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Black pine (Pinus nigra J.F. Arnold) is one of the most important reforestation species for dry and rocky terrain in the sub-
Mediterranean zone. Fire is an important factor in black pine stands that largely defines the distribution range of black pine 
and the floristic composition of its stands. Fire causes less damage during autumn or early spring when tree cones contain 
ripe seeds that can partially reforest burnt surfaces. Every fire is a potentially significant threat to forest habitats. There 
are many damages, from direct damages to wood mass and reforestation costs, to indirect ecological, edaphic, protective 
damages and the loss of biological diversity. The aim of prevention works in forestry is to reduce the number of fires and 
reduce burnt surface area per fire. Research was based on vegetation analysis performed on each experimental plot in 
a black pine stand. The assessment of fire severity was performed using the Canadian Forest Fire Weather Index (FWI). 
The assessment of the severity of fire indicates the suitability of conditions for the occurrence of forest fires, and enables 
sound and effective protective methods beginning with silvicultural works. The results indicate better quality stands in the 
higher parts of the sub-Mediterranean area. Taking into account the climatic parameter, the areas on the border with the 
continental climate have better habitat conditions for black pine. Also, attention should be focused on 2012 and 2015. 
High values (Figure 13 – 16.22, Figure 11 – 6.99, Figure 8 – 8.38, Figure 7 – 12.02 and 12.25, Figure 5 – 8.32) indicate the 
overlapping of extremely dry periods and extremely high summer temperatures, and probably a strong wind influence that 
further increases the index. Fire severity assessments indicate the suitability of conditions for the onset of fire.
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Abstract

INTRODUCTION

In the sense of amelioration, black pine plays an 
irreplaceable role in processes that halt habitat degradation 
and the expansion of various forms of erosion. Black pine 
(Pinus nigra J.F. Arnold), as a reforestation species for karst 
landscapes, has been used throughout most of Northern 
Adriatic coast (the Istrian Peninsula and the Kvarner 
region). Particular success has been achieved during the 
work and establishment of the Supervision branch, as the 
Inspectorate for the Afforestation of Karst, Bare Rocky 
Grounds and Flood Control in the area of Senj on the north 
Adriatic coast (Ivančević 1978, 2003, 2005). Furthermore, 

black pine has been one of the fundamental afforestation 
species in the Dinaric karst area of Croatia during large 
forest raising projects (which started 150 years ago) by 
Croatian forestry (Martinović 2003). Black pine is one of 
the most important species for the afforestation of dry 
and rocky grounds in the sub-Mediterranean zone, and it 
is found most often on limestone and dolomite substrates. 
On rocky grounds under the influence of high winds, with 
poor stand conditions, it makes pure stands, while in more 
suitable habitats, indigenous deciduous species are a strong 
competitor and suppress its development. Since pine is a 
pioneer species that progressively colonizes abandoned and 
devastated habitats, particularly after the depopulation of 
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those grounds and the cessation of anthropogenic activities 
(cutting, livestock husbandry), the indigenous deciduous 
species slowly regain their dominant role. Pine is suppressed 
and remains only in the most extreme habitats where there 
is no competition (Trinajstić 1979, Rauš et al. 1995). Fire 
is an important factor in black pine stands, which largely 
defines the distribution range of black pine and the floristic 
composition of its stands. Fire causes less damage if it occurs 
in autumn or early spring, when the tree cones contain ripe 
seeds that can partially reforest the burnt surfaces (Anić 
1957). Though this is an extremely versatile species for 
amelioration, unlike other pines, it is often heavily affected 
by the fire season, with restoration and succession after fire 
as the primary concern. According to Retana et al. (2002), 
in the period between 1994 and 1998, an area of 40,420 
hectares affected by fire in Catalonia recorded very poor 
regeneration with black pine as the dominant species. It is 
important to point out that fires in the Mediterranean are 
determined by climatic conditions (Carmel et al. 2009). Fire 
can be considered a natural element of the Mediterranean 
forest, determining its species composition and landscape 
structure (Trabaud 1994, González Olabarria 2006). Long, 
dry summers with high air temperatures reduce humidity in 
the forest floor layer to less than 5% (FAO 2006), thereby 
increasing the ignition rate of combustible materials 
(Calabri 1990). These are usually open space fires; pursuant 
to the Firefighting Act (Official Gazette 106/99) and the 
Intervention plan for large open space fires (Official Gazette 
25/2001), these are categorized as fourth- and fifth-degree 
fires. They include particularly valuable forest lands, 
exceptionally large open space areas, with a hazard index 
from high to very high. If there is a correlation of the ratio 
of fire frequency in the Mediterranean karst, lack of forestry 
and silvicultural works and poor potential for black pine 
regeneration, the situation becomes increasingly alarming. 
In that case, both the production (commercial) roles and 
general roles of black forests decline. Therefore, prevention 
works to protect forests from fire should be intensified in 
those areas and in those years when the assessment of fire 
severity is increased. This paper gives an overview of the 
assessment of fire severity in the sub-Mediterranean area 
where black pine stands are dominant. The aim of this paper 
is to point out the danger of open space fire in different 
conditions of the occurrence of black pine.

