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ABSTRACT

Since it first appeared in 2022, the phenomenon referred to as Colony Collapse Disorder (CCD) has affected several

regions of Morocco to varying degrees. In order to assess the possible impact of pesticides on the appearance of this

syndrome, we conducted a study aimed at evaluating the impact of pesticide use on the emergence of this syndrome

through a year-long survey involving 160 beekeepers in the Beni Mellal–Khenifra Region (BKR) who also experienced
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an unprecedented desertion of hives during the same period. The majority of surveyed beekeepers practice mixed (45%)

or migratory beekeeping (42%) and provide supplementary feeding (83.75%) to support their bees. Nearly 37.5% of the

hives are located near crops treated with pesticides, exposing the bees to these chemicals. The results showed that the

majority of beekeepers reported a cessation of queen laying (74.38%), high mortality rates among worker bees (81.25%),

drones (65.63%), and queens (61.88%). Abnormal behaviors such as immobility with trembling (42.50%), reduced flights

(47.50%), and disoriented navigation (28.75%) were also observed. Correlation analyses indicate that proximity to treated

crops significantly increases the risk of queen laying cessation (Odds Ratio 6.0) and a reduction in waggle dances (Odds

Ratio 2.41). Extended foraging flights show a borderline statistical significance (Odds Ratio 2.33), suggesting a disruption

of natural food sources. These results highlight the potential impact of pesticides on colony health and bee behavior,

pointing out the need to adapt beekeeping practices and implement protective measures against pesticides.
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1. Introduction

Through their pollinating activity, honeybees (Apis mel-

lifera) and wild bees contribute to the world’s food supply

and ecosystems’ durability. Beekeeping, being a crucial

element of global food production, fully participates in sus-

tainable development while protecting the environment as

well as fighting against hunger and poverty [1].

In Morocco, beekeeping is present in the different re-

gions of the kingdom due to its important floristic, faunistic,

and landscape diversity [2]. The sector plays a significant

socio-economic role, with more than 54,000 beekeepers de-

riving their income wholly or in part from this activity [3].

Between modern and traditional methods, the estimated an-

nual production of honey is about 2,500 to 3,500 tons [4].

Due to the GreenMorocco Plan launched in 2008 by the

Department ofAgriculture of the Moroccan Ministry ofAgri-

culture, Fisheries, Rural Development, Water, and Forests,

the number of modern hives has increased from 110,000

in 2009 to 640,000 hives in 2019 [5]. However, the sector

has recently been going through a rather restrictive situation.

Indeed, a total or partial colony collapse has been noticed in

several regions [6], leading to the disappearance of a consid-

erable number of all kinds of bees. Some hypotheses have

been put forward suggesting an accumulation of years of

mismanagement including poor nutrition and inappropriate

use of pesticides.

Colony Collapse Disorder (CCD) is an atypical phe-

nomenon that emerged in the early 2000s [7], characterized

by the sudden disappearance of honeybees. Bee mortality is

linked to a variety of factors, including genetic strains, the

Varroa destructor mite, habitat degradation, the Asian hornet

and viruses [8]. In recent years, pesticides are considered a

possible cause of pollinator decline and honeybee colony

losses experienced in several countries [9]. The phenomenon

of Colony Collapse Disorder (CCD) has been recorded be-

fore in several African, American and European countries.

Among the international research conducted to study the

responsible factors, Frazier et al. [10] carried out a study to

determine pesticide levels in pollen, bee bread, and wax.

The reported levels in the 108 analyzed samples were of

concern regarding pesticide interactions, sublethal impacts,

and interactions with other stressors. Moreover, it has been

shown that cholinergic and octopaminergic neuronal signal-

ing in foraging bees can be impaired by chronic exposure to

pesticides; this biogenic amine-mediated anomaly impacts

olfactory learning and memory, leading to disruption of the

forager’s ability to return to the hive, resulting in CCD [11].

