10.4 5.8 -2.2 21.2 23.4 825

Note: МАТ – mean annual temperature, AAMT – average annual minimum temperature, 
MCMT – mean coldest month temperature, MWMT – mean warmest month temperature, Ic – 
continentality index, MAP – mean annual precipitation, H24 – average height at age 24.

the average annual temperature), CTD 
(the difference between the mean coldest 
month temperatures), WTD (difference 
between mean warmest month temper-
atures), DIc (the difference between the 
continentality index). The positive values 
denote transfers from climate cooler than 
the climate of the test site, while negative 
values represent transfers from climates 
warmer than that of the test site. Zero de-
notes the climate of the test site and the 
best match (Oke and Wang 2013). The 

Simple linear and parabolic regression 
models between the dependent variable 
HD and some climatic indicators were 
developed. The transfer distance was 
calculated as the difference of the respec-
tive climatic indicator of planting site (the 
provenance test) and seed sources (the 
provenance) – Leites et al. (2012), Lamy 
et al. (2013). For temperature related cli-
matic indicators (MAT, MCMT, MWMT, 
Ic), the transfer distance is respectively 
denoted as MTD (the difference between 
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Fig. 1. Comparison of parent groups by 
Tukey test.

Table 5 presents the correlation be-
tween the different climatic variables. The 
established correlation between them 
does not exclude the specificities in the 
provenance responses, which were illus-
trated in the independent regression de-
pendencies shown below. Parallel corre-
lation of parameters allows their interpre-

transfer distance for mean annual precip-
itation (MAP) is denoted as DMAP (the 
difference between mean annual precipi-
tations). Positive values mean that prov-
enances were transferred to a place with 
more precipitation (more moist climate) 
and negative values indicate transfer to a 
drier climate.

Analysis of the data was carried out 
with the R package stats (R Core Team 
2014) and the models were visualized 

with the graphical functions in the R pack-
age ggplot2 (Wickham 2009).

Results and Discussion

With a one-factor dispersion analysis, the 
statistical effect (p < 0.01) of the group of 
provenances (Coastal, Continental and 
Western Cascade) was found at the age 
of 24 (Table 3).

Table 3. ANOVA for the height of provenance groups.
Indicator Df Sum. Sq Mean Sq F value Pr (>F)
Group 2 114.3 57.17 6.947 0.00215**
Residuals 51 419.7 8.23

Note: Signif. codes: *** – 0; ** – 0.001; * – 0.01.

The mean values for the provenance 
groups in parentheses were compared 
by Tukey multiple comparisons of mean 
method and the differences were plotted 
(Fig. 1). No differences were found be-
tween coastal (COAS) and Western Cas-
cades (CASC) provenances – the graph 
was symmetrically located on both sides 
of the zero. The provenances of these two 
groups were comparatively fast-growing 
and therefore there were no statistical 
differences between them (Table 4). Sig-
nificantly slower-growing were continental 
provenances (CON). The differences be-
tween them and Western Cascade prov-
enances (CASC) were entirely negative, 
i.e. they had a lower average height. The 
statistical significance of this assertion 
was high p = 0.0027 i.e. p < 0.01. The 
differences between the continental and 
coastal provenances groups were also 
negative for the most part. The continen-
tal provenances fall back to height on the 
coastal ones, with the probability of this 
assertion p = 0.0745 being relatively close 
to the threshold value p = 0.05.
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original seed source location. At a peak 
at the point where TD is a negative num-
ber, the provenances grow best in warmer 
locations with a corresponding deviation 
of 0 oC, and at a peak at the point where 
TD is a positive number, the provenances 
grow best at sites cooler than their origi-
nal locations. The model obtained in the 
present study is identical to that used by 
Carter (1996). Here the peak of the re-
gression curve (parabola) for the Doug-
las-fir provenance test is at TD = -1.66 oC, 
which shows that the optimal growth of 
Douglas-fir in the studied provenance test 
is observed for provenances transferred 

tation on different climatic indicators to be 
complementary, allowing for interpretation 

of the impact on the height of more than 
one climatic variable.

Table 4. Statistical differences between the provenance groups.
Indicator Diff Lwr Upr Padj

COAS-CASC -0.007575758 -3.197051 3.1818990 0.9999819
CON-CASC -2.913986014 -4.920073 -0.9078992 0.0027076
CON-COAS -2.906410256 -6.042871 0.2300501 0.0745497

Note: Diff – difference between the mean values of the two groups concerned; Lwr/Upr – lower 
and upper confidence interval of this difference (the 95 % confidence interval of that difference is 
between); Padj – the p-value adjusted for multiple comparisons.

Table 5. Correlation between the climatic 
variables.

Variables Variables Cor. coef. P-value
MAT MTD -1 0
MAT CTD -0.779 0
MTD CTD 0.781 0
MAT WTD -0.731 0
MTD WTD 0.728 0
CTD DIc -0.75 0
WTD DIc 0.54 0
CTD DMAP 0.402 0.003
WTD DMAP -0.678 0
DIc DMAP -0.797 0

Note: MAT – mean annual temperature, 
MTD – difference between average annual 
temperature, CTD – difference between the 
mean coldest month temperatures, WTD – dif-
ference between mean warmest month tem-
peratures, DIc – difference between the con-
tinentality index, DMAP – difference between 
mean annual precipitations.

Fig. 2 presents a regression model 
for the relationship between the relative 
height of the provenances at the age of 
24 (HD) and the difference between the 
mean annual minimum temperature of 
the seed source and the planting site 
(TD). According to Carter (1996), when 
the peak of the regression curve is at the 
point where TD = 0, this indicates that the 
provenances are optimally adapted for 
growth at locations where the average 
minimum temperature matches that of the 

 
Fig. 2. Correlation between the relative 

height at the age of 24 and the difference 
in the mean annual minimum temperature 

between the seed source and the 
provenance test (TD).
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from cooler places with 1.66 oC compared 
to provenance test (Fig. 2). All provenanc-
es, the relative heights of which are great-
er than the ordinate’s value 0, are higher 
than the ′local′ provenance.

For the continental group (CON), the 
moving in the provenance test was to a 
warmer climate, with the difference in the 
mean minimum temperature of the seed 
source and the planting site being a neg-
ative number. The only exception was the 
provenance Alamogordo from New Mex-
ico, for which the relocation to Bulgaria 
is with about 10 ° to the north and in a 
cooler climate (Tables 1 and 2). For 14 of 
the continental provenances their height 
growth in provenance test conditions is 
slower than that of ′local′ provenances. 
The other 12 provenances had a better 
growth than them. For all Western Cas-
cade provenances (CASC), the moving 
was to a warmer climate. Under these 
conditions, most were taller than the ′local′ 
provenance. For half of the coastal prov-
enances (COAS), the transfer is to warm-
er climate and for the other – to a cooler 
climate than the seed source. There were 
taller than the ′local′ provenance, with the 
exception of the provenance 34 Toledo, 
which retreats on this indicator to the ′lo-
cal′ provenance (Table 2).

A regression relationship, represented 
by a parabolic model (Fig. 3), was estab-
lished regarding the difference between 
the temperature of the coldest month of 
the provenance test and the seed source 
(CTD). The model is statistically signifi-
cant with a value of R2 = 0.28 and p-val-
ue = 0.0002196 i.e. p <0.001. The peak 
of the regression curve of the parabolic 
model is at CTD = -5.5 oC, i.e. the optimal 
height growth is observed for provenanc-
es for which the winters in the provenance 
test are colder than 5.5 oC from the point 
of origin. This condition corresponds to 

coastal provenances 10 and 11 Bremer-
ton and the continental provenances from 
Southern Oregon 50 and 51 Medford. 
Similar is the transfer distance (-5.6 oC) 
for the provenances of Western Cascades 
40–46 Oakridge (Table 2). For all West-
ern Cascades provenances (CASC) and 
for the coastal (COAS) provenances, re-
location is to colder winters. For most of 
the continental provenances, the transfer 
to North-Western Bulgaria is to a colder 
winter, and only for a part of it to a warm-
er winter. The shifted provenances to a 
colder winter have better growth on height 
than the ′local′ provenance compared to 
those for which the relocation is to a warm-
er winter (Fig. 3, Table 2). Such a conclu-
sion is made by Leites et al. (2012), who 
investigate the height growth response of 
Douglas-fir continental provenances to cli-
mate change using the mean temperature 
of the coldest month and identifying it as 
the most sensitive climatic indicator.

 
Fig. 3. Correlation between the 

provenances relative height at the age of 
24 (HD) and the difference in the coldest 

month temperatures between provenance
test and seed source (CTD, oC)
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The correlation between the relative 
height and the difference in the continen-
tality index is presented in Fig. 4 with two 
regression models – linear (Fig. 4a) and 
parabolic (Fig. 4b), the statistical signifi-
cance of the linear is respectively R2 = 0.22 
and p-value = 0.0003765 and for parabolic  
R2 = 0.31 and p-value = 0.00006. The con-
tinentality index (Ic) of the provenances 
varies from 7.1 (extreme hyperoceanic cli-
mate, typical for coastal provenances 52 
and 53 Brookings – Table 2) to 25.5 (mod-
erate continental for provenance Green-
wood) – Rivas-Martinez et al. (2017). Mod-
erate continental (Ic = 23.4) is the prove-
nance test climate, as well. With increasing 
the difference in the continentality index 
(DIc) and the relative height (HD) when the 
transfer is to more continental climate, the 
provenances are taller than the ′local′ one. 
Particularly great were the differences in 
the moving of the coastal provenances 
(COAS) but this does not negatively affect 

their growth. The optimum in height growth 
was observed when the continentality in-
dex increases by 12.7 towards the seed 
sources. Chakraborty et al. (2015) point 
out the continentality as one of the most 
important climatic indicators that influence 
the Douglas-fir provenances growth in 
provenance tests in Austria and Germany.

A regression correlation between the 
relative height and the difference in the 
mean annual precipitation (DMAP) be-
tween the planting site and seed source 
was presented by a linear model (Fig. 5). 
The model is statistically significant with 
values of R2 = 0.24 and p-value = 0.0002. 
Positive DMAP values indicate that the 
provenances are transferred to more hu-
mid conditions, i.e. the annual precipita-
tions of the provenance test is bigger than 
that of the corresponded provenance. 
It is clearly seen from Fig. 5, that the all 
continental provenances (CON) were 
transferred to more humid climate, while 

coastal (COAS) 
and Western Cas-
cade provenances 
(CASC) were moved 
to significantly more 
dry conditions. The 
figure shows clear 
clustering of prov-
enances with most 
continental prov-
enances having a 
lower height than 
′local′ provenance. 
It seems illogical 
when increasing the 
precipitations in the 
new location, the 
provenances do not 
take advantage of 
better humidity con-
ditions, which should 
have a positive effect 

Fig. 4. Correlations (a – linear and b – parabolic) between the 
relative height at the age of 24 (HD) and the difference in the 

continentality index of the provenance test and the seed source 
(DIc).
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on their height growth. Here, on the one 
hand, the genetic features of provenances 
are interfered. Part of the continental prov-
enances refer most likely to Pseudotsuga 
menziesii var. glauca, which is character-
ized by significantly poorer growth than 
Pseudotsuga menziesii var. menziesii. 
Another factor influencing the growth of 
the continental provenances was their 
susceptibility to the fungal pathogens 
Phaeocryptopus gaeumannii (Rohde) Pe-
trak and to Rhabdocline pseudotsugae 
Syd., which are also found in the studied 
provenance test, a prerequisite for the de-
velopment of which are the more humid 
conditions of this location. The continental 
provenances Greenwood and Keremeos 
from Washington, Whitefish from Mon-
tana, Bates and Canyon City from Eastern 
Oregon and Alamogordo from New Mexi-
co have the poorest growth and highest 
sensitivity to the above mentioned fungal 
pathogens (Petkova et al. 2014). Kim-

berley et al. (2011) in New Zealand also 
determined decline of Douglas-fir growth 
due to fungal pathogen Phaeocryptopus 
gaeumannii (Rohde) Petrak.

Regression correlation was also found 
in the mean annual temperature (MAT) 
and the difference in the mean warmest 
month temperature (WTD), but the es-
tablished correlations are poor (with R2 
<  0.15). However, the obtained models 
are presented because the results cor-
respond to those obtained by other au-
thors. 

For example, a strong correlation was 
established between MAT and MTD (Table 
5), which means that the studied model 
correlations for MAT are also expected for 
MTD. However, the search for regression 
correlations between HD and MTD did not 
lead to adequate models, and testing of 
the correlation between HD and MAT was 
done using the y = a + bx + cx4 model due 
to the presence of a strongly divergent 
value of MAT (provenance Alamogordo 
55 – Table 2). The regression correla-
tion between HD and MAT is presented 
in Fig.  6. The resulting parabolic model 
shows that the optimal height growth is 
characterized by the provenances of sites 
with an average annual temperature of 
9.4 oC. This condition corresponds to the 
provenances of Darrington by Western 
Cascade Mountains in Washington State. 
This result is consistent with the conclu-
sion of Chakraborty et al. 2016, according 
to data for 290 origins of Douglas-fir in 50 
provenance tests in Austria and Germany, 
that the best growth is the provenances of 
Western Cascades and the coastal areas 
of Washington, Oregon and British Colum-
bia, for which the average annual temper-
ature is from 6 to 9.5 oC. The provenance 
7 Darrington is one of the tallest prove-
nance and in another Douglas-fir prove-

Fig. 5. Correlation of the relative height 
at the age of 24 (HD) and the difference 

in the average annual precipitations 
(DMAP, mm).
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nance test, established in South-Western 
Bulgaria (Popov 2011).

The correlation between height and 
mean warmest month temperatures 
was also presented with parabolic mod-
el (Fig.  7). The transfer for most prove-
nances (except continental Alamogordo, 
Greenwood, Keremeos and Medford) was 
for a warmer summer compared to the 
seed source. The peak of the parabolic 
model is at WTD = 5.6 oC, i.e. the growth 
optimum is for provenances that have 
been moved from a cooler summer to 
5.6 oC compared to this of the provenance 
test (Fig. 7). Under these conditions, al-
most half of the provenances have better 
growth than the ′local′ provenance. Corre-
lation of the growth rate of 8 Douglas-fir 
provenances on mean warmest month 
temperature is also found by Montwé et 
al. (2015) in provenance test in British Co-
lumbia (Canada).

Conclusions

The climatic conditions in the studies 
provenance test (North-Western Bulgar-
ia) differ from those in the natural range 
of the Douglas-fir, from where the seeds 
were imported.

For continental provenances, the 
transfer is to more humid and warmer cli-
mate, but they do not response with bet-
ter growth, on the contrary, their height 
growth is poor. An explanation for this is 
their genetic features and their infection 
with the fungal pathogens Phaeocryp-
topus gaeumannii (Rohde) Petrak and 
Rhabdocline pseudotsugae Syd., to which 
they are susceptible.

Coastal and West Cascade Mountains 
provenances are found on more prom-

Fig. 6. Correlation between the relative 
height of the provenances at the age of 24 

(HD) and the mean annual temperature 
(MAT) of the seed sources.

Fig. 7. Correlation between the relative 
height at the age of 24 (HD) and the 
difference in mean warmest month 
temperatures of provenance test 

and seed source (WTD, ℃).
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inent continental and drier climate, but 
they grow well. Thus Oakridge’s prove-
nances from the Western Cascades in the 
provenance test in North-Western Bulgar-
ia at the age of 24 have an average height 
of 12.7 to 14.8 m or 0.52 – 0.62 m average 
annual height increment, and in prove-
nance tests in their natural range – British 
Columbia (Canada) and Oregon (USA) at 
the age of 48 have an average height of 
25.17 m or 0.52 m mean annual height 
increment (Ye and Jayawickrama 2014), 
i.e. the values of the increment are simi-
lar. These provenances were transferred 
to North-Western Bulgaria in a more conti-
nental climate with lower annual precipita-
tions, cooler winter and warmer but more 
humid summer. So far, their height growth 
is not negatively affected by the changed 
climate conditions. It can be assumed that 
such an assertion will be valid for the oth-
er provenances from these two groups, 
but requires confirmation by facts about 
their growth in their maternal climate.
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Introduction

Plant diversity analysis is an important part 
for determining the quantitative informa-
tion, species composition, regeneration, 
species richness, etc., of a forest stand. 
Forest diversity is the main source of liveli-
hood of rural mass with different needs as 
well as various ecosystem services. Oaks 
in the Himalayan region are intimately 

linked with subsistence hill agriculture as 
they protect soil fertility, watershed and 
local biodiversity. They also supply fod-
der, leaf litter, firewood and timber. They 
are also one of the most over-exploited 
species and fail to regenerate adequately 
either in disturbed or undisturbed natural 
habitat (Shrestha 2003). Oaks dominate 
the canopy in many temperate forests of 
the Himalayan region. In comparison to 
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Abstract
A plant quantitative investigation was carried out at six oak (Quercus leucotrichophora A. 

Camus) dominated stands in different locations of Gahrwal Himalaya. A total of 28 tree species 
with 17 families, 41 shrub species with 21 families and 50 herb species with 22 families were 
observed in all studied oak stands. In tree layer maximum 15 genera were recorded in Chau-
rangikhal oak stand and minimum number of genera (11) was found in Chadrabadani, Diwalikhal 
and Ghuttu oak stand. For shrub layer highest number of genera (25) was observed in Ghuttu 
oak stand and lowest (18) – for Chadrabadani, Chaurangikhal and Makku oak stands. Herb layer 
showed maximum 32 genera, found at Ghuttu oak stand and minimum genera (15) – at Chan-
drabadani oak stand. Comparatively Quercus leucotrichophora have greater values of density, 
basal area and Important Value Index (IVI) among all studied oak stands to the rest of associated 
dominant tree species. Highest density (823.6 plant∙ha-1) and IVI (170.8) for Quercus leucot-
richophora was observed at Diwalikhal oak stand, while, lowest density (176.7 plants∙ha-1) and IVI 
(126.3) was found at Makku and Chaurangikhal oak stands, respectively.

Key words: altitudinal range, basal area, density, Important Value Index, sapling, seedling.
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other forests such as pine, oak forests are 
characterized by higher species diversi-
ty, stratification, litter production and soil 
fertility (Shrestha 2003). Various studies 
and informative literature in Garhwal Hi-
malalya have been conducted regarding 
oak forests. Recently Prasad et al. (2017) 
analyzed the relationship of disturbance 
with aspect and altitudes in oak belt of 
Garhwal Himalaya. Some other studies 
have been also done along altitudinal gra-
dients for population structure, vegetation 
status and diversity by Chauhan et al. 
(2014), Pokhriyal et al. (2012) and Singh 
et al. (2015) in Garhwal region. Six forest 
types of Uttarakhand have been explored 
by Ram et al. (2004) for plant diversity 
analysis in Quercus leucotrichophora A. 
Camus and Pinus roxburghii Sarg. forests 
and advocated for the conservation and 
management of these forests.

Structural characteristics of the Him-
alayan oak forests have been studied by 
various workers (Upreti et al. 1985; Singh 
and Singh, 1986, 1987, 1992; Singh et 
al. 1994, Rathore et al. 1997, Kumar et 
al. 2009, Uniyal et al. 2010, Chauhan et 
al. 2014, Singh et al. 2015). A well-known 
multiple use value of Quercus leucot-
richophora makes this species preferable 
at research front by the researchers and 
scientists from various parts of the world. 
Present study focuses not only oak spe-
cies but emphasiz on associate tree spe-
cies, as well. Therefore present study is 

an effort to investigate oak forest stands 
of different locations and altitudinal differ-
ence with the following objectives: i) phy-
todiversity and stand characters of oak 
stands, ii)  diversity of associate species, 
and iii) status of sapling and seedling den-
sity of major dominant species.

Methodology

Study area and sample plots

This study was conducted in Garhwal 
(West Himalaya) in six oak stands at dif-
ferent altitudinal ranges: Chandarabadani 
1700–2100  m, Ghuttu 1800–2300  m, 
Dewalikhal 1500–2200  m, Makku 1800–
2300  m, Chaurangkhal 2100–2500  m, 
Khirsoo 1600–2100 m from Tehri, Chamo-
li, Rudraprayag, Uttarakashi and Pau-
ri districts of Uttarakhand, respectively 
(Fig. 1). Systematic random sampling was 
done, two sample plots (0.1  ha each) in 
each site were randomly identified and 
10 quadrats 10 × 10 m for tree sampling 
were placed at random on each plot. In 
each 10 × 10 m quadrat, nested quadrat 
of 5 × 5 m was used for shrub and sapling 
sampling and 1 × 1 m quadrats – for herb 
and seedling sampling. All six oak forest 
stands were explored for vegetation anal-
ysis, sapling and seedling density and di-
versity parameters (Table 1).

Table 1. Studied oak stands with their geographical locations.
Stand 

No
Oak stands District Altitudinal 

range, m
Latitude Longitude

1 Chandrabadani Tehri 1700–2100 30o18’58.1’’ N 78o36’18.4’’ E
2 Chaurangikhal Uttarkashi 2100–2500 30o38’30.7’’ N 78o28’59.2’’ E
3 Diwalikhal Chamoli 1500–2200 30o05’29.9’’ N 79o14’30.4’’ E
4 Ghuttu Tehri 1800–2100 30o32’02.6’’ N 78o49’15.2’’ E
5 Khirsoo Pauri 1600–2100 30o08’17.4’’ N 78o50’47.4’’ E
6 Makku Rudraprayag 1800–2300 30o29’11.4’’ N 79o07’32.0’’ E
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Phytosociological analysis

The phytosociological status was deter-
mined as per Mueller-Dombois and Ellen-
berg (1974) and Mishra (1968). The fre-
quency, density, dominance and relative 
values for each species of the community 
were calculated. Different diversity indices 
were calculated using the following equa-
tions of Shannon Index (Shannon and 
Wiener 1963) (eq. 1), Simpson’s index 
(Simpson 1949) (eq. 2), Margalef Index 
(Margalef 1968) (eq. 3):
	 = − ⋅ ⋅∑'

i n iH p I p  	  (1),

	 = ⋅∑( / ) 2iCD n n  	  (2),

	 = −1/ ( )nSR S l N  	  (3),
where: Hʹ – the Shannon-Weaver index; 
pi – the proportion of individuals be-
longing to species; In – the natural log;  
CD – the Simpson’s index; ni– total sum of 
an individual species; n – total sum of all 
species; SR – the Margalef index of spe-
cies richness; S – the number of species;  
N – the total number of individuals.

Results

Vegetation composition

Vegetation composition of the all six oak 
stands is present in Table 2. A total of 28 
species of trees, 42 species of shrubs and 
50 species of herbs were recorded belong 
to 17, 21 and 22 families respectively. 
Maximum tree species (17) were found 
at Chaurangikhal oak stand and mini-
mum number (11) of tree species were 
recorded at Ghuttu oak stand. Quercus 
leucotrichophora, Rhododendron arbore-
um Sm., Lyonia ovalifolia (Wall.) Drude 
and Myrica esculenta Buch.-Ham. ex D. 
Don were dominant species among all 
oak stands. In shrub strata, Ghuttu and 

Khirsoo oak stand recorded highest (27) 
species while, lowest (19) species were 
found in Chandrabadani oak tand. Dom-
inant shrub species included Eupatorium 
adenophoram (Spreng.) King & H. Rob. 
and Berberis aristata DC. Herb strata was 
composed of 50 species represented by 
22 families, of which maximum 37 spe-
cies were found at Ghuttu oak stand and 
minimum 16 species were observed at 
Chandrabadani oak stand. The dominant 
herb species in all stands were observed 
as Andropogon munroi C. B. Clarke, Cy-
nodon dactylon (L.) Pers. and Fragaria 
nubicola Lindl. ex Lacaita. Large num-
ber of genera in a plant community may 
have an important role in plant diversity. 
In tree strata, stands of Ghuttu, Khirsoo 
and Makku have greater number of gen-
era of respective species, however shrub 
strata consisted of less number of gen-
era of respective species. In herb strata 
greater number of gernera was counted 
for Chaurangikhal, Diwalikhal and Makku 
oak stands.

