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Diversidad de aves en entornos agrícolas, humedales y 
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ABSTRACT

A survey of avian diversity in a specific environment is the first step to 
deeply understand the importance of this area, and to implement appropri-
ate conservation policies. From January 2015 to December 2020, monthly 
surveys were conducted in Morocco’s Moulouya High plain. The study 
documented 136 avian species belonging to 44 families and 21 orders. In 
addition, five species of conservation concern, namely the endangered Neo-
phron percnopterus (migrant); the Near Threatened Aythya nyroca (wintering) 
and Gypaetus barbatus (resident summering); the Vulnerable Streptopelia 
turtur (migrant breeder), and Chersophilus duponti (resident breeder), were 
observed in the Moulouya High plain. On the other hand, the comparison 
of the diversity indices (Margalef, Simpson, and Shannon-Wiener indices) 
and compositional parameters (Taxa and abundance) revealed the maxi-
mum avian richness in forest and wetland habitats, while farmlands were 
the least diverse habitats. Finally, this study provides the first and only 
comprehensive data on the Moulouya High plain’s bird species. The data 
collected from this study will be useful for future conservation efforts and 
the monitoring of the most endangered species and their habitats.
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RESUMEN

Un estudio de la diversidad de aves en un entorno específico es el primer 
paso para comprender en profundidad la importancia de esta zona y apli-
car políticas de conservación adecuadas. De enero de 2015 a diciembre de 
2020, se realizaron estudios mensuales en las altas mesetas de Moulouya 
en Marruecos. El estudio documentó 136 especies de aves pertenecientes 
a 44 familias y 21 órdenes. Además, se observaron en dicha altiplanicie 
cinco especies de interés para la conservación, a saber: Neophron perc-
nopterus (migrante), en peligro de extinción; Aythya nyroca (invernante), 
y Gypaetus barbatus (residente veraneante), en una situación casi amenaza-
da; Streptopelia turtur (migrante reproductora), vulnerable, y Chersophilus 
duponti (residente reproductora). Por otra parte, la comparación de los 
índices de diversidad (índices de Margalef, Simpson y Shannon-Wiener) 
y los parámetros de composición (Taxa y abundancia) revelaron que la 
máxima riqueza de aves se registró en los hábitats de bosque y humedal, 
mientras que las tierras agrícolas fueron los hábitats menos diversos. Fi-
nalmente, este estudio proporciona los primeros y únicos datos comple-
tos sobre las especies de aves de la Alta Planicie de Moulouya. Los datos 
recopilados en este estudio serán útiles para futuros esfuerzos de conser-
vación y para el seguimiento de las especies más amenazadas y sus hábitats. 
 

Palabras clave: Especies en peligro, biodiversidad, Alta Planicie de Moulouya, especies 
de aves.

INTRODUCTION

Investigating bioecological and habitat diversity on a large scale is diffi-
cult (Dobson, 2005) political leaders at the 2002 World Summit on Sus-
tainable Development (held in Johannesburg, South Africa. Patterns of 
biogeographical dispersal, species frontiers, dissimilarity, and taxonomy 
diversity should be examined and determined for both animal and plant 
species (Martínez-Ortega, Delgado, Albach, Elena-Rossello, Rico, 2004). A 
regional perspective of spatial deviation in endemism and diversity should 
integrate habitat records, which should be used to identify tiers of diversity 
at the local scale (Colwell and Coddington, 1994). Therefore, to have a com-
prehensive understanding of the mechanisms influencing diversity profiles, 
these configurations can be associated with other factors, including abiotic 
aspects of the environment (Poff and Ward, 1990). The achievement of this 
combination, primarily modalities of ecological diversity, is of paramount 
importance for scientific and public awareness as well as for management 
purposes toward the progression of ecological richness. 

