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1. Overview of forestry in the Republic of Croatia 
Three distinguished geomorphological areas of the Republic of Croatia resulted with great natural diversity of 
Croatian forests (Pannonian plain, Mountain part – Dinarides, Adriatic pool; Bognar, 2001). Croatia 
encompasses four Biogeographical regions of Europe. From the 14 total categories of European forests, 11 
prevail in Croatia, which places it among the countries with the largest biodiversity in Europe. Croatian flora 
is extremely diverse, it includes 5 593 species and subspecies and 349 endemic plants, which is three times 
higher than the worlds average (Forest management plan, 2016). Forest vegetation of Croatia is characterized 
by exceptional diversity and possesses over 100 forest associations. Most of them are mixed forests with 
natural tree species composition (Vukelić, 1991; Cerovečki, 1996; Trinajstić et al, 1996; Medak et al, 2002; 
Vukelić & Baričević, 2004; Medak et al, 2006; Vukelić & Baričević, 2002; Vukelić et al, 2007; Medak 2011; 
Baričević et al, 2013).  

Mixed forest communities refer to almost all oak associations (Pedunculate, Sessile, Pubescent, Downy, Holm 
oaks), with the exception of extremely acid (Sessile oak) and termophilus (Holm oak), pines (Austrian black 
pine, scots pine, Aleppo pine), valuable broadleaves (ash, maples, lime)) and to mixed forests of Silver fir, 
European beech with Sessile oak and European hornbeam, European beech with European hop-hornbeam, etc. 
Most riparian willow and poplar forests are also mixed species forests.  

Single species forest communities are related to low demanding tree species, such as European beech 
(montane beech forest, subalpine beech forest, and maritime beech forest), Norway spruce and Silver fir. 
Sometimes, those forests can also be mixed since, in spite of frequent domination of one tree species, admixed 
tree species can participate with up to 30% in stand composition (e.g. Acer sp., Sorbus sp., Taxus).  It can be 
concluded that in most cases single species forests are formed only in specific (extreme) ecological conditions 
such as high acidity or drought (Sessile oak, European beech), climate, orographic or hydrological extremes 
(Narrow leaved ash, Black alder, Pedunculate oak). 

Forest cover in Croatia amounts to 2 759 039 ha in total. The majority of Croatian forests are state owned 
(76%, 2 097 318 ha), while 24% are privately owned. Commercial forests spread on 1 425 810 ha (52%) of 
the forest area. Nevertheless, almost half of Croatian forests are protective (30%) or are forests with special 
purposes (18%). All public forests are certified to FSC approved standards, while private forests are in almost 
all cases not certified. Broadleaves constitute majority of Croatian forests (86,26%), while tree species with 
the highest growing stock in the country are European beech (155 752 350 ha, 37,21%), Pedunculate (48 355 
176 ha, 11,55%) and Sessile oak (39 252 772 ha, 9,38%). Silver fir is the most abundant conifer tree species, 
which share is constantly growing (33 050 763 ha, 7,90% at presence). In Croatia, forest stand is defined as a 
mixed tree species forest if, besides one main tree species, one or more admixed tree species constitute at least 
25% of wood volume of the stand. Thus, for the sake of this report this threshold is used to distinguish mixed 
from pure forests.  

According to species composition and data provided by National Forest Inventory (Table 1), mixed tree 
species forests possess the highest share among all forest types in Croatia. According to National Forest 
Inventory 60,88% of forests are mixed. Out of which, forests consisted of two or more broadleaves have the 
highest share (almost 50%) while mixed forests consisted of conifers and broadleaves participate with 11% in 
total forest fund. Conifer mixed forests amount to only 1,17% of the total forest area.  
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Table 1: Species composition of Croatian forests according to ownership (National Forest Inventory, 2010) 

