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Abstract 
This is a review paper based on national and international literature, national 
inventories and empirical approach. A general overview of the forests, forest 
management and forest biodiversity of Greece are briefly summarized. The 
distribution of the main forest species and their ecosystems in the Geographic 
regions of Greece is presented in a tabular form. Their multiple functions and 
uses, their management type/regime, their risks and threats, protection and 
conservation measures are also synoptically described. Furthermore, adaptive 
forest management and silviculture as well as management of genetic diver-
sity in order to face climate change are also analysed. Research priority areas 
on biodiversity and challenges for biodiversity research and related policy 
in Greece have been summarized. The new Rural Development Program 
(2014-2020), which is currently in the final phase of implementation, will take 
into consideration the forest itself and forest-related European and National 
legal obligations. Finally, major conclusions and research priority areas on 
future management and conservation of forests are highlighted. 
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1. Introduction 

Greece, in general, is a mountainous country with diverse geomorphology (high 
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mountains, valleys, lowlands, lakes, rivers, etc.) (Figure 1). This geomorphology, 
in combination with the diverse geology (different bedrocks) and pedology (dif-
ferent soils) (Figure 2), diverse hydrological basins and dense hydrographic 
network (Figure 3), and a range of local microclimates (bioclimatic formations) 
(Figure 4), have provided habitats for different forest tree species (Figure 5). 

Cold adapted species (e.g. beech, spruce, black pine, scotch pine, Bosnian 
pine, hybrid fir) are generally grown on the high mountains of north and central 
Greece (Figure 1 & Figure 5). Some of these species (beech, spruce, Scots pine) 
form the south limits of their distribution in the Balkan Peninsula. Dry resistant  

 

 
Figure 1. Geomorphological map of Greece (source: DTM data, modified by I. Meliadis). 

https://doi.org/10.4236/oje.2021.114026


K. A. Spanoset al. 
 

 

DOI: 10.4236/oje.2021.114026 376 Open Journal of Ecology 
 

 
LEGEND: ΑΛΛΟΥΒΙΑ/Alluvium, ΑΡΓΙΛΙΚΟΣΦΛΥΣΧΗΣ/Clay flysh, ΑΣΒΕΣΤΟΛΙΘΙΚΟΙΔΟΛΛΙΝΕΣ/Dollines of limestones, ΓΝΕΥΣΙΟΙ/ 
Gneiss, ΓΡΑΝΙΤΕΣ/Granite, ΚΟΙΤΕΣΠΟΤΑΜΩΝ/Riverbeds, ΚΟΛΛΟΥΒΙΑΑΣΒΕΣΤΟΛΙΘΩΝ/Collubia of limestones, 
ΚΟΛΛΟΥΒΙΑΓΝΕΥΣΙΟΥ/Collubia of gneiss, ΚΟΛΛΟΥΒΙΑΠΕΡΙΔΟΤΙΤΩΝ/Collubia of peridotites, ΚΟΛΛΟΥΒΙΑΦΛΥΣΧΗ/Collubia of flysh, 
ΚΩΝΟΙΑΠΟΘΕΣΕΩΝ/Laying down cones, ΜΑΡΜΑΡΟ/Marble, ΜΙΚΤΟΣΦΛΥΣΧΗΣ/Mixed flysh, ΠΕΡΙΔΟΤΙΤΕΣ/Peridotites, ΣΑΡΕΣ/Screes, 
ΣΚΛΗΡΟΙΑΣΒΕΣΤΟΛΙΘΟΙ/Hard limestone, ΣΧΙΣΤΟΛΙΘΟΙ/Schists, ΤΡΙΤΟΓΕΝΕΙΣΑΠΟΘΕΣΕΙΣ/Tertiary deposits, 
ΨΑΜΜΙΤΙΚΟΣΦΛΥΣΧΗΣ/Sandstone of flysh. 

Figure 2. Soil map of Greece (geology and soils) (source: Nakos 1991 [1]). 
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Figure 3. Map of hydrological basins and hydrographic network of Greece (source: Ministry of Agriculture, Directorate of Re-
forestations and Mountainous Hydrology 1983 (modified by I. Meliadis). 
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Figure 4. Map of bioclimatic formations of Greece (source: Ministry of Agriculture, 
General Directorate of Forests and Natural Environment, Forest Research Foundation, 
Mavrommatis 1980 [2] (modified by I. Meliadis). 

 
and thermophilous species (e.g. Pinus brutia, Pinus halepensis, P. pinea), ever-
green broadleaves (Quercus coccifera, Olea oleaster, Pistacia spp., Philyrea spp.) 
and thorny bushes (e.g. Sarcopoterium spinosum, Calycotome vilosa) are mainly 
found on the hilly lowlands, on coastal areas and dry sites on many islands 
(Figure 5). 

Based on national and international information as well as on our long re-
search experience on forestry and natural environment, we hope this overview 
work will provide useful information for the forests of Greece, forest biodiversity, 
forest management of the main forest species, protection and conservation of for-
est genetic resources in the face of climate change. Furthermore, this overview 
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Figure 5. Map of forest vegetation zones (existed or potential) of Greece (source Dafis 1973, Mavromatis 1980, modified by K. 
Spanos 2018). 
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work and inventory data will help new scientists and researchers, to set research 
priorities for the different forest species in the different regions of Greece in or-
der to face climate change. 

In Greece, most of the forests and forested lands are State owned (>74.1%) 
(Figure 6). The rest are municipal (9.0%), Church owned/other non-profit 
Foundations (10.4%) and private (6.5%) [3]. 

2. Coverage and Distribution of the Main Forest  
Tree Species in Greece 

Of the total high forests, conifers cover about 41.60% whereas broadleaves cover 
58.40% [4] (Figure 7) (Table 1). Coverage (% of the total high forest species) of 
the main forest trees species in Greece is shown in Figure 8. 

Of the total forests and forested lands around 41.3% are high forests, mostly 
naturally regenerated. The rest are partly forested areas, bush lands, grazing 
lands, rocky areas or bare lands (Table 1). The coverage of the main forest species  

 

 
Figure 6. Ownership status of the forests and forest lands in Greece (State, Municipal, 
Church owned/other non-profit Foundations, Private lands) (source: Ministry of Agri-
culture 1992) [3]. 

 

 
Figure 7. Percentages of conifers and broadleaves in Greece (based on the total high fo-
rests). 
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Figure 8. Coverage (% of the total high forest species) of the main forest trees species in Greece (source: Ministry of Agriculture 
1992) [3]. 
 
Table 1. Coverage (ha/%) of the main forest species and other forest lands in Greece for the different Regions of Greece (source: 
Ministry of Agriculture 1992) [3]. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 

2513 2754 77,369 4548 471,436 32,816 24,550 17,367 0.0 0.0 0.0 1437 11,699 646,489 

0.39* 0.43 11.97 0.70 72.92 5.08 3.80 2.69 0.00 0.00 0.00 0.22 1.81 
69.45** 
45.67*** 

2 
2547.0 0.0 124,376.0 13,786.0 262,505.0 54,111.0 25,296.0 3164.0 1815.0 0.0 2757.0 0.0 22,612.0 512,969.0 

0.50 0.00 24.25 2.69 51.17 10.55 4.93 0.62 0.35 0.00 0.54 0.00 4.41 486,926.80 

3 
1430.0 0.0 58447.0 2850.0 146,009.0 335.0 57,782.0 424.0 2594.0 0.0 116.0 0.0 5434.0 275,421.0 

0.52 0.00 21.22 1.03 53.01 0.12 20.98 0.15 0.94 0.00 0.04 0.00 1.97 458,429.14 

4 81,829.0 0.0 38,091.0 7529.0 126,637.0 9512.0 26,470.0 0.0 886.0 0.0 1054.0 0.0 8092.0 300,100.0 
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Continued 

 27.27 0.00 12.69 2.51 42.20 3.17 8.82 0.00 0.30 0.00 0.35 0.00 2.70 391,921.38 

5 
30,046.0 0.0 26,055.0 448.0 158,299.0 152.0 62,845.0 0.0 3005.0 0.0 0.0 0.0 4913.0 277,245.0 