MATERIALS AND METHODS

Experimental plots were set up in black pine stands 
in the Istrian Peninsula and Kvarner (Hrvatsko primorje) 
regions. The selection of plots was defined on the basis 
of data from the Forestry Management Plan and reviews 
of geological, pedological and phytocenological maps. A 
range of factors was considered, such as stand age, human 
influence, microrelief, elevation, slope and insolation. 
Experimental plots were defined on an area of 625 m2 and 
stand structure research was conducted. Plots were set up 
in stands over 40 years old. For each plot, all black pine trees 
were measured by diameter class, number of trees, basal 
area and wood volume.

To calculate the amount of forest litter, 3 samples 
were taken along the diagonal of the experimental plot 
with an area of ​​25×25 m. All samples were dried at room 
temperature and then dried at 55°C in two measurements. 
Drying of the samples in each measurement took 48 hours, 
and the interval between the two measurements was at 
least one hour (UNECE 2004).

Of the fifty experimental plots, forty-three were 
planted in forest pine cultures, while seven plots were 
isolated in natural black pine stands. The investigated area 
includes the eumediterranean, sub-Mediterranean and 
epimediterranean vegetation zone. In the investigated area, 
a division was made according to altitude (up to 150 m, from 
150 m to 300 m, and over 300 m above sea level).

The study area (Rab, Senj, Rijeka, Poreč, Pazin) is most 
represented by the Cfsax climate, according to Seletković 
and Katušin (1992). It is a moderately warm rainy climate 
with hot summers and average monthly temperatures 
above 22°C. The winter rainy season is widely divided into 
spring and autumn-winter maximum. The driest part of the 
year occurs during the warm season.

Vegetation analysis was performed on each 
experimental plot, 625 m2 based on the plant sociology 
method (Braun-Blanquet 1964, Dierschke 1994). Species 
abundance and cover was assessed using the expanded 
scale according to Barkman et al. (1964). Prior to numerical 
analysis, all assessments were transformed into an 
ordinal scale according to van der Maarel (1979). Plant 
nomenclature was taken from Nikolić (1994, 1997, 2000). 
The association of environmental variables and floristic 
composition of vegetation was analysed using Canonical 
Correspondence Analysis - CCA (ter Braak 1986, Jongman et 
al. 1995, Gegout and Houllier 1996). 

