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ARTICLE INFO ABSTRACT

Editor: DR B Gyampoh The fall armyworm (FAW) Spodoptera frugiperda, is a polyphagous pest, causing serious economic
damage to plant production and consequent social implications in Africa. As FAW is a migratory

Keywords: moth that was first confirmed in western African countries in early 2016, it quickly spread to most

Spodoptera frugiperda African continent. However, no FAW has been found in Morocco so far. In this study, we assessed

Irfvaswe pest the migration risk of the FAW to Morocco by applying a trajectory modeling approach to simulate
Risk assessment

Migration modeling potential flight paths from several locations where the pest is currently established. Our findings

West Africa indicated that the majority of simulated terminal points originating from the Mauritanian trap
site near the Moroccan border were concentrated over the Atlantic Ocean, southern Mauritania,
and northern Senegal, with only a few reaching Moroccan territory. The risk of FAW invasion
from the south appears low, as the arid desert regions of southern Morocco lack suitable host
plants, and the combination of high temperatures and drought stress likely limits the pest’s
survival and movement. Therefore, FAW monitoring efforts should be prioritized in areas facing
the Canary Islands, where both host plants and favorable climatic conditions exist. Although the
primary focus of this study was to assess FAW invasion risk to Morocco, broader wind dynamics
across Africa were briefly considered to provide regional context.

Introduction

The fall armyworm (FAW) Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), is a polyphagous pest that feeds on large
numbers of plants, with strong preference to the Poaceae (maize, rice, sorghum and sugarcane), but also to different species of
Asteraceae and Fabaceae. It, therefore, is causing a serious economic damages to these plants production with strong social implication
[1-9].

The FAW is a migratory moth that can migrate hundreds of kilometers per one night and fly >500 km per one generation [10]. The

* Corresponding author.
E-mail address: khalid. khfif@inra.ma (K. Khfif).

https://doi.org/10.1016/j.sciaf.2025.e03158
Received 25 November 2024; Received in revised form 14 October 2025; Accepted 29 December 2025

Available online 29 December 2025
2468-2276/© 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0002-3874-8845
https://orcid.org/0000-0002-3874-8845
https://orcid.org/0000-0001-7245-347X
https://orcid.org/0000-0001-7245-347X
mailto:khalid.khfif@inra.ma
www.sciencedirect.com/science/journal/24682276
https://www.elsevier.com/locate/sciaf
https://doi.org/10.1016/j.sciaf.2025.e03158
https://doi.org/10.1016/j.sciaf.2025.e03158
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sciaf.2025.e03158&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

K. Khfif et al. Scientific African 31 (2026) e03158

moth may fly overseas for >1000 km in 36 h maximally [11-13]. Its high movement ability, diverse host range, and lack of diapause
[14], make its control more complicated, resulting in its quick spread all around Africa and the world in general.

FAW was first detected in West Africa in early 2016 [15] and rapidly spread across most tropical African countries within two years
[16-19]. It was subsequently confirmed in Mali [20], Egypt [21], and Mauritania [22], extending the pest’s range into North Africa. By
2021, FAW had reached the Canary Islands [23,24], and later appeared in Tiirkiye [25], Greece [26], and Romania [27]. This rapid
expansion, driven by both natural migration and human-mediated movement [28,29], underscores the importance of early detection
and monitoring in countries like Morocco that are adjacent to affected regions.

In Morocco, therefore, the pest is considered as a quarantine insect, that the government is surveying in a national early detection
program using pheromone traps and field surveys. Furthermore, the regulations are applied on import of the insect host plants and
FAW pheromones. The farmers with support of Moroccan governmental institutions are also engaged to collaborate in formation of the
survey plan to detect any early introduction of S. frugiperda.

The FAW’s risk to invade southern Europe via northern African countries such as Morocco and Tunisia with the assistance of winds
was discussed by [29]. Their results showed that the risk of FAW invasion between years was highly consistent, and the coastal areas of
northern Africa and southern Europe were most suitable for the expansion of the FAW, and Spain and Italy were estimated to have the
highest risk of invasion. Therefore, it is an urgent issue to forecast FAW’s possible immigration areas in Morocco, which helps early
deployment of pest management measurements and strengthen monitoring in possible high-risk zones.