10.51 0.00 9.12 0.16 55.40 0.05 21.99 0.00 1.05 0.00 0.00 0.00 1.72 367,130.13 

6 
5417.0 0.0 0.0 0.0 208.0 15,001.0 0.0 0.0 0.0 0.0 0.0 0.0 1251.0 21,877.0 

24.76 0.00 0.00 0.00 0.95 68.57 0.00 0.00 0.00 0.00 0.00 0.00 5.72 17,169.48 

7 
92,232.0 0.0 417.0 286.0 120,865.0 58,037.0 5392.0 0.0 0.0 108.0 0.0 0.0 8013.0 285,350.0 

32.32 0.00 0.15 0.10 42.36 20.34 1.89 0.00 0.00 0.04 0.00 0.00 2.81 42.87 

8 
239,504.0 0.0 11,885.0 1895.0 94,365.0 115,035.0 33,651.0 0.0 0.0 0.0 0.0 0.0 16284.0 512,619.0 

46.72 0.00 2.32 0.37 18.41 22.44 6.56 0.00 0.00 0.00 0.00 0.00 3.18 44.10 

9 
7507.0 0.0 0.0 0.0 209.0 65,547.0 0.0 0.0 0.0 0.0 0.0 0.0 801.0 74,064.0 

10.14 0.00 0.00 0.00 0.28 88.50 0.00 0.00 0.00 0.00 0.00 0.00 1.08 38.21 

10 
80,283.0 0.0 0.0 1115.0 68,181.0 54,254.0 43,245.0 0.0 0.0 0.0 1362.0 0.0 3200.0 251,640.0 

31.90 0.00 0.00 0.44 27.09 21.56 17.19 0.00 0.00 0.00 0.54 0.00 1.27 29.07 

11 
0.0 0.0 0.0 416.0 12,293.0 61,255.0 2291.0 0.0 0.0 0.0 0.0 0.0 1874.0 78,129.0 

0.00 0.00 0.00 0.53 15.73 78.40 2.93 0.00 0.00 0.00 0.00 0.00 2.40 31.44 

12 
0.0 0.0 0.0 0.0 6250.0 63,339.0 0.0 0.0 0.0 0.0 0.0 0.0 624.0 70,213.0 

0.00 0.00 0.00 0.00 8.90 90.21 0.00 0.00 0.00 0.00 0.00 0.00 0.89 21.61 

13 

0.0 0.0 0.0 208.0 4582.0 38,337.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43,127.0 

0.00 0.00 0.00 0.48 10.62 88.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10.34 
5.17 

Total 

543,308 
16.22a 
6.70b 
4.12c 

2754 
0.08 
0.03 
0.02 

336,640 
10.05 
4.15 
2.55 

33,081 
0.99 
0.41 
0.25 

1,471,839 
43.95 
18.14 
11.15 

567,731 
16.95 
7.00 
4.30 

281,522 
8.41 
3.47 
2.13 

20,955 
0.63 
0.26 
0.16 

8300 
0.25 
0.10 
0.06 

108√ 
0.0032 
0.0013 
0.0008 

5289 
0.16 
0.07 
0.04 

1437 
0.04 
0.02 
0.01 

84,797 
2.53 
1.05 
0.64 

3,349,243 
41.29b 
25.38c 

* = % cover of the total high forests of the region, ** = % of the total high forests and forest lands of the region (see Table 1/column 7), *** = % cover of the 
total area of the region (see Table 1), a = % of the total high forests of Greece, b = of the total high forests and forest lands of Greece, c = % of the total area 
of Greece, √ = only natural stands in the Region 7. 
 

in Greece (Figure 8) for the different Regions (Figure 9) are presented in Table 
1, whereas the total high forests and others forest lands are shown in Table 2. 
The data presented are from the national forest inventory of forest in Greece 
(1992). The new/latest forest inventory data are not yet available (under process-
ing). There may be changes in the coverage of the forests in the range (over 
country) of ±5% - 10% depending on various factors (e.g. wild fires, afforesta-
tion of abandoned agricultural lands in the mountains, land use changes, human 
activities). 

The natural distribution of the main forest species is highly dependent on 
geographical (latitude, longitude, altitude), climatic, hydrological, geological and 
pedological (soil) factors [2] [5] [6]. For example, cold adapted species (e.g. 
beech, spruce, scotch pine, hybrid fir) are generally grown on the high moun-
tains of north and central Greece (Figure 1, Figure 5, Figure 10) whereas spe-
cies adapted to hot and dry environments (e.g. Pinus halepensis, P. brutia, most  
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Figure 9. Geographic Regions of Greece (source: Hellenic Statistical Authority (ELSTAT) 
2020 [4]. 

 
of evergreen broadleaves) are mainly grown on the lowlands of south-east and 
some islands where hot and dry summers are common (Figure 4, Figure 5). A 
very characteristic example of adaptation is the black pine (Pinus nigra) (Figure 
10(a)) which forms the best and most productive stands on soils derived from 
flysch (Pindos Mt.) (Figure 2, Figure 5, Figure 10). 

3. Stocks of Organic Carbon in Forest Soils in Greece 

The amounts of carbon (C) stocks in forest soils vary according to climatic and 
ecological zones [7]. In general, the amounts are high in cold climates and are 
reduced as temperature increase. In the forest areas of cold regions, the amount 
of C in soils can reach 80% of the total C in plants and soils. In temperate zones,  
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Table 2. Coverage (ha/%) of the total high forests and other forest lands in Greece for the different Re-
gions of Greece (source: Ministry of Agriculture 1992) [3]. 

REGION  
CODE 

REGION  
AREA (Ha) 

TOTAL HIGH 
FORESTS 

(Ha/%) 

EVERGREEN 
BROADLEAVES 

(Ha/%) 

GRAZELANDS 
(Ha/%) 

INFERTILE/ 
ROCKY— 

BARELANDS 
(Ha/%) 

TOTAL HIGH 
FORESTS AND 

FOREST LANDS 
((Ha/%) 

I II III IV V VI VII 

1 1,415,700 
646,489.0 
45.67 (%)* 

198,506.0 
14.02 

78,482 
5.54 

7442 
0.53 

930,919.0 
65.76* 

2 1,914,100 
512,969.0 

26.80 
390,163 
20.38 

135,344 
7.07 

15,113 
0.79 

1,053,589.0 
55.04 

3 945,100 
275,421.0 

29.14 
142,400.0 

15.07 
173,633 

18.37 
9360 
0.99 

600,814.0 
63.57 

4 1,403,700 
300,100.0 

21.38 
313,344.0 

22.32 
138,963 

9.90 
13,327 

0.95 
765,734.0 

54.55 

5 920,300 
277,245.0 

30.13 
246,110.0 

26.74 
190,734 

20.73 
41,231 

4.48 
755,320.0 

82.07 

6 230,700 
21,877.0 

9.48 
85,215.0 

36.94 
18,500 
8.02 

1867 
0.81 

127,459.0 
55.25 

7 1,135,000 
285,350.0 

25.14 
267,935.0 

23.61 
88,260 
7.78 

24,041 
2.12 

665,586.0 
58.64 

8 1,554,900 
512,619.0 

32.97 
478,908 
30.80 

145,125 
9.33 

25,640 
1.65 

1,162,292.0 
74.75 

9 380,800 
74,064.0 

19.45 
90,652 
23.81 

26,743 
7.02 

2393 
0.63 

193,852.0 
50.91 

10 1,549,000 
251,640.0 

16.25 
503,937.0 

32.53 
100,525 

6.49 
9474 
0.61 

865,576.0 
55.88 

11 383,600 
78,129.0 

20.37 
118,344.0 

30.85 
46,479 
12.12 

5561 
1.45 

248,513.0 
64.78 

12 528,600 
70,213.0 

13.28 
118,970.0 

22.51 
116,848 

22.11 
18,953 

3.59 
324,984.0 

61.48 

13 833,600 
43,127.0 

5.17 
199,398.0 

23.92 
167,584 

20.10 
7165 
0.86 

417,274.0 
50.06 

TOTAL 13,195,100 
3,349,243 

41.29a 
25.38b 

3,153,882 
38.88a 
23.90 b 

1,427,220 
17.59a 
10.82 b 

181,567 
2.24a 
1.38b 

8,111,912 
61.48b 

 

* = % cover of the total region area, a = % of the total forests and other forest lands (over country), b = % cover of the total 
country area. 

 
the respective C amount is about 60% and in tropical forests about 50%. Table 3 
shows the average C stock in the most important ecological regions in the world. 