Morocco is situated in the extreme western portion of the Mediter-
ranean basin, and it is one of the 25 diversified countries and the most 
threatened ecoregions of the planet. It is distinguished by its maritime 
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diversity, ranking second in term of vegetation and animal richness in the 
entire Mediterranean zone. Furthermore, Morocco hosts more than 31,000 
species of both animal and vegetal, of which nearly 11 % are limited to the 
Moroccan territory. On the other hand, Morocco’s residences have about 
500,000 birds, including breeding, resident, migrating, wintering, and ac-
cident visitor species (Dakki, Qninba, El Agbani, Benhoussa, Beaubrun, 
2001; Maggini and Bairlein, 2011; Cherkaoui, Magri, and Hanane, 2016).

The biodiversity of plants and animals in Morocco is preserved by 
various factors, such as the variety of environments (forests, coastlines, 
mountains, etc.) (Dakki, El FEllah, and Qninba, 2020; Fouzi, Youness, 
Guy, Ali, Andrés, 2020), variable climatic conditions (Mediterranean in the 
North, Mountainous in central, and Saharan in the South) (Tramblay et al., 
2012)past trends in extreme precipitation and future projections using an 
ensemble of regional climate models (RCM, and geographical localization 
(crossroad between Europe and Africa). In reality, Morocco records ten 
natural/national parks, including three with marine boundaries within their 
borders, 38 wetlands classified as RAMSAR sites and 160 sites classified as 
Spots of Biological and Ecological Interest (SIBE) (Dakki, Menioui, Am-
haouch, 2016). In addition, Morocco is considered the gateway between the 
African continent in the south and the European continent in the North for 
millions of migrant birds (Sander, Eccard, Heim, 2017). However, Moroc-
can systems are less studied despite their productivity and diversity because 
many are affected by both natural and man-made factors, such as habitat 
change and agriculture expansion. In Morocco’s rich biodiversity context, 
Arabi et al. (2024) reported that various challenges affected Moroccan bio-
diversity, including forest reduction, declining mammalian diversity, and 
agricultural water stress (Arabi et al., 2024). In the same vein, numerous 
studies have proclaimed that climate change affects the potential distri-
bution of different species (Moukrim et al., 2019; Kassout et al., 2022)we 
successfully modeled the habitat suitability of this species for the current 
and future climate change scenarios (2050 and 2070. 

Within this framework, this investigation has two principal purposes: 
(i) to present a list of recorded avian species in the High plain of Moulouya, 
and (ii) to present habitat uses, mainly the importance of forests, wetlands, 
and farmlands for breeding, and foraging avian populations. 

METHODS AND MATERIALS

Study area

Moulouya High plain is located in the center of Morocco, in the connec-
tion between the South of Fez-Boulmane and North of the Daraa-Tafilalet 
regions (Figure 1). Geographically, the Moulouya High plain is situated in 
the Eastern limit of the High Atlas Mountains and the South-eastern limit 
of the Middle Atlas, on a raised plain between 1300 and 1500 m (Chiapuris, 
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1979; Depreux et al., 2021). This zone surrounds the last humid ecosystems, 
including forests, rivers, and ponds in the Northwest of the Tafilalet palm 
oasis. In addition, the upper Moulouya is predominated by irrigated and 
rained agroecosystems. The main watered harvests are fruit agrosystems, 
mostly apple cultures, vegetables, and forage yields, while the key crops in 
rained lands are cereals, including wheat and barley.

Data collection

We selected the Moulouya High Plain based on its location between the 
Atlas mountainous chains, which are categorized as the water tower of 
central Morocco, and the first North African Saharan lands in the eastern 
Tafilalet. Additionally, this zone hosts two RAMSAR wetlands, the Isli and 
Tislit lakes, which are classified as the least mountainous wetlands that 
can be used by Palearctic migrant species as stopover sites before cross-
ing the long Saharan flyway. Consequently, understanding the biological 
diversity of avian species and habitat use in this distinctive zone will be 
of great interest for future comparative studies and the implementation of 
conservation strategies.

Three principal ecosystems were distinguished in the upper Moulouya: 
farmlands, wetlands, and forests (Table 1). In each habitat, we recorded the 
avian species and other data that are susceptible to interference with the 
abundance and richness of the species. Avian species and abundance were 

Figure 1. The main dominating habitats in the upper Moulouya plain (central Morocco).

