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1. Introduction  

 

In the Northern slope of the Mediterranean basin, 
forest ecosystems have shown a great diversity of avian 
species among breeders, winterers, and migrants 
(Fernández-Juricic 2004; Bartolommei et al 2013). Thanks to 
their richness in fruits, seeds, and abundant trees, forest 
ecosystems offer birds foraging resources and breeding 
requirements (Muiruri et al 2016; Campos-Silva and Piratelli 
2021; Mansouri et al 2022a). Therefore, avian species select 
specific forest stands that offer the needed requirements, 
leading to an affinity between vegetation cover and birds 
(Schuster and Arcese 2013; Muiruri et al 2016). These 
strategies result in segregation between bird communities 
and species to avoid competition for breeding and foraging 
resources  (Mansouri et al 2022a). 

In Morocco, ornithology studies started in the early 
decades of the 20th century 1976 (Smith 1965; Thévenot 
1976; Ater et al 2008; Cherkaoui et al 2009). These studies 
have investigated terrestrial and aquatic birds from the 
Mediterranean coasts to the extreme Southern Atlantic 
coasts (Green et al 2002; Hilgerloh et al 2006; Ouassou et al 
2018; Squalli et al 2020; Touhami et al 2020; Salai et al 2021). 

Further, farmland and aquatic birds were the most 
investigated birds (Hanane and Baamal 2011; Hanane 2016; 
Mansouri et al 2018, 2019, 2020; El Hassani et al 2021), while 
forest and Mountainous species have received little interest 
(Cherkaoui et al 2009; Hanane et al 2012; Mansouri et al 
2021a). Therefore, the investigation of forest ecosystems is 
suggested to fill the gap in forest birds. 

In Morocco, forest ecosystems are distributed in 
coastal lines of the Mediterranean, Atlantic, and 
Mountainous areas in the Atlas and Rif chains (Muller et al 
2015; Abel-Schaad et al 2018). These ecosystems are 
characterised by their diversity with more than 4500 plant 
species (Taleb and Fennane 2019). Their ecological roles are 
via hosting animal species counting birds, and maintaining 
the ecological interactions between them (Ajbilou et al 2006; 
Waters et al 2017). However, birds' affinity toward forest 
stands is not yet analysed (Hanane et al 2019). This gap is 
suggested to clarify the role of forest stands in offering food 
supplies and nesting requirements for birds counting the 
most threatened species. As demonstrated previously, 
Moroccan ecosystems play vital roles for migratory birds that 
cross between Europe and Africa (Ayache et al 2009; Khelifa 
et al 2017; Mansouri et al 2022a); therefore, the 
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understanding of avian species that use these habitats is 
suggested to help in protecting them. 

The present study aimed to evaluate the diversity of 
breeding birds in the Central High Atlas valleys of Beni Mellal 
in terms of species richness, abundance, phenological status, 
and trophic guilds. Equally, we investigated the distribution 
of breeding birds in the most dominating habitats, counting 
forests and open lands, to conclude if there are a kind of 
affinities between birds and vegetation cover. Environmental 
variables were also involved in explaining any variation in 
avian distribution. Further, the assemblage of recorded birds 
was used to evaluate the quality of monitored habitats. 
 

2. Materials and Methods 
 

2.1. Study area and sampling points 
 

This study covered both valleys of the northern slopes 
of the High Atlas Mountains (Lakhdar-Aït Bouguemez and 
Oued Ahansal), between 800 m and 2600 m of elevation over 
sea level (Figure 1). The rivers' flow is mainly defined by a 
series of permanent springs and tributaries, with some 
intermittent creeks highly dependent on seasonal rainfall and 
melting snow. These rivers drain large watersheds, 
comprising high massifs, culminating at 2000 to 4000 meters 
and marked by numerous rocky escarpments. The study area 
climate is oromediterranean, characterised by large seasonal 
and interannual rainfall amplitude, with an average between 
500 and 800 mm/year (Romagny et al 2008; Auclair and 
Alifriqui 2012) and high spatiotemporal variation of 
temperatures. 
 

 

 

Figure 1 Location of the study area and site surveys. 

 
The vegetation of the valley bottoms is dominated by 

forest formations, high mountain low formations, and 
cultivated lands, which vary with the elevation. In the Ahansal 
valley, the forest formations consist of Aleppo pine Pinus 
halepensis and Phoenicean juniper Juniperus phoenicea, 
sometimes associated with the holm oak Quercus 
rotundifolia. These are accompanied by woody shrubs 
(Balearic boxwood Buxus balearica, Mastic tree Pistacia 
lentiscus, and Thymus Thymus satureioides). The natural 
riparian vegetation, well developed in the Tamga sector, is 
composed of Black poplar stands Populus 

nigra, accompanied by Nerium oleander (Ibn Tattou and 
Fennane 2006). Resin spurge formations Euphorbia resinifera 
cover the rocky slopes upstream to Bin El Widane reservoir 
and the Assif Melloul gorges. In Aït Bouguemez valley, forests 
consist of Phoenicean juniper and Thurifer juniper Juniperus 
thurifera, sometimes associated with Cade juniper Juniperus 
oxycedrus and Holm oak. The Balearic boxwood colonises the 
rocky screes and the mobile substrates (Auclair 1996), while 
the Thurifer juniper represents the highest forest formations 
(Rhanem 1985), generally located far from streambeds. 

https://doi.org/10.31893/jabb.21001
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In the two watersheds, the high mountain low 
formations correspond to lawns, appearing in some open 
valleys of small permanent creeks, and to steppes of spiny 
xerophytes (Bupleurum spinosum, Hormathophylla spinosa, 
Genista lobelia, Ormenis scariosa), which occupy the slopes 
of the highest valleys (Aude Nuscia et al 2015). The cultivated 
lands (orchards and irrigated cereal fields) occupy small 
alluvial banks and terraces, sometimes extended as alluvial 
plains (Auclair 1996). Still, they are progressively expanding 
in altitude and replacing the forest cover. 