The use of numerical trajectory models is an effective method for simulating migratory pest’s flight trajectories. The Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT) has been used to study the long-distance transport of airborne thrips with
backward trajectories [30], and to simulate the long-distance migration of malaria mosquitoes in the Sahel [31]. Furthermore,
backward trajectories were investigated with HYSPLIT to study the FAW migration across the Lesser Antilles [32], and to simulate the
multi-generational FAW migration dynamics in the USA [33], and to assess the FAW migration risk from north Africa to southern
Europe from April to August 2016-2022 [29].

Spodoptera frugiperda migration risk analysis is important to Morocco's country plant protection policy. Although the pest has not
been detected in the country yet, its rapid movement across Africa and recent discoveries in the Canary Islands and southern Europe
indicated a looming regional threat. Mapping potential migration corridors enables the authorities to anticipate invasion scenarios,
determine surveillance priorities at high-risk locations, and improve border and quarantine inspection. This study thus provided
scientific proof for Morocco's ambition to protect its agriculture and biodiversity against possible FAW infestation using early warning
and preventive management practices.

This study evaluated the FAW’s migration risk to Morocco. Its forward trajectories from different starting points in western Africa
where the moth occurs were calculated. To support the understanding of potential migration risk to Morocco, selected regional wind
systems relevant to Western Africa were examined. Broader patterns across Africa were discussed only briefly, and will be the subject
of a separate study.

Materials and methods
FAW trap data

To select starting points of trajectories, FAW trap data in western Africa, were obtained from FAW Monitoring and Early Warning
System (FAMEWS) global platform, (available under the FAO authorization on: https://www.fao.org/fall-armyworm/monitoring-
tools/famews-global-platform/en/). The data used in the present study range from April 2021 to December 2023, which is the
most recent full dataset up to the analysis time. Data from neighboring countries of Morocco were included if FAW were regularly
caught and recorded on the FAMEWS platform up to August 2024. Based on this selection, the starting points were chosen in
Mauritania (17.99°E, 15.97°S), Cabo Verde (15.09°E, 23.66°S), Guinea (11.33°E, 12.33°S) and Burkina Faso (11.36°E, 4.41°S) for the
risk assessment of FAW migration to Morocco. It must be pointed out that FAW trap data were not utilized for quantitative comparison
across locations of population abundance because numbers caught depend on trap number and type, trap status, and local crop
availability. These data only came in handy to identify representative locations where FAW was consistently caught to establish
realistic starting points for the trajectory modeling. This approach minimizes the impact of local variations in trapping and addresses
regional migration potential that can be used for Morocco's invasion risk analysis. For consistency, only records with both valid capture
numbers and complete spatial-temporal information were retained. In cases like Burkina Faso, records prior to late 2020 were excluded
from analysis due to inconsistent location tagging.

Calculation of the FAW trajectory

The HYSPLIT ver. 5.3.0 trajectory model, a Windows-based public version developed by the Air Resources Laboratory of the U.S.
National Oceanic and Atmospheric Administration (NOAA), was used to calculate FAW’s forward trajectories [34-36]. The forward
trajectories were calculated with the hyts_std program in the HYSPLIT System. The meteorological data used were the U.S. National
Center for Environmental Prediction (NCEP) Global Data Assimilation System (GDAS) one-degree three-hourly archive data from 2004
to the present (archive information: https://www.ready.noaa.gov/gdas1.php).

As FAW is a nocturnal moth, it generally takes off at dusk for a nighttime flight, keeps flying until the following dawn and ter-
minates its flight [37,38]. The flight duration of the nighttime flight was set to be 10 h, beginning at 20:00 h (GMT) for Mauritania,
Guinea and Burkina Faso and 19:00 h (GMT-1) for Cape Verde, in the evening and ending at 06:00 h (GMT) for Mauritania, Guinea and
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Burkina Faso and 5:00 h (GMT-1) for Cape Verde, in the following morning. Multiple trajectories with different starting locations and
heights were calculated [13,29].

For each starting location, forward trajectories were calculated from six altitudes (100, 300, 600, 1000, 1200, and 1500 m above
sea level), generating six trajectories per day per site. This resulted in a total of 2190 trajectories per starting point for the year 2023 (6
per day x 365 days). These altitudes were selected based on documented noctuid moth flight behaviors in prior studies [11,13]. A
single representative trap location was chosen in each country (Mauritania, Cape Verde, Guinea, and Burkina Faso) based on
consistently high FAW capture levels and proximity to Morocco. As in Wang et al. [29], we used the isobaric option in HYSPLIT,
meaning that vertical displacement was not simulated trajectories were assumed to remain at constant pressure levels throughout the
flight.