In Greece, the calculation of organic C stocks was carried out in the frame-
work of the National project “Classification, Mapping and Evaluation of the 
Lands of Greece”. The project lasted 22 years (1978-2000) and it was imple-
mented by the Ministry of Agriculture in cooperation with the Institute of Me-
diterranean Forest Ecosystems [8]. The calculation was based on data derived 
from 2260 soil pits scattered all over the country. The soil depth for which the C  
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(a) 

 
(b) 

Figure 10. Black pine (Pinus nigra) (a) and beech (Fagus silvatica) (b) in Pindos Mt. 
(Greece) (photo: I. Tzatzanis). 

 
Table 3. Estimation of the average carbon stocks (tones∙ha−1) in plant biomass and soils 
in forests of different ecological regions [7]. 

 Plants Soils 

Tropical forests 157 122 

Forests in temperate zone 96 122 

Forests in cold regions 53 300 

 
was calculated reached the upper limit of the bedrock (parent material). The vo-
lume of the coarse material (stones and gravel) was subtracted from the total soil 
volume. The litter layer (L) was not taken into account for the calculations. The 
calculations were based on C concentrations, soil volume and bulk density. The 
summarized results for C stocks are presented in Table 4 [8] and were processed 
according to the forest vegetation zones described below. 

A forest vegetation zone is the spatial distribution of the various forest tree 
species according to their demands in temperature and moisture. In Greece, four 
major vegetation zones have been defined [6]: 
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Table 4. Stocks of organic C in forest soils and graze lands in Greece. 

Vegetation Organic C 

Zone tons∙ha−1 CV (%)* Total (tons × 106) 

Forests 

Evergreen broadleaves 72.0 54 40.4 

Aleppo pine + Calabrian pine 72.9 54 30.4 

Deciduous oaks 80.3 48 62.0 

Fir 114.0 52 31.1 

Black pines 115.0 51 15.1 

Beech 120.0 52 36.0 

Pastures 

Pseudoalpine 111.0 58 21.8 

*CV (%): Coefficient of variation. 
 

1) The maquis zone (or the zone of evergreen broadleaves). It is found at an 
altitude of 0 - 1300 m. The main vegetation consists of Aleppo pine (Pinus hale-
pensis), Calabrian pine (Pinus brutia) and evergreen broadleaves (Quercus coc-
cifera, Pistacia spp., Olea oleaster Arbutus spp., etc.). It occupies the 47.5% of the 
country area. 

2) The zone of deciduous oaks. It is found at an altitude of 200 - 300 m and 
can reach 1000 - 1300 m. The species are Quercus frainetto, Quercus ithaburen-
sis, Quercus cerris, Quercus pubescens, Quercus robur and others.It occupies the 
39.2% of the country area. 

3) The fir (Abies) zone with the subzones of beech (Fagus spp.), Scots pine 
(Pinus sylvestris), and black pine (Pinus nigra). Its altitude ranges between 700 
and 1800 m. It is the most important forest zone and covers the 11.8% of the 
country area. 

4) Pseudoalpine zone. It is found at an altitude of more than 1600 m and oc-
cupies the 1.5% of the country area. In this zone, the species Juniperus nana, Ju-
niperus foeditissima, Festuca sp. Astragalus sp. Sesleria sp. and other species 
adapted to this zone can be found. 

In Greece, the mountain forests (fir, beech, black pine) contain the highest 
average amount of carbon in soils (more than 100 tons per hectare).However, 
the soils of deciduous oaks due to the large cover area, have the highest total 
amount of carbon, approximately 60 million tons (in total). 

4. Forest Biodiversity 

Biodiversity is the whole set of genes, species, and ecosystems in an area and re-
fers to: 1) gene differences between populations or individuals of the same spe-
cies; 2) species diversity refers to the variety of plants, animals, and microorgan-
isms in a system; and 3) the diversity of ecosystems refers to the diversity of dif-
ferent ecosystems [9] [10]. The protection of forest biodiversity is an important 
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action for the management of ecosystems because is the essential factor for the 
conservation of the ecosystem and provides support for many forest goods and 
services. In forests, biodiversity allows species to evolve and adapt dynamically 
to the changing environment, to maintain the potential for reproduction and 
health of trees in order to meet human needs in goods and services, and to sup-
port the functions of the ecosystems. Assessment and monitoring of forest bio-
diversity are considered as important activities aiming at guiding the sustainable 
management of forests [9] [10] [11] [12]. 

The Mediterranean Basin is a biodiversity hotspot and is one of the most re-
markable areas of the planet for its great biological diversity and its landscapes 
[13]. It is essentially established as a transitional zone, ranging from the tempe-
rate climate of South Europe to the warm/dry regions of Africa where various 
types of ecosystems are found to co-exist [14]. Forest biodiversity in Greece is 
one of the richest (in terms of species richness and biodiversity quality) in Eu-
rope. This is partly due to the influence of diverse climate and micro-climatic 
types varying from semi-arid type of Southeastern Crete to cold wet continental 
type in North-Western Greece (Figure 4 & Figure 5). Geographic diversity for 
most of the native species is high due to geographic/geomorphological/geological/ 
pedological factors (e.g. latitude, exposure, altitude, geology, soils) that have 
strongly affected biological and genetic processes(reproductive biology, pollina-
tion, gene flow, hybridization, isolation, adaptation, heterozygosity, population 
effective number) and consequently genetic diversity (intrepopulation/intra-po- 
pulation). However, conservation measures should be taken for the threatened 
and marginal populations (e.g. Fagus spp., Fraxinus angustifolia, Acer plata-
noides, Sorbus spp., Taxus baccata, Juniperus spp.) through in situ (keep viable 
population effective numbers) and ex situ conservation (gene conservation). 

The importance of forests as biodiversity components has been widely recog-
nized [10] [15] [16]. There is a strong legal protection status for all forested areas 
and special efforts have been made in recent years for the identification and 
conservation of their biodiversity values. The number of plant taxa (species and 
subspecies) of the very rich flora in Greece is estimated to 6500 (5750 species); 
15.1% - 17.6% at species and 17.7% - 20.9% at taxa level are endemic [17]. More 
than 50,000 animal species (the majority are described insects), there are already 
25,000 are described out of which about 25% are endemic, more than 2000 spe-
cies of fungi and 25 groups of habitat types (according to the CORINE classifica-
tion and Directive 92/43/of the European Union). 

Since Greece started creating protected areas, administration has been carried 
out by the Forest Service through its Forest District Offices (governmental bo-
dies under the Ministry of Environment and Climatic Change). Decisions are 
made centrally and management practices include strict protection. Although 
Law 1650/1986 granted more power to Ministry of Environment, Planning and 
Public Works, which is the main operator of forest policy development in the 
protected areas created after 1986, the actual management of all protected areas, 
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created before 1986, still remains within Forest District Offices. Currently, 28 
protected areas with Management Bodies were designated (Law 3044/2002) [18] 
[19]. The implementation of the Habitat Directive in 1992 was a turning point in 
national forest policy followed by changes in administration, in the role of con-
servation authorities, new funding possibilities and broader involvement in de-
cision-making and forest policy. The creation of Natura 2000 framework serves 
multi-purpose objectives under the frame of sustainable forest management in 
the designated sites [5] [20]. The International conventions ratified by the State 
and related to Biodiversity have to do with the adoption of the international 
goals and the implementation of a defined framework of protection of Biodiver-
sity. Apart from the National Parks and other protected areas [12] of particular 
importance are important protected areas for the Nature and Biodiversity such 
as (https://ypen.gov.gr/, 2015) [18]: 1) The wetlands of International Importance 
of the Ramsar Convention; 2) The Monuments of the World Inheritance 
(UNESCO); 3) The Biosphere Reserves (UNESCO, Human and Biosphere); 4) 
The Special Protected Areas (Convention of Barcelona); 5) The Biogenetic Re-
serves (Council of Europe); 6) The Areas that have been awarded the Eurodip-
loma (Council of Europe); and 7) Paris Agreement. 