Pesticide exposure was also among the CCD causal theories

reported by the United States Department of Agriculture in

July 2007 [12].

At the national scale, the number ofMoroccan scientific

studies previously conducted on this issue remains limited.

Thus, in this research, we targeted the Beni Mellal-Khenifra

Region (BKR)given its position as a center of the beekeeping

areas in Morocco, its intensive cultivation, and the reputation

of its local honey. The massive disappearance of honeybees,

leading to the loss of around 100,000 hives in this region,

has been observed by local beekeepers, though the cause

of this phenomenon remains unknown [13]. The purpose of

this study is to assess the impact of pesticide use in agricul-

tural fields on honeybee mortality, queen fertility, and bee
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behavior.

2. Materials and Methods

2.1. Study Area

Located in the center of Morocco, the BKR has impor-

tant natural wealth likely to strengthen its economic position,

including the beekeeping sector which plays a significant

socio-economic role (Figure 1). In fact, over 5,390 farmers

in the BKR derive all or part of their income from this ac-

tivity [14]. According to the Haut-Commissariat au Plan, the

region ranks third nationally in terms of honey production,

recording an annual production of 274 tonnes in 2017 [15].

Regarding the melliferous resources, the BKR is char-

acterized by great floristic diversity distributed in several

strata: tree, shrub and herbaceous. Euphorbia is one of the re-

gion’s specific plants, located exclusively between El Ksiba

and Demnate. It is a wild plant that grows spontaneously,

covering an area exceeding 8,000 ha [16]. This particularity

has allowed the growth of a very important beekeeping ac-

tivity that is nationally renowned. In fact, this region’s floral

and melliferous richness ensures a quality honey widely ap-

preciated locally and nationwide for its peppery taste as well

as its medicinal and cosmetic values.

Figure 1. Map of the study region with the most representative

beekeeping sites circled.

2.2. Survey

The survey spanned from 2022 to 2023. Beekeepers

throughout the BKR were invited to fill out an online ques-

tionnaire with individualized access. Before setting up the

questionnaire, a pilot study was performed on a sample of

two respondents specialized in beekeeping to assess its clar-

ity and remove the elements that do not significantly impact

the study.

The questionnaire used is composed of 4 closed-ended

multiple-choice questions, 4 semi-open questions with an

“Other” option, and 3 open-ended questions, designed to

gather both specific and detailed responses. Two sections

have been designed: the first relating to the beekeeper and

his beekeeping practice, the second to apiary health status.

The collected data were then exported and entered into a

database intended for statistical analysis.

2.3. Statistical Analysis

To analyze the relationships between the different vari-

ables, we used the chi-squared (Khi-2) test. This test allowed

us to determine the statistical associations between beekeeping

practices, pesticide exposure, and various indicators of bee

health and behavior. Additionally, odds ratios were calculated

to evaluate the strength of the observed associations. Differ-

ences were considered significant at the p = 0.05 threshold.

3. Results

Participants’ ages ranged from 23 to 67 years, with an

average of 43 years. Most of the respondents were trained

in beekeeping. The group was heterogeneous in terms of

experience, including beekeepers who have been operating

for more than 20 years and others who have started the ac-

tivity for less than five years. The number of owned hives

ranged from less than 50 to more than 250. Beekeepers in

the region are commonly raising two races of honeybees:

Apis mellifera sahariensis (yellow bee) and Apis mellifera

mellifera (black bee).

3.1. General Features of Livestock

The various aspects of beekeeping among 160 beekeep-

ers in the Beni Mellal-Khenifra region are shown in Table 1.
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Table 1. General features of beekeeping stock.