A FAW’s horizontal flight speed was assumed to be 3.0 m/s in the lee direction of wind [39]. During the trajectory calculation, if
ambient temperature at any hourly node of a flight trajectory dropped below a threshold cool temperature of T, the trajectory was
determined invalid and removed. Ambient temperature at hourly node of each trajectory was checked whether it was > 13.1 °C (T,), at
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Fig. 1. Localization of FAW traps with positive captures are in blue in Cape Verde, Mauritania, Guinea and Burkina Faso. Four starting points
localization are in red [41].
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which half of FAW stop their wing-beating at a due to coldness [12]. When all the ambient temperatures along a trajectory are equal to
or above T, the trajectory was determined to be valid. The terminal points of all valid trajectories were aggregated within grid cells
measuring 0.25° x 0.25° (longitude x latitude) to calculate monthly frequency distributions. This frequency represents the number of
terminal points falling in each grid cell and may include non-integer values because it reflects the average number of TPs per grid cell
per month. The frequency was calculated with the trajfreq program in the HYSPLIT System [40].

Wind climatology map

Wind vector maps for monthly average horizontal wind (U and V-component) at a pressure level of 850 hPa (about 1500 m above
sea level) were generated using the ERA5 monthly averaged data on pressure levels (archive information: https://cds.climate.
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Fig. 2. FAW forward trajectories from (a) Burkina Faso, (b) Guinea, (c) Mauritania, and (d) Cabo Verde at selected dates and six starting heights
(100, 300, 600, 1000, 1200, and 1500 m above sea level). Trajectory colors indicate the ambient air temperature along the flight path. Cooler
temperatures generally correspond to higher flight altitudes.
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copernicus.eu/cdsapp#!/dataset/reanalysis-era5-pressure-levels-monthly-means?tab=overview). The maps were made with Panoply
Data Viewer, Version 5.4.3 (source: National Aeronautics and Space Administration (NASA) Goddard Institute for Space Studies;
https://www.giss.nasa.gov/tools/panoply/). Maps covering western Africa, an area neighboring Morocco were made for January to
December 2023, and maps covering the whole Africa for January 2016 to December 2018 (supplementary information). The latter
wide maps were used to discuss the FAW’s rapid expansion in Africa after the initial invasion.

Data analysis tools

All analyses were conducted based on migration trajectory modeling and processing FAW trap data. The HYSPLIT model (version
5.3.0; NOAA Air Resources Laboratory, USA) was used to calculate the forward trajectories. The outputs of trajectory and wind data
were examined and plotted using Panoply Data Viewer (version 5.4.3; NASA Goddard Institute for Space Studies). Descriptive data
handling, mapping, and figure preparation were carried out with Microsoft Excel (Office 365) and R software (version 4.5.1). Map
layouts and figure design were finalized using Panoply Data Viewer (version 5.4.3) and Microsoft PowerPoint (Office 365) to assemble
legends, scale bars, and annotations.

Results and discussion

The FAW trap data recorded by FAO (2024) in Mauritania adjacent to Morocco (Fig. 1), from April 27th, 2021 to December 14th,
2023 showed that Brakna District was a site with the largest total capture of 2078 FAW adult moths, followed by Gorgol with 212 FAW
adult moths, Assaba (110), Trarza (95) and Guidimaka (2). Details about localization, timing and trap data by country are available on
FAMEWS global platform under FAO authorization.

