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Abstract

Morphological traits reflect the adaptation of trees to their environment, provide
an understanding of tree-environment interactions, and assess the effects of
environmental changes on plant species. Essential important role in the study of
tree biodiversity as they provide information on species assessment and their
influence on environmental conditions. Morphological traits of (Quercus
coccifera L.) trees were evaluated during the 2022 season at three sites different
in altitude in the Al-Jabal Al-Akhdar region, eastern Libya. The results indicated
significant differences in the height and diameter of the trees between the sites,
where the trees were characterized by the lowest tree height and the smallest
diameter, while the highest height and the largest diameter of the trees were at
altitude (493m). The trees at (333m) site were characterized by the longest and
widest leaf and the shortest leaf petiol, while the tree at 493m was characterized
by the shortest leaf and the smallest leaf width. On the other hand, there were no
significant differences in the length of masculine, feminine inflorescences,
number of florets per inflorescence, and traits of Acorn between the trees in the
three sites. It is important to pay attention to this a native species, preserve it,
develop it, and ensure its survival and regeneration in the Al-Jabal Al-Akhdar
region.

Lk oty Jo Quercus coccifera i @) bl iz glsdyghl Ol
bod Byt — Y1 ) Al el o 0

Loy Flo plabll

L) i) BT 85 iy a1 Cn il Legd 355 et o 5ot ) ST byl il S

by plsY s o Dlighee 39 BY JlnaS slondl gadll By (3 ey bl oo W gl 61981 e

Sl Byl sy Al ol olaall i & sl Oy L Quercus coccifera L. 2022 ,.se Jos

@ e 35 39my U ol lal L B8 s ) ) dilais ol e e gLV (3 Al Blge B3 3

STy plisy) ol ols Ly Wb a3 2oy s sl 5L Jlns¥1 pd o Bl s Usly 5

wef Lo (g Blish il 185 (2,6l J bl (p333) w3l 2 sV iy L(493) plof e S Las

dob & atlax) s ol Gy s (S5 L 53Tk o By o0 roly )y il (p493) bl 3 52t

s plazaW) aglt pa B0 w81l (3 Jea ) Gy bosl Slisy sl 5500 (3 L) sites casglly 3,STL ol
a1 ) aikie (3 esddy Sl Oledy anasy ade abildly S g

INTRODUCTION

about 10,400 species spread across the world's continents,

The genus Quercus is an ecologically and economically
essential species that is an important source of food,
wildlife habitat, wood and paper products. There are

and one of the most important oak tree species in the
Mediterranean basin is the Quercus coccifera Covering
more than 2 million hectares of Mediterranean forests and
growing under a wide variety of soils, this species is very
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important in controlling soil erosion, especially after a
fire, and is an essential source of wildlife and livestock
(Canellas and San 2000).

Q. coccifera L. of the Fagaceae family, a native evergreen
tree that is about 10 meters high , and it may turn into a
shrub as a result of animal grazing while it is small( Al-
Zeni and Bayoumi, 2006).This species is found in Al-
Jabal Al-Akhdar region in many sites, especially among
the valleys, and it is one of the species that may prevail
over other trees in red calcareous soils and under
relatively high rainfall, more than 400 millimeters/year
(Al-Zeni and Bayoumi, 2006). It is widespread in many
site in Wadi al-Kuf, Wassita, Sousse, Ras al-Hilal and
southern Al-Bayda, especially between wadis, where it is
found at different altitudes starting from 33 meters from
sea level (Wadi Bou al-Nidi near Nouta pools west of
Sousse), as well as in the Zarda area at 664 meters from
altitudes (Study and evaluation of natural vegetation in
Al- jabal Al- Akhdar area,2005).