Furthermore, the following future challenges for biodiversity policy are very 
important: a) coding and revising/improving the legislation for the conservation 
of biodiversity; b) strengthening the public administration for the implementa-
tion and the coordination of political measures and legislation for biodiversity; 
c) development of forest maps and a new forest inventory (urgently needed), 
completion of soil and land use maps for Greece, and d) institutional safeguard-
ing of Natura 2000 areas. 

5. Conservation of Forests Genetic Resources—Genetic and 
Epigenetic Variation 

Greece ranks third and fourth of 103 key biodiversity areas in Europe and Medi-
terranean area, respectively [21]. Genetic diversity is the fundamental basis of 
biodiversity at the species and ecosystems levels according [10] [22]. Numerous 
studies in Greece show high levels of genetic diversity for Prunus avium [23] 
[24] [25], Pinus halepensis [10] [26], Fraxinus spp. [27] [28] [29], Fagus sylvatica 
cluster species [30], etc. Forest populations in Greece present very high poly-
morphism and genetic differentiation according to a comparison study with Eu-
ropean forests which was conducted by Aravanopoulos et al. (2019) [31]. “Mar-
ginal or peripheral” populations of forest tree species are those which exist in the 
edge of their geographic distributions where populations have often persisted 
over long periods of geological time and experienced a complex evolutionary 
history [26]. Many forest tree species are considered as marginal populations in 
Greece due to the geomorphology of the country and geographic isolation of 
many islands. Conservation of forest genetic resources should be the primary 
step of any conservation strategy aiming at ensuring long-term persistence of 
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species and habitats [10] [12] [30]. Traditionally there are two main strategies 
considering conservation: the “in situ” and the “ex situ”. The “in situ” strategy 
conserves species in their natural environment while the “ex situ” conserves 
populations and individuals as copies outside of their natural habitat. Consider-
ing the biotic and abiotic pressures that Greece faces under the climatic changes 
—which are already apparent—isolated and marginal forest tree populations 
must be conserved in order to secure their future existence and survival [10] [12] 
[27] [30]. 

Nowadays a serious debate of how epigenetic mechanisms trigger and evolve 
in the adaptation for forest tree species has begun. Epigenetics is defined as the 
mechanism that alters gene expression without changes in the DNA sequence and 
those alterations are transmitted to the next generation [32]. Methylation of DNA, 
modification of histones, structural changes in chromatins and non-coding RNA 
are mechanisms of epigenetics. For example, in Languncularia racemosa (man-
grove tree), a study showed that in contrasting habitats exhibited different mor-
phological traits (fresh water and nutrient supply vs salt march) and epigenetic 
variation was greater than genetic variation (within and between populations) 
based on analysis of DNA sequences and methylation patterns [33]. Lastly the 
combination of genetic and epigenetic variation can give us a holistic approach 
for conservation and adaptation of forest tree species [32] [34] under the climat-
ic changes that already occurring. 

6. Effects of Climate Change on Forest Biodiversity 

As expected, the climatic change has already affected the Mediterranean region, 
with prolonged periods of aridity, severe storms-more frequent than before-floods, 
extreme heat waves and more mega-fires. The aftermath of these rapid and se-
vere changes of climatic conditions within the next 100 years, will affect the 
well-being and overall existence of the Mediterranean forests [35]. 

Climate change is a global threat that has already had an observed impact on 
biodiversity, and forest ecosystems. The contrasting plant functional types com-
peting for water, characterize the Mediterranean ecosystems [36]. These plants 
are sensitive to temperature rise and any changes regarding water availability 
[37]. They have already sustained numerous climatic changes, adjusting them-
selves in various ways (by changing physiological procedures, adapting their ge-
notypes or even by immigration) [38]. However, further temperature increase 
and/or water deprivation is expected to cause biodiversity loss and significant 
changes of indigenous-natural vegetation in the (not so far) future [39]. 

Many studies foresee habitat reduction due to climate change though, with 
different habitat loss rates [40]. The habitat loss [41] and seed production [42] 
will be affected by climate change, with direct effects on plant communities. The 
most sensitive forests in the Mediterranean are those extended to the southern 
limits of the Mediterranean basin (e.g. beech, spruce, Scots pine). Changes in 
atmospheric CO2 concentration (possibly reaching 600 ppm at the end of the 
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century [43] will have severe impacts on forest tree populations, by affecting 
productivity, water use efficiency [44] [45] and belowground carbon storage. 

Apart from the plant species that configure the biodiversity of Greek forests 
there is also a rich forest fauna comprised of many vertebrate and invertebrate 
taxa. Within them, there are several alien and/or invasive species that take ad-
vantage of the health condition of forest plants in order to exploit without facing 
sufficient quantities of chemical defense mechanisms. In Greece, the impact of 
climate change (extended droughts, elevated atmospheric CO2) will affect the 
physiology of forest trees and cause changes in biotic interactions among trees, 
herbivory and fungi in several ways [46] [47] [48]. For example, increased levels 
of CO2 can affect the susceptibility to herbivores which are oriented towards to 
their nutritious tissues. Following these lines it is expected that the drought that 
accompanies many climate changes will render susceptible many plants among 
them the Greek fir (Abies cephalonica) and European beech [30]. Moreover, the 
elevated atmospheric CO2 together with the increased growth of the tree is ex-
pected to reduce the resistance of A. cephalonica and make this species attractive 
to herbivores. Also the belowground environment is important for those organ-
isms that need humid environment (e.g. fungi) which is found in the root system 
of trees [47]. 

In a meta-analysis of all relevant bibliographic databases and searches by us-
ing as keywords the main forest species such as Abies, Acer, Quercus, Fagus, 
Pinus and other genera, Jactel [48] and colleagues analyzed the effect of drought 
on the damage of primary and secondary forest pests and pathogens and using 
Hedge’s d as a measure. They found that the overall impact of climate change to 
forests is quite complicated and the salient effects could be: 

1) Primary wood pests and pathogens are expected to cause lower damage to 
forest trees affected from drought; 2) Primary pests and pathogens consuming 
the foliage of forest trees are expected to cause significantly more feeding dam-
age; 3) Secondary pests and pathogens are expected to cause more damage to 
forest species in agreement with the host stress hypothesis; 4) The geographic 
and host plant ranges of many pests are expected to increase in search of suitable 
feeding, ovipositing, and mate encountering substrate; 5) Since different feeding 
guilds and various specialization types of pests and pathogens are expected to be 
differentially affected by drought, Greece is a temperate-subtropical country 
which will increase the number of pests and pathogens; 6) Since many biotopes 
are being destroyed as a result of human economic activities, previous results are 
difficult to be predicted with certainty; 7) Native species inhabiting occasionally 
urban sites are expected to decrease as a result of the pollution and insecticide 
spraying against arthropods; 8) As a result of introductions and spreading of 
pests in the forest trees, forest biodiversity is expected to significantly decrease; 
9) The globally observed insect decline is expected to affect Greek entomofauna; 
10) The increase of the numbers of alien and invasive insects as a result of mi-
gration or inadvertent introductions and establishment is the most important 
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effect of climate change and is expected to affect the fauna in Greece and may 
reduce biodiversity. 

Studies are currently carried out in order to gain a better insight in the various 
effects of climate change in the estimation of growth rate of various forest plant 
taxa such as conifers. Important studies involve carbon (C) and oxygen (O) sta-
ble isotopes in tree-ring analysis on the premises that 13C enrichment of 
α-cellulose in tree-rings is expected to show if the growth reduction of conifers is 
the result of defoliation or climate change or both. Also, the isotopic composi-
tion of tree-ring cellulose, in terms of 18O, reflects the isotopic signature of 
source water, leaf water, and fractionation when photosynthetic sugars are bio-
synthesized. 

