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ABSTRACT 
 

The Mediterranean forest landscape will undergo the effects of the climatic warming tendency 
and forest structures of oak groves in the national park of Tlemcen (North-west of Algeria) are 
exposed to impervious changes. Thus, the favorable dynamics for zen oak and oxycedar juniper 
compared respectively with cork and holm oaks would be the beginnings of a specific substitution 
and an ecological and structural modification. Without neglecting the protecting and defending 
measures, sylviculture based on the species ecology and their dynamism could be a solution if it is 
led in uneven-aged and mixed stands, the structure that proved real advantages as for the 
protection of biodiversity and the resilience against fire and pathology risks. 
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I. Introduction  
The forest landscape on the south side of the Mediterranean undergoes for a long time, important 
alterations because of human practices but climate warming have just been added to these causes, 
imposing new challenges on the scientific research (Décamps and Décamps, 2007). Certainly, the 
Mediterranean forest demonstrated strong capacities of resilience but should have, in the XXI century, 
to face temperatures and a pluviometric regime different from the present conditions (Hoff and Serge, 
2012). In the case of faster climate change, as it is announced, there will be probably not progressive 
adaptation of the forest ecosystem (Bonin, 2008). The expected climatic changes in the region are the 
increase of both intensity and frequencies of the summer droughts (Vaz et al., 2010) and a reduction in 
water availability during growing season (Vennetier and Ripert, 2010). Specifically, Giannakopoulos et 
al. (2009) announce for the period 2025-2050, an increase of the number of days with temperatures 
above 25 °C - 30 °C, with values between 35 and 42 days on the Maghreb. For the period 2050-2100, it 
is expected warming of the order of 2.5 ° C +/-0.5 ° C and a decrease in rainfall, between 4 and 27 
percent. The interactions between species as well as human activity form another vector of change 
that needs to be taken into account for the development of forest landscape models. Beautiful high 
forests of holm and cork oaks have disappeared under the combined of both human and fire actions. 
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The rural landscape moved closer to the forest landscape, already fragmented and invaded by shrubby 
species as thorny broom, the laburnum, the cysts and the Asphodel (Bencherif, 2012). 
 
The national park of Tlemcen is a mountain meso-mediterranean ecosystem, where the landscape 
matrix is predominantly a heterogeneous forest, sprinkled with agricultural and urban stains. The 
exiting coppices and forest formations (matorrals) are dominated by holm oak (Quercus rotundifolia), 
zen oak (Quercus faginea) and cork oak (Quercus suber). These opened-fragmented structures, which 
are also an environment of the important dynamic phenomenon, don’t seem enough strong so to hope 
durable protection against climate change which visible signs are the declining debit of the waterfall of 
' Ourit', the scorching summers and the frequency of the forest fires.  
 
Field observations across the Park show a certain dynamism in favor of some species, such as the zen 
oak and Juniper (Juniperus oxycedrus l.) compared to others (Holm oak, Cork oak) (Bencherif, 2012). 
Given the expected climate changes (increase in temperatures, decrease in precipitations), this 
dynamism could worsen more, and forest management is brought to keep interested in the causes and 
the consequences of this trend, providing rules for forest planning (choice of species, silvicultural 
regime) in line with the current landscape context and especially in the future climate context. The 
purpose of this note is to bring answers to questions in relation with the evolution of the climate in the 
region and its possible impact on the oak woods of the national park of Tlemcen on one side, and 
questions in relation with planning modalities of these stands in a context of climate change and 
anthropogenic pressure on the other. 
 
 

II. The national park of Tlemcen 
The national park of Tlemcen is located in the Northern part of the mounts of Tlemcen at an altitude 
varying between 1084 and 1418 m. Its area of 8225 hectares comprises four forest units: Ain Fezza 
forest, state forest of Tlemcen (foret de Tlemcen { pin d’Alep), Zariffet forest and Hafir forest (Figure 
01). Except for the pure high Aleppo pine forest (Pinus Halepensis. Mill) (reforestation (dating from 
1890), others are composed mainly of cork oak (Quercus suber), holm oak (Quercus rotundifolia) and 
Zen oak (Quercus faginea ssp tlemcenensis). These three main species come in the form of pure or most 
often mixed thickets. The undergrowth consists mainly of: Erica arborea, Arbutus unedo, Viburnum 
tinus, Cistus salvifolius, Lavandula stoechas, Ampelodesma mauritanica, Juniperus oxycedrus, Genista 
tricuspidata, Phillyrea angustifolia, Lonicera implexa, Carexhalleriana, Quercus coccifera, Pistacia 
lentiscus, Olea europea and Ceratonia siliqua. 
 