Bird sampling concerns the valley bottoms, mainly the 
river banks and the adjacent slopes, where habitats are more 
or less dependent on the river hydrology, sedimentation, and 
physiography. In Ahansal valley, the sampling concerns a 
large altitudinal range (800 to 1900 meters), more precisely 
the sections located between Bin El Widane reservoir 
(32°6'55.36''N, 6°21'33.14''W) and the Ahansal springs in 
Taghia (31°47'5.20''N, 6°4'15.44''W), passing through the 
Tamga forest (1200 m) and Zawiyat Ahansal village (1630 m). 
In Lakhdar-Aït Bouguemez valley, the sampling is carried out 
in a higher sector (1800-2560 m of altitudes), explicitly 
between Agouti village (31°38'15.02''N, 6°29'19.98''W") and 
Izourar lake (31°42'36.00''N, 6°15'23.58''W), passing through 
the rural communities of Tabant-Zawiyat Oulmzi. 

In both valleys, bird listening points were selected 
along the central river course, making them at least one 
kilometer distant from each other to avoid double counts. 
Nevertheless, as their choice is based on habitat variations 
along the rivers, this distance decreases when necessary to 
300 meters. We estimate the bird detection radius to be 100-
150 meters around each sampling point. To cover the 
habitats exhaustively along the two rivers, we selected 170 
sampling points in both valleys.  

Bird investigations, mainly based on listening sessions 
of 10 to 20 minutes, concern eight types of ecosystems, 
including forest and riparian formations, steppes, and 
agricultural lands. 

 

2.2. Bird surveys 
 

Bird data mainly were collected using the PAI 
(punctual abundance index) method, which is a relative 
method of point counts implemented during the breeding 
period (when songbirds show spatiotemporal stability); this 
method is mainly based on the listening technic suggested 
by(Blondel et al 1970). This classic method, suited for forest 
birds in dense habitats (Morris 2001), allows significant 
comparisons of different songbird communities. 

Some groups (Apodidae, Hirundinidae, Corvidae, and 
Raptors) were counted by direct observation, which allowed 
to locate the nesting sites. For nocturnal birds (nightjars, 
owls), we organised night listening sessions in short field 
itineraries.  

The PAI surveys of the breeding birds, carried out by 
the same observer, were made in 2018 and 2019 during the 
spring season. The sampling operation happened within the 
first 3-5 hours after sunrise when the vocal activity of 
songbirds was at its maximum, during which we recorded all 
the birds seen or heard. The sampling is interrupted when the 
weather conditions are unfavourable to bird activity. 

Each listening point benefited from two spring visits 
between the mid-March and mid-April (early breeders) and 
between the first decade of May and the last decade of June 
(late breeders). In total, we carried out 340 partial PAI in 170 
sampling points.

 
Table 1 Environmental parameters useful for interpreting the bird communities of the Central High Atlas valleys. 

Parameter Definition Method 

Trees height 
Average of the tree heights in each 

forest sampling point 
Average calculates for a representative sample of trees 

Shrub height 
Average of the shrub plant heights in 

each forest sampling point 
Average calculates for a representative sample of plants 

Shrub coverage 
Coverage of shrub plants in each 

forest sampling point 
Estimated with help of photos  

Canopy coverage 
Surface occupied by trees species in 

each forest sampling point 
Estimated using Google Earth Pro imagery 

Trees density 
Number of trees in each forest 

sampling point 
Calculated using Google Earth Pro imagery 

Agricultural field 

coverage 

Area occupied by agricultural lands in 

each forest sampling point 
Estimated using Google Earth Pro imagery 

Number of trees and 

shrubs species 

Species richness of tree and shrub 

formations in each forest sampling 

point 

Calculated average of the number of trees and shrub species, 

sampled in the field and identified 

Water availability 
Presence of water resources in each 

forest stand 

Calculated in each forest stand based on the percentage of 

sampling points where water resources (springs, watercourses...) 

are available 

https://doi.org/10.31893/jabb.21001
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2.3. Environmental variables 
 

In each listening point, we estimated eight 
environmental variables characterising forest ecosystems 
(Table 1): tree height, shrub height, shrub coverage, canopy 
coverage, tree density, agricultural field coverage, number of 
plant species (only trees and shrubs) and water availability. 
 

2.4. Data analysis 
 

Recorded pairs were grouped for each habitat in both 
forests and open lands. Further, we calculated species 
richness (total number of bird species recorded for each 
habitat), abundance (number of breeding pairs), and 
frequency of occurrence (number of observations/total 
observation points) for each habitat. For abundance, we 
considered different indexes suggested by (Blondel et al 
1981): a singing male, courtship display, occupied nest, pair 
of birds, the family group are assigned to one pair for each 
breeding species, while a single bird, flying or foraging or 
calling, is assigned to 0.5 pair. We also calculated for each 
type of habitat the average bird richness and abundance in 
each sampling point to normalise the richness and 
abundance values in different types of habitats and avoid the 
effects of surfaces and the number of observation points 
among studied habitats. The frequency of occurrence of a 
species in each type of habitat is an additional criterion that 
informs on the birds' preferences and the organisation of 
their communities (Müller 1985). It is calculated using the 
formula K/N x 100 (N is the total number of sampling points 
in a habitat type, and K is the number of points hosting the 
species). We compared studied parameters counting richness 
and abundance among studied habitats in both forests and 
open lands with ANOVA one way test. 

We used Multivariate analysis to investigate the 
distribution of recorded species among studied habitats and 
controlling factors. For the selection of breeding habitats, 
breeding pairs of avian species (in our case, only 60 species 
were tested, while gregarious birds where pairs were unclear 
and birds unrelated to vegetation cover were excluded) were 
considered as dependent variables. In contrast, breeding 
habitats (n=8: four in forest ecosystems and four in open 
lands) were considered as factors (independent variables) 
and analysed with Factorial Correspondence Analysis (FCA) 
(Benzécri 1973). In our case, only two axes were generated 
and selected (with eigenvalues >1 and % variance>50%). To 
investigate the principal environmental variables 
characterising each habitat in forests, we used Canonical 
Correspondence Analysis CCA (ter Braak 1986). We 
considered breeding habitats selected by breeding pairs as 
dependent variables while environmental variables (n=8) 
were considered as factors. Statistical tests were conducted 
using SPSS 18 (SPSS IBM, 2009), and graphs were built using 
GraphPad Prism 9.0.0 software. 
 

