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Abstract Watershed tree plantations in Morocco are
expanding under the National Watershed Management
Plan and thus their value for native fauna and
agroforestry system dynamics requires investigation.
Using generalized linear mixed models, we assessed
the relative value of artificial habitats—olive and
eucalypt plantations—over four seasonal periods, by
comparing their avifauna richness to those of natural
habitats—Thuya forests. Bird species richness
depended on both habitat type and season. Our results
showed that natural Thuya forests supported higher
bird diversity than both olive and eucalypt plantations.
Moreover, bird diversity was higher in eucalyptus
plantations compared to olive plantations during the
winter period, while the opposite trend was observed
in autumn. A principal component analysis also
revealed a significant positive effect of shrub layer

complexity (PC1) in all seasons, habitat artificiality
(PC3) in spring, breeding season, and autumn, and tree
size (PC2) during winter and autumn. Overall, our
findings stress that, in our study area, artificial
plantations do not have the same ecological value as
the original habitat. We therefore advise restoring
native forests rather than reforesting eucalypt species.
Research programs should continue in order to assess
the impact of conservation actions on biodiversity and
determine how this agroforestry system would change
under the increasingly detrimental effects of drought.
Keywords Birds  Tetraclinis articulata  Olea
europaea  Eucalyptus sp.  Seasonality  Morocco
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Worldwide, forestry and agricultural strategies aim to
increase reforestation and agricultural plantations. The
overall objectives of these actions are to: (1) decrease
rates of deforestation; (2) protect water and soil
against erosion; (3) conserve biodiversity; (4) improve
wood production and the standard of living of riparian
populations; and (5) reduce atmospheric concentrations of carbon dioxide (Potter et al. 2007; Reino et al.
2009). Tree plantations have received special attention
in the past decade both in Southern Mediterranean
(e.g. Proença et al. 2010; Calviño-Cancela et al. 2012)
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and South America (e.g. Zurita et al. 2006; Jacoboski
et al. 2016).
In the Mediterranean Basin, eucalypt (Eucaplyptus
sp.) (Proença et al. 2010; Calviño-Cancela 2013) and
olive (Olea europaea) orchards (Muñoz-Cobo 1987;
Kristin et al. 1999; Rey 2011) are among the most
numerous tree plantations in terms of surface area.
Eucalypts are generally used for their timber (mainly
for the pulp industry) while olive trees are used for
olives and oils. Assessment of the biodiversity value of
these plantations was conducted in Europe [e.g.
Portugal: Proença et al. (2010); Spain: CalviñoCancela et al. (2012), Calviño-Cancela (2013);
Poland: Myczko et al. (2013)]. However, no such
assessment has been carried out in Northern Africa
(Morocco, Algeria, Tunisia, Libya, and Egypt).
In Morocco, forest degradation is equivalent to
30,000 hectares annually, which corresponds to 0.3%
of the total forest area of the country. The main causes
of forest degradation are increased human pressure,
soil erosion, and climate change (M’Hirit and Blerot
1999). The Moroccan government has therefore
undertaken intensive activities aimed at forest rehabilitation, erosion control, and soil and water conservation. Forest rehabilitation activities include the
establishment of large plantations of fast-growing
species, such as eucalypts and pines (Khattabi 1999),
and fruit orchards, particularly olive trees (World
Bank 2012). In Morocco, eucalypt plantations cover
202,356 ha (M’Hirit and Blerot 1999) while olive
plantations reached one million hectares in 2016
(MAPM 2017). These two species are chosen because
both can (1) withstand a dry climate (Lahrouni et al.
2015), (2) stabilize soil, and (3) provide a major source
of revenue for the country (production of wood, pulp,
olive fruit and oil, and honey).
Assessing the importance of plantations for biodiversity is essential for management process, planning
and decision making. To date, little is known about the
importance of fruit and exotic plantations for biodiversity in Morocco. Thus, this study was conducted to
(1) evaluate and compare bird species richness in
natural forests versus olive and eucalypt plantations,
and (2) understand whether the use of these habitats is
seasonally-dependent. Understanding spatiotemporal
patterns in the use of natural and artificial habitats
provides insight into management strategies to
enhance habitat quality for birds.
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Assessment of bird richness is widely conducted by
comparing the number of bird species using a BeforeAfter-Control-Intervention (BACI) approach (Bro
et al. 2004; de Lucas et al. 2005; Kleijn et al. 2014).
This is a powerful tool for addressing wildlife
management problems (Bro et al. 2004) and evaluating the impact of management activities (Geldmann
et al. 2013; Conner et al. 2016). In our study, data on
bird species richness were not available before the
establishment of these plantations. Therefore, we
assessed bird richness by comparing the number of
bird species between natural and artificial habitats, a
useful approach for evaluating the impact of management activities on bird population (Zurita et al. 2006;
Paillet et al. 2010; Sweeney et al. 2010; CalviñoCancela 2013; de la Hera et al. 2013).
Given that (1) several studies in Southern EuroMediterranean countries have found lower bird richness in plantations compared to natural forests (Farwig
et al. 2008; Proença et al. 2010; Calviño-Cancela
2013; de la Hera et al. 2013), (2) olive orchards are
known to be important for many birds both while
wintering (areas of concentrations) (Kristin et al.
1999; Rey 1995, 2011) and breeding (nesting support)
(Hanane 2014a), and (3) the Central part of Morocco is
mostly dry, we hypothesized that natural forests would
contain higher bird diversity than olive and eucalypt
plantations.