  STATE FORESTS PRIVATE FORESTS TOTAL 
STAND COMPOSITION 1 000 ha % 1 000 ha % 1 000 ha % 
Pure broadleaves 675,65 35,91 136,4 24,97 793,96 33,4 
Mixed broadleaves 829,03 45,27 339,09 62,06 1168,24 49,13 
Mixed broadleaves and conifers 210,31 11,48 41,15 7,53 251,43 10,58 
Pure conifers 103,44 5,65 23,62 4,32 127,05 5,34 
Mixed conifers 24,81 1,35 3,05 0,56 27,85 1,17 
Not evaluated 6,11 0,33 3,05 0,56 9,16 0,39 
TOTAL 1831,34 100 546,35 100 2377,69 100 

 

Private forests, in comparison to state owned forests, are characterized with lower share of both conifer forests 
and mixed forests consisted of broadleaves and conifers. The highest share of broadleaved mixed forests is 
present in the lowland zone, while broadleaves-conifer mixtures could not be found in this area. In the hilly 
areas, the similar amount of mixed and pure forests are present, while mixtures of broadleaves and 
broadleaves and conifers amount to 6,3 % of the total forest area of this zone. Greatest difference in amount of 
species mixtures among all continental zones (lowland and hilly zone) is found in mountain zone. Here, pure 
conifer forests possess the highest share, followed by mixed forests consisted of two or more broadleaved tree 
species.  

Mediterranean zone is unique because of diverse ecological and management influences and should be 
regarded separately. Here, the share of mixed forests is significantly higher than in other zones (up to three 
times higher). In general, the amount of mixed forests in Croatia is growing, but only slightly, due to 
conversion of pure forest cultures to mixed tree species forests. Nevertheless, constant threat to mixed forests 
in Mediterranean part of the Country are forest fires. 

The most important mixed forests in Croatia are Quercus robur–Carpinus betulus (Figure 1) and Quercus 
petraea–Carpinus betulus forests in Continental, Abies alba-Fagus sylvatica and Abies alba-Fagus sylvatica–
Picea abies forests in Alpine and Quercus pubescens–Carpinus orientalis and Quercus ilex–Fraxinus ornus 
forests in Mediterranean Biogeographical Region. Silvicultural objectives of mixed forests are mostly 
production of valuable timber, while soil and water protection and social functions are highlighted in karst 
areas of the Country (Mediterranean area and Lika and Gorski Kotar). 
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Figure 1 The most interesting commercial forests in Croatia – Quercus robur-Carpinus betulus mixture 
(Carpino betuli-Quercetum roboris, /Anić 1959/ emend. Rauš 1969, location: “Otok” forest office, “ Lože”, 

Author:  T. Dubravac, PhD)  

 

2. Mixed forests dynamics and functioning in relation to ecosystem services and 
climate change  
There is little national research examining impact of use of mixtures on provision of a range of ecosystem 
services. Comparative studies pure vs. mixed species forests are scares because principles of close-to-nature 
forestry have been well practiced long in Croatian history. The need to determine and to apply possible 
benefits of mixed forests was not needed to investigate since the natural species composition of the respected 
area has always been aimed silvicultural choice. Potential natural tree species composition is followed in 
practical management and strongly prescribed by forest laws as it has been long in Croatian forestry.  

In addition, the state opened possibility to enhance commercial value and ecosystem services of degraded 
forests and forest monocultures in the frame of Rural Development Program for Republic of Croatia 2014. - 
2020. (Need 18. “Restoration of forest areas by conversion and plant breeding”). Priorities of this program 
are: restoration, conservation and enhancement of biodiversity, improvement of water management, 
prevention of soil erosion and improvement of soil management and fostering carbon conservation and 
sequestration.  

Planted forests in Croatia possess specific management circumstances if compared to countries of Central 
Europe (Tijardović et Perić, 2013, Perić at al 2011, Čavlović et al, 2008, Perić at al 2006, Perić at al 2004). 
Means to increase the resilience of the planted forests to current and future hazards are examined in the frame 
of research on replacement and conversion of planted forests conducted in the Division for silviculture at 
Croatian Forest Research Institute (T. Dubravac PhD, M. Tijardović PhD, S. Perić PhD – e.g. Tijardović et 
Perić, 2013; Tijardović, 2015). 
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3. Adaptive management of mixed forests 
Close-to-nature forestry, which supports natural species composition, is long practiced in Croatian history. 
Nowadays respecting and aiming at natural species composition is considered as a good practice to fight 
upcoming climate changes in Croatia. Since promoting mixed forests has been identified as an adaptation 
strategy in forest management to cope with climate change in scientific research (Rio et al, 2016) there has 
been no other specific adaptive measures for mixed forests in Croatia at presence.  