3. Results 
 

3.1. Community of breeding species  
 

From 2018 to 2019, 92 breeding birds were recorded 
in studied valleys and counted breeders belonging to 34 
families and 13 orders. The order of Passeriformes counted 
61 species and 21 families (Figure 2), followed by 
Accipitriformes with seven species and one family, and 
Columbiformes with five species and one family. In contrast, 
five orders counting Coraciiformes, Cuculiformes 
Caprimulgiformes, Bucerotiformes, and Ciconiiformes 
recorded only one species and one family each and marked 
the less diverse orders. The most abundant families were 
Muscicapidae with 13 species, Fringillidae with eight species, 
and Accipitridae with seven species. In contrast, sixteen 
families counting Regulidae, Malaconotidae, Acrocephalidae, 
Cettiidae, Pycnonotidae, Cinclidae, Oriolidae, Laniidae, 
Phylloscopidae, Troglodytidae, Meropidae, Coraciidae, 
Cuculidae, Caprimulgidae, Upupidae, and Ciconiidae 
recorded only one species each and considered as less 
observed. 

The recorded species were dominated by resident 
birds with 62 species (68%), followed by migrant avifauna 
with 32 species (34%). On the other hand, among 
documented species, 91 birds were classified as least-
concern species according to UICN conservation status. Only 
the globally threatened Turtle dove Streptopelia turtur 
arenicola registered in both valleys was classified as 
vulnerable species. 

Trophic guilds of recorded species were diverse. 
Insectivorous dominated with 49 species (51.64%), 
principally Muscicapidae with 13 species, Sylviidae with five 
species, and Motacillidae with four species, followed by 
carnivorous, omnivorous, and granivorous with 15, 14, and 
12 species each, respectively. On the contrary, Species with a 
mixed diet (granivorous-insectivorous) counted only five 
species (5.49%) (Supplementary Material). 
 

3.2. Selection of nesting habitats 
 

3.2.1. Bird species richness and abundance  
 

The valley of Aït Bouguemez hosted 84 breeding 
species compared to 79 species recorded in the valley of 
Oued Ahansal. Recorded species belong to 13 orders and 32 
families in Aït Bouguemez, while in Oued Ahansal 33 families 
and 13 orders were documented. 

Bird richness and abundance were different among 
studied habitats (Table 2). In forest habitats counting Holm 
oak, Juniper, Aleppo pine, and black poplar, bird richness was 
similar, while abundance differed. The higher abundance was 
recorded in Juniper and Aleppo pine, while holm oak and 
black poplar recorded the lowest abundance. Equally, both 
richness and abundance in open lands were different in 
studied habitats. Agricultural lands and Grasslands recorded 
the highest richness and abundance, while Resin spurge and 
Spiny xerophytes steppes recorded the lowest rates.

 
 

https://doi.org/10.31893/jabb.21001
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Figure 1 Number of breeding Passerines by families present in the valleys of Ahansal and Aït Bouguemez. 

 
3.2.2. Bird species frequency 

 
The frequency of occurrence of avian species in forest 

and open lands are summarised in Figure 3. Accidental birds 
(5%< F < 25%) were the most recorded species in forests, 
mainly in Juniper, Holm oak, Aleppo pine, and Black poplar 
stands, followed by incidental birds (25%< F < 50%) 
principally in Juniper, Aleppo pine, and Holm oak. Rare 

(F<5%), regular (50%< F <75%), and constant birds 
(F>75%) marked the less observed species in forest habitats. 
Accidental species recorded the highest rates in all studied 
habitats in open lands. Incidental birds recorded the highest 
rates in Grasslands and Resin spurge. Rare birds recorded the 
highest rate in agricultural lands. In contrast, regular and 
constant birds recorded the lowest richness in all studied 
habitats. 

 
Table 2 Comparison of Breeding bird richness and abundance with ANOVA test (we compared the mean of observed pairs per observation 
point in each habitat). 

Forests stands 
 
Open lands 

Formations Bird richness Bird abundance  
 
Formations Bird richness Bird abundance  

Holm oak 8.35±2.64 10.18±4.98 
 
Grasslands 7.07±2.73 10.43±4.5 

Juniper 9.86±4.73 16.44±8.92 
 
Resin Spurge 5.91±2.98 7.32±6.49 

Aleppo Pine 8.25±4.55 16.67±10.88 
 
Spiny xerophytes 3.2±1.61 3.65±2.57 

Black poplar 8.33±3.08 11.11±6.35 
 
Agricultural lands 7.36±2.79 11.75±6.65 

F-value (f)  0.95 2,935 
 
F-value (f)  6.729 5,775 

P-value (p) 0.406 0,038 
 
P-value (p) 0.000 0,001 

Selected breeding habitats are summarised in Figure 
4. The xerophyte steppes were excluded from the analysis as 
they host some very characteristic species counting the 
Rhodopechys alienus, Eremophila alpestris, Oenanthe 
seebohmi, and Monticola saxatilis. These species appear to 
be off-centered in the FCA diagram, which dilutes the 
information provided by the first factorial axes. Thus, this 
analysis was restricted to 55 bird species. Eleven species 
counting Oriolus oriolus, Dendrocopos major, Picus vaillantii, 
Muscicapa striata, Coracias garrulus, Ficedula speculigera, 
Upupa epops, Carduelis carduelis, Coccothraustes 

coccothraustes, Pycnonotus barbatus, and Caprimulgus 
europaeus nested in habitats dominated by Black poplar. 
Thirteen species counting Galerida theklae, Oenanthe 
leucura, Phoenicurus moussieri, Linaria cannabina, Emberiza 
calandra, Motacilla flava, Motacilla alba, Petronia petronia, 
Lanius senator, Tchagra senegalus, Cuculus canorus, Pica 
Mauritanica, and Alectoris barbara selected commonly 
Grasslands and Resin spurge. Nine species counting Periparus 
ater, Cyanistes teneriffae, Parus major, Sylvia communis, 
Lullula arborea, Loxia curvirostra, Garrulus glandarius, Chloris 
chloris, And Columba palumbus, were most abundant in 

https://doi.org/10.31893/jabb.21001
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Aleppo pine forest. Finally, 21 species counting Turdus 
viscivorus, Fringilla coelebs, Turdus merula; Troglodytes 
troglodytes, Coturnix coturnix, Cettia cetti, Emberiza cia, 
Emberiza cirlus, Erithacus rubecula, Hippolais polyglotta, 
Luscinia megarhynchos, Monticola solitarius, Motacilla 
cinerea, Phylloscopus collybita, Phoenicurus ochruros, 