Diversity

Shannon, Simpson and Margalef indices 
were calculated for all sampled species 
recorded in all oak stands. For tree lay-
er, the highest Shannon diversity (1.23) 
was obtained in Chaurngikhal oak stand 
and lowest (1.04) at Ghuttu oak stand. 
Simpson index of tree strata was found 
within the range of 0.25–0.45. As far as 
the Margalef index was concerned, Chau-
rangikhal oak stand showed the highest 
value of 1.665, followed by 1.522 at Mak-
ku, 1.294 at Chandrabadani and 1.273 
at Diwalikhal oak stand. Shrub strata 
achieved maximum Shannon diversity 
(1.43) at Ghuttu oak stand, while its min-
imum (1.13) was found at the Diwalikhal 
oak stand. Highest value of Simpson di-
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versity (0.19) was found at Chandrabadani oak 
stand, followed by Makku (0.15) and Khirsoo oak 
stands (0.14). In the context of Margalef diversity 
of shrub strata, the values were recorded with-
in the range of 2.497–3.237. In the herb strata, 
highest Shanon diversity (1.57) was observed at 
Ghuttu oak stand and lowest (1.20) – at Chan-
drabadani oak stand. Chandrabadani and Ghut-
tu oak stands showed maximum and minimum 
values of Simpson diversity – 0.21 and 0.08, 
respectively, in herb strata. Margalef index was 
observed between the ranges of 1.637–2.085 in 
all studied oak stands (Table 3).

Stand characters

The dominant species recorded in addition to 
Quercus leucotrichophora were Rhododendron 
arboreum, Lyonia ovalifolia and Myrica esculenta. 
Comparatively Quercus leucotrichophora have 
greater values of density, basal area and IVI among 
all studied oak stands to the rest of associated 
tree species. Highest density (823.6  plant∙ha-1) 
and IVI (170.8) for Quercus leucotrichophora was 
observed at Diwalikhal oak stand, while lowest 
density (176.7 plants∙ha-1) and IVI (126.3) was 
found at Makku and Chaurangikhal oak stands, 
respectively. Rhododendron arboreum was ob-
served as second most dominant species having 
maximum tree density (160.0 plants∙ha-1), basal 
area (0.24) and IVI (50.4) in Makku oak stand. 
Least density (41.37  plants∙ha-1) of Rhododen-
dron arboreum was found at Chandrabadani 
oak forest. Diwalikhal oak stand showed min-
imum basal area (0.13) and IVI (31.4) for Rho-
dodendron arboreum. Lyonia ovalifolia exhibit-
ed as next dominant tree species in all studied 
oak stands, which achieved its maximum densi-
ty (149.1 plants∙ha-1), basal area (0.26) and IVI 
(50.6) at Ghuttu oak stand. Minimum density 
(12.5 plants∙ha-1), basal area (0.07) and IVI (23.0) 
were recorded at Chandrabadani, Diwalikhal and 
Chaurangikhal oak stands, respectively. Myrica 
esculenta was only found at four oak stands out 
of six. Khirsoo oak stand is considered most suit-
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able for Myrica esculenta having highest 
values of density (165.4 plants∙ha-1), bas-
al area (0.17) and IVI (45.5). The lowest 
density (67.5 plants∙ha-1) of Myrica escu-
lenta was found at Chandrabadani oak 
stand but basal area and IVI was lowest 
recorded at Diwalikhal oak stand as 0.06 
and 28.5 (Table 4).

Sapling and seedling occurrence 
shows the regeneration potential of spe-
cies present in a forest stand. Higher 
sapling and seedling density of Quer-
cus leucotrichophora was recorded as 
2.93  plants/25  m2 and 1.85  plants∙m-2, 

respectively, at Khirsoo oak stand, fol-
lowed by Chandrabadani oak stand for 
sapling density and Chaurangikhal oak 
stand for the seedling density. Rhodo-
dendron arboreum displayed maximum 
sapling density (0.58 plants/25 m2) again 
at Khirsoo oak stand, followed by Ghut-
tu (0.55 plants/25 m2) and Chaurangikhal 
oak stands. Higher seedling density of this 
species was recorded at Chaurngikhal, 
Diwalikhal and Khirsoo oak stands. Lyo-
nia ovalifolia showed greater density at 
Khirsoo oak stand and was recorded least 
at Chaurngikhal oak forest stand, while 
density at seedling stage of this species 
was found within the range 0.11 plants∙m-2 
– 0.47  plants∙m-2. Myrica esculenta was 
absent at Chaurangikhal and Ghuttu 
oak stands and showed higher sapling 
(0.58  plants/25  m2) and seedling densi-
ty (0.33  plans∙m-2) at Khirsoo oak stand  
(Table 5).

Statistical analysis was carried out 
using Gen Stat Version-32 and analyzed 
applying 2-way ANOVA. The analysis of 
density, basal area and IVI of Quercus 
leucotrichophora and its associate spe-
cies revealed that species differ highly 
significantly at the level P = 0.001 of prob-
ability. The analysis for all the character is 
shown on Table 6.
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Table 6. Statistical analysis of density, basal area  
and IVI.

Variables Mean 
density

Mean bas-
al area

Mean IVI

Quercus leu-
cotrichophora

685.9 1.345 149.4

Rhododendron 
arboreum

144.4 0.202 38.6

Lyonia ovalifolia 129.4 0.136 35.5
Myrica esculanta 63.6 0.041 18.4
Level of signifi-
cance

p<0.001 p<0.001 p<0.001

CD (LSD) 46.12 0.166 9.26

Discussion

Phytodiversity analysis has been observed by vari-
ous workers with respect to different environmental 
factors, altitudinal gradients, disturbance gradients 
and regeneration status, as well as aspect wise in 
Garhwal Himalayas. Singh et al. (2015), Sharma et 
al. (2010), Uniyal et al. (2010) and Pokhriyal et al. 
(2010) analyzed plant diversity with respect to dis-
turbance and altitudinal gradients particularly of the 
oak dominated forest in Gahrhwal Himalaya. In pres-
ent study Quercus leucotrichophora was associated 
with Rhododendron arboreum, Lyonia ovalifolia and 
Myrica esculenta, which were also reported earlier 
by Kumar et al. (2009), Singh et al. (2015), Chauhan 
et al. (2014) in different parts of Garhwal Himalayas. 
Absence of Myrica esculenta at Chaurangikhal and 
Ghuttu oak stands may be due to their higher altitu-
dinal ranges, which were beyond of its limited hab-
itat distribution altitudes (1500–2000 m). The distri-
bution range of Myrica esculenta was recorded be-
tween 1850–2250 m a.s.l., as reported by Sharma et 
el. (2009). The dominant shrub and herb species, as 
Myrsine africana L. and Valeriana jatamansi Jones 
ex Roxb., were recorded in restricted distribution.

Richness of shrub and herb species is greater at 
higher altitudinal ranges, particularly from 2000 m up 
to 2500 m. Giri et al. (2008) recorded the Shannon 
diversity in the range of 0.27–2.22 in an oak domi-
nated forest, which was more or less similar to pres-
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ent investigation (1.04–1.57). As far as the 
Simpson diversity was concerned, pres-
ent study yielded almost similar values as 
reported by Sharma et al. (2010) during 
their study in seven temperate forest types 
of Garhwal Himalaya. The diversity index 
of Margalef was found in similar pattern 
as reported by Sharma et al. (2009) in a 
moist temperate forest of Garhwal Hima-
laya. In context of the density, basal area 
and IVI of dominant tree species of the 
studied oak stands were concerned; the 
greater values were yielded for Quercus 
leucotrichophora. Present study showed 
that Quercus leucotrichophora density 
range from 166.7 to 823.6 plants∙ha-1 is 
more or less similar to earlier reported by 
Chauhan et al. (2014) at two oak forest 
stands of Garhwal Himalaya.

Conclusion

In a natural forest stand, the associated 
or companions of a dominant species can 
also play an important role for the estab-
lishment and sustainability of a particular 
species/group of species. The broad-
leaved character of Quercus leucotricho-
phora and its major associates Rhodo-
dendron arboreum, Lyonia ovalifolia and 
Myrica esculenta have been reported ca-
pable of conserving the moisture at larger 
amount in hilly areas and also beneficial 
in erosion control. Study concluded that 
these species may also be considered for 
research as same preference of Quercus 
leucotrichophora. Associate species, par-
ticularly Myrica esculenta and Rhododen-
dron arboreum, are extracted for edible 
products at considerable scale and there-
fore may be investigated for their conser-
vation point of view. Therefore, a conser-
vative approach for Quercus leucotricho-
phora, as well as its associates, needed 

research front in the Garhwal Himalayan 
region.
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Abstract
Two forest sub-regions at the western border of the country were selected as a study area 

because a lot of coniferous forest stands were damaged by biotic and abiotic factors in the last 
several years. Using the methodology, software and images of the CORINE Land Cover 2018 
Project, a computer-assisted interpretation of the multitemporal satellite and aerial digital images 
was performed. False color compositions were used, including NIR and SWIR spectral bands. All 
coniferous forests in the study area (larger than 5 ha) damaged in the period 2012 – 2018 were 
detected and mapped. The obtained results were compared with terrestrial data from the annual 
reports of Forest Protection Station Sofia (FPS 2018), which are by years, by the affected areas 
and by the factors for the damages. The comparison proved the appropriateness of the approach 
and its advantages became obvious, compared to traditional ground observations, including in 
terms of accuracy, time and money.

Key words: bark beetle, computer assisted photo interpretation, CORINE Land Cover meth-
odology, damaged coniferous forests, detection and mapping.

Introduction

As a consequence of climate change in 
Europe, an increase in average annual 
temperatures and the frequency of ex-
treme weather events is expected. This 
will lead to deterioration in the health of 
forest ecosystems. According to the data 
of the Executive Forest Agency in Bulgar-
ia in recent years, the amount of wood ob-
tained from salvage cuttings was signifi-
cantly increased.

The poor health condition of the Bul-
garian forests is due to both biotic and 
abiotic stressors. As the most significant 

factors can be mentioned the bark beetle 
attacks on coniferous trees, windthrows 
and windsnaps, snow uproots and snow 
breakages etc.

As a first step in the development of a 
strategy that aims to control the spread of 
bark beetle is the monitoring and mapping 
of the population dynamics of these pests. 
On the other hand, the new outbreaks of 
bark beetle damage are difficult to identify 
with terrestrial means, as well as expensive 
and time-consuming (Lindner et al. 2010).

The monitoring of forest ecosystems 
using remote sensing techniques has im-
proved significantly in recent years, and 
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existing technologies are suitable for use 
in many aspects of forest management 
(Lefski et al. 2001, Wang et al. 2004).

For detecting and mapping of bark 
beetle attacks remote sensing methods 
take into account the physiological and vi-
sual effects on the forest canopy leading 
to changes of the spectral reflectance in 
the red edge and near IR spectral bands. 
Three stages are known which take into 
account the color change of the leaves 
as a result of the attacks (Niemann and 
Visintini 2005). The first is the so-called 
‘green stage’, in which there are no visible 
signs of a change in the color of the leaves 
and occurs during the colonization of the 
host, when the first generation hatches.

Generally, the ‘red’ and ‘gray’ stages 
occur within one to three years of the mass 
attack. During these stages, the crown ini-
tially gradually becomes reddish-brown in 
color, and in the ‘gray stage’ progressive 
defoliation occurs. It is possible to ob-
serve some overlap in the evolution of the 
‘red’ stage and the beginning of the ‘gray’ 
stage, all the trees being dead.

The detection of ‘red’ and ‘gray’ stages 
by remote sensing techniques has been 
investigated over the last 30 years (Nie-
mann and Visintini 2005), mainly aerial 
photographs and visual interpretation be-
ing used.

Also, change detection techniques 
(Collins and Woodcock 1996) and tas-
seled cap transformation was applied to 
Landsat imagery (Price and Jakubaus-
kas 1998, Skakun et al. 2003) providing 
good results in the monitoring of forest 
disturbances and mortality as a result of 
insect attacks. The study by Franklin et al. 

(2003) is based on the automatic detec-
tion algorithm for damage during the ‘red’ 
stage instead of visual interpretation.

COPERNICUS is the Earth observa-
tion programme which provides accurate, 
timely and easily accessible information to 
improve the management of the environ-
ment, understand and mitigate the effects 
of climate change and ensure civil securi-
ty. COPERNICUS is the new name for the 
Global Monitoring for Environment and 
Security programme, previously known 
as GMES. It is headed by the European 
Commission (EC) in partnership with the 
European Space Agency (ESA) (Anony-
mous 2017a).

The objective of the Copernicus Land 
Monitoring Service is to provide land-cover 
information to users in the field of environ-
mental and other terrestrial applications.

The Land Monitoring Service started 
its activities in 2011 as part of the GMES 
Initial Operations (GIO).

The current service is articulated in 
three components (Anonymous 2017b):

• A global component;
• A Pan-European component;
• A local component.
The CORINE Project is a part of the 

Pan-European component - producing 
land-cover and land-change maps at con-
tinental scale as well as geophysical and 
vegetation parameters for seasonal and 
annual change monitoring. CORINE Land 
Cover 2018 (CLC2018) is the fifth CO-
RINE Land Cover inventory. Brief history 
of CLC is presented in Table 1.

The main characteristics of CLC2012 
and CLC2018 are summarized in  
Table 2.
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faces, 2) agricultural areas, 3) forests and 
semi-natural areas, 4) wetlands, 5) water 
bodies (Heymann et al. 1994).

Raw satellite images first have to be 
pre-processed and enhanced to a geo-
metrically correct document in national 
projection.

CORINE Land Cover Changes (CLC 
Changes) are mapped first in the 2nd 
CLC inventory, CLC2000. It was a policy 
requirement to map changes smaller than 
the 25 ha, minimum mapped unit (MMU) 
size of CLC. Starting from CLC2006, 
mapping CLC Changes has been stan-
dardised: all CLC changes larger than 

Table 1. CORINE Land Cover inventories in Europe (Büttner and Kosztra 2017).
Name Start year End year

CLC1990 1986 1999
CLC2000 2001 2006
CLC2006 2007 2010
CLC2012 2013 2015
CLC2018 2017 2018 

Table 2. Main characteristics of CLC2012 and CLC2018.

Characteristic CLC2012 CLC2018
Satellite data used dominantly IRS, SPOT-4/5 and RapidEye Sentinel-2 and Landsat-8 for 

gap filling
Time consistency 2011–2012 2017–2018
Geometric accuracy
satellite images

≤ 25 m ≤ 10 m (Sentinel-2)

CLC mapping minimum 
mapped unit

25 ha 25 ha

CLC mapping minimum width 100 m 100 m
Geometric accuracy better than 100 m better than 100 m
Thematic accuracy ≥ 85 % (probably achieved) ≥ 85 %
Change mapping boundary displacement min. 

100 m;
all changes > 5 ha must be 
mapped

boundary displacement min. 
100 m;
all changes > 5 ha must be 
mapped

Production time 3 years 1.5 years
Documentation standard metadata standard metadata
Access to the data free access for all kind of users free access for all kind of users

CORINE Land Cover  
Methodology

The method applied for the creating the 
CLC database is computer assisted vi-
sual interpretation. This is a method of 
recognizing, identifying and assessing of 
objects recorded in aerial or satellite im-
ages, which is based on analysis of inter-
pretation elements of the recorded land-
scape objects (Kosztra et al. 2017). The 
standard CLC nomenclature includes 44 
land cover classes. These are grouped 
in a three-level hierarchy. The five main 
(level-one) categories are: 1) artificial sur-
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ing from the visible to the shortwave in-
frared spectral range and delivering high 
spatial resolution imagery at global scale 
and with a high revisit frequency (Table 4) 
(Gatti and Naud 2017).

The multispectral imager Sentinel-2 is 
the most advanced of its kind – in fact it is 
the first optical Earth observation mission 
to include four bands in the ‘red edge’, 
which provide key information on vege-
tation state. Spectral bands of Sentinel-2 
are compared with bands of main satellite 
sensors used in previous CLC projects in 
Table 5 (Büttner and Kosztra 2017).

5 ha have to be mapped.
CLC Change2012-2018 is the primary 

product of the CLC2018 Project. The aim 
is to produce European coverage of real 
land cover changes that are:

• larger than 5 ha;
• wider than 100 m;
• occurred between 2012 and 2018;
•  detectable on satellite images, re-

gardless of their position.

CLC2018 Satellite Images

To map CLC changes between 2012 and 
2018 two sets of satellite images should 

be used: the ones used to derive CLC2012 
(IMAGE2012) as well as the ones depict-
ing the 2018 status (IMAGE2018).

IMAGE2012

Two coverages of pan-European 
multi-temporal ortho-rectified satellite im-
agery covering all 39 participating coun-
tries with 12 nautical miles’ sea buffer was 
provided by ESA for the period of 2011-
2012, with all spectral bands and cloud 
masking. The main parameters of IM-
AGE2012 satellite imagery are shown in 
Тable 3 (Büttner and Kosztra 2017).

Table 3. The main parameters of IMAGE2012 satellite imagery.
Parameter IRS LISS-III RapidEye SPOT-4 and SPOT-5 
Swath width (km) 141 20 60–80 (depending on 

looking angle)
Number of bands 4 5 4
Spectral bands Green, Red, NIR, 

SWIR 
Blue, Green, Red, 
Red-edge, NIR

Green, Red, NIR, 
SWIR

Ground sampling dis-
tance (m)

23.5 6.5 20 and 10

Bit depth 7 12 8
Delivered resolution (m) 20 20 20
Projection national national national

IMAGE2018

Sentinel-2 mission is a European earth 
polar-orbiting satellite constellation (Senti-
nel-2A and 2B) designed to feed the Coper-
nicus system with continuous and opera-
tional high-resolution imagery for the global 
and sustained monitoring of Earth land and 
coastal areas (Anonymous 2017c).

The Sentinel-2 system is based on 
the concurrent operations of two iden-
tical satellites flying on a single orbit 
plane but phased at 180º, each hosting 
a Multi-Spectral Instrument (MSI) cover-
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Table 4. The main parameters of IMAGE2018 satellite imagery.
Parameter Sentinel-2 Multispectral Imager (MSI) 
Swath width (km) 290
Number of bands 13 (altogether)

4 in VIS
6 in NIR
3 in SWIR

Ground sampling distance (m) 10 – bands 2, 3, 4 (VIS) and band 8 (NIR)
20 – bands 5, 6, 7, 8a (NIR) and bands 11, 12 (SWIR)
60 – band 1 (VIS), band 9 (NIR) and band 10 (SWIR)

Bit depth (recording) 12
Repeat cycle at the Equator (days) 10 (with 1 satellite)

5 (with 2 satellites)
Data access free, full and open access
Delivered resolution (m) 10/20/60 (depending on band)

Table 5. Comparison of spectral bands of satellite sensors.
Nо Sentinel-2 

MSI
Landsat-7 ETM IRS LISS-III SPOT-4 HRV Remark

1. 0.433–0.453 VIS band. Main use: 
atmospheric correc-
tion (aerosols)

2. 0.458–0.523 0.45–0.52 (TM1) VIS: blue band
3. 0.543–0.578 0.53–0.61 (TM2) 0.52–0.59 (MS1) 0.50–0.59 (XI1) VIS: green band
4. 0.650–0.681 0.63–0.69 (TM3) 0.62–0.68 (MS2) 0.61–0.68 (XI2) VIS: red band
5. 0.698–0.713 NIR: vegetation red

edge band
6. 0.733–0.748 NIR: vegetation red

edge band
7. 0.773–0.793 NIR: vegetation red

edge band
8. 0.735–0.950 0.75–0.90 (TM4) 0.77–0.86 (MS3) 0.78–0.89 (XI3) NIR band
8a. 0.855–0.875 NIR: vegetation red

edge band 
9. 0.935–0.955 NIR band. Main use: 

atmospheric correc-
tion (water vapor) 

10. 1.365–1.395 SWIR band. Main use: 
atmospheric correc-
tion (cirrus clouds) 

11. 1.565–1.655 1.55–1.75 (TM5) 1.55–1.70 (MS4) 1.58–1.70 (XI4) SWIR band 
12. 2.100–2.280 2.09–2.35 (TM7) SWIR band 
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(e.g. ESRI ArcGIS) or free (e.g. Quantum 
GIS) software.

InterChange program provides a tool 
for the revision of CLC2012 database and 
supports the interpretation of land cov-
er changes in order to create the CLC-
Change2012–2018 database. The program 
provides a convenient and easy-to-use 
interface for editing polygons in CLC2012 
and CLC-Change databases, for viewing 
and modification of polygons’ data and for 
finding and correction of errors generated 
during interpretation and editing. Inter-
Change program was designed especially 
for revision of existing land cover databas-
es and interpretation of land cover chang-
es. It is unsuitable for primary interpreta-
tion of satellite images and for building up 
an independent land cover database (Ta-
racsák 2017).

The Bark Beetle Problem in 
Bulgaria

Reducing the afforested area due to biot-
ic and abiotic factors can lead to signifi-
cant environmental and economic con-
sequences. Biotic damage is mainly due 
to species of the family Scolitidae and in 
particular to the pine engraver beetle (Ips 
acuminatus Gyll.), which primarily attacks 
Scots pine (Pinus sylvestris L.).

Bark beetles are secondary pests. 
They exist naturally in nature and usually 
they do not create any problem. Normally, 

The recommended standard image 
band combinations in order to provide 

similar colours on screen for interpretation 
are shown in Table 6.

Table 6. Recommended standard colour band combinations.
Colour IRS SPOT-4,5 RapidEye Sentinel-2
Red (R) band 3 (NIR) band 3 (NIR) band 5 (NIR) band 8 (NIR)
Green (G) band 4 (SWIR) band 4 (SWIR) band 3 (Red) band 11 (SWIR)
Blue (B) band 2 (Red) band 2 (Red) band 2 (Green) band 4 (Red)

CORINE Land Cover Software

CLC2018 Support Package is a signifi-
cantly modified and improved version 
of CLC2012 Support Pack-age. The 
CLC2018 software has been developed 
for the Government Office of the Capital 
City Budapest (BFKH), legal successor of 
the Institute of Geodesy, Cartography and 
Remote Sensing (FÖMI). BFKH as con-
sortium member of European Topic Cen-
tre Urban, Land and Soil Systems (ETC/
ULS) provides assistance for the imple-
mentation of European CLC2018 project 
managed by the European Environment 
Agency (EEA) within the framework of 
COPERNICUS Earth Observation Pro-
gramme (Taracsák 2017).

GIS software packages in general 
are designed primarily for viewing GIS 
databases, with tools for creating maps, 
menus for handling databases and with 
graphical editing tools. If the software has 
editing functions too, these are general 
tools, not specialized for any individual 
task. In the contrary CLC2018 Support 
Package offers a specialized, problem-ori-
ented software tool, which significantly fa-
cilitates the updating, change detection, 
quality control and correction of CORINE 
Land Cover databases by means of com-
puter-assisted visual photointerpretation. 
Consequently, this software is not appli-
cable for creating, viewing or editing GIS 
databases in general. For these purpos-
es one can use any common commercial 
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bark beetles attack almost dying old trees 
and play a very important role in the de-
struction of wood. They start to create a 
problem as a secondary pest when there 
is a significant amount of potential food – 
potential hosts, as the trees are in a weak-
ened state. Exactly such are the artificial 
pine forests, created outside their natural 
habitat. In the 60s and 70s of the last cen-
tury about 1 million hectares of artificial 
plantations were created in Bulgaria main-
ly of Scots pine and Austrian pine and at 
that not in the high mountain region, but 
in the middle mountain region and below 
it at an altitude of about 700 meters. They 
were created on very inappropriate dry 
places with less rainfall, and when these 
trees reached over 40 years of age and 
the respective size, they needed more 
nutrients and water, which were not avail-
able. The stands were already very dense 
because the lack of access to them hin-
dered logging.

Bark beetles started to be a problem 
in the country because in 2014 and 2015 
there were wet snow and fallen trees, 
and the beetles most often attack dead, 
fallen trees that are much weakened. In 
the large mass of fallen wood they rapidly 
multiplied (one family of the insect create 
a generation of 60 small larvae). Then 
they transfer to the already weakened 
trees. Normally this pest makes two gen-
erations during the year. The development 
of this pest is such that its maximum prob-
ably was reached in 2017. Compared to 
the 53,000 cubic meters of contaminated 
wood in 2012, only for the first 6 months 
of 2017 dead trees already amount to 
400,000 cubic meters of wood. The peak 
of the damages almost coincides with the 
second time horizon (the first being 2012) 
of the CORINE Land Cover 2018 project.

Study Area

The damages of coniferous forests due to 
both biotic and abiotic stressors are great-
est in southern and southwestern Bulgar-
ia, where forest officials have adopted log-
ging plans to tackle the pest infestation. 
Almost all of the damaged forest stands 
fall into 3 forest sub-regions of Bulgaria. 
These are (Fig.  1) Kraishte-Ihtiman (a 
sub-region of the Moesian forest region), 
Osogovo (a sub-region of the Thracian 
forest region) and Ardino (a sub-region of 
the Sothern border forest region).

This study is carried out within the CO-
RINE Land Cover 2018 project and con-
cerns the first two adjacent forest sub-re-
gions located right next to the western 
border of the country.