The morphological diversity of oak species has received
considerable attention in taxonomic studies (Valencia,
2004; Rodrguez-Rivera and Romero-Rangel, 2007;
Martinez-Cabrera et al., 2011). A plethora of ecological
studies have been conducted in order to analyse
morphological variation in environmental factors (see
Gonzalez-Rodriguez & Oyama, 2005; Uribe-Salas et al.,
2008). It has been established through previous studies
that geographic and environmental factors play a
significant role in influencing plant morphology and
species stability across diverse habitats (Bruschi et al.,
2003). Furthermore, distinct leaf traits of various oak
species have been correlated with environmental factors,
including temperature and precipitation, within distinct
geographical regions. This suggests that such correlations
may serve as indicators of environmental resilience
responses or adaptive genetic diversity among individuals
and across populations. (Balaguer et al., 2001; Uribe-
Sales et al., 2008; Rodriguez-Gomez et al., 2018;
Albarran-Lara et al., 2019).

Leaf morphology shows the methods by which plants
adapt to different habitats and environments (Siso et al.,
2001; Xu F et al., 2009), especially climatic conditions
and different soil types (Booth et al., 2005; Lin,S et al.,
2018). Some studies have also shown that increased
altitude and decreased rainfall and nutrients in the soil
have resulted in a decrease in leaf size (McDonald et al,
2003; Liu, W., 2020). Moreover, elevated temperatures,
concomitant with declining solar radiation, have been
observed to result in increased leaf thickness and
diminished leaf area. This phenomenon has been shown
to mitigate the damage to leaf tissue caused by sunlight.
(Leigh et al., 2012; McLean et al., 2014). The change in
leaf phenotype can also be attributed to degrees of

inclination and slope in latitude and altitude (Tang and
Ohsawa, 1999).

Some sources reported that the variation of leaf
morphology with altitude gradient has been associated
with environmental factors, as (Velazquez-Rosas et
al.,2002; Uribe-Salas et al.,2008) reported a strong
relationship between leaf morphology and environmental
factors, specifically (temperature). Leaf morphology may
be affected by microclimate conditions such as
temperature, solar radiation fall and humidity. In some
cases, sun-exposed leaves have been found to have
smaller, thicker and more lobed leaf cover than tolerant
leaves (Mitchell et al. 1999; Bruschi et al. 2003;
Valladres et al. 2014). Leaves in different layers of the
tree absorb, receive and reflect light differently, which
has an impact on physiological processes within the leaf
(Ellsworth and Reich 1993). Also, taller leaves with
larger leaf area are not necessarily found in areas with
high rainfall (Gouveia and Freitas, 2009; Ramirez-
Valiente et al., 2015).

Q.coccifera L. face many challenges in semi-arid regions
as climate change leads to more severe droughts and
higher temperatures, unregulated grazing can damage
trees and prevent their regeneration, and the removal of
oak forests for various reasons such as agriculture and
construction leads to the loss of ecosystems (Perez-Luque
et al., 2021), so we found it important to pay attention to
this local plant species in order to preserve, develop and
ensure its survival and regeneration in the Al-Jabal Al-
Akhdar region.

The objective of this research is to study the growth of the
Q. coccifera L. tree distributed in some sites of different
altitudes in the Al-Jabal Al-Akhdar region by studying the
difference in the morphological traits of the trees.

MATERIALS AND METHODS

Three sites in the Al-Jabal Al-Akhdar region with
different altitudes of Q. coccifera L. (Tablel).

Morphological traits

For each site, tree height was measured with a Haga
Altimeter, and stem diameter at breast height (d.b.h.).
Also, were measured morphological traits of leaves,
flowers, acorns and seeds (Table 2).
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Tablel: Description of the sites of study.

Sites Altitude Longitude Latitude
(M)

Lamloda 608 2> 09 48.12~ 3249 09.36"

Arqoub 493 2209 47.40~ 3>51:11.94~

Al-

Abiad

Sidi 333 2228 22.92~ 3246 40.44-

Khaled

Table 2: Morphology traits of Q. coccifera

Trait Measurement
leaf length cm
leaf width cm
Petioles length mm
Acorn length cm
Acorn thickness cm
Acorn num. Acorn/Kg
Seed thickness cm
Seed length cm

Statistical analysis

The results obtained were analyzed using the Completely
Randomized Design (CRD) and the means were
compared using Tukey at the 0.05 significance level
(IBM SPSS Statics,v.25).