Figura 1. Principales hábitats dominantes en la llanura superior de Moulouya (Marruecos 
central).
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Table 1. Type and geographical location of explored habitats in the upper Moulouya.

Tabla 1. Tipo y localización geográfica de los hábitats explorados en los altos de Moulouya.

Habitats Sites Local name Geographical location

Wetlands

 

Forests

Farmlands

 

 

 

River

 

 

 

 

 

 

 

Dum

Forests

 

 

 

 

 

 

 

 

 

 

Steppe Halpha

(Stipa tenacissima)

Mugwort white grass 

(Artemisia herba-alba)

 

 

 

Orchards

 

 

Cereals

Ansguemir

Tissouite

Moulouya

Tabelkhirte

Ighesdis

Tatteouine

Aguersif

Tanourdi

Tamaloute

Hassan II

Imtchimne

Tounfite

Ait Ouchen

Abouazam

Mi Tqan

Sidi Yahya Oyoussef 1

Sidi Yahya Oyoussef 2

Itzer

Tanourdi

Jaafar

Ait Brahim

Mibladen

Toughach

Aouli

Izegaghen

Ghalban

Aaride

Ait Ayach

Ait Oumghar

Zaida

Ait Ayach valley

Zebzate

Ait Mouli

Lksabi

Taddamoute

Midelt

Ait Izdeg

Boulaajoul

Taouraoute

Boumia

Tamouajjat

Boulbzouz-Tabelkhirte

Ait Bouali

Boumia plain

Tadaout nsouk

Aghbalou

Tanourdi

Boutkhoubay

32°41’11.88”N

32°36’52.48”N

32°43’41.15”N

32°40’41.89”N

32°44’50.63”N

32°36’0.51”N

32°51’31.14”N

32°50’19.11”N

32°31’47.73”N

32°47’30.42”N

32°31’22.98”N

32°28’42.18”N

32°29’43.04”N

32°32’38.87”N

32°31’44.01”N

32°27’29.24”N

32°27’1.92”N

32°50’27.58”N

32°50’50.93”N

32°34’1.61”N

32°50’45.40”N

32°45’34.92”N

32°44’21.06”N

32°49’29.99”N

32°43’1.04”N

32°42’51.05”N

32°37’21.99”N

32°36’36.04”N

32°40’15.87”N

32°51’30.30”N

32°34’12.29”N

32°39’31.96”N

32°46’47.06”N

32°49’57.46”N

32°42’11.61”N

32°41’0.08”N

32°39’43.73”N

32°52’49.33”N

32°34’20.96”N

32°43’0.55”N

32°43’15.57”N

32°39’52.37”N

32°37’47.04”N

32°44’16.63”N

32°44’32.90”N

32°42’11.84”N

32°48’1.69”N

32°45’4.15”N

4°57’56.21”W

4°43’27.38”W

5° 5’16.50”W

5° 9’30.29”W

5°10’15.81”W

4°45’56.20”W

  5° 5’17.53”W

5° 9’17.73”W

5° 4’33.95”W

4°46’8.34”W

5° 3’17.51”W

5°14’12.38”W

5° 6’24.79”W

5° 4’8.29”W

4°59’24.88”W

5°21’55.82”W

5°25’22.71”W

5° 8’39.90”W

5° 9’54.88”W

4°55’3.47”W

5°10’34.38”W

4°37’38.93”W

4°54’11.46”W

4°32’49.19”W

4°37’15.92”W

4°52’13.34”W

5° 2’37.04”W

4°58’23.88”W

4°54’46.69”W

4°55’30.78”W

5° 3’14.04”W

4°35’3.03”W

4°58’33.35”W

4°29’43.34”W

4°46’41.76”W

4°45’1.99”W

4°45’55.10”W

4°57’1.39”W

4°57’52.94”W

5° 6’19.46”W

5° 3’52.44”W

5° 8’21.41”W

5° 9’36.17”W

5° 5’21.32”W

5° 8’57.05”W

5°11’47.87”W

5°11’50.75”W

5°11’48.44”W
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monitored and documented during the breeding, migration, and wintering 
periods (January 2015 to December 2020). In forest and farmland habitats, 
birds were surveyed via point-counting, with 7-10 km walking distances 
based on the surface of the explored habitat (Bibby, Burgess, Hill, Mustoe, 
2000). “Point-count” is an operational approach for studying highly mobile 
and varying avian species (Bani, Massimo, Bottoni, Massa, 2006) because 
it allows wide range of monitoring of both the sample landscape and its 
adjacent environment (Gervasi et al., 2024) especially at the scale of an en-
tire country. To produce wolf distribution and abundance estimates for the 
whole south-central portion of the Italian wolf population, we developed 
an integrated spatial model, based on the data collected during a 7-month 
sampling campaign in 2020–2021. Data collection comprised an extensive 
survey of wolf presence signs, and an intensive survey in 13 sampling ar-
eas, aimed at collecting non-invasive genetic samples (NGS. Furthermore, 
this technique can gather a wide range of ecological and environmental 