The prevailing management approach in Croatian mixed tree species forests are regular and irregular 
shelterwood system. Abies alba-Fagus sylvatica and Abies alba-Fagus sylvatica-Picea abies mixed forests are 
managed in irregular shelterwood system (Prpić 2001). Those mixed forests are regenerated naturally from 
seeds, with regeneration period more than 20 years (Dubravac et al, 2007; 2008). Irregular shelterwood 
cuttings are conducted on the whole stand area, aiming at multi-aged structure of future stands. Single tree 
selection system is applied in most cases, due to karst influence, but when possible group selection. Target 
diameter at breast height (DBH) is more than 50 cm in most cases, with thinning intensity around 15% per 
entry in reality, even though prescribed intensity should be at least ca 22 000 – 25% (entry every ten years). 
Every entry combines regeneration release and other measures such as release cuttings and thinnings. 
Artificial planting is conducted only when necessary (Abies alba: 60 000 – 80 or 8 000 – 10 kg/ha of seed, 8 
000 – 12 000 seedlings/ha; Fagus sylvatica: 80 000 – 100 or 40 000 – 60 kg/ha of seed, 10 000 – 15 000 
seedlings/ha, Picea abies: 2 500 seedlings/ha) because of significant decline in some areas and site 
degradation (Matić et al, 2006). Late cleanings in sapling stage (up to 7 cm of DBH), regulation of species 
composition and height structure of new regeneration is strongly advised. If possible control of tree species 
composition and height structure by cuttings in mature tree canopy during one or two entries is also prescribed 
in silvicultrual guidelines (e.g. management plans). In addition, forming cone-shaped of Abies alba 
regeneration and even-structure of Fagus sylvatica regeneration as well. Thinning, cleaning and regeneration 
cuttings are concentrated in space and time. Commercial thinning is obligatory, early thinning when DBH is 
between 7 and 20 cm and late thinning when DBH reaches more than 20 cm. Conducted thinnings are from 
above, positive selection (frequency – early thinning every 5-7 years, late thinning one entry per 10 years). No 
more than 20% of volume is removed during each entry. More or less uniform spatial distribution of 
remaining trees of Abies alba and Fagus sylvatica should be respected on karst areas, while group system is 
advised on areas with deeper soil (Matić, 2003).  

Quercus robur–Carpinus betulus mixed forests are managed in a regular shelterwood system. Thinning and 
cleaning are obligatory and depend on time and space (Perić 1998, Perić 1999). Natural regeneration from 
seeds is common regeneration method, when possible. Nevertheless, significant problems occurred in recent 
past and in presence due to changed periodicity of mast years and decrease of quality and quantity of acorns. 
If such cases, artificial seeding and planting is necessary, but also according to natural principles (on the 
whole area of stand or only on unsuccessfully regenerated parts). The amounts of forest reproductive material 
depends on the seeding method (700 – 1000 or 400 – 600 kg/ha of acorns) with the 10 000 – 15 000  
seedlings/ha (Matić, 2003). Two to three shelterwood cuttings are advised, with the aim to establish even aged 
future stand with rotation period of 120 years (Klepac, 1997). Intensity of removal and number of cuttings 
depends on the state in which stand is at the beginning of regeneration process. 