7. Forest Management, Multiple Uses, Protection  
and Conservation of Forests of Greece 

Forests in Greece have been managed sustainably over a long period of time un-
til now [5] [30] [49]. The management of the forests of the main forest species in 
Greece, their multiple functions and uses, protection and conservation in the 
face of climate change are synoptically presented in Table 5. They are an essen-
tial resource for local communities in terms of both wood (e.g. timber, firewood, 
wood biomass) and non-wood products (e.g. fruits and seeds, mushrooms, snails, 
medicines, herbal plants, recreation, hunting, grazing, resin, honey) [50] [51] 
(Table 5). Also highly important is the functional role of the forest ecosystems 
of Greece (Table 5). The main ecosystem functions have long been recognised as 
following: soil conservation, water balance, carbon sequestration (above and be-
low ground), wild life maintenance, climate change mitigation, and biodiversity 
support [10] [16] [52] [53] [54] [55]. 

In general, forest management applied in Greece is sustainable, following the 
forest management plans approved by the Forest Service. The average growing 
stock is estimated to be 62 m3/ha and around 70% of the harvested wood is used 
as firewood [3]. Clear cuts and coppicing are mostly applied in non-state forest 
lands (municipal, church owned, other private lands). The coppiced forests— 
averaging 48% - 50% of the total forests—are still managed by this system, but 
recently there has been political and societal pressure to partly convert those into 
seedling ones. A large part (≈60%) of the forests and forested lands have been 
included in the NATURA 2000 network [5] [20]. 

8. Adaptive Forest Management and  
Silviculture—Conservation Measures 

One of the adaptation strategies concerning forest vegetation is the migration to 
regions with more beneficial climatic conditions. However, not all trees can do 
this, because there are species which cannot respond to the requirements needed 
for establishing new communities, in other areas [56]. Tinner and Lotter (2006) 
[57] calculated that species needing a migration transition of 100 km, will need  
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Table 5. Forests of Greece, management and their multiple functions and uses, protection and conservation in the face of climate 
change. 

Forest type  
(tree species) 

Management 
type/silvicultural 
methods/regeneration 

Products and uses Risks and 
pests 

Protection measures/ 
biodiversity conservation/ 
genetic diversity 

Actions to face 
climate change 

Products 
(wood and 
non-wood) 

Functions/ 
services 

FIR (Abies 
cephalonica, × 
Abies borissi 
regis, A. alba) 

Seedling 
stands/unevenaged, all 
age classes/shelterwood 
regeneration (single 
tree selection, small 
group selection) 
(rotation period 80 - 
120 years) 

round wood 
(sawn timber), 
power poles, 
paper pulp, 
honey 
production 

soil protection, 
water balance, 
bee feeding, 
wild life, 
landscape 
enhancement 

wild fires, 
landslides, 
overgrazing, 
bark beetles, 
roor-rot fungi, 
climate change, 
illegal cuttings 

wild fire preventive actions, control 
grazing, in situ conservation, 
maintain viable population sizes in 
isolated/remnant 
populations/natural hybrids Abies 
cephalonica × A. alba (×Abies 
borissi regis), conserve 
inter/intra-population diversity (in 
situ) 

enhance mixture 
with broadleaves 
(e.g. oak, beech), 
remove died 
trees/sanitary 
actions,  

NORWAY 
SPRUCE (Picea 
abies) 

Seedling stands/ 
evenaged, uneven aged, 
all age classes/intense 
shelterwood in groups 
(large or small) 
regeneration (rotation 
period 80 - 120 years) 

round wood 
(sawn timber), 
power poles, 
paper pulp 

soil protection, 
water balance, 
wild life, 
landscape 
enhancement 

bark beetles, 
roor-rot fungi, 
climate change 

in situ conservation (the south 
limit of spruce distribution in 
the Balkans), maintain viable 
population sizes in isolated/ 
remnant populations 

enhance mixture 
with broadleaves 
or conifers(e.g. 
beech, scots pine), 
remove died trees/ 
sanitary actions,  

SCOTS PINE 
(Pinus 
sylvestris) 

Seedling stands/ 
evenaged, unevenaged 
stands/shelterwood 
regeneration (in large 
area, in strips) (rotation 
period 80 - 100 years, 
for power poles 50) 

round wood 
(sawn timber), 
fencing poles, 
power poles, 
paper pulp,  

soil protection, 
water balance, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

overgrazing, 
roor-rot fungi, 
illegal cuttings, 
climate change 

control grazing, in situ 
conservation (the south limit of 
scots pinedistribution in the 
Balkans), maintain viable 
population sizes in isolated 
populations 

enhance mixture 
with broadleaves 
(e.g. beech, oak), 
remove died trees 
(sanitary actions) 

BLACK PINE 
(Pinus nigra) 

Seedling stands/ 
evenaged, unevenaged 
stands/shelterwood 
regeneration (crown 
closure 0.4 - 0.6, in 
large area or in strips) 
(rotation period 80 - 
120 years) 

round wood 
(sawn timber), 
power poles, 
paper pulp 

soil protection, 
water balance, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

Wild fires,  
overgrazing, 
roor-rot fungi, 
illegal cuttings, 
climate change 

control grazing, in situ 
conservation (the south limit of 
black pinedistribution in the 
Balkans), maintain viable 
population sizes in isolated 
populations 

enhance mixture 
with broadleaves 
(e.g. beech, oak), 
remove died trees 
(sanitary actions) 

BOSNIAN PINE 
(Pinus 
heldreichii) 

Seedling stands/ 
evenaged, unevenaged 
stands/shelterwood 
regeneration (crown 
closure 0.4 - 0.6, in 
small groups or in 
strips) (rotation period 
80 - 120 years) 

round wood 
(sawn timber), 
power poles, 
paper pulp, 
wood craft, 
wooden barrels 

soil protection, 
water balance, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

overgrazing, 
illegal cuttings, 
climate change 

control grazing, in situ 
conservation (the south limit of 
Bosnian pinedistribution in the 
Balkans), maintain viable 
population sizes in isolated 
populations 

maintain viable 
population sizes 
in isolated 
populations, 
maintain intra- 
and 
inter-population 
genetic diversity 

HALLEPO & 
CALABRIAN 
PINE (Pinus 
halepensis & P. 
brutia) 

Seedling stands/ 
evenaged, unevenaged 
stands/clear cuts with 
standards (seed trees) 
or shelterwood 
regeneration (in large 
areas) (rotation period 
50 - 100 years 

round wood 
(sawn timber), 
fencing poles, 
fuelwood, resin 
production, 
honey 
production,  
firewood, boat 
construction 

soil protection, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

wild fires, 
overgrazing, 
wood-rot fungi 
(due to 
wounding for 
resin), illegal 
cuttings, 
climate change 

Fire prevention, remove surplus 
biomass, control grazing, in situ 
conservation (inter/intra 
population diversity, natural 
hybridization), biodiversity 
conservation (understory woody 
species, aromatic/medicinal 
herbs),  

enhance mixture 
with broadleaves 
(e.g. Quercus 
pubescens, Q. ilex, 
Fraxinus ornus) 
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Continued 

Pinus pinea 
(stone pine) 

Seedling stands/ 
evenaged, unevenaged 
stands/intense fellings 
with standards (seed 
trees), crown closure 
0.3 - 0.4, rotation 
period 80 - 100 years 

round wood 
(sawn timber), 
fuelwood, pine 
nuts, 
wood/resin 
extracts 

soil protection, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

wild fires, 
overgrazing, 
llegal cuttings, 
climate change 

Fire prevention, remove surplus 
biomass, control grazing, in situ 
conservation (natural/ 
naturalised populations), 
biodiversity conservation 
(understory woody species, 
aromatic/medicinal herbs),  

enhance mixture 
with broadleaves 
(e.g. Quercus 
pubescens, Q. ilex, 
Fraxinus ornus) 

COMMON 
CYPRESS 
(Cupressus 
sempervirens) 

Seedling stands (natural 
regeneration in native 
stands) (rotation period 
60 - 100 years) 

round wood 
(sawn timber), 
power poles, 
boat 
construction 

soil protection, 
landscape 
improvement, 
wind 
protection, 
cultural value 

overgrazing, 
bark beetles, 
bark canker 
(Seiridium 
spp.), climate 
change 

wild fire preventive actions, 
control grazing, in situ 
conservation (e.g. natural 
populations in islands), maintain 
viable population sizes in 
isolated/remnant populations 

in situ conservation 
(e.g. natural 
populations in 
islands), maintain 
viable population 
sizes in isolated/ 
remnant 
populations, 
maintain intra- and 
inter-popul. genetic 
diversity 

JUNIPER 
(Juniperus spp.) 