data related to species in a cost-effective manner (Selmi and Boulinier, 
2003). Equally, we recorded breeding species for each habitat based on nests 
(during construction or occupation during incubation) or chicks (mainly 
for species characterized by discreet nesting).

Finally, we calculated percentages of documented and breeding species 
for each ecosystem (number of observed or breeding birds in the habitat/
total observed or breeding birds in the entire Moulouya High plain) and 
data were plotted on a map of the entire study area using QGIS (open 
sources). Additionally, make the map more accurate, it was constructed for 
2020, to clarify the habitat use by avian species.

Data analysis

First, we calculated species diversity indices based on data collected from 
2015 to 2020 (12 Months), to compare the diversity among different studied 
ecosystems. We used the Margalef (D), Simpson (D) and Shannon-Wiener 
(H) indices, which are crucial indices for evaluating of any habitat diversity.

I) Index of Shannon-Wiener: H’ = Ʃpi (Magurran, 2013),

II)	 Index	of	Margalef:	D	=	S−1/	ln	N	(Farris,	1976),

III) Index of Simpson: lambda = sum{i=1}^{R}p_{i}^{2}.

For the Margalef index, the S parameter denotes the total number of 
avian species, and the N parameter represents the total number of indi-
viduals documented for all species. While for Shannon-Wiener and Simp-
son indices, the pi parameter denotes the sum of the recorded birds for 
each species, and the i/aggregate number of documented avian species. 
Furthermore, we calculated the abundance as the relative size of an avian 
population, estimated from calculations of the total number of individuals 
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documented in every study site (taking account the number of transects 
and study period). In parallel, the birds were divided following orders, 
families, phenological status, and conservation status. The diversity indices, 
total species, and breeding population were estimated (five years and 12 
months) and compared for all ecosystems using ANOVA. All analysis was 
executed using SPSS 18 (SPSS IBM, 2009).

RESULTS

Diversity of avian species

The diversity, phenology, and conservation status of documented avian 
species throughout the Moulouya high plain are presented in Table 2.

Figure 2. Summery of avian distribution and richness of studied ecosystems in Moulouya 
High plain.

Figura 2. Resumen de la distribución y riqueza de aves de los ecosistemas estudiados en 
la Alta Llanura de Moulouya.
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From 2015 to 2020, 136 species, divided into 44 families, and 21 orders, 
were documented in the upper Moulouya. Passeriformes with 71 species 
and 20 families were the most documented orders, followed by Accipitri-
formes with 13 species and one family, whereas Ciconiiformes, Suliformes, 
Caprimulgiformes, Bucerotiformes, and Otidiformes were the less frequent-
ly observed orders with one family and one species for each. Equally, Ac-
cipitridae with 13 species, Alaudidae with 9 birds, and Muscicapidae with 
9 birds were the furthermost recorded families, while Caprimulgidae, Trog-
lodytidae, Oriolidae, Phalacrocoracidae, Ciconiidae, and Upupidae were the 
less important families recorded in the Moulouya high plain, with one bird 
for each family. The Fringillidae family was the most observed (in term of 
abundance) in the study area, mostly Serinus serinus and Linaria cannabina, 
while the family of Accipitridae represented by Neophron percnopterus and 
Gypaetus barbatus were the less frequently observed avian species.