In the case of Quercus petraea–Carpinus betulus (regular shelterwood system) natural regeneration from 
seeds is also aimed regeneration method, but significant problems occurred in recent past and in presence as in 
the case of Pedunculate oak dominated mixtures. If not, than artificial seeding and planting according to 
natural principles (whole stand or only unsuccessfully regenerated parts) (Perić at al 2014). The amounts of 
forest reproductive material depends on the seeding method (600 – 800 or 300 – 500 kg/ha of acorns) with the 
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10 000 – 15 000 seedlings/ha (Matić, 2003). Two to three shelterwood cuttings are advised with the aim to 
establish even aged future stand with rotation period of 120 years as in the case of Pedunculate oak dominated 
mixtures. In most cases in practical forestry two shelterwood cuttings are conducted. Intensity of removal and 
number of cuttings depends on the state in which stand is at the beginning of regeneration process. 

In oak dominated tree species mixtures weeding and brushing are conducted under shelter of mature trees or 
later, after final cut, according to real needs estimated in the field (several times, seedling stage). The 
cleanings begins after differentiation of tree stem and crown. Intensity is not defined, but it depends on the 
state of new stand. Aim is regulation of species composition and its spatial pattern in new stand (the share of 
tree species mixing). Removal of deformed or unwanted individuals or tree species is prescribed and nearly 
always conducted in practical forestry. There is no difference in these treatments no matter if it is a case of 
natural or artificial regeneration in reality. Precommercial thinnings, first thinning in the second age class 
(stands older than 20 years) is a rule, before that cleanings are obligatory. Obligatory commercial thinnings 
are conducted in all oak dominated mixed stands (Perić 1998, Perić 1999). Thinning are from above (positive 
selection) with the entry once in ten years (from the age of 20 years up to the end of rotation period). Uniform 
spatial distribution of remaining trees should be respected. Intensity depends solely on the stand age (as older 
stand gets the intensity is decreasing proportionally).  

Quercus pubescens–Carpinus orientalis and Quercus ilex–Fraxinus ornus are managed in regular shelterwood 
system. These forests are regenerated naturally, from seeds if possible. If not than artificial seeding and 
planting according to natural principles (whole stand or only unsuccessfully regenerated parts as in other tree 
species mixtures). Amounts of forest reproductive material depends on the seeding method. Two to three 
shelterwood cuttings are advised with the aim to establish even aged future stand (Matić et al 2011). 
Conversion of coppices to high forests is the aim of regeneration of these kind of stands (indirect conversion if 
possible using existing trees from seeds, if not than direct conversion by means of planting, shelterwood 
method). In addition, these mixtures are often found in some kind of degradational stages where conversion to 
high stands is a planned silvicultural target. Conversion of these kinds of tree species mixtures is prescribed 
by Law. In those mixtures intermediate treatments are conducted in mixed stands mainly in the cases if they 
are planned to be converted (Matić & Skenderović, 1992). Detailed description of conducted silvicultural 
activities in Croatian forests together with silvicultural guidance in Mediterranean area provides Matić (2011).   

Activities in mixed forests are regulated by Forest act, Law on nature protection and Law on environment 
protection. Some of the most beautiful mixed forest in Croatia are preserved by different nature conservation 
acts (e.g. special forest reserves “Česma”, Pedunculate oak-European hornbeam forest; „Čorkova 
uvala“,Silver fir – European beech forest; „Debela lipa – Velika Rebar“, Silver fir – European beech forest; 
„Dugačko brdo“, European beech – Sessile oak – European hornbeam forest; „Gračec – Lukovica – Rebar“, 
Pubescent oak – European hop hornbeam).  

4. Establishment and tending of new mixed stands 
Respecting the natural species composition during silvicultural interventions long in Croatian history resulted 
with high share of mixed forests. Thus, in the Republic of Croatia, establishment of new mixed stands is 
conducted mainly through conversion of pure forest stands (mainly Norway spruce stands). Conversion of 
Picea abies monocultures is conducted in the frame of sanation of areas where spruce monocultures declined 
(clearcut of inflicted trees, Tijardović et Perić, 2013). Currently, other methods have been investigated in the 
frame of research activities (Tijardović, 2015). Aimed mixed tree species forests are: Abies alba – Fagus 
sylvatica, Quercus petraea – Fagus sylvatica, Quercus petrea – Carpinus betulus and Quercus robur – 
Carpinus betulus forests. In general, mixed tree species forest stands are promoted in the frame of close-to-
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nature forestry during 20th century, thus their regeneration is significant part of mixed trees species 
management.  