Regulus ignicapilla, Serinus serinus, Sylvia atricapilla, Sylvia 
cantillans, Sylvia conspicillata, and Sylvia melanocephala, 
used partially forests dominated by Holm oak, Phoenician 
juniper, as well as agricultural lands dominated by orchards 
and cereals. 
 

 

 

Figure 2 Number of breeding species by frequency classes in the eight habitat types. 

 
Figure 3 Projection on the first two axis of the Factorial Correspondence Analysis of habitat types and characteristic bird species. Species code: 

Abar: Alectoris barbara; EmCir: Emberiza cirlus; MotC: Motacilla cinérea; RegI: Regulus ignicapilla; CaC: Carduelis carduelis; Eru: Erithacus rubecula; MotF: 
Motacilla flava; SerS: Serinus serinus; CapE: Caprimulgus europaeus; FrCo: Fringilla coelebs; MuS: Muscicapa striata; SyA: Sylvia atricapilla; CC: Coturnix 
coturnix; Fs: Ficedula speculigera; OeL: Oenanthe leucura; SyCa: Sylvia cantillans; CeC: Cettia cetti; GarG: Garrulus glandarius; Oror: Oriolus oriolus; SyCo: Sylvia 
communis; ChCh: Chloris chloris; GT: Galerida theklae; ParM: Parus major; SylCons: Sylvia conspicillata; CoC: Coccothraustes coccothraustes; HiP: Hippolais 
polyglotta; PEP: Petronia petronia; SyM: Sylvia melanocephala; CoGa: Coracias garrulus; LA: Lullula arbórea; PerA: Periparus ater; TchS: Tchagra senegalus; 
CoP: Columba palumbus; LanS: Lanius senator; PhC: Phylloscopus collybita; TurM: Turdus merula; CuC: Cuculus canorus; LinC: Linaria cannabina; PhoM: 
Phoenicurus moussieri; TurT:  Streptopelia turtur; CyT: Cyanistes teneriffae; LoxC: Loxia curvirostra; PhoO: Phoenicurus ochruros; TurVi: Turdus viscivorus; DeM: 
Dendrocopos major; LusM: Luscinia megarhynchos; Pica: Pica Mauritanica; Upup: Upupa epops; EmCa: Emberiza calandra; MoSo: Monticola solitarius; PICv: 
Picus vaillantii; TrTr: Troglodytes troglodytes.

https://doi.org/10.31893/jabb.21001
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Multivariate CCA (Figure 5) showed that in Black 
poplar, the recorded breeders counting Dendrocopos major, 
Picus vaillantii, Coracias garrulus, Upupa epops, Ficedula 
speculigera, Muscicapa striata, Carduelis carduelis, 
Coccothraustes coccothraustes, Oriolus oriolus, and 
Streptopelia turtur arenicola were attracted principally to 
water and the height of both trees and shrub. Curruca 
melanocephala, Sylvia atricapilla, Regulus ignicapilla, 
Erithacus rubecula, Periparus ater, Troglodytes troglodytes, 
Garrulus glandarius, Luscinia megarhynchos, Turdus merula, 
Emberiza cia, and Alectoris barbara, were found in Holm oak 
Forest characterised by a high density of trees, high shrubs, 
and canopy coverage. Phoenicean juniper attracted birds 

counting Emberiza calandra, Emberiza cirlus, Lullula arborea, 
Hippolais polyglotta, Serinus serinus, Linaria cannabina, 
Chloris chloris, Lanius senator, Phoenicurus moussieri, 
Phylloscopus collybita, Curruca communis, Sylvia cantillans, 
Oenanthe leucura, Turdus viscivorus, and Monticola 
solitarius, due to the nearby areas occupied by agricultural 
fields rich in cultivated seeds and irrigation channels. In 
contrast, six species mainly Fringilla coelebs, Columba 
palumbus, Pycnonotus barbatus, Motacilla cinerea, Parus 
major, and Cyanistes teneriffae were common in all studied 
habitats and not influenced by their relevant characteristics. 
 

 
Figure 4 Projection on the first two axis of the Canonical Correspondence Analysis showing the relationships between environmental 
variables and bird species. Tree-H: Trees height; Shrub-H: Shrub height; Shrub-Cv%: Shrub coverage; Tree-CV%: canopy coverage; Tree-D: Trees Density; 

(T-S)Nb: (Trees-Shrub) species number; Agricult%: surface occupied by Agricultural fields; Water-F%: water availability.  
 
4. Discussion  

 

This study investigated the diversity of breeding birds 
and their affinity toward dominating forest and open lands in 
the Oued Ahansal and Aït Bouguemez valleys located in 
the Central High Atlas of Morocco. The obtained data are the 
first in this neglected zone of Moroccan and Northwest 
African ecosystems. Moreover, these data are of valuable 
importance in filling the gap of avifauna in Morocco. 