Results and Discussion

Using the methodology, software and im-
ages of the CORINE Land Cover 2018 
Project described above, a computer-as-
sisted interpretation of the multitemporal 
satellite and aerial digital images was per-
formed. False color compositions were 
used, including NIR and SWIR spectral 
bands (Table 5). All coniferous forests in 
the study area (larger than 5  ha) dam-
aged in the period 2012–2018 have been 
detected and mapped. As far as pure 
coniferous forests attacked by bark bee-
tle are concerned, depending on which 
of the above-mentioned 3 stages they 
are at, the color of the crowns in the left 
window (healthy trees – 2012) changes 
from dark brown through light brown to 
light gray green in the right window (al-
ready attacked trees – 2018) (Fig.  2). If 
the trees are already fallen or cut the dark 



138	 T. Tonchev, R. Koleva, and Y. Tepeliev

brown from the left window changes to 
light green if the grass cover is seen or to 
light red-brown in the presence of decidu-
ous understory, as is the colour of broad-
leaved forests.

According to the CORINE Land Cov-
er Project nomenclature, this is a change 
in land cover from class 3.1.2 Coniferous 
forest to class 3.2.4 Transitional wood-
land/shrub (Fig.  2). In the same way ar-
eas with damaged conifers greater than 
5 hectares, which are parts of polygons 
of mixed coniferous-deciduous forests 
– class 3.1.3 Mixed forests, are also de-
tected and mapped. Because only real 
changes are given under the technology 
of the project, here the source code 3.1.3 
is changed and the change is given again 
as 3.1.2 Coniferous forest to 3.2.4 Transi-
tional woodland/shrub.

Altogether for both sub-regions, 716 

polygons with damaged forests were de-
lineated with a total area of 17,896 ha.

The obtained results are compared 
with data from the annual reports of Forest 
Protection Station Sofia (FPS 2018), which 
are by years, by the affected areas and by 
the factors for the damages (Table 7).

From these terrestrial data can be seen 
that the dynamics of the areas affected by 
bark beetle show a continuous increase 
over the period under review, with a max-
imum of 3,242.9 ha in 2017. The share of 
the bark beetle area compared to the total 
area of the damaged stands is 51.1 %.

The areas of damaged by caused abi-
otic factors are the largest for the stress-
ors ice breakage, followed by snow break-
age and the snow uproot – 33.3  %, the 
maximum value being in 2016. The areas 
affected by windsnap and windthrow are 
9.5 %, the maximum being in 2016.

Fig. 1. A map of the forest regions and sub-regions of Bulgaria (by EFA 2011).



	 Detection and Mapping of Coniferous Forests ...	 139

Table 7. Terrestrial data for the annual distribution of affected areas by stressors.

Stressor
Years

Sum2012 2013 2014 2015 2016 2017 2018*
Area, ha

Windthrow 16.5 122.7 1 0.7 46.2 71.2 258.3
Windsnap 4.9 64.7 9.5 54.1 13.3 146.5
Windthrow & 
windsnap

0.1 243.4 157.1 277 486.8 103.1 44.7 1,312.2

Bark beetle 817.5 279.7 726.5 963.7 2,448.6 3,242.95 789.9 9,268.8
Ice breakage 86.5 12.1 568.4 614.4 357.2 13.2 1,651.8
Snow uproot 14.5 3 0.6 14.1 29.9 7.5 69.6
Snow breakage 403.3 177.2 7.6 17.2 50.1 59.6 13.8 728.8
Snow uproot & 
breakage

152.2 189.6 82 880.1 1908.7 318.8 47.3 3,578.7

Defoliation of Scots 
pine

44.8 89.7 168.6 19.4 18.8 14.4 7.6 363.3

Defoliation of pine 11.3 164.2 230.3 91.2 79.5 169.2 1.1 746.8
Total area 1,551.6 1,346.3 1,373.1 2,827.8 5,721.3 4,379.6 925.1 18,124.8

Note: *data for 2018 are up to June.

Fig. 2. Detection and mapping of damaged coniferous forests: left window – image 2011; 
right window – image 2017 – change polygons (black contours).

Conclusions

The comparison between terrestrial data 
(18,124.8  ha damaged forests) and the 

results obtained by the CORINE technol-
ogy (17,896 ha damaged forests) shows 
that the difference is only 228.8 ha (1.3 %) 
due to limitation of 5 ha minimum area of 
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mapped changes in the latter case.
From the presented results, it can be 

concluded that the CORINE technology 
has a number of advantages compared to 
traditional ground observations, including 
in terms of accuracy, time and money.
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Abstract
The paper presents the spectrum of the research of aesthetic assessment of the landscape 

with the involvement of respondents (23 people), which was carried out during the summer-au-
tumn period directly in the park environment and with the use of photographs. When using differ-
ent methodological approaches and according to a comparative analysis of peculiarities of per-
ception of the scenery park environment, the interconnections between aesthetic assessment of 
park landscape and features that affect its formation were revealed. It was discovered that while 
evaluating the park environment directly in the place, the estimation is reduced in comparison 
with the pictures, although at the same time the positive features of the landscapes noted by the 
respondents are similar, and the negative ones have significant differences in the summer and 
autumn periods, which are also present when using different methods of the research. Thus, the 
relationship between the assessment of the aesthetic qualities of the landscape and the frequen-
cy of references by respondents, both positive and negative features of the park environment are 
determined primarily rather by the season, than by the method of conducting research. Despite 
the significant difference in the frequency of references of the features of the park landscapes 
under the different conditions and methods of conducting the research, it has been discovered 
that the force of influence of a particular feature on the assessment of aesthetic quality of park 
landscape does not determine its factor weight in the assessment, but it is related to it. At the 
same time, the features (subliminal and compositional) are revealed and their influence on the 
aesthetic evaluation is significant, which can be taken into account during green space planning. 
It is revealed that conducting the research of park landscapes directly in the park is reasonable, 
first of all, if it is necessary, to determine the positive features of the park environment, which influ-
ence the formation of a subjective ‘general-landscape’ emotional reaction to a certain landscape, 
which is revealed in the definition of subliminal features by the respondents.

Key words: emotional reaction, landscape assessment methodology, park landscape per-
ception.

the park environment becomes more and 
more relevant due to a number of fac-
tors, among which the definition of the 
international normative documents of ex-

Introduction

The issue of involving the public in the 
assessment of the aesthetic qualities of 
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pediency of the study of the landscape 
through the prism of human perception 
and parallel development of subject-ori-
ented approaches to study aesthetics, 
namely – focusing the attention of scien-
tists on man as a subject of perception. 
Daniel (2001) notes that the visual quality 
of the landscape can be determined as 
′the relative aesthetic perfection of any 
landscape′, what can be measured on the 
observer’s assessment. Individual scien-
tists (Dramstad et al. 2006) do not con-
sider expert-based methods to assessing 
the aesthetic quality of the landscapes 
as rational, considering their subjectivity. 
These scientists support the view that the 
characteristics of the landscape, taken as 
indicators of its aesthetic qualities by ex-
perts, may not correspond to the priorities 
in the visual assessment of the landscape 
by the public.

Currently, the spectrum of the aes-
thetic assessment of the landscape with 
the involvement of the respondents is 
expanding, as well as the application of 
the results, which focuses both on prac-
tical aspects, and is used to substantiate 
theoretical conceptions. In this context, it 
should be noted that the question of the 
methods and materials for studying the 
aesthetic preferences of the landscape by 
interviewing the respondents is controver-
sial in the sources of scientific literature. 
The main issues of the discussion include 
the choice of the ways of conducting a 
research – on-site and through photo-
graphs.

The use of on-site study of the aes-
thetic qualities of the landscape includes 
finding the subject (person) in the envi-
ronment of the object at the very moment 
of his perception and evaluation. During 
the study the environment is perceived 
both during motion and static reviews. 
Due to the multisensory perception of 

the environment, sensory perception and 
emotional evaluation prevail (Osychenko 
2015). When using photographs, the ob-
ject is replaced by a model, which may 
include plans, maps, satellite imagery, 
photographs, 3D models, etc. When us-
ing models, visual perception and rational 
assessment dominates (Dramstad et al. 
2006, Osychenko 2015).

In turn, the philosophical basis of the 
methods of studying the aesthetics of the 
landscape includes distance theories and 
activity theories. Distance theory is based 
on the assertion that an aesthetic sensa-
tion is possible only from the objects that 
do not have a practical meaning for a per-
son and are at a ′distance′ from him (Hroz-
dynskyi and Savytska 2005). Aesthetics is 
considered as an internal property of the 
objects and does not depend on individ-
ual features of the person. Landscape 
substitutes are used for research – mod-
els (maps, plans, satellite imagery, photo-
graphs etc.). Theory of activity is based on 
the philosophical and aesthetic direction, 
which involves knowledge of the object by 
′immersion′ in it (Hrozdynskyi and Savyt-
ska 2005).

Relevance of using both methods of 
the landscape aesthetics study became a 
prerequisite for the formation of scientific 
works aimed at comparative analysis of 
the results obtained directly in the envi-
ronment and under the condition of using 
the models. In particular, studies of Shel-
by and Harris (1985), aimed at identifying 
the priority methods for choosing evalua-
tion data to determine the preferences of 
camping users, showed that photographs 
and written descriptions were consistent 
with 90 and 80  % of environmental as-
sessment on-site (in environment). The 
analysis of characteristics (desirability 
and preference) testifies less consistency 
of methods (65–80 %), probably because 
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the photos and written descriptions are 
limited in their ability to show background 
and context features.

Convincing results on the possibility 
of using models for studying the aesthet-
ic qualities of the landscape, in particular 
the photographs, presented by Stamps 
(1990), are based on the conducted me-
ta-analysis of secondary research results 
of several scientists (11 sources of scien-
tific literature) devoted to the comparative 
analysis of the study of visual preferences 
in various ways. The author discovered a 
strong correlation (r = 0.67–0.99) between 
preferences based on the photographs 
and on-site (in the environment). Howev-
er, the author neither gives any specific 
preferences that were discovered, nor 
shows the details of conducting the re-
search, the results of which are used for 
meta-analysis.

Later, Stamps (2010) carried out a 
comparative analysis of the subjective re-
sponses of the respondents resulting from 
the use of diapositives, photographs and 
in the environment and found correlation 
at the 0.82 level, on the basis of which the 
author concludes that both types of sim-
ulation generate statistically equivalent 
results, and therefore the choice of sim-
ulation carriers should be based on effi-
ciency, not on the degree of their validity.

In addition, the analysis of sourc-
es of scientific literature indicates the 
widespread usage of various substitutes 
(models) to analyse the aesthetic appeal 
of landscapes – photographs (Polat and 
Akay 2015; Osychenko 2014, 2015), sat-
ellite imagery and maps (Dramstad et al. 
2006), and 3-D models (Sang et al. 2008). 
At the same time, Dramstad et al. (2006) 
and Polat and Akay (2015) observe the 
critique of using photographs when inves-
tigating aesthetic preferences of the re-
spondents, since they cannot fully reflect 

and describe real landscapes.
Summing up the results of the analy-

sis of the sources of scientific literature, it 
should be noted that under the conditions 
of the research of the aesthetic preferenc-
es using models, the method of semantic 
differential is dominant, which involves the 
use of verbal antonyms to determine the 
′general-landscape′ emotional reaction of 
the respondent to a particular landscape 
(Hofmann et al. 2012), and his assessment 
characterises the degree of its correspon-
dence to the given adjective. In this way, 
the general psycho-emotional reaction to 
a particular landscape or the environment 
of the experimental object on the whole is 
determined, and the very similarity of such 
reactions obtained using different methods 
has been found by individual authors (Her-
shberger and Cass 1973; Shuttleworth 
1980; Shelby and Harris 1985; Trent et al. 
1987; Stamps 1990, 2010). However, the 
peculiarities of human perception of the 
environment are difficult physiological and 
psycho-emotional reaction that causes the 
formation of a number of issues important 
both in terms of applied and theoretical 
aspects of the research and formation of 
the landscape objects. Along with a large 
number of scientific works (Hofmann et al. 
2012, Dupont et al. 2014, Polat and Akay 
2015, Du et al. 2016), in which present 
the results of the study of the influence of 
the material components of the landscape 
on the aesthetic value of the landscapes, 
there are no data on the peculiarities of 
their influence on the formation of spe-
cific emotional reactions, which are the 
basis of the semantic differential. The in-
fluence of culture-historical, informational 
and symbolic significance, both separate 
material components, and mental images, 
associative values of individual knowledge 
about the environment, which are under 
evaluation, also occurs in the researches 



144	 N. Oleksiichenko and N. Gatalska

of the scientists of the second half of the 
twentieth century (Lynch 1960, Kaplan 
and Kaplan 1978, Kane 1981, Bell 1999, 
Gobster 2001, Jankovic 2017), and are 
the basis for the formation of semantic dif-
ferential scale during the estimation of the 
particular landscape objects, however the 
strength of their influence on the formation 
of preferences, as well as the defined land-
scape locations in the semantic space by 
the respondent, was left without attention.

Thus, the question of analysing the re-
search methods of the aesthetic qualities 
of the park environment and identifying 
those that will contribute to obtaining reli-
able results in accordance with the tasks 
set is relevant.

The purpose of the study is to analyse 
methodological approaches to assessing 
the aesthetics of the park environment 
and to identify the interrelationships be-
tween the aesthetic assessment of the 
park landscape and the features that in-
fluence its formation.

Objects and Methods

The methodological basis for the study is 
the paradigm of the aesthetic preference 
(Osychenko 2015), as well as the psycho-
physical paradigm (Zube et al. 1982), in 
which the aesthetic qualities of the objects 
and patterns of perception are determined 
by the survey and evaluation of the object 
with the involvement of the respondents. 
The research is based on the studies of 
Thorpert and Nielsen (2014), Dupont et 
al. (2014), Hofmann et al. (2012), Shelby 
and Harris (1985), however, there are sig-
nificant differences. First, it is the compar-
ative analysis of the perception peculiar-
ities of the park environment landscapes 
using different methods of the research, 
as well as allowing the respondents to in-

dependently determine the factors, which 
affect their evaluation, instead of using se-
mantic differential scales.

Twenty three people were involved in 
the study. When substantiating the num-
ber of the respondents, it is worth paying 
attention to the data available in sources 
of scientific literature, where their num-
ber varies from 23 (Thorpert and Nielsen 
2014, Dupont et al. 2014), 30 (Shelby and 
Harris 1985), 82 (Hofmann et al. 2012) to 
409 (Polat and Akay 2015), and in some 
cases up to 836 (Osychenko 2014). The 
significant difference in the number of the 
respondents is related to the methods 
of the research. In particular, the largest 
number of the respondents is involved in 
surveys using models, most often photo-
graphs. In the case of conducting the re-
search directly in the environment (Thor-
pert and Nielsen 2014), their number is 
significantly reduced due to the complexity 
of measuring and material costs. Stamps 
(1990), referring to a reasonable number 
of the respondents for the study, states 
about the number from 10 to 50 people. 
Hrozdynskyi and Savytska (2005) note the 
need to involve at least 20 respondents.

Respondents are students at the Na-
tional University of Bioresources and 
Natural Resources of Ukraine, ′Land-
scape Management′ department. They 
are 20–22-year-old, including 9 men and 
14 women. All respondents are citizens of 
Ukraine.

Characteristics of the research object

The object of the research is the memo-
rial park of garden and park art ′Mariin-
sky Park′, part of the Nature Preservation 
Fund of Ukraine, located in the central 
historical part of Kiev. Twenty six locations 
were determined within the park for the 
landscapes estimation (Fig. 1), which are 



	 Methodological Approaches to Assess the Aesthetics of Park Environment	 145

Fig. 1. Scheme of the locations in ′Mariinsky Park′ (Kyiv, Ukraine) used to assess the aes-
thetic appeal of the park environment and the angles shown on the photographs.

presented in 63 pictures total.
Locations and photographs were se-

lected in accordance with generally ac-
cepted methods of such studies (Daniel 

and Boster 1976), in particular those used 
in Hofmann et al. (2012), Polat and Akay 
(2015). They are based on the determina-
tion of the photo according to the purpose 
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of the study; in this case, it is a compar-
ative analysis of the perception and esti-
mation of the aesthetics of the park envi-
ronment while actually being present in it 
and using the photographs. Therefore, the 
main requirement for selecting the photo 
is the most complete reproduction of the 
real situation in the park environment.

The feasibility of using multiple points 
of view when photographing a single lo-
cation is confirmed by Sang et al. (2008), 
who note that to provide a reasonable as-
sessment of the landscape, rather than a 
particular landscape, it makes sense to 
take a number of the photographs that will 
provide the necessary information about 
the components of the park environment 
as a whole. Accordingly, the number of 
photos for one location was determined 
by the intensity of the change of the land-
scapes and viewing angle.

Photographing and order of 
conducting the research

Since the research involves identifying 
features of the perception of the park land-
scapes during the growing season, mainly 
those that characterise the season, the 
time was determined in accordance with 
this requirement. In particular, taking pic-
tures of park landscapes took place on 
August 31, 2017 (to illustrate the summer 
features of the park environment) and on 
October 5, 2017 (to illustrate the autumn 
landscape features) from 13:00 to 16:00 
taking into account the human factor on 
the photographs. For taking pictures, a 
semi-professional digital camera with a 
resolution of 20.1 million pixels, camera 
lens with 26× optical zoom and panoram-
ic mode was used. The angle of the most 
photos (59) was 30о. Four photos were 
taken as 3-phase panoramas in such a 
way that they reflected all the character-

istics of panoramic viewing points. The 
photos are printed in 10×15 format (matte 
paper), and panoramic in 10×29 format.

The assessment of the park landscapes 
directly in the environment was conducted 
twice – when the conditions were quite 
comfortable for the person, most often in 
the summer period and under the condi-
tions that can worsen comfort due to low-
ering the temperature, presence of wind 
gusts, and increasing humidity (character-
istic features of the autumn). Taking into 
consideration the aim of the study, as well 
as a number of objective and subjective 
factors, the first assessment (the main re-
quirement of which is to conduct the study 
in comfortable for the person weather and 
colour conditions of the summer land-
scapes) was conducted on September 21, 
2017, during 13:00–16:00, air tempera-
ture +24  °C, relative humidity during the 
assessment varied from 53 to 45 %, wind 
speed – 2 m/s and direction of wind was 
eastern, pressure was 742 mm, day was 
sunny. The estimation of the autumn land-
scapes was carried out on October 09, 
2017, during 13–16 hours in the conditions 
that differed significantly – air temperature 
+10 °C, relative humidity varied from 83 to 
59 %, wind speed – 4–5 m/s and direction 
of wind – north-western and western, pres-
sure – 740 mm, the day was cloudy, which 
is typical for so-called ′golden autumn′. 
The very estimation of the landscapes in 
the environment was carried out after the 
respondents had already evaluated land-
scapes on the photographs.

Questioning and processing of the 
results

Methods of determining the aesthetic 
preferences of the respondents can be 
divided into 2 groups. Comparative anal-
ysis of the aesthetic assessment of the 
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landscape obtained by interviewing the 
respondents and analysis of the parame-
ters of the landscape components belong 
to the first group. In this case, the param-
eterization of the components is carried 
out by the experts in accordance with the 
purpose of the study, and the photos are 
used as models (including panoramic (Po-
lat and Akay 2015), satellite imagery and 
maps (Dramstad et al. 2006), 3-D models 
(Sang et al. 2008).

The second group is based on the 
use of semantic differential developed by 
Charles E. Osgood in 1952 and involves 
the use of verbal antonyms to determine 
the ′general-landscape′ emotional re-
sponse of the respondent to a particular 
landscape (Hofmann et al. 2012). A com-
parative analysis of using these two meth-
ods was carried out by Kane (1981), who 
determined that both methods provide 
high scores that highly correlate with each 
other (Sr = 0.81 at n = 46).

Both of these methods were used for 
the personal research, however in order 
to carry out the given tasks the parame-
terisation of the components of the park 
environment was not done by the experts. 
Instead, the respondents were offered to 
independently substantiate the features 
of the landscape, which are positive and 
increase its aesthetics or reduce it and 
might be defined as negative. Character-
istics could include both the material com-
ponents of the landscape and associative 
notions and feelings that should have 
been indicated in the appropriate column 
opposite the number of the photo or loca-
tion (where the evaluation of the environ-
ment was conducted) after evaluating a 
particular landscape on a 10-point scale, 
where 10 is the highest score. As a basis, 
the technique used by Osychenko (2015) 
was used to determine the aesthetic pref-
erences of urban environment.

The analysis of the results envisaged 
the distribution of the above-mentioned 
features of landscapes into groups (Ta-
ble 1) located in the Excel spreadsheet, 
with the parallel calculation of the average 
points of each individual landscape, after 
which the frequency of mentioning a cer-
tain feature by the respondents in the neg-
ative and positive contexts was calculated.

For a comparative analysis of the av-
erage scores, to estimate the views by 
means of the photos and directly in the 
environment, the arithmetic mean values 
of the photos corresponding to one loca-
tion were used. For the output data anal-
ysis, the statistical methods such as prob-
ability theory were used. In particular, the 
Pearson correlation analysis was used to 
determine the relationship between the 
average indicator of the visual quality of 
each photograph (and location) and the 
frequency of respondents` references, as 
well as the interdependence of the fea-
tures among themselves.

Results

In the process of analysis of the average 
scores of park landscapes given by the 
respondents by photographs and in the 
environment, decrease was obtained in 
the estimation in the second case, which 
during the growing season makes 8.3 % 
in summer and 19.5 % in autumn. In par-
ticular, the average score for the park 
environment in summer according to the 
photographs makes 7.9, in the environ-
ment – 7.3, in autumn – 7.3 and 5.9, re-
spectively. As a result of the correlation 
analysis, a significant correlation (0.539) 
was found between the average score of 
photos and locations in the environment in 
summer and moderate correlation (0.405) 
– in autumn.
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Table 1. Groups of the features that are noted in different contexts by the respondents 
and selected according to the results of processing the questionnaires.

A group of the features Components Elements and characteristics
Material components of 
the park environment

Spatial components Plantings
Architectural elements
Terrain
Components of borrowed landscapes

Elements of the plan-
ning system

Squares
Road network planning
Paving pattern

Spatial characteristics Panorama
Perspective
Visual connections

Colour Colorfull, green, monotonous, gray etc.
Basic features of comfort 
(rational level)

Convenience of travel 
and recreation

The junction of road and path network
Organization of places for rest
Organization of places of public service

The comfort of envi-
ronment

Light or dark, spacious or cluttered, clean 
or dirty, comfortable of uncomfortable

Sanitary condition of 
the park environment 
components 

Road and path covering
Lawn
Street furniture of utilitarian purpose and el-
ements of engineering equipment

Emotional and associative Harmoniously or disharmoniously
Bright or monotonous
Interesting or boring
Atmospheric and etc.

between the frequency of mentioning the 
characteristics that had a negative impact 
on the aesthetic assessment of the land-
scape. Comparing the results of the corre-
lation analysis between similar indicators 
of the summer landscapes, it is advisable 
to pay attention to the similarity of the in-
dicators obtained as a result of the pho-
to estimation, where the correlation was 
0.741 and negative – -0.85. The results 
obtained in the environment correlated far 
more closely, namely, the correlation be-
tween the assessment of the landscape 
and the frequency of mentioning the posi-
tive features and characteristics of the en-
vironment was 0.823, while the negative 
ones were 0.801. These results suggest 

As the result of the correlation anal-
ysis between the average score and the 
frequency of mentioning by the respond-
ents of the positive characteristics of the 
autumn landscapes on the photographs, 
that influenced their assessment, the cor-
relation was identified at the 0.772 level, 
however between the negative ones it 
was inverse at the -0.703 level. Therefore, 
both negative and positive features of the 
landscapes given by the respondents are 
representative and determine a general 
aesthetic assessment. At the same time, 
the correlation between the similar indica-
tors determined in the environment was 
at the 0.695 and -0.014 levels, which in 
turn suggests that there is no connection 
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similarity of the relationship between the 
environment of ′Mariinsky Park′ and its 
aesthetic quality in the various ways of 
conducting the study namely in this peri-
od.

The next stage was the analysis of the 
features of the park environment identified 
by the respondents (Fig. 2) using different 
research methods, during which the sig-
nificant correlation (0.605) between the 
frequency of mentioning the positive fea-
tures of the summer landscapes and mod-
erate correlation (0.444) of the autumn 
landscapes of ′Mariinsky Park′ was found. 

Comparing the results with the data of the 
literary sources (Stamps 1990), it is worth 
noting the consistency with the data re-
ceived in summer and the difference from 
the results received in less comfortable 
autumn conditions.