In Cape Verde, FAW captures were recorded from October 25th, 2018 to August 24th, 2022, with the highest number in the district
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Fig. 3. Monthly distribution of FAW terminal points (TPs) from forward trajectories starting at Mauritania at 1500 m height in 2023. The color scale
indicates the frequency of valid terminal points (TPs) per 0.25° x 0.25° grid cell, averaged over the month. Frequencies may include decimal values
as they represent monthly averages across 6 trajectories per day (~180 per month). A red point marks the trajectory starting location.
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of Porto Novo (16,944 FAW adult moths), followed by Santa Catarina (15,603), Sao Filipe (9553), Ribeira Grande (3771), Sao Vicente
(3599), Santa Cruz (3165), Praia (1380), Brava (288), Paul (200), and Tarrafal (66). In Guinea, FAW captures were recorded from
January 17th, 2020 to August 8th, 2021, mainly in the district of Kindia (398 FAW adult moths), followed by Kankan (292), Nzérékoré
(60), Conakry (32), Labé (8), Faranah (6), and Boké (2). In Burkina Faso, captures were recorded from November 23rd, 2020 to August
17th, 2022, with a total of 46 FAW adult moths, mainly in the Central West district (43) and the Southwest (3). According to Ahissou
etal. [42], the annual dynamics of the FAW population in Burkina Faso showed two peaks in January and August 2020 in the province
of Houet. FAO data [43] indicated population peaks in January, February, and March in Guinea; from November to March in Cabo
Verde and in February, March, and June in Burkina Faso. FAW captures in Mauritania were generally concentrated between September
and December, although notable peaks were also observed in some early months such as January 2023, reflecting year-to-year
variability in seasonal dynamics [43]. While this dataset from the FAMEWS platform provides valuable insights in Western Africa,
its coverage is known to be spatially and temporally patchy, with some countries reporting very few records in certain years.
Nevertheless, variability in trap type, density, and monitoring duration across sites may have influenced the recorded adult counts,
which were therefore interpreted only as presence indicators rather than absolute measures of abundance. Despite this limitation, the

o0 (wind direction)

Fig. 4. Monthly mean of speed and wind direction in 2023 at 850 hPa.
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data remains the most comprehensive available source to inform migration modeling.

Fig. 2 showed examples forward trajectories from one date for each of the four source countries, selected based on available trap
records with reliable spatial data. These examples were intended to illustrate the modeling approach and typical directional patterns,
rather than represent seasonal peaks in FAW abundance.

Due to northerly winds in spring, FAW present at Guinea and Mauritania could take flight pathways to the south (Fig. 2a, b). FAW
present at Bobo-Dioulasso area (Burkina Faso) in summer could take flight pathways to the east (Fig. 2c). However, in autumn and
winter, northeasterly winds could assist FAW in Assomada area (Cape Verde) on 21st September 2021 to fly to the southwest (Fig. 2d).

The Fig. 3 showed the spatial distribution of valid terminal points (TPs) at Nouakchott trap site, Mauritania, at 1500 m height in
2023, which went mainly to the south. Each color represents the number of TPs within a 0.25° x 0.25° grid cell. These frequencies were
calculated monthly by aggregating the endpoints of all valid trajectories. Because the values represent monthly averages across
multiple days, frequencies may include decimal values (e.g., >0.1/grid), especially in cells with low trajectory density. Although
forward trajectories were simulated for six different starting heights (100, 300, 600, 1000, 1200, and 1500 m), the spatial distribution
patterns of terminal points were broadly consistent across altitudes. The 1500 m height was selected for detailed presentation as it
corresponds to a typical migratory flight level for noctuid moths and often produced clearer and more extended trajectories due to
stronger prevailing winds [44]. Depending on the season, the direction of the terminal point changed between southwest and
southeast. This can be explained by the wind direction that changes from northeasterly in autumn/winter to westerly in spring/-
summer over the site (Fig. 4). Minor variations were observed at lower altitudes in terms of trajectory length and spread, but these did
not alter the main interpretation. Additionally, trajectory patterns from other nearby starting points within each country showed no
major deviations from those presented here.

Overall, the high concentration of the terminal points (the final locations reached by simulated FAW flights) from Mauritania was
distributed mostly over the Atlantic Ocean, southern Mauritania, and northern Senegal (Fig. 3). The number of the terminal point on
Morocco’s territory was very few. The terminal points of the FAW short trajectories during 2023 after 10 h flights from dusk starting at
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Fig. 5. Monthly distribution of FAW terminal points (TPs) from forward trajectories starting at Cabo Verde at 1500 m height in 2023. The color
scale indicates the frequency of valid terminal points (TPs) per 0.25° x 0.25° grid cell, averaged over the month. Frequencies may include decimal
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Assomada trap site, Cape Verde, at 1500 m heights, which went mainly to south-west (Fig. 5). This is reason of the northeasterly wind
that can take the FAW mostly south-west far away from Cabo Verde Islands (Fig. 4). Overall, the high concentration of the terminal
points was not distributed on Morocco but was distributed in south-west over the Atlantic Ocean from Cabo Verde islands.

