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Abstract

Fruit flies (Diptera: Tephritidae) constitute one of the most destructive pest
groups affecting mango production in West Africa. Despite their economic
importance, baseline ecological information on fruit fly diversity and seasonal
population dynamics in The Gambia remains scarce. This study assessed fruit
fly species diversity, abundance, temporal fluctuations, trap efficiency and sex
ratio dynamics across three agro-ecological zones of The Gambia during the
dry and relatively cool season (January-February 2025). Using Torula yeast-
baited traps deployed over a 45-day period, fruit fly populations were moni-
tored weekly in mango orchards located in the Sahelian, Sudan Guinea, and
Sudan Sahelian zones. A total of four tephritid species were recorded, with
Ceratitis cosyra emerging as the dominant species across all zones. Fruit fly
abundance peaked during Week 3 before declining, indicating strong tem-
poral structuring even during the dry season. Trap efficiency (flies per trap per
day, FTD) varied across zones, with the highest mean value recorded in the
Sahelian Zone, whiles trap catches were male-biased throughout the study pe-
riod. Fruit incubation tests confirmed active infestation despite the dry season.
The results provide critical baseline data for phytosanitary surveillance and
support the adoption of Integrated Pest Management (IPM) strategies for sus-
tainable fruit fly control in The Gambia.
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1. Introduction

Fruit and vegetable production represents a major pillar of agricultural develop-
ment in Africa, contributing significantly to income generation, employment, and
food security [1]. Among fruit crops, mango (Mangifera indicaL.) occupies a par-
ticularly prominent position in West Africa, where annual production exceeded
one million tons in 2021 [2]. Africa accounts for about 4% of global mango pro-
duction, with major producers including Burkina Faso, the Ivory Coast, Mali,
Mozambique, Senegal, and South Africa; meanwhile, The Gambia exports man-
goes to European Union markets, Maghreb countries, and Asia, reflecting its role
in regional trade [3] [4]. Despite this importance, mango production and export
potential in West Africa remain severely constrained by fruit fly infestations (Dip-
tera: Tephritidae). Yield losses attributed to fruit flies range from 60% - 80%, pri-
marily due to direct fruit damage and phytosanitary rejection [5] [6]. The invasion
and spread of Bactrocera dorsalis have intensified these impacts, although native
species such as Ceratitis cosyra remain ecologically dominant in many mango-
growing systems [1] [7]. In The Gambia, systematic ecological data on fruit fly
diversity, abundance, and seasonal dynamics are limited. Existing monitoring ef-
forts have focused largely on the rainy season, leaving a critical knowledge gap
regarding fruit fly behavior during the dry and cooler period, when mango fruit-
ing often overlaps with export windows. Understanding fruit fly persistence dur-
ing the dry season is essential for designing year-round IPM and phytosanitary
surveillance programs.

Within this context, the SYRIMAO Project promotes environmentally sustain-
able pest management approaches, including the use of Torula yeast protein bait
as a monitoring and control tool. Protein-based attractants offer a safer alternative
to chemical insecticides, reducing environmental contamination, resistance de-
velopment, and residue risks. It has been widely validated for fruit fly monitoring
and suppression, demonstrating high attractiveness to both male and female teph-
ritids while minimizing environmental and human health risks [8] [9].

Building on this foundation, the present study was designed to assess fruit fly
species diversity and dominance across major agro-ecological zones of The Gam-
bia during the cool-dry season, analyze spatial and temporal variation in fruit fly
abundance, and evaluate trap efficiency using flies per trap per day (FID). In ad-
dition, the study aimed to examine sex ratio dynamics, confirm infestation levels
through fruit incubation tests. Together, these objectives provide a comprehensive
framework for understanding fruit fly ecology and improving integrated pest

management strategies under Gambian conditions.

2. Materials and Methods
2.1. Study Area and Orchard Selection
The study was conducted across three major agro-ecological zones of The Gam-

bia, which served as the study sites: the Sahelian, Sudan Guinea, and Sudan Sahe-

lian zones. The Sahelian zone, located in the northern part of the country, is rela-
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tively dry, while the Sudan Guinea zone in the south is more humid. The Sudan-
Sahelian zone, situated between the two, experiences intermediate climatic condi-
tions [10] [11]. Within each zone, three mango orchards were selected, giving a
total of nine orchards. Orchard selection was based on the following criteria: 1)
presence of actively fruiting mango trees during the study period, 2) orchard size
ranging between 1 - 1.5 ha, 3) accessibility for regular monitoring, and 4) no re-
cent insecticide application to avoid interference with fruit fly populations.