Materials and methods
Study area
This study was conducted in a Central Moroccan
agroforestry system (15,736 ha) located within the
Oued Mellah watershed (33°120 39.400 N; 7°020 88.400 ).
The area has a semi-arid climate with average annual
rainfall of 320 mm, most of which falls during the
winter rainy season (November–January). Temperature varies widely, being cooler during winter, with
peaks in summer reaching as high as 42 °C. The
altitude ranges from 331 to 663 m a.s.l. (Hanane and
Yassin 2017).
This agroforestry landscape is mainly composed of
three macrohabitats: natural Thuya forests (5599 ha),
agricultural lands including olive plantations
(2182 ha), and eucalypt plantations (187 ha). In
natural forests, the tree layer consists mainly of Thuya
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(Tetraclinis articulata) in association with wild olive
(Olea europaea oleaster), Lentisk (Pistacia lentiscus)
and Tizra tree (Rhus pentaphylla) (Hanane and Yassin
2017). Olive plantations, located most often in a cereal
platform (ha) dominated by wheat (Triticum turgidum
and T. aestivum) and barley (Hordeum vulgare), are
mono-specific stands with olive trees almost uniformly separated (5–10 m between trees). They were
planted within a Japan International Cooperation
Agency (JICA) project for improvement of local
peoples’ livelihoods by revenue increase and erosion
control. In most orchards, the shrub layer is generally
absent whereas the herbaceous layer is ephemeral.
These plantations, mainly dependent on rainfall, are
distributed in very small patches (range = 1–11 ha)
throughout the study area.
In the study area, three eucalypt species were
planted (Eucalyptus camaldulensis, E. gomphocephala and E. torquata) in accordance with the Oued
Mellah watershed management plan to rehabilitate
degraded lands previously occupied by Thuya forests.
The study area is crossed by three wadis: Laâtech,
Laâouija and Zamerine. The Zamerine’s waterbed
feeds the Tamesna dam. Small single-family homes,
with a distance of 1.85–3.53 km between them
(Hanane and Yassin 2017), are found in the vicinity
of cereal crops and forests. No human habitations exist
in the studied forest area (HCEFLCD 2006; Hanane
and Yassin 2017).
Bird surveys
In the three habitat types (natural forests, olive
plantations, and eucalypt plantations), bird communities were surveyed using the point count method
(Bibby et al. 2000), an effective and efficient means of
surveying bird communities (Felton et al. 2011). In
each period, eight survey points were randomly
distributed within each habitat with a minimum
distance of at least 100 m between two points. Points
were selected by drawing random points using the
QGIS (Quantum GIS Development Team 2017)
random selection tool. Surveys were conducted in
December (26th to the 28th), March (29th to the 31th),
May (23th to the 25th), and September (26th to 28th).
These series of counts were conducted to sample peak
presence of wintering birds, migrant birds (those using
this area as a stopover site during migration), and
breeding birds, respectively. All point counts were