 

Figure 01. Localization of national park of Tlemcen. 
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III. The oaks of the national park of Tlemcen 
Holm and cork oaks are sempervirent (evergreen) trees localized in the central Mediterranean and the 
Maghreb for the first one and essentially in the Atlantic seaboard of western Mediterranean for the 
second one. To the north, holm oak reaches the seaside while it appears only from 400m in coastal 
Algeria and over 1000m in the upper western atlas. Thermophilic1, heliophilous2 and xerophilic3 
species, holm oak prefers warm or even cold variants of subhumid, humid and semiarid climatic stages 
(Vaz et al., 2010; Quezel, 1979; Quezel, 1976). The cork oak is localized in warm temperate humid and 
subhumid climatic variants (Vaz et al., 2010; Quezel, 1976). Thermophilic, heliophilous and not 
tolerant to limestone specie, it requires pluviometric range from 500 to 1200 mm/years. Cork oak is a 
deciduous tree present in the Maghreb and the Iberian Peninsula up to 1900 m altitude. thermophilic, 
xerophilous, heliphilous and resistant to cold specie, cork oak meets mainly in humid stages but can 
occupy in Algeria and Tunisia both thermophilic and mesophile levels (Bonin and Romane, 1996). 
 
The ability of resistance to prolonged water stress depends on morphological and physiological traits 
(Bonin, 2008). Leaf area index is important in determining the importance of assimilated carbon or the 
evaporated water (Baldocchi et al., 2010). Holm and cork oaks are hysohydric and control the 
dehydration through the stomatal closure and to their deep rooting (David et al., 2007). The 
constraints are various such as illegal cuttings, pasturage and fires. In addition to summer water 
stress, phyllophags (defoliators) (Tortrix viridana and Lymantria dispar) and the under-corticolous 
fungi (Hypoxylum mediterraneum) are suspected to be main causes of oaks withering (Dreyer, 1995). 
 

IV. Climate trends at regional and local levels 
At planetary scale, there is no divergence on the principle of the existence of observable change in 
temperatures4 and precipitations. In The Mediterranean area, recognized as a climate change hot spot 
area, it is expected by 2100, an average increase of temperatures of 3 to 4 ° C, a decline in precipitation 
and an increase of extreme events (Laignel et al., 2012). 
 
Since the 1970s, the Maghreb undergoes a long period of drought (Meddi and al., 2009) and it is 
expected (according to the IPCC, A1B scenario) (Grunderbeeck and Tourre, 2008) for the period 2025-
2050, an increase in the number of days with temperatures above 25°C and 30°C, with values between 
35 and 42 days. For the period 2050-2100, it is expected warming of the order of 2.5 ° C +/-0,5 ° C and 
a decline in rainfall, between 4 and 27% (Giannakopoulos et al., 2009). According to the latest report 
of the IPCC in 2013, maybe that warming will exceed 2 ° C according to RCP6.0 and RCP8.5 RCP4.5 
scenarios while precipitation will probably decrease. 
 
In Algeria, the rising of temperatures in the twentieth century is located between 1.5° and 2° C, more 
than the double of the global planetary average increase, which was of the order of 0.74 ° C. As for the 
decline of precipitations in the twentieth century, it varies between 10 and 20%. This decrease in 
rainfall caused deficits inflow from 37 to more than 70% from the East to the West of the country 
(Nekkache et al., 2013).  These changes affect both the littoral zone and the Tellian mounts. 
 
On the seaside, warming and cooling phases have marked this territory: the first, from 1970 to 1986, is 
considered to be normal with the wet trend, the second (1987-2002) and the third (2003-2012), 
respectively have seen a significant decline and an increase in wet or very humid years (Nouaceur et 
al., 2013). In the tellian forests, the bioclimatic study of the last 30 years clearly shows such evolution 
of the vegetation that warmer and drier climate almost everywhere is corresponding to an extension 
of the shrubs to the North, and a therophytisation to the South, the sign of desertization (Tatar, 2012). 
 