The orchards consisted predominantly of improved mango cultivars, although
some sites included a mixture of local and improved varieties. All selected or-
chards were at comparable phenological stages, characterized by the presence of
mature to ripening fruits during the sampling period (January-February 2025),
which is known to be highly susceptible to fruit fly infestation. Management prac-
tices varied slightly among orchards but generally reflected low-input production
systems typical of The Gambia, where pesticide use was absent, systematic fruit

sanitation was not practiced, and no irrigation systems were in place.

2.2. Trapping Design and Baiting

A total of nine McPhail traps per agro-ecological zone were deployed, with three
traps installed in each of three orchards per zone. Traps were baited with four
Torula yeast (Protein based attractant) pellets and suspended within the mango
tree canopy at approximately mid-canopy height. Traps were placed within 50
meters of each other in each orchard and monitoring was conducted over a period
of 45 days (six consecutive weeks), with traps inspected and serviced at weekly

intervals.

2.3. Sample Collection and Processing

Sampling was conducted over a six-week period corresponding to the cooler dry
season, which is characterized by reduced host availability and relatively stable
climatic conditions. This period is ecologically relevant for assessing baseline fruit
fly diversity, persistence, and early population build-up prior to the onset of the
rainy season. The primary sampling unit (replicate) was the orchard, while traps
within each orchard were treated as subsamples. Traps were inspected weekly, and
captured fruit flies were collected and preserved in 70% ethanol. Each sample was
labeled with the agro-ecological zone, orchard, trap number, and collection date.
Specimens were subsequently transported to the Pest Management Laboratory of
the National Agricultural Research Institute (NARI) for sorting and identifica-

tion.

2.4. Species Identification and Sex Determination

Fruit fly specimens were identified morphologically to species level using standard
taxonomic keys, including those developed under the SyRIMAO Project, the iden-
tification guide by [1], and the online database True Fruit Flies of the Afrotropical

Region developed by [12]. Identification was based on diagnostic morphological
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characteristics such as wing patterns, thoracic markings, and abdominal features.

However, specimens belonging to the genus Zeugodacus were identified only
to genus level due to the lack of clear and consistent diagnostic morphological
features required for reliable species-level separation under the conditions of this
study. In particular, closely related species within this genus exhibit overlapping
morphological traits, and accurate identification often requires detailed morpho-

metric or molecular analyses, which were beyond the scope of this study.

2.5. Incubation Test

To validate trap capture data and confirm active infestation, an incubation test
was conducted. In each orchard, five mango trees were randomly selected, and
five infested fruits per tree were collected. Fruits were incubated under controlled
laboratory conditions until adult emergence, allowing confirmation of species

presence and infestation status.

2.6. Data Collection and Analysis

Data were summarized using descriptive statistics, including means, proportions,
and graphical representations, without the application of inferential statistical
tests. Fruit fly abundance, trap efficiency, and sex ratio patterns were compared
across agro-ecological zones and sampling weeks using trends and visual inter-
pretation. Species diversity was assessed using Shannon-Wiener (H') and Simp-
son’s indices.

Trap efficiency was calculated as flies per trap per day (FTD) using the formula:

Total Number of Flies Captured

Number of traps x Numberof Exposuredays

FTD =

3. Results and Discussion

In this study, differences among agro-ecological zones and sampling weeks were

analyzed descriptively, with interpretations based on observed trends.

3.1. Species Composition and Relative Abundance

A total of four tephritid fruit fly species were recorded across all agro-ecological
zones during the dry and cooler season (January-February). These species were C.
cosyra, B. dorsalis, Zeugodacus spp., and Dacus vertebratus (Figure 1).

Ceratitis cosyra was the dominant species across all agro-ecological zones, ac-
counting for the highest proportion of fruit fly captures, followed by B. dorsalis.
Zeugodacus spp. and D. vertebratus occurred at consistently low frequencies
throughout the study period (Figure 1). Overall, species composition was broadly
similar among zones; however, slight variations in relative abundance were ob-
served, likely reflecting differences in orchard conditions and host availability.