5. Conclusions 
Close-to-nature forestry has long been practiced in Croatian forestry. It resulted with relatively high share of 
mixed forests. Respecting natural species composition and supporting species mixtures as a silvicultural goals 
are mandatory and included into forestry legislative. Basic principles of establishment of mixed tree species 
forests are prescribed by Forest law and related Regulations. Enhancement of both commercial and ecosystem 
value of pure forests, together with adaptation to climate change is prescribed through conversion of pure to 
mixed species forests in the frame of Rural Development Program of Republic of Croatia for the period 2014. 
- 2020. (Need 18. Restoration of forest areas by conversion and plant breeding). 
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Ulmetum laevis Slav. 1952) in floodplain forests of Podravina and Podunavlje. Hacquetia 3 (1): 49–60, 
Ljubljana. 

Vukelić, J., D. Racić, D. Baričević, J. Medak, 2007: Forest of silver fir and hop hornbeam (Ostryo-
Abietetum /Fukarek 1963/ Trinajstić 1983) in Croatia with special reference to the hinterland of Vinodol. 
Periodicum biologorum 109 (1):77-86. 
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7. Appendix 
Croatian studies of the comparative impact of mixtures and pure stands upon the ecosystem services provided 
by forests. Nomenclature for and typology of ecosystem services follows the framework used in the 
Woodlands chapter of the UK National Ecosystem Assessment (Quine et al., 2011 – Table 8.10) 

Ecosystem service Impact of mixtures References 

Provisioning services 

Crops, livestock and 
fisheries including 
NTFPs 

 No studies directly related to this aspect. 

Trees for timber  Perić, S., Tijardović, M., 2015: Structures 
of mixed pedunculate oak and lime stands 
in Croatia. In: Proceedings of „Silviculture 
of Mixed Forests in Europe“, Arezzo, 
Italy. 

Tijardović M., S. Perić, 2013: Croatian 
Norway spruce cultures in European 
concept of culture management. 
Periodicum biologorum, 115 (3): 355 – 36. 

Novotny V., S. Dekanić, M. Božić, A. 
Jazbec, T. Dubravac, A. Durbešić, 2013: 
Current state and the structural analysis of 
the mixed even-aged Pedunculate oak and 
Common hornbeam forests in Croatia. 
Periodicum biologorum, 115 (3): 409-420. 

Perić, S., Jazbec, A., Medak,J., Topić,V., 
Ivanković, M., 2006: Analysis of biomass 
of 16th Pedunculate Oak provenances. 
Periodicum biologorum, 108 (6):649-653. 

Marjanović H., T. Dubravac, K. Indir, M. 
Ivanković, 2006: Kvantitativni pokazatelji 
strukture izabranih sastojina zajednice 
hrasta lužnjaka s običnim grabom 
(Carpino betuli – Quercetum roboris Anić 
1959 / em. Rauš 1969). Radovi Šumarskog 
instituta, Jastrebarsko. 41 (1-2): 107-113. 

Novotny V., T. Dubravac, A. Seletković, 
2006: Istraživanje tijeka razvoja volumena 
mješovitih sastojina hrasta lužnjaka i 
običnoga graba (Carpino betuli-
Quercetum roboris Anić ex. Rauš 1969.). 
Radovi Šumarskog instituta Jastrebarsko. 
Izvanredno izdanje (9): 249-262. 
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Perić, S., Orlić, S., Ivanković, M., 2004: 
Growth of six coniferous species in 
different bioclimates in Croatia. Ekologia-
Bratislava, 23 (1):86-98. 