In addition, an analysis was carried out 
of the connection between the benefits of 
respondents noted in different seasons, 
during which a strong correlation between 
the positive qualities noted in summer 
and autumn in the environment (0.769) 
and significant with similar data obtained 
from the analysis of photos (0.604). Such 
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circumstances are a prerequisite for sub-
stantiating the hypothesis that the fea-
tures and components of the Mariinsky 
Park landscapes, which have a positive 
effect on their aesthetic appeal, are sim-
ilar during summer and autumn, and this 
connection is the closest when perceiving 
landscapes directly in the park environ-
ment.

At the same time, a correlation analy-
sis between the frequency of mentioning 
the features that negatively affected the 
aesthetic quality of the park landscapes 
showed quite different results. Thus, along 
with a very strong correlation between the 
mentioning the features on summer and 
autumn photos (0.964) and in summer in 
the park environment and on the photos 
(0.929) the lack of connection is revealed 
between the features noted in different 
conditions in the park environment, as 
well as in the park environment in autumn 
and on the photos. Such circumstances 
substantiate a necessity of comparative 
analysis of the frequency of mentioning 
the features and characteristics of the en-
vironment obtained in different ways dur-
ing the growing season in order to identify 
the probable causes that influenced the 
results of the autumn evaluation conduct-
ed within the park.

Among the positive factors of the park 
landscapes, the number of mentioning of 
which most often fluctuate between the 
photographs and the environment, it is 
worth noting the plantings (the number of 
mentioning was twice bigger in the envi-
ronment), emotional and associative fea-
tures (far fewer in the environment than 
on the photos) and colour (differences are 
observed both between methods and the 
time of conducting the research) (Fig. 3). In 
addition, a significant (more than double) 
increase in the frequency of mentioning 
of the architectural elements, as positive 

features of the summer landscape, while 
researching in the park environment in 
relation to other conditions was revealed. 

The results of the analysis of the nega-
tive factors are significantly different – the 
difference in the frequency of the mention-
ing is the largest in the characteristics of 
the environmental features in the condi-
tions of evaluation in the park in the last 
decade of October and are related mainly 
to microclimatic features and noted by the 
respondents as ′windy′, ′cold′, ′wet′ and 
others (Fig. 4). In general, the number of 
mentioning related to the negative envi-
ronmental features is 53.3 % of the total 
number of mentioning of the negative fea-
tures and characteristics of the park en-
vironment during the period. At the same 
time, at this very time the frequency of 
mentioning the negative state of the com-
ponents of the park environment compar-
ing with other conditions and methods of 
conducting the research is the lowest.

Summing up the analysis of the fre-
quency of mentioning the features of the 
park environment and the average score, 
it is advisable to pay attention to Osy-
chenko (2015), who believes that the ef-
fect of the feature on the assessment of 
the aesthetic quality is not limited by the 
frequency of mentioning, but it is a pro-
cess even more complicated and requires 
further studies. Taking into account the 
author’s opinion based on a comprehen-
sive analysis of the aesthetics of urban 
environment, an analysis of the interrela-
tions between the groups of the features 
and the average score, as well as among 
them, was made, which became the third 
stage of the study.

Correlation relationship of different 
strengths between the numbers of the 
features, mostly indicated by the evalua-
tion of the summer landscapes, was re-
vealed. At the same time there are some 
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features between which and the average 
score the correlation relationship both di-
rect and inverse is almost absent. First 
of all, it is advisable to note the negative 
features of the environment when assess-
ing respondents’ comments in autumn be-
tween which despite the huge number of 
mentioning (see Fig. 4) and an average 
score, correlation is at 0.054 level. It is in-
teresting to note the presence of inverse 
correlation between the features of the 
environment (mainly related to comfort), 
which is negative in respondents’ opinion 
and the average score noted in the sum-
mer landscape in the environment (-0.211) 
and in the photo (-0.264).

Analysing the direct correlation be-
tween the average score and the individ-
ual features of the landscapes, it is worth 
starting with the features, which are the 
emotional and associative characteristic 
of the park environment, and the share 
of their mentioning by the respondents is 
significant both in the summer and autumn 
landscapes under the different methods of 
conducting the research. In addition to the 
emotional and associative features, the 
significant correlation was found only be-
tween the colour of the photos of the au-
tumn landscapes and the average score 
(0.502), as well as between the architec-
tural components and the assessment 
of the summer landscapes, carried out 
directly in the park environment (0.547). 
In the context of the significant frequency 
of the plantings mentioning, as a positive 
feature of the evaluation in the park en-
vironment, it is worth noting that there is 
a moderate correlation in both seasons 
(summer – 0.310, autumn – 0.432).

The closest inverse correlation was 
found between the state of the compo-
nents of the park environment and the av-
erage score in the evaluation of summer 
landscapes by the photo, which is on the 

level -0.614. Significant inverse correla-
tion was found between the assessment 
of the landscape and the number of the 
mentioning of people and cars presence 
within the park – during the photo as-
sessment it was at the -0.6 level, while in 
the environment it is level -0.558, which 
confirmed the research results of Acar et 
al. (2006); Arriaza et al. (2004) about the 
negative impact of people and artificial el-
ements (not inherent to the park environ-
ment) in the landscapes.

The results of the analysis of the aes-
thetic attractiveness of individual park 
landscapes testify to the importance of the 
influence of disharmonious variable com-
ponents of the park environment. Thus, it 
was determined that autumn landscapes 
estimated by photos No 26.2 and No 26.4 
received the lowest score (5.0), however 
the same photos, with 9.2 and 9.7, re-
spectively, and taken in summer, received 
the highest score (Fig. 5). The main differ-
ence between the landscapes is the pres-
ence of people and vehicles in the park in 
October.

The average score of the landscapes 
of this location (No  26) obtained by es-
timating photos is significantly different, 
namely, it is the highest among all sum-
mer photographs and the lowest among 
all autumn photographs. In the environ-
ment conditions, the situation is similar: 
the highest score (9.3) was found in the 
assessment of the 26th location in sum-
mer, and the lowest (4.1) within the 25th 
location in autumn near the 26th location 
(see Fig. 1), whose average score was 
4.6. Describing the characteristics that 
the respondents identified as negative on 
the photos of the autumn landscapes, it 
should be noted that 91 % of the respond-
ents indicated such variable components 
as cars and people on photo No 26.2 and 
86 % on photo No 26.4. At the same time, 
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only 10 % paid attention to the disharmo-
ny of the environment and another 10 % 
– to the broken fountain. In turn, far fewer 
respondents paid attention to the posi-
tive characteristics of the autumn land-
scapes – only 20 % (photo No 26.2) and 
40 % (photo No 26.4), including planting 
composition, architecture of the palace, 
as well as space and illumination of the 
square. In the environment conditions 
the situation is the same – the presence 
of variable components that are inap-
propriate in this environment was noted 
by 57  % of the respondents on location 
No  25 and 54  % – on location No 26. 
At the same time, 19 % of the respond-
ents (location No 25) and 14 % (location 
No 26) identified other negative features, 
including the environment – cold, noise, 

wind, bad smell.
In the case when the assessment of 

the landscapes on the 25th and 26th loca-
tions was the highest, as a positive fea-
ture the respondents highlighted the ar-
chitecture of the palace – 20 % and 25 % 
respectively (under the conditions of the 
assessment in the environment) and 19 % 
(under the conditions of the assessment 
by the photos, photo No 26.4). On photo 
No  26.2, taken in summer, the respon-
dents highlighted topiaries (19  %) as a 
positive feature of the landscape. Actual-
ly, when evaluating in the environment of 
the 26th location, respondents highlighted 
groups and regular compositions placed 
in niches directly on the square (30  % 
of the respondents in total), however the 
mentioning of the topiaries was absent. 

Photo No 26.2 (31.08.2017) Photo No 26.2 (05.10.2017)

Photo No 26.4 (31.08.2017) Photo No 26.4 (05.10.2017)

Fig. 5. The photos that received the highest (left) and the lowest (right) average scores.
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The negative factors include the state of 
the components of the park environment 
– 50 % of the respondents during photo 
assessment and 10 % during the environ-
mental assessment. Using the determina-
tion coefficient, it is possible to state with 
a probability of 99 % that the decrease of 
the aesthetic qualities of ′Mariinsky Park′ 
landscapes at the level of 31–36 % (de-

pending on the method of research) is 
influenced by the variable components 
discovered in autumn.

The correlation analysis between 
several groups of the features and the 
average score for identifying closer inter-
connections of the features of the park 
environment and its aesthetic appeal to 
human being was performed (Table 2).

Table 2. Correlation between the frequency of mentioning several groups of the features 
and characteristics and the average score of the landscape.

The characteristics and features of the 
environment

Correlation between the frequency of men-
tioning and the average score of the land-

scape
Estimation by the pho-

tographs
Estimation in the 
park environment

Autumn Summer Autumn Summer
Positive 

Compositional features (plantings+architec-
tural components+terrain+spatial characteris-
tics+ elements of planning)

0.358 0.518 0.496 0.607

Basic features (convenience+features of the 
environment+state of the components of the 
park environment)

0.014 0.290 0.053 0.499

Comfort of the rest+state of the components 
of the park environment 0.054 0.256 0.138 0.273

Features of the environment+ emotional and 
associative features 0.496 0.553 0.510 0.698

Colour+plantings+architectural components 0.589 0.766 0.617 0.556
Negative

Plantings+borrowed landscapes+architectur-
al components -0.053 -0.419 -0.181 -0.421

Comfort of the rest+state of the components 
of the park environment -0.196 -0.613 0.383 -0.557

Features of the environment+ emotional and 
associative features -0.251 -0.449 -0.037 -0.238

State of the components of the park environ-
ment+features of the environment -0.293 -0.642 -0.191 -0.519

Variable components+state of the compo-
nents of the park environment+features of 
the environment

-0.694 -0.651 -0.371 -0.539

Colour+plantings+borrowed landscapes+ 
architectural components -0.123 -0.422 -0.194 -0.455

Variable components+features of the envi-
ronment -0.625 -0.314 -0.324 -0.248
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Taking into account the significant 
influence of the emotional and associ-
ative features on the assessment of the 
aesthetic quality of the park environment 
(confirmed both by the frequency of men-
tioning these features and by the results 
of the correlation analysis), the correlation 
analysis between these features and oth-
er characteristics of the park environment 
(basic and compositional) was carried out 
to determine those that may affect the 
formation of emotional and associative 
concepts that determine the peculiarities 
of the perception of the characteristic of 
the environment. The distribution of the 
park environment features was measured 
in accordance with their peculiarities – the 
basic features characterise the general, 
both visual and physical comfort of the 
park environment, and compositional-
ly are associated with the compositional 
consistency of the landscapes.

According to the results of the analy-
sis, positive basic characteristics do not 
affect the formation of the positive emo-
tional and associative features, regardless 
of the time and method of conducting the 
research. Instead, the negative ones have 
minor negative effect, which is revealed 
through a moderate inverse correlation 
between given groups of the features, 
which also does not have a significant dif-
ference under the different conditions of 
the research (Table 3).

Specifying which groups of the basic 
features of the park environment can in-
fluence the formation of the emotional and 
associative concepts, one should pay at-
tention to the heterogeneity of the correla-
tion between both groups of the features, 
and the way of the research and seasonal 
peculiarities. In particular, a direct moder-
ate correlation (0.360) is observed only be-
tween emotional and associative features 

and the state of the components of the 
park environment together with the varia-
ble parts of the landscapes in the autumn 
environment, and the inverse correlation 
is only on level -0.091. In other cases, 
the situation is the opposite – a direct re-
lationship is either poor or almost absent, 
whereas the inverse relationship is moder-
ate (see Table 3). In addition, the presence 
of a poor (both direct and inverse) correla-
tion between the features of the environ-
ment and emotional and associative under 
different conditions and time of the re-
search should be noted. The exception is 
the reverse moderate correlation between 
given features based on the results of the 
research conducted in the environment in 
early September. At the same time, the 
number of negative mentioning of the en-
vironmental features in this period is only 
7.4 %, as opposed to 53.3 %, recorded at 
the end of October during research in the 
park environment (see Fig. 4).

The results of the correlation analysis 
of the compositional and emotional and 
associative features showed the existence 
of a direct poor correlation in the autumn 
landscapes of ′Mariinsky Park′ in terms of 
the research using photographs. In other 
cases, direct correlation are moderate, 
which may be the evidence of a certain in-
fluence of the positive compositional fea-
tures of the park environment on the for-
mation of psycho-emotional associations 
in the process of perception. At the same 
time, the influence of the negative com-
positional features, which is determined 
by the inverse correlation, is hardly tangi-
ble while evaluating autumn landscapes, 
despite the method of conducting the re-
search, and in the summer landscapes it 
is moderate and poor in the conditions of 
the on-site method and through the photo-
graphs, respectively.
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Table 3. Correlation between the frequency of mentioning the emotional and associative 
features and characteristics of the material components of the park environment.

Features of the park environment that  
correlate with the subliminal features

Correlation  
(direct/inverse)

Method of 
conducting

Time of  
conducting

Compositional features of the components of 
the park environment

0.317/-0.318
0.306/-0.269

On-site
Through 

photographs

Summer land-
scapes

0.342/0.059
0.248/-0.046

On-site
Through 

photographs

Autumn land-
scapes

Plantings+architectural components+  
elements of planning

0.567/-0.420
0.274/-0.292

0.367/ 0.059
0.032/0.066

On-site
Through 

photographs
On-site
Through 

photographs

Summer land-
scapes

Autumn land-
scapes

Plantings+architectural components+colour 0.288/-0.305
0.331/-0.298

On-site
Through 

photographs

Summer land-
scapes

0.453/0.128
0.265/-0.087

On-site
Through 

photographs

Autumn land-
scapes

Basic features 0.058/-0.346
0.026/-0.378

0.026/-0.378
0.029/-0.419

On-site
Through 

photographs
On-site
Through 

photographs 

Summer land-
scapes

Autumn land-
scapes

State of the components of the park  
environment+variable components

0.056/-0.312
0.161/-0.349

On-site
Through 

photographs 

Summer land-
scapes

0.360/-0.091
0.069/-0.426

On-site
Through 

photographs

Autumn land-
scapes

Features of the landscape 0.127/-0.346
0.059/-0.109

On-site
Through 

photographs

Summer land-
scapes

0.140/-0.220
0.100/-0.052

On-site
Through 

photographs

Autumn land-
scapes

In the context of determining the re-
lationship between the certain groups of 
the features with the emotional and asso-
ciative characteristics, the results of the 

analysis of the material components of 
the park environment are important. Thus, 
as a result, a significant direct correlation 
(0.567) was found between the emotional 
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and associative features and the materi-
al components of the summer landscape 
(plantings, architectural components and 
planning elements), determined directly in 
the park environment. At the same time, 
under the conditions of using the photo-
graphs during the research, the correla-
tion is greatly reduced. A similar situation 
is observed when comparing the corre-
lation between the negative features of 
the above mentioned components. From 
methodological point of view, it is worth 
paying attention to reducing the correla-
tion between these features in autumn, 
when using the on-site method of re-
search and its significant reduction when 
using photographs.

At the same time, in the case of inclu-
sion of the colour to the features of the 
plantings and architecture and exclusion of 
the mentioning of the planning elements, 
the situation is changing – the correlation 
between the features of the autumn land-
scapes and emotional and associative in-
creases (especially when evaluated in the 
environment), and between the features 
of the summer landscapes this indicator 
decreases. Such circumstances can be 
an evidence of the significant influence of 
colour on the perception of the park envi-
ronment namely in the autumn period, as 
evidenced by the presence of a moderate 
positive correlation (0.4) between the emo-
tional and associative features and colour 
on the photos of October landscapes. This 
pattern can be an evidence of the differ-
ence in the influence of the components 
of the park environment on the formation 
of associations in its perception in differ-
ent research conditions. In particular, the 
evaluation of the photos does not give us 
a clear idea about the needed features of 
′Mariinsky Park′, which determine the lo-
cation of its landscapes in the semantic 
space, unlike the environment.

Discussion

As a result of the conducted researches, 
it was discovered that in the conditions of 
the park environment evaluation on-site 
(in the environment), the assessment is 
reduced in comparison with the photo-
graphs, while the positive features of the 
landscapes are similar, as mentioned in 
the literature (Stamps 1990, 2010). How-
ever, the negative features of the summer 
and autumn landscapes have significant 
differences that are also present under 
the conditions of using different research 
methods in the last decade of October, 
which can be the evidence of the impact 
of weather conditions and reduced en-
vironmental comfort, especially taking 
into account the frequency of mentioning 
these characteristics by the respondents.

As a result of the correlation analysis 
between the frequency of mentioning the 
features of the park landscapes and the 
average score given by the respondents, 
it was found that the effect of the attribute 
on the assessment of the aesthetic qual-
ity does not directly determine its factor 
weight in the assessment, but it is related 
to it, as evidenced by the study of Osy-
chenko (2015). In particular, the positive 
influence of the plantings on the percep-
tion of the park landscapes is much more 
highlighted by the respondents in the 
conditions of observation in the park envi-
ronment than when looking at the photos, 
but the correlation between the positive 
characteristic of this feature and the av-
erage score is similar regardless of the 
conditions and method of conducting the 
research.

Among the features that influence the 
aesthetic value of the landscapes, it is 
useful to note the emotional and associ-
ative features that characterise the psy-
cho-emotional impact of the park envi-
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ronment on the person and correlate with 
the average score irrespective of the veg-
etation season and the methods of con-
ducting the research, and therefore, the 
results can be considered reliable. In ad-
dition, this is confirmed by the data avail-
able in the sources of scientific literature. 
At the same time, the widest range of the 
associative notions, which make it pos-
sible to determine the place of the park 
landscapes in semantic space, is found in 
the conditions of the landscape evaluation 
by the photographs.

Regardless of the research method, 
the disharmoniously variable components 
of the park environment, which negatively 
affected the aesthetics of the landscapes, 
as well as the state of the components of 
the park environment, can be attributed to 
the features which reveal reliable results. 
In particular, an analysis of the interrela-
tion of the variable parts of the park space 
(vehicles, significant number of people, 
including the police) with an assessment 
of the aesthetic appeal of the Mariinsky 
Park landscapes negatively affected the 
aesthetics of the park environment, re-
gardless of the method of research. A sim-
ilar situation is observed in the relatively 
unsatisfactory state of the components of 
the park space. In particular, the frequen-
cy of mentioning the features varies in the 
summer and autumn landscapes and un-
der the different conditions of the studies, 
but it is the highest in the evaluation of 
the autumn landscapes in the conditions 
of the park environment. However, the 
correlation with the average score in the 
autumn period is poor under the different 
ways of carrying out the research.

The only one group of the park en-
vironment, the perception of which has 
significant differences in the evaluation 
in the environment and on the photos, 
are positive characteristics of the archi-

tectural components highlighted in the 
summer landscapes, which is confirmed 
by both the frequency of mentioning this 
feature and the significant correlation re-
lationship (0.547). However, the negative 
characteristics of this feature do not have 
significant differences in the use of the 
different methods of the research. Such 
circumstances are the basis for making a 
conclusion about the possibility of under-
estimating the influence of the architectur-
al components of ′Mariinsky Park′ during 
the photograph evaluation.

Significant influence on the perception 
of the landscapes of ′Mariinsky Park′ is 
observed according to the colour of the 
autumn landscapes evaluated on the pho-
tographs, which is confirmed by the fre-
quency of mentioning this feature (27.7 %) 
and the correlation with the average score 
of 0.502. The frequency of mentioning the 
autumn colour of the park landscapes as 
a positive feature under the condition of 
the assessment in the environment is also 
greater than in the summer, but the corre-
lation with the average score is moderate. 
Respondents noted that the colour as a 
positive feature in the park environment 
has the least effect on the respondents’ 
preferences in the summer, which may 
be due to the perception of mainly green 
colour as the background of other com-
ponents of the park space, especially the 
architectural elements. At the same time 
a moderate inverse correlation connection 
at the -0.305 level, between the frequen-
cy of mentioning the colour as the feature, 
that negatively affects the aesthetics of 
the landscape during the summer period 
in the environment, and the average score 
was revealed.

During the analysis of the intercon-
nection of several groups of the features 
with the average score, it was found that 
the closest direct correlation are observed 
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between the total number of positive men-
tioning of the colour, plantings and archi-
tecture and aesthetic assessment of park 
landscapes. The tightness of the relation-
ship has minor differences depending on 
the conditions of the research method, 
which testifies in favour of the similarity of 
their perception, as well as the impact on 
the aesthetic qualities of the landscapes 
during the summer-autumn period. Fo-
cusing on the correlation analysis of the 
interconnection of the several groups of 
the features with the average score, it is 
reasonable to note that the significant dif-
ferences are observed, mainly, between 
the results obtained at different times, 
rather than using different methods (see 
Table 2).

It is reasonable to conduct the study 
of the park landscapes directly in the 
park, in the first place, in case of neces-
sity to determine the positive features of 
the park environment that influence the 
formation of the subjective ′general-land-
scape′ emotional reaction to a particular 
landscape. This is shown in the definition 
of the emotional and associative features 
by the respondents, because according to 
the results of the analysis of the relation-
ship between the compositional and basic 
features with emotional and associative, 
the increase of the direct correlation be-
tween the results obtained in the environ-
ment in comparison with the photos (see 
Table 3) has been received. In the con-
ditions of conducting the research though 
photographs, the correlation between the 
features that characterises the composi-
tional features of the park environment is 
muchpoorer, which complicates the pro-
cess of understanding which one influence 
the emotional and associative perception 
of the landscapes of the researched park 
object largely. The results of the analysis 
of the influence of the negative character-

istics of the material components of the 
park environment on the definition of the 
emotional and associative features are 
also important. In particular, it is a poor-
er inverse correlation while estimating the 
autumn landscapes and the presence of 
moderate and poor while estimating the 
summer landscapes (on-site and through 
photographs, respectively). The given re-
sults are the reason for forming the state-
ment that the compositional imperfection 
of the material components of the park 
environment has no pronounced effect on 
the emotional and associative perception 
of the environment of ′Mariinsky Park′ in 
autumn, and in summer, it is poorly ex-
pressed.

Conclusions

When applying various methodological 
approaches and according to the results 
of comparative analysis of the peculiari-
ties of the perception of landscapes of the 
park environment, interrelations between 
the aesthetic assessment of the park 
landscape and the features influencing 
its formation are revealed. The relation-
ship between the assessment of the aes-
thetic qualities of the landscape and the 
frequency of mentioning by respondents 
to both positive and negative signs and 
characteristics of the park environment 
is primarily determined by the season of 
conducting the research, and not by the 
way of conducting them. It is established 
that the force of influence of a specific 
feature (or group of features) on the as-
sessment of aesthetic quality does not 
directly determine its factor weight in the 
assessment, but is related to it. Along with 
that the revealed features (emotional and 
associative and compositional), the influ-
ence of which on aesthetic assessment 
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are significant regardless of the season or 
method of their determination.

The results obtained in the autumn pe-
riod, where, along with the strong positive 
correlation between the estimation and 
the positive characteristics of the land-
scape, the inverse correlation between 
the negative characteristics and the esti-
mation is almost absent.

It is determined that conducting the re-
search of the park landscapes directly in 
the park is relevant, first of all, if it is nec-
essary to determine the positive features 
of the park environment, which influence 
the formation of the subjective ′gener-
al-landscape′ emotional reaction to a cer-
tain landscape by the respondents, which 
can be taken into account in the study of 
existing park objects and the development 
of reconstructive measures.

Further scientific researches may be 
aimed at studying the peculiarities of the 
influence of cultural-historical, informa-
tional and symbolic significance, both as 
certain material components and mental 
images, associative values, which may 
arise in the perception of the park envi-
ronment and influence the formation of 
the preferences of the respondent. 
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Abstract
Calluna vulgaris is an ornamental bush widespread from the Kola Peninsula in the north to 

the Georgian ridges (Batumi) in the south. Today it is in considerable use for pharmacopoeial 
purposes as it has a lot of bioactive substances in different parts (leaves, roots, shoots, flowers, 
etc.). Having a wide habitat, the heather demonstrates minor range of morpho-anatomic feature 
variability that is represented by its systematical characteristics. Heather is a monotype of Callu-
na. This article presents brief results from morphological and anatomical analysis of four Calluna 
vulgaris populations growing on the submeridional transect Murmansk – Batumi. The main aim 
of the study was to investigate and clarify the mechanism of adaptive variation to the contrast 
environment conditions. The discriminant analysis was performed using the complex of 22 mor-
pho-anatomic leaf characters. As a result it was found out that Calluna vulgaris populations grow-
ing at the habitat boundary had some common features that led to growth of plant xeromorphism 
(decrease of stomata number, trichome number increase, cuticle height rise). Calluna vulgaris 
populations growing in the central part of the habitat on the Russian Plain, despite their sharp 
isolation, also had one important similar feature – significantly smaller size of chlorenchyma cells 
which is probably connected with growing of plants beyond the canopy.