RESULTS AND DISCUSSION

Q. coccifera L. is a native evergreen tree that reaches a
height of 2 m to 8 m in the study sites, and may turn into
a shrub as a result of animal grazing when young. The
leaves are simple, alternate, oval or slightly elongated,
circular or cordate at the base, with a length of 3.5-4.6 cm
and a width of 2.1-2.5 cm, dentate where the average
number of dentate is between 6-12, and have short
petioles with an average at the three sites of about 0.31-
0.42 mm.

The flowers are greenish-yellow and are unisexual and
the plant is monoecious, the male flowers are pendulous,
slender inflorescences 4.33 cm long with an average of
about 16 flowers per inflorescence and the female flowers
in spikey inflorescences about 4 cm long with an average
of about 16 flowers per inflorescence. The buds are scaly,
but towards the apex they form irregular clusters. Acorns
have an average length of 3.9 cm and an average thickness
of 1.3 c¢cm, but part of the base of the Acorns is covered
with a cup-like or funnel-like structure consisting of
scales superimposed on each other.

The results showed that the highest tree height of 5.7 m
and the largest diameter of 20.7 cm was at Al-Arqoub Al-
Abiad site while the lowest height and smallest diameter
at the Lamlouda site was 3 m and 8.4 cm, respectively,
(Figure 1). There were also significant differences in leaf
length among the three sites, where Sidi Khaled site was
characterised by the longest leaf length of 4.652 cm,
while the leaf length was not significantly different in Al-
Argoub Al-Abiad and Lamlouda sites, 3.582 c¢cm and
4.137 cm, respectively.
(Figure 2).
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Figure 2: Tree height and diameter at breast height

Also, figure (2) shows There were a significant difference
in leaf width, Al-Argoub Al-Abiad site was lowest leaf
width of 2.146 cm. While Lamlouda site was
characterised by the longest leaf petiole of 0.422 mm. As
well as, There was a difference in the number of dentate
among the three sites, Sidi Khaled was highest number of
dentate (12) and Lamluda the lowest (6).

The results indicate that there are no significant
differences in the length and thickness of the acorn and
seed, where the highest length and thickness of the acorn
in the Al-Argoub Al-Abiad site were 3.95 cm and 1.37
cm, respectively, while the longest seed in Sidi Khaled
site was 3.51 c¢cm also, the highest seed thickness was in
the Al-Argoub Al-Abiad site 3.246 cm (Tabel,3). On the
other hand, the results of the number of acorn per
kilogram indicate, the largest number was 363 acorn/kg
at Lamlouda site, while the fewest number was 270
Acorn/kg at Al-Argoub Al-Abiad site.

Table 3: Morphological traits of acorn and seed
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Site Acor  Acorn Acorn/k  Seed Seed
n thickness g Num.  length thickne
lengt ss
h

Lamlouda 3.909 1.227 363 3.246 1.043

Al-Argoub 3.950 1.367 270 3.336 1.183

Al-Abiad

Sidi Khaled  3.849 1.216 290 3.507 1.093
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Figure 2: Morphological traits of leaves

DISCUSSION

The morphological traits of the oak trees were different
between the sites, where there was a difference in the
height of the trees, where the highest height was in, Al-

Argoub Al-Abiad site, this may be due to the fertility of
the soil in this site, which was higher than the other sites
where the percentage of organic matter reached 7.73%, as
well as the high percentage of phosphorus and nitrogen
elements compared to the other two sites, which is well
reflected in the height and diameter of trees in this site. It
can be said that the height and diameter of the tree were
influenced by soil factors in terms of nutrient content
more than climate factors. This is consistent with Souad
& Amraoui (2020). In his study on the effect of soil
properties on oak growth, he stated that soil properties
have an impact on competition and that the difference in
soil texture and nitrogen ratio affects root production and
thus reflects on the biomass of trees. The increased leaf
length and width at the Sidi Khaled site can also be
attributed to the increased amount of incident radiation
and thus the optimal use of light through photosynthesis.
Also, leaf morphology may be affected by microclimate
conditions such as temperature, solar radiation fall and
humidity, as in some cases sun-exposed leaves were
found to have a smaller, thicker than those growing in the
shade. (Mitchell et al., 1999; Bruschi et al., 2003;
Valladres et al.,2014).