Our investigations revealed 92 breeding species 
among residents and migrants, dominated by Passeriformes, 
principally the families of Muscicapidae and Fringillidae 
(principally the Fringilla coelebs, Serinus serinus, and 
Cyanistes teneriffae that recorded the highest abundance 
respectively in all habitat types studied) which is similar to 
results revealed in Midelt (which only 180 km from our study 
area) in which 98 breeding species were recorded currently 
(Mansouri et al 2021a). Moreover, this study updated the 
breeding case of six species in the Central High Atlas valleys: 
Curruca conspicillata (with adult feeding nestlings in the 

xerophytic steppes of Aït Bouguemez) previously mentioned 
as a breeder in Zaouiat Ahansal (Thevenot et al 2005). 
Hippolais polyglotta (with more than 20 breeding pairs in 
agricultural lands in both studied valleys) previously 
mentioned nesting in Taghia springs (El Ghazi and 
Franchimont 1997); Tchagra senegala (with one pair in the 
resin spurge formations upstream of Bin El Ouidane 
lake) previously mentioned breeding in the foothills of the 
Central High Atlas (Smith 1965); The Monticola saxatilis (with 
one singing male and one sub-adult found at the xerophytic 
steppes near Izourar Lake) cited before as a breeder in Dadès 
Gorges and at Oukaïmden (Brosset 1957; El Ghazi and 
Franchimont 1997); Monticola solitarius (with one pair 
feeding nestlings above 2200m in Aït Bouguemez) previously 
mentioned as a breeder in the High Atlas (Barreau et al 1987). 
Aquila fasciata (with one pair nesting on a cliff at Aït 
Bouguemez valley) was mentioned once as a nester on Jbel 
Ayachi (Bergier and Naurois 1985). 

However, 34% of breeders were migrants, indicating 
the area's role in offering nesting requirements for migratory 
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breeding birds, including the globally threatened Turtle dove 
(Mansouri et al 2021a). This is of great importance since 
Turtle doves have lost the majority of thier breeding habitats 
in Europe (Moreno-Zarate et al 2020; Mansouri et al 2022b), 
which may help in the recovery of its population in the 
Southern Slope of the Mediterranean. Similarly, the recorded 
species demonstrated a diversified trophic diet counting 
granivorous, insectivorous, omnivorous, carnivorous, and 
mixed, and these indicate the richness of foraging resources 
in the study zone, which is of great importance for breeders 
during the incubation of chicks (Sommerfeld and Hennicke 
2010; Barger et al 2016), as demonstrated for Turtle dove in 
Midelt currently (Mansouri et al 2021b). 

Our study investigated the affinity of birds toward the 
forest and open habitats. In forests, the higher numbers of 
species were recorded in Aleppo pine (31 species), and Holm 
oak (30 species) which is in agreement with results revealed 
in Moroccan forests, counting Thuya and Cork oak forests, in 
which 44 breeding species were recorded (Cherkaoui et al 
2009; Hanane et al 2019), as well as with native oak forests 
of North-western Tunisia in which 31 nesting species were 
documented (Touihri et al 2014) and 39 bird species recorded 
in the Zeen oak stands in Algeria (Menaa et al 2016). 
Generally, forest ecosystems are known for their avian 
diversity on both slopes of the Mediterranean basin because 
of the abundance of nesting elements (forest trees) and 
foraging resources (wild seeds, fruits, insects, and water) 
(Prodon and Lebreton 1981; Mosimann et al 1987; Cherkaoui 
et al 2007;  Dronneau 2007; Bergner et al 2015; Hanzelka and 
Reif 2016). On the contrary, the riparian trees of Black poplar 
did not host a high species richness like the other stand types 
(20 species) despite their closest location to rivers rich in 
water. Similar results were currently revealed in three 
riparian zones in Midelt (Squalli et al 2022), in which only nine 
breeding birds were documented. However, the low species 
richness in poplar stands has been reported in Europe (Le 
Floch and Terrasson 1995; Mourgaud 1996; Rotach 2004), 
which is richer in water compared with North African 
ecosystems threatened by aridity (Escoriza and Pascual 
2021). 

On the other hand, the breeding avifauna in the high 
mountain steppes of the Central High Atlas is relatively poor 
compared to the other habitats in open fields, as they 
recorded the lowest species richness in the study region (10 
species). This very low richness at such high altitudes has 
been reported in a previous study carried out in the Western 
High Atlas in mount Toubkal (Cuzin 2010). It is probably due 
to the extreme conditions in this mountainous region, related 
to the high altitude, very low temperatures, late snowfall, 
and low productivity of the environment, limiting other bird 
species' presence. 

Canonical analysis showed the principal factors 
influencing birds' affinity toward studied habitats. In Holm 
oak forests, the breeding community was attracted by a 
higher density of trees, high shrubs, and canopy coverage, 
in Phoenicean juniper, breeding birds were attracted to areas 
occupied by agricultural fields rich in cultivated seeds and 

irrigation channels, and in Black poplar, the recorded 
breeders were attracted principally to water, the height of 
both trees and shrub. Similar results were revealed in natural 
and artificial forests in other Moroccan provinces (Hanane et 
al 2019) in which shrub layer complexity and tree size were 
the most factors influencing birds' diversity. Equally, the 
diversity, and abundance of trees and bushes have favoured 
avian diversity in Cork oak forests of Maamora located in 
Northwest Morocco (Cherkaoui et al 2009). Moreover, 
currently, segregation of foraging resources (fruits and wild 
seeds in forests, water and cultivated seeds in riparian 
vegetation and farmlands) and nesting supports (forest trees 
in Holm oak and Juniper, riparian trees in Black poplar, 
orchards in farmlands) have revealed important effects on 
the distribution of birds among forest stands, riparian 
habitats, and farmlands and these are suggested to lead to 
segregation of selected habitat between breeding birds 
(Duron et al 2018; Mansouri et al 2022a; Squalli et al 2022) 
since recorded birds were different in their nesting 
requirements (cavity-nesting, farmland birds, and riparian 
species)  and trophic guilds. 

Accidental and incidental birds were the most 
observed species in both forest and open habitats compared 
with constant and regular species. These findings indicate 
that these habitats are not balanced since the richness of 
regular birds was lower. This is the case in most North African 
natural ecosystems impacted by natural and human factors 
(le Polain de Waroux and Lambin 2012; Chebli et al 2021). 
Currently, degradation of natural habitats, counting forests 
(Barakat et al 2018, 2019) and intensification of farming 
activities (Hilali et al 2021) have shown adverse effects on 
avian species in the study area, counting the vulnerable doves 
impacted by human farming practices (Hanane 2016; 
Mansouri et al 2020; Squalli et al 2022). 
 