At the level of the Tlemcen National Park, and more precisely to the “Meffrouche” meteorological 
station, during 68 years of observations (1943-2011), annual precipitations varied from 281 mm 
(1965-66) to 1062 mm (1973-74). Before 1973-1974, the period is referred to be wet, the one after as 
dry. The deficit in the second period compared to the first, is estimated at 30% for precipitations and 

                                                 
1That needs higher temperatures to live 
2That only grows optimally in full light 
3Living in very poor environments in water 
4Global warming is not a continuous and linear phenomenon from year to year: even if temperatures rise less quickly than 
expected, they are still rising (IPCC, 2013). 
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more than 60% for flows (Nekkache et al., 2013). The same observations were made on the evolution 
of rainfall during the years 1961-1980 and 1981-2003 where two periods are distinguished (Figure 
02): the first where rainfall is average or above average and the second where they are below the 
average (Bellifa et al., 2014). 

 
Figure 02. Evolution of the precipitations during the period (1983-2010) in the National park of 
Tlemcen (Bellifa and al., 2014). 
 
To the East and the South of Tlemcen, the same observations are made. Thus in the ‘basin of the 
“Mactaa”, annual rainfall has fallen off about 40% on average over the period 1930-2002 while in “Sidi 
Bel Abbès” precipitations declined by 28 to 36% on average over the period 1976-2002, compared to 
the period 1949-76 (Meddi et al., 2009).  To the South, the bioclimatic analysis shows a variation 
between the ancient period (1913-1938) and the recent (1970-1992) period) with a net vertical 
regression, on the Emberger climate diagram, in the area of the steppe to the South of Sebdou 
(Benabadji and Bouazza, 2000). 
 
The combined effect of climate change and the human activity impact would cause a water shortage 
for the population (Laignel et al., 2012). Given that climate always acts in synergy with human activity, 
it has been developed the vulnerability index of climate change (climate change vulnerability Index 
(CCVI)5 allowing to identify regions with risk by considering 42 socio-economic and environmental 
factors and to assess vulnerabilities in different countries of the world. In 2012, sylvatic northern 
Algeria is ranked at high risk while the asylvatic southern Algeria is ranked at very low risk 
 

V. Climatic analysis  
The meteorological station of El-Meffrouhe is retained to characterize the current climate. Its average 
altitude is 1100 m and its geographical coordinates are latitude (34 ° 51' N) and longitude (01 ° 16' 
W). Climate data on temperatures (T) and precipitations (P) related to the period 1989-2009 and 
come from the ONM (National Office of meteorology). Besides, results of a dendrochronological 
analysis of an Aleppo pine stem from the forest of Tlemcen (a sample of 117 years tree) are used to 
follow the evolution of the precipitations at the local level over the period 2010-2050, taking as a 
reference the period 1961-2003.  The processing of raw climate data (1989-2009) provided the values 
of M (30.5°C) and m (2.3°C) as well as the value of the annual average rainfall (550 mm) and the 
number of days with temperatures above 25°C (N = 30). 
 
Taking into account forecasts for the period 2025-2100 (A1B scenario of IPCC), the number of hot 
days (T˃25° C) would increase from 30 to 70. According to the scenario A1B and scenarios6 RCP6.0, 
RCP8.5 and RCP4.5 (IPCC, 2013), monthly average temperatures of the maxima (M) and minima (m) 
would move up respectively from 30.5° C to 33° C and 2.3° C to 4.8° C. With an average decline of 25%, 
the precipitations will be reduced to 400 mm. In this same way, the linear regression model, resulting 
                                                 
5http://maplecroft.com/about/news/ccvi.htm 
6Scientists have identified representative profiles of change in concentration of gas of greenhouse and ozone precursors of 
aerosols representative of an increase in the energy balance: the RCP (Representative concentration pathways). 
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from the study of radial growth according to precipitations and the temperatures of the period 1961-
2003 provides a regressive trend of precipitations for the period 2010-2050 (Bellifa et al., 2014). 
Figure 03 shows respectively the actual and the expected precipitations and their future trend.  
 
