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Abstract

Samih A, Petit D., Maatouf N., Fougrach H., Hsaine M., Meryem T., Rohi L.: Wild bees across the forest-agricultural interface in northwestern Mo-
rocco. Ekolégia (Bratislava), Vol. 45, No. 1, p. 39-49, 2026.

In northwestern Morocco, the Larache cork oak forest and the neighboring Gharb plain are facing increasing pressure from urban expansion and
intensive agriculture. These land-use changes pose a serious threat to local biodiversity, particularly to wild bee populations. In order to assess the
relationship between the wild bee fauna in forest and crop environments, we conducted a comprehensive survey using a combination of trapping
methods and direct field observations in sampled stations over the course of 2022 and 2023. A total of 571 specimens were identified, representing 80
species, 21 genera, and 6 families. The results reveal a significant contrast between both landscapes: the higher richness and abundance of almost all
families of wild bees in the cork oak forest demonstrate that these seminatural Mediterranean habitats are essential to sustain the functional diversity
of wild bees. Approximately 18.75% of species were shared, especially between the forest edge and agricultural lands, which reflects not only the wild
bees’ adaptability but also the functional interdependence between the two ecosystems. Maintaining forest-agriculture connectivity is, therefore,
crucial for sustaining pollinator diversity at the landscape scale.

Key words: ecosystem connection, diversity, pollinator, cork oak, Gharb plain.

Introduction

Wild bees (Apoidea) form one of the most diverse and ecologi-
cally important pollinator groups, thanks to their wide range
of ecological traits and morphological diversity (Ricketts et al.,
2008; Kennedy et al., 2013; Noél et al., 2018). Recognized as
highly effective pollen vectors (Michener, 2007), they are es-
sential for successful pollination (Ollerton, 2017; Ouvrard et al.,
2018). Their sedentary nature also makes them valuable indica-
tors of local land-use change (Fiordaliso et al., 2024), and their
ecological specialization renders them particularly sensitive to
environmental disturbances (Schindler et al., 2013). This vul-
nerability is especially relevant in Mediterranean regions, where
wild bee communities are increasingly exposed to intensive
farming modern agricultural practices (Petanidou, Lamborn,
2005). In this context, assessing wild bee diversity, abundance,
and population trends offers an effective means of gauging the
broader state of biodiversity (Duelli et al., 1999; Zayed, Packer,
2005).

Mediterranean cork oak forests, characterized by habitat
heterogeneity including woodlands, open meadows, and ripar-

ian zones, provide diverse ecological niches that sustain rich bee
communities (Kudrnovsky et al., 2020). In North Africa, and
particularly in Morocco, most pollinator studies have focused on
agroecosystems (El Abdouni et al., 2022; Bencharki et al., 2022;
Sentil et al., 2022a,b,c, 2024). Yet, the role of natural habitats in
sustaining pollinator communities is often underestimated, de-
spite growing evidence of the ecological importance of forests as
reservoirs of resources and refuges for these insects (Ulyshen et
al., 2023). The forest’s soil structure and low disturbance regime
appear to create favorable nesting conditions, contrasting with
the more disturbed agricultural areas nearby, thus reinforcing
the role of oak forests as refuges for wild bees within Mediter-
ranean agro-forest mosaics (Tsiakiris et al., 2024).

The Larache cork oak forest (Quercus suber L.) and the Gharb
plain represent a strategic region for studying cork oak ecosys-
tems along Morocco’s Atlantic coast. This landscape is a mosaic
of natural forests and modern agricultural fields (including eu-
calyptus, sugarcane, and sunflower plantations) undergoing
rapid urbanization and agricultural intensification (Samih et al.,
2024a). Such transformations threaten pollinator communities
and the ecological services they provide (Samih et al., 2024b).
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Fig. 1. Presentation of the study area and sampled stations.

This study aims to address the lack of data on wild bees in north-
western Morocco, focusing on the Larache cork oak forest and
adjacent agricultural lands in the Gharb plain. Over three years
(2021-2023), we used a range of standardized trapping and direct
observation techniques to document wild bee diversity across
forests, floral strips, and crop fields. Our objectives were to (1)
conduct a comprehensive inventory of wild bee species across
different habitat types and evaluate the effectiveness of various
sampling methods using rigorous statistical analyses. This will
help determine which methods provide the most accurate and
representative data on wild bee diversity, and (2) compare the
species richness and abundance of wild bees between forest and
agricultural environments, aiming to understand the potential
exchanges of species that occur between both ecosystems.