Seedling stands, most 
stands out of 
management 

fencing poles, 
berries for 
liqueur 
production 

soil protection, 
wild life 
conservation,  
biodiversity 
enhancement, 
landscape 
enhancement 

grazing, illegal 
cuttings, crown 
pathogens (e.g. 
Phomopsis 
spp.) climate 
change 

control grazing, in situ 
conservation (inter/intra 
population diversity, threatened 
populations) to face climate 
change 

in situ 
conservation 
(interpopulation 
diversity, 
threatened 
species/populatio
ns) 

BEECH 
(Fagus sylvatica 
cluster species 
-Fagus sylvatica 
subsp. sylvatica, 
F. sylvatica 
subsp. 
orientalis) 

Seedling stands, coppice 
stands, coppice converted 
to seedling stands/ 
evenaged, uneven aged, 
irregular stands/ 
shelterwood regeneration 
(in large reg. area or 
small groups) (rotation 
period 80 - 130 years 

round wood 
(sawn timber), 
fuel wood, 
industrial 
wood, energy 
wood,  

soil protection, 
water balance, 
wild life, 
biodiversity 

overgrazing, 
roor-rot fungi, 
illegal cuttings, 
climate change 

control grazing, in situ 
conservation (the south limit of 
beech distribution in the 
Balkans, inter/intra-population 
diversity), maintain viable 
population sizes in 
isolated/remnant populations, 
enhance mixture (e.g. oak, fir, 
pine) 

maintain most of 
genetic diversity, 
maintain viable 
population sizes 
in 
isolated/remnant 
populations, 
enhance mixture 
(e.g. oak, fir, pine) 

BIRCH 
(Betula pendula) 

Seedling stands/ 
evenaged, unevenaged 
stands/shelterwood in 
large areas, rotation 
period 60 - 100 years 

round wood 
(sawn timber), 
plywood, 
fuelwood,  

soil protection, 
wild life, 
biodiversity 
conservation, 
landscape 
enhancement 

roor-rot fungi, 
illegal cuttings, 
climate change 

in situ conservation (the south 
limit of birch distribution in the 
Balkans), maintain viable 
population sizes in 
isolated/remnant populations, 
enhance mixture (e.g. scots pine) 
to face climate change 

maintain viable 
population sizes in 
isolated/remnant 
populations, 
enhance mixture 
(e.g. scots pine) to 
face climate change 

CHESTNUT 
(Castanea vera) 

Coppice stands, 
Coppice stands 
converted to high forest 
(rotation period 15 - 60 
years) 

round wood 
(sawn timber), 
poles, fuelwood, 
nuts,  

soil protection, 
water balance, 
wild life, 
biodiverity 
enhancement 

Phytophthora 
spp. and 
Cryptonectria 
parasitica 
attacks, 
roor-rot fungi, 
illegal cuttings, 
climate change 

control grazing, in situ 
conservation (inter/intra 
population diversity), maintain 
viable population sizes in 
remnant populations, conserve 
ofold grown stands and trees, 
enhance mixture (e.g. oak) to 
face climate change 

control grazing, in 
situ conservation 
(inter/intra- 
population 
diversity), 
maintain viable 
population sizes 
in remnant 
populations, 
enhance mixture 
(e.g. oak) to face 
climate change 
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Continued 

OAK (Quercus 
spp.) 

Seedling stands, Coppice 
stands, Coppice stands 
converted to high 
forest/evenaged, 
unevenaged, irregular 
stands with old grown 
standards/clear cuts with 
standards, shelterwood 
regeneration (in large 
areas—removal of 10% - 
20% of trees/coppice 
stems, keep crown 
closure 0, 8) (rotation 
period: coppiced stands 
25 years, seedling stands 
80 - 120 years) 

rarely round 
wood (sawn 
timber for floor 
parkets), mainly 
fuelwood, 
animal feeding 
(leaves/accorns), 
mushrrom 
production,  

soil protection, 
water balance, 
wild life, 
biodiverity 
enhancement 

overgrazing, 
oak decline, 
defoliating 
insects, 
roor-rot fungi, 
climate change 

control grazing, in situ 
conservation (endemic 
species—Q. euboica, inter/intra 
population diversity, natural 
hybridization), maintain viable 
population sizes in remnant 
populations (e.g. Q. 
inhaburensis), enhance mixture 
(e.g. oak, fir, pine) to face 
climate change 

control grazing, in 
situ conservation 
(inter/intra 
population 
diversity), 
maintain viable 
population sizes 
in remnant/old 
age populations, 
enhance mixture 
eto face climate 
change 

MAPLE (Acer 
spp.) 

Seedling stands/ 
evenaged, unevenaged 
stands/shelterwood in 
groups, rotation period 
60 - 100 years (mostly 
out of management) 

round wood 
(sawn timber) 

soil protection, 
wild life 
protection, 
biodiversity 
enhancement,  

overgrazing, 
illegal cuttings, 
climate change 

Forest inventory/mapping, legal 
actions/measures, in situ 
conservation (e.g. threatened 
species/populations),  
maintain genetic diversity 
(inter/intra population diversity, 
maintain viable population sizes 
in remnant populations) to face 
climate change 

Conserve/enhance
mixture different 
species—e.g. beech, 
oak), sanitary 
actions, maintain 
genetic diversity 
(inter/intra 
population 
diversity, maintain 
viable population 
sizes in 
isolated/remnant 
populations) 

RIVERINE/WE
TLANDFORES
TS (Platanus 
orientalis, 
Populus alba, P. 
nigra, Salix spp., 
Ulmus spp., 
Fraxinus 
angustifolia) 

Seedling stands or 
coppiced stands /mainly 
natural regeneration(by 
seed or sprouts) (mostly 
out of management) 
(rotation period 50 - 
100 years) 

round wood 
(sawn timber), 
poles, plywood, 
wood boards, 
paper pulp, 
cellulose/fibers, 
energy wood, 
bio-compost, 
honey 
production, 
agroforestry use 

soil protection, 
phyto- 
remediation, 
wild life 
protection, 
biodiversity 
enhancement, 
landscape 
enhancement 

deforestation, 
illegal cuttings, 
insects 
(defoliators), 
pathogens 
(root-rot/wood 
rot fungi), 
water table 
changes, 
climate change 

Forest inventory/mapping, legal 
actions/measures, in situ 
conservation (e.g. threatened 
species/populations),  
maintain genetic diversity 
(inter/intra population diversity, 
maintain viable population sizes 
in remnant populations) to face 
climate change 

Conserve/enhance
mixture different 
species), sanitary 
actions, extend 
carbon storage, 
maintain genetic 
diversity 
(inter/intra 
population 
diversity, 
maintain viable 
population sizes 
in remnant 
populations) 