 

 

 

Trees for biofuel 
and/or woodfuel 

 Perić, S., Tijardović, M., Sučić, Ž., 2012: 
Energetic potential of forest biomass in 
Croatia. In: Pentek, T., Poršinsky, T., 
Šporčić, M., (eds.) 2012: Proceedings of 
the 45th International Symposium on 
Forestry Mechanization „Forest 
Engineering: Concern, Knowlage and 
Accountability in Today's Environment“, 
May 08-12, 2012, Dubrovnik (Cavtat), 
Croatia. Šumarski fakultet Zagreb. 1–9.            

Perić, S., Tijardović, M., Topić, V., 
Butorac, L., Jelić, G., 2012: Wood 
production of conifer species in different 
ecological regions in Croatia. In: Pentek, 
T., Poršinsky, T., Šporčić, M., (eds.) 2012: 
Proceedings of the 45th International 
Symposium on Forestry Mechanization 
„Forest Engineering: Concern, Knowlage 
and Accountability in Today's 
Environment“, May 08-12, 2012, 
Dubrovnik (Cavtat), Croatia. Šumarski 
fakultet Zagreb. 1–9.  

 

Water supply  No studies directly related to this aspect. 
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Ecosystem service Impact of mixtures References 

Regulating services 

Climate - Avoidance 
of climate stress. 

 Tijardović M., 2015: Supstitucija kultura 
obične smreke (Picea abies /L./ Karst.) u 
Republici Hrvatskoj /Replacement of 
Norway spruce monocultures in the 
Republic of Croatia – in Croatian/. 
Doctoral thessis, 2015. Faculty of forestry, 
University of Zagreb. 

Raftoyannis, Y., Nocentini, S., Marchi, E., 
Calama S., Rafael, G., Carlos G., Pilaš, I., 
Perić, S., Amaral Paulo, Joaba, Moreira-
Marcelino, Ana Cristina, Costa-Ferreira, 
M., Kakouris, E., Lindner, M., 2014. 
Perceptions of forest experts on climate 
change and fire management in European 
Mediterranean forests. iForest, vol. 7, str. 
33-41. 

Tijardović M., S. Perić, 2013: Croatian 
Norway spruce cultures in European 
concept of culture management. 
Periodicum biologorum, 115 (3): 355 – 36. 

Perić, S., Tijardović, M., Medak, J., Pilaš, 
I., Vrbek, B., 2008: Condition of forest 
cultures in changed ecological conditions 
in Croatia. In: Book of Abstract, 47p. 

 

Climate - Carbon 
sequestration 

 Tijardović M., S. Perić, J. Parviainen, 
2013: Carbon Storage Potential of Forest 
Land: A Comparative Study of Cases in 
Finland and Croatia. SEEFOR, 4 (1): 23 - 
33. 

Prpić B., R. Pernar, P. Jurjević, I. 
Milković, M. Vrebčević, S. Petreš, 2011: 
The mapping of public-beneficial forest 
functions in the Mediterranean region. In: 
Matić S., Prpić B., Jakovac H., Vukelić J., 
Anić I., Delač D., 2011, Šume hrvatskoga 
Sredozemlja (Forests of the Croatian 
Mediterranean), “Croatian forests”, Ltd., 
Croatian Forest Society, Zagreb.  
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Hazard - Soil 
protection. 

 Topić V., L. Butorac, 2011: The anti-
erosion, hydrological and water-protective 
role of Mediterranean forests. In: Matić S., 
Prpić B., Jakovac H., Vukelić J., Anić I., 
Delač D., 2011, Šume hrvatskoga 
Sredozemlja (Forests of the Croatian 
Mediterranean), “Croatian forests”, Ltd., 
Croatian Forest Society, Zagreb. 

Gračan,J., Perić, S., Ivanković, M., 
Marjanović, H., 2005: Biološka sanacija 
erozije na području  Like i Istre. Šumarski 
list 129 (Supplement):110-119. 

 

Hazard - Flood and 
water protection. 

 Vukelić J. (eds.), 2005: Poplavne šume u 
Hrvatskoj (Floodplain forests of Croatia – 
in Croatian). Akademija šumarskih 
znanosti, Zagreb, 454. 