5. Conclusions 
 

In summary, throughout this study, we documented 
the diversity of breeding birds in the Central High Atlas valleys 
of Beni Mellal, Morocco. Gained results revealed remarkable 
breeding communities of migrant and resident species in 
both forest and open lands, as well as diversity in trophic 
guilds of recorded birds. Equally, we demonstrated the 
impacts of higher density of trees, high shrubs, canopy 
coverage, agricultural fields, and water resources in 
controlling the attractiveness of selected habitats toward 
breeding pairs. The abundance of rare and accidental birds 
demonstrated the vulnerability of forests and open lands in 
the study area. Therefore, more deep investigations are 
urgently required to clarify the ecological roles of this 
important ecosystem in the way to classify them as sites of 
biological and ecological interest, which is suggested to 
increase the protection of potentially vulnerable elements. 

  
Conflict of Interest 
 

The authors declare no conflict of interest. 
 

 

https://doi.org/10.31893/jabb.21001
http://www.jabbnet.com/
https://www.malque.pub/


 
9 

 

  

 
Mounir et al. (2022) 

www.jabbnet.com 

www.jabbnet.com 

Funding 
 

This research did not receive any financial support. 
 

References 

Abel-Schaad D, Iriarte E, López-Sáez JA, et al (2018) Are Cedrus atlantica 
forests in the Rif Mountains of Morocco heading towards local extinction? 
Holocene 28:1023–1037. 

Ajbilou R, Marañón T, Arroyo J (2006) Ecological and biogeographical 
analyses of Mediterranean forests of northern Morocco. Acta Oecologica 
29:104–113. 

Ater M, Radi M, Kadiri M, et al (2008) Structure et diversité de l ’ avifaune 
des ripisylves du bassin versant de l ’ Oued Laou. 27–35 

Auclair L (1996) L’appropriation communautaire des forêts dans le Haut Atlas 
marocain. Cah Sci hum 32:177–194 

Auclair L, Alifriqui M (2012) Agdal : patrimoine socio-écologique de l’Atlas 
marocain. 

Aude Nuscia T, El Khalki Y, El Hannani M (2015) Atlas régional Région du Tadla 
Azilal Maroc 

Ayache F, Thompson JR, Flower RJ, et al (2009) Environmental 
characteristics, landscape history and pressures on three coastal lagoons in 
the southern mediterranean region: Merja zerga Morocco, ghar el melh 
Tunisia and lake manzala Egypt. Hydrobiologia 622:15–43.  

Barakat A, Khellouk R, El Jazouli A, et al (2018) Monitoring of forest cover 
dynamics in eastern area of Béni-Mellal Province using ASTER and Sentinel-
2A multispectral data. Geology, Ecology, and Landscapes 2:203–215.  

Barakat A, Ouargaf Z, Khellouk R, et al (2019) Land Use/Land Cover Change 
and Environmental Impact Assessment in Béni-Mellal District (Morocco) 
Using Remote Sensing and GIS. Earth Systems and Environment 3:113–125.  

Barger CP, Young RC, Will A, et al (2016) Resource Partitioning between 
sympatric seabird species increases during chick-rearing. Ecosphere 7:. 
https://doi.org/10.1002/ecs2.1447 

Barreau D, Bergier P, Lesne L (1987) L’avifaune de l’Oukaimeden, 2200-3600 
m (Haut Atlas, Maroc). Oiseau et la Revue Francaise d’Ornithologie 57:307–
367 

Bartolommei P, Mortelliti A, Pezzo F, Puglisi L (2013) Distribution of 
nocturnal birds (Strigiformes and Caprimulgidae) in relation to land-use 
types, extent and configuration in agricultural landscapes of Central Italy. 
Rendiconti Lincei 24:13–21.  

Benzécri JP (1973) L’analyse des correspondances. Dunod, Paris 

Bergier P, Naurois R de (1985) Note sur la reproduction de l’Aigle de Bonelli 
Hieraaetus fasciatus en Afrique de Nord-Ouest. Alauda 53:257–262 

Bergner A, Avci M, Eryiğit H, et al (2015) Influences of forest type and habitat 
structure on bird assemblages of oak (Quercus spp.) and pine (Pinus spp.) 
stands in southwestern Turkey. Forest Ecology and Management 336:137–
147.  

Blondel J, Ferry C, Frochot B (1970) La méthode des indices ponctuels 
d’abondance (IPA) ou des relevés d’avifaune par “stations d’écoute.” Alauda 
38:55–71 

Blondel J, Ferry C, Frochot B (1981) Point counts with unlimited distance. 
Studies in Avian Biology 6:414–420 

Brosset A (1957) Contribution à l’étude des oiseaux de l’Oukaïmeden et de 
l’Angour (Haut-Atlas). Alauda 

Campos-Silva LA, Piratelli AJ (2021) Vegetation structure drives taxonomic 
diversity and functional traits of birds in urban private native forest 
fragments. Urban Ecosystems 24:375–390.  

Chebli Y, El Otmani S, Elame F, et al (2021) Silvopastoral system in morocco: 
Focus on their importance, strategic functions, and recent changes in the 
mediterranean side. Sustainability (Switzerland) 13. 
https://doi.org/10.3390/su131910744 

Cherkaoui I, Selmi S, Boukhriss J, et al (2009) Factors affecting bird richness 
in a fragmented cork oak forest in Morocco. Acta Oecologica 35:197–205.  