On the other hand, the reason for the small leaf size at the
Lamluda site as well as the low height and diameter of the
trees at this site may be due to grazing, which may affect
the decrease in the amount of carbohydrates and thus
affect the size of the leaf, this is consistent with the study
of(Papatheodorou et al.,1998) On the effect of grazing on
the biomass of Q. coccifera shrubs, he reported that
grazing significantly affected leaf properties, as the mean
leaf area and weight were lower in grazed shrubs
compared to non-grazed shrubs. The reason for the
variation in leaf size between the study sites was also due
to the difference in environmental factors, in Lamluda site
the annual temperatures were low during the 2022 season
and this result agrees with (McDonald et al. 2003;
Ordonez et al., 2009; Liu et al., 2020) who stated that
increasing altitude and decreasing the amount of nutrients
in the soil leads to a decrease in leaf size. Also, the
variation in leaf morphological traits is related to the
degree of slope, slope, temperature and humidity
differences. Also, longer leaves with larger leaf area are
not necessarily found in areas with high rainfall (Gouvei
& Freitas 2009), and our results contradict Maya-Gaecia
et al. (2020), who also emphasised that trees at higher
altitudes have wider and thinner leaves than those
growing at lower altitudes, which have narrower and
thicker leaves (Maya-Gaecia et al.2020 ), which also
emphasised that trees at high altitudes have wider and
thinner leaves compared to those growing at lower
altitudes, which have narrower and thicker leaves. Also,
the difference in leaf morphological characteristics is
related to the degree of slope and gradient as well as the
difference in temperature and humidity. On the other
hand, the number of Acorn per kilogram was different
between the sites, with 363 Acorn in Lamlouda site,
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probably due to the effect of grazing on tree biomass and
this is consistent with the study of Papatheodorou et al.,
(1998) on the effect of grazing on the biomass of oak.
Acorn production is also influenced by several factors
such as tree density, rainfall in the spring season, water
status within the plant (Carevic et al., 2009), soil
properties, site characteristics or the availability of a
certain level of light (Gea-l1zquierdo et al., 2006).

CONCLUSION

This study was conducted to estimate the morphological
traits of scarlet Q.coccifera L. growing at different
altitudes in the Al-Jabal Al-Akhdar region, eastern Libya.
The soils of the three sites are alkaline loamy soils. The
soils differed in the percentage of organic matter, the
height and diameter of the trees differed between the sites,
as well as the length and width of the leaves and the
number of acorn per kilogram, and there were no
differences in the characteristics of flowers and Acorn.
Planting Q.coccifera L. trees in deforested regions and
applying organised grazing plans to preserve the oak trees
is recommended. It is also important to pay attention to
the conservation, preservation, development, survival and
regeneration of this local species in the Al-Jabal Al-
Akhdar region and to focus on increasing studies on the
nutritional importance of Q.coccifera L. acorn. It is also
conduct studies on genetic diversity using anatomical,
chemical and molecular markers.

REFERENCES

Albarran-Lara, A. L., Petit, R. J., Kremer, A., Caron, H.,
Pefialoza-Ramirez, J. M., Gugger, P. F & Oyama,
K. (2019). Low genetic differentiation between
two morphologically and ecologically distinct
giant-leaved Mexican oaks. Plant Systematics and
Evolution, 305, 89-101. 10.1007/s00606-018-
1554-8

Aravanopoulos, F.A. (2004). Phenotypic variation and
population relationships of chestnut (Castanea
sativa) in Greece, revealed by multivariate
analysis of leaf morphometrics. In 111 International
Chestnut Congress, 693,233-240.
10.17660/ActaHortic.2005.693.28