The assessment of fire severity was performed using 
the Canadian Forest Fire Weather Index (FWI). Fire Weather 
Index consists of five sub-indices. They take into account the 
daily variations of moisture in different fuels, which have 
different response time depending on weather conditions, 
initial propagation velocities, fuel quantities and expected 
intensity of fire front expansion. This index is a numerical 
assessment of the potential intensity of fire for a standard 
fuel type and is a relative measure of the expected fire 
behaviour and daily requirement for fire supervision (Van 
Wagner and Pickett 1985, Vučetić 2000,Vučetić and Dimitrov 
2000, Vučetić 2001). The assessment of fire severity is 
considered the most appropriate indicator of the potential 
fire hazard.

RESULTS

A comparison of the vegetation zones clearly shows the 
differences between the sub-Mediterranean zones and the 
lower zones at the border between the eumediterranean 
and sub-Mediterranean zones. On the Istrian Peninsula and 
Kvarner region, black pine primarily grows on limestone, 
even though it is also found on flysch substrates. It is most 
widely distributed in the sub-Mediterranean vegetation 
zone where it is also the most important species for karst 
afforestation. 
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Figure 1. Quantity of forest floor (combustible matter) in forest 
plantations and natural black pine stands (FP = forest plantation, 
BPS = natural black pine stand).

Figure 2. Age classification of natural stands (BPS) and forest 
plantations (FP) of black pine. 

Figure 3. Canonical Correspondence Analysis (CCA) analysis of plot classification by elevation, slope and organic matter.

CCA cluster 1

Axis 1

altitude

Slope

org mat

Ax
is 

2

30
28
26
24
22
20
18
16
14
12
10

8
6
4
2
0

180

160

140

120

100

80

60

40

20

Q
ua

nti
ty

 (t
/h

a)

Ag
e 

(y
ea

r)

FP FPBPS BPS
Type of stand Type of stand

Box & Whisker Plot: Quantity (t/ha) Box & Whisker Plot: Quantity (year)

Mean
Mean ±SD
Mean ±1.96*SD

Mean
Mean ±SD
Mean ±1.96*SD

Variable Axis 1 Axis 2 Axis 3

1 organic matter -0.145 0.444 0.427

2 elevation 0.845 -0.378 0.145

3 slope -0.024 -0.812 0.318

Table 1. Correlations according to Canonical Correspondence Analysis (CCA) analysis.
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The results indicate better quality stands in the higher 
parts of the sub-Mediterranean area. Taking into account 
the climatic parameter, the areas on the border with the 
continental climate have better habitat conditions for 
black pine.

Seasonal potential of fire severity indicates an increase 
in severity between 2007 and 2013, which is contrast 
to the researched period from 1997 to 2006, where the 
limit value of 7 is not exceeded. For Senj and Pazin, the 

values for 2012, 2013 and 2015 are extremely high, unlike 
values for Rijeka, Rab and Poreč, where only in 2012 the 
severity of fires exceeds the reference value of 7 (obtained 
by applying the Canadian method of the Meteorological 
Index of Forest Fire Hazards (Vučetić 2000), according 
to the results by Williams and Van Wagner in Dimitrov 
(1998). The decisive reason might be several days with 
strong winds in the circumstances of extremely dry and 
hot summer.

Figure 5. Seasonal potential of fire severity for Senj (1997-2006, 2007-2016).

Figure 6. Seasonal potential of fire severity for Rijeka (1997-2006, 2007-2016).
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Figure 4. Seasonal potential of fire severity on the island of Rab (1997-2006, 2007-2016).
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DISCUSSION 

In the vegetation sense and in relation to fire hazard, 
black pine stands in the sub-Mediterranean zone are found 
in three elevation zones (low, mid and high). These zones in 
the study area are related to the proximity of the sea and 
the transition to continental climate. This is also the case in 
other Mediterranean countries (Gil and Aránzazu Prada 1993, 
Serrada Hierro, 1990, Grau Corbi et al. 1999). This zonation 
is related to higher quantities of precipitation at higher 
elevations. Habitat factors for black pine and other conifers 
in the Mediterranean have been observed through the prism 
of the Emberger pluviothermic quotient (Quézel 1976, M'Hirit 
1999), as shown in Figure 9.