Material and methods
Study area
The study area is located in the northwestern region of Moroc-

co (Fig. 1), and six stations were selected in the Northwest of
Morocco: three stations in the forest sector (S1, S2, S3) located
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in the cork oak of Larache and three stations in the agricultural
sector (S4, S5, S6) situated in the Gharb Plain.

The Larache cork oak forest lies in northwestern Morocco
around the Loukkos River plain, bordered by the Sahel and
R'Mel plateaus (Ballouche, 2024). The climate is Mediterra-
nean, classified bioclimatically as subhumid thermomediterra-
nean, with mild to temperate winters. The vegetation is domi-
nated by cork oak, described as “subhumid cork oak forests on
sand” (Sauvage, 1961). The Gharb plain is among Morocco’s
most important agricultural zones, sustained by the Oued
Sebou and its irrigation network (Zamrane, 2016). Its Medi-
terranean climate, with mild winters and hot summers, sup-
ports intensive cultivation of crops such as tomatoes, onions,
zucchinis, carrots, peppers, citrus fruits, and oilseeds (Chbika,
Aouane, 2021). The various sampled stations (Table 1) were es-
tablished in contrasting sectors: edge habitats, vegetation strips
along forest tracks, forests, and flowered vegetation strips in
agricultural areas.

The selection of stations was based on the presence of plant
species providing pollen and nectar resources, which suggests
an interesting diversity of the local pollinating entomofauna es-
sential for the functional integrity of ecosystems. Within the



Table 1. Satellite coordinates of the different sampled stations.

Ekologia (Bratislava) 2026: 45(1): 39-49

Sector Station Biotope Latitude Longitude
S1 Dense forest 35.111667 -6.147250
Forest S2 Flowering forest track 35.037361 -6.007083
S3 Edge forest 35.211972 -6.032722
S4 Vegetation field 34.828096 -5.961945
Agricultural S5 Flowering strip of vegetation field 34.729699 -5.990363
S6 Flowering habitat strip 34.418241 -6.428204

forest, a dense forest (S1) was located in a dense cork oak stand
(Quercus suber L.). Here, the closed canopy filtered much of the
sunlight, creating a shaded understorey dominated by Cista-
ceae shrubs, together with a patchwork of herbaceous plants.
Deadwood, present in varying amounts, added further struc-
tural diversity (Samih et al., 2025a). The flowering forest track
(S2) was a linear opening shaped by both human activity and
natural disturbance. Its open, sunlit conditions favored helio-
philous species, mainly herbaceous plants such as Asteraceae,
Fabaceae, and Apiaceae, occasionally interspersed with shrubs.
This track functioned as a corridor of flowers and a key foraging
site for many wild bees. The edge forest (S3) corresponded to a
flowering forest edge, a transition zone where light was more
abundant and plant diversity increased. This site benefited from
permanent water resources, including a daya (temporary pond)
and natural springs connected to the aquifer (Samih et al.,
2025a), which sustained a rich and continuous floral cover. In
the agricultural landscape, three complementary stations were
surveyed. The vegetation field (S4) was a sunflower field (He-
lianthus annuus L.), cultivated as a monoculture. During the
blooming period, it offered an abundance of nectar and pol-
len, although floral resources were otherwise scarce and mostly
confined to field margins. The flowering strip of vegetation field
(S5) was a flowering strip within the sunflower field, usually
3-4 m wide, though sometimes no more than a narrow border
of a few 40-50 cm. These strips consisted of melliferous and
entomophilous herbs, either sown or naturally established, pro-
viding food for wild bees before and after the sunflower’s peak
bloom. The flowering habitat strip (S6) was the flowering habi-
tat strip running along the outer margins of fields and paths.
These strips were broader (3-10 m), made up of spontaneous
annual and perennial herbs with occasional shrubs. While not
directly managed, they were still affected by irrigation and pes-
ticide drift from neighboring crops.

Methodology for wild bees inventory

During this study, various passive and active trapping systems
were designed. The trapping method using pan traps was used
to passively sample bees (Gongalves, Oliveira, 2013; Pierre et
al,, 2017), particularly the Andrenidae and Halictidae families
and especially species of small to medium size (Pauly, 2019),
with four pan traps (blue, white, yellow, and orange) per sta-
tion. The colors are the most commonly chosen because they
cover a diverse range of wavelengths in the visual spectrum and
partly correspond to the colors of flowers and the different color
preferences varying among bee species (Leong, Thorp, 1999;
Thomson, Wilson, 2008). An important complement to passive

trapping is the use of a Malaise trap per station for capturing
certain bee species. The Malaise traps (one per station) were
constructed of black and white material and handmade. We de-
ployed multiple trap types, each measuring approximately 1.5
m in height, 1.2 m in width, and 1.5 m in length. Malaise traps,
noted for their efficiency in capturing large bees such as bum-
blebees and megachilids (Pauly, 2019), were complemented by
pan traps, sweep nets, and bottle traps.