Key words: adaptive radiation, isolation, leaf anatomy, xeromorphism.

are also informative and used for this 
purpose.

Calluna vulgaris L. (Hull) was chosen 
as an object to study the processes with-
in the insular marginal populations of the 
habitat. Following the taxonomists’ as-
sumption the populations of this species, 
which belongs to monotypic genus Cal-
luna, do not undergo the morpho-pheno-
typical adaptive radiation within wide and 
ecological-geographical heterogeneous 
habitat – from Transatlantic in Europe to 

Introduction

Today the molecular-genetic methods 
are successfully used to study the mi-
croevolutionary processes in the plant 
populations. On the other hand, the tra-
ditional morpho-anatomical methods, 
which reflect phenotypic selection trend 
and degree as well as population adap-
tive radiation under influence of hetero-
geneous environment, geographical and 
ecological habitat (Sannikov et al. 2014), 
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Trans-Urals in Western Siberia and from 
the Kola Peninsula (Murmansk) to Colchis 
(Batumi) (Rayner 1913, Hagerup 1953, 
Sannikov et al. 2016). However, this hy-
pothesis was not proved with quantitative 
genetic and phenotypic researches.

At the same time our researches re-
vealed reliable differentiation (on complex 
of lamina anatomical features) between 
marginal western (London, England) and 
eastern (Zavodouspenskoe, Sverdlovsk 
region) populations (Cherepanova et al. 
2015).

The purpose of the article is to perform 
the comparative analysis of geographic 
variation and differentiation of some mor-
pho-anatomical features of Central Eu-
ropean, southern (Batumi) and northern 
(Murmansk) marginal populations of C. 
vulgaris.

Materials and Methods

The comparative analysis of seed mor-
phological variation and morpho-anatomi-
cal variation of annual sprout of C. vulgaris 
was carried out on the geographical tran-
sect going from north to south of the habi-
tat: Murmansk – Luga – Bryansk – Batumi 
(Fig. 1). The first three populations grew 
under the canopy of vicariant stands of 
pine forests and cowberry-heather-moss 
forests of Russian Plain and the last one – 
on the south-east coast of the Black Sea.

The structure of C. vulgaris annual 
sprouts were studied using about 11–40 
fresh and soaked samples taken from 
each population. The seed capsules were 
gathered in August and September. For 
each sample we measured the length 
and thickness of 5 leaves taken from the 

Fig. 1. Schematic map showing the range of C. vulgaris and location of population  
sampling on the submeridional geographic transect Murmansk – Batumi. 

Note: The C. vulgaris range is marked with the line.



	 Morpho-Anatomical Differentiation Within Populations of ...	 165

and epidermis cells, number of stomata 
and trichomes, vascular bundle). For sta-
tistical processing (discriminant analysis, 
ANOVA – Kruskal-Wallis one-way analy-
sis of variance), statistical software pack-
age Statistica 8.0 was used.

Results and Discussions

The minimal number of stomata was ob-
served in hot and wet climate in Batumi 
(12.10±0.57 pcs for 10 µm), and maximal 
number – in cool and wet climate in Luga 

middle part of each of three terminal an-
nual sprouts. The samples of leaves were 
soaked in a mixture of ethanol and glycer-
in (3:1). The cross-sections were cut man-
ually with a razor (Fig. 2). Five sections 

were cut for each leaf and the tissue sam-
ples were taken for epidermis maceration, 
which was performed using the material 
previously soaked in water solution of 
NaOH (10 %).

Fig. 2. Sheet of C. vulgaris cross-sections: a – Murmansk, b – Luga,  
с – Bryansk, d – Batumi.

Twenty six morpho-anatomical param-
eters’ characters of annual sprout were 
analyzed (Table 1). The parameters’ di-
mensions of morpho-anatomical structure 
of leaves were measured with threefold 
and fivefold replication applying the binoc-
ular loupe Carl Zeiss Stemi 2000-C and 
light microscope Carl Zeiss, as well as 
software AxioVision Rel. 4.8.

The statistical analysis was carried 
out on the basis of 26 morpho-anatomi-
cal characters of annual sprout (internode 
length, thickness and length of the leaf, 
linear parameters of chlorenchyma cells 
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mate dryness increase have been already 
mentioned before (Fig. 2). The overall 
trend decrease of stomata number from 
west to east and from south to north of the 
habitat was observed. Together with sto-
ma number decrease occurring from west 
to east, the trichome number increase 
took place in the same direction. Proba-

Table 1. Average morpho-anatomical parameters of leaf in C. vulgaris populations (p≤0.001).

Parameters
Murmansk Luga Bryansk Batumi

N=20 N=14 N=16 N=12
М±mМ М±mМ М±mМ М±mМ

Cuticle thickness, µm 3.86±0.18 3.97±0.28 2.9±0.14* 4.36±0.22*
Stomata number, pcs. 18.24±0.39 19.69±1.14 16.95±0.88 12.10±0.57**
Trichome number, pcs. 14.76±0.5 15.65±0.75 14.20±1.17 17.63±0.99

Upper 
epidermis 
cells 

height, µm 28.68±1.39 26.61±1.44 26.27±1.23 31.76±5.05**
length, µm 58.89±2.55 58.78±2.4 65.32±1.47 59.74±3.05
thickness, µm 27.26±1.58 29.39±4.46 25.39±1.09 25.34±1.45

area, µm2 1377.65 
±111.87

1195.19 ±56.37
1395.47 
±102.76

1309.33 
±101.38

perimeter, µm 175.95±8.25 180.48±5.02 200.19±9.25 177.48±9.2
elongation 0.47±0.02 0.49±0.06 0.40±0.02 0.43±0.03

Palisade 
tissue cells

length, µm 34.31±1.21 26.19±1.14 31.51±1.07 35.50±2.88
thickness, µm 14.53±0.26 11.82±0.55** 14.87±0.96 14.53±0.37
area, µm2 453.58±22.81 290.85 ±19.87* 353.40±17.60 465.65±20.85
perimeter, µm 89.19±2.56 67.99±4.98** 81.08±2.38 90.62±2.62
elongation 0.43±0.02 0.46±0.03 0.47±0.03 0.43±0.03

Spongy 
parenchyma 
cells

length, µm 19.80±0.58 16.76±1.06* 19.07±0.47 21.18±1.08
thickness, µm 20.56±4.68 13.29±1.48* 14.40±0.47 15.52±0.93
area, µm2 269.18±15.60 192.74±17.48 228.41±10.18 285.81±28.05
perimeter, µm 62.56±1.64 54.99±3.25 58.29±0.99 64.86±3.07
elongation 1.05±0.24 0.86±0.15 0.76±0.02 0.74±0.04

Vascular 
bundle

length, µm 82.18±2.93 60.33±3.22 59.29±1.75 68.18±2.38
thickness, µm 79.79±3.14 77.65±3.46 60.35±1.47 79.98±3.79
elongation 0.98±0.04 1.30±0.04 1.03±0.03 1.18±0.06

Leaf
length, mm 1.23±0.08 1.26±0.03 1.31±0.05 1.22±0.07
thickness, mm 0.54±0.02 0.37±0.03* 0.44±0.03 0.50±0.03
elongation 0.42±0.02 0.30±0.02 0.34±0.03 0.43±0.04

Note: р ≤ 0.05 – *, р ≤ 0.001 – ** (Kruskal-Wallis one-way analysis of variance), N – number 
of specimens in the analyzed sample, М – mean, mМ – standard error.

(19.69±1.14 pcs for 10 µm). Together with 
smaller number of stomas the maximal 
number of trichomes (17.63±0.99 pcs for 
10 µm) was found out here (see Table 1). 

The number of stomata decrease and 
trichomes number increase occurring from 
west to east of heather habitat (Oslo, Nor-
way – Zavodouspenskoe) along with cli-
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bly the heather responded to the climate 
humidity reduction with the trichome num-
ber increase and stoma number decrease 
to avoid excessive transpiration (Zvereva 
2010, Blagushka and Sozinov 2014).

The tendency of general reduction in 
linear parameters of epidermis cells oc-
curring from the habitat boarders to its 
central part, previously observed in a row 
west-east, was preserved. In marginal 
southern population the epidermis cell 
height grew sharply (Table 1), while in the 
central part the values of this parameters 
were minimal (Bryansk – 26.27±1.23 µm) 
(Fig. 2).

The cuticular layer thickness grew 
along with the epidermis cell height from 
the center to the periphery of the habi-
tat and reached its maximal value in the 
south 4.36±0.22 mcm. According to sev-
eral authors, the strong cuticle develop-
ment prevents the plans from excessive 
transpiration during daylight hours (Ya-
kovleva and Barmicheva 2005, Dommee 
1969, Grant and Hunter 1962, Mohamed 
and Gimingham 1970). The main func-
tion of cuticle, as well as of epidermis, is 
to avert the moisture loss in conditions of 
its deficiency (Zvereva 2010). Matching of 
epidermis height and cuticular layer thick-
ness can demonstrate that the C. vulgaris 
population growing in Batumi was adapt-
ed to the dry climate best of all (Fig. 2).

The comparative analysis of sizes of 
palisade tissue cells and spongy paren-
chyma cells represented similar tenden-
cies of linear increase of these parame-
ters occurring from the center to the pe-
riphery of the habitat. The maximal linear 
dimensions of palisade tissue cells were 

found out in Batumi (35.50±2.88  µm 
– length, 465.65±20.85 µm2 – area), 
and minimal – in Luga (26.19±1.14 µm 
– length, 11.82±0.55 µm – thickness, 
290.85±19.87  µm2 – area). The heath-
er growing near the forest-tundra on 
the northern border of the habitat (Mur-
mansk) was characterized with almost 
maximal linear dimensions of palisade 
tissue cells and spongy parenchyma 
cells (Table 1).

We did not found out any variability 
pattern for leaf conduction system linear 
parameters – vascular bundle – occurring 
from north to south of the habitat (Table 1).

The result of the step-by-step analysis 
was the inclusion of 19 parameters in the 
discriminant analysis model (Table 2). 

The parameters characterizing the 
anatomical structure of the leaf were the 
most significant (Table 2). Those describ-
ing leaf morphology were included in the 
discriminant analysis model in the mini-
mum number (leaf elongation, leaf thick-
ness, mm). 

The most determined population were 
Murmansk and Bryansk (distance between 
groups – 8.23, p≤0.001), Murmansk and 
Luga (distance between groups – 6.41, 
p≤0.001). The closest of leaf parameters 
are Batumi and Murmansk (distance be-
tween groups – 3.92, p≤0.001), Luga and 
Bryansk (distance between groups – 4.79, 
p≤0.001) populations.

The value of the vectors for the first 
two factors, describing the discriminant 
model, amounted to 5.17, 2.50 according-
ly. The discriminant analysis (Fig. 3) of C. 
vulgaris populations growing in Luga and 
Bryansk revealed their differentiation.
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Table 2. A summary analysis of the discriminant functions calculated for leaf parameters 
included in model (p≤0.001).

Parameters Wilks’ 
Lambda

Partial 
Lambda

F-remove 
(3.35) p-level Tolerance 1-Tolerance

Vascular bundle length, 
µm

0.023 0.641 6.542 0.001 0.036 0.964

Stomata number, pcs. 0.031 0.478 12.752 0.000 0.472 0.528
Vascular bundle 
elongation, µm

0.021 0.716 4.621 0.008 0.045 0.955

Palisade tissue cells area, 
µm2 0.024 0.631 6.818 0.001 0.253 0.747

Cuticle thickness, µm 0.020 0.747 3.945 0.016 0.637 0.363
Upper epidermis cells 
elongation

0.020 0.764 3.609 0.023 0.008 0.992

Spongy parenchyma cells 
elongation

0.019 0.806 2.807 0.054 0.038 0.962

Spongy parenchyma cells 
thickness, µm

0.018 0.831 2.370 0.087 0.037 0.963

Leaf elongation 0.018 0.823 2.507 0.075 0.209 0.791
Palisade tissue cells 
thickness, µm

0.019 0.794 3.036 0.042 0.562 0.438

Spongy parenchyma cells 
area, µm2 0.016 0.941 0.738 0.537 0.365 0.635

Upper epidermis cells 
area, µm2 0.017 0.888 1.472 0.239 0.212 0.788

Upper epidermis cells 
perimeter, µm

0.023 0.655 6.154 0.002 0.091 0.909

Upper epidermis cells 
height, µm

0.020 0.750 3.899 0.017 0.023 0.977

Vascular bundle 
thickness, µm

0.019 0.794 3.029 0.042 0.040 0.960

Upper epidermis cells 
thickness, µm

0.019 0.783 3.232 0.034 0.008 0.992

Trichome number, pcs. 0.019 0.780 3.296 0.032 0.428 0.572
Palisade tissue cells 
length, µm

0.018 0.839 2.245 0.100 0.318 0.682

Leaf thickness, mm 0.017 0.895 1.367 0.269 0.194 0.806
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At the same time the allocation areas 
populations growing in Murmansk and Ba-
tumi overlapped which evidenced for the 
resemblance of their leaf blade structure. 
The most significant features for that were 
the height, thickness of palisade tissue 
and length vascular bundle (Table 2).

Conclusion

As a result of comparative study of mor-
pho-anatomical characters of leaf in vicar-
iant populations of C. vulgaris growing on 
submeridional transect Murmansk – Batu-

mi, we found out an increase in linear pa-
rameters of heather leaf cells (epidermis, 
chlorenchyma), as well as in xerophytism 
parameters (stomata number decrease, 
trichome number increase, growth of cu-
ticle height) along with reduction of leaf 
blade overall dimensions occurring from 
periphery to habitat borders, that was 
previously revealed on the transect going 
from west to east of the habitat (London – 
Zavodouspenskoe) (Cherepanova 2015). 
Along with that the heathers growing in 
open space were characterized with more 
xeromorphic structure, which was repre-
sented by chlorenchyma cells reduction.

Fig. 3. Graphical representation of discriminant analysis results  
of morpho-anatomical parameters of leaves. 

Note: * – Means of canonical variables.
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Abstract
Recent dust and droughts caused stress to physiological weakness of oak trees, so that insect 

outbreaks and pathogens lead to decline of oak trees in the Zagros forests. In addition to evaluate 
the effects of physiographic factors (elevation, slope and aspect) on the amount and distribution 
of decline, the objective of present study was to make a model of decline of Quercus brantii spe-
cies in semi-arid forests of Iran. For this purpose, 509 hectares of Zagros forests, known as Da-
lab forests in Ilam province, were selected. Based on systematic-random sampling method, 100 
circular plots (2000 m2) were measured in grid inventory of 200×250 m dimensions. In each plot, 
physiography factors and percentage of decline were measured. ANOVA and Duncan tests were 
used to compare the decline of oak trees in different physiography factors. Then, an individual 
tree decline models were developed with a data set from a total of 1370 oak trees. To evaluate 
the effects of physiographic factors on the decline of oak trees, a logistic regression model was 
used. Omnibus test, log-likelihood, and pseudo r-square coefficients were used to evaluate the 
logistic regression model. The results showed that physiography factors had significant effects 
on the decline of oak trees. Also, the results showed that with increasing slope and elevation, 
the decline of oak trees was increased. Lowest and highest declines belonged to east and south 
aspects, respectively. Values of both statistics related to the pseudo determination coefficient are 
acceptable (0.395 and 0.584), and these values indicated that the three independent variables 
of this study had the power of a relatively high explanation of the variance and changes in the 
dependent variable of trees decline. The results of this study can be effective in the oak decline 
area conservation. 

Key words: logistic regression, oak decline, physiography factors, Zagros forests.

of Iran’s forests. These forests provide 
various non-timber products, services 
and have multiple socio-economic and 
ecological functions. Due to uncontrolled 
cutting and overgrazing, Zagros forests 
have become degraded and have very 
low density. Natural regeneration is near-

Introduction

Zagros forests are located in the west of 
Iran and cover five million hectares. These 
forests are one of the most important and 
sensitive habitats for oak species that are 
classified as semi-arid and consist 40 % 
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ly non-existent, and severe soil erosion 
exposes the basic rock (Azizi et al. 2008, 
Marvi-Mohajer 2007). One of the main 
problems of Zagros forests is the decline 
of oak trees. Oak decline is characterized 
by crown thinning, foliar necrosis and pro-
gressive death of primary leaf-bearing 
branches and the emergence and sub-
sequent decline of foliage. The condition 
of tree crowns is an important indicator 
of tree and forest health. A range of bi-
otic and abiotic factors has been shown 
to contribute to the decline. However, no 
satisfactory investigation has been es-
tablished to explain the distribution. The 
decline of Zagros forest ecosystem is a 
multidimensional phenomenon that vari-
ous factors such as climate change, dust, 
lack of tree regeneration due to agricul-
ture in the understorey, soil impaction due 
to livestock movement and oak pest and 
diseases are involved (Hamzehpour et 
al. 2011). Quantification and modelling of 
stand changes are important to the man-
agement of forest ecosystems. Therefore, 
forest modelling has been an intrinsic part 
of forest management planning and re-
search for more than two centuries (Burn-
ham 2002, Zheng and Zhou 2010, Lu et 
al. 2003). The majority of models operate 
at the stand-level and predict stand-level 
changes such as mortality and decline to 
provide information needed to estimate 
conservation costs, expected the yield 
and the financial result (Sheykholeslami 
et al. 2011). The key ingredient for ob-
taining a good decline model is a data 
set that is both large and representatives 
of the population under study. In many 
studies, linear and nonlinear regression 
was used for modelling of different tree 
variables in forests. Nonlinear regression 
including logistic, exponential and Chap-

man-Richard was used in different studies 
for modelling of the crown ratio of differ-
ent species (Popoola and Adesoye 2012, 
Fu et al. 2015). Individual tree mortality 
models were developed for the six major 
forest species of Austria: European beech 
(Fagus sylvatica L.), European larch (Lar-
ix decidua Mill.), Norway spruce (Picea 
abies (L.) H. Karst.), Silver fir (Abies alba 
Mill.), Scots pine (Pinus sylvestris L.) and 
oak (Quercus spp.) by Monserud and 
Sterba (1999). Shifley et al. (2006) studied 
the oak mortality risk factors and mortality 
estimation in eastern North America and 
showed that mortality rates for trees in the 
red oak group were four to six times great-
er than mortality rates for associated trees 
in the white oak group. Also found that red 
oak group mortality was significantly relat-
ed to tree crown class, tree diameter, and 
basal area of larger competitors. Kabrick 
et al. (2008) investigated the role of envi-
ronmental factors in oak decline and mor-
tality in the Ozark Highlands and showed 
that red oak mortality is more prevalent 
on droughty and nutrient-deficient sites 
because red oak group species are more 
abundant there. Fan et al. (2008) used 
logistic regression to study the oak mor-
tality associated with crown dieback in 
the Ozark Highlands of Missouri and re-
sults of logistic regression showed that 
oak mortality was mainly related to crown 
width and dieback, and failed to detect 
any significant link with the number of oak 
borer emergence holes. The objectives of 
present study were to evaluate the effect 
of physiographic factors (elevation, slope 
and aspect) on the amount and distribu-
tion of oak decline trees and decline mod-
elling of oak trees under effects of physio-
graphic factors for Quercus brantii Lindl. 
species in semi-arid forests of Iran.
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Material and Methods

Study area

The study area covered 509 ha in Dal-
ab forests at 46°22ʹ07″ E to 46°24ʹ24″ E 
and 33°41ʹ56″ N to 33°43ʹ32″ N (Fig. 1). 
There was no permanent residential land 
in the study area, but dairy farmers and 
locals generally used the area for animal 
husbandry for about 2-4 months during 
spring and summer every year. The for-
ests were under heavy pressure of live-
stock grazing, excessive cutting of trees 

and shrubs to supply fuel wood. The orig-
inal vegetation of the study area was an 
uneven-aged mixed forest dominated by 
Quercus brantii, mixed Quercus brantii 
– Pistacia atlantica – Acer cinerascens, 
and mixed Daphne mucronata – Amyg-
dalus orientalis. This area has a semi-arid 
climate based on the Emberger climate 
classification. Elevation ranges from 1450 
to 1750 m a.s.l. and mean annual precipi-
tation and temperature are 571.5 mm and 
16.7  °C, respectively. In the main types 
division of lands, the study area was lo-
cated in the mountain type and based on 
soil properties and their classification by 

Fig. 1. Location of study area.
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FAO, its soils are classified as lithosols 
(Rostami and Heidari 2009, Mirzaei and 
Bonyad 2016).

Methods

In order to collect data, 100 circular plots 
(2000 m2) were measured in inventory grid 
of 200×250 m. In each plot, physiograph-
ic factors including elevation (1450–1550, 
1550–1650 and >1650 m a.s.l.), slope 
(0–25, 25–50 and >50  %) and aspect 
(North, South, East and West) were mea-
sured and recorded. Also the existence or 
non-existence of decline in oak trees was 
recorded. In total, 1370 oak trees were 
measured.

Logistic regression was used in order 
to modelling individual tree decline for oak 
trees. Logistic regression is a statistical 
method for analysing a dataset in which 
there are one or more independent vari-
ables. The equation of logistic regression 
(Long 1997, Pampel 2000, Hosmer and 
Lemshow 2000) is the following (Equation 
1):

	
1 1 2 2( ) ...

1
1 n ndecline X X XP

e−α+β +β + +β=
−

	 (1),

where: α is intercept, e is Naperian con-
stant, β1 to βn is set of regression coef-
ficients and X1 to Xn is the independent 
variables.

ANOVA and Duncan tests were used to 
compare tree decline in different classes of 
physiographic factors. Logistic regression 
was used to investigate the relationship 
between oak decline and physiographic 
factors. Omnibus test, log-likelihood and 
pseudo r-square coefficients (including of 
Cox & Snell R square and Nagelkerke R 

square) were used for evaluation of the 
logistic regression model (Hosmer and Le-
meshow 2000, Heydari et al. 2015). The 
values of the pseudo r-square coefficient 
stats are between 0 and 1, and the more 
these statistics are closer to 1, it shows that 
the role of independent variables is high in 
the explanation of the variance of depend-
ent variable. Also, Hosmer and Lemeshow 
test was performed fitting of the predicted 
changes in the dependent variable (Hos-
mer and Lemeshow 2000, Heydari et al. 
2015). Excel ver. 2013 (Microsoft Office) 
and IBM SPSS Statistics ver. 22 software 
were used for analysis of data.

Results

Descriptive statistics of the oak decline 
showed that 34.69  % of Dalab forests 
were decline in the study area. These 
statistics related to the oak decline are 
shown in Table 1.

The ANOVA test showed that there 
was a significant difference between oak 
decline in different slope classes (Table 
2). According to Table 3, by increasing the 
percentage of slope factor, the oak de-
cline was increased. Duncan test showed 
that the slope factor had significant effects 
on the decline of oak trees (Table 3).

The results showed that there was a 
significant difference between oak decline 
in the geographic aspects (tables 4 and 5). 
According to Table 5, the lowest and high-
est values of oak decline belonged to the 
east and south aspects, respectively. Also 
Duncan test showed that all geographic 
aspects had a significant difference in the 
oak decline values (Table 5).
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The results of ANOVA showed that el-
evation had significant effects on the oak 
decline (Table 6), so that by increasing of 

elevation, the oak decline was increased 
(Table 7).

Table 1. Descriptive statistics of oak trees decline in study area.

Variable Mean, % SD CV, % SE, %
Decline 34.69 9.22 26.57 5.31

Note: SD is standard deviation, CV is coefficient variation, SE is sampling error.

Table 2. ANOVA test of tree decline in different slope classes.

Indicator Sum of squares d.f. Mean square F Sig.
Between Groups 7230.48 2 3615.24 187.01 0.000*
Within Groups 1875.13 97 19.33
Total 9105.615 99

Note: d.f. is number degrees of freedom, * is significant difference at the 0.05 level probability.

Table 3. Comparison mean of decline in different slope classes.

Slope classes, % N Subset alpha = 0.05
1 2 3

0–25 29 23.99
25–50 42 34.48
> 50 29 46.30

Table 4. ANOVA test of tree decline in different aspect.

Indicator Sum of squares d.f. Mean square F Sig.
Between Groups 7538.981 3 2512.994 153.991 0.000*
Within Groups 1566.634 96 16.319
Total 9105.615 99

Note: * is significant difference at the 0.05 level probability.

Table 5. Comparison mean of decline in different aspect.