Disease and pests  No studies directly related to this aspect. 

Detoxification and 
purification - Water 
quality. 

 No studies directly related to this aspect. 

Detoxification and 
purification - Soil 
quality. 

 No studies directly related to this aspect. 

Detoxification and 
purification - Air 
quality and noise 
pollution. 

 No studies directly related to this aspect. 

Pollination  No studies directly related to this aspect. 
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Ecosystem service Impact of mixtures References 

Cultural services 

Wild species 
diversity - flora 

 Medak J., Perić, S., 2005: Vegetacijske 
značajke nacionalnog parka “Krka”. 
Simpozij Rijeka Krka i Nacionalni park 
“Krka” – Prirodna i kulturna baština, 
zaštita i održivi razvitak. Zbornik radova. 
5.-8. listopada 2005., Šibenik, Hrvatska, 
917-933. 

Wild species 
diversity - fauna 

 Turk, N., Milas, Z., Margaletić, J., Turk, 
R., Barbić, Lj., Konjević, D., Perić, S., 
Stritof, Z., Starešina, V., 2008: The role of 
fat dormouse (Glis glis L.) as reservoir 
host for spirochete Borrelia burgdorferi 
sensu lato in the region of Gorski Kotar, 
Croatia. Eur. J. Wildl. Res., 54(1): 117–
121. 

Konjević, D., Špakulová, M., Beck, R., 
Goldová, M., Severin, K., Margaletić, J., 
Pintur, K., Keros, T., Perić, S., 2007: First 
evidence of Paraheligmonina gracilis and 
Hymenolepis sulcata among fat dormice 
(Glis glis L.) from Croatia. 
Helminthologia, 44(1): 34–36. 
Margaletić, J., Perić, S., 2007: Small 
rodents in the forest ecosystem in Croatia 
– reservoirs of zoonoses. IUFRO kongres 
«Tree biotechnology 2007», Azores, Book 
of Abstracts, str. SII. 20 p. 

Wild species 
diversity - 
invertebrates 

 No studies directly related to this aspect. 

Environmental 
settings - Amenity 

 No studies directly related to this aspect. 

Environmental 
settings - Recreation 

 Prpić B., R. Pernar, P. Jurjević, I. 
Milković, M. Vrebčević, S. Petreš, 2011: 
The mapping of public-beneficial forest 
functions in the Mediterranean region. In: 
Matić S., Prpić B., Jakovac H., Vukelić J., 
Anić I., Delač D., 2011, Šume hrvatskoga 
Sredozemlja (Forests of the Croatian 
Mediterranean), “Croatian forests”, Ltd., 
Croatian Forest Society, Zagreb. 
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Ecosystem service Impact of mixtures References 

Supporting services 

Soil formation, 
nutrient 
cycling, water 
cycling, 
oxygen production 

 Vukelić J. (eds.), 2005: Poplavne šume u 
Hrvatskoj (Floodplain forests of Croatia – 
in Croatian). Akademija šumarskih 
znanosti, Zagreb, 454. 

Prpić B., R. Pernar, P. Jurjević, I. 
Milković, M. Vrebčević, S. Petreš, 2011: 
The mapping of public-beneficial forest 
functions in the Mediterranean region. In: 
Matić S., Prpić B., Jakovac H., Vukelić J., 
Anić I., Delač D., 2011, Šume hrvatskoga 
Sredozemlja (Forests of the Croatian 
Mediterranean), “Croatian forests”, Ltd., 
Croatian Forest Society, Zagreb.  

Pernar N., S. Matić, D. Bakšić, E. Klimo, 
2008: The accumulation and properties of 
surface humus layer in mixed selection 
forests of fir on different substrates. 
Ekológia, 27 (1): 41-53. 
 

Biodiversity  Medak, J., Medvedović, J., Perić, S., 
2006:. Fitocenološka istraživanja u tipu 
šume II-E-11 na dijelu slavonskoga gorja. 
Radovi. Izvanredno izdanje 9: 53-64. 
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