Note that the pan traps were installed on tree branches 1
meter above the ground and placed along a transect parallel
to each Malaise trap. The pan traps and the collecting bottle of
the Malaise traps were filled halfway with a mixture of soapy
saltwater. Surveys of trap contents were conducted once eve-
ry 20 days for 5 months (March-July), over two consecutive
years (2022 and 2023). These collections were supplemented by
observations and captures, during which active trapping was
practiced for the direct capture of individuals encountered on
flowers, using a sweep net and a bottle along straight transects
in the various sampled sites. This is a highly effective technique
for inventorying Megachilidae and Melittidae, as they rarely fall
into traps (Pauly, 2019).

Specimen identification

Specimens of wild bees were classified at the family and genus
levels, then carefully grouped into collection boxes, and sent to
the Zoology Laboratory at the University of Mons in Belgium
for identification. Species-level identifications were carried out
by a team of taxonomists: Ahlam Sentil and William Fiord-
aliso for general identification across families, Pierre Rasmont
for genera Bombus and Anthophora, and Simone Flaminio for
Lasioglossum. Moreover, Thomas James Wood (Naturalis Bio-
diversity Center, Leiden) was responsible for identifying An-
drena, Osmia, Megachile, and other genera, including Nomiapis
and Sphecodes. Achik Dorchin (Steinhardt Museum of Natural
History, Tel Aviv) worked on Eucera, Guillaume Ghisbain on
Dasypoda, and Romain Le Divelec focused on Hylaeus. Addi-
tional genera were identified by Michael Terzo, Max Kasparek
(Heidelberg), and Andreas Miiller (ETH Zurich).

Data analysis

Sampling effort

Sampling effort and species richness were evaluated using rar-
efaction curves generated with PAST version 4.17 (Hammer,
Harper, 2001, 2024). Rarefaction curves allow the comparison

of species richness (Taxa S) (Gotelli, Colwell, 2001) among dif-
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ferent samples while accounting for differences in sampling
effort (number of specimens collected). This method provides
an estimation of species accumulation relative to the number
of individuals sampled, enabling a standardized comparison of
biodiversity across sampling sites.

Abundance and diversity analysis of the wild bees

We calculated the percentage relative abundance (ni) of species
in order to reflect the proportion of individuals belonging to the
total number of individuals collected across all individuals (N),
according to the forest and agricultural sectors, using the for-
mula:

RA % = (ni/N)*100. (1)

Dunn’s post hoc test (OriginPro 2025) was used to compare
the abundance and species richness of the six families of the wild
bees (Andrenidae, Apidae, Colletidae, Halictidae, Megachilidae,
and Melittidae) in the forest and agricultural sectors. This choice
was based on preliminary analyses that confirmed the data did
not meet the assumptions for parametric testing. Specifically, the
abundance data were not normally distributed (Shapiro-Wilk
test: W = 0.63, p < 0.0001) and did not meet the assumption of
homogeneity of variance (Levene’s test: F = 4.42, p < 0.05). The
data of species richness had similar results with not normally
distributed (Shapiro-Wilk test: W = 0.79, p < 0.0001) and did
not meet the assumption of homogeneity of variance (Levene’s
test: F = 28.25, p < 0.0001). The Venn diagram was generated
using PAST version 4.17 (Hammer, Harper, 2001, 2024)-to visu-
alize the distribution of bee species across the different habitat
types and to identify both exclusive and shared species.

Results

The inventory of wild bees conducted over two consecutive
years, 2022 and 2023, at the sampled stations in the northwestern
region of Morocco, resulted in the enumeration of a total of 571
individuals corresponding to 80 species and 21 genera belonging
to 6 families (Table 2).

Sampling effort

The rarefaction curves (Fig. 2) illustrate the species richness of
wild bees in relation to the number of specimens collected at six
studied stations.

At station S3, where 400 specimens were sampled resulting in
50 species recorded, the curve continues to rise steeply, indicating
that the sampling effort was insufficient to capture the full diver-
sity of bees at this site and further sampling is needed. Conversely,
station S1, with 350 specimens and 45 species recorded, shows a
curve that levels off, suggesting that the sampling was thorough
and most species have been detected. The remaining stations (S2,
$4, S5, and S6) had between 340 and 370 specimens collected and
recorded 40-43 species each. Their rarefaction curves increase
gradually but do not clearly plateau, indicating an incomplete
sampling effort and that some species might still be missing.