Balaguer, L., Martinez-Ferri, E., Valladares, F., Pérez-
Corona, M. E., Baquedano, F. J., Castillo, F.J. &
Manrique, E. (2001). Population divergence in
the plasticity of the response of Quercus
coccifera L. to the light environment. Functional
ecology, 124-135. 10.1046/j.1365-
2435.2001.00505.x

Booth,M.S., Stark,J.M & Rastetter,E. (2005). Controls on
nitrogen cycling in terrestrial ecosystems: a
synthetic analysis of literature data. Ecological
monographs, 75(2), 139-157. 10.1890/04-0988

Bruschi, P., Vendramin,G.G., Bussotti, F & Grossoni, P.
(2003). Morphological and molecular diversity
among Italian populations of Quercus petraea
(Fagaceae). Annals of Botany, 91(6), 707-716.
10.1093/a0b/mcg075

Canellas, | & San-Miguel, A. (2000). Biomass of root and
shoot systems of Quercus coccifera shrublands in
Eastern Spain [root: shoot ratio]. Annals of Forest
Science (France), 57(8). 10.1051/forest:2000160

Ellsworth, D.S. & Reich, P.B. (1993). Canopy structure
and vertical patterns of photosynthesis and related
leaf traits in a deciduous forest. Oecologia, 96,
169-178. 10.1007/BF00317729

Gea-lzquirdo, G., Canellas, I. & Montero, G. (2006).
Acorn production in Spanish holm oak woodlands.
Investigacion  Agraria:  Sistemasy  Recursos
Forestales 15(3), 339-354. 10.5424/srf/2006153-
00976

Gonzélez-Rodriguez, A & Oyama, K. E. N. (2005).
Leaf morphometric variation in Quercus affinis
and Quercus laurina (Fagaceae), two
hybridizing Mexican red oaks. Botanical Journal
of the Linnean society, 147(4),427-
435.10.1111/j.1095-8339.2004.00394.x

Gouveia,A.C. & Freitas,H.(2009). Modulation of leaf
attributes and water use efficiency in Quercus
suber L. along a rainfall gradient. Trees, 23, 267-
275.

Kremer,A., Dupouey,J.L., DeansJ.D., Cottrell,J.,
Csaikl,U., Finkeldey,R. & Badeau,V. (2002). Leaf
morphological differentiation between Quercus
robur and Quercus petraea is stable across
western European mixed oak stands. Annals of
Forest Science, 59(7), 777-787. 10.1007/s00468-
008-0274-z

Leigh,A., Sevanto,S., Ball,M.C., Close,J.D.,
Ellsworth,D.S., Knight,C.A. & Vogel, S. (2012).
Do thick leaves avoid thermal damage in critically
low wind speeds? New Phytologist, 194(2), 477-
487.10.1111/].1469-8137.2012.04058.x

Lin,S., Shao,L., Hui,C., Sandhu,H.S., Fan,T., Zhang, L.
& Shi, P. (2018). The effect of temperature on the
developmental rates of seedling emergence and
leaf-unfolding in two dwarf bamboo
species. Trees, 32, 751-763. 10.1007/s00468-018-
1669-0

Liu,W., Zheng,L. & Qi,D. (2020). Variation in leaf traits
at different altitudes reflects the adaptive strategy
of plants to environmental changes. Ecology and
Evolution, 10(15), 8166-8175. 10.1002/ece3.6519

Maya-Garcia, R., Torres-Miranda, A., Cuevas-Reyes, P.
& Oyama, K. (2020). Morphological
differentiation among populations of Quercus
elliptica Neé. (Fagaceae) along an environmental
gradient in Mexico and Central America.