Cherkaoui I, Selmi S, Boukhriss J, et al (2007) Les oiseaux de la subéraie de la 
Ma’amora (Maroc) phénologie du peuplement, statut des espèces nicheuses 
et évolution depuis le début du vingtième siècle. Alauda (Dijon) 75:15–32 

Cuzin F (2010) L’avifaune de très haute altitude du Parc National du Toubkal 
(Haut Atlas, Maroc). Bulletin de l’Institut Scientifique, Rabat, section Sciences 
de la Vie 32:25–32 

Dronneau C (2007) peuplement d’oiseaux nicheurs d’une forêt alluviale du 
rhin (suite et fin). 373–388 

Duron Q, Jiménez JE, Vergara PM, et al (2018) Intersexual segregation in 
foraging microhabitat use by Magellanic Woodpeckers (Campephilus 
magellanicus): Seasonal and habitat effects at the world's southernmost 
forests. Austral Ecology 43:25–34. 

El Ghazi A, Franchimont J (1997) Chronique ornithologique du GOMAC pour 
1996 - Partie I: des Grèbes aux Pics. Porphyrio 9:70–164 

El Hassani A, Mansouri I, Squalli W, et al (2021) Breeding Performances of 
the European Blackbird (Turdus merula) in Morocco: Habitat Selection, 
Breeding Phenology, and Breeding Success. International Journal of Zoology 
2021:. https://doi.org/10.1155/2021/7742894 

Escoriza D, Pascual G (2021) Habitat occupancy by semi-aquatic reptiles on 
an aridity gradient in the western Mediterranean. River Research and 
Applications 37:1233–1242.  

Fernández-Juricic E (2004) Spatial and temporal analysis of the distribution 
of forest specialists in an urban-fragmented landscape (Madrid, Spain): 
Implications for local and regional bird conservation. Landscape and Urban 
Planning 69:17–32. h 

Green AJ, Hamzaoui M El, El Agbani MA, Franchimont J (2002) The 
conservation status of Moroccan wetlands with particular reference to 
waterbirds and to changes since 1978. Biological Conservation 104:71–82.  

Hanane S (2016) Effects of location, orchard type, laying period and nest 
position on the reproductive performance of Turtle Doves (Streptopelia 
turtur) on intensively cultivated farmland. Avian Research 7:. 
https://doi.org/10.1186/s40657-016-0039-0 

Hanane S, Baamal L (2011) Are Moroccan fruit orchards suitable breeding 
habitats for Turtle Doves Streptopelia turtur? Bird Study 58:57–67.  

Hanane S, Besnard A, Aafi A (2012) Factors affecting reproduction of 
Woodpigeons Columba palumbus in North African forests: 1. Nest habitat 
selection. Bird Study 59:463–473.  

Hanane S, Cherkaoui SI, Magri N, Yassin M (2019) Bird species richness in 
artificial plantations and natural forests in a North African agroforestry 
system: assessment and implications. Agroforestry Systems 93:1755–1764.  

Hanzelka J, Reif J (2016) Effects of vegetation structure on the diversity of 
breeding bird communities in forest stands of non-native black pine (Pinus 
nigra A.) and black locust (Robinia pseudoacacia L.) in the Czech Republic. 
Forest Ecology and Management 379:102–113.  

Hilali A, El Baghdadi M, El Hamzaoui EH (2021) GIS and AHP multi-criteria 
analysis methods for the quality assessment of agricultural soils irrigated 
with wastewater: case of the Day River, Beni Mellal (Morocco). Arabian 
Journal of Geosciences 14:. https://doi.org/10.1007/s12517-021-08654-3 

Hilgerloh G, Weinbecker J, Zehtindjiev P (2006) Autumn migration of 
passerine long-distance migrants in northern Morocco observed by moon-
watching. Ringing and Migration 23:53–56.  

Ibn Tattou M, Fennane M (2006) Projet de gestion des aires protégées (GEF 
– TF 023494 – (MOR) - Sibe de TAMGA VOLET BOTANIQUE 

Khelifa R, Zebsa R, Amari H, et al (2017) Unravelling the drastic range 
retraction of an emblematic songbird of North Africa: Potential threats to 
Afro-Palearctic migratory birds. Scientific Reports 7:. 
https://doi.org/10.1038/s41598-017-01103-w 

Le Floch S, Terrasson D (1995) Enjeux écologiques et sociaux autour d’un 
paysage rural : le développement de la populiculture dans les “Basses 
Vallées” Angevines. Natures Sciences Sociétés 3:129–143.  

le Polain de Waroux Y, Lambin EF (2012) Monitoring degradation in arid and 
semi-arid forests and woodlands: The case of the argan woodlands 
(Morocco). Applied Geography 32:777–786.  

 

https://doi.org/10.31893/jabb.21001
http://www.jabbnet.com/
https://www.malque.pub/


 
10 

 

  

 
Mounir et al. (2022) 

www.jabbnet.com 

www.jabbnet.com 

Mansouri I, Al-Sadoon MK, Rochdi M, et al (2019) Diversity of feeding 
habitats and diet composition in the turtle doves Streptopelia turtur to buffer 
loss and modification of natural habitats during breeding season. Saudi 
Journal of Biological Sciences 26:957–962.  

Mansouri I, Dakki M, Issoussaid, et al (2018) The first survey of European 
Serinchick's growth under natural conditions: Which organs get maturity 
before nest leaving? Research Journal of Pharmaceutical, Biological and 
Chemical Sciences 9:64–73 

Mansouri I, Mounir M, Squalli W, et al (2020) Migratory Dates, Breeding 
Phenology, and Reproductive Success of European Turtle Doves between 
Lowlands and Highest Breeding Habitats in North Africa. International 
Journal of Zoology 2020:. https://doi.org/10.1155/2020/8816577 

Mansouri I, Squalli W, Agy A El, et al (2022a) Analysis of Moroccan breeding 
and wintering population of the vulnerable European Turtle dove 
Streptopelia turtur: Breeding habitats, wintering sites and governing factors. 
Scientific African 15:. https://doi.org/10.1016/j.sciaf.2022.e01110 

Mansouri I, Squalli W, Agy A El, et al (2022b) Analysis of Moroccan breeding 
and wintering population of the vulnerable European Turtle dove 
Streptopelia turtur: Breeding habitats, wintering sites and governing factors. 
Scientific African 15:. https://doi.org/10.1016/j.sciaf.2022.e01110 