The Moulouya high plain had 95 resident species (42.22%), 103 breed-
ing birds (45.77%), and 27 migrant species, including 25 wintering (11.11%) 
and 2 summering species (0.89%). Furthermore, among the documented 
species, five birds were as a species of conservation concern namely: (i) 
the Endangered Neophron percnopterus (migrant); (ii) the Near Threatened 
Aythya nyroca (wintering) and Gypaetus barbatus (summering); (iii) the Vul-
nerable Streptopelia turtur (migrant breeder), and Chersophilus duponti (res-
ident breeder). The occurrence of bird species in Moulouya High Plain is 
presented in Figure 3. As mentioned above various bird species were found 
abundantly in the studied area, including Passer domesticus, Passer hispani-
olensis, Turdus merula, Serinus serinus, Fringilla coelebs, Carduelis carduelis, Li-
naria cannabina, Sylvia melanocephala, Cyanistes teneriffae ultramarinus, Parus 
major, Alaudala rufescens, and Galerida cristata. The abundant bird species in 
the studied area were concentrated in positive part of coordinate 1, whereas 
the species with lowest frequency were concentrated in the negative part 
of coordinate 1 (Figure 3). 

Habitat use in Moulouya High Plain

Comparisons of avian diversity and habitat use are presented in Figure 2 
and Table 3. The total observed species, breeding populations, and foraging 
communities were higher in forest and wetland ecosystems (Figure 2). In 
contrast, farmlands were the less occupied habitats for breeding and feeding 
by avian species (Table 4). Equally, forest and wetlands were the largely 
diverse and rich habitats, based on Shannon-Wiener and Margalef indices. 

DISCUSSION

This is the first in-depth analysis of bird diversity on the Moulouya High 
plain, based on a literature review. Our primary goals were to provide de-
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tailed information on habitat use and bird richness in several ecosystems 
that predominate in the region. We obtained unique and valuable data on 
habitat use and bird richness. At least for the most endangered birds, our 
findings provide the first and only information on the richness of avifauna 
in the Moulouya High Plain and the entire high plains of North Africa. 
This information is crucial for long-term conservation measures and fu-
ture comparative monitoring. Different measures should be implemented 
to conserve avifauna diversity, including preventing the cutting of trees, 
and overuse of chemical agents, and the development of protected areas 
according to their status.

Our study highlights the bird diversity on the Moulouya High plain. 
The results showed that avian diversity (total documented birds) and hab-
itat-specific richness (documented species for each ecosystem) were signifi-
cantly higher. In total, 136 avian species were documented in the study 
area. This wealth belongs to 21 orders and 44 families. A recent study 
conducted in the Eastern and Central High Atlas between 2015 and 2021 
reported a total of 175 bird species, including resident breeders, migrants, 
and accidental-visitors (Salma Wakass, 2023). Mounir et al., reported that 
bird species richness decreased as altitude increased, but there was no rela-
tionship between height and abundance. The authors found that richness 
and abundance significantly increased during high-productivity seasons 
(Mounir et al., 2024). 

Table 3. Comparison of avian diversity among selected ecosystems in the upper Moulouya.

Tabla 3. Comparación de la diversidad de aves entre ecosistemas seleccionados en el Alto Moulouya.

Parameter Forest Farmland Wetland F P–value

Total counted species

Total Breeding species

Total Foraging species

Shannon_H

Simpson_1-D

Margalef

94

65

92

4.543

0.9894

20.47

52

34

51

3.951

0.9808

12.91

85

56

95

4.443

0.9882

18.91

15.654

19.934

8.386

3.153

2.432

7.256

<0.001

<0.001

<0.001

<0.05

0.076

0.003

Table 4. Multiple Range Test comparing one-by-one habitats used by avian species for foraging and 
breeding activities in Moulouya High Plain.