Abundance and species richness of wild bees in forest
and agricultural sectors

The survey recorded 71 wild bee species in the forest sector, in
contrast to only 24 species in the agricultural sector. This dif-
ference in species richness was statistically highly significant
(Dunns test: p < 0.05). These species were distributed across

Table 2. Wild bee species collected from six sites in the northwest region of Morocco.

Forest sector Agricultural sector
Families/Species S1 S2 S3 S4 S5 S6

ni RA % ni RA % Ni [RA% | ni |[RA% | ni | RA% | ni | RA%
Andrenidae
Andrena aerinifrons (Dours, 1873) 2 2.53
Andrena antigana (Pérez, 1895) 1 0.20
Andrena avara (Warncke, 1967) 4 0.81
Andrena bellidis (Pérez, 1895) 3 0.61 1 1.27
Andrena discors (Erichson, 1841) 1 0.20
Andrena djelfensis (Pérez, 1895) 2 0.41
Andrena flavipes (Panzer, 1799) 30 6.10 3 3.80
Andrena fulvicornis (Schenck, 1853) 1 0.20 2 2.53 1 1.27 2 2.53
Andrena insignis (Warncke, 1974) 2 0.41
Andrena labialis (Kirby, 1802) 1 0.20
Andrena lagopus (Latreille, 1809) 2 0.41
Andrena miegiella (Dours, 1873) 1 1.27 3 3.80 2 2.53
Andrena morio (Brullé, 1832) 7 1.4228 7 1.42
Andrena oraniensis (Lepeletier, 1841) 1 0.20
Andrena orbitalis (Morawitz, 1871) 1 0.20
Andrena poupillieri (Dours, 1872) 2 0.41
Andrena propingua (Schenck, 1853) 1 0.20
Andrena ranunculi (Schmiedeknecht, 1883) 6 1.22
Andrena rhyssonota (Pérez, 1895) 1 0.20
Andrena simontornyella (Noskiewicz, 1939) 1 0.20
Andrena spreta (Pérez, 1895) 4 0.81
Andrena vulcana (Dours, 1873) 1 0.20
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Table 2. Wild bee species collected from six sites in the northwest region of Morocco - continuation.

Forest sector Agricultural sector
Families/Species S1 S2 S3 S4 S5 S6

ni RA % ni RA % Ni [RA% | ni |[RA% | ni | RA% | ni | RA%
Apidae
Anthophora blanda (Percz, 1812) 1 0.20
Anthophora senescens (Lepeletier, 1841) 2 0.4065 1 0.20
Bombus terrestris (Linnaeus, 1758) 2 0.4065 3 0.61
Tetralonia ruficornis (Fabricius, 1804) 1 0.20
Ceratina cucurbitina (Rossi 1972) 4 0.813 9 1.83 2 2.53
Ceratina maghrebensis (Daly, 1983) 1 0.2033 1 0.20
Eucera collaris (Dours, 1873) 1 0.2033 | 21 4.27
Eucera dentata (Germar, 1839) 3 0.6098
Eucera elongatula (Vachal, 1907) 1 0.20
Eucera grisea (Fabricius, 1793) 1 0.20
Eucera nadigi (Friese, 1924) 1 0.2033 2 0.41
Eucera nigrilabris (Lepeletier, 1841) 1 1.27
Eucera obliterata (Pérez, 1895) 1 1.27 1 1.27
Eucera strigata (Lepeletier, 1841) 21 4.27
Nomada accentifera (Pérez, 1895) 1 0.20
Nomada bifasciata (Olivier, 1811) 1 1.27
Nomada numida (Lepeletier, 1841) 1 1.27
Nomada panurginoides (Saunders, 1908) 1 0.20
Nomada stigma (Fabricius 1804) 1 0.2033
Xylocopa pubescens (Spinola, 1838) 1 1.27 3 3.80 5 6.33
Xylocopa violacea (Linnaeus, 1758) 3 0.61 2 2.53 5 6.33
Colletidae
Hylaeus cornutus (Curtis, 1831) 1 0.20 3 3.80
Hylaeus purpurissatus (Vachal, 1895) 1 0.2033 1 0.20
Halictidae
Halictus scabiosae (Rossi, 1790) 1 0.20 1 0.20
Lasioglossum algericolellum (Strand, 1909) 1 0.20
Lasioglossum brevicorne (Schenck, 1868) 2 0.41 25 5.08 5 6.33 1 1.27
Lasioglossum callizonium (Pérez, 1895) 1 0.20
Lasioglossum cedri (Ebmer, 1976) 1 0.2033 6 1.22
Lasioglossum fertoni (Vachal, 1895) 1 0.2033 15 3.05
Lasioglossum glabriusculum (Morawitz, 1872) 1 0.20
Lasioglossum immunitum (Vachal, 1895) 3 0.6098 3 0.61 2 2.53
Lasioglossum leucozonium (Schrank, 1781) 1 0.2033 2 0.41
Lasioglossum malachurum (Kirby, 1802) 2 0.41 1 0.2033 8 1.63
Lasioglossum  mediterraneum  (Bliithgen,