Libyan Journal of Ecological & Environmental Sciences and TEChNOIOQY .........ccovovevveveveveveeeeeeeveeeeeieeeeveeeeeeiereiernn 108


http://dx.doi.org/10.17660/ActaHortic.2005.693.28
https://doi.org/10.1046/j.1365-2435.2001.00505.x
https://doi.org/10.1046/j.1365-2435.2001.00505.x
https://doi.org/10.1890/04-0988
https://doi.org/10.1093/aob/mcg075
http://dx.doi.org/10.1051/forest:2000160
http://dx.doi.org/10.5424/srf/2006153-00976
http://dx.doi.org/10.5424/srf/2006153-00976
https://doi.org/10.1111/j.1095-8339.2004.00394.x
http://dx.doi.org/10.1007/s00468-008-0274-z
http://dx.doi.org/10.1007/s00468-008-0274-z
https://doi.org/10.1111/j.1469-8137.2012.04058.x
https://link.springer.com/article/10.1007/s00468-018-1669-0
https://link.springer.com/article/10.1007/s00468-018-1669-0
https://doi.org/10.1002/ece3.6519

Morphological Traits of Quercus coccifera at Different Altitudes in Al-Jabal Al-Akhdar Region, East Libya

Botanical Sciences,
66.10.17129/botsci.2395

McDonald, PG, Fonseca. C.R, Overton. J.M, Westoby.
M. (2003). Leaf size divergence along rainfall and
soil- nutrient gradients: is the method of size
reduction common among clades? Funct Ecol,
17(1): 50- 57. 10.1046/].1365-2435.2003.00698.x

McLean,E.H., Prober,S.M., Stock,W. D., Steane, D. A,,
Potts, B. M., Vaillancourt, R.E. & Byrne, M.
(2014). Plasticity of functional traits varies
clinally along a rainfall gradient in Eucalyptus
tricarpa. Plant, cell & environment, 37(6), 1440-
1451. 10.1111/pce.12251

Mitchell, K.A., Bolstad, P.V. & Vose, J. M. (1999).
Interspecific and environmentally induced
variation in foliar dark respiration among eighteen
southeastern  deciduous tree  species. Tree
physiology, 19(13), 861-870.
10.1093/treephys/19.13.861

Neophytou,C.H., Palli,G., Dounavi,A. &
Aravanopoulos,F.A.(2007). Morphological
differentiation and hybridization between Quercus
alnifolia  Poech and Quercus coccifera
L.(Fagaceae) in Cyprus. SilvaeGenetica, 56(1-6),
271-277.10.1515/s9-2007-0038

Ordofiez,J. C., Van Bodegom,P.M., Witte,J. P. M.,
Wright, 1. J., Reich, P.B. &Aerts, R. (2009). A
global study of relationships between leaf traits,
climate and soil measures of nutrient fertility.
Global Ecology and Biogeography, 18(2), 137-
149.10.1111/].1466-8238.2008.00441 .x

Papatheodorou, E. M., Pantis, J. D. & Stamou, G. P.
(1998). The effect of grazing on phenology and
biomass allocation in Quercus coccifera (L.). Acta
Oecologica, 19(4), 339-347.

98(1), 50-

Perez-Luque,A.J., Gea-lzquierdo,G. &
Zamora,R.(2021).Land-use leacies and climate
change as a double challenge to Oak forest
resilience: mismatches of geographical and
ecological rear edges. Ecosystems, (24),755-773.
10.1007/s10021-020-00547-y

Ramirez-Valiente, J.A,; Kari. K; Cavender-
Bares.J.(2015). Climatic origins predict variation
in photoprotective leaf pigments in response to
drought and low temperatures in live oaks
(Quercus series Virentes).  Tree  Physiology,
35(5), :521-534. 10.1093/treephys/tpv032

Rodriguez-Gémez, F., Oyama,K., Ochoa-Orozco,M.,
Mendoza-Cuenca, L., Gaytan-Legaria, R. &
Gonzalez-Rodriguez, A. (2018). Phylogeography
and climate-associated morphological variation in
the endemic white oak Quercus deserticola
(Fagaceae) along the Trans-Mexican Volcanic
Belt. Botany, 96(2), 121-133. 10.1139/cjb-2017-
0116

Rodriguez-Rivera,l.S. &
Arquitectura foliar
(Quercus, Fagaceae) de
botanicamexicana, (81),
10.21829/abm81.2007.1049

Sis6,S ., Camarero, J. & Gil-Pelegrin,E. (2001).
Relationship between hydraulic resistance and leaf
morphology in broad leaf Quercus species: a hew
interpretation of leaf lobation. Trees, 15, 341-345.
10.1007/s004680100110

Souad, El. M. & Amraoui, M.B. (2020). Effect of soil
properties on growth of Quercus ilex L. in humid
and cold mountains of Morocco. Applied and
Environmental Soil Science, 1-9.
10.1155/2020/8869975

Study and evaluation natural vegetation in Al- jabal Al-
Akhdar area.2005. (In Arabic), Al Bieda, Omer
Almukhtar
Universty.