Aspect N Subset alpha = 0.05
1 2 3 4

North 11 26.54
South 18 46.30
West 42 34.48
East 29 19.82
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propriate and has the necessary fit (Ta-
ble 10).

Table 9. Results of model summary.

-2 Log 
likelihood

Cox & Snell  
R square

Nagelkerke  
R square

855.369 0.395 0.584

Table 10. Hosmer and Lemeshow test of 
model.

Chi-square d.f. Sig.
360.579 6 0.000

Results of variables entered on the 
model are shown in Table 11. The results 
of Wald statistic showed that all independ-
ent variables entered in the regression 
analysis were capable of predicting chang-
es of dependent variable and their predic-
tive ability at the probability level of 0.01 
was significant. Also, the results of Exp (B) 
statistic showed that among the variables 
entered on the model, the slope variable 
has the highest ability to predict the impov-
erishment of trees, and the lowest ability 
was related to the elevation variable.

Table 6. ANOVA test of decline in different elevation.

Indicator Sum of squares d.f. Mean square F Sig.
Between Groups 1161.97 2 580.98 7.09 0.001*
Within Groups 7943.64 97 81.89
Total 9105.615 99

Note: * is significant difference at the 0.05 level probability.

Table 7. Comparison mean of decline in different elevation.

Elevation 
classes, m N Subset alpha = 0.05

1 2 3
1450–1550 41 31.07
1550–1650 26 35.67
1650–1750 33 38-96

According to the results of the Omni-
bus test, the fit of the model was accept-
able and at a level of error less than 0.01 
was significant. The results of Omnibus 
test are shown in Table 8.

Table 8. Omnibus test of model coeffi-
cients.

Indicator Chi-square d.f. Sig.
Step 36.638 2 0.000
Block 688.716 7 0.000
Model 688.716 7 0.000

The values of both statistics related 
to the pseudo determination coefficient 
were acceptable (0.395 and 0.584), and 
these values indicated that the three in-
dependent variables of this study had the 
power of a relatively high explanation of 
the variance and changes in the depen-
dent variable of oak decline. In fact, these 
three variables have been able to explain 
between 39.5 % and 58.4 % of the vari-
ations in the oak decline (Table 9). Also, 
the results of Hosmer and Lemeshow test 
showed that the research model was ap-
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Table 11. Results of variables entered on model.
Variable B S.E. Wald Sig. Exp (B)

E 110.073 0.000
E1 2.894 0.443 42.685 0.000 18.062
S 35.621 0.000
S1 -1.159 0.343 11.428 0.001 0.314
S2 -1.830 0.311 34.675 0.000 0.160
A 77.246 0.000
A2 -1.577 0.426 13.702 0.000 0.207
A3 1.874 0.423 19.659 0.000 6.512

Constant -0.505 0.237 4.538 0.033 0.603

Note: E is elevation, E1 is elevation in 1450–1550 m a.s.l., S is slope, S1 and S2 are slope in 
0–25 and 25–50 % respectively, A is aspect, A2 and A3 are aspect in south and east respectively.

The irregular distribution of rainfall and 
dry season length have more significant 
effect on the oak decline (Hamzehpour et 
al. 2011). In the present study, by increas-
ing of slope and elevation factors, the rate 
of decline was increased (tables 3 and 7). 
Also, the lowest (23.99 %) and the highest 
(47.57 %) values of oak decline were in the 
slope classes 0–25 and >50 % (Table 3). 
Hosseini (2009) and Hosseinzadeh et al. 
(2015) reported that with increasing of el-
evation classes, rate of oak mortality was 
increased, which is in accordance with 
the results of the present study. Drohan et 
al. (2002) in their studies in Pennsylvania 
found that decline of maple trees occur 
at higher elevation. The effects of slope 
percentage on the oak decline were in ac-
cordance with the results of Lawrence et 
al. (2002), Kabrick et al. (2008), Kane and 
Kolb (2011) and Worrall et al. (2008) stud-
ies. By increasing the percentage of slope 
factor, the density of oak decline trees 
was increased and the density of healthy 
trees was decreased. In fact, by increas-
ing the percentage of slope, moisture, soil 
depth and litter thickness decreases and 
these factors cause physiological weak-
ness of the trees (Momeni Moghaddam et 
al. 2012). As the results show, the highest 

According to the results of Table 8, 
logistic regression model for oak decline 
trees is as follows (Equation 2):
	 P(decline) = 1/(1 + exp (– 0.505 + 2.894 E1 
– 1.159 S1 -1.830 S2 – 1.577 A2 + 1.874 
A3))		  (2),
where: E1 is elevation in 1450–1550 class, 
S1 and S2 are slope in 0–25 and 25–50 % 
respectively, A2 and A3 are aspect in south 
and east, respectively.

Discussion

The finding of present study showed that 
34.69 per cent of Dalab forests were af-
fected by the decline phenomenon (Table 
1), which indicates that management op-
erations should be taken as soon as pos-
sible to control and prevent the spread of 
oak decline in these forests. Evidences 
revealed that most of oak decline were 
located in areas that are classified as 
rain-fed agriculture and were affected by 
severe human intervention and exploita-
tion in the region. In fact, the interaction 
of severe climate stresses, interferences 
and the presence of humans in the re-
gion has provided the necessary ground 
for increasing the decline of forest trees. 
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value of oak decline was in the southern 
and western aspects (tables 4 and 5). 
Sunlight intensity is higher in the western 
and southern aspects, providing more di-
rect light and heat energy, which causes 
increasing the temperature, evapotranspi-
ration and loses moisture. While the north-
ern and eastern aspects receive low ener-
gy, so these aspects are cooler. Trees that 
are more restricted in the water condition 
(sun-directed) are more susceptible to 
drought (Suarez et al. 2004). Hosseinza-
deh et al. (2015) showed that the rate of 
oak decline was higher in the southern 
than in the northern aspect, which is in ac-
cordance with the results of present study. 
Also, the results of this study are based 
on the results of Eckhardt and Menard 
(2008), which found physiographic factors 
of slope and aspect affecting pine (Pinus 
taeda L.) mortality in Central Alabama. 
Gerardin and Ducruc (1990) showed 
that the steep slopes in the sunshine di-
rections in case of low rainfall are prone 
to soil drought and propagation drought 
stress for forest species. Extensive oak 
mortality and unprecedented abundance 
of oak borer populations are significant 
threats to forest health and economic val-
ue of timber. Regionally, there is a need 
to (1) identify trees and stands that are at 
high risk for oak decline, (2) forecast the 
mortality risk for individual trees within de-
clining stands, and (3) select silvicultural 
treatments to mitigate decline.

The fitting and evaluation of models 
are an important part of modelling. Ac-
cording to the results of the Pseudo de-
termination coefficient and Log-likelihood 
statistics (Table 9), it can be concluded 
that the logistic regression model of the 
study consists of three independent vari-
ables (elevation, slope and aspect) and 
dependent variable (decline) is a good 
model and the set of independent vari-

ables is capable of explaining the chang-
es of decline. In other words, the set of 
independent variables have been able to 
explain 39.5 % to 58.4 % of the variations 
of decline variable (Table 9). Leites et al. 
(2009) showed that the logistic regression 
model has a high accuracy in estimation 
of the crown ratio for conifer forests in 
the United States that is in accordance 
with the results of this study. Mahdavi et 
al. (2015) using the logistic regression 
model and geographic information system 
showed that with increasing elevation in 
the western and southern aspects, forest 
cover density was increased and in areas 
with shallow soils and steep terrain the 
amount and distribution of dead standing 
oak trees were increased. Oak decline is 
widespread in the west of Iran that few 
studies have been done in this area, and 
consequently, specific causes for the 
phenomenon remain elusive. In general, 
physiographic factors are one of the most 
important sources of change in forest eco-
systems (Bale et al. 1998). Although un-
derstanding their effects are complex due 
to the interaction of various factors, but an 
important part of it is due to light regula-
tion and moisture regime (Kaufmann and 
Ryan 1986, Griffiths et al. 2009). There-
fore, due to differences in the factors 
mentioned in different ecosystems, the 
comparison of the results of the present 
study with the results of other studies is 
not correct, but according to the results of 
this study and other researchers, it can be 
stated that the physiographic factors are 
very important in the estimation of quanti-
tative characteristics of forest.

Conclusion

Oaks are major component of the Zagros 
forests but due to decline phenomenon, 
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vast area of these forests has been lost. 
Slope, aspect and elevation of physio-
graphic factors affected the decline of oak 
trees. By increasing slope and elevation, 
percentage of the oak decline was in-
creased. Determining the effects of these 
factors helps to identify areas that are in 
this situation or are at risk of developing a 
phenomenon of decline. It should be stat-
ed that quantitative and qualitative char-
acteristics of each forest are a function of 
physiographic factors, the microclimate of 
the region, management and operation 
of the forest, geographical location, envi-
ronmental and soil factors, species types 
and other factors. Also, logistic regression 
model that was used through our analy-
ses can be used to estimate decline from 
knowledge of slope, aspect and eleva-
tion, information that is routinely collected 
during forest inventories. These models 
can be used to guide marking prescrip-
tions during thinning and harvesting oper-
ations.
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Abstract
This study attempts to value the biodiversity and landscape services provided by four river 

spots: Khalkaei, Ghaleeroodkhan, Pasikhan and Shemroud of the North region of Iran, Guilan. 
The Contingent Valuation Method were used for estimation willingness to pay (WTP) for conserv-
ing these areas. This method tries to define the individual’s WTP of given hypothetical market. It 
was estimated with a logit model for which indices were obtained based on a maximum precision 
criterion. The results show that 79.45 % of people were willing to pay for the landscape and bio-
diversity value of the rivers. Among the variables of the model presented, monthly expenditure 
and gender had a negative impact and age, education, environmental opinion and income had a 
positive impact on the WTP at 1 % level. The average monthly WTP per visitors was calculated as 
21,913 Rials (0.74 $). The annual landscape and biodiversity value in terms of WTP for the land-
scape and biodiversity was estimated for Khalkaei, Ghaleeroodkhan, Pasikhan and Shemroud as 
2 milliard, 15 milliard, 2 milliard and 8 million Rials, respectively. One unit change in descriptive 
variables (Education and Environmental opinion) showed the highest change in the probability 
of a positive response to the WTP among individuals. Therefore, in order to facilitate individu-
al’s involvement in public decision-making policies, improvement in perceptions of environmental 
awareness and educational level would seem desirable.

Key words: bid amount, Contingent Valuation Method, education, environmental opinion, 
logit model.

solely focusing on the economic value of 
the landscape and biodiversity, a more 
complete perspective is obtained.

Rivers have been interfered by hu-
mans for millennia by diverting water for 
cropland irrigation (Gopal 2016). Accord-
ing to Millennium Ecosystem Assessment 
(2005), more than half of the major rivers 
of the world are seriously polluted. The 

Introduction

Human beings can receive many ecosys-
tem services from rivers which provide 
benefits to them, including water supply 
for municipal, industrial and agricultural 
consumption, fish habitat and recreation 
(Loomis et al. 2000). When considering 
all ecosystem service values, instead of 
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presence of these pollutants depletes the 
capacity of rivers and associated inland 
and coastal ecosystems to provide clean 
water for social and economic uses.

Millennium Ecosystem Assessment 
(MEA) is one of the frameworks that try to 
highlight the relationship between human 
and nature and advance a powerful vision 
for the future (Daily et al. 2009). It’s vision 
is to highlight the central roles of ecosys-
tems and environmental resources in sup-
porting human wellbeing and thus incor-
porate their values into decision making 
(Farr et al. 2016).

For many years, economists and envi-
ronmentalists have tried to develop valu-
ation techniques to estimate the benefits 
of non-market services associated with 
the environmental resources in mone-
tary terms (Farr et al. 2016). One of the 
methods is Contingent Valuation Meth-
od (CVM). It is the most commonly used 
among researchers around the world. 
CVM was proposed for first time by Ciria-
cy-Wantrup (1947) who believed that the 
soil erosion prevention generates some 
′extra market benefits′ which define as 
public goods in nature, and one way to es-
timate the benefit is to elicit the willingness 
to pay of individuals by a survey method. 
The first person who used this method 
was Robert Kenneth Davis when he in-
vestigated the benefits of goose hunting 
through a survey among the goose-hunt-
ers (Venkatachalam 2004).

This obviously showed that biodiversi-
ty conservation benefits can be assessed 
through CVM (Abdullah et al. 2015). It’s 
construction is based on hypothetical 
markets where individuals are ask to de-
tect their willingness to pay for non-market 
products such as improve water quality 
to enjoy swimming or diving (Farr et al. 
2016).

CVM has been applied by many re-

searchers around the world to estimate 
the economic values of forests and oth-
er environmental services. Jain et al. 
(2017) used CVM to assess the WTP of 
respondents for benefits derived from 
forests in India. The results showed the 
average WTP was 2.1 € per respondent 
per month for all five intangible benefits 
with more than 43  % of total WTP for 
the intangible benefits ‘soil conservation 
and remediation’ and ‘improvement in 
underground water level’. Kerna (2012) 
obtained the median WTP per entry per 
car for Hrady and Morelos river sides in 
Colorado with 13 $ and 7 $ respectively. 
Lehtonen et al. (2003) also showed that 
74  % of respondents are willing to pay 
for biodiversity conservation of forests in 
southern of Finland with the mean of WTP 
ranged from 60 $ to 223 $ per household 
per year. Abdullah et al. (2015) assess the 
biodiversity value of forest research insti-
tute in Malaysia with CVM and they found 
the mean WTP ranges from 53.24 RM to 
67.22 RM, which could contribute annual 
revenue ranged from 66.3 million RM to 
83.8 million RM.

Tao et al. (2012) evaluated the forest 
ecosystem services economic value in 
three counties in Anfu, Yongxin and Li-
anhua in China using CVM. Analysis re-
sulted from 170 valid questionnaire out of 
200, showed that respondents would pay 
for forest restoration and protection 238 
yuan per year. It is shown that social-eco-
nomic variables such as income, educa-
tion level, household population and off-
farm work members had the significant 
influence on individuals WTP.

Recently, in Iran, CVM is the environ-
mental tool to assess non-market goods 
and services with WTP of individuals for 
conservation value of biodiversity of for-
ests, recreational values of parks, pres-
ervation and reclamation of desert areas 
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and economic valuation of forests animal 
species (Kolahi et al. 2013; Mansouri et 
al. 2014; Haghjou et al. 2015a, 2015b; 
Eslamian et al. 2016). Haghjou et al. 
(2016) applied CVM to assess the total 
economic value of Arasbaran forest in 
Iran. They found the significant positive 
relation between WTP of respondents 
and the level of education, income, num-
ber of annual visits to the forests, and 
their friendly attitudes towards Arasbaran 
forests. Haghjou et al. (2015b) mentioned 
that variables such as demographic, eco-
nomic and social influence willingness to 
pay of respondents for different features 
of environmental resources. Amiri et al. 
(2015) also using CVM method estimating 
the annual conservation value of myrtle 
(Myrtus communis L.) in Dooreh forest in 
Iran and estimated average monthly WTP 
per family as 0.79 $ and 102.525 $ for an-
nual conservation of myrtle forest. They 
found that education had a positive effect 
on WTP while family size and bid amount 
had a negative.

In the other study, Karimzadegan et al. 
(2007)and the extent to which the human 
race is vitally dependent on them. Without 
a firm understanding of the value of these 
systems we are unlikely to make many of 
the hard choices and compromises need-
ed to protect them. In this study the least 
marginal monetary value of eleven forests 
and rangelands ecosystem services in-
cluding gas regulation, plants genetic re-
verse diversity, pollination, soil formation, 
biological control, flood control, hydrolog-
ical current control, water erosion control, 
wind erosion control, and ecotourism in 
fivefold vegetative regions of Khazar, Ar-
asbaran, Zagros, Iran-toran and Khalij-e 
Omani (Oman gulf estimate non-market 
values of fivefold vegetation regions in 
Iran (Khazar, Arasbaran, Zagros, Iran-To-
ran and Khalij-e Omani (Oman gulf) with 

surface area of about 65,624.4 ha equal 
to 47.9 billion $ per year.

Although many studies have been 
tried to estimate the conservation value 
of forest resources in Iran, studies on the 
conservation value of biodiversity of riv-
ers, similar to this study, are very limited. 
Our investigation deal with four rivers in 
the North of Iran, Guilan province which 
are one of the tourism attraction areas in 
the north of Iran.

The purpose of this study is to esti-
mate the conservation value of biodiversi-
ty of four rivers in Iran in order to provide 
evidence for policy makers and managers 
by quantifying the economic values of bio-
diversity conservation of rivers to support 
and prevent any further destruction.

Material and Method

Study area

The rivers have been destroyed in recent 
years in Iran. Large projects are running 
in Guilan province simultaneously which 
leads significant problems such as rivers 
contamination and overexploitation of 
sand and gravel. It causes loss of the river 
landscape and tourist attraction.

Khalkaei, Ghaleeroodkhan, Pasikhan 
and Shemroud rivers are the main tour-
ists’ attraction and rivers in Guilan prov-
ince which face contamination problems 
recently due to overexploitation of sand 
and gravel for construction purposes 
(Nezami Balochi et al. 2007).

In order to assess the willingness of 
visitors to protect the landscape and di-
versity of main rivers in Guilan province, 
four rivers – Khalkaei, Ghaleeroodkhan, 
Pasikhan and Shemroud were studied 
(Fig. 1). The source of Khalkaei River is 
from the mountains of Masal city, locat-
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ed in Guilan province. The river length is 
40 km and the average annual discharge 
is 4.77  m3/s. Ghaleeroodkhan and Pa-
sikhan rivers origin from Fouman city and 
the average annual discharge are 0.93 
and 22.6 m3/s, respectively. The source of 
Shemroud river is from the mountains of 
Siyahkal city, located in the Guilan prov-
ince. The river length is 101.72 km and the 
average annual discharge is 4.05 m3/s.

Methodology

In this paper, CVM was used to estimate 
the economic value of conserving biodi-
versity of rivers.

Therefore, the well-known CVM with 

logit model are used to evalu-
ate the conservation purpose 
(Loomis 1989, Jain et al. 
2017). The identified intan-
gible benefits of biodiversity 
and landscape of four rivers 
were surveyed by asking 
questions of tourists who vis-
ited rivers annually whether 
they are willing to pay for riv-
ers conservation or not.

In early application of 
CVM, the respondents usual-
ly were asked an open-ended 
questions about their WTP, 
whether they would be willing 
to pay for the services they 
receive or not. The respond-
ents were ask if they are in-
terested to contribute biodi-
versity conservation of rivers 
by choosing ’Yes‘ or ’No‘ with 
respect to a proposed price 
in a hypothetical market in a 
double bounded dichotomous 
choice approaches.

Dichotomous choice for-
mat is the most widely sued 

approach to eliciting respondents WTP. 
The amount in questions depends on the 
regular market where usually people pur-
chase or decline to purchase. The ques-
tionnaire used in this study were taken 
from Amiri et al. (2015).

Regards to the question whether the 
individuals willing to pay for biodiversi-
ty conservation of rivers and to find the 
proper charge, a pilot study with forty 
questionnaire (open questions) without a 
proposed price were distributed randomly 
among individuals. In the pilot study on 40 
respondents, the lowest WTP given by re-
spondents was 10,000 Rials, the highest 
WTP was 40,000 Rials and the main bid 
was 20,000 Rials.

Fig. 1. The map of the study area.
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dents showed their environmental opin-
ion and responsibility towards natural 
resource protection which showed the 
importance of environment among visi-
tors. The average monthly expenditure 
was almost 10 million Rials and the aver-
age monthly income was about 13 million 
Rials.

According to Cultural Heritage, Handi-
crafts and Tourism Organization (2013) the 
number of tourists who visited Khalkaei, 
Ghaleeroodkhan, Pasikhan and Shem-
roud rivers in 2013 were 9,074, 58,245, 
10,000 and 320, respectively. In order to 
analyse the visitors WTF, questionnaires 
were distributed among visitors.

To estimate the landscape and biodi-
versity value of the rivers, tourists were 
asked to participate as part of our sample 
population. The required sample size for 
simple random sampling was calculated 
according to Cochran (1977) (Equation 1).
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where: N is population; p is the ac-
ceptance (0.5); q is the rejection (0.5);  
z = 1.96; d is error part.

Therefore, for each river, 95 question-
naires were distributed among visitors, 
370 accepted and were surveyed in the 
analysis.

SHAZAM and Excel were used to cal-
culate the logit model parameters.

Results

Socioeconomic aspects of individual re-
spondents is one of the most important 
part in the questionnaire, therefore the 
first section contained questions regard-
ing age, gender, marital status, educa-
tion, occupation, family size, place of res-
idence, income, monthly expenditure and 
environmental opinion (Table 1).

Table 1. Definition of variables.

Variable Definition
Age Scale variable

Gender 0: Female, 1: Male (Nominal scale)
Marital status 0: Single, 1: Married (Nominal scale)

Education Years of the education from illiterate, to PhD (Ordinal scale)
Occupation Level of occupation from Expert to no job (Ordinal scale)
Family size Number of family members (Scale factor)

Place of residence Size of the household (Scale variable)
Income Average monthly income in Rial (Scale variable)

Monthly expenditure Average monthly expenditure in Rial (Scale variable)
Environmental opinion Whether the respondent feeling responsibility towards natural re-

source protection or not (Nominal scale)

The statistical result of socioeconom-
ic characteristics of respondents are  
presented in Table 2. The average age 
of about 40.64 represents the high av-
erage age between visitors. It is showed 
that 88  % of visitors were married and  
85 % were male and the average educa-
tion years were 13.05. 54 % of respon-
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Table 2. Statistical Results of Socioeconomic Characteristics.

MinMaxStandard deviationMeanVariable
209112.246.64Age, years
0223.1213.05Education
161.472.95Household size
140610Monthly expenditure, million Rials
270813Monthly income, million Rials

to pay less than 10,000 Rials and the re-
maining 76 individuals were not willing to 
pay anything. Out of the 282 people who 
accepted the first offer of 20,000 Rials, 
113 people agree to pay the amount less 
than 40,000 Rials bid and the rest agreed 
to pay 40,000 Rials (Table 3).

Out of 370 respondents, 294 (79.45 %) 
were willing to pay something for the land-
scape and biodiversity of the rivers, while 
the other 76 (20.55 %) respondents were 
not interested to pay anything. Out of 
the 88 persons, who were asked to pay 
20,000 Rials, only 12 people were willing 

Table 3. Response to three proposed bids for the purpose of rivers landscape  
and biodiversity.

Bid 3,
40,000 Rials

Bid 2,
10,000 Rials

Bid 1,
20,000 Rials

IndicatorResponse

16912282FrequencyYes
46376Percent
1137688FrequencyNo
302124Percent

28288370FrequencyTotal
7624100Percent

The logit regression method provided 
the following model for the landscape and 
biodiversity value of the rivers (Equation 
2):

	
0 1 1 2 2

3 3 4 4

i

i

WTP x x
x x e

= α + α ⋅ + α ⋅ +

+ α ⋅ + α ⋅ +
 	 (2),

where: WTPi is the willingness of respon-
dent i to pay; x1 represents education; x2 

is household size, x3 is household income 
in million Rials; and x4 represents the bids 
in Rials (0, 10,000, 20,000 and 40,000 Ri-
als).

Table 4 shows the estimated coeffi-
cients, levels of statistical significance 
and the effect of descriptive variables of 
the logit model on the dependent variable 
(based on maximum likelihood estima-
tion).
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Table 4. Estimated regression coefficient of the most effective variables of logit model.

Variable Estimated  
coefficient

t-value Elasticity Marginal  
effect

Constant -1.6772 -1.8858 -0.6004 -
Age 0.25408E-01*** 2.9083 0.36963 0.58394E-02
Gender -0.70411*** -2.5201 -0.22071 -0.16182
Education 0.88215E-01*** 2.8174 0.41197 0.20274E-01
Environmental opinion 0.94869*** 5.4362 0.18 0.21
Monthly expenditure, mil-
lion Rials

-0.40419E-06** -2.15 -0.15 0.92×10-7

Monthly income, million Ri-
als

0.50110E-06*** 3.0904 0.24 0.11×10-6

BID, Rials -0.54037E-05 -0.7253E-01 -0.51×10-2 -0.12×10-5

Note: Likelihood ratio statistic = 67.432, probability (LR statistic) = 0, McFadden square = 
0.91, Percentage of right predictions = 89.85; ** – Statistical significance at 5 % level, *** – Statis-
tical significance at 1 % level.

variables, it was necessary to calculate 
their marginal effect. We also calculated 
elasticity to show the relative importance 
of descriptive variables of the model in 
response to changes in WTP for the land-
scape and biodiversity of river ecosystem.