Features Number (n) Percentage

Type of beekeeping

Stationary 21 13.13

Stationary and migratory 72 45.00

Migratory 67 41.88

Not Identified (NI) 0 0.00

Total 160 100

Supplementary feeding

Yes 134 83.75

No 25 15.63

NI 1 0.63

Total 160 100

Apiary near crops treated with pesticides

Yes 60 37.50

No 98 61.25

NI 2 1.25

Total 160 100

Bees health

Very good 17 10.63

Good 42 26.25

Average 90 56.25

Fair 5 3.13

Very bad 5 3.13

NI 1 0.63

Total 160 100

About the types of beekeeping practiced, 21 beekeepers,

or 13.13%, practice stationary beekeeping where the hives

are not moved. The majority of beekeepers, that is 72 of

them (45%), combine stationary and migratory beekeeping,

which involves seasonal movement of the hives to exploit

various flowering periods. Nearly 42% of respondents, or

67 beekeepers, practice exclusively migratory beekeeping,

optimizing production by following flowering cycles.

The vast majority of beekeepers (83.75%) provide sup-

plementary feeding for their bees, which is essential, es-

pecially in periods when natural resources are insufficient.

Only 25 beekeepers, or 15.63%, do not feed their bees. Only

one beekeeper did not answer this question.

Regarding the proximity of apiaries to crops treated

with plant protection products, 60 beekeepers, or 37.5%,

have their hives near such crops. This may pose risks of

pesticide contamination. The majority, 61.25% or 98 bee-

keepers, have their hives away from this type of crop, thus

reducing the risk of bees being exposed to chemicals.

Health status varies among beekeepers. A total of 59

beekeepers, or 36.88%, report a good health state for their

bees, while 56.25% or 90 beekeepers rate the state of health

as average. Only 10 beekeepers, or 6.25%, reported poor

health. One beekeeper did not answer to this question.

3.2. Queen Laying and Bee Mortality

Table 2 gives an in-depth view of queen laying and the

different mortality rates in bee colonies in the BKR.

Table 2. Queen laying patterns and mortality rates in different bee

castes.

Features Number (n) Percentage

Cessation of queen laying

Yes 119 74.38

No 36 22.50

NI 5 3.13

Total 160 100

Worker mortality

Yes 130 81.25

No 23 14.38

NI 7 4.38

Total 160 100

Drone mortality

Yes 105 65.63

No 44 27.50

NI 11 6.88

Total 160 100

Queen mortality

Yes 99 61.88

No 53 33.13

NI 8 5.00

Total 160 100

The survey revealed that a vast majority of beekeepers

(119 or 74.38%) reported cessation of queen laying. This

may indicate the occurrence of various environmental or

health problems within the colony; the major reasons for

this could be stress, disease, or other factors such as pesti-

cides leading to exposure to toxic substances. In contrast,

only 36 beekeepers (22.50%) observe normal queen laying

which may imply more stable living conditions specifically

in these hives. Five beekeepers did not answer this question,

accounting for 3.13%, leaving uncertainty surrounding their

colonies’ status.

The mortality rate of worker bees is quite high. It was

observed by 130 beekeepers, which accounts for 81.25%.

This high mortality could be due to different factors such as

disease, unfavorable management practices, pesticide expo-

sure, and other harmful chemicals. In contrast, there were

23 beekeepers (14.38%) who did not report any significant

mortality, which might suggest better management practices

or lower exposure to risk factors among their bees. Data on

worker mortality was not provided by 7 beekeepers (4.38%).

Figures for drone mortality are not promising either:

it is reported that 105 beekeepers (65.63%) face this issue.
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The death of drone bees can have a large impact on hive re-

productive dynamics. It should be noted that 44 beekeepers

(27.50%) did not report high drone mortality, and 11 bee-

keepers (6.88%) did not specify their observations regarding

this aspect in the survey.

99 beekeepers (61.88%) reported queen mortality. The

loss of a queen is particularly important as it directly impacts

the long-term stability and viability of the colony. 53 bee-

keepers (33.13%) reported no queen mortality, which may

indicate more favorable conditions or adapted management

practices. 8 missing responses (5%) completed this section.

3.3. Behavioral Troubles

Table 3 illustrates the behavior of the honeybee pop-

ulation, highlighting several behavioral aspects that may

indicate disturbances or stress suffered by the colonies.