Weather and climate play a key role in the determination 
of the fire regime of an area, and the fire regime as such is 
very closely related to changes in climate (Kunkel 2001, Viegas 
et al. 2004, Pereira et al. 2005). The fire occurrence regime is 
characterised by its severity, rate of spread, summer season 
and frequency (Sousa 1984, Johnson and Gutsell 1994). In 
Croatia, research to date has warned that despite all efforts, 
the number of fires is increasing, as is the surface area 
affected (Rosavec et al. 2006, 2013). In the context of open 
space fire prevention, forest fire indices or danger assessment 
systems are used. The most commonly used is the Canadian 

system, called the Canadian Forest Fire Danger Rating System 
(CFFDRS), which consists of two subsystems: Fire Weather 
Index (FWI) and Fire Behaviour Prediction (FBP). This system 
has been applied in Croatia since 1981 (Mokorić and Kalin 
2006). Though the climatic factor (temperature, precipitation) 
is important, since it is an integral factor in calculating 
potential severity, a large quantity of combustible materials is 
crucial for the spread and intensity of fire (Figure 1). 

The first axis of the ordination scale is highly correlated 
with altitude. Overview of the correlations of variables is given 
below the graph (Figure 3). Taking into account pine stands 
and the relationship to environmental variables (Figure 2 and 
3), the relationship to forest litter, altitude and slope is crucial. 
Litterfall intensity is strongly climate-dependent (Arneth et 
al. 1998, Starr et al. 2005). Among other factors, the age of 
the forest stand, species composition and density of trees 
also impact litterfall (Diaz-Maroto and Vila-Lameiro 2006, 
Starr et al. 2005). In our study, the correlation of forest litter 
depends on soil and plants’ formation properties. Similar has 
been indicated in Banaszuk (2001) and Diaz-Maroto and Vila-
Lameiro (2005).

Therefore, forestry and silviculture works are key in 
reducing the risk of forest fires, as these are the dependent 

Figure 7. Seasonal potential of fire severity for Poreč (1997-2006, 2007-2016).

Figure 8. Seasonal potential of fire severity for Pazin (1997-2006, 2007-2016).
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variables which can be altered. In the practical sense, and to 
minimize risk in raising black pine plantations, it would be 
useful to reduce the number of plants during afforestation 
works. Since afforestation typically uses a base of 2000 to 
2500 plants per hectare (Meštrović and Fabijanić 1994), 
afforestation with 1000 to 1200 seedlings would result in a 
smaller scope of work in cleaning and thinning. Thinning in 
the plantations should begin between 25 and 30 years, and 
should be repeated every ten years. This would ensure a tree 
density of 500 trees per hectare at the end of the rotation 
(Bezak 1992). More intense thinning leaves only 140 trees 
per hectare, resulting in larger trees and the appearance 
of a range of deciduous tree species (Hamilton and Christie 
1971). A 100-year old black pine tree (P. nigra ssp. laricio), 
as a commercial species, may have a wood volume of 450-
900 m3·ha-1 and a density of 350-700 trees per hectare 
(CAB International 2000). The annual growth rate is about 
4-6 m3·ha-1, and between 7-10 m3·ha-1 in the best habitats 
(Meschini and Longhi 1955, Bernetti 1995). Bernetti (1995) 
stated that in natural habitats, black pine has a wood volume 
of 150 to 450 m3·ha-1. Analysis of its potential uses for burned 
timber and considering it in the economic optimizations could 
also offer a new perspective in this field of research (González 
Olabarria 2006). Ultimately, at the end of the rotation, there 
is a better chance of producing a higher quality stand, both in 
the production and ecological sense, with a lower amount of 
combustible matter. 