The proposed bid was the most import-
ant descriptive variable for determining 
the probability of WTP for the landscape 
and biodiversity of rivers. It showed that 
one unit change in the amount of pro-
posed bid changed the probability of ac-
cepting the bid by 0.51×10-2 per cent. Fur-
thermore, due to the marginal effect of this 
variable, one unit change in the amount of 
the proposed bid changed the probabili-
ty of a positive response to the WTP by 
0.12×10-5 in favour of the landscape and 
biodiversity of rivers.

The estimated coefficient for the in-
come variable was significant at 1 % sta-
tistical level. With its positive sign, as ex-
pected, it means that one per cent change 
in income, the probability of accepting 
the amount of the proposed bid would be 
changed by 0.24 per cent. Also, in terms 
of the marginal effect of this variable, one 

The results also show that variable of 
monthly expenditure was effective in ac-
cepting the bids at 5 % statistical level. As 
well, it should be noted that the variable of 
gender had a negative effect, while age, 
education, environmental opinion and in-
come had a positive effect on the WTP.

Moreover, the variables age, gender, 
education, environmental opinion and in-
come were statistically significant at one 
per cent level of significance and were 
the most important factors in WTP to con-
serve the landscape and biodiversity of 
rivers. Besides that, monthly expenditure 
was negatively significant at 5 % level. As 
the amount of the bid increased, WTP of 
people reduced substantially. This means 
that their elasticity to pay is inversely re-
lated with the price of perceived services 
provided, since their low income levels 
have a negative effect on their support to 
conserve the landscape and biodiversity 
of rivers.

In order to determine changes in the 
probability of WTP in estimating the land-
scape and biodiversity value due to one 
unit change in one of the independent 
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unit change in the income of the respond-
ent, the probability of positive response to 
conserve the river, changed by 0.11×10-6 
per cent.

It is found that there is a positive re-
lationship between age and probability of 
WTP that is significant at 1 % level. In oth-
er words, every one unit (year) increase 
in age, the probability of willingness to 
pay increases 0.58×10-2 units. Besides, 
again as one percent increase occurs in 
age variable, willingness to pay increases 
0.36 per cent.

Education and probability of WTP 
showed a positive relationship which is 
significant at 1  % level. In other words 
every one percent increase in Education, 
the probability of accepting the amount of 
the proposed bid would be increased by 
0.41 per cent. Besides, one unit change 
in education (one year) the probability of 
positive response to WTP increases by 
0.02027 units.

Sex variable was negatively significant 
at 1 % level and showed that female partic-
ipants were more willing to pay than men. 
The probability 
of WTP among 
females was 
0.16 units 
more than that of males. In other words, 
one percent increase in the number of 
male respondents, the probability of ac-
cepting of WTP decreases by 0.22071 
per cent.

Environmental opinion showed a pos-
itive significant effect on WTP. It means 
that one percent change in environmen-
tal opinions of individuals, the probability 
accepting of WTP would be changed by 
0.18 %. Besides, one unit change in en-
vironmental opinion the probability of pos-
itive response to WTP increases by 0.21 
units.

The monthly expenditure was signifi-

cant at 5 % level, but it was negative and 
with increasing one per cent of monthly 
expenditure, the probability of accepting 
WTP decreases by 0.15 %.

In addition, McFadden coefficient of 
determination was calculated as 0.91, 
suggesting that the explanatory variables 
of the model explained the dependent 
variable very well. Another useful criteri-
on for goodness of fit of the model was 
the classification of the respondents in 
two groups, i.e., those who accepted the 
bid for river landscape and biodiversity 
and those who rejected it. The proportion 
of correct predictions of the model was 
91 %, implying that 91 % of the respon-
dents indeed correctly answered ’Yes‘ or 
’No‘ when asked about their willingness to 
pay.

The expected average WTP according 
to the logit model, using maximum likeli-
hood was calculated by numerical integra-
tion in the range of zero to the maximum 
amount of the proposed bid as follows 
(Equation 3):

	
	  
(3),

Based on Eq. (3), the expected WTP 
per household for the landscape and bi-
odiversity of rivers, was estimated to be 
21,913 Rials per month.

The overall landscape and biodiversity 
value of the rivers (LBV) were calculated 
using the following relationship (Equation 
4):
	 LBV AAWH NHD= ⋅ 	 (4),

where: AAWH is the annual average of 
WTP per visitor and NHD is the number of 
tourists to visit the river annually.

The number of visitors of Khalkaei, 
Ghaleeroodkhan, Pasikhan and Shem-
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roud rivers is annually 9,074, 58,245, 
10,000 and 320 person per year, respec-
tively (Cultural Heritage, Handicrafts and 
Tourism Organization 2013). Based on 

the number of visitors currently visited 
the rivers in Guilan we obtained conser-
vation value for one year is shown in Ta-
ble 5.

Table 5. The overall conservation value of the rivers in Guilan (LBV).

River AAWH NHD LBV, Rials
Khalkaei 21913 9074 2,386,062,744
Ghaleeroodkhan 21913 58245 15,315,872,220
Pasikhan 21913 10000 2,629,560,000
Shemroud 21913 320 84,145,920

Discussion

The econometric analysis shows that 
respondents with higher incomes, great-
er environmental values, and those who 
are older and female are more likely to 
be willing-to-pay. However this result is in 
contract by Loomis et al. (2000) who men-
tioned that age, income and education 
has not a significant effect on individual 
willing to pay for ecosystem conservation 
in South Platte river. They also showed 
that people who are in environmental 
group are more willing to pay for ecosys-
tem conservation which is in agreement 
with this study. Abdullah et al. (2015) also 
stated that respondents who are familiar 
with the issues related to the environment 
would be willing to pay more.

Regards to the gender, the results 
showed that female are more willing to 
pay for river conservation and biodiver-
sity compare to men which is in contract 
with (Mansouri et al. 2014) who found that 
men are more willing to pay for recrea-
tional value of forest park. In agreement 
with this study, Lee and Han (2002) found 
that the probability of WTP ’Yes‘ is likely 
to be higher in female than male respond-
ents. The results of Eslamian et al. (2016) 
also showed that female participants were 

more willing to pay than men.
Age, education and income had the 

highest impact on the elasticity of WTP. 
In other words, as incomes rise, the ten-
dency to pay more for the landscape and 
biodiversity of the river and elasticity for 
the WTP to preserve their environment in-
creased. This result is in agreement with 
Kerna (2012), Tao et al. (2012), Amiri et 
al. (2015) and Abdullah et al. (2015) who 
mentioned that the higher the income, the 
more likely the respondents accept the 
proposed bid.

Education also had a positive effect on 
willingness to pay which shows the same 
result with Kolahi et al. (2013), Tao et al. 
(2012) and Mansouri et al. (2014). Jor-
gensen et al. (2001) also conducted that 
lower levels of education tended to be un-
willing to pay. Compared to income, with 
increase of one unit of income (1 Iranian 
Rial) individual’s willingness to pay in-
crease by 0.11×10-6 units, but by increas-
ing one year of education, the probability 
of WTP increases by 0.202 units.

The result of this study showed that 
older people are more willing to pay for 
environmental conservation. Jain et al. 
(2017) also found the same result in India 
and they concluded that the older people 
willing to pay due to the environmental se-
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curity for their next generation. In contrast, 
Abdullah et al. (2015) found that when the 
age of the individuals increases, the prob-
ability to accept WTP decreases. Lee and 
Han (2002) also conducted that the prob-
ability of WTP ’Yes’ is likely to be higher in 
younger people than that of older people.

Using Eq. (3), the mean WTP was cal-
culated at the mean of the other independ-
ent variables. The resulting mean month-
ly WTP per individual was 21,913 Rials 
(0.734  $1) per month for landscape and 
biodiversity conservation value of rivers. 
Loomis et al. (2000) assessed the mean 
monthly willingness to pay per household 
to increase five ecosystem services (dilu-
tion of wastewater, natural purification of 
water, erosion control, habitat for fish and 
wildlife, and recreation) along 45 miles of 
South Platte River which was about 21 $ 
higher as water bill. It means that house-
holds are willing to pay 21 $ more in their 
monthly bill to increase ecosystem servic-
es. The differences between this two stud-
ies might be due to the differences in the 
purpose of the investigation. In our study, 
only the biodiversity and landscape valu-
ation has been evaluated, but Loomis et 
al. (2000) asked five main aspects of river 
sides which is very important for rural and 
urban citizens. Besides that, stronger cur-
rency, higher income and education might 
be the reasons of differences in WTP in 
these two studies.

Mansouri et al. (2014) found the mean 
WTP of recreational value of forest park 
equal to 17,919 Rials per person. Appar-
ently, this was because, in their study this 
amount is only for visiting the park, but in 
our study the mean WTP is for conser-
vation of the rivers biodiversity and land-
scape which is more valuable for visitors.

The mean WTP of this study and Ami-
ri et al. (2015) showed almost the same 
1 1 USD = 29854.8 IRR in the year of 2015

amount (0.79  $), this was because they 
evaluated the conservation value of myr-
tle (Myrtus communis) as a medicine spe-
cies in Iran. The same result might be due 
to the same income and educational level, 
age and environmental opinion which has 
a main effect on WTP.

The mean monthly willingness to pay 
of recreational value of 33 parks across 
Iran from 2004 to 2011 showed the 
amount of 1.4 $ per person (Kolahi et al. 
2013). The differences of WTP between 
previous study and our study might be 
due to the fact that their study was done 2 
years earlier when the economic situation 
was better2.

Conclusion

This study determined the biodiversity and 
landscape value of four rivers in the North 
of Iran based on tourists WTP for rivers 
conservation through CVM model and a 
dichotomous questionnaire. Although the 
level of income in Iran is modest, 79.45 % 
of respondents are willing to contribute for 
rivers biodiversity and landscape conser-
vation. It showed the highest potential and 
willingness of people to contribute to en-
vironmental conservation decision- mak-
ing policies. The rest (20.55 %) who are 
not willing to pay, believe that paying for 
environmental quality is the responsibility 
of governments or local agencies not in-
dividuals or other social groups such as 
polluters or users should take responsibil-
ity for that. This finding is in accordance 
with Jorgensen et al. (2001) and Abdullah 
et al. (2015).

The mean WTP for rivers conserva-
tion was calculated as 21,913 Rials. The 
results showed that age, education, envi-
ronmental opinion and income had a posi-
2 1 USD = 12285.6 IRR in the year of 2013
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tive effect on the WTP, while the variables 
of gender and income had the highest ef-
fect on WTP.

The descriptive variables education 
and environmental opinion showed bet-
ter assess in marginal effects which with 
changing one unit in education and envi-
ronmental opinion, the willingness to pay 
increases by 0.202 and 0.218 units which 
are higher than other quantitative varia-
bles. Therefore, rising level of education 
and environmental awareness influence 
on environmental protection by individu-
als.

The result of this study revealed that 
the individuals were consciously aware 
of the role and the significance of rivers, 
and also they would like to contribute for 
natural resources conservation and willing 
to pay for its maintenance and protection. 
In addition, they were interested in pro-
tecting such ecosystems for next gener-
ation. Therefore, the effort and interest of 
individuals to preserve natural resources, 
must convince the government and local 
agencies to preserve natural resources 
and prevent them from destruction.
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Abstract
Many natural disturbances accrue in Iran because of its geographical condition. Mostly the re-

covery of this damage is impossible or requires a lot of time and cost. The general purpose of this 
research is to find out the relationship between slope of the terrain and the vegetation cover from 
one side and the mass movement of land from the other and to finally illustrate applicable data in 
the field of forest road construction. In this research, 39 cluster samples at a distance of 700 m 
along the 28 km of road were taken by systematic random method. In each cluster, the first sam-
ple was taken 50 m upward from the road; the second sample was taken 50 m downward from 
the road and the third sample was taken 10 m off the road. The number of landslides in each area 
and its relationship with road construction was analyzed in dependence of the terrain slope and 
the percentage of vegetation cover. Results showed that a road construction could be an effective 
factor for increasing mass movements. Moreover, excavated slope causes an increase of mass 
movement, too. Results of the research also indicated that there was an inverse relationship 
between an increased percentage of vegetation cover and the frequency of landslide occurrence.

Key words: cluster samples, forest, mass movement, road construction.

stability in a region is the most sensitive 
and important issue in construction and 
route selection, especially for mountain-
ous roads. Ignoring this issue could cause 
irrecoverable damages to projects. Mass 
movement is a natural disturbance which 
has been occurring because of ignoring 
road construction standards (Alexan-
der 1995). In order to prevent increasing 
damage costs, detecting and classifying 
effective factors which cause landslides in 
forests is necessary (Pyles and Froehlich 
1997). Zezere et al. (1999) reported that 

Introduction

Because of special geographical, topolog-
ical and climate properties of Iran, natural 
disturbances are accruing in this coun-
try frequently. Landslide is one of these 
damages which are defined as general 
and deep movement of layers of soil on 
bedrock. Every year, this phenomenon 
cause’s environmental damages and 
sometimes the recovery of this disrup-
tion is impossible or takes a lot of time 
and costs (Khosrozadeh 1999). Slope 
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the most important effective factors for 
landslide occurrences could be geological 
and petrology structure, land use, ancient 
landslides and human activities. Krog-
stad (2001) made a general evaluation 
plan about the probability of landslide oc-
currences in planning forest roads in the 
forests of northern America and achieved 
a regression model through comparing 
landslide areas to controlled areas and 
then illustrated several models about the 
probability level of landslide occurrences 
using effective factors. Borga (2005) in-
vestigated the effects of forest roads on 
shallow landslide in four regions of north 
Italy. He showed how the road could be 
effective on landslide occurrence in sen-
sitive areas. Results of this model indicat-
ed quantitatively the rate of road effects 
on shallow landslides in forests. Pascual 
(2001) investigated reasons and effects 
of landslides in Nepal. He divided the ef-
fective factors in 2 classes: manmade and 
natural factors. Rollerson et al. (2004) 
prepared a guide map regarding areas 
that are sensitive to landslides in Canada. 
He found out that most of the landslides 
took place on clear cuts and on road con-

struction areas. The general purpose of 
our research is to find out the relationship 
between the terrain slope and vegetation 
cover from one side and the mass move-
ments of lands and finally to illustrate ap-
plicable data in the field of forest road con-
struction to optimize timber logging.

Materials and Methods

The study area (1450 ha) is located in wa-
tershed number 7 in northern Iran (Fig. 1). 
This region is between 37°28′ to 37°32′ N 
and 48°59′ to 49°59′ E. Most of the study 
area has a small slope. Minimum alti-
tude is about 100 m and the maximum is 
1200 m.

Because of human activities over the 
last decades many disturbances accrued 
in that area. One sign of destruction is 
the reduction in percentage of vegetation 
canopy cover. In this research after study-
ing the base maps, 39 cluster and 117 
samples with a distance of 700 m along 
the 28 km road was taken via systematic 
randomize method (In each cluster 3 sam-
ples were taken). In a chosen area, one 

Fig 1. The study area.
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landslides and 2 landfalls but within this 
10 m off the road axis, 16 landslides and 
12 landfalls were recorded which occurred 
along the28 km of the constructed road. 
Just one landslide occurred downward 
from the road. Thus, it can be concluded 
that the number of movements increase, 
the closer you get to the road. To summa-
rize, results of the total mass movement 
along the studied road network are shown 
in Table 1.

The frequency of mass movements 
along the 28 km of constructed road in-
dicates that most mass movements have 
occurred within a short distances from 
the road (10 m off the road). This indi-

sample was taken 50 m upward from the 
road; a second sample was taken 50 m 
downward from the road and a third sam-

ple was taken 10 m off the road axis. Fig-
ure 2 illustrates the location of the sam-
ples.

Fig. 2. Sampling locations.

Samples 50 m upward and downward 
from the road were considered as control 
plots which had the same terrain slope, 
slope direction and vegetation cover as 
the10 m samples had. No construction 
project took place in this area. Random 
systematic sampling method in shape of 
cluster is shown in Figure 3.

Results

Approximately 80  % of the area has a 
grade of less than 60 %, and 20 % of the 
area has a grade of 60 % to 100 %. Sam-
ples 50  m upward from the road had 4 
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cates that road construction has an effect 
on landslides. In order to make results 

clearer, information is shown in percent-
age in Table 2.

Fig. 3. View the location of clusters.

Table 1. Total mass movement in the studied road network.

Number of landslideNumber of landfallSample
4250 m upward from the road
2-50 m downward from the road

161210 m off the road axis
2214Total

Table 2. Share of mass movement in sampling location.

Share of landslide, %Share of landfall, %Sample
18.514.550 m upward from the road

9050 m downward from the road
72.585.510 m off the road axis

Landslide at the distance of 50 m 
downward from the road was 9  % but it 
was 72.5 % 10 meters off the road axis. No 
landfall had occurred downward the road. 
These results show that road construction 
in forests significantly increases the prob-

ability of landslides. In order to complete 
results, the effect of terrain grade on land-
slide occurrence in the study area was in-
vestigated too. The frequency of landslide 
and landfall and its relationship to grade 
classes is illustrated in Table 3.
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Table 3. Frequency of landslide and landfall in different slopes.

Number of 
landslide

Share of 
landslide, %

Number of 
landfall

Share of 
landfall, %

Division of 
grade, %

00000–30
4200030–60
420433.360–80

14601066.680–100
2210014100Total

These values and percentages show 
that there was a significant positive re-
lationship between the slope grade and 
the frequency of landslide. The landslide 
frequency increases an increasing terrain 
grade. In the next step, in each of the 117 
samples the percentage of vegetation cov-

er was measured and then classified into 
5 classes to show the effect of vegetation 
cover on land movements. The frequency 
and percentage of the occurred landslides 
and landfalls and its relationship to class-
es of vegetation cover in study area is il-
lustrated in Table 4.

Table 4. Frequency and percentage of landslide and landfall occurrences in different veg-
etation classes.

Number of 
landslide

Share of 
landslide, %

Number of 
landfall

Share of 
landfall, %

Class of vegetative 
cover, %

627.271071.420–20
627.27428.5720–40
29.090040–60
627.270060–80
29.090080–100

2210014100Total

According to Table 4, we concluded 
that there is an inverse relationship be-
tween the frequency of landslides and 
landfalls regarding the percentage of 
vegetation cover. Moreover, the rate of 
landslides and landfalls increase while the 
vegetation cover is decreasing.

Discussion

In this research, the areas which were lo-
cated along the studied road were inves-
tigated through sampling method. Results 
indicate that mass movement along roads 
was higher than the rate of natural areas 

which were far from road construction op-
erations. This finding was similar to Sa-
rikhani and Gorji (2003) and Ahmadi and 
Esmaeli (2003) findings. In this research it 
was proved that the mass movement with-
in 10 m of the road was 4 times more than 
that 50 m upward the road and 8 times 
more than 50 m downward the road. The 
landfall movement within 10 m of the road 
was 6 times more than the 50 m upward 
the road. Investigations about effective 
factors on landslide were conducted by 
Gerayi (2006) who demonstrated that the 
percentage of landslide at a distance less 
than 200 m far from roads was higher in 
comparison to further distances. Roads 
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could be considered as an effective factor 
on land movements. The slope parame-
ter could be another effective factor which 
leads to instability and mass movement 
(Keefer 2000, Wang and Xu 2001). Slope 
is the most important effective factor on 
Pathogenesis processes on a regional 
scale (McDaniel et al. 1992). Steep slopes 
cause an increase in soil erosion because 
of more shallow movement (Hall 1983). 
Slope destructions during road construc-
tion and operations without considering 
standards are a reason of landslide oc-
currences. This result was similar to Swift 
(1985) findings. Usually material removal 
from the upward to the downward in sen-
sitive lands can intensify danger. Vegeta-
tion cover has been also recognized as 
an effective factor in slope stability (Ko-
mac and Gerald 2006). Rollerson et al. 
(2001) proved that most landslides usu-
ally occurred in road construction areas 
and forest clear cuttings. Vegetation cover 
removal causes an increase in water infil-
tration and consequently increases land-
slides. Other investigations shows that 
the frequency of landslide occurrences 
increases when a road is constructed, the 
forest ecosystem is changed and vegeta-
tion cover is removed (Pachauri 1992).

Conclusion

Results of this study indicate that forest 
road construction has significant effect 
on an increase in landslide occurrenc-
es and increases it several times. Thus, 
the relationship among them is proved. 
According to the collected data from this 
research and in comparison to other stud-
ies the hypothesis that road construction 
in mountainous forests causes landslide 
occurrences in shape of mass movement 
and landfall is proved. Besides, the terrain 

slope factor causes an increase in the 
frequency of landslides which indicates 
that slope affects the occurrence of mass 
movements. Moreover, results showed 
that there was an inverse relationship be-
tween the increasing percentage of vege-
tation cover and the frequency of the oc-
curred landslides.

This paper mainly discussed the num-
ber of landslides along forest roads in re-
lation to slope, vegetative cover and the 
relative distance from road. Many environ-
mental factors are involved with landslides 
but their weight of influence is quite differ-
ent. This paper only focused on slope and 
vegetative cover condition. However road 
construction seems the main human ac-
tivities that will cause shallow landslide for 
area like Iran which has no or little rainfall 
triggered landslide. So doing such studies 
about other effective factors and their re-
lation to earth mass movement in Iran is 
necessary. 
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Abstract
A species-specific initial response of gas-exchange and water use efficiency of Norway maple 

and Silver lime saplings were observed after a forest thinning. The photosynthetic rate increased 
significantly both in Norway maple and Silver lime leaves. The transpiration rate of Norway maple 
increased more intensively, in comparison to Silver lime. Norway maple saplings suffer both from 
intensive light and moisture deficit, while Silver lime saplings were more resistant to the patch 
opening. Stable water use efficiency in Silver lime leaves in response to the thinning may result 
from the better ability of this species to keep available water, which could be considered as the 
greater resistance to patch opening. These results may serve as a basis for improvement of for-
estry approaches in mixed deciduous forests with the presence of Norway maple and Silver lime.

Key words: patch, photosynthesis, transpiration, understory, water use efficiency.

al. 2005), and probably can affect the 
nutrients availability (Blanco et al. 2005). 
Positive effects of thinning on tree growth 
are therefore caused by the reduction of a 
crown and belowground competition and 
the concentration of potential growth in 
only a reduced number of selected indi-
viduals (Martín-Benito et al. 2010).

Relatively few studies have compared 
plasticity in gas-exchange characteris-
tics of woody plants in contrasting light 
environments after a forest thinning. The 
specific regimes of sub-canopy light, tem-
perature, humidity, and nutrient availa-
bility within the patches can provide an 
advantage of shade-intolerant tree spe-
cies, but at the same time can reduce 

Introduction

Thinning is the main forestry practice to 
increase tree growth by reducing stand 
tree density and competition for environ-
mental resources. Further, small group 
selection harvests (small patch cuts) may 
be employed to increase the heterogene-
ity of forest conditions in a management 
area (Grebner et al. 2012). The physical 
environment within a small open area sur-
rounded by forest differs from that under 
the canopy or in a large open area (Run-
kle 1985). Forest thinning increase the 
amount of incident light below the cano-
py, causing changes in temperature and 
water regimes inside the stand (Tang et 
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the physiological potential for adaptation 
and survival of sapling of shade-tolerant 
species (Kobe and Coates 1997). Com-
petitive dynamics can then be assessed 
in eco-physiological context, wherein 
plant performance and distribution are 
assessed in relation to fine-scale, com-
petitor-induced environmental variation 
(Burton and Bazzaz 1995). Burton and 
Bazzaz (1995) and Sipe and Bazzaz 
(1994) showed that specific differences in 
the physiological performance and plas-
ticity of tree species lead to differences 
in their ability to invade and compete in 
open patches. The light acclimatization 
begins initially on the primary physiolog-
ical processes, such as photosynthesis 
and transpiration. According to Chazdon 
(1992), an accurate picture of the photo-
synthetic characteristics of forest under-
storey plants must incorporate transient 
photosynthetic responses. Chow et al. 
(1991) observe that shade-tolerant spe-
cies tend to have low maximum rates of 
photosynthesis, even when grown under 
conditions of high light availability, due to 
intrinsic mesophyll factors. Köstner (2001) 
established a linear increase in transpira-
tion rate with increasing net radiation for 
spruce and beech canopies. He suggests 
that daily maximum of vapour pressure 
deficit is the best single atmospheric pre-
dictor of daily rate of transpiration. While 
the transpiration of gymnosperm corre-
lated strongly with stand age (Köstner et 
al. 2002), in angiosperm remained almost 
constant over a wide range of age (Köst-
ner 2001). In accordance to Wuenscher 
and Kozlowski (1971) water-use efficien-
cy (WUE), the ratio of CO2-uptake to wa-
ter-loss, decreased along the gradient 
from xerophytic to mesophytic species.