Mansouri I, Squalli W, El Agy A, et al (2021a) Avifauna diversity in the gate 
between humid atlas and saharan desert: Midelt province, morocco. 
International Journal of Zoology 2021:. 
https://doi.org/10.1155/2021/5557921 

Mansouri I, Squalli W, El Agy A, et al (2021b) Comparison of Nesting Features 
and Breeding Success of Turtle Dove Streptopelia turtur between Orchards 
and Riparian Habitats. International Journal of Zoology 2021:. 
https://doi.org/10.1155/2021/5566398 

Menaa M, Cherif Maazi M, Telailia S, et al (2016) Richness and habitat 
relationships of forest birds in the zeen oak woodland (Forest of 
Boumezrane, Souk-Ahras), Northeastern Algeria. Pakistan Journal of Zoology 
48:1059–1069 

Moreno-Zarate L, Estrada A, Peach W, Arroyo B (2020) Spatial heterogeneity 
in population change of the globally threatened European turtle dove in 
Spain: The role of environmental favourability and land use. Diversity and 
Distributions 26:818–831.  

Morris SR (2001) Bird Census Techniques, 2nd edn. Academic Press, London 

Mosimann P, Naef-Daenzer B, Blattner M (1987) Die Zusammensetzung der 
Avifauna in typischen Waldgesellschaften der Schweiz. Der Ornithologische 
Beobachter 84:275–299. 

Mourgaud G (1996) Étude comparative des passereaux nicheurs en prairie 
alluviale et en peupleraie dans les Basses Vallées Angevines. Crex 1:25–31 

Muiruri EW, Rainio K, Koricheva J (2016) Do birds see the forest for the trees? 
Scale-dependent effects of tree diversity on avian predation of artificial 
larvae. Oecologia 180:619–630.  

Muller SD, Rhazi L, Andrieux B, et al (2015) Vegetation history of the western 
Rif mountains (NW Morocco): origin, late-Holocene dynamics and human 
impact. Vegetation History and Archaeobotany 24:487–501.  

Müller Y (1985) L’Avifaune forestière nicheuse des Vosges du Nord : sa place 
dans le contexte médio-européen (Doctoral dissertation, Dijon). 318 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ouassou A, Dakki M, Lahrouz S, et al (2018) Status and Trends of the 
Ferruginous Duck’s (Aythya nyroca) Wintering Population in Morocco: 
Analysis of 35 Years of Winter Census Data (1983-2017). International 
Journal of Zoology 2018:. https://doi.org/10.1155/2018/5767194 

Prodon R, Lebreton J-D (1981) Breeding Avifauna of a Mediterranean 
Succession: The Holm oak and Cork Oak Series in the Eastern Pyrenees, 1. 
Analysis and Modelling of the Structure Gradient. Oikos 37:21 

Rhanem M (1985) Etude phyto-écologique des versants de la vallée des Aït-
Bou-Guemmez. Montpellier 

Romagny B, Auclair L, Elgueroua A (2008) La gestion des ressources 
naturelles dans la vallée des Aït Bouguemez (Haut Atlas): la montagne 
marocaine à la recherche d’innovations institutionnelles. Mondes en 
développement 63–80 

Rotach P (2004) Poplars and biodiversity. Populus nigra network: seventh 
and eighth meetings 79–100. 

Salai KE, Mansouri I, Squalli W, et al (2021) Nesting features and breeding 
chronology of the crested coot (Fulica cristata) in two North African high 
altitude wetlands. Journal of Animal Behaviour and Biometeorology 9:. 
https://doi.org/10.31893/JABB.21029 

Schuster R, Arcese P (2013) Using bird species community occurrence to 
prioritise forests for old growth restoration. Ecography 36:499–507. 
https://doi.org/10.1111/j.1600-0587.2012.07681.x 

Smith KD (1965) on the Birds of Morocco. Ibis 107:493–526. 

Sommerfeld J, Hennicke JC (2010) Comparison of trip duration, activity 
pattern and diving behaviour by Red-tailed Tropicbirds (Phaethon 
rubricauda) during incubation and chick-rearing. Emu 110:78–86.  

Squalli W, Mansouri I, Dakki M, Fadil F (2020) Nesting habitat and breeding 
success of Fulica atra in tree wetlands in Fez's region, central Morocco. 
Journal of Animal Behaviour and Biometeorology 8:282–287.  

Squalli W, Mansouri I, Ousaaid D, et al (2022) A New Feature of Nesting 
Ecology in the Vulnerable European Turtle Dove: Nest Site and Nesting Tree 
Sharing with Coexisting Species at Three North African Wetlands. 
International Journal of Ecology 2022:. 
https://doi.org/10.1155/2022/9922971 

Taleb MS, Fennane M (2019) Vascular Plant Communities of Morocco. 
Springer International Publishing, New York, NY, USA 

ter Braak CJ (1986) Canonical correspondence analysis: a new eigenvector 
technique for multivariate direct gradient analysis. Ecology 67:1167–1179 

Thévenot M (1976) Les oiseaux de la réserve de Sidi-Bou-Rhaba. Bull Inst Sci 
Rabat 1:68–90 

Thevenot M, Vernon R, Bergier P (2005) The Birds of Morocco. The Auk 
122:1303–1305.  

Touhami F, Idrissi HR, Benhoussa A (2020) Foraging behaviour of wintering 
shorebirds at Merja Zerga lagoon (Atlantic coast, Morocco). Ostrich 91:244–
251.  

Touihri M, Villard MA, Charfi F (2014) Cavity-nesting birds show threshold 
responses to stand structure in native oak forests of northwestern Tunisia. 
Forest Ecology and Management 325:1–7.  

Waters S, Harrad A El, Chetuan M, et al (2017) Dogs Disrupting Wildlife: 
Domestic Dogs Harass and Kill Barbary Macaques in Bouhachem Forest, 
Northern Morocco. African Primates 12:55–58. 

 

 
 

https://doi.org/10.31893/jabb.21001
http://www.jabbnet.com/
https://www.malque.pub/

	1. Introduction