conducted [ 50 m from forest edges to account for
variation in species detectability within the edge
(Bereczki et al. 2015; Terraube et al. 2016). All point
count surveys were conducted by two personnel
experienced with bird identification and point count
surveys (I.C. and S.H.). Each point was surveyed for
10 min, after a 1 min pause to reduce the impact on
bird activity from the surveyors’ approach (Bonthoux
and Balent 2012). During this period (10 min), we
recorded all birds heard and seen at a fixed radius of
50 m (Sweeney et al. 2010; Anjos et al. 2011). All
surveys were conducted during early morning and
only under favorable meteorological conditions.
Habitat data
In the three studied habitats, bird surveys and vegetation characteristics were collected within an 11.3 m
radius (0.04 ha) circle (Haggerty 1998; D’Amato et al.
2009), centered at each of the eight survey bird points
randomly distributed in each habitat. Within each
sample plot, eight vegetation variables were measured
or estimated: tree cover with visual estimation;
average height (m) of the tallest three trees using a
clinometer; average diameter (cm) at breast height
with a measuring tape (± 0.01 m) of the three tallest
trees; shrub cover using the method of Gayton (2003);
average shrub height (m) using a 3-m ruler; number of
shrub species; herbaceous cover using the method of
Gayton (2003); and average height (m) of the herbaceous layer using a clinometer. To avoid observerrelated biases in vegetation sampling (Prodon and
Lebreton 1981), all vegetation parameter estimations
were conducted by the same observer (S.H.).
In addition to these eight vegetation variables, we
also recorded the proximity to natural forest, measured
as the distance (m) to the closest natural forest edge,
and proximity to artificial habitats, measured as the
distance (m) to the closest olive plantation and the
distance (m) to the closest eucalypt plantation.
Distance values are either positive (indicating distances outside the habitat in question) or negative
(indicating distances within the habitat in question).
QGIS 2.18.14 was used to measure distances.
Statistical analyses
Prior to statistical analysis, normality and homogeneity of variance of all the variables were assessed.
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Variables that did not conform to the requirements for
parametric tests were log-transformed or square roottransformed to meet the assumptions of the analysis.
Given that the 11 vegetation variables were intercorrelated, we performed a principal component
analysis (PCA). For each PCA, a varimax normalized
rotation was applied to the set of principal components
with eigenvalues [ 1.0, to obtain simpler and more
interpretable gradients (Legendre and Legendre
1998). We interpreted the biological meaning of the
principal components, which explain the greatest
amount of combined variation within the habitat
structure data, by examining the component loadings
of each variable (McGarigal et al. 2000).
We investigated bird species richness as a function
of habitat type (three classes), season (four classes:
winter, spring migration, breeding, autumn migration), and PCA score (continuous variable) using a
generalized linear mixed model (GLMM) with a
Poisson error distribution and log link function.
Sampling plot was included as a random factor in
the model to account for the paired nature of the data.
One of the assumptions of parametric statistics is
that observations are independent of each other. This
assumption is often violated with spatial data, so it is
important to test for and, where present, subsequently
address spatial autocorrelation. Spatial autocorrelation
of bird species richness was therefore assessed with a
semivariogram (Goovaerts 1998) using residuals of
the best model in terms of AICc value. Nugget to total
sill ratio (NSR) was expressed as the percentage of
total semivariance and was used to define for spatial
dependency: NSR \ 0.25 indicated strong spatial
dependence, 0.25 \ NSR \ 0.75 indicated moderate
spatial dependence, and NSR [ 0.75 indicated weak
spatial dependence (Cambardella et al. 1994). When
spatial autocorrelation was encountered, we used
spatial generalized linear mixed models, fitted via
penalized quasi likelihood (glmmPQL), with a Poisson error. glmmPQL enables the building of spatial
models with dependent data not normally distributed
and is among the best techniques for these kinds of
data (Dormann 2007). We adopted an exponential
spatial correlation structure, although tests with
Gaussian and spherical structures produced the same
results.
All statistical analyses were performed in R-3.0.2
software (R Development Core Team 2013). We used
the package ‘‘lme4’’ for fitting generalized linear
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mixed models (Bates et al. 2014). The packages ‘‘sp’’
(Pebesma and Bivand 2005), ‘‘lattice’’ (Sarkar 2015)
and ‘‘gstat’’ (Pebesma 2006) were used to draw
semivariograms, and the package ‘‘MASS’’ was used
to fit glmmPQL models (Venables and Ripley 2002).
Differences in bird species richness across habitats
were examined with Tukey post hoc comparisons
using the ‘glht’ function in the ‘multcomp’ package
(Bretz et al. 2016).