Tabla 4. Prueba de rango múltiple que compara uno por uno los hábitats utilizados por las especies 
de aves para actividades de alimentación y reproducción en la Alta Planicie de Moulouya.

Habitat use Contrast Significance * Difference +/- Limits

Total observed species

Breeding species

Foraging species

Farmland - Forest
Farmland - Wetland
Forest - Wetland
Farmland - Forest
Farmland - Wetland
Forest - Wetland
Farmland - Forest
Farmland - Wetland
Forest - Wetland

*
*

*
*

-0.318519
-0.244444
0.0740741
-0.231481
-0.161765
0.0697168
-0.59854

-0.642336
-0.0437956

0.114478
0.114478
0.114478
0.114063
0.113852
0.114063
1.65216
1.65216
1.65216
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Passeriformes and Accipitriformes were the most frequently observed 
orders, while Ciconiiformes, Suliformes, Caprimulgiformes, Buceroti-
formes, and Otidiformes were less frequently observed. Similarly, Accipit-
ridae, Alaudidae, and Muscicapidae were the most recorded families, while 
Caprimulgidae, Troglodytidae, Oriolidae, Phalacrocoracidae, Ciconiidae, 
and Upupidae were the least recorded families. These results agree with 
those mentioned by (Mansouri et al., 2020a, 2021a, 2021c) in Midelt Prov-
ince, which is located upstream of the Moulouya watershed. Moreover, 
our results highlight the importance of the Moulouya High plain for local 
Moroccans (Hingrat, Saint, Chalah, Orhant, Lacroix, 2008; Cherkaoui, 
Hanane, Magri, El Agbani, Dakki, 2015; El Hassani et al., 2021) and West-
ern Palearctic avian species visitors to the Moroccan ecosystem (Dakki, 
Qninba, El Agbani, Benhoussa, Beaubrun, 2001; Schaub, Jenni, Bairlein, 
2008; Touhami, Bazairi, Badaoui, Benhoussa, 2017; Ouassou, Dakki, El 
Agbani, Qninba, El Hammoumi, 2021). In total, 103 breeding birds (in-
cluding 95 resident species) and 27 migrant species were documented in 
the study area. Among these, five species of conservation concern were 
documented: Endangered Neophron percnopterus (as migrant; (Meyburg, 
Gallardo, Meyburg, Dimitrova, 2004)); Near Threatened Aythya nyroca 
as wintering; (Ouassou, Dakki, Lahrouz, El Agbani, Qninba, 2018)with 
remarkable numbers in some marshlands (Sidi Boughaba, Fouwarate, 
Bargha, Bas Loukkos, etc. and Gypaetus barbatus (summering; (Streicher, 
Kruger, Loercher, Willows-Munro, 2021)); Vulnerable Streptopelia turtur 
(migrant breeder, (Mansouri et al., 2020b)), and Chersophilus duponti (res-
ident breeder; (Valverde-Garcia, Santiago-Alvarez, Thomas, Garrido-Ju-
rado, Quesada-Moraga, 2018)). Human-driven modifications, changes in 
food availability and ongoing conservation measures play a pivotal role in 
the preservation process of endangered bird species, such as the Egyptian 
vulture (Cerecedo Iglesias, 2024)social well-being and environmental care 
is maintained. This concept implies the need for a reduction in human en-
vironmental impact if wildlife species are to be preserved and the adequate 
functioning of ecosystems is to be guaranteed. Obligate avian scavengers, 
one of the most globally threatened of all groups of vertebrates, play a vital 
role in the nature-ecosystem services-human well-being dynamic. However, 
the pursuit of sustainable development can negatively impact vulture con-
servation and all that it entails. In this thesis, we explore the conservation 
challenges facing the Egyptian vulture Neophron percnopterus, a globally 
threatened migrant species, within the current context of sustainability. 
Specifically, we assess the impact of human-driven transformations, chang-
es in food availability and on-going conservation measures on the spatial 
ecology of this species of great conservation concern. By using novel tech-
nologies such as GPS and information generated by classical long-term 
monitoring schemes, we aimed to increase the knowledge of the environ-
mental factors that have shaped the spatial distribution and movement 
patterns of this species up to the present day and asses the spatial coverage 
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of the main conservation tool, the Protected Areas (PAs. The use of novel 
technologies, including GPS, could be of great importance in addressing 
long-term monitoring schemes to create protected areas for endangered 
avian species. Furthermore, reintroduction and restocking are excellent 
tools to boost the recolonization of living areas of endangered bird species 
as they fevelop the demographic growth of these species (Agostini, Panuc-
cio, Hardenberg, Von Monti, 2023). 