These new data highlight water stress to which vegetation should eventually face and the importance 
of the risk fire that would accentuate the phenomena of steppisation and desertization. Although the 
Mediterranean flora has independent dynamics from climate change (Vennetier and Ripert, 2010) and 
was already well adapted to extreme droughts, it is not certain that the oak woods of the Park would 
have the same behavior. Indeed, climate evolutions in the region were spread over several hundred 
years so that the current situation and the one expected in the next few years is characterized by the 
speed of change (Grunderbeeck and Tourre, 2008) that do not allow gradual acclimatization of forest 
ecosystems (Bonin, 2008). 
 
VI. Interspecific competition 
Yet some scenarios of global warming over 100 years, argue that hardwoods are advantaged 
compared to coniferous and that among of deciduous trees, the trend would be favorable to the Oaks 
(Lexer et al., 2006). Although, these scenarios concern Medio-temperate forests, we cannot dismiss the 
possibility that they recur in Mediterranean forests. The three deciduous species have different 
ecological behaviors and the Cork oak seems the most disadvantaged especially regarding 
precipitation (400 mm) which will be below its minimum requirements (500 mm). However, the 
morphology of the Park (mountain relief) could offer to this species, shelter areas (such as fresh 
valleys) so to remain (Plate 01). The zen oak invades the oak cork groves especially in the burned 
areas and this process could become more noticeable when monthly average temperatures of the 
maximas increase of 3° C. On the southern slopes (driest), this rise in temperatures seems to be also 
favorable to Juniper that already overruns stands of holm Oak on rocky ground. Probably, the result 
will be a climb up of the holm oak in altitude but also a dynamic towards vulnerable to fires and plant 
health risks mono-specific structures. 
 

 
Plate 01. Shrubland extension after Burnt cork oak stand (In yellow Calycotome spinosa) 
(Source: Bencherif, 2017). 
 
Overall, climate change should not affect the same way throughout the Mediterranean basin (Hoerling 
et al., 2012) just as it should not be the only one responsible for the recession of some Mediterranean 
species given the importance of human impacts. However, specific cases can be considered such as the 
hardwood stands in the Park of Tlemcen. Certainly, the distinction between the human and climate 
impact is not always easy to establish but may be considered from landscaped forest structures and 
their degradation stages because at this level, these processes can be analyzed more effectively 
(Quezel , 2000). 
 

http://www.journalbinet.com/
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VII. Forest planning under changing climate 
The debate should not be resumed to the presence or absence of forests and must take into account 
their ability to ensure their functions (Brang et al., 2008). Forest planning must share out the risks 
(hydric stress, fire, Wasting away) while leading present structures towards stronger and multi-
specific ones capable to reduce the climate change impact. That’s why planning modalities, others than 
the ones used actually or eventually than the ones practiced in the past, could be projected. On the 
structural plan, it’s recognized that open low stands (coniferous or hardwood) and low and dense 
(coniferous) are the most vulnerable to fires compared to low and closed stands (deciduous oaks) or 
high and opened ones (Fernandes, 2009). Actually, at the level of the park, fires affected already all 
types of covers (high forest, coppice, shrub-lands) creating low structures with various density 
degrees. Another constraint linked to the aging of stamps compromises also the coppices' future. 
 
Silvicultural regimes of conversion into mixed uneven-aged or selection high-forest (or regime of 
Coppice with standard) seems to be promising management actions. Indeed, the result is structured 
less exposed to risks linked to climate change (Brang et al., 2008; Jactel and Brockerhoff, 2007; 
Pautasso et al., 2012). As for the regeneration, the cover density proves decisive since the shade 
reduces water stress of oaks seeds and procure under drought conditions, high stomatal conductance, 
high photosynthetic rate and high rate of azote concentration (Marañón et al., 2009). 
 
On the silvicultural plan, the invasion of zen oak form in some places pure stands (Plate 02) and as for 
the holm and pubescent oaks in the north Mediterranean, where it’s possible the replacement one 
another (Bonin and Romane, 1996), this invasion must be considered as a natural tendency where zen 
oak becomes the structuring specie. It’s also the case of juniper that overruns holm oak stands. For the 
planners, it corresponds to the rule of the main specie into a stand, the frame on which will be grafted 
the ecosystem biodiversity (Chauvin, 2001). 
 