Results
A total of 72 bird species were recorded in the three
studied habitats (see Appendix A in Supplemental
Material), with a maximum of 22 species recorded in
natural forests and a minimum of 0 species in eucalypt
plantations. Among these species, just one, the turtle
dove (Streptopelia turtur), is classified as ‘‘Vulnerable’’ according the IUCN Red List of Threatened
Species (BirdLife International 2015).
The PCA summarized the studied habitat variables
into three independent axes which accounted for
78.64% of the variance of the original dataset. The first
gradient (PC1) represented an axis of increasing shrub
layer complexity (Table 1). This axis is at the same
time negatively correlated with tree and herbaceous
layer cover. The second gradient (PC2) was characterized by high loadings of variables related to tree
size (Table 1). The third gradient (PC3) represented an
axis of habitat artificiality (Table 1), as it was
positively correlated with the distance to the nearest
olive and eucalypt plantations and negatively correlated with distance to natural forest habitat (Table 1).
The Kaiser–Meyer–Olkin measure of sampling adequacy (KMO) indicated that our data were suitable for
the PCA (PCA: KMO = 0.777; Bartlett-test for
sphericity, v2 = 964.33, P = 0.0000).
In this agroforestry system, the effect of habitat on
bird species richness varied with season (interaction
effect: habitat type 9 season) (Table 2). The ratio of
the nugget to the sill showed a spatial pattern in the
data (Table 2). When we explicitly considered spatial
autocorrelation in the modeling through the glmmPQL
models, the same pattern of difference between the
three habitats was observed (Table 2).
In all four seasons, the natural Thuya forest was the
most attractive habitat, hosting the highest number of
bird species (Table 2; Fig. 1). During spring migration
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Table 1 Results of the
PCA to summarize original
habitat variables (n = 96)

Original variables

Eigen vectors
PC1

PC2

PC3

Shrub richness

0.809

0.147

0.350

Shrub cover (%)

0.938

- 0.120

0.208

0.867
- 0.024

0.127
0.767

0.310
0.372

Shrub height
Diameter at breast height
Tree height

- 0.183

0.822

0.234

Herbaceous layer height

- 0.359

- 0.711

0.195
- 0.042

Tree cover (%)

- 0.814

0.473

Herbaceous layer cover (%)

- 0.744

- 0.501

0.041

Distance to the nearest natural habitat

- 0.140

- 0.121

- 0.818

Distance to the nearest olive plantation

0.263

0.114

0.595

Distance to the nearest eucalyptus plantation

0.101

0.124

0.781

Eigenvalue

3.817

2.325

1.722

Explained variance (%)

38.168

23.251

17.219

Cumulative explained variance (%)

38.168

61.418

78.637

Table 2 Results of non-spatial and spatial GLMMs analyses of the number of bird species according to habitat types (natural forests,
eucalypt and olive plantations) and seasons (winter, spring, breeding and autumn)
Non-spatial model (GLMM)
v

2

Spatial model (glmmPQL)

df

P

v2

df

P

1

\ 0.0001

82.476

1

\ 0.0001
\ 0.0001

Intercept

52.411

Habitat type

13.392

2

0.0012

22.815

2

7.905

3

0.0480

12.320

3

0.0063

22.993

6

0.0008

42.791

6

\ 0.0001

Season
Habitat:season

Fig. 1 Boxplots
representing seasonal
species richness (number
per plot) according to the
habitat type (F = Natural
Forests; O = Olive
orchards; E = Eucalypt
plantations). Each box
shows the upper and lower
quartile, the central bar
represents the median
(midpoint), while the
whiskers show the minimum
and maximum for each
category. Different letters
indicate significant
differences at P \ 0.05 in
the number of bird species
by the Tukey’s post hoc test
between the habitat types
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autocorrelation was explicitly considered in the models using glmmPQL, the effect of PC2 (tree size) was
found during winter (Table 3). The effects of PC1
(shrub layer complexity) and PC3 (habitat artificiality)
were greatest during the breeding period (Table 3).

and the breeding period, no significant difference in
bird species richness was found between olive and
eucalypt plantations (Fig. 1). However, this occupancy pattern changed during fall migration due to a
significant decrease in the number of species in
eucalypt plantations compared to olive plantations
(Fig. 1). In winter, olive plantations hosted significantly lower bird richness than natural forests and
eucalypt plantations (Fig. 1).
Because the interaction between the habitat type
and season was statistically significant, we conducted
models with PC1, PC2 and PC3 for each season
separately. GLMM analyses revealed that PC1 (shrub
layer complexity) was the sole predictor of species
richness, with a significant effect in all seasons
(Table 3). PC3 (habitat artificiality) significantly
affected bird richness in spring, breeding season, and
autumn (Table 3), whereas PC2 (tree size) had a
significant effect during winter and autumn (Table 3).
Overall, species richness increased with increasing
PC1, PC2 and PC3 (Table 3).
Semivariograms, using residuals of the best model,
indicated spatial autocorrelation during the breeding
and winter periods (Table 3). When spatial