These findings indicate that the Moulouya High plain is a great zone 
for breeding birds (including both resident and migratory species), migrant 
species that use the area for wintering and as a stopover, mainly during 
winter (Ouassou, Dakki, Lahrouz, El Agbani, Qninba, 2018, Ouassou, Da-
kki, El Agbani, Qninba, El Hamoumi, 2021; Popoff et al., 2021)thanks to 
the diversity and richness of its ecosystems. The International Waterbird 
Census (IWC. Therefore, the conservation of the area should be one of the 
most important objectives for local, national and international scientists.

In terms of habitat use, forests and wetlands were the most populated 
ecosystems in the Moulouya High plain. These habitats offer foraging and 
breeding resources for avian species, in contrast to agrosystems. Similar 
results were documented by (Mansouri et al., 2021c) in the same area, 
where wetlands and farmlands were the most populated habitats by avian 
species. The availability of foraging resources, including water and nu-
trients, as well as breeding resources, counting nesting trees and sites in 
forests and wetlands are suggested to be the central reasons behind this 
diversity (Hamza and Selmi, 2018; Melin, Hinsley, Brougton, Bellamy, Hill, 
2018; Mukhopadhyay and Mazumdar, 2019). In fact, the Moulouya High 
plain is rich in rivers, lakes, dams and other artificial reservoirs that host 
water populations, counting resident and migrant avian species (Bouzekri, 
El Hachimi, Kara, El Mahi, Lotfi, 2020; Taybi Abdelkhaleq, Chavanon, 
Berrahou, Millan, 2020). Similarly, Moulouya forests are rich in trees and 
other small plants that are suggested to be used for nesting by avian species 
(Aguilar et al., 2016; Mansouri et al., 2021d), as the case of the European 
Turtle dove (Streptopelia turtur), the European Blackbird (Turdus merula), and 
the European serin (Serinus serinus) that profit from breeding and foraging 
resources offered in the Moulouya High plain (El Hassani et al., 2021; 
Mansouri et al., 2021d, 2021b). On the other hand, despite the abundance 
of nesting trees (Mansouri et al., 2021d) and foraging resources (Mansouri 
et al., 2019), farmland habitats are known by farming activities that impact 
avian species, such as the use of hail nets and pesticides that have been 
proven to impact the breeding performances of birds in High Moulouya 
apple orchards (Mansouri et al., 2020a, 2020b).
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CONCLUSION

This present study shed light on the biological diversity of the Moulouya 
high plain. These data will be important for enriching the bird diversity 
databases in the studied region. Various aquatic, forest, and farmland eco-
systems of the Moulouya High plain sustain significant avian diversity, 
which includes 136 resident, migratory, and wintering birds. These findings 
may be crucial for future conservation legislation, mainly to protect endan-
gered habitats and populations, in addition to their potential significance 
for national and regional comparative studies of biological diversity in other 
Moroccan and North African zones. The results of this study suggest that 
maintaining aquatic ecosystems and vegetation cover in the study area 
could ensure that the most endangered bird species have larger populations 
by giving them access to safer and more appropriate breeding resources as 
well as adequate foraging opportunities. Further investigations are required 
to fully understand the impact of human activities and climate change on 
avian biodiversity in the region under study. 
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