According to Chandler et al. (1983) and Bilandžija 
(1992), combustible matter or forest fuel is the entire 
quantity of plant material, both dead and alive, which 
lies above the mineral layer of the soil. All aboveground 
vegetation is potential fuel, and vegetation types differ only 
in their flammability and burning rate under certain weather 
conditions. The combustible substance in the stand increases 
fire risk depending on stand structure and composition 
(González et al. 2006). According to the Canadian fire danger 

rating system (Van Wagner and Pickett 1985), combustible 
matter is classified on the basis of the size of the materials. 
Therefore, the system differentiates between the indicator 
of fine fuel moisture, the indicator of medium-sized solid 
fuel moisture, and the indicator of solid fuel moisture. The 
relationships between forest fires and the potential influence 
on vegetation is shown in the results of the seasonal intensity 
of fire danger (Figures 4 to 8). It is assumed for our research 
areas, and there are no empirically determined limit values 
in the researched area (Dimitrov 1998). Values above 7.0 
are considered to represent exceptional fire severity. Values 
between 3.0 and 7.0 indicate high to very high intensity. 
Moderate severity includes values between 1.0 and 3.0. All 
values below 1.0 indicate low fire severity.

There is a prominent difference between the excep-
tionally dry year in 2003, and average precipitation years, such 
as 2005. Attention should be focused on 2012 and 2015. High 
values (Figure 8 - value 16.22, Figure 7 - value 6.99, Figure 6 - 
value 8.36, Figure 5 - values 12.02 and 12.25, Figure 4 - value 
8.32) indicate the overlapping of extremely dry periods and 
extremely high summer temperatures, and probably a strong 
wind influence that further increases the index.

Under such circumstances, the fire hazard in black pine 
stands is either reduced or increased depending on the annual 
climatic conditions. The aim of prevention works in forestry 
should be to reduce the number of fires and the surface area 
burnt per fire. Black pine currently has exceptional value in 
the ecological sense, such as its contributions to biodiversity 
in the karst landscape. According to the National Habitat 
Classification System and the Natura 2000 ecological network, 
and in line with the Ordinance on the list of habitat types, 
habitat maps and threatened and rare habitat types (Official 
Gazette 88/2014), the following are particularly valuable 
habitats. The priority habitat type (*9530) pertains to the 
(Sub-) Mediterranean endemic black pine forests (E.3.5.7.- 
As. Ostryo-Pinetum nigrae (Anić 1957, Trinajstić 1998), 

Figure 9. Climatic factors important for afforestation.
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E.7.4.4.- As. Cotoneastro-Pinetum nigrae (Ht. 1938), E.7.4.5. 
- As. Euphorbio triflorae-Pinetum nigrae (Ht. 1956, Trinajstić 
1999), E.7.4.6.- As. Erico manipuliflorae-Pinetum dalmaticae 
(Trinajstić 1986) and E.7.4.7.- As. Junipero sibiricae-Pinetum 
dalmaticae (Domac 1962, 1965)).

CONCLUSIONS 

Under the circumstances of increasingly frequent appea-
rance of extremely dry and warm years, increased hazards 
for forest ecosystems can also be expected. Stands of black 
pine (Pinus nigra J.F. Arnold), as the most important species 
for afforestation of the sub-Mediterranean Dinaric karst, are 
particularly threatened. Anthropogenic influences should 
be applied through forestry and silvicultural work (cleaning 
and thinning) to maintain stand stability in the sense of 
quality and to reduce the quantity of combustible materials. 
Clearing the lower branches and ensuring fewer trees per 
hectare can reduce and limit the speed of spread of a forest 
fire, or the transition of a low fire into a high fire. With the 
assumption of good forest road openness, the ecological and 
commercial damages can be significantly reduced even in the 
appearance of a forest fire. Fire severity assessments indicate 
the suitability of conditions for the onset of fire. These values 
are calculated for the assessment of seasonal severity, which 

is an indicator dependent on the environmental conditions of 
a certain area. In this case, a 20-year period has been shown. 
However, in order to obtain more accurate insight into the 
severity assessment, monthly or daily danger assessments 
should be made during the fire season, or specifically for the 
summer months.
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