Discussion
The aim of this study was to evaluate and compare bird
species richness in natural forests and artificial tree
plantations. Our research presents the first detailed
data on the importance of human-managed habitats for
birds in North Africa.
Our results revealed that the mean number of bird
species depended on habitat type (natural versus
planted) and season (winter versus spring/autumnmigration versus breeding). We demonstrated that
natural forests have significantly higher bird species
richness than artificial human-managed habitats. This
finding agrees with other studies conducted in southern Europe (Proença et al. 2010; Calviño-Cancela
2013; de la Hera et al. 2013) and South America
(Marsden et al. 2001; Zurita et al. 2006; Jacoboski

Table 3 Parameters and standard errors (SE) of non-spatial (GLMM) and spatial (glmmPQL) models of bird richness in the four
seasons as functions of PC1, PC2 and PC3
Season

Winter

Spring

Breeding

Autumn

NSR

0.09

1.00

0.10

1.00

NSR nugget to sill ratio
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Non-spatial model (GLMM)

Spatial model (glmmPQL)

Estimate ± SE

z value

P

Estimate ± SE

t value

P

Intercept

1.80 ± 0.07

24.55

0.0001

1.80 ± 0.04

40.49

0.0000

PC1

0.33 ± 0.09

3.72

0.0002*

0.33 ± 0.05

6.14

0.0000*

PC2

0.17 ± 0.13

1.32

0.1869

0.17 ± 0.08

2.18

0.0411*

PC3

0.07 ± 0.08

0.85

0.3980

0.07 ± 0.05

1.39

0.1779
–

Intercept

2.03 ± 0.07

27.89

\ 0.0001*

–

–

PC1

0.33 ± 0.06

5.37

\ 0.0001*

–

–

–

PC2

- 0.02 ± 0.05

- 0.45

–

–

–

PC3

0.28 ± 0.07

3.99

\ 0.0001*

–

–

–

Intercept

2.10 ± 0.07

31.80

\ 0.0001*

2.10 ± 0.05

45.31

0.0000*

PC1

0.19 ± 0.07

2.95

PC2

- 0.12 ± 0.08

- 1.45

0.6510

0.0032*

0.19 ± 0.05

4.20

0.0004*

0.1476

0.12 ± 0.06

2.06

0.0516

PC3

0.20 ± 0.07

3.04

0.0024*

0.20 ± 0.05

4.33

0.0003*

Intercept

1.99 ± 0.07

28.43

\ 0.0001*

–

–

–

PC1

0.26 ± 0.07

3.85

0.0001*

–

–

–

PC2

0.24 ± 0.09

2.70

0.0069*

–

–

–

PC3

0.31 ± 0.07

4.23

\ 0.0001*

–

–

–
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et al. 2016). In this semi-arid area, the attractiveness of
natural forests for birds is associated with the level of
shrub layer complexity, which is significantly higher
in natural forests than in human-managed habitats.
Indeed, increased vegetation structure complexity has
been shown to enrich associated bird communities
(Laiolo 2002; Machtans and Latour 2003; Diaz 2006;
Cherkaoui et al. 2009).
The use of habitat type in our study depended on
season. During the spring migration and breeding
period, olive and eucalypt plantations exhibited lower
bird richness than natural forests. This is not surprising, as eucalypt plantations are generally known to
support a reduced number of bird species (John and
Kabigumila 2011; Calviño-Cancela 2013; CalviñoCancela and Neumann 2015; Fontúrbel et al. 2016;
Jacoboski et al. 2016). Our results found a positive
effect of shrub layer complexity on bird richness in all
seasons. Complex vegetation provides better opportunities for resting and refueling (Rguibi-Idrissi et al.
2007; Gargallo et al. 2011; Hama et al. 2013). The low
cover (sometimes even a complete absence) of shrubs
in plantation compared to natural Thuya forests may
therefore explain the low bird species richness in both
plantations. Several authors have reported the loss of
suitable habitats for many species in such conditions
(Zurita et al. 2006; Calviño-Cancela 2013; Jacoboski
et al. 2016).
During the spring and breeding period, olive and
eucalypt plantations provide breeding habitats complementary to natural forests. Indeed, although young,
olive plantations can serve as breeding habitat (Kristin
et al. 1999). We observed several breeding species
within olive plantations [e.g. turtle dove, common
blackbird (Turdus merula), woodchat shrike (Lanius
senator), chaffinch (Fringilla coelebs Africana), common greenfinch (Chloris chloris), European goldfinch
(Carduelis carduelis), and common linnet (Linaria
cannabina)]. The use of olive orchards by turtle doves,
a vulnerable species (BirdLife International 2015), has
been widely documented in the Mediterranean Basin
(Peiro 1990; Hanane and Baamal 2011; Hanane
2015, 2016, 2017). In the eucalypt plantations, the
most common breeding bird was unequivocally the
woodpigeon (Columba palumbus), which mainly used
tall trees (Hanane 2013, 2014b).
During winter, lower numbers of species were
observed in the olive plantations (compared to natural
forests and eucalypt plantations). Natural forests and

