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ABSTRACT
Crop pollination by animals is a crucial ecosystem service that enhances the yield and the quality of 75% of major food crops 
worldwide. Wild bees play a significant role in this process as they are diverse and abundant visitors to crops and are known for 
their efficiency. However, in many parts of the world, including Morocco, there is no available commented list of wild bee species 
visiting crops (crop-associated species). Here, we investigated the presence of wild bees associated with agricultural landscapes 
and described key trait characteristics of these bee species. Pollinator communities were sampled by sweep net and pan trapping 
across a total of 263 fields containing nine flowering main crops in 2018–2019. Key crop-visiting species were identified as those 
species which made up 5% or more of the individuals visiting the flowers of each crop. Out of the 359 pollinator species occur-
ring in agroecosystems, 156 were crop-associated bee species and only 26 bee species were classified as key crop-pollinating 
species. The bee communities observed in the crops were predominantly composed of widespread, solitary, pollen generalist, 
ground-nesting bees with an extended flight season. Our findings provide essential baseline data on crop flower visitors which 
can contribute to the enhancement of the regional understanding of wild bee diversity and functional traits associated with crop 
pollination. Moreover, this information can facilitate the implementation of conservation strategies to improve wild-bee habitats 
within agricultural landscapes.

1   |   Introduction

Animal-mediated crop pollination is an essential ecosystem ser-
vice that significantly enhances both the yield and the quality of 
75% of major crops (IPBES 2016; Klein et al. 2007). Wild bees, 
known for their diversity and abundance as well as their adapted 
morphology and behaviour, serve as crucial pollinators world-
wide (Rader et al. 2016; Reilly et al. 2020), including Morocco 
(El Abdouni et al. 2022). Numerous studies have demonstrated 
the remarkable efficiency of wild bees in pollination (Kleijn 
et al. 2015; Rauf et al. 2021; Winfree et al. 2008).

At community level, several studies have demonstrated the cor-
relation of bee species diversity and both pollination efficiency 
and yield (Garibaldi et  al.  2013; Mallinger and Gratton  2015). 
This correlation was generally found to be positive between bee 
abundance and these same factors. (Blitzer et al. 2016; Winfree 
et al. 2015; Woodcock et al. 2019). Despite the presence of diverse 
bee fauna in various agroecosystems (El Abdouni et al. 2022), 
the crop pollination service seems to remain largely dependent 
on a few dominant and common bee species (Kleijn et al. 2015). 
For example, in Europe, a small number of bee species, each 
accounting for over 5% of the community's abundance, are 
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responsible for 80% of crop pollination (Kleijn et al. 2015). It is 
also worth noting the findings of MacLeod et al. (2020) in the 
USA, who discovered that many dominant wild crop pollinators 
are classified as rare at the regional scale. Nevertheless, there is 
still a significant knowledge gap regarding the trait characteris-
tics of these abundant species, particularly in Africa.

Bee morphology and behaviours (i.e., life-history traits) play a 
significant role in how bee species interact with their environ-
ment (Schleuning et  al.  2015). These traits also partly explain 
species resilience facing environmental changes such as habitat 
fragmentation, agricultural intensification and climate change 
(Duchenne et al. 2020; Pardee et al. 2022; Scheper et al. 2014). 
On the other hand, bee functional traits influence crop pollina-
tion services (Aguirre-Gutiérrez et al. 2016; Maas et al. 2021). 
These traits affect the amount of pollen that is foraged on the 
anthers and deposited on the stigma of a flower during visita-
tion, thereby influencing fruit and seeds production (Blitzer 
et al. 2016). In Europe and Northern America, several studies 
have focused on describing the traits of bee species present in 
agroecosystems and visiting crops. For instance, it was found 
that generalist, solitary and ground-nesting bees tend to dom-
inate in orchards, blueberry and sunflower fields (Forrest 
et al. 2015; Nooten et al. 2020).

The limited number of species that ensure most of crop pollina-
tion may be susceptible to environmental stressors, necessitat-
ing their conservation efforts to maintain pollination services 
(Potts et al. 2016). To develop effective conservation strategies, it 
is essential to identify bee species visiting crop flowers and study 
their life-history traits (Garratt et al. 2014; Nieto et al. 2014).

Morocco stands out as one of the most biodiverse countries for 
bees in the Mediterranean region (Lhomme et al. 2020), partic-
ularly in agroecosystems (El Abdouni et al. 2022). The country 
is also renowned for its diverse crop production, which con-
tributes significantly to the economy, accounting for 13% of 
Morocco's Gross Domestic Product (GDP) (Direction des Études 
et des Prévisions Financières 2019). Approximately 10% of the 
country's total cropland is dedicated to pollinator-dependent 
crops, which contribute around 27% of the total value of crop 
yield (Sabbahi  2022). The economic value of crop pollination 
in Morocco is estimated at ~1235 M USD$ equivalent to 8.5% 
of the country's agricultural GDP (Sabbahi 2022). Additionally, 
pollinator-dependent crops serve as a major source of essential 
vitamins and nutrients for the human diet (Chaplin-Kramer 
et al. 2014; Eilers et al. 2011; Ghosh and Jung 2018).

There is a significant and pressing need for further investiga-
tions on crop pollinators and wild bee diversity in Morocco. In 
this context, this study aimed to (1) identify key crop-visiting 
bee species (KCVBS) occurring in Moroccan agroecosystems, 
based on their visitation to the flowers of the studied crops, (2) 
investigate the diversity of KCVBS compared to bee diversity in 
agroecosystems and (3) describe the spatial patterns and trait 
characteristics of KCVBS.

These inquiries will help deepen our understanding of the dy-
namics between wild bees and crop pollination in Morocco, 
contributing to the development of effective conservation and 
management strategies.

2   |   Material and Methods

2.1   |   Study Areas and Sampling Methods

Our study is based on the dataset described in El Abdouni 
et al. (2022). In 2018 and 2019, we sampled a total of 263 fields 
encompassing nine different main crops (i.e., faba bean, zuc-
chini, pumpkin, tomato, eggplant, melon, apple, cherry, and 
okra) in four regions of Morocco. (i.e., Casablanca-Settat, Rabat-
Sale-Kenitra, Draa-Tafilalet and Fes-Meknes) (Figure  1). The 
sampling methodology involved walking transects within the 
main crop areas and the surrounding fields. Within the crop, 
we carried out two walking transects of five minutes while two 
additional transects were performed outside the main crop (total 
of 10 min of sampling in 2018 and 15 min in 2019). In addition to 
transects, we used three sets of three coloured pan traps (yellow, 
white and blue), consisting of a total of nine pan traps. Two sets 
of pan traps were placed within the main crops and the third 
set was placed outside the field (for further details, see the sup-
plementary methods). However, as a complementary sampling 
method, pan traps may favour certain bee groups (e.g., small 
ground-nesting species) and may therefore influence the taxo-
nomic composition of the dataset. The data set used in this study 
comprises a total of 17,676 wild bee individuals sampled from all 
transects and pan traps across all agroecosystems. It includes 
2338 bee individuals that visited at least one of the nine main 
crops within the four regions.

2.2   |   Key Crop-Visiting Bee Species and Their 
Relative Dominance in Agroecosystems

In this study, we classified wild bee species into three categories. 
(1) All bees: including those collected and identified to species 
level within agroecosystems. (i.e., inside and outside the crops); 
(2) Bee visiting crops (crop-associated species): encompassing 
bee species that were associated to crop flowers; (3) KCVBS: 
including dominant bee species observed visiting crops the 
flowers of the studied. To identify the KCVBS, we considered 
only individuals collected from crop flowers during the flower-
ing period. Following Kleijn et al. (2015), we defined KCVBS as 
the most abundant species, representing ≥ 5% of the total abun-
dance of individuals collected per crop in each region (Figure 2). 
This threshold ensures that only the most frequent visitors are 
included, thereby reducing the influence of rare or accidental 
species (MacLeod et al. 2020; Vázquez et al. 2005).

In order to compare bee diversity among the aforementioned 
bee communities (i.e: all bees, Bee visiting crops and KCVBS), 
we used the iNEXT package (Chao et al. 2014) to calculate the 
rarefied species richness and Shannon index. This allowed us 
to compute the Hill numbers (diversity estimates) for each bee 
community. The rarefaction process was based on the smallest 
number of bee individuals (1304 bee individuals) collected in 
our trials ensuring meaningful standardization across the bee 
communities.

We assessed the total dominance of KCVBS (Dt) in each agro-
ecosystem by calculating the ratio between the total number of 
KCVBS individuals collected in each crop and the total number 
of bee species collected within this crop in each region. We also 
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assessed the dominance (Ds) of each KCVBS species by dividing 
the total abundance of each KCVBS by the total abundance of all 
bees collected in all agroecosystems.

To compare crops based on the relative abundance of their 
KCVBS inside and outside the crop, we calculated the ratio be-
tween the relative abundance of each KCVBS found on the crop 
and the relative abundance of this species outside the crop. We 
obtained the ratio (R) for each species in each crop in each region 
(Table S2). Then we calculated the average of this ratio per crop.

2.3   |   Field Occurrence and Life-History Traits 
of the Key Crop-Visiting Bee Species

In order to generate the field occupancy value for each KCVBS, 
we used the full data collected in the four regions studied (i.e., 
17,676 specimens). We calculated values based on the presence/
absence of the species in each sampled field (263 fields). We 
classified species into three categories: widespread bee species 
where field occupancy ≥ 50%, bee species with medium distri-
bution where 5% < field occupancy < 50%, bee species with re-
stricted range where field occupancy ≤ 5% (Mouillot et al. 2013). 

The relationship between field occupancy for each KCVBS 
(n = 26 species) and their dominance Ds (described above) was 
assessed using Spearman's rank correlation implemented in the 
“stats” R package.

We focused on a small set of bee functional traits representing 
the most common traits used in previous research: nesting be-
haviour, sociality, host-plant specialization, and seasonality 
(Graham et al. 2024). We characterized nesting (above vs. under-
ground) and sociality (social or eusocial and primitively euso-
cial vs. solitary) based on relevant literature (Michener  2007). 
We also categorized the bee floral choices into two categories: 
oligolectic vs. polylectic species (i.e., pollen specialist vs. pol-
len generalist). To assign flight season, we assembled a data-
base of specimen sampling dates from our field data. We then 
scored each species as being present or absent in each season 
(i.e., Spring: March–April–May; Summer: June–July–August; 
Autumn: September–October–November) and assigning a 
seasonal category: occurring in spring, spring–summer, and 
spring-autumn.

All analyses in this study were conducted using statistical soft-
ware R 3.6.1 (R Core Team).

FIGURE 1    |    Map of Morocco illustrating the locations of crop trials (from El Abdouni et al. 2022). [Colour figure can be viewed at wileyonlineli-
brary.com]
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3   |   Results

3.1   |   Diversity and Abundance of Bee Species in 
Moroccan Crops and Agroecosystems

A total of 359 bee species were collected and identified across 
the studied agroecosystems; among these, 156 are crop-
associated bee species and 26 species are defined as KCVBS. 
These species belong to three families (Andrenidae, Apidae, 
and Halictidae) and 11 genera. The number of KCVBS varied 

across crops and regions. For example, we found only one 
wild bee species as dominant on zucchini in the Casablanca-
Settat region, while in Draa-Tafilalet, we identified five species 
(Figure 2).

When assessing species richness based on the rarefied number 
of specimens, we observed variations among the three groups 
(i.e., all bees, bee visiting crops, KCVBS). Agroecosystems 
demonstrated a high level of diversity compared to crops. 
Moreover, only a small number of species were found to be 

FIGURE 2    |    The relative abundance of bee species visiting each crop in four regions in Morocco. The list per figure represents key crop-visiting 
bee species with 5% or more of the total bee individuals collected by each crop for 2 years (2018 and 2019): Zucchini, pumpkin, faba bean, eggplant, 
melon, tomato, apple, cherry and okra. The X-axis rufers to identified species, Y labels refers to bee relative abundance (%). Bars without species 
names represent unidentified species. [Colour figure can be viewed at wileyonlinelibrary.com]
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dominant on crops, accounting 14% of the total rarified spe-
cies richness for all bees, 20% of rarified species richness for 
bees visiting crops and 2.7% of the national richness. The same 
pattern was observed when considering the Shannon diversity 
index (Sall bees = 70.57; Scv = 35.91 and Scp = 12.69) (Table 1).

Taking into account the dominance of KCVBS within agroeco-
systems, they represent 28% ± 16% on average. Notably, pumpkin 
in the Casablanca-Settat region exhibited the highest dominance 
with 57% while tomato and eggplant in the Rabat-Sale-Kenitra 
region had the lowest dominance with 3% (Table S1).

3.2   |   Spatial Distribution and Traits of Bee Species 
in Moroccan Crops and Agroecosystems

For field occupancy, three species were classified as widespread 
with occupancy exceeding 50%. These species are all from the 
genus Lasioglossum: L. algericolellum, L. malachurum, and L. 
villosulum. Twenty species had medium occupancy, and three 
species had restricted occupancy. Relating field occupancy 
of each KCVBS and their dominance, we found a positive re-
lationship between the two variables (n = 26, p value < 0.001 
= 2.964e−08; ρ (rho) = 0.854) (Figure 3).

TABLE 1    |    Observed and rarified species richness, Shannon diversity for the three bee communities.

Diversity Index Observed diversity Rarefied diversity LCL UCL

All Bees Species richness 359 182.55 179.67 185.43

Shannon diversity 79.04 70.57 69.02 72.12

Bee visiting crops Species richness 156 128.58 121.96 135.21

Shannon diversity 37.14 35.91 33.69 38.14

Key crop-visiting bee species Species richness 26 26 25.30 26.70

Shannon diversity 12.69 12.69 11.96 13.42

Note: The rarefaction was obtained basing on the minimum number of collected individuals (1304 bee individuals).

FIGURE 3    |    Relationship between field occupancy of key crop-visiting bee species and their field dominance and seasonality in Moroccan agro-
ecosystems. Coloured cercles refer to each key crop-visiting bee species and colours to each seasonal category (one: Key crop-visiting bee species 
flying during one season, two: Key crop-visiting bee species flying during two seasons and key crop-visiting bee species flying during three seasons). 
[Colour figure can be viewed at wileyonlinelibrary.com]
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The species assemblage of the KCVBS was dominated by sol-
itary, polylectic, and ground-nesting bees with a long flight 
season (Figure 4). Comparing traits between the three commu-
nities, we found that bee species with a long flight season (oc-
curring in two or three seasons) represent 92% of KCVBS, 66% 
of bee species visiting crops, and 41% of all bees. While ground-
nesting bees dominate all communities with 96% for KCVBS, 
89% for bee species visiting crops, and 81% for all bees (Figure 4).

The comparison of the mean ratio R (described above) showed 
differences between crops. KCVBS were found to be more abun-
dant on crops like tomato, apple, and eggplant than outside the 

crops. While other crops like pumpkin, zucchini, and okra were 
visited by KCVBS, which are common and abundant also outside 
the crops (Figure 5).

4   |   Discussion

4.1   |   Diversity and Abundance of Bee Species in 
Moroccan Crops and Agroecosystems

Our study represents the first attempt to characterize the wild 
bee community associated with multiple crops in Morocco. 

FIGURE 4    |    Life-history traits of key crop-visiting bee species in Moroccan agroecosystems: (a) nesting behaviour, (b) sociality, (c) pollen special-
ization group and (d) flight season duration. The total number of key crop-visiting bee species is 26 species collected in four regions and on nine crops 
(zucchini, pumpkin, tomato, eggplant, faba bean, apple, cherry, melon and okra). (e) represents the percentage of bee species richness comparison 
between three categories of bee communities collected in Moroccan agroecosystems considering nesting behaviour and seasonality. [Colour figure 
can be viewed at wileyonlinelibrary.com]
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Our findings demonstrate that Moroccan agricultural land-
scapes harbour diverse communities in terms of species di-
versity and functional traits. However, we discovered that a 
small group of bee species dominates crop flower visitation 
(i.e., accounting for more than 5% of the total abundance). 
KCVBS make up 20% of the bee visiting crops richness, 14% 
of the total rarified species richness in studied agroecosys-
tems. Concerning the national richness (Lhomme et al. 2020), 
KCVBS represent around 3%. These results are consistent with 
studies conducted in different regions worldwide (Hutchinson 
et al. 2021; Kleijn et al. 2015; MacLeod et al. 2020; Pisanty and 
Mandelik 2015). For instance, Kleijn et al.  (2015) found that 
only 2% of regional bee community provides significant pol-
lination services worldwide. Similarly, MacLeod et al. (2020) 
observed that 18% of crop visitors were classified as dominant 
bees visiting crops. This marked discrepancy may reflect dif-
ferences in biogeographic history between regions, cropping 
systems and landscape complexity. Furthermore, variation 
in methodological approaches, sampling intensity and taxo-
nomic resolution could also contribute to the observed con-
trast (Bonfanti et al. 2025; Bottero et al. 2023).

At the agroecosystem level, key crop-visiting bee species tend 
also to dominate bee communities, accounting for an average of 
28%. However, this proportion is higher in European and north 
American agricultural landscapes, with values of 75% and 59% 
respectively (Kleijn et al. 2015).

4.2   |   Spatial Distribution and Traits of Bee Species 
in Moroccan Crops and Agroecosystems

In terms of occurrence, our study revealed that KCVBS are gen-
erally associated with large and medium occupancy, occurring 
in the majority of surveyed fields (i.e., in various regions). In ad-
dition, a strong positive correlation between field occupancy and 

species dominance was observed and confirmed by Spearman's 
rank correlation (n = 26, p < 0.001), indicating that bee species 
occurring in a higher proportion of sampled fields also tended to 
be dominant. The three species Lasioglossum algericolellum, L. 
malachurum and L. villosulum that we found to be widespread 
are also known to be well represented and broadly distrib-
uted across agricultural, natural, and semi-natural landscapes 
(Polidori et al. 2010; Wood et al.  2016). The latter two species 
are moderately polylectic, visiting a wide range of wild and cul-
tivated plant species, with a marked preference for members of 
the Asteraceae family (Polidori et  al.  2010; Wood et  al.  2016). 
Furthermore, their underground nesting behaviour and long 
activity period make them stable components of pollinator com-
munities (Polidori et al. 2010; Wood et al. 2016). In contrast, L. 
algericolellum remains poorly studied compared to the other two 
species. However, we also observed that species with restricted 
field occupancy contribute to crop flower visitation. These spe-
cies account for 12% of key crop-pollinating bees (i.e., Andrena 
tunetana, A. propinqua, Eucera alternans). This finding aligns 
closely with the results found by (MacLeod et al. 2020) in the 
USA, who reported that 19% of dominant bees are classified as 
regionally rare species. Moreover, it has been found that rare 
species play a crucial role in the pollination services of both 
wildflowers and crops (Genung et al. 2022). Among the species 
with restricted field occupancy, we observed that two species 
have a short flight season, mainly occurring in spring. This 
flight duration factor has been identified as the most important 
trait influencing the occurrence and abundance of European 
bees in croplands (De Palma et al. 2015).

In the studied agroecosystems, we observed the dominance of 
ground-nesting bees, accounting for 81% of the total bee popu-
lation and 96% of the KCVBS. This result aligns with previous 
knowledge that wild bee species nesting in the soil dominate the 
overall wild bee fauna (Michener 2007), and they are also more 
abundant as crop pollinators (Christmann 2022; Everaars 2012). 

FIGURE 5    |    Bar graph showing the average ratio of the relative abundance of key crop-visiting bee species collected on crops and outside the 
crops. Error bars indicate mean ± SE between crops. [Colour figure can be viewed at wileyonlinelibrary.com]
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Moreover, several studies demonstrated that landscape simpli-
fication (transitioning from semi-natural to agricultural land-
scape) restricts the presence of above-ground nesting bees due 
to the scarcity of suitable nesting materials (St. Clair et al. 2022).

Within the agroecosystems and among the main crop flower 
visitors, we found that most species exhibit a long flight sea-
son, occurring in at least two seasons. This result is in line with 
an European study that demonstrated a positive relationship 
between the flight season duration and the probability of oc-
currence and abundance in croplands (De Palma et  al.  2015). 
Similarly, we found that social and specialist bee species were 
less prominent among the main crop flower visitors in our fields. 
This finding aligns with the explanation provided by (Williams 
et al. 2010) who attributed this pattern to the detrimental impact 
of agricultural intensification on social and specialist bees.

The average ratio of the relative abundance of key crop-visiting 
bee species on crops and outside the crop was found different 
between studied crops. For instance, pumpkin, zucchini, and 
apple for example demonstrated high KCVBS dominance, likely 
due to their abundant, easily accessible nectar and pollen, which 
attract a wide range of pollinators. In contrast, Tomato and egg-
plant crops, in particular, displayed higher selectivity (low KCBS 
dominance ~3%), being specifically pollinated by a single spe-
cies, Xylocopa pubescens, in the Kenitra region (Figure 1). This 
outcome can be attributed to the unique pollination process of 
these crops known as ‘buzz pollination’ (Jayasinghe et al. 2017; 
Toni et al. 2020). In buzz-pollinated flowers, pollen is less acces-
sible to most bees, resulting in lower rewards for non-sonicating 
visitors (Cooley and Vallejo-Marín 2021). Despite the presence 
of other species that can ensure this type of pollination, such 
as Bombus terestress no visits were observed on tomato crops, 
and only a single visit on eggplant, which can be attributed to its 
generally low abundance in the study area. Relying on a single 
species to ensure pollination of such of crops can present several 
risks, including vulnerability to species decline, temporal or spa-
tial mismatches, limited resilience of pollination service, as well 
as pollination deficits and reduced yields (Marshall et al. 2023; 
Rahimi and Jung 2025; Vasiliev and Greenwood 2020). However, 
managed Bumbus species are widely used to pollinate crops 
requiring buzz pollination such as tomato, particularly under 
greenhouse conditions (Cooley and Vallejo-Marín 2021). In ad-
dition, Xylocopa pubescens in the Kenitra region could represent 
a viable alternative pollinator, as it has also been demonstrated 
to be effective on various crops, including sunflower, squash, to-
mato, and eggplant (Hogendoorn et al. 2000; Sadeh et al. 2007).

4.3   |   Perspectives for Conservation

The first objective of this study was to identify bee species asso-
ciated with crop flower visitation in Moroccan agroecosystems 
and highlight key ecological characteristics. This information 
is crucial for enhancing our understanding of bee ecology in 
Morocco and in Northern Africa, assessing the sensitivity of bee 
communities in agroecosystems to agricultural management, 
and developing effective conservation strategies (Kammerer 
et al. 2021; Nowakowski and Pywell 2016). It is also valuable to 
advise decision makers on agricultural landscapes like farmers, 
agricultural advisors, and policymakers.

The distribution range of bee species is a key consideration in 
conservation plans. Numerous studies have demonstrated that 
species with smaller geographic range are often more vulner-
able (Loiseau et  al.  2020). Conservation strategies, such as 
planting flowering plants, have been shown to benefit rare bee 
species in agricultural lands in European systems for example 
(Kremen and M'Gonigle  2015; MacLeod et  al.  2020). In our 
context, preserving floral diversity in agroecosystems by sus-
tainable agriculture practices (i.e., low weeding intensity) could 
benefit pollinator diversity (Sentil et al. 2022). Enhancing fields 
by borders or strips of marketable habitat enhancement plants 
like oil seeds, spices, vegetables or forage plants (Farming with 
Alternative Pollinators (FAP)) might be more attractive for farm-
ers (Christmann and Aw-Hassan 2012; Christmann et al. 2017, 
2021). Sentil et al. (2022) demonstrated that FAP fields with mar-
ketable habitat enhancement plants support even higher polli-
nator diversity than wild plants. Moreover, our findings suggest 
that conservation strategies should consider the interactions be-
tween pollinators and crops. It is important to implement prac-
tices that enhance bee habitats (Christmann et  al.  2017, 2021; 
Christmann and Aw-Hassan 2012; Van Drunen et al. 2022) and 
promote efficient crop flower visitation. For instance, in the case 
of tomato and eggplant production, it is necessary to sustain X. 
pubescens in farms by providing nesting substrates (i.e., died 
wood), among other measures.

Ground-nesting bees were found to dominate Moroccan agro-
ecosystems. As several studies demonstrated that landscape 
simplification (transitioning from semi natural to agricul-
tural landscape) restricts the presence of above-ground nest-
ing bees due to the scarcity of suitable nesting materials (St. 
Clair et al. 2022), this information is valuable in guiding agri-
cultural practices towards reduced tillage and pesticide usage 
(Appenfeller et al. 2020; Stuligross and Williams 2020; Tschanz 
et al. 2022; Ullmann et al. 2016). Additionally, leaving areas of 
bare soil for nesting or areas with perennial crops without till-
age and pesticides can help to conserve this particular group of 
bees within agricultural landscape (Christmann 2022; Thuiller 
et  al.  2020). Ground-nesting bees are particularly susceptible 
to pesticide use, as they are more exposed to pesticide residues 
in the soil at various stages of their life (larval, pupal or adult) 
(Rondeau and Raine 2022).

It is crucial to establish a list of important bee species pollinating 
crops, along with their distribution and their key ecological char-
acteristics. This initiative is essential to enhance the national 
database and facilitate targeted monitoring and conservation 
strategies (Hutchinson et al. 2021). Moreover, this information 
can be utilized to educate farmers about the presence and the 
role of wild bees on their farms and raise awareness about the 
implementation of practices aimed at conserving pollinators 
and enhancing pollination services (Christmann et  al.  2021). 
Although progress has been made in this field in Morocco, 
there is still a lot of work to be done. It is desirable to conduct 
studies in different regions and crops to derive more general-
izable conclusions regarding the diversity of crop pollinators, 
the interaction between pollinators and crops, and the vulner-
ability of Moroccan agroecosystems to environmental stressors. 
Additionally, further research is needed to establish a national 
monitoring system for wild bees and other wild pollinators, fo-
cusing on their geographic distribution, foraging behaviour, and 
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life history. These future studies will contribute to expanding 
our knowledge about pollinators in this understudied country 
(Orr et  al.  2021) and will help in developing a comprehensive 
conservation framework.
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