 

Plate 02. Pure zen oak grove inside burnt cork oak forest (Forest of Hafir). (Source: Bencherif, 
2017) 
 
The selection method (or uneven aged method) seems interesting for the biodiversity because of the 
trees dimensions heterogeneity (Fuhr et al., 2010), of their long lasting regeneration (Bachofen, 2009] 
and as well as for the development of many heliophilous species (Mozziconacci and Vanstaevel, 2003). 
A selected mixed grove is less flammable than a pure one (Fernandes, 2009) and the oaks will find 
favorable light conditions in mixture with Aleppo or stone pines (less compact canopy). These mixed 
stands have real advantages about productivity, resilience and biodiversity. 
 

http://www.journalbinet.com/
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Silvicultural practices have also their part of the responsibility. The observed withering in cork oak 
stands could be due to classical exploitation constraints such as bark stripping, pasturage and 
ploughing (Montgolfier, 2008), to the dryer and warmer climate or ageing. This last constraint seems 
to be the most plausible as the regeneration was quite often neglected in aid of bark harvesting. 
Possibly, for future plantations, forest planning should integrate silviculture and bark harvesting and 
plan the introduction of ecotypes coming from semiarid zones. 
 

VIII. Conclusion 
Climate-related adjustments don't have anything to do with the actual effect that South-Mediterranean 
forests are undergoing due to the human constraints they support. Nevertheless, a hardwood stand of 
oak in the countrywide park of Tlemcen will face up to unexpected climate changes such as changing 
rainfall regime related to a lengthening of the duration of water stress, to heavy rainfall and/or to the 
sudden bloodless spell. Faced with those new conditions, management based on mixed uneven-aged 
excessive forest method promoting the greater dynamic specie should be the best measure. For goal 
decision-making, shrubs and herbaceous must be studied, and the socioeconomic evolution known 
within the short and long term. At last and not at least, as anthropogenic pressures and climate change 
are acting synergistically, it’s necessary to reduce human pressures to remain in possible resilience 
conditions. 
 

IX. References 

[1]. Bachofen, H. (2009). La régénération en forêt de montagne. Structure durable des forêts de 
protection (The mountain forest regeneration. Sustainable structure of the protection forest). 
La Forêt, 61 (3), 24-26. 

[2]. Baldocchi, D. D., Rambal, S., Misson, S., Ourcival, L. and Limousin, J. M. (2010). On the 
differential advantages of ever greenness and deciduousness in Mediterranean oak woodlands: 
a flux perspective. Ecological Applications, 20 (6), 9-15. https://doi.org/10.1890/08-2047.1 

[3]. Bellifa, M., Bencherif, K. and Latreuche, B. N. (2014). Impact de l’âge et des variations 
pluviométriques sur la croissance du pin d’Alep (Pinus halepensis. MILL): Cas du peuplement 
artificiel de la forêt domaniale de Tlemcen. (Algeria). (Impact of age and rainfall variations on 
the growth of the Aleppo Pine (Pinus halepensis. (MILL): case of artificial stand of the forest of 
Tlemcen). Mediterránea. Serie de Estudios Biológicos. Época II, n°. 25. 143-170. 
https://doi.org/10.14198/MDTRRA2014.25.04 

[4]. Benabadji, N. and Bouazza, M. (2000). Quelques Modifications Climatiques Intervenues dans le 
Sud-Ouest de l’Oranie (Algérie Occidentale) A few climate changes in the southwest of Oran 
region (Western Algeria). Revue. Energies. Renouvelables, 3, 117-125. 

[5]. Bencherif, K. (2012). Analyse d'un paysage multifonctionnel dans la zone périurbaine de la 
ville de Tlemcen. Le parc national de Tlemcen-Algérie (Analysis of a multifunctional landscape 
in the peri-urban area of the city of Tlemcen. The national park of Tlemcen-Algeria). SHS Web 
of Conferences, 3, 01002.  https://doi.org/10.1051/shsconf/20120301002 

[6]. Bonin, G. (2008). Trente ans d’apports de la recherche sur les forêts méditerranéennes (Thirty 
years of contributions for research on Mediterranean forests). Forêtméditerranéenne, 4, 431-
444. 