The terminal points of the FAW short trajectories during 2023 after 10 h flights from dusk starting at Labé area trap site, Guinea at
1500 m heights (Fig. 6), which went mainly to north-east direction in spring and summer due to the northeasterly wind and to south-
west direction in autumn and winter due to westerly wind (Fig. 4). Overall, the high concentration of the terminal points was not
distributed on Morocco but was distributed mostly over west of Guinean and south-east of Senegal and west of Mali.

The terminal points of the FAW short trajectories during 2023 after 10 h flights from dusk starting at Bobo-Dioulasso area trap site,
Burkina Faso at 1500 m heights (Fig. 7), which went mainly to north-east direction by spring and summer due to the northeasterly
wind and to south-west direction by autumn and winter due to westerly wind (Fig. 4). Overall, the high concentration of the terminal
points was not distributed on Morocco but was distributed mostly over north of Cote d'Ivoire and Burkina Faso and south of Mali.

Broader patterns of FAW migration across Africa, influenced by seasonal wind dynamics, were presented in the supplementary
material for regional context. However, these patterns were not central to the present risk assessment for Morocco. A separate study
will be needed to analyze the complex wind and genomic-driven spread of FAW across Africa, as highlighted by Tay et al. [45].

As the FAW’s presence on the Canary Islands was confirmed since February 2021 [23,24], yet with no data available in the
FAMEWS platform [43], a daily forward trajectories were simulated from a site near Las Palmas, Gran Canaria (28.10°N, 15.41°W)
during 2023 (Fig. 8), 2022 and 2021 (supplementary material). These simulations showed that most trajectories were directed to the
southwest, away from the Moroccan coast. This pattern reflected the dominant northeasterly winds in the region. The results suggested
that the likelihood of FAW reaching Morocco from the Canary Islands via wind-assisted migration is relatively low. The absence of
FAMEWS trap data from the Canary Islands does not limit these findings, as the simulations were based solely on atmospheric con-
ditions and modeled moth behavior.

Although a few FAW forward trajectories terminated within Moroccan territory, these endpoints were very limited in number and

January February March April

from 100 m

11,250 N 12250 W
A i

Source

May Tune Tuly August

from 100 m

September October November December

@

I 25 TP/grid [ 24 TP/grid 23 TP/grid 22 TP/grid M =1 TP/grid M 20.1 TP/grid

Fig. 6. Monthly distribution of FAW terminal points (TPs) from forward trajectories starting at Guinea at 1500 m height in 2023. The color scale
indicates the frequency of valid terminal points (TPs) per 0.25° x 0.25° grid cell, averaged over the month. Frequencies may include decimal values
as they represent monthly averages across 6 trajectories per day (~180 per month). A red point marks the trajectory starting location.



K. Khfif et al. Scientific African 31 (2026) e03158

January February March April

from 100 m

11.250 N_4.500 W
res
A
E-
e
.
-
Paaa
A
; -a
"
AU
-%'

Source

May June Tuly August

from 100 m

11.250 N_4.500 W
-
£33
%
o
iy
.g
"
£ 2
. E :
A

Source

September October November December

from 100 m

11250 N 4500 W
p
%
p
_
p
~
%k,

Source

I =5 TP/grid 24 TP/grid 3 TPigrid 22 TP/grid [ =1 TP/grid [ 0.1 TP/grid

Fig. 7. Monthly distribution of FAW terminal points (TPs) from forward trajectories starting at Burkina Faso at 1500 m height in 2023. The color
scale indicates the frequency of valid terminal points (TPs) per 0.25° x 0.25° grid cell, averaged over the month. Frequencies may include decimal
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spatially dispersed. Most were located in the extreme southwest of the country, in areas characterized by very low NDVI values
throughout the year (supplementary material). These regions lack irrigated agriculture or consistent vegetation cover and are not
known to support FAW host plants. Furthermore, previously published environmental suitability models [7,46] similarly indicated
that most of Morocco, particularly its southern and interior regions, is poorly suited to FAW survival. Therefore, even when rare
trajectories reach Moroccan territory, the likelihood of successful establishment remains low.

Wang et al. [29] used the HYSPLIT model to simulate the FAW possible migration pathway from northern Africa to southern
Europe. They created >680 thousand trajectories and only 4.9 % of the trajectories that were successfully entered the European
territory, which makes the FAW invasion to Europe a small probability event. Although our forward trajectory simulations from the
Canary Islands generally indicated a low likelihood of FAW reaching Morocco, due to prevailing northeasterly winds, this risk cannot
be entirely excluded. FAW moths were capable of sustained flight for up to 36 h [11], and under certain meteorological conditions,
regional wind systems such as the Leveche (a local wind that affects south-eastern Spain in summer) or Sirocco (a hot and subsequently
humid southeast to southwest winds over northern Africa) could facilitate atypical migration routes toward the Moroccan coast. These
specific wind events were not explicitly included in our trajectory modeling but are noted here to highlight the potential for rare,
wind-assisted migration [29].

The risk of FAW to invade Morocco from the south stays lower as there are no FAW host plant in the Moroccan desert, and if the
FAW flights continuously (night and day), the highest temperature and drought stress can play a role to stop and kill the pest before
reaching risk zones in the northern part adjacent to the Mediterranean Sea of Mediterranean climate and/or irrigated agriculture area
adjacent to the Atlantic Ocean, that can met the conditions for the survival and development of FAW [29,46]. Thus, FAW monitoring
should be strengthened in these regions face to the Canary Islands where are the FAW host plants such as corn and favorable climatic
conditions.



K. Khfif et al. Scientific African 31 (2026) e03158

January 2023 February 2023 March 2023 April 2023
E|
8
§
-
B . i "
S o e M L
B #’ e il
2l I # ':. .
g k i ; I
g
May 2023 June 2023 July 2023 August 2023
e -
8
|
2
= “r ."-mj_ ;
P . o 58
4 1 -
i as= Sen,
El i
g
g
3 ¥
[ 5 i - 1 i
September 2023 October 2023 November 2023 December 2023
|
8
g
£
s '. - r ‘ 3 :
' i i
N ; i ; 1 ;
E ch y O |
g
g
g
i 5 \g
)| 1 - L1 1 - i

I =5 TP/grid [0 24 TP/grid 23 TP/grid 22 TP/grid M =1 TP/grid [ 20.1 TP/grid

Fig. 8. Monthly distribution of FAW terminal points (TPs) from forward trajectories starting at Canary Island at 1500 m height in 2023. The color
scale indicates the frequency of valid terminal points (TPs) per 0.25° x 0.25° grid cell, averaged over the month. Frequencies may include decimal
values as they represent monthly averages across 6 trajectories per day (~180 per month). A red point marks the trajectory starting location.

Conclusion

This study assessed the migration risk of the fall armyworm, Spodoptera frugiperda, into Morocco using forward trajectory modeling
from four selected West African countries. The results indicate that, while FAW presence is confirmed in regions adjacent to Morocco,
the modeled trajectories showed only a low probability of the pest reaching Moroccan territory under current climatic and geographic
conditions. Most trajectories terminated in southern Mauritania, northern Senegal, or over the Atlantic Ocean, with few reaching
Morocco directly. The findings suggest that the natural spread of FAW into Morocco is limited by arid southern zones lacking host
plants and by unfavorable wind patterns for northward migration. However, given the pest’s flight capacity, potential for human-
assisted movement, and changing climate, the risk cannot be entirely excluded. Surveillance efforts should therefore continue,
particularly in northern and coastal regions with suitable crops and climates, such as areas facing the Canary Islands. Future studies
should also consider potential invasion pathways from the north, including southern Europe, especially given the agricultural
importance of northern Morocco. Early detection through pheromone trapping and field monitoring remains essential to prevent
possible establishment of FAW populations in Morocco. The findings of this study provide valuable guidance for agricultural decision-
makers and plant protection authorities in Morocco and the surrounding region. By identifying areas with low but potential FAW
incursion risk, the results can be used to inform the strategic placement of pheromone traps, the design of targeted surveillance
programs, and the allocation of resources for early warning systems. Furthermore, the modeling framework developed in this study can
be integrated into national pest surveillance programs to improve forecasts of future migration events and to support quarantine and
management policies under changing climatic conditions.
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