eucalypt plantation are generally denser and less open
than olive groves and thus may be used as shelters by
wintering birds during windy and stormy weather,
contributing to the higher bird richness observed in
these two habitats compared to olive groves, as
reported by Herbers et al. (2004). Furthermore, at this
time of year, olive plantations lack an herbaceous
layer. Plowing activity and application of herbicides
conducted in winter causes reduction of understory
plant diversity, as reported, in Spain, by Rey (2011). In
addition, in this semi-arid area, the young age of olive
trees, combined with drought stress, does not allow
these orchards to produce enough olives (due to water
deficit during the initial development of the fruit),
making them less attractive to frugivorous birds.
In addition to the spring and breeding periods,
statistical analysis also showed the importance of
artificial plantations for birds during fall migration.
The flowering of the three eucalypt species present in
the study area occurs from October (autumn) to
January (winter). The presence of flowers, known to be
the main food resource for birds in eucalypt canopies
(Tellerı́a and Galarza 1990; Calviño-Cancela 2013),
may therefore increase use of this habitat by birds
during autumn. Furthermore, emerging flowers also
attract insects, thus increasing visits by insectivorous
birds. The attractiveness of eucalypt plantations for
birds has been demonstrated in southern Europe
(Calviño-Cancela 2013; Calviño-Cancela and Neumann 2015). Although olive plantations contained
fewer bird species than natural forests overall, during
autumn, more species were observed in olive plantations than in eucalypt plantations. It is likely that the
presence of olives during this period makes this habitat
more attractive than eucalypts, at least for frugivores
(Smith et al. 2007). The importance of olive fruits for
frugivorous birds in North-West Africa has been
previously reported (Rey et al. 1997; Rey 2011).
Furthermore, the herbaceous layer of eucalypt plantations would have dried as a result of the summer
drought, perhaps making eucalypt plantations less
attractive for birds during autumn, compared to olive
plantations.

Conclusions, recommendations and perspectives
Our findings stress that artificial plantations in Central
Morocco support fewer bird species than natural
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forests. For this reason, we recommend, to the extent
possible, the restoration of native forests rather
managing eucalypt plantations for bird richness.
Furthermore, although olive plantations contain
lower bird species richness than natural forests, they
remain nonetheless fairly attractive for birds. Agricultural landscapes are known to maintain some of the
structural and functional (plant–animal interactions)
properties of the natural habitats to which animals are
adapted (Rey 2011). Olive plantations could play an
even more important role as they grow older, but this
depends on the maintenance of good conditions.
Increasing the size of trees (DBH, canopy cover, and
height) would provide better opportunities for resting,
refueling and breeding (in the case of the vulnerable
turtle dove). To quickly reach this objective, we
encourage managers to establish an irrigation system
(i.e. a dam close to the study area), which would have a
twofold advantage:
1.
2.

Helping owners increase olive productivity,
which can increase olive plantations areas.
Improving habitat quality by increasing structural
complexity and fruit production (Foster 2007;
Myczko et al. 2013) to support more bird
species.

At the landscape level, olive hedges should be
encouraged. The establishment of hedgerows, especially between cereal crops, would have the direct
consequence of avoiding the harmful effect of plowing
activities during the winter period. Unmown herbs
provide food resources for granivorous and insectivorous birds (Myczko et al. 2013). In Central Morocco
(Tadla region), planting hedges of olive trees, since the
1930s, has provided positive results for both olive
productivity and biodiversity (Hanane 2014a).
Finally, research programs should be continued in
order to assess the impact of conservation actions on
biodiversity as well as determine how this agroforestry
system would be affected by the increasingly detrimental effects of drought that are projected by climate
change scenarios in this region (Tramblay et al. 2012).
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