The aim of this study was to compare 
the initial response of gas exchange and 
WUE of Norway maple (Acer platanoides 
L.) and Silver lime (Tilia tomentosa Mo-
ench) leaves after a patch opening. Both 
species are categorized in the literature as 
a non-pioneer, shade tolerant and tend to 
grow near other species in dense wood-
lands (San-Miguel-Ayanz et al. 2016, 
Schütt and Roloff 1994). We aimed to de-
termine whether these two species have 
a species-specific early stress response 
and light plasticity, which could be consid-
ered as an indicator of different adaptive 
mechanisms.

Materials and Methods

Site description and plant material

The experiment was conducted in the ar-
boretum of the University of Forestry, Bul-
garia (Table 1).

After a small patch opening in a mixed 
broadleaf bio-group, dominated by Nor-
way maple and Silver lime, a part of the 
understory saplings of the experimental 
species were exposed to full sunlight, 
whereas the other part remained in a 
shade. Norway maple is a fast-growing 
species, which germinates and grows 
quickly in shade, even under closed cano-
py (San-Miguel-Ayanz et al. 2016). Silver 
lime is relatively resistant to persistently 
low humidity because the dense hairiness 
of the young leaves and shoots reduces 
transpiration. Young trees endure shad-
ows, but older ones have high light re-
quirements and must be free (Schütt and 
Roloff 1994).
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Table 1. Site and stand characteristics.

Site characteristics
Latitude, ° ’ ” 42° 39’ 09” N
Longitude, ° ’ ” 23° 21’ 30” E
Altitude, m a.s.l. 590
Soil type (Jordanova and Jordanova 1999) Pellic Vertisoil
Mean annual temperature, °C (Alexandrov et al. 2004) 9.9
Annual amounts of precipitation, mm (Alexandrov et al. 2004) 571

Stand characteristics
Height, m 17
Diameter at breast height (DBH), cm 20
Leaf area index (LAI), m2·m-2 5.57
Patch area, m2 48

Note: Height and DBH were measured on ten Norway maple and ten Silver lime trees from 
the main stand. LAI was calculated in accordance to Beer’s law and following Monsi and Saeki 
(2005): LAI=cosθ·ln(I/I0)·k

-1, where θ is the zenith angle, I0 is the incident radiation, I is the ra-
diation transmitted below canopy, k is the extinction coefficient, and LAI is the leaf area index. 
According to Bréda et al. (2003) k assumed to constant: k=0.50.

tion (μmolCO2·mol-1air), air temperature  
(TA, °C) and relative humidity (HD, %) were 
recorded simultaneously during meas-
urements through Li6400 sensors. The 
air pumped into the Li-6400 was passed 
through a buffering tank (10 L) with a con-
stant flow rate (500 μmol air·s-1) to reduce 
the time for measurement stabilization. 
Due to determine light-saturated photo-
synthesis, the PPFD in the chamber was 
maintained at 1000 μE·m-2·s-1. The data 
were recorded after a stabilization time of 
minimum 5 minutes and lowering the total 
coefficient of variation to less than 0.5 %. 
Water use efficiency (WUE, μmolCO2·m-
mol-1H2O) was calculated in each case of 
measurements as a proportion of AN, and 
E (Barrs 1968). 

Statistical analysis

Shapiro-Wilk test (P-value < 0.05) was 
used to determine whether the outcome 
variables were normally distributed. Vari-

Gas exchange measurements and 
micro-environmental conditions

The measurements of leaf gas exchange 
and recording of micro-environmental 
conditions were performed a week after 
thinning. Twenty randomly chosen sap-
lings (five per plant species, both from the 
understory and from the patch) were used 
for the measurements. The values of ex-
amined variables were measured on the 
third and the fourth fully developed main 
stem leaves from the top of each sapling 
(Sesták 2012).

The photosynthetic rate (AN, μmol-
CO2·m

-2·s-1) and transpiration rate  
(E, mmolH2O·m-2·s-1) of each leaf (two per 
sapling) were measured with a portable 
infrared gas analyser Li-6400 (Li-Cor Bi-
osciences, Lincoln, NE, USA) equipped 
with shielded thermocouples, quantum 
sensor (LI-190) and red light-emitting di-
ode light source (6400-02) in the chamber. 
Ambient photosynthetic photon flux den-
sity (PPFD, μE·mol-1air), CO2 concentra-
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ables were reported as medians and 
quartiles because the hypothesis of nor-
mal distribution was rejected in each 
case. The Mann-Whitney rank sum test 
(P-value < 0.001) was used to test for 
differences between the medians of mi-
cro-environmental parameters in both 
patches. A Kruskal-Wallis one-way analy-
sis of variance on ranks (P-value < 0.001) 
was used to determine differences in the 
median values of the investigated physi-
ological parameters among the treatment 
groups. A multiple-comparison procedure 
(Tukey Test, P-value < 0.05) was used 
to isolate the group or groups that differ 
from the others. All statistical proceedings 
were performed with MS Excel (Office 
2016, Microsoft, Redmond, WA, USA) 
and user-defined functions in Visual Basic 
for Applications (MS VBA 7.1, Microsoft, 
Redmond, WA, USA).

Results

Micro-climatic conditions

Photosynthetic photon flux density (PPFD) 
was the most varying micro-climatic factor 
between patch and understory. The PPFD 
increased almost 120 times in patch in 
compare to understory (Table 2).
Table 2. Micro-environmental characteris-

tics of understory (U) and patch (P).

Micro-climatic factors U P
PPFD, μE·m-2·s-1 4.0 a 479.0 b
Ta, °C 25.3 a 26.2 b
RH, % 49.1 a 46.7 b
CO2, μmolCO2·mol-1air 384.6 a 379.9 a

Note: Values shown are medians (n = 20). 
The same letters on each row indicate that 
there is no statistically significant differ-
ence (Mann-Whitney rank sum test, P-val-
ue < 0.001) between medians in both areas.

Both the higher Та and lowest RH in 
the patch are due to higher illumination in 
comparison to understory. The lack of var-
iation in CO2-concentration between two 
areas was presumably due to small area 
of the patch.

Gas-exchange

The photosynthetic rate increased sig-
nificantly after the patch opening both in 
leaves of Norway maple and Silver lime 
(1.9 and 1.7 times respectively). The un-
derstory saplings of Silver lime photo-
synthesize more actively than saplings 
of Norway maple and this difference has 
kept after a thinning (Fig. 1).

Fig. 1. Photosynthetic rate (AN) of Norway 
maple (NM) and Silver lime (SL) in the un-

derstory (U) and in the patch (P).

Note: Medians and 25th and 75th percen-
tiles are shown in boxes, and minimum and 
maximum values are shown as whiskers. The 
median values above boxes, indexed by the 
same letter, are not significantly different (Tuk-
ey test, P-value < 0.05).

After a patch opening the transpiration 
rate both of Norway maple and Silver lime 
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also increased significantly. In the leaves 
of patch saplings of Norway maple, E 
increased 5.72 times, while in the Silver 
lime leaves this increase is only 2 times 
(Fig. 2).

Fig. 2. Transpiration rate (E) of Norway ma-
ple (NM) and Silver lime (SL) in the under-

story (U) and in the patch (P).

Note: Medians and 25th and 75th percen-
tiles are shown in boxes, and minimum and 
maximum values are shown as whiskers. The 
median values above boxes, indexed by the 
same letter are not significantly different (Tuk-
ey test, P-value < 0.05).

As a result, WUE of Silver lime was not 
significantly different between patch and 
understory, while the understory Norway 
maple saplings used water 3.15 times 
more effectively in comparison to patch 
saplings (Fig. 3).

Discussion

The initial response in photosynthesis of 
two species to the patch opening was al-
most similar, while the response of tran-
spiration was species-specific. Rapid light 

saturation of the leaves of these shade-tol-
erant species (San-Miguel-Ayanz et al. 
2016, Schütt and Roloff 1994) was proba-
bly the leading factor of photosynthesis in-
crease. Chow et al. (1991) even observe 
prone to photoinhibition in sudden expo-
sure to high irradiance, which presumably 
leads to further limit the increase in pho-
tosynthesis when the understory opened. 
Despite of the higher rate of photosynthe-
sis of Silver lime within the patch, Norway 
maple saplings may better cope with the 
high illumination. The established vari-
ation in photosynthesis agrees with the 
finding of Chazdon and Field (1987) that 
photosynthetic capacity shows a little vari-
ation among leaves of understorey plants, 
despite high variation in light availability 
among leaf microsites.

 

Fig. 3. Water use efficiency (WUE) of Nor-
way maple (NM) and Silver lime (SL) in the 

understory (U) and in the patch (P).

Note: Medians and 25th and 75th percen-
tiles are shown in boxes, and minimum and 
maximum values are shown as whiskers. The 
median values above boxes, indexed by the 
same letter are not significantly different (Tuk-
ey test, P-value < 0.05).
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The transpiration rate of thin leaves in 
Norway maple respond much stronger, 
than in the morphologically more adapted 
leaves of Silver lime. Bréda et al. (2006) 
point out that during drought for most tree 
species, a more severe limitation occurred 
for E than for AN, and as a result, water 
use efficiency generally increases. How-
ever, the Norway maple saplings tried to 
maximize carbon assimilation by keeping 
stomata opened even in severe drought 
stress. Such strategy leads to dramatic 
decrease of WUE after patch opening. In 
the same time, stable WUE in Silver lime 
leaves in response to the changed con-
ditions may result from the ability of this 
species to keep available water, which 
could be considered as the greater resist-
ance to patch opening, probably due to 
xeromorphic features of the leaves.

Conclusions

The short-term response of gas-exchange 
of tree saplings balances a complex set 
of site constraints to each microenviron-
ment patch type. Immediately after the 
patch opening, the Norway maple sap-
lings suffer heavily both from intensive 
light and moisture deficit. The Silver lime 
saplings showed better resistance to the 
increased amount of incident light and 
related changes in temperature and hu-
midity. This study presents an early initial 
response of the Norway maple and Silver 
lime saplings to the suddenly increased 
light. Further research is necessary to 
understand the whole plant physiological 
response in the understorey for a longer 
period and to evaluate the effect of sub-
sequent thinning practices on the balance 
between assimilation and transpiration of 
the two species.
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Abstract
Rock Partridge (Alectoris graeca Meisner, 1804) is endemic to Europe, occurring only in the 

Alps, the Apennines, Sicily and the Balkans. It is suspected to be declining moderately rapidly, 
particularly in the Balkans which hold a substantial proportion of the species population and 
range, based on a balanced assessment of the available evidence. Survival rates of 50 released 
rock partridges in typical habitats in ‘Vrachanski Balkan’ Nature Park were studied during the re-
introduction program. Almost all released birds were monitored for 110 days. Twenty of them were 
marked with radio transmitters, which allowed the survival rate to be determined, dispersion and 
habitat preferences. Birds mortality reached 70 % at the end of survey period and only 6 (30 %) of 
them survived and bred in the next spring. Most birds (65 %) died in the first month after release 
due to predation. The main predators were mammals (92 % of mortality) while the avian raptors 
caused an insignificant part of mortality (8 % of mortality). In cold winter days with temperatures 
lower than -25 °C only one dead bird was found. The survival rates of Rock Partridges did not 
depend on sex (χ2 = 0.05, p = 0.82, df = 1) and age (χ2 = 0.1, p = 0.9, df = 1). The birds’ dispersion 
varied from 35 m to 1.3 km. However only single birds moved more than 1 km away from the 
release point.

Key words: mortality, radio telemetry, survival rates.

Rock Partridge in Bulgaria belongs to 
the nominate subspecies Alectoris grae-
ca graeca (Meisner, 1804) and is unique 
in the world due to the presence of a hy-
brid zone with Chukar Partridge (Alectoris 
chukar kleini J. E. Gray, 1830) in native 
range of the species (Petrov et al. 1969, 
Bernard-Laurent and Boev 1997, Nikolov 
et al. 2007).

The species is Near Threatened (NT) 
classified in SPEC 1 with declining popu-
lation trends (Staneva and Burfield 2017). 

Introduction

Rock Partridge (Alectoris graeca Meisner, 
1804) is endemic to Europe, occurring 
only in the Alps, the Apennines, Sicily and 
the Balkans. It is suspected to be declin-
ing moderately rapidly, particularly in the 
Balkans which hold a substantial propor-
tion of the species’s population and range, 
based on a balanced assessment of the 
available evidence (Griffin 2011, Staneva 
and Burfield 2017).
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Rock Partridge is a species from the Red 
Data Book of Republic of Bulgaria. It falls 
into endangered category by applying 
the IUCN criteria at regional level (Boev 
and Nikolov 2011). Population size is esti-
mated to be between 800–1500 breeding 
pairs. It is a priority of conservation (Biodi-
versity Act, Annex 2) and under regime of 
protection and regulated use (Nikolov et 
al. 2007, Staneva and Burfield 2017).

Rock Partridge has been widely distrib-
uted in Bulgaria during the 19th and early 
20th centuries (Nikolov et al. 2007). The 
population decline began in the 1960s of 
last century (Donchev 1961, Simeonov et 
al. 1990). The beginning of the 1990s, the 
Rock Partridge number as about 20,000 
individuals (Simeonov et al. 1990). The 
population size decreases from 5–10,000 
breeding pairs to 1995 to 800–1500 pairs 
by 2002 (Staneva and Burfield 2017). This 
decline is also reported in 2007 (Nikolov 
et al. 2007). As limiting factors for Rock 
Partridge in other parts of the range are 
mentioned genetic hybridization (Trian-
tafyllidis et al. 2005), predation (Vavale-
kas et al. 1993) and the abandonment of 
extensive agriculture and livestock, lead-
ing to increased canopy cover (Papae-
vangelou et al. 2001, Rippa et al. 2011). 
The slope, the distance of forest and the 
presence of bare rocks are important fac-
tors for its reproductive zones (Amici et 
al. 2009). Rock Partridge preferred open 
areas with meadow and pastures at high 
altitude with south steep slopes with bare 
rocks (Cattadori et al. 1998, Sorace et al. 
2013). The decline of mountain farming 
and hybridization with farm Chukar Par-
tridge are one of the probable reasons 
for disappearance of Rock Partridge in 
most of habitats in Bulgaria (Nikolov et al. 
2007). No specific studies have been con-
ducted in Bulgaria on these cases.

The purpose in this study is to estab-

lish the survival rate, causes for losses 
and dispersion of Rock Partridges, reared 
under semi natural conditions.

Material and Methods

Field methods

At the beginning of November 
(09.11.2016), 20 Rock Partridges with ra-
dio transmitters (RI-2B, Holohil systems 
LTD) weighting 8 grams were released 
in 4 parts in ‘Vrachanski Balkan’ Nature 
Park (NW Bulgaria) (Fig. 1). The average 
weight of the birds was 510 g (420–570, 
n=50). The transmitter averaged 1.6  % 
of the weight. Almost all released birds 
were monitored for 110 days. They were 
released with another 30 unmarked Rock 
Partridges. The idea was to create a few 
flocks to be monitored. The birds were di-
vided into IV groups (Fig. 1). In groups I, 
III and IV, we marked one bird over 1 year 
old and 3 at the age of 150 days, along 
with 8 non-marked birds aged 150 days. 
Only in group II were 2 birds over 1 year, 
6 at 150 days and with them we released 
another 4 unmarked birds at 150 days of 
age. The release groups are consistent 
with the flocks in the breeding facilities.

All birds were reared under semi-natu-
ral conditions. In aviaries with an area as 
about 300  m2 4 males and 4–5 females 
were settled. In each aviary, rocks occupy 
15–30 % of the area and natural shelters 
offering nesting sites. In addition, artificial 
shelters and nests were built. The aviary 
were equipped with automated feeders 
and water slots which do not require a 
daily human presence. The human pres-
ence was directly monitored once a week. 
During the rest of the time, the birds were 
monitored by video control. The habitats 
in which they were released fall into the 
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natural range of Rock Partridge and in-
clude typical areas.

Initially, Rock Partridges were locat-
ed at a 3-day interval in the first month. 
The goal was to accurately determine the 
cause of losses. They were then located 
within 6 days until the end of the study 
because the losses decrease after the 
first month. Survival probability decreased 
very fast during the first 50 days from the 
capture and then more slowly (Meriggi et 
al. 2002). Each bird or flock found was 
observed visually during each telemetry. 
When not detected during the telemetry, 
the protocol was reported as non-local-
ized. All distances were measured using 
the Garmin eTrex Legend Global Position-
ing System and the program MapSource, 
Version 6.11.6 (Garmin Ltd.).

Mortality

Losses were classified according to cause 
of mortality in the following categories: 

predatory mammals; birds of prey; hunt-
ing activity and unknown. The reason for 
the death of birds has been established by 
using the traces left on the transmitter and 
the remains of feathers and bones around 
it.

The dispersion of birds after release 
was established as the mean arithmetic 
distance of each tagged bird from the re-
lease point for the entire monitoring peri-
od.

Statistical methods

The differences in bird dispersion at dif-
ferent release sites were tested with 
Mann-Whitney U test with Bonferroni cor-
rected p values. Survival rates were esti-
mated using Kaplan-Meier nonparametric 
analysis or product-limit estimator (Kaplan 
and Meier 1958, Pollock et al. 1989) and 
parametric survival curve analysis with 
Weibull distributed errors (Pinder et al. 
1978, Crawley 2013). The differences in 

Fig. 1. Study area and places of release of radio tagged Rock Partridge  
(pointer I to IV – place of release of four groups Rock Partridge).
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survival rates between age and sex of re-
leased birds and the interaction between 
age and sex were tested by log-rank test 
(Krebs 1999), Cox proportional hazards 
model (Cox and Oakes 1984) and para-
metric model with Weibull errors (Pinder 
et al. 1978). A parametric survival curve 
analysis is less subject to the sensitivities 
of small sample sizes and stochastic vari-
ability observed in Kaplan-Meier nonpara-
metric analysis (Kaplan and Meier 1958, 
Skalski et al. 2005). All statistical analyses 
were performed using R (R Core Team 
2014) and package survival, v. 2.37-7 
(Therneau and Grabsch 2000, Therneau 
2014).

Results

Mortality

Overall mortality amounts to 70 % (Fig. 2). 
In the first month after release, 13 (65 %) 
of the tagged Rock Partridges died (Table 
1). The main reason of death is predato-
ry mammals – 12 from 14 dead birds (six 
birds killed by Red Fox Vulpes vulpes 
(Linnaeus, 1758); two killed by Wild Cat 
Felis silvestris (Schreb., 1777); 2 killed by 
Mustelidae and 2 was with undetermined 

mammals. Birds of prey are the cause of 
the dead of single partridges (one killed 
by a Goshawk Accipiter gentilis (Linnae-
us, 1758)). Losses during the cold winter 
days, including temperatures of -25 de-
grees, amount to one dead bird (row 6 in 
Table 1) with cause for death – predatory 
mammal. Thirty percent of Rock Partridg-
es survived after 110 days and bred in the 
spring of 2017.

Fig. 2. Kaplan-Meier survival rates. Dashed 
lines show the 95 % confidence interval 

limits.
Note: mortality was shown during the first 

50 days after release because there were no 
dead birds between the 50–110 days.

Table 1. Losses after release by sites of release and sex of birds.

Sites, 
days

I II III IV Total by sex Total male female male female male female male female male female
3 days 0 0 2 2 0 1 1 2 3 5 8
7 days 1 1 0 1 0 0 0 0 1 2 3
11 days 0 0 0 0 0 0 1 0 1 0 1
17 days 0 0 0 0 0 0 0 0 0 0 0
26 days 0 0 0 0 0 0 0 1 0 1 1
50 days 0 0 0 0 1 0 0 0 1 0 1
110 days 0 0 0 0 0 0 0 0 0 0 0
Total 1 1 2 3 1 1 2 3 6 8 14
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There is no difference in the survival 
rate by sex (χ2=0.05 on 1 degrees of free-

dom, p=0.82) and by age (χ2=0.01 on 1 
degree of freedom p=0.9) (Fig. 3).

Fig. 3. Kaplan-Meier rates.

Dispersion

The dispersion varies from 35 m to 1.3 km 
but only single birds move more than 1 km 
away from the place of release (Table 2).

The dispersion of partridges released 
in place II and III is considerably smaller 
than that in other places (Table 3).

Table 2. Dispersion of Rock Partridges 
from points of release.

Place of 
release

Dispersion – Mean±Std Dev 
(min–max), m

I 500.7±70.3 (385–605)
II 276.4±150.4 (35–464)
III 504.3±291.1 (72–1300)
IV 339.3±222.1 (56–748)

Table 3. Results from Mann-Whitney U test with Bonferrroni corrected p values  
between dispersion of rock partridges (p; U).

Places of 
release

I II III IV
p U p U p U p U

I  -  - 0.0018 8 0.633 59 0.072 22.5
II 0.0018 8  -  - 0.0081 31 0.549 46
III 0.633 59 0.0081 31  -  - 0.11 46
IV 0.0723 22.5 0.549 46 0.114 46  -  - 

Note: in bold there are values where there is statistical significance at the corresponding value 
of U.
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Discussion

Mortality

The results show the large losses in the 
first days after release (Fig. 2). There are 
no differences between by age and sex. 
The results obtained in confirm some al-
ready known ones in the other gallina-
ceous bird (Bernard-Laurent 1989, Ber-
nard-Laurent and Léonard 1998). Losses 
after release are highest in the first week. 
The main causes for dead are predatory 
mammals – Red Fox, Wild Cat and dif-
ferent mustelids. Birds of prey have no 
significant impact on survival of partridg-
es in this study. Similar results have been 
obtained from Chukar Partridge (Alecto-
ris chukar) in Bulgaria (Gruychev 2012). 
In this study, a higher survival rate was 
found, in contrast to that found in other 
partridges in Bulgaria (Gruychev 2012). 
The probable cause is the semi-natural 
breeding and rearing of birds.

The survival rate found in this study is 
similar to that found by Duarte and Vargas 
(2004) for Red-legged Partridge (Alectoris 
rufa). High survival rate of gallinaceous 
birds reared in semi-natural environment 
was found in previous studies (Dow-
ell 1990а, b; Buner and Schaub 2008; 
Slaugh et al. 1992; Alonso et al. 2005). 
This requires natural and semi-natural 
breeding to be preferred methods for rein-
troduction of a species into nature. The re-
leasing of hand-reared gallinaceous birds 
remains common method for sustaining 
higher hunting bags and supporting wild 
populations (Game conservancy 1994, El-
lis et al. 1978, Slaugh et al. 1992, Buner 
and Shaub 2008).

Dispersion and habitats

Our results indicate a relatively small dis-
persion of the released Rock Partridges. 
Only a single birds move more than one 
kilometer away. Various studies in gallina-
ceous birds provide different information 
about the distance from the marker. In 
France, Alectoris graeca saxatilis (Bech-
stein 1805) ranged between 4 and 25 km 
depending on the season, and these dis-
tances increased significantly after the be-
ginning of the breeding season and sub-
sequently the birds returned again near 
the marked point (Bernard-Laurent 1991). 
A number of studies indicate a relatively 
small area of the inhabited area of partridg-
es (Lindbloom 1998; Walter 2000, 2002; 
Gruychev and Mihaylov 2015). Results of 
dispersion of released Chukar Partridge 
and Pheasant (Phasianus colchicus), also 
reported small distance of the birds from 
the place of marking (Gruychev 2012, 
2014; Mihaylov et al. 2014). The proba-
ble cause for our results may be the high 
habitat suitability of the release sites char-
acterized by presence of numerous verti-
cal rocks in which birds find shelter. There 
they are undisturbed and remain almost 
throughout the day, except for the time 
they forage. Other possible could be that 
the partridges tend to stay near feeders. 
Unlike previous studies on partridges and 
pheasants in Bulgaria (Gruychev 2012, 
2014; Gruychev and Mihaylov 2015), this 
study provides their importance. The re-
leased birds regularly visited the feeders 
during the cold winter days. This probably 
reduced the dispersion.

The raised of Rock Partridge in 
semi-natural environment is one of the 
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possibilities for recovery of the species in 
‘Vrachanski Balkan’ Nature Park.

Conclusion

This study presents first results of recov-
ery program of Rock Partridge in Bulgar-
ia. The results show the large losses in 
the first days after release. There is no 
relation between losses by age and sex. 
Our results indicate a relatively small dis-
persion of rock partridges. Only a single 
birds move more than 1 km away. The 
predation remains the main cause of loss-
es. The dispersion is relatively small and 
probably due to the vertical rocks that are 
important for the birds survival. Further re-
search is needed to confirm the success 
of the recovery program in ‘Vrachanski 
Balkan’ Nature Park.
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