Tang, C. Q. & Ohsawa.M. (1999). Altitudinal distribution
of evergreen broad- leaved trees and their leaf-
size pattern on a humid subtropical mountain, Mt.
Emei, Sichuan, China. Plant Ecology, 145, 221-
233. 10.1023/A:1009856020744

Uribe-Salas, D., Sdenz-Romero, C., Gonzélez-Rodriguez,
A., Téllez-Valdéz,0. & Oyama, K. (2008). Foliar
morphological variation in the white oak Quercus
rugosa Née (Fagaceae) along a latitudinal gradient
in Mexico: Potential implications for management
and conservation. Forest Ecology and
Management, 256(12), 2121-2126.
10.1016/J.FORECO0.2008.08.002

Valencia, A.S. (2004). Diversidad del género Quercus
(Fagaceae) en México. Botanical sciences, (75),
33- 53. 10.17129/botsci.1692

Valladares, F., Matesanz. S., Guilhaumon. F., Aradjo. M.
B., Balaguer. L., Benito-Garzéon. M & Zavala. M.
A. (2014). The effects of phenotypic plasticity and
local adaptation on forecasts of species range
shifts under climate change. Ecology
letters, 17(11), 1351- 1364 . 10.1111/ele.12348

Velazquez-Rosas, N., Meave, J.A. Santana, S.V.
(2002). Elevational variation of Leaf traits in
montane rain forest tree species at la Chainantla,
Southern Mexico. Biotropica, (4)34:534-546.

Xu, F., Guo, W., Xu, W., Wei, Y & Wang, R. (2009).
Leaf morphology correlates with water and light
availability: what consequences for simple and
compound leaves? Progress in Natural
Science, 19(12), 1789-1798.
10.1016/j.pnsc.2009.10.001

Zunni, S. A. and Bayoumi, A. M. (2006). Important local
and exotic trees and shrubs in Jabal elAkhdar,
Libya (In Arabic). Aldar Academy for printing,

Libyan Journal of Ecological & Environmental Sciences and Technology .............cccccevveeevveereeerenenn, 109

Romero-Rangel,S.(2007).
de diezespecies de encino
Meéxico. Acta

09-34.


http://dx.doi.org/10.17129/botsci.2395
https://doi.org/10.1046/j.1365-2435.2003.00698.x
http://dx.doi.org/10.1111/pce.12251
http://dx.doi.org/10.1093/treephys/19.13.861
http://dx.doi.org/10.1515/sg-2007-0038
http://dx.doi.org/10.1111/j.1466-8238.2008.00441.x
https://doi.org/10.1016/s1146-609x(98)80038-6
https://doi.org/10.1016/s1146-609x(98)80038-6
https://link.springer.com/article/10.1007/s10021-020-00547-y
https://doi.org/10.1093/treephys/tpv032
https://doi.org/10.1139/cjb-2017-0116
https://doi.org/10.1139/cjb-2017-0116
https://doi.org/10.21829/abm81.2007.1049
http://dx.doi.org/10.1007/s004680100110
http://dx.doi.org/10.1155/2020/8869975
http://dx.doi.org/10.1023/A:1009856020744
https://doi.org/10.1016/J.FORECO.2008.08.002
http://dx.doi.org/10.17129/botsci.1692
https://doi.org/10.1111/ele.12348
https://doi.org/10.1016/j.pnsc.2009.10.001

Tashani, etal., 2025

Vol. 7 No. 2 August, 2025

authoring, translation and publishing. Tripoli,
Libya.270pp.

Libyan Journal of Ecological & Environmental Sciences and Technology



