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Abstract

The distribution and abundance of insect pests are influenced by landscape structure and
composition, particularly through modifications to biocontrol services and the proportion of
suitable habitats within the landscape. In addition, pest populations are affected by agricul-
tural practices at different landscape scales, ranging from field-by-field to area-wide. Our study
focuses on one of the world’s most invasive and polyphagous pests of fruits and vegetables: the
Oriental fruit fly, Bactrocera dorsalis (Hendel, 1912) (Diptera: Tephritidae). We analysed how
farmer practices, landscape composition, and mango varieties were related to B. dorsalis infes-
tation in an insular tropical agroecosystem with disparate farming systems, where crop plots
are of modest size and interconnected with various habitat types. Fruit infestations were reg-
ularly recorded during 18 months in different plots on all mango varieties of the study area.
Agricultural practices were determined through semi-structured interviews and categorised
according to the farm structure and practices related to B. dorsalis management. Landscape
composition was determined from high-resolution satellite imagery and local surveys, and the
area of landscape cover was calculated within a 500 m buffer around each sampled orchard
plot. We demonstrate that both landscape and local factors influence the infestation indexes of
B. dorsalis in mango orchards. At a landscape scale, B. dorsalis was favoured by habitat diver-
sity, which probably provided complementary larval food resources and enabled populations
to maintain throughout the year. On alocal scale, individual farmers’ practices had a significant
influence on infestation indexes. The proportion of infested fruits was lower in plots managed
by farmers who practised sanitation.

Introduction

The distribution and abundance of insects are influenced by the structure and composition of
the landscape (Fahrig et al., 2011; Hunter, 2002; Tscharntke and Brandl, 2004; Tscharntke et al.,
2002). For pests, it is often assumed that diversity of habitat types in a landscape should reduce
pest abundance, primarily