The dominance of C. cosyra during the dry season observed in this study is
consistent with its well-documented ecological adaptability and strong association

with mango, as well as a range of alternative wild hosts. Previous studies in West
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Africa have shown that C. cosyra populations often peak during the dry season,
particularly at the early stages of mango fruiting, reflecting its tolerance to rela-
tively dry conditions and its ability to exploit both cultivated and wild host plants
when primary hosts are limited [13] [14]. The availability of alternative hosts in
surrounding vegetation has been identified as a key factor supporting the persis-
tence and dominance of C. cosyra outside peak mango production periods [1]
[13].

100
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= 20
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< 0 Zeugodacus

Sahelian zone Sudan Guinea Sudan Sahelian
Zone Zone

D. Vertebratus
Agro-ecological Zones

Figure 1. Species composition of fruit flies captured in mango orchards across the three
agro-ecological zones of The Gambia.

In contrast, the presence of B. dorsalis at moderate levels during the dry season
suggests its ability to persist under less favorable climatic conditions, potentially
functioning as a reservoir population for subsequent rainy-season outbreaks. Alt-
hough B. dorsalis typically reaches its highest abundance during the rainy season
in response to increased host availability and favorable humidity, several studies
have demonstrated its year-round presence sustained by alternative cultivated and
wild hosts in orchard-adjacent landscapes [13] [15]. Such persistence enables
rapid population buildup once climatic conditions and host availability improve,
highlighting the contrasting seasonal population strategies of C. cosyra and B.
dorsalis and their implications for integrated fruit fly management in mango-

growing systems.

3.2. Temporal Population Fluctuation

Fruit fly populations exhibited clear spatial and temporal variation across the
three agro-ecological zones during the six-week monitoring period within the cool
dry season of The Gambia (Figure 2). The Sahelian Zone recorded relatively high
populations at the onset of sampling, followed by a rapid decline and low popula-
tion levels thereafter. In contrast, the Sudan Guinea Zone showed a sharp and
well-defined population peak in week 3, representing the highest abundance rec-
orded during the study. The Sudan Sahelian Zone consistently recorded the lowest
fruit fly populations, with only minor fluctuations throughout the monitoring pe-
riod.

The pronounced population peak observed in the Sudan Guinea Zone, despite
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the generally suppressive conditions of the cool dry season, may be partly ex-
plained by the higher concentration of commercially operated mango orchards in
this zone. Commercial mango production systems provide continuous host avail-
ability, higher tree densities, and overlapping fruiting periods, which can sustain
localized fruit fly populations even under sub-optimal climatic conditions. Similar
findings have been reported in other West African and tropical systems, where
host availability and orchard intensification override seasonal climatic constraints
on fruit fly populations [14] [16].

The generally low fruit fly populations recorded in the Sudan Sahelian Zone
may be due to the combined effects of limited commercial fruit production, lower
host density, and the cooler, drier conditions prevailing during the study period,
which are known to reduce fruit fly survival and reproductive rates [17].

Overall, these results suggest that while the cool dry season limits overall fruit
fly abundance in The Gambia, commercial mango production areas particularly
within the Sudan Guinea Zone remain vulnerable to localized population out-
breaks. This underscores the importance of maintaining year-round surveillance
and targeted management in high-risk production zones, even outside the main

rainy season.
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Figure 2. Weekly population fluctuation of fruit flies (Week 1 - 6) across agro-ecological
zones during the dry season.

3.3. Spatial and Temporal Distribution Patterns

The heatmap revealed clear spatial and temporal heterogeneity in relative fruit fly
abundance across the three agro-ecological zones of The Gambia during the cold
dry season (Figure 3). A pronounced peak was observed in Week 3, particularly
in the Sudan-Guinea zone, while comparatively lower to moderate levels were rec-
orded in the Sahelian and Sudan-Sahelian zones. Although the cold dry season in
The Gambia is characterized by no rainfall and Harmattan conditions, daytime
temperatures remain within the optimal developmental range for major Tephri-
tidae species. Population persistence and mid-season peaks during this period are

therefore likely influenced by host fruit phenology and irrigated production sys-
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tems than by rainfall alone. Similar dry-season persistence patterns have been re-
ported across West Africa, where fruit fly abundance closely follows host availa-
bility rather than strictly seasonal rainfall trends [18] [19].