PLANTATIONS 
(hybrid poplars, 
native 
poplars/willows, 
ash, paulownia, 
eucalypts) 

replanting or 
coppicing/evenaged, 
unevenaged 
stands/rotation period 
10 - 30 years 

round wood 
(sawn timber), 
poles, plywood, 
wood boards, 
paper pulp, 
cellulose/fibers, 
energy wood, 
bio-compost, 
honey 
production, 
agroforestry use 

soil protection, 
phyto- 
remediation, 
wild life 
protection, 
biodiversity 
enhancement, 
landscape 
enhancement 

grazing, insects 
(defoliators, 
bark beetles, 
wood 
borers)pathoge
ns (root-rot, 
rust fungi, 
wood rot 
fungi), climate 
change 

control grazing (at least the first 
10 years), ex situ conservation 
(e.g. selected genotypes/clones, 
threatened 
populations/provenances), 
enhance mixture (e.g. different 
provenances, different clones) to 
face climate change 

enhance mixture 
(use different 
provenances/ 
clones), sanitary 
actions, extend 
carbon storage 
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250 - 1000 years in order to accomplish it, when the climatic change is to happen 
much faster: according to A1B scenario, the average temperature increase veloc-
ity is going to be 42 Km/100 years, in some regions reaching 100 - 1000 Km/100 
years [58]. It is a fact that spatial climatic changes will occur with different re-
gional rates, higher at lowlands and lower on mountainous regions [59] [60] and 
different migration rates are expected among species depending on their repro-
ductive biology. During the past, there were migrations to cooler areas and also 
altitudinal upward shifts of vegetation. Bussoti et al. (2014) [60] states that a 
natural migration pattern from south to north and from low to higher altitudes 
will be followed by the tree species in concern. Lenoir et al. (2008) [61] reported 
certain upward shift rates in 171 forest plant species in France of about 30 m per 
decade when warming and elevation lapse rates were much higher (about 75 m 
per decade). 

In general, evergreen species appear to be slower to adaptation in changing 
environments [62]. Bussoti et al. (2014) [60] found that evergreen Mediterra-
nean species are not likely to respond to a fast climatic change by evolutionary 
adaptation but probably survive by migration. It is expected that evergreen tree 
species will occupy in the future xeric region which are now covered by deci-
duous oaks, while mountain conifers and temperate deciduous species will be 
limited to their southern extension ranges. Less frost injuries of trees [63] and 
increased winter photosynthesis [64] are expected during future warmer Medi-
terranean winters [65]. Sensitive to cold species will be favored over the existing 
cold-tolerant ones, resulting in a competition of species and affecting the struc-
ture of the forests, their population dynamics and possibly causing their conver-
sion to shrublands [65]. 

Based on the above conclusions we can admit that Mediterranean mountains 
are considered to be highly vulnerable to climatic changes [66] [67]. It is unfor-
tunately predicted that the mountain of the Mediterranean region will suffer in-
terannual variability, precipitation decrease, excess warming and consequently 
loss of plant species, more intensely than other mountains [68] predict that the 
vegetation of the Mediterranean mountains is bound to undergone great changes. 
Xerophyllous vegetation will considerably increase and will cover low mountain 
areas together with perennial sclerophyllous species, while moderate tolerant to 
water availability vegetation will notably decrease. Other changes have to do 
with the forest vegetation of higher altitudes which will be up-shifted, the expan-
sion of semi-arid forests, the depletion of broadleaf forests (e.g. beech, oak) and 
last but not least, the reduction in the expansion of cold gymnosperm forests 
(e.g. spruce, Scots pine, Bosnian pine [69]. 

Greece, as part of the Mediterranean Basin, is exposed to many risks and ha-
zards due to the combined effect of high temperatures and reduced precipitation 
in areas already coping with water scarcity [18] [19] [52] [70]. Furthermore, land 
use changes and land use conflicts make this problem more complex. It is there-
fore quite urgent to adapt forest management to the changing climate in order to 
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enable the conservation of healthy, productive forests, which provide people 
with goods and services. Integrating climate change into forest management re-
quires an understanding of ecological response and the vulnerability of key tree 
species and their forest ecosystems. Although a clear view of the future climate 
and forests is not yet available, it is critical to begin developing and implement-
ing adaptation strategies now, well in advance of climate change (already hap-
pens) impacts on the forests. It should be pointed out that the impacts of climate 
change push the forest ecosystems to higher altitudes and/or being replaced by 
others. Thus, it is crucial to adapt silvicultural systems (e.g. convert coppiced 
stands into high forests, increase seed production and genetic diversity) in order 
to mitigate climate change and conserve, utilize as much as possible genetic di-
versity and enhance in situ conservation (particularly of mature and old grown 
forests). However, as it is known, genetics/genetic diversity is a dynamic biolog-
ical process and therefore it is not possible to maintain the whole of it (whenever 
is recorded) [10]. Losses will be inevitably occurring during the time but it is 
important and profitable to maintain high effective population numbers for the 
keystone species (e.g. beech, fir, oak, pine) in order to conserve a rich biodiver-
sity and high biodiversity quality [2] [10] [27]. 

Climate change mitigation and adaption is one of the main targets identified 
in the strategy for sustainable development launched by Ministry of Environ-
ment, Energy and Climate Change (MEECC) in 2002. Greece ratified the Kyoto 
Protocol in 2002 (Law 3017/2002) and adopted a National Programme ensuring 
its commitment by a decision of the Council of Ministers (DCM5/2003). By the 
Law 3017/2002, the Ministry for the Energy, Environment, and Climate Change 
is designated as the governmental body responsible for the coordination of all 
other competent ministries and possibly any other public and/or private entities, 
for (a) the implementation of the provisions of the Kyoto Protocol and (b) the 
formulation and monitoring of the National Programme for achieving the na-
tional targets set under the Kyoto Protocol [18] [19] and recently, Paris Agree-
ment. 

The Strategic Plan of Rural Development 2007-2013 identified the priorities of 
Greece for the period 2007-2013. The National Strategy was implemented by the 
Program of Rural Development 2007-2013 (Hellenic Ministry of Rural Devel-
opment and Food, November 2007), whose priorities are set in order to adapt 
agriculture and forestry to climate change. The priorities related to forestry are 
outlined: a) operation of the system for the protection of forests from fires and 
other natural hazards, control of harmful pests and diseases that will affect fo-
rests and their productivity, and b) development of an information system re-
garding forests. Some important actions regarding to forest protection and 
adaptation to climate change have included [14] [15]: 1) Construction of new 
roads in order to improve forest road networks; 2) Construction of water supply 
centers (water pipes, water tanks, etc.) and related works to improve the network 
of water provision for fire suppression; 3) Removing/reducing dry biomass close 
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to the ground or along forest roads and other areas of high fire risk; 4) Tending, 
thinning and pruning works in coniferous forests (particularly in pine stands) in 
order to remove part of the flammable biomass, improve accessibility and stand 
quality; 5) Construction and improvement of permanent forest fire surveillance 
systems. 

In addition to the measures above, actions have been taken in order to in-
crease and restore forest areas [18] [19] [52]: 1) reforestation plans (using native 
species and local provenances) for the restoration of fire destroyed forest areas; 
2) logging and removal of burnt trees (removal is not recommended in steep 
slopes—e.g. >30% inclination—for at least 3 years); 3) restoration works (refore-
station, soil erosion prevention, etc.) and planting of less flammable species (e.g. 
Cupressus sempervirens and native broadleaves replacing P. halepensis or P. 
brutia); 4) soil erosion preventive works in small erosion gullies using wood, 
stone, concrete, wire, etc.; 5) watershed management in order to minimize soil 
degradation and maximize water storing and construction of small dams for 
collection of rain water; 6) drainage works to prevent landslides in sensitive 
geological substrata (e.g. Pindos Mountain, N. Evia, W. Peloponnisos). 

Furthermore, in the context of the First Afforestation of Agricultural and 
Non-Agricultural Soils, 36,612 ha had to be afforested in the period 2004-2012 
[18] [19]. Also, in the Program of Rural Development 2007-2013, actions con-
cerning the reduction of coppice forests and conversion into high forests and the 
increase, renewal, improvement, replacement and enhancement of stoking vo-
lume with the introduction of native species in degraded stands and bare lands, 
were also included. Currently, Greece is addressing the issue of climate change 
through the National Action Plan, as a sequence of the adaptation of the Direc-
tive 2009/28/EC (Article 4) and has submitted to EU/DG-ENERGY, a first ver-
sion of its national action plan in 2009 and a second version followed in 2011. 
According to this National Action Plan, a set of measures was taken into consid-
eration. The three starting points of these measures were: 1) the establishment of 
a new Ministry in which climate change is a top priority; 2) the formal acknowl-
edgment of the priority given to achievement of the 2020 targets set (Directive 
2009/28/EC and international commitments of the country for the protection of 
the environment); and 3) the adoption by the Parliament (Law L3851/2010) in 
which national targets for Renewable Energy sources were specified 20% of the 
total energy consumption (mandatory level of 18% set by the Directive 2009/28/EC) 
[18] [19]. Finally, the new Rural Development Program (2014-2020), which is 
currently under the final implementation phase, will take into consideration the 
forests (production and protection) and forest-related European and National 
legal obligations. 