3 0.61

1925)
Lasioglossum pauperatum (Brullé, 1832) 2 2.53 1 1.27
Lasioglossum prasinum (Smith, 1848) 8 1.626 16 3.25
Lasioglossum punctatissimum (Schenck, 1853) 2 0.41
Lasioglossum puncticolle (Morawitz, 1872) 2 0.4065 1 0.20
Lasioglossum virens (Erichson, 1835) 4 0.81
Nomiapis rufiventris (Lepeletier, 1841) 1 0.2033 4 0.81 1 1.27
Nomioides minutissimus (Rossi, 1790) 1 0.2033
Seladonia gemmea (Dours, 1872) 1 0.20
Sphecodes albilabris (Fabricius, 1793) 1 0.20
Sphecodes rubripes (Spinola, 1838) 4 0.81
Sphecodes rubicundus (Hagens, 1875) 2 2.53
Megachilidae
Anthidiellum strigatum (Panzer, 1805) 1 0.20
Anthidium diadema (Latreille, 1809) 1 0.20
Dioxys pumilus (Gerstiacker, 1869) 1 0.2033 1 0.20
Megachile ericetorum (Lepeletier, 1841) 3 0.61
Megachile sicula (Rossi, 1792) 4 0.813 9 1.83
Osmia crenulata (Nylander, 1856) 1 0.20
Osmia niveata (Fabricius, 1804) 3 0.6098 2 0.41 1 1.27
Osmia notata (Fabricius, 1804) 3 0.61 1 1.27 1 1.27
Osmia submicans (Morawitz, 1870) 1 0.20
Melittidae
Dasypoda cingulata (Erichson, 1835) 98 19.92 32 6.50 10 | 12.66
Dasypoda dusmeti (Quilis, 1928) 5 1.02 1 0.20 1 1.27
Dasypoda maura (Pérez, 1896) 31 6.30 1 0.20 2 2.53 2 2.53
Dasypoda visnaga (Rossi, 1790) 4 0.81 3 0.61 3 3.80 1 1.27

145 29.47 | 50 10.16 | 297 | 60.37 | 39 | 49.37 | 18 | 22.78 | 22 | 27.85

N 492 79
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Fig. 2. Rarefaction curves and sampling effort of wild bees in dif-

ferent stations.

Table 3. Descriptive statistics: richness of wild bees in forest and
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Landscapes | Families Mean + SD Significance
Forest 15 + 2.677 A
ore?s Andrenidae
Agricultural 4+1.683 Bc
Forest . 11 +2.345 Ab
- Apidae
Agricultural 4.25 £ 0.946 Bc
Forest 1.5+0.5 C
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Agricultural 1+0 C
Forest 14.25 + 2.954 A
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Agricultural 3.5+0.86 Bc
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Table 4. Descriptive statistics: abundance of wild bees in forest and

agricultural landscapes.

Landscapes | Families Mean + SD Significance
Forest . 19.75 + 5.677 Ab
- Andrenidae
Agricultural 4.25+0.478 B
Forest . 20.5 + 8.026 Ab
- Apidae
Agricultural 5.75 + 1.436 B
Forest 0.75 +0.25 B
orés Colletidae
Agricultural 0.75 +0.25 B
Forest 30.25+5.735 Ab
ore.s Halictidae
Agricultural 3505 B
Forest Megachili- 7.5+ 1.658 B
Agricultural | dae 0.75 £ 0.25 B
Forest L 43.75 + 20.450 A
- Melittidae
Agricultural 5+2.041 B

various families (Fig. 3).

Forest habitats showed significantly higher species richness
than agricultural areas, particularly for Andrenidae (15 * 2.67
species), Halictidae (14.25 + 0.94), Apidae (11 + 2.34), and Meg-
achilidae (5 + 1.82) (p < 0.05 for all). In contrast, the Melittidae

44

and Colletidae families exhibited low species richness and did
not show significant differences between habitats (Table 3).

The survey recorded 492 wild bee individuals in the forest
sector, in contrast to only 79 individuals in the agricultural sec-
tor. This difference in abundance was statistically highly signifi-
cant (Dunn’s test: p < 0.05). These abundances were distributed
across various families (Fig. 4, Table 4).

Forests once again outperformed agricultural sites, with
Melittidae and Halictidae standing out as particularly dominant,
averaging 43.75 + 20.45 and 30.25 + 5.73 individuals (p < 0.05),
respectively. The Apidae and Andrenidae families were less
abundant, each with fewer than 30 individuals, averaging 20.5
+ 8.02 and 19.75 + 5.67, respectively (p < 0.05). In contrast, the
Megachilidae and Colletidae families exhibited low abundances
and did not show significant differences between habitats.

Species exclusivity and habitat overlap

The Venn diagram (Fig. 5) illustrates the distribution of bee spe-
cies across four distinct habitat types: the agricultural landscape
(S4), the agricultural flower strip (S5-S6), the flower strip along
the forest track (S2), and the forest landscape (S1-S3).

We observed that the forest landscape hosts by far the great-
est number of exclusive species, with 51 unique species. In com-
parison, the other habitats show much lower numbers of unique
species: two species in the flower strip along the forest track, two
species in the agricultural landscape, and four species in the agri-
cultural flower strip. Regarding overlap between habitats, the dia-
gram reveals several notable intersections. For example, six spe-
cies are shared between the agricultural landscape and the forest
landscape. Similarly, the agricultural flower strip and the agricul-
tural landscape share three species, while the agricultural flower
strip and the flower strip along the forest track share two species.
The center of the diagram, where all four habitats intersect, shows
that two species are common to all habitats, representing a group
of generalist wild bees, namely Lasioglossum brevicorne (Schenck,
1868) and Dasypoda visnaga (Rossi, 1790), which are capable of
colonizing diverse environments. Our results also reveal a clear
ecological linkage between the Larache cork oak forest sectors and
the surrounding agricultural zone. The forest edge habitat (S3)
shares the highest number of species with the agricultural zone,
totaling 15 species, these shared species belong predominantly
to the families Andrenidae (e.g., Andrena bellidis, A. flavipes, A.
fulvicornis), Colletidae (e.g., Hylaeus cornutus), Halictidae (e.g.,
Lasioglossum brevicorne, L. immunitum, Nomiapis rufiventris),
Megachilidae (e.g., Osmia niveata, O. notata), Apidae (e.g., Xyloco-
pa violacea, Ceratina cucurbitina), and Melittidae (e.g., Dasypoda
cingulata, D. dusmeti, D. maura, D. visnaga).

In contrast, nine unique species were recorded in the agricul-
tural zone, including Andrenidae (e.g., Andrena aerinifrons and
A. miegiella), Halictidae (e.g., Lasioglossum pauperatum and Sphe-
codes rubicundus), and Apidae (e.g., Eucera nigrilabris, E. oblitera-
ta, Nomada bifasciata, N. numida, and Xylocopa pubescens).

Discussion

Andrenidae showed significantly higher richness (15 + 2.67 spe-
cies) and abundance (19.75 + 5.67 individuals) in forest habitats
compared to agricultural areas (p < 0.05). This family is predom-
inantly composed of ground-nesting solitary bees, often active
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Fig. 4. Abundance of wild bee families in forest and agricultural sectors.

in early spring. Seminatural forests such as cork oak woodlands
provide open soil patches, stable microclimatic conditions, and
a rich spring flora, which are essential for their nesting and for-
aging (Potts et al., 2005; Kennedy et al., 2013). In Mediterrane-
an contexts, cork oak forest acts as refuges for many Andrena
species that are highly sensitive to soil compaction, tillage, and
the lack of early-blooming plants in croplands (Herrera, C.M.,

1988; Petanidou, Lamborn, 2005). Halictidae were also strongly
associated with forests, exhibiting both high richness (14.25 +
0.94 species) and high abundance (30.25 * 5.73 individuals; p
< 0.05). Their success is attributed to their ecological flexibility,
as they can nest in the ground and exploit a wide range of floral
resources, which are more available in structurally complex habi-
tats (Cane et al., 2000; Rasmont, Iserbyt, 2012; Antoine, Forrest,
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Fig. 5. Venn diagram: the distribution of wild bee species among four habitat types.

2021). The ecological plasticity of Halictidae being able to nest in
bare ground, decayed wood, or occasionally stems and to exploit
a broad spectrum of flowers gives them an advantage in hetero-
geneous habitats (Cane et al., 2000; Rasmont, Iserbyt, 2012). In
Mediterranean forests, the coexistence of open patches, shrub
layers, and understory flowers favors halictid diversity (Potts et
al., 2003; Rodriguez et al., 2021).

Apidae were more diverse and abundant in forests (11 +
2.34 species; 20.5 + 8.02 individuals) than in agricultural sites
(p < 0.05). Their dependence on continuous floral resources and
nesting substrates such as tree cavities explains their decline in
intensively managed agricultural systems (Herrera, C.M., 1988;
Michener, 2007; Delaplane, 2021). In cork oak forests, hollow
trunks and fallen branches provide nesting opportunities for
Xylocopa and Bombus species, while rich flowering shrubs (e.g.,
Cistus, Lavandula, Erica) sustain them throughout the season
(Herrera, J., 1988). Their decline in agricultural habitats is con-
sistent with the scarcity of nesting substrates and the temporal
discontinuity of floral resources due to monoculture practices
(Delaplane, 2021).

Megachilidae richness remained relatively low (5 + 1.82 spe-
cies), as did their abundance (< 10 individuals), but both were
significantly higher in forests. This is explained by their require-
ment for specific nesting materials (leaves, petals, resins) and
preexisting cavities for brood construction (Le Féon, 2010).
Agricultural intensification drastically reduces such resources,
whereas cork oak forests, with their rich shrub layer and diverse
vegetation, maintain suitable conditions. For instance, Osmia
species are often closely tied to the heterogeneous forest edges
where flowers and nesting cavities co-occur (Hudewenz, Klein,
2013).

Melittidae displayed low richness (=3-4 species) but sur-
prisingly high abundance in forest habitats (43.75 + 20.45 indi-
viduals; p < 0.05). This apparent paradox reflects their ecologi-
cal specialization: despite being few in species number, certain
melittidae bees can reach high local abundances when their spe-
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cific host plants are present, which is more often the case in for-
est habitats than in agricultural lands (Dellicour, Michez, 2010;
Delaplane, 2021). Finally, Colletidae showed the lowest richness
(=1-2 species) and abundance (<5 individuals) in both habitats,
with no significant differences between forest and agricultural
sites. Their narrow ecological requirements and restricted floral
associations explain their general scarcity under Mediterranean
conditions (Michener, 2007; Dellicour, Michez, 2010).

Additionally, the widespread use of insecticides, particularly
neonicotinoids, has been shown to reduce pollination services
(Park et al., 2015; Stanley et al., 2015) and negatively impact
pollinator populations (Rundlof et al., 2015; Woodcock et al.,
2017). In Morocco, the import and continued use of neonicoti-
noids such as thiamethoxam raises serious concerns (Green-
peace, Public Eye, 2024). These insecticides are widely used in
sunflower cultivation worldwide, most often as seed treatments.
Once applied, they are systemically translocated into plant tis-
sues, including nectar and pollen, which exposes pollinators to
potentially harmful residues (Saleem et al., 2023).

The distribution of exclusive and shared bee species across
habitats offers significant insights into the ecological dynamics
of pollinator communities in Northwestern of Morocco (Samih
et al,, 2025b). The cork oak forest of Larache emerges as a bio-
diversity reservoir, harboring 51 exclusive species. Such high
singularity reflects the forest’s structural complexity, floristic di-
versity, and the stability of microhabitats features typical of well-
preserved Mediterranean woodlands (Petanidou, Potts, 2006;
Blondel, 2010). These habitats sustain specialist and rare taxa,
which are often highly sensitive to environmental changes and
habitat degradation (Petanidou et al., 2008).

In stark contrast, agricultural and seminatural habitats com-
prising the agricultural matrix, flower strips along forest edges,
and agricultural flower strips host only a small number of ex-
clusive species (two in the agricultural matrix, two in the forest-
edge flower strip, and four in the agricultural flower strip). This
lower exclusivity may stem from reduced habitat heterogeneity



and higher disturbance levels in Mediterranean agricultural sys-
tems, which tend to favor generalist species while limiting the
persistence of habitat-restricted bees (Potts et al., 2003; Le Féon,
2010). Even though floral enhancements such as flower strips can
increase local flower availability, they rarely replicate the ecologi-
cal complexity of natural Mediterranean habitats (Kleijn et al.,
2006; Batdry et al., 2011). The edge forest serves as critical tran-
sition zone, offering both rich floral variety and more buffered
microclimate than nearby agricultural lands, supporting higher
native bee richness associated with stronger canopy structure
(Rodriguez et al., 2021). Among the native bees, 15 species were
found to be shared with agricultural landscapes. These shared
species are mostly polylectic generalists, adept at utilizing differ-
ent types. Samih et al. (2025a) demonstrated that these shared
species forage on a wide variety of plants, particularly those char-
acteristic of open Mediterranean habitats. They were observed
visiting ruderal and heliophilous species of the Asteraceae (Otop-
spermum glabrum, Glebionis coronaria, Matricaria chamomilla,
Leontodon saxatilis, L. maroccanus, Galactites tomentosus, and
Scolymus hispanicus), as well as representatives of the Brassicace-
ae (Raphanus raphanistrum, Biscutella didyma), the Geraniaceae
(Erodium cicutarium), and the Ranunculaceae (Ranunculus gra-
natensis). These plants are emblematic of cork oak open habi-
tats, as they persist under high levels of disturbance and drought
stress, thereby providing continuous floral resources that sustain
pollinators with broad trophic niches. From an ecological per-
spective, the persistence of such disturbance-tolerant plants plays
a key role in supporting generalist bees, whose broad trophic
niches allow them to exploit diverse resources across space and
time. By offering abundant and accessible nectar and pollen over
extended flowering periods, these ruderal species act as reliable
forage sources, buffering pollinator populations against resource
scarcity (Bosch et al., 1997; Petanidou, Potts, 2006). On a broad-
er scale, the mosaic of uncultivated patches, shrublands, and
grasslands embedded within Mediterranean farmland provides
complementary and sequential floral resources, enabling both
the persistence and movement of pollinators across fragmented
landscapes (Roth et al., 2023). Such generalist bees, with wide
ecological tolerance and flexible foraging strategies, are capable
of thriving in both complex natural Mediterranean habitats and
simplified anthropogenic environments. Their ubiquity not only
reflects resilience but also highlights the limited number of bee
species able to persist under such contrasting ecological condi-
tions. This underscores the importance of conserving habitat di-
versity and heterogeneity to sustain pollinator communities and
ensure ecological connectivity in Mediterranean regions (Her-
rera, C.M., 1988; Blondel, 2010; Potts et al., 2010).

The nine species observed exclusively in agricultural land-
scapes reflect a particular ecological strategy, closely tied to their
strong dependence on ruderal Asteraceae and Brassicaceae oc-
curring along flowering field margins (Samih et al., 2024a). These
pioneer plants, typical of open and disturbed habitats, are well
known for their ability to thrive in poor soils subjected to tram-
pling or extensive agricultural practices (Grime, 2001; Thomp-
son, 2005). By providing abundant and long-lasting nectar and
pollen resources, they play a pivotal role for bees with narrow
niches or specialized foraging preferences. In the Mediterra-
nean basin, several Andrena species are strongly associated with
Asteraceae; for example, A. mediovittata collects over 80% of its
pollen from this family (Wood, Cross, 2017). Similarly, in North
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Africa, the majority of Andrena species studied exhibit a high
degree of specialization on Asteraceae and Brassicaceae (Benarfa
et al,, 2021). The occurrence of these “unique” species, therefore,
reflects a form of selective ecological tolerance. Their tolerance
does not stem from dietary plasticity but rather from their ability
to persist in anthropogenic landscapes through the exploitation
of marginal habitats rich in Asteraceae. This tolerance is distur-
bance-dependent: agricultural practices, by maintaining bare
soils and early successional plant communities, promote ruderal
assemblages that in turn serve as resource anchors for specialist
bees (Petanidou, Potts, 2006; Potts et al., 2010).

This dynamic is even more pronounced for cleptoparasitic
species such as Nomada bifasciata, N. numida, and Sphecodes ru-
bicundus. Their presence is directly conditioned by the abundance
of their hosts (Andrena, Lasioglossum), which themselves rely on
Asteraceae. This underlines the structuring role of floral resources:
by sustaining host populations, Asteraceae indirectly support the
associated trophic networks (Wcislo, 1987; Michener, 2007).

Conclusion

This study highlights the urgent need to safeguard wild bee bio-
diversity in Northwestern Morocco, a cornerstone for sustain-
ing ecosystem services and securing food production. Effective
conservation and management strategies must be adapted to the
distinct requirements of both forest and agricultural landscapes.

In contrast, while polylectic shared species reflect ecological
connectivity and adaptive flexibility, the unique agricultural species
reveal a tighter dependence on certain plant families and a condi-
tional tolerance to human-induced disturbances. This distinction
highlights the critical importance of conserving marginal habitats
and flowering field edges, as they represent biodiversity reservoirs
that sustain both specialist species and the broader resilience of pol-
linator communities in Mediterranean agroecosystems.
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