Spatially, the higher abundance observed in the Sudan-Guinea zone compared
to the Sahelian belt may be associated with the north-south ecological gradient
typical of West Africa, although environmental variables such as humidity, vege-
tation density, and host plant diversity were not directly measured in this study.
Similar patterns have been reported in Senegal, Mali, and Burkina Faso, where
greater fruit fly densities were documented in more humid Sudanian and Guinean
zones compared to drier Sahelian regions [13] [20].

Similarly, more recent work in Ghana also highlighted that fruit fly hotspots
coincided with areas of high orchard density and favorable microclimates, rein-
forcing the role of landscape and host phenology in structuring pest populations
[15].

These findings suggest that fruit fly dynamics in The Gambia during the cold
dry season may be structured by climate host interactions along agro-ecological
gradients, with important implications for seasonally targeted surveillance and in-

tegrated pest management strategies.

5 (705-881) Very High

4 (529-704) High

Relative Fruit Fly Abundance (0-881) Across eks

Sahelian Zone
Sudan Guinea Zone 3 (353-528) Moderate

Sudan Sahelian Zone

2 (177-352) Low

1(0-176) Very Low

Figure 3. Heat map of fruit fly abundance by agro-ecological zone and sampling week.

3.4. Trap Efficiency (Flies Per Trap Per Day)

Trap efficiency, expressed as flies per trap per day (FID), varied among zones but
followed a similar temporal trend. The highest FTD values were recorded during
the third week period, corresponding with peak population abundance (Table 1).
Comparable findings have been reported in West Africa, where FTD values typi-
cally remain lower during cooler, drier periods compared to the rainy season, yet

still provide reliable indicators of population dynamics [15].
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Importantly, Torula yeast proved effective in attracting adult fruit flies across
all ecological zones, confirming its suitability for surveillance and IPM-based
monitoring during dry-cooler periods. Previous studies have validated protein-
based attractants such as Torula yeast as efficient tools for monitoring both male
and female tephritids, offering a safer alternative to chemical lures [9]

These results highlight that while absolute trap catches may be lower in the dry
season, Torula yeast remains a robust attractant for ecological surveillance. Its
effectiveness across diverse agro-ecological zones underscores its value for
year-round monitoring programs in The Gambia, ensuring that pest manage-
ment strategies are informed by reliable data even outside peak rainy-season

activity.

Table 1. Trap efficiency (flies per trap per day) by agro-ecological zone and sampling week.

Sampling week Sahelian Zone Sudan Guinea Zone Sudan Sahelian Zone
Week 1 1.76 0.12 0.29
Week 2 0.99 0.54 0.43
Week 3 1.20 2.18 0.40
Week 4 0.16 0.00 0.08
Week 5 0.03 0.01 0.05
Week 6 0.43 0.28 0.05
Mean FTD 0.76 0.52 0.22

3.5. Sex Ratio Dynamics

Sex ratio analysis revealed a consistent predominance of male fruit flies across all
zones and sampling weeks. Male captures exceeded female captures throughout
the study period, with Male proportions increasing during peak population weeks
(Figure 4). This male-biased sex ratio is a well-documented outcome of protein-
based attractants such as Torula yeast, which are particularly effective in luring
reproductively active males. Similar findings have been reported in West African
mango systems, where male captures consistently outnumber females under pro-
tein bait surveillance [6].

The strong male attraction underscores the utility of Torula yeast in integrated
pest management (IPM) programs, both for population suppression and as an
early warning surveillance tool. [9] demonstrated that protein-based lures provide
reliable monitoring of male tephritids, offering a safer alternative to synthetic in-
secticides while minimizing environmental risks. More recent studies in Ghana
and Benin confirmed that male biased captures are consistent across agro-ecolog-
ical zones, reinforcing the robustness of protein baits for dry season monitoring
[6] [15].