To summarize, conservation measures and strategies for protecting forest 
biodiversity in Greece are highly important issues. Global climate change and 
pollution may cause change in the present distribution of important species (e.g. 
beech, oak, spruce, fir, pine) (e.g. movement upwards to higher altitudes) and 
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replacing parts of the beech forest area by other species (e.g. oak, fir, pine) [71]. 
Furthermore, some important evolutionary forces and actions should be consi-
dered when sustainable forest management and adaptive silviculture are applied 
in order to face climate change [72] [30]: 1) evolutionary dynamics of forest trees; 
2) maintenance of viable population effective numbers; 3) threats to a popula-
tion or a species; 4) sustainable silviculture; and 5) conservation (in situ/ex situ) 
of forest genetic resources. 

9. Forests of Greece, Forest Policy and Forest  
Economy—Future Prospects 

A main characteristic of Greece is that most of the forest area is located in areas 
with high mountains and slopes where the harvesting procedures, in most of the 
times are extremely difficult. In addition, the production and often the quality of 
the produced wood for many managerial and ecological reasons is limited (e.g. a 
lot of knots, trunk defects, small sizes). Koulelis (2009) [73] placed Greece 
among low-productivity EU counties. Wood removals, at national level are in-
fluenced by a number of negative factors such as organizational issues (i.e. har-
vesting procedures), lack of funding on forest management plans, vague owner-
ship of forest land, problems with forest law compliance, governance issues, bu-
reaucracy, illegal logging or generally inefficient national forest policy. As it was 
expected the forest products trade deficit in Greece is a characteristic of the na-
tional forest sector over time [74]. Moreover, Greece has always had a trade bal-
ance deficit, but it became unprecedented during the euro years. Koulelis (2009) 
found that from an annual average of 25 billion in euro trade deficit in the 
pre-euro period, it became 33 billion euro in the euro years (2002-2014), reach-
ing annual values of 44 billion euro during the three years before the crisis 
(2006-2008). Part of the trade balance deficit also concerns the forest products 
trade deficit which has continuously increased over the years. More specifically, 
after 2001 when in the rest of the EU the forest products trade deficit was de-
creasing, in Greece increased rapidly, reaching $1.2 billion in 2008 compared to 
$293 million in the 1980s and $778 million in the 1990s [74]. Conclusively, the 
national forest sector entered the financial crisis in a relatively weak position and 
the adverse effects of the fall in demand have been felt throughout the sector 
with severe structural and employment consequences. After 2008 and during the 
financial crisis, roundwood apparent consumption followed an important de-
cline. The biggest drop began in 2008, with an annual decline of 36.6%. An im-
portant recovery was observed until 2012, followed by a severe decline. The total 
decrease of this particular consumption was measured 20.6%. Over the double 
roundwood decline, a decline in the sawnwood consumption was observed as 
well. The consumers reduced the demand for sawnwood by 50.8% during the 
crisis. Moreover, the consumption of wood-based panels dropped by 83.6% (Ib-
id). It is important to underline here that sawnwood and panels are common for 
individual use or use by smaller firms or bigger and as well are associated to the 
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building and constructions sector. In Greece, which has historically played an 
important developmental role in terms of supporting the economy of small 
productive or commercial firms, has strengthened the domestic timber produc-
tion of small sawn mills, keeping the levels of unemployment in the sector low, 
and finally supported local communities. Simultaneously, is reported that over-
all, during the three-year period 2008-2011, the industry lost 7.9% of its value, 
equivalent to 1.44 bn € and lost 37% of the total workforce, equivalent to about 
200.000 employment positions [75]. Small-scale industries and larger enterprises 
were closed or transformed to commercial. In 2008, around 7.000 people were 
employed in the forest sector in Greece, whereas in 2011, this number decreased 
to less than 4.000. By contrast, the consumption per capita of fuelwood seems to 
have an increased trend during the crisis. Increasing oil prices in combination 
with the current economic crisis of the economic system is motive enough for 
many households in Greece to satisfy their energy consumption needs by ex-
ploiting Renewable Energy Sources (RES) [76] [77]. In more detail, Koulelis 
(2016) [78] found an increased consumption per capita of fuelwood totally by 
17.2%. 

Priorities such as knowledge transfer and innovation in agriculture, forestry, 
and rural areas, but also the competitiveness of the agricultural sector and sus-
tainable forestry, are now under negotiation following the updated National 
Forest Strategy (NFS) which has been legislated with the Ministerial Decision 
No. 170195/758 of 28 November 2018 [79]. The NFS determines the principles 
of forest policy in Greece for the next twenty years, emphasizing on the model of 
Mediterranean forestry and on sustainable forest management. The ultimate 
goal for forestry is to improve life quality of the urban population and preserve 
the environment through the sustainable exploitation of forest resources, with 
an anticipated contribution of 1% to the national GDP. Until now, as Tsiaras et 
al. (2020) [80] reported, in the ranking of the EU countries based on their con-
tribution of forest sector to the Gross Domestic Product, Greece is found in the 
third place from the bottom of the classification between 26 countries, as the 
forest sector contributes to the country’s GDP only a minimal percentage of 
0.05% [81]. 

It’s more than obvious, that the structural problems of the forest sector in 
Greece cannot be addressed easily, but requires a rather thorough reassessment 
of policies, a more wide-ranging vision and the adoption of the bio-economy 
energy industry development, in the policy planning process. On the other hand, 
an increased domestic production of timber products (from both, natural forests 
and plantations) and an efficient marketing would gradually reduce imports [77]. 
Moreover, the establishment of a new highly organized structure of small-scale 
industrial plantations [77] [82], could make domestic roundwood products more 
competitive. 

Finally, actions such as sustaining existing raw material resources, enhance 
forest plantations establishment and afforesttion of abandoned agricultural and 
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also investing in production infrastructures are highly important [77] [83]. De-
veloping a qualified and cost-competitive labor force, creating an attractive in-
vestment climate, and providing economic stimulus measures in the primary 
wood processing and furniture industry and NWFP (Non-Wood Forest Prod-
ucts) [50] [51] are also important sectors. The suggested actions aim to the re-
structuring and strengthening the connection of forest businesses with partners 
from urban areas, and tentatively from abroad. 

10. Conclusions and Future Challenges 

• A general overview on the forests, forest management and forest biodiversity 
of Greece are briefly summarized. 

• The distribution of the main forest species and their ecosystems in the Geo-
graphic regions of Greece is presented in a tabular form. 

• Their multiple functions and uses, their management type/regime, their risks 
and threats, protection and conservation measures are also synoptically de-
scribed. 

• Furthermore, adaptive forest management and silviculture as well as man-
agement of genetic diversity in order to face climate change are also analysed. 

• Research priority areas on biodiversity and challenges for biodiversity re-
search and related policy in Greece have been summarized. 

• Greece has been trying to adapt to new International, European and National 
conditions and policies. New biodiversity legislation has been adopted since 
2012 including for the first time forest-specific measures on species and ha-
bitats’ protection. 

• The new Rural Development Program (2014-2020), which is currently on the 
final phase of implementation, will take into consideration the forest itself 
and forest-related European and National legal obligations. 

• In the future, it is critical to identify the linkage between biodiversity, climate 
change and ecosystem services. 

• Promotion landscape multi-functionality (farmland and forests), which con-
tribute to multiple sustainable goals, benefiting both people and biodiversity. 

• Conduction of forest policy, socio-economic and ecological studies that use 
mixed data to extract relationships between biodiversity, ecosystem services 
and production. 
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