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Abstract: This pilot study provides insights into the Moroccan public’s understanding and willing-
ness to engage in insect pollinator preservation, highlighting widespread awareness alongside sig-
nificant knowledge gaps. The success of biodiversity conservation efforts, especially those aimed at 
insect pollinators, is greatly enhanced by an informed and committed populace. Understanding 
public perceptions of insect pollinators is important as it shapes the effectiveness of conservation 
strategies and their implementation. Although our pilot study does not include every demographic 
of Moroccan society, it does include an important portion of the populace: educated urban youth. 
This is a key portion of the population that will be crucial in developing future conservation strate-
gies, especially given the tendency towards increasing urbanization putting cities at the forefront of 
sustainable development. Our study aimed to assess opinions on insect pollinators, their services, 
and their declining population numbers in Morocco. We conducted a survey distributed mainly 
through the media over four months, receiving responses from 301 individuals. The results indicate 
that the public is aware of decreasing insect pollinator populations and their main threats, and 
shows a willingness to participate in conservation strategies. However, gaps persist in understand-
ing the roles and ecology of pollinators. While honey bees and bumble bees are well-recognized for 
their role in pollinating agricultural and wild plants, there is less awareness about other common 
pollinators such as solitary bees and flies. Additionally, the essential contributions of non-bee pol-
linators remain widely overlooked. To address these findings, we recommend implementing spe-
cialized educational initiatives to increase public understanding of the vital functions of non-bee 
pollinators in supporting ecosystem services. In order to adopt a more encompassing strategy for 
the conservation of insect pollinators, upcoming outreach efforts within the national biodiversity 
strategy should emphasize the contributions made by lesser-known non-bee insect pollinators and 
strive to engage sectors of the population currently less involved in pollinator conservation. How-
ever, while this pilot study provides valuable insights, the sample size limits the generalizability of 
these conclusions. Future research with larger and more diverse samples would be beneficial to 
validate and expand upon these findings in order to provide a more comprehensive understanding 
of all areas of public perception and engagement in pollinator conservation in Morocco. Expanding 
sampling to include older, less educated, and less urban demographics would strengthen these in-
itial insights and broaden their application, especially beyond urban attitudes. 
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1. Introduction 
The Maghreb region, which spans the northwest of Africa and includes nations such 

as Morocco, Algeria, Libya, Mauritania, and Tunisia, has experienced significant ecologi-
cal shifts due to agricultural intensification and land use changes over the past five dec-
ades. These shifts have profound implications for agriculture and wild plant conservation 
given the pivotal role of insect pollination in these ecosystems. Recent studies indicate a 
concerning trend of pollinator decline, highlighting the urgency of addressing this prob-
lem [1–3]. 

Insect pollinators play a pivotal role in the pollination of both wild and cultivated 
plants, providing critical ecosystem services to agriculture and natural habitats. It is esti-
mated that a staggering 87.5% of all flowering plant species globally rely on animal-me-
diated pollination, encompassing a diverse range of plants that are vital for food and med-
icine. Specifically, crops yielding fruits, seeds, and nuts depend heavily on the services of 
insect pollinators, which in turn have a substantial impact on the overall value of global 
crop production [4–6]. 

The ecological services rendered by animal pollinators are indispensable, supporting 
about 75% of the world’s primary food crops. The estimated economic value of crop pol-
lination, using data from 2009 and adjusted to 2015 dollars, is between USD 235 B and 577 
B annually [7]. When accounting for inflation up to March 2020, the global economic sig-
nificance of pollination services is anticipated to be in the range of USD 195 B to 387 B each 
year [8]. The reasons for this wide range include variations in research methodologies, 
data used, and the increasing costs associated with growing crops that depend on polli-
nators [7,8]. In Morocco, insect pollinators impact 68.57% of the nation’s primary crops, 
which span 10.31% of the total agricultural land, contribute to 27.28% of the total crop 
yield, and account for 39.08% of the total crop value. The contribution of insect pollination 
to Morocco’s major crop production is valued at about USD 1235.06 M, representing 8.52% 
of the country’s total agricultural GDP [9]. 

The global decline of insect pollinators, driven by human activities such as habitat 
destruction, pesticide application, disease, pollution, and climate change, has raised sig-
nificant conservation concerns. For effective biodiversity conservation, a holistic approach 
is essential, requiring the involvement and action of individuals, businesses, and all levels 
of government. The availability of scientific data and the backing of the public are critical 
for evidence-based environmental policies and the success of conservation initiatives [10–
17]. Achieving public support necessitates collaboration among scientists, the public, and 
policymakers, with targeted engagement efforts that address diverse concerns and prior-
ities at the national, regional, and political levels [18,19]. 

Public engagement in insect pollinator conservation faces unique challenges. Re-
search reveals a significant gap in the public’s recognition of the importance of pollinators 
as well as the various types of pollinators that exist, especially with regard to those that 
are not honey bees. For instance, investigations in Ireland and the USA have found that 
despite a general awareness of the decline in insect pollinator populations and a willing-
ness to engage in conservation activities, substantial knowledge gaps persist regarding 
the diversity of pollinators, their functions, and their ecological interactions [20,21]. While 
most survey respondents were able to recognize well-known pollinators such as honey 
bees and bumble bees and understood their role in pollination, there was a lower level of 
recognition for other common pollinators such as flies and solitary bees. Additionally, the 
significance of non-bee pollinators in the pollination process was not widely appreciated. 
Influenced by media narratives, this narrow focus may direct community efforts towards 
honeybee hive installation rather than comprehensive conservation actions [22,23]. 
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The rising public interest in the decline of pollinators and their conservation is evi-
dent. Surveys in Europe and the USA indicate a willingness to support pollinator services, 
notably in wildflower cultivation and crop production that depend on insect pollination. 
Enhancing public awareness of pollinators’ ecological and economic contributions can 
foster greater involvement in conservation efforts, thereby improving the effectiveness of 
management strategies and research endeavors. It is crucial to delve deeper into socio-
cultural perspectives on the decline of pollinators to identify knowledge gaps and involve 
underrepresented sectors in conservation and policymaking [24–29].  

The present pilot study focuses on Morocco, where the status of insect pollinators is 
poorly documented. Our objective is to evaluate the Moroccan public’s knowledge and 
attitudes towards insect pollinators, their recognition of the services these pollinators pro-
vide, and their willingness to participate in conservation efforts. Specifically, we aim to: 
(i) gauge public awareness of the diversity of insect pollinators and the threats they face; 
(ii) identify knowledge gaps and misconceptions through analysis of survey data; and (iii) 
propose educational and conservation strategies to bolster public engagement and sup-
port for the preservation of pollinators in Morocco. This research seeks to offer initial in-
sights that can inform policy and community-based conservation initiatives, especially in 
crucial urban areas, thereby contributing to the sustainability of pollinator populations 
and the ecosystem services they provide. It can serve as a basis from which broader stud-
ies can be conducted in order to achieve valuable insights on the perception of sustaina-
bility of all corners of the Moroccan populace. 

2. Materials and Methods 
2.1. Survey Design 

To assess the Moroccan public’s awareness and perceptions of insect pollinators, an 
online survey entitled “Public Knowledge and Perceptions of Pollinating Insects: A Case 
Study from Morocco” was designed (refer to Supplementary Information S1—Survey). 
The survey encompassed questions on (i) the identification of insect pollinators, (ii) the 
significance of pollinators, and (iii) conservation efforts for pollinators. Additionally, we 
collected demographic data from participants, including gender, age, occupation, educa-
tion level, community, and region of residence. The survey also included questions de-
signed to assess the participants’ enthusiasm for nature and their self-perceived under-
standing of pollinators, contributing to a detailed profile of each respondent. 

The survey began with a friendly greeting and provided succinct and unbiased in-
troductory information to inform participants who might not have been previously aware 
of pollinators. It ended with a thank-you note and offered additional resources on polli-
nators for those who wished to learn more (Supplementary Information S1—Survey). Be-
fore being released to the public, the survey was tested in a preliminary phase with around 
fifteen people to ensure its clarity, user-friendliness, and precision. 

2.2. Sample Size Calculation  
We initially calculated the survey’s sample size using Calculator.net 

(https://www.calculator.net/sample-size-calculator.html, accessed on 10 February 2023), 
aiming for a 95% confidence level and a 5% margin of error based on an estimated 50% 
level of awareness regarding insect pollinator conservation among the Moroccan public. 
The target population included individuals across Morocco who are active on social me-
dia platforms. The calculated sample size necessary for a statistically representative out-
come was 385 participants. However, our cross-sectional survey garnered 301 respond-
ents. While the sample size is smaller than initially calculated, it may still provide valuable 
initial insights, especially among urban youth, a critical component of any conservation 
strategy given the increasing propensity towards urbanization [30,31]. 

2.3. Survey Distribution  
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The pilot survey was open for participation over four months, from the start of Janu-
ary to the end of April in 2024. It was distributed among the Moroccan public mainly via 
social media channels like LinkedIn, Facebook, Instagram, and Twitter, utilizing a variety 
of hashtags (for example, “Morocco”, “Community”, etc.) and tagging local Moroccan 
community organizations and media outlets with significant outreach. The survey also 
reached the authors’ contacts, including relatives, friends, and students, via email, 
WhatsApp, and personal recommendations. Respondents were invited to fill out an anon-
ymous self-guided questionnaire hosted on Google Form (an external web-based plat-
form) available in both Arabic and French. 

The goal of this preliminary study was to reach as broad of a cross-section of Moroc-
can society as possible, including those not involved in academia or particularly interested 
in nature, though we recognize that some segments of the population may still be un-
derrepresented. To address this, the survey incorporated demographic questions and in-
quiries about interests in nature to help identify and measure potential biases. 

Despite these efforts, the sample primarily consisted of individuals who are young, 
educated, and urban. This demographic is often more active on social media and more 
likely to engage in online surveys, leading to a potential sampling bias. The young, edu-
cated, and urban population is particularly relevant for our initial pilot study because they 
are more likely to influence policy-making authorities and be involved in community and 
conservation initiatives, especially given that urban areas are expanding and are on the 
front lines of sustainability challenges. However, this focus limits the generalizability of 
our findings to the broader Moroccan population. 

Despite the pivotal role played by urban youth in shaping future conservation initi-
atives, in order to improve the representativeness of future research we recognize the need 
to also include older, less educated, and less urban segments of the population. These 
groups may have different perceptions and levels of engagement with insect pollinator 
conservation. Consideration of alternative distribution methods, such as in-person inter-
views or phone and/or paper surveys, particularly in rural areas or among populations 
with limited internet access, would contribute to a more comprehensive understanding of 
public attitudes. 

This research adhered to the ethical standards set by the Moroccan Research Ethics 
Committee, including safeguards against collecting personal identification information or 
presenting content that could cause distress. Participation in the survey was entirely vol-
untary, with participants providing anonymous responses. 

2.4. Statistical Analysis  
The collected survey data were processed and examined through SPSS software ver-

sion 25.0. Descriptive statistics provided a summary of participant profiles, pollinator 
identification, and perceptions of pollinator importance and conservation actions. The chi-
square test of independence was utilized to investigate the relationship between partici-
pants’ affinity for nature and their knowledge of insect pollinators. This test was also ap-
plied to evaluate the recognition of different pollinator species and the perceived im-
portance of various pollinators for Moroccan crops and wild plants. 

A log-linear model was conducted to assess the influence of demographic variables 
such as gender, age, education, profession, and region on pollinator knowledge. Partici-
pants’ awareness of threats to pollinator populations and their willingness to engage in 
conservation actions were examined using descriptive statistics and chi-square tests to as-
sess the level of concern and proactive behaviors. 

The significance level was set at p < 0.05 for all statistical tests. Findings are presented 
in figures and tables, illustrating the distribution of responses and the statistical signifi-
cance of the observed patterns. 

3. Results 
3.1. Participant Profiles  
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Before presenting the detailed outcomes of our survey, it is essential to describe the 
demographic composition of our respondents. Our survey engaged a diverse group of 301 
individuals, reflecting a near-equal gender distribution with 53.2% female and 46.8% male 
participants (Table 1) and no significant gender bias (χ2(1) = 1.199, p > 0.273). Young adults 
formed the majority, with 42.5% under 25 years and 23.3% between 26 and 35 years, yet 
age did not significantly impact knowledge scores (χ2(5) = 2.645, p = 0.755). Educational 
levels varied, with 22.6% holding a master’s degree and 21.6% holding a bachelor’s degree, 
but did not correlate with pollinator knowledge. Students, the largest professional group 
(45.5%), were significantly overrepresented (χ2(7) = 366.774, p < 0.001). The majority re-
sided in urban areas (84.7%), particularly in Laayoune–Sakia El Hamra (23.6%) and 
Tangier–Tetouan–Al Hoceima (20.9%). This diversity underscores the potential for cus-
tomized educational and conservation initiatives to enhance pollinator awareness across 
different societal segments.  

Table 1. Profile of the study participants. 

 Category Frequency Percent 

Gender 
Man 141 46.8 

Woman 160 53.2 

Age 

<25 128 42.5 
26–35 70 23.3 
36–45 53 17.6 
46–55 19 6.3 
56–65 20 6.6 

>65 11 3.7 

Education 

Secondary Education Certificate 9 3.0 
High School Diploma 51 16.9 

General University Diploma 27 9.0 
Higher Technician Certificate 27 9.0 

Bachelor’s 65 21.6 
Engineering diploma 12 4.0 

Master’s 68 22.6 
Doctorate (PhD) 42 14.0 

Profession 

Agriculture 27 9.0 
Business 11 3.7 

Education 30 10.0 
Gardening/Landscaping/Grounds Manage-

ment 
1 0.3 

Healthcare 5 1.7 
Public servant 65 21.6 

Retired 16 5.3 
Student 137 45.5 

Unemployed 9 3.0 

Community 
Rural 28 9.3 

Suburban 18 6.0 
Urban 255 84.7 

Region 

Béni Mellal-Khénifra 8 2.7 
Casablanca-Settat 25 8.3 

Dakhla-Oued Eddahab 5 1.7 
Draa-Tafilalt 7 2.3 
Fez-Meknes 21 7.0 

Guelmim-Oued Noun 6 2.0 
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Laayoune-Sakia El Hamra 71 23.6 
Marrakech-Safi 10 3.3 

Oriental 14 4.7 
Rabat-Salé-Kénitra 49 16.3 

Souss-Massa 22 7.3 
Tangier-Tetouan-Al Hoceima 63 20.9 

This demographic diversity is crucial, as it provides a broad perspective on the pub-
lic’s engagement with nature and knowledge of insect pollinators. Our analysis revealed 
a strong affinity for nature among the participants (χ2(3) = 251.093, p < 0.001), with 56% 
expressing very high interest and 38% being somewhat interested (Figure 1). This indi-
cates a robust engagement with natural environments. Despite this, a significant 
knowledge gap about insect pollinators was identified, presenting an opportunity for tar-
geted educational programs. Log-linear model analysis showed that gender, age, educa-
tion, profession, and region did not significantly influence pollinator knowledge (χ2(33) = 
20.758, p = 0.952). 

 

. 

Figure 1. Public interest in nature conservation (A) and awareness and understanding of insect pol-
linator roles (B). 
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3.2. Pollinator Identification 
Our survey assessing public recognition of pollinators found significant gaps in iden-

tification. Honey bees were correctly identified by 82.72% of respondents (Figure 2), show-
ing a high level of recognition (χ2(1) = 128.934, p < 0.001). Bumble bees followed with 
60.80% correct identifications, which was also statistically significant (χ2(1) = 14,037, p < 
0.001). The recognition of solitary bees was lower, with only 26.91% identifying the pale 
white and black species and 27.91% recognizing the orange and black species, both signif-
icantly lower than for honey bees and bumble bees (χ2(1) = 64.189, p < 0.001 and χ2(1) = 
58.767, p < 0.001, respectively). Wasps were correctly identified by 70.43% of participants, 
which is statistically significant (χ2(1) = 50.262, p < 0.001). Only 8.64% of participants cor-
rectly identified flies, a statistically significant shortfall (χ2(1) = 205.983, p < 0.001).  

 
Figure 2. Percentage of survey respondents accurately identifying an insect in an image. The dashed 
line indicates the 50% benchmark. 

3.3. Pollinator Importance 
Close to half of the survey respondents (46.2%) correctly recognized that between 75–

100% of flowering plants benefit from insect pollination, which is consistent with studies 
showing that 88% of such plants are pollinated by animals [32]. Additionally, 28.6% of 
participants accurately judged that insect-pollinated crops contribute to 25–50% of our 
food, while 20.0% overestimated this figure, thinking it was between 75–100%, even 
though research suggests it is around 35% [33]. 

Regarding the perceived significance of pollinators for Moroccan agriculture and 
wild flora, 58.8% of those surveyed rated honey bees as highly crucial and 38.5% rated 
other bee species as important, with these groups receiving scores of 5 and 4 out of 5, 
respectively. In contrast, butterflies, moths, and wasps were generally considered of mod-
erate to slight importance. Flies, ants, and ladybugs were not viewed as important for 
pollinating crops in Morocco by a significant portion of participants (48.2, 42.2, and 34.6%, 
respectively), as depicted in Figure 3. The results from the chi-square test showed a 
marked difference in the perceived importance of various pollinators (χ2(6) = 795.854, p < 
0.001), underscoring the view that honey bees and other bees are seen as much more vital 
than pollinators such as flies, ants, and ladybugs for the pollination of Moroccan wild 
plants and crops. 
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Figure 3. Survey participants’ consensus on the pollination significance of various insect groups for 
crops and wild vegetation (rated on a 1–5 scale, 1 being �insignificant’ and 5 �extremely significant’). 
The dotted line marks the median importance level. 

3.4. Pollinator Conservation 
Pollinator conservation is a critical environmental issue. The survey data indicate that 

a significant majority of participants (93%) were aware of the threats to pollinator popu-
lations (χ2(5) = 461.883, p < 0.001). Specifically, habitat loss (32.89%), invasive species 
(33.55%), disease (38.21%), climate change (42.19%), and insecticides (61.79%) were rated 
as being very harmful to pollinator populations, with average ratings close to or at 5 out 
of 5. In contrast, cell phones were seen as the least harmful, with an average rating indi-
cating they are not harmful to pollinators. This reflects a strong public perception of the 
adverse effects of environmental and anthropogenic factors on pollinators, underscoring 
the need for conservation efforts (Figure 4). 

The survey findings reveal a discernible preference among participants for specific 
actions to support pollinator health (χ2(4) = 143.004, p < 0.001), along with varying degrees 
of willingness to carry out these measures (χ2(4) = 122.976, p < 0.001). The action of planting 
nectar- and pollen-rich trees, shrubs, and flowers is highly esteemed, receiving an im-
portance score of 5 and the highest willingness score of 55.81%. This reflects the proactive 
stance of most participants, with 49.17% reporting the implementation of this action on 
their properties (Figure 5). Equally important, but with a slightly lower willingness score 
of 41.86%, was seeing the action to minimize or even eliminate the deployment of pesti-
cides and fertilizers as critical. 

In contrast, the creation of wild pollinator nesting habitats, while deemed important 
with an importance score of 5, had a lesser willingness score of 29.57%, indicating a lower 
level of current engagement among participants. Similarly, actions such as maintaining or 
creating good-quality hedgerows and reducing the frequency of mowing to allow wild-
flowers to grow were recognized as valuable, with importance scores of 4 and willingness 
scores of 25.91 and 25.58%, respectively, suggesting these actions are considered less ur-
gent. 
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Overall, the data indicate that most participants were engaged in at least one action 
to protect pollinators, with a pronounced emphasis on reducing chemical usage and fos-
tering plant diversity. These actions are acknowledged as crucial, and demonstrate the 
participants’ willingness to adopt practices that are deemed most advantageous for polli-
nator conservation. Additionally, subsequent surveys might explore any fears or allergies 
to bees, wasps, etc., which might impact the public’s willingness to install pollinator nests 
near their homes. 

 
Figure 4. Collective rating of environmental threats to pollinator populations (scale from 1–5; 1 sig-
nifies �non-damaging’, 5 indicates �highly damaging’). The dashed line represents a neutral perspec-
tive. 
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Figure 5. Representation of the rated importance and participant willingness for pollinator conser-
vation efforts (scale from 1–5, ranging from �minimally essential/reluctant’ to �extremely essen-
tial/keen’). The percentage of participants ready to engage in each conservation activity is illustrated 
with dark green dashes on the alternate axis. The dashed line traverses the chart, signifying a neutral 
position on the importance scale. 

4. Discussion 
4.1. Participant Profiles  

The data reveal a strong interest in natural ecosystems among the participants. Yet, a 
significant gap in understanding pollinators among the urbanized public is highlighted 
as well, and this gap may be even wider among the broader population, especially in less 
educated and rural segments. This finding emphasizes the need for customized educa-
tional and conservation initiatives to increase pollinator awareness across diverse social 
segments. Although our pilot study’s outcomes are somewhat conservative owing to the 
inherent biases of survey-based research, they nonetheless signal the critical need to 
bridge these knowledge gaps. Doing so can cultivate a more informed public that actively 
supports pollinator conservation [21].  

Our research sought to gauge the Moroccan public’s awareness and engagement in 
insect pollinator preservation. Despite the respondent count (301) not meeting our initial 
target (385), the data we gathered can still offer a valuable foundation for analysis. How-
ever, the study’s focus on a narrow, albeit important demographic segment within Mo-
rocco limits a broader application of our findings. The higher education levels of our re-
spondents could potentially restrict our ability to identify a correlation between education 
and knowledge or attitudes towards pollinators. The predominance of educated younger 
urban respondents might not fully represent the broader Moroccan population’s perspec-
tives, possibly leading to an overestimation of environmental awareness. However, given 
this population segment’s pivotal role in conservation efforts and determining environ-
mental policy, this pilot study can still provide valuable insights into how to address the 
public’s perception and participation regarding current and future conservation efforts in 
Morocco.  

We recognize the importance of obtaining a comprehensive understanding of public 
knowledge and attitudes towards pollinators. Therefore, future studies should broaden 
the respondent pool to encompass a more varied demographic, thereby enhancing the 
representativeness of the results. Furthermore, employing a mixed-methods approach in-
tegrating qualitative and quantitative research could yield a deeper comprehension of the 
public’s attitudes and knowledge regarding insect pollinators. Considering alternative 
survey techniques beyond online systems or social media, together with the inclusion of 
telephone interviews, could help to interact with older demographics, who are more likely 
to have personal belongings and have the time to actively engage in pollinator support 
and who may not be as acquainted with the virtual generation. 

4.2. Pollinator Identification 
Most survey participants easily recognized well-known pollinators such as honey 

bees and bumble bees; however, wasps were not as frequently identified. This may be due 
more to a desire to avoid wasps than to a lack of awareness. The media’s frequent por-
trayal of honey bees in the context of beekeeping might have also influenced the unex-
pectedly low recognition rates of wasps as pollinators. These findings underscore the crit-
ical need for educational initiatives to raise public awareness, especially regarding lesser-
known pollinators such as wasps, flies, and solitary bees. 

The marked recognition of honey bees and bumble bees, as opposed to the minimal 
identification of other pollinators, indicates that specialized educational programs could 
greatly enhance public knowledge and support for pollinator conservation. As a biodiver-
sity hotspot in the Mediterranean, Morocco boasts an impressive array of bee species. 
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With 961 documented bee species, it stands as the fifth-most diverse country in the Med-
iterranean and second-most diverse in Africa [34]. This biodiversity is critical for the pol-
lination of both agricultural crops and wild flora, highlighting the necessity of conserving 
these species. 

Given the crucial role of pollinator diversity in Morocco’s ecosystems, these insights 
are particularly pertinent for devising strategies to bolster public knowledge and foster 
conservation efforts. To meet these educational needs, resources such as the Pollinator 
Partnership’s educational tools and the US Environmental Protection Agency’s guidelines 
for pollinator protection provide solid foundations for creating comprehensive educa-
tional programs. Moreover, research emphasizes the significance of pollinator diversity in 
boosting ecosystem services and agricultural productivity, further stressing the im-
portance of public education on this subject [35]. 

Implementing strategies to enhance the public’s understanding of pollinators is vital. 
These strategies include establishing pollinator habitats, managing pests responsibly, and 
involving youth in conservation efforts. Such measures are imperative for maintaining 
healthy pollinator populations and the myriad benefits they offer to both ecosystems and 
human well-being [36,37]. 

4.3. Pollinator Importance 
This pilot study reveals that the public, especially urbanized youth, is aware of pol-

linators’ crucial roles in agriculture and natural ecosystems. However, there is an apparent 
overestimation of their contribution to our diets, possibly due to the interchangeable use 
of statistics in public discourse. The survey results also indicate that the importance at-
tributed to different pollinators varies, with honey bees and other bees perceived as more 
critical than flies, ants, and ladybugs in the pollination process. These insights underscore 
the public’s awareness of the importance of pollinators, but also point to the necessity of 
addressing misconceptions about their contribution to our food system and enhancing the 
recognition of less familiar pollinator species [38–40]. 

Insects such as wasps and flies, which typically receive less attention in scientific 
studies and media coverage, are frequently misidentified as nuisances instead of being 
acknowledged for their essential contributions to pollination. The findings from our pilot 
study indicate that close to one-third of the individuals surveyed did not regard flies as 
important to the pollination of Morocco’s wild flora and agricultural crops, even though 
there is proof of their effectiveness as pollinators in both settings [41,42]. Similarly, wasps, 
despite their pollination role, were frequently underrated by participants. These misin-
formed perceptions may hinder conservation efforts for these species [43]. While some 
evidence suggests that conservation efforts could concentrate on a number of common 
species responsible for the majority of crop pollination, a holistic approach that includes 
lesser-known beneficial insects is crucial for maintaining ecosystem health [44]. 

The findings of this pilot study indicate that while there is widespread interest and 
awareness regarding the decline and conservation of insect pollinators, especially in met-
ropolitan areas, it is essential to recognize that the public’s perception of pollinators and 
their pollinating activities may be influenced by the limited nature of our sample. Focus-
ing research and media attention on a broader range of species beyond charismatic insects 
such as honey bees and bumble bees is essential [39,40,45]. Additionally, addressing mis-
conceptions about solitary bees and flies can enhance public understanding and engage-
ment in pollinator conservation [46]. While progress has been made, continued efforts are 
needed to bridge knowledge gaps, promote informed conservation actions, and safeguard 
pollinator habitats. By fostering collaboration and expanding public knowledge, we can 
work toward a more sustainable future for pollinators and the ecosystems they support. 

4.4. Pollinator Conservation 
The decline of pollinator populations, notably honey bees and bumble bees, is a 

pressing global issue, with various factors such as parasites, habitat loss, and pesticide 



Diversity 2024, 16, 383 12 of 17 
 

 

utilization contributing to this trend [43,47]. Public awareness is particularly high for 
honey bees, as they are recognized for their significant economic and ecological roles [48]. 
However, it is crucial to expand this concern to encompass other pollinators such as soli-
tary bees and to address the complex nature of their decline [49]. 

Our pilot study acknowledges that it does not evaluate the effectiveness of self-re-
ported conservation actions, which may not always align with their actual impact. For 
example, participants might not realize that herbicides and fungicides could indirectly 
affect pollinator health as well as pesticides [50]. Misconceptions about the benefits of cer-
tain pollinator-friendly plants could also lead to adverse outcomes, as some ornamental 
plants may not offer sufficient resources for pollinators despite their labels [51,52]. 

In terms of public actions, our findings suggest that while Moroccan citizens are con-
scious of the decline in pollinator populations and willing to engage in conservation ef-
forts, there remains a gap in understanding the diversity of pollinator species and the 
value of conserving them. A significant majority of our survey participants expressed a 
willingness to take conservation actions. Notably, the actions most mentioned include 
planting pollinator-friendly flora and reducing pesticide utilization. 

The perception of beekeeping as a primary conservation measure may be influenced 
by media portrayals of honey bees as the main pollinators at risk. However, while honey 
bees are important for crop pollination, beekeeping alone may not benefit wild pollinator 
populations and could lead to competition and disease spread [53,54]. Thus, beekeeping 
is not a standalone solution for pollinator conservation. 

Less reported actions include maintaining or creating hedgerows and wild pollinator 
nesting habitats, possibly due to limited public awareness or perceived impracticality 
[55,56]. Research consistently shows the crucial importance of nesting habitats in main-
taining pollinator populations and the need for their conservation [57,58]. In particular, 
forests are highlighted as important for worldwide pollinator richness and pollination en-
hancement in neighboring crops [57]. Wildflower plantings are also found to significantly 
increase the nest density and species diversity of ground-nesting bees [58]. However, the 
quality of these habitats can degrade over time, emphasizing the need for regular upkeep 
and maintenance. These results underline the significance of preserving and enhancing 
nesting habitats for the conservation of pollinator populations. 

4.5. Future Directions and Conservation Strategies 
The heightened media focus and scientific inquiry into insect pollinators has raised 

public consciousness about their dwindling numbers and the urgency of conservation in-
itiatives [20,59]. Nonetheless, a comprehensive grasp of the diverse array of pollinator 
species and their ecological roles remains elusive, potentially impeding the effectiveness 
of conservation measures [20]. Despite these challenges, conservation efforts enjoy strong 
public support, particularly where bees and pollination services are concerned [59]. To 
harness this support effectively, it is imperative to formulate evidence-based policies that 
prioritize indigenous species and tackle the myriad threats faced by vulnerable pollinators 
[59]. Advancing scientific knowledge is essential in critical areas such as the current state 
and patterns of insect pollinator populations, the factors driving their decline, and the 
advantages of conservation to communities and societies at large [17]. Moreover, adept 
communication is crucial given that public interest tends to be more pronounced regard-
ing certain perils such as climate change and regarding specific groups of animal species 
[60]. Consequently, inclusive engagement strategies that underscore the significance of 
lesser-known pollinators and cater to particular demographic segments are advisable [20]. 

Morocco’s engagement with the �Coalition of the Willing on Pollinators’ and the cre-
ation of a national strategy and action plan for pollinators represent commendable initia-
tives [9]. Nonetheless, there is still a significant lack of data regarding the continuous and 
long-term shifts in pollinator populations. Accurate data on the decline of pollinators is 
crucial in order for decision-makers to effectively prepare for the impending challenges 
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posed by climate change [61]. The implementation of systematic insect surveillance pro-
grams akin to the �European Butterfly Monitoring Scheme’ is vital for the adaptive man-
agement of natural habitats [9]. Initiating monitoring of the abundance and diversity of 
wild pollinators within agricultural landscapes constitutes a preliminary measure in for-
mulating evidence-based strategies for pollinator conservation [16]. It is imperative to fill 
the gaps in our knowledge, expand research to encompass a broader spectrum of pollina-
tors, and foster cooperative endeavors at the local, national, and global levels to ensure 
effective preservation efforts [16]. 

Contributions from social scientists are vital to understanding the sociocultural fac-
tors influencing public perceptions and willingness to adopt pollinator-friendly practices 
[9]. Urban dwellers represent a vital demographic for pollinator conservation efforts. By 
engaging in informed actions within their limited spaces, they can significantly enhance 
local pollinator diversity and abundance. They can actively participate in conservation 
through various means: (i) supporting local green initiatives and participating in commu-
nity garden; (ii) engaging in educational programs and advocating for policies that benefit 
pollinators; (iii) cultivating pollinator-friendly plants on balconies, windowsills, and in 
communal areas; and (iv) participating in citizen science projects to track and support 
urban pollinator populations. These contributions, which do not necessitate private out-
door space, can collectively make a substantial impact on pollinator conservation and 
heighten awareness of their crucial role in maintaining healthy urban ecosystems. 

5. Conclusions and Recommendations for Future Action and Research 
The intensification of media scrutiny and scientific exploration has markedly in-

creased public engagement with insect pollinators and their essential ecological roles 
globally. Our pilot study has uncovered that despite the Moroccan public’s awareness of 
the decline in pollinator populations and willingness to engage in conservation efforts, a 
substantial gap exists in understanding the diversity of pollinator species, their ecological 
roles, and the importance of their conservation and protection. While pollinators such as 
A. mellifera and Bombus spp. are widely recognized for their pollination services, there is a 
lack of awareness of the contributions of other pollinators, including those from the order 
Diptera (flies) and solitary bees. 

In light of these findings, we propose the following recommendations for future ac-
tion: 
- There is a critical need to implement educational programs to enhance the public’s 

understanding of the essential roles played by a diverse range of pollinators in eco-
system services. 

- Conservation strategies should be broadened to include a wider spectrum of pollina-
tor species, extending beyond the commonly recognized bees to encompass those less 
known but equally essential to pollination processes. 

- Conservation guidelines should be tailored to the specific ecological contexts of dif-
ferent regions within Morocco to ensure their relevance and effectiveness. 

- The development of resources and programs specifically designed for urban resi-
dents, especially those without access to private outdoor spaces, is essential to facili-
tate their active participation in pollinator conservation efforts. 

- The creation of educational materials targeting younger demographics is recom-
mended to instill early and lasting knowledge and commitment to pollinator conser-
vation, regardless of their future educational paths. 
While the decline of pollinator populations and their importance are widely acknowl-

edged, public awareness often focuses on only a few pollinator species. The purposeful-
ness and impact of reported conservation measures aimed at supporting pollinator pop-
ulations remain uncertain. Despite gaps in knowledge, the overall national knowledge 
and reaction to the challenges faced by insect pollinators in Morocco are positive. Yet, the 
origins of this awareness are not well-defined, underscoring the necessity for more in-
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depth research into the ways the public becomes informed about pollinators and the 
measures taken for their preservation. Given the dominance of global media and online 
resources, it may be necessary to further publicize local conservation guidelines to guar-
antee their pertinence and efficacy. To bridge these gaps, we propose the launch of 
broader fact-based initiatives intended to deepen the public’s comprehension of the less 
familiar pollinators. These initiatives should aim to be comprehensive, catering to the di-
verse needs of various pollinator species and the environments they occupy. 

Despite its limited sample size, our study represents a valuable pilot exploration of 
Moroccan attitudes and knowledge regarding pollinators. We recognize that our initial 
focus on the young, educated, and urban population does not fully encompass the broader 
Moroccan demographic. Nevertheless, urbanized youth represent an important popula-
tion segment in determining environmental policy and can still provide valuable insights 
regarding the perceptions of the broader Moroccan populace. In addition, we have taken 
measures to validate our questionnaire and establish a general framework for future re-
search. Moving forward, we recommend larger and more diverse samples to draw more 
robust conclusions. Methodologies in such studies can guide us in determining appropri-
ate sample sizes based on statistical power and desired confidence levels. Additionally, it 
is crucial to sample the older, less educated, and less urban segments of the population in 
order to gain insights into their attitudes toward pollinators. While the young, educated, 
and urban population influences policymaking, broader representation can ensure com-
prehensive conservation strategies across all regions. In summary, our findings contribute 
to the growing awareness of pollinator conservation; by addressing these limitations, we 
can collectively work toward a more sustainable future for pollinators and the ecosystems 
they support. 
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