[7]. Bonin, G. and Romane, F. (1996). Chêne vert et chêne pubescent. Histoire, principaux 
groupements, situation Actuelle (Holm oak and pubescent oak. History, main groups, current 
situation. Forêtméditerranéenne, 3, 119-128. 

[8]. Brang, P., Bugmann, H., Bürgi, A., Mühlethaler, U., Rigling, A. and Schwitter R. (2008). 
Réchauffement climatique et sylviculture. (Climate change and forestry). Journal forestier 
suisse, 159, 362-73. https://doi.org/10.3188/szf.2008.0362 

[9]. Chauvin, C. (2001). Hétérogénéité et multifonctionnalité des forêts de montagne 
(Heterogeneity and multifunctionality of mountain forests). Revue Schweiz. Z. Forstwes, 4, 
112–16. https://doi.org/10.3188/szf.2001.0112 

[10]. David, T. S., Henriques, M. O. and Kruz-Besson, C. (2007). Water-use strategies in two co-
occurring Mediterranean evergreen oaks: surviving the summer drought. Tree Physiology, 27, 
793–803. https://doi.org/10.1093/treephys/27.6.793 

http://www.journalbinet.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldocchi%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=20945761
http://www.ncbi.nlm.nih.gov/pubmed?term=Rambal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20945761
http://www.ncbi.nlm.nih.gov/pubmed?term=Rambal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20945761
http://www.ncbi.nlm.nih.gov/pubmed?term=Ourcival%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20945761
http://www.ncbi.nlm.nih.gov/pubmed?term=Ourcival%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20945761
http://www.ncbi.nlm.nih.gov/pubmed/20945761
https://doi.org/10.1890/08-2047.1
http://rua.ua.es/dspace/bitstream/10045/44717/1/Mediterranea_25.pdf
https://doi.org/10.14198/MDTRRA2014.25.04
https://doi.org/10.1051/shsconf/20120301002
https://doi.org/10.3188/szf.2008.0362
https://doi.org/10.3188/szf.2001.0112
https://doi.org/10.1093/treephys/27.6.793


Bencherif, 2020       Digital Object Identifier: 10.18801/ijfee.010120.01 

8 
Published with open access at journalbinet.com. 
© 2020 The Authors, Research paper. 

[11]. Décamps H. and Décamps, O. (2007). Organisation de l’espace et processus écologiques (Space 
organisation and ecological process. Économie rurale [En ligne], 297-298. On line on March 1st 
2009, accessed on October 11th 2012. https://doi.org/10.4000/economierurale.1990 

[12]. Dreyer, E. (1995). Les chênes face aux contraintes De l'environnement : aspects écologiques et 
physiologiques (The Oaks against the constraints of the environment: ecological and 
physiological aspects). Rev. For. Fr. XLVII – 3. 304-306. 

[13]. Fernandes, P. M. (2009). Combining forest structure data and fuel modeling to classify fire 
hazard in Portugal. Annals of Forest Science, 66, 415-23. 
https://doi.org/10.1051/forest/2009013 

[14]. Fuhr, M., Clouet, N., Cordonnier, T. and Berger, F. (2010). Gestion multifonctionnelle des forêts 
de montagne. Quel compromis entre les fonctions de protection et de conservation 
(Multipurpose management of mountainforests. What compromise between the functions of 
protection and conservation). sciences eau et territories, 3, 20-25. 
https://doi.org/10.3917/set.003.0020 

[15]. Giannakopoulos, C., Le Sager, P., Bindi, M., Moriondo, M., Kostopoulou, E. and Goodess, C. M, 
(2009). Climatic changes and associated impacts in the Mediterranean, resulting from a 2 C 
global warming. Global and Planetary Change, 68 (3), 209–24. 
https://doi.org/10.1016/j.gloplacha.2009.06.001 

[16]. Grunderbeeck, P (VAN). and Tourre, M. Y. (2008). Bassin méditerranéen: changement 
climatique et impacts au cours du 21ème siècle (Mediterranean basin: climate change and 
impacts in the 21st century). In: Thibault H. L (Eds.), Plan bleu, France. Changement climatique 
et énergie en Méditerranée. Eds. Plan bleu, Sophia-Antipolis (France).  

[17]. Hoerling, M., Eischeid, J., Perlwitz, J., Quan, X., Zhang, T. and Pegion, P. (2012). On the increased 
frequency of Mediterranean drought. Journal of Climate, 25, 2146-2161. 

[18]. Hoff, C. and Serge, R. (2012). Conséquences de changements climatiques sur le fonctionnement 
des écosystèmes méditerranéen (Consequences of climate change on the Mediterranean 
ecosystem functioning) http://wwwv1.agora21.org/mies/chan-clim1.html (accessed on  
june17th  2012). 

[19]. IPCC (2013). Summary for Policymakers. In: Stocker, T. F., Qin, D., Plattner, G.-K., Tignor, M., 
Allen, S. K., Boschung, J., Nauels, A., Xia, Y., Bex, V. and Midgley, P. M. (eds.), Climate Change 
2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA. 

[20]. Jactel, H. and Brockerhoff, E. G. (2007). Tree diversity reduces herbivory by forest 
insects. Ecology Letter, 10(9), 835-48. https://doi.org/10.1111/j.1461-0248.2007.01073.x 

[21]. Laignel, B., Nouaceur, Z., Turki, I., Ellouze, M., Laftouhi, N., Khodir, M., Gaaloul, N. and Mebarki, 
A. (2012). Climat Et Ressources En Eau En Méditerranée Et Au Maghreb : Principaux Résultats 
Des Programmes Tassili, Volubilis, (Climate and water resources in the Mediterranean and the 
Maghreb: main results of Tassili, Volubilis programs Auf). Actes du 1er colloque international 
Eau et climat, université de Rouen, 22-26 septembre 2012. Publications du réseau « eau et 
climat au Maghreb », volume 1, sept 2012 

[22]. Lexer, M., Seidl, R., Rammer, W. and Jäger, D. (2006). Waldbaukonzepte im Klimawandel-ein 
simulationsgestützter Vergleich (Concepts sylvicoles et changement climatique). Une 
comparaisonbasée sur une simulation). BFW-Praxis Information, 10, 25-27. 

[23]. Marañón, T., Pugnaire, F. I. and Callaway, R. M. (2009). Mediterranean-climate oak savannas: 
the interplay between abiotic environment and species interactions. Web Ecology, 9, 30-43. 
https://doi.org/10.5194/we-9-30-2009 

[24]. Meddi, M., Talia, A. and Martin, C. (2009). Évolution récente des conditions climatiques et des 
écoulements sur le bassin versant de la Macta (Nord-Ouest de l'Algérie). Recent changes in 
climate conditions and flows on the watershed of the Macta (Northwest of the Algeria, Physio-
Géo [on line],  3, 61-84, mis en ligne le 01 janvier 2009, accessed on  november 27, 2014. 
https://doi.org/10.4000/physio-geo.686 

[25]. Montgolfier, J (de). (2008). Espaces boisés, changement climatique et énergie en Méditerranée. 
(Wooded areas, climate change and energy in the Mediterranean. In: Thibault H. L. (Eds.), Plan 
bleu, France. Changement climatique et énergie en Méditerranée. Plan bleu, Sophia-Antipolis 
(France). 

http://www.journalbinet.com/
https://doi.org/10.4000/economierurale.1990
https://doi.org/10.1051/forest/2009013
https://doi.org/10.3917/set.003.0020
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/article/pii/S0921818109001131
http://www.sciencedirect.com/science/journal/09218181
http://www.sciencedirect.com/science/journal/09218181/68/3
https://doi.org/10.1016/j.gloplacha.2009.06.001
http://wwwv1.agora21.org/mies/chan-clim1.html
http://www.ncbi.nlm.nih.gov/pubmed?term=Jactel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17663717
http://www.ncbi.nlm.nih.gov/pubmed?term=Brockerhoff%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=17663717
https://doi.org/10.1111/j.1461-0248.2007.01073.x
https://doi.org/10.5194/we-9-30-2009
https://doi.org/10.4000/physio-geo.686


Bencherif, 2020       Digital Object Identifier: 10.18801/ijfee.010120.01 

9 
Published with open access at journalbinet.com. 
© 2020 The Authors, Research paper. 

[26]. Mozziconacci, Y. and Vanstaevel, B. (2003). Le traitement irrégulier des chênaies de Bourgogne 
(uneven-agedregime of oaks of Bourgogne). Réalisation centre régional de la propriété 
forestière de bourgogne avec la collaboration de l’Association Futaie Irrégulière (France). 

[27]. Nekkache, G. A. and Megnounif, A. (2013). Ampleur de la sécheresse dans le 
bassind'alimentation du barrage Meffrouche (Nord-Ouest de l'Algérie) Extent of the drought in 
the reservoir of the dam Meffrouche. Physio-Géo, 7, 35-39. https://doi.org/10.4000/physio-
geo.3173 

[28]. Nouaceur, Z., Laignel, B. and Turki, I. (2013). Changements climatiques au Maghreb : vers des 
conditions plus humides et plus chaudes sur le littoral algérien ?, Physio-Géo, 7, 307-
323.  https://doi.org/10.4000/physio-geo.3686 

[29]. Pautasso, M., Döring, T. F., Garbelotto, M., Pellis, L. and Jeger M. J. (2012). Impacts of climate 
change on plant diseases-opinions and trends. European Journal of Plant Pathology, 133, 295-
313. https://doi.org/10.1007/s10658-012-9936-1 

[30]. Quezel, P. (1976). Les chênes sclérophylles en région méditerranéenne (The sclerophyllous 
oak in the Mediterranean region). Options Méditerranéennes, 35, 25-29. 

[31]. Quezel, P. (1979). La région méditerranéenne française et ses essences forestières. 
Signification écologique dans le contexte circumméditerranéen (The French Mediterranean 
region and its forest species. Ecological significance in the circum mediterranean context). 
Forêtméditerranéenne, 1, 7-18. 

[32]. Quezel, P. (2000). Réflexions sur l’évolution de la flore et de la végétation au Maghreb 
méditerranéen (Thoughts on the evolution of flora and vegetation in the Mediterranean 
Maghreb). Ibis Press, Paris (France). 

[33]. Tatar, H. (2012). Changement Climatique et effets de la sècheresse sur les forêts du tell 
algérien. (Climate change and drought on the forests of the Algerian tell). Actes du 1er colloque 
international Eau et climat, université de Rouen, 22-26 septembre 2012. Publications du 
réseau « eau et climat au Maghreb, volume 1, sept 2012. 

[34]. Vaz, M., Pereira, J. S., Gazarini, L. C., David, T. S. and Rodrigues, A. (2010). Drought-induced 
photosynthetic inhibition and autumn recovery in two Mediterranean oak species (Quercus ilex 
and Quercus suber). Tree physiology, 30, 946-956. https://doi.org/10.1093/treephys/tpq044 

[35]. Vennetier, M. and Ripert, C. (2010). Impact du changement climatique sur la flore 
méditerranéenne: théorie et pratique. (Impact of climate change on the Mediterranean flora: 
theory and practice). In Barbault, R. and Foucault, A., "Changement climatique et biodiversité". 
Eds. Vuibert, Paris. 

 
 

HOW TO CITE THIS ARTICLE? 
 
MLA 
Bencherif, K. “Ecological response to the climate change of the main forest species in the region of 
Tlemcen-Algeria.” International Journal of Forestry, Ecology and Environment 01(01) (2020): 01-09. 
 
APA 
Bencherif, K (2020). Ecological response to the climate change of the main forest species in the region 
of Tlemcen-Algeria. International Journal of Forestry, Ecology and Environment, 01(01), 01-09. 
 
Chicago 
Bencherif, K. “Ecological response to the climate change of the main forest species in the region of 
Tlemcen-Algeria.” International Journal of Forestry, Ecology and Environment 01(01) (2020):01-09. 
 
Harvard 
Bencherif, K. 2020. Ecological response to the climate change of the main forest species in the region of 
Tlemcen-Algeria. International Journal of Forestry, Ecology and Environment, 01(01), pp. 01-09. 
 
Vancouver 
Bencherif, K. Ecological response to the climate change of the main forest species in the region of 
Tlemcen-Algeria. International Journal of Forestry, Ecology and Environment. 2020 April 01(01):01-
09. 

http://www.journalbinet.com/
https://doi.org/10.4000/physio-geo.3173
https://doi.org/10.4000/physio-geo.3173
https://doi.org/10.4000/physio-geo.3686
https://doi.org/10.1007/s10658-012-9936-1
https://doi.org/10.1093/treephys/tpq044