Collectively, these results highlight that while female captures remain compar-
atively lower, male biased sex ratios provide valuable indicators of fruit fly popu-

lation dynamics. This strengthens the case for Torula yeast as a cornerstone of
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IPM strategies, ensuring effective surveillance and timely interventions during

critical fruiting periods.
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Figure 4. Parentage Sex ratio dynamics of fruit flies across sampling weeks during the dry

season.

3.6. Diversity Indices

Species richness was uniform across all agro-ecological zones, with four species
recorded in each zone. Shannon-Wiener diversity (H') values ranged from 1.05
to 1.19, indicating moderate diversity during the dry season (Table 2). The Sa-
helian Zone exhibited the highest diversity value, while the Sudan Guinea Zone
showed lower diversity, reflecting stronger dominance by C. cosyra. Simpson’s
diversity indices further confirmed a moderately structured fruit fly commu-
nity dominated by one principal species during the data collection period in
The Gambia.

Comparable diversity patterns have been reported in other West African studies.
[6] documented moderate Shannon diversity values in mango orchards in Benin,
with C. cosyra often dominating communities despite the presence of invasive B.
dorsalis. Similarly, [7] observed co-existence of B. dorsalisand C. cosyrain Burkina
Faso, but noted that C. cosyra remained ecologically dominant in certain zones,
leading to lower evenness values. In Ghana, [21] also reported moderate diversity
indices, with species richness relatively uniform across orchards but community
structure shaped by host phenology and local agro-ecological conditions.

These findings suggest that while species richness may remain stable across
zones, diversity indices are sensitive to patterns of species dominance. The pre-
dominance of C. cosyra in the Sudan Guinea Zone during the study period un-
derscores the role of dominance in shaping community structure. Such insights
are critical for tailoring IPM strategies, as zones with lower diversity and stronger
dominance may require more targeted interventions to manage the principal pest

species effectively.
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Table 2. Diversity indices of fruit fly assemblages across agro-ecological zones during the dry and cooler season.

Agro-ecological Zone Species richness (S)  Shannon-Wiener (H') Simpson’s index (1-D)
Sahelian Zone 4 1.19 0.64
Sudan Sahelian Zone 4 1.12 0.61
Sudan Guinea Zone 4 1.05 0.58

3.7.Incubation Test Results

Incubation tests confirmed active fruit infestation across all agro-ecological zones
during the dry season, with more than half of the incubated fruits producing adult
fruit flies. Emergence rates were highest in the Sahelian Zone, reflecting localized
abundance patterns observed in trap catches. Ceratitis cosyra accounted for the
majority of emerged adults, corroborating trap-based observations of species
dominance and reinforcing its role as the principal pest species in Gambian
mango systems during cool dry season (Table 3).

Comparable findings have been reported across West Africa. [7] observed that
while B. dorsalishas expanded its range in Burkina Faso, C. cosyra remained eco-
logically dominant in mango orchards, particularly in zones with lower rainfall.
More recent work in Ghana also highlighted that incubation tests consistently re-
vealed high infestation levels during fruiting stages, with C. cosyra emerging as
the abundant species [22].

These results emphasize the importance of combining trap-based monitoring
with fruit incubation assays to confirm species dominance and infestation pres-
sure. The predominance of C. cosyra across zones underscores its continued eco-
logical significance, while the high emergence rates highlight the persistent risk of

fruit damage even during dry-season production.

Table 3. Results of fruit incubation tests confirming fruit fly infestation in mango orchards across agro-ecological

zones during the dry and cooler season in The Gambia.

Agro-ecological
zone

Sahelian Zone
Sudan Sahelian Zone
Sudan Guinea Zone

Overall mean

Fruits Fruits with adult Mean adults emerged Dominant species
incubated (n) emergence (%) per fruit emerged
75 68.0 3.6 C. cosyra
75 61.3 3.1 C. cosyra
75 54.7 2.7 C. cosyra
225 61.3 3.1 C. cosyra

4. Conclusion

This study provides the first detailed assessment of fruit fly diversity and popula-
tion dynamics during the dry and cooler season in The Gambia. The findings un-
derscore the importance of dry-season surveillance for effective integrated pest

management and offer baseline data for future seasonal comparisons.
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5. Limitation

While longer-term monitoring would provide additional insights into annual
population dynamics, the present study provides robust baseline information for
the cool-dry season, a critical yet understudied period for early intervention plan-

ning in fruit fly management
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