Table 3. Behavioral aspects in bee colonies.

Features Number (n) Percentage

Immobility with trembling

Yes 68 42.50

No 76 47.50

NI 16 10.00

Total 160 100

Reduced flight behavior

Yes 76 47.50

No 66 41.25

NI 18 11.25

Total 160 100

Disturbed orientation

Yes 46 28.75

No 97 60.63

NI 17 10.63

Total 160 100

Longer foraging flights

Yes 60 37.50

No 79 49.38

NI 21 13.13

Total 160 100

Decrease in wiggle dances

Yes 43 26.88

No 99 61.88

NI 18 11.25

Total 160 100

Disrupted food exchange

Yes 37 23.13

No 103 64.38

NI 20 12.50

Total 160 100

Of the beekeepers surveyed, 68 (42.50%) observed

bees showing immobility with tremors, a potential sign of

toxicity or neurological disease. On the other hand, 76 bee-

keepers (47.50%) did not notice this behavior, indicating

variation in exposure or reaction to potential stressors. 16

beekeepers (10%) did not provide a response, which may

introduce some uncertainty into the overall interpretation of

this symptom.

A reduced number of flights was reported by 76 bee-

keepers (47.50%), which could reflect a general weakness

in colonies or unfavorable weather conditions. On the other

hand, 66 beekeepers (41.25%) reported no significant reduc-

tion in the number of flights. 18 beekeepers (11.25%) did

not respond, adding to the complexity of deducing a clear

trend in this behavior.

46 beekeepers (28.75%) observed disturbed orienta-

tion in their honeybees, a behavior that could be induced by

environmental interferences such as pesticides or magnetic

disruptors. However, a majority of 97 beekeepers (60.63%)

did not detect any significant disturbance in orientation, sug-

gesting that this problem could be localized or specific to

certain farming practices. 17 (10.63%) gave no information

on this subject.

60 beekeepers (37.50%) reported that foraging flights

had become longer, which could indicate a scarcity of local

food sources or the effects of toxic substances affecting the

bees’ ability to feed effectively. 79 (49.38%) did not observe

this change, and 21 (13.13%) did not respond.

According to 43 beekeepers (26.88%), wriggling

dances, which are essential for communicating the location

of food, have decreased. This could be linked to a distur-

bance in the bees’ sensory or cognitive abilities. However,

99 beekeepers (61.88%) did not report any reduction, and 18

(11.25%) failed to reply.

37 beekeepers (23.13%) noted a disturbed exchange

of food (trophallaxis) among the bees, a behavior that could

be influenced by stress factors or toxins in the environment.

A majority, 103 beekeepers (64.38%), reported no distur-

bance in this exchange, while 20 (12.50%) left this question

unanswered.

3.4. Correlation Analysis

Correlation analysis indicates that proximity to treated

crops significantly increases the risk of queen laying cessation

(Odds Ratio 6.0) (Tables 4 and 5) and a reduction in waggle

dances (Odds Ratio 2.41) (Table 6). Extended foraging flights

show a borderline statistical significance (Odds Ratio 2.33)

(Table 7), suggesting a disruption of natural food sources.
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Table 4. Correlation analysis between proximity to crops treated with agrochemicals and queen laying patterns and mortality rates in

different bee castes.

Proximity to Crops Treated with Agrochemicals

Yes No χ² Odds Ratio Confidence Interval 95% CI p

Cessation of queen laying

Yes 53 (34.4%) 65 (42.2%)
9.89 6.0 (1.93, 18.63) 0.00166

No 5 (3.5%) 31 (20.1%)

Worker mortality

Yes 52 (34.0%) 78 (51.0%)
0.78 1.90 0.63, 5.79 0.37764

No 6 (3.9%) 17 (11.1%)

Drone mortality

Yes 44 (29.5%) 61 (40.9%)
2.53 2.22 0.92, 5.35 0.11142

No 12 (8.1%) 32 (21.5%)

Queen mortality

Yes 40 (26.5%) 58 (38.4%)
0.85 1.561.56 0.71, 3.42 0.35580

No 18 (11.9%) 35 (23.2%)

Table 5. Correlation analysis between distance from crops treated with pesticides and queen-laying patterns and mortality rates in

different bee castes.

Distance from Crops Treated with Pesticides

Close (≤ 10 km) Far (>10 km) χ² Odds Ratio Confidence Interval 95% CI p

Cessation of queen laying

Yes 47 (38.2%) 48 (39.0%)
9.63 5.875 1.89, 18.23 0.00191

No 4 (3.3%) 24 (19.5%)

Worker mortality

Yes 47 (38.8%) 57 (47.1%)
1.99 2.68 0.82, 8.77 0.15794

No 4 (3.3%) 13 (10.7%)

Drone mortality

Yes 47 (38.8%) 57 (47.1%)
0.56 1.51 0.65, 3.52 0.45241

No 4 (3.3%) 13 (10.7%)

Queen mortality

Yes 47 (38.8%) 57 (47.1%)
0.75 1.53 0.70, 3.34 0.38509

No 4 (3.3%) 13 (10.7%)

Table 6. Correlation analysis between proximity to crops treated with agrochemicals and behavioral aspects in bee colonies.

Proximity to Crops Treated with Agrochemicals

Yes No χ² Odds Ratio Confidence Interval (95% CI) p

Immobility with trembling

Yes 26 (18.3%) 40 (28.2%)
0.09 1.18 0.60, 2.32 0.763

No 27 (19.0%) 49 (34.5%)

Reduced number of flights

Yes 24 (16.9%) 52 (36.6%)
1.81 0.59 0.30, 1.16 0.179

No 29 (20.4%) 37 (26.1%)

Disturbed orientation

Yes 21 (14.7%) 25 (17.5%)
1.07 1.56 0.76, 3.17 0.302

No 34 (23.8%) 63 (44.1%)

Longer foraging flights

Yes 28 (14.5%) 32 (16.6%)
2.17 0.141 0.89, 3.55 0.141

No 26 (13.5%) 53 (27.5%)

Decrease in wriggling dances

Yes 16 (11.2%) 21 (14.7%)
4.80 2.41 1.16, 5.00 0.028

No 37 (25.9%) 66 (46.2%)
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Table 6. Cont.

Proximity to Crops Treated with Agrochemicals

Yes No χ² Odds Ratio Confidence Interval (95% CI) p

Disrupted food exchange

Yes 16 (11.2%) 21 (14.7%)
0.35 1.36 0.63, 2.91 0.555

No 37 (25.9%) 66 (46.2%)

Table 7. Correlation analysis between distance from crops treated with pesticides and behavioral aspects in bee colonies.

Distance from Crops Treated with Pesticides

Close (≤ 10 km) Far (>10 km) χ² Odds Ratio Confidence Interval (95% CI) P

Immobility with trembling

Yes 26 (22.8%) 29 (25.4%)
0.79 1.51 0.71, 3.18 0.374

No 22 (19.3%) 37 (32.5%)

Reduced number of flights

Yes 21 (18.6%) 34 (30.1%)
0.28 0.76 0.36, 1.61 0.599

No 26 (23.0%) 32 (28.3%)

Disturbed orientation

Yes 20 (17.5%) 22 (19.3%)
0.51 1.43 0.66, 3.08 0.475

No 28 (24.6%) 44 (38.6%)

Longer foraging flights

Yes 25 (22.5%) 22 (19.8%)
3.84 2.33 1.07, 5.05 0.0500

No 21 (18.9%) 43 (38.7%)

Decrease in wriggling dances

Yes 17 (14.9%) 19 (16.7%)
0.30 1.36 0.61, 3.01 0.584

No 31 (27.2%) 47 (41.2%)

Disrupted food exchange

Yes 14 (12.5%) 18 (16.1%)
0.08 1.23 0.54, 2.82 0.784

No 31 (27.7%) 49 (43.8%)

4. Discussion

Data analysis collected from 160 beekeepers in the

BKR provides an in-depth look at beekeeping practices,

colony health, and bee behavior, highlighting the possible

effects of plant protection products.

Indeed, our survey revealed that most beekeepers

(56.25%) are unsatisfied with the health status of their

hives, as they consider it to be average. Regarding apiar-

ian breeding, our investigation revealed the importance of

transhumance (41.88%) compared to stationary beekeeping

(13.13%), with a percentage of 45% among the two combined

practices. As a result, the bees will have only one source of

food, as transhumance is performed to pollinate a particular

crop. In addition, these transhumances lead to increased bee

abundance in the same area, which also contributes to disease

spread. According to the beekeepers, transhumance takes

place during the four seasons and within different beekeeping

areas of the BKR and even outside the region. Indeed, these

areas are overflowing with melliferous plants attractive to

honeybees and much sought after by beekeepers. However,

our survey revealed the proximity of some beekeeping oper-

ations to crops using phytosanitary treatments. 37.50% raise

their hives nearby intensive agriculture sites using phytosan-

itary products and whose application method is unknown

among them. Of the various factors suggested, pesticides are

one of the most relevant and in-depth investigated causes of

colony losses [17–19]. Usually, pesticides are applied in liquid

form to plants and/or soil. Indeed, only a partial amount

of the pesticide applied reaches the intended target. Thus,

given their non-discriminatory nature, pesticides necessar-

ily have effects on non-target organisms and ecosystems.

Among these chemicals, neonicotinoids are a class of com-

monly used pesticides that have devastating effects on bees

and other pollinating insects. Specifically, imidacloprid and

clothianidin have been known to cause symptoms in these

insects such as memory loss [20], navigational disruption [21],

paralysis [22], and death [23]. When the honeybees are not
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killed or paralyzed, they are unable to find their way back

to their hives, resulting in colony collapse [24, 25]. This phe-

nomenon, known on a national and international scale, is

currently pushing beekeepers to avoid placing their hives

near industrial plantations and to favor wild places [26].

Honeybees can be exposed to a wide spectrum of phy-

tosanitary products exposing all individuals, from larvae to

queen at any time of the year [27]. In fact, a cessation of queen

laying was noted by 74.38% of respondents. Wu-Smart and

Spivak [28] demonstrated that neonicotinoids, particularly im-

idacloprid, impact the behavior and egg-laying activity of

queens. Pesticides have also been shown to impact queens by

affecting their survival, disrupting their physiology (immu-

nity, antioxidant defenses, chemical communication…), in-

ducing ovarian degeneration or altering sperm quality stored

in the spermatheca [29–36]. Furthermore, it is suspected that

a shortage of healthful drones producing quality seed re-

sults in poorly mated queens also resulting in queen dysfunc-

tion [29, 37]. Moreover, Kairo et al. [38] have demonstrated that

drone exposure to the systemic insecticide fipronil indirectly

impairs queen reproductive potential.

Colony health reveals significant challenges, with high

mortality rates among workers, drones, and queens, with re-

spective rates of 81.25%, 65.63%, and 61.88%. Studies have

shown that exposure of honeybee drones to neonicotinoids

induces reduced survival [39], increased drifting behavior to

non-maternal colonies [40], and reduced sperm quantity and

viability [41]. Wu, Anelli and Sheppard [42] demonstrated that

worker bees exposed to high levels of pesticide residues have

a lower survival rate than bees reared in relatively uncontami-

nated comb. In honeybee queens, exposure to neonicotinoids

reduces reproductive performance, leading to an increase in

supersedure [36, 43]. Indeed, the compromised physiology and

life of queens can seriously threaten the colony’s survival

under the pressure of stress factors [36]. In a statewide survey

of annual colony losses, beekeepers reported the primary

reason for colony collapse to be queen failure [44].

The observed abnormal bee behaviors such as immo-

bility with trembling, fewer flights, disturbed orientation,

longer foraging flights, fewer wriggling dances and disturbed

food exchange could be symptoms of exposure to toxic sub-

stances or other environmental stress factors affecting the

bees’ ability to function normally. Fischer et al. [45] revealed

that neonicotinoids weaken bees’ ability to use bearings and

return to their nests when flying freely. Many studies have

reported that ingestion of imidacloprid-containing pollen by

honeybees affected their ability to discriminate colors in a

T-maze [46]. Furthermore, Eiri and Nieh [47] found that bees

exposed to pesticides were less likely to dance. Foraging

bees perform wriggling dances to show the rest of their con-

geners where to find good food. Once a new source of pollen

and/or nectar has been identified by the worker bee, she re-

turns to the hive to alert all the other bees. She communicates

this information in a meticulously choreographed figure-of-

eight dance. The bees are informed of the location of the

food by the length and orientation of the undulating part of

the dance. Likewise, contamination with imidacloprid leads

to a reduction in the bees’ dancing performance by 4 to 10

times. Some bees even stopped dancing. In fact, reduced

dancing has a negative impact on the bees’ ability to feed on

new sources.

Our survey also revealed that feeding is applied by

83.75% of participating beekeepers; however, this artifi-

cial feeding does not offer a varied diet. This technique

is therefore questioned since it might result in weakened im-

mune defenses making the bees more vulnerable to external

pathogens and contaminants [48].

Regarding agricultural practices, Morocco’s new agri-

cultural strategy aims to rehabilitate agriculture through the

Green Morocco Plan, which involves the coexistence of tra-

ditional production and intensive agriculture favoring mono-

culture; the latter however hinders biodiversity and prevents

insects from alternating their food sources in a balanced diet.

Moreover, when these plants are poor in pollen and nectar,

they do not interest bees either [49].

The results of correlation analysis suggest several sig-

nificant relationships between proximity to treated crops and

bee behavior. Laying cessation, with an odds ratio (OR) of

6.0, indicates that queens are six times more likely to stop

laying near treated crops. This may reflect exposure to neon-

icotinoid pesticides, known for their neurotoxic effects on

insects [50]. A reduction in queen laying leads to a reduction

in the colony population, compromising its long-term viabil-

ity. The data also revealed a significant reduction in the bees’

waggle dances, a crucial behavior used to communicate the

location of food sources. A reduction in this behavior, with

an OR of 2.41, suggests that bees exposed to treated crops are

less able to communicate effectively. This disruption may be
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caused by the effect of pesticides on the bees’nervous system,

affecting their ability to navigate and memorize flower loca-

tions [45]. Ultimately, the extended foraging flights, with an

OR of 2.33, are statistically significant, although borderline.

This suggests that bees need to fly further and longer to find

suitable food sources. This may be due to the destruction

or contamination of natural food sources in the vicinity of

treated crops. Honeybees exposed to pesticides may also

suffer from orientation disorders, preventing them from lo-

cating flowers efficiently [51]. This behavior leads to reduced

pollination efficiency, as well as increased bee fatigue and

mortality, resulting in CCD.

5. Conclusions

Our study has revealed the issue of pesticide involve-

ment in bee colony collapse, which remains a sensitive and

recurrent controversy, and has justified the successive ban-

ning of several systemic insecticides since the 1990s in the

world. In Morocco, although the use of certain harmful

pesticides has been restricted, the regulatory framework for

beekeeping and pesticide approval remains insufficient, and

there is a growing need for updated legislation to better

protect bee populations and ensure sustainable beekeeping

practices.

Hence, this work remains preliminary to more analy-

ses that should be carried out by examining further corre-

lations between colony health and the occurrence of pesti-

cide residues in beekeeping matrices. This task would then

require more sophisticated statistical models and likely a

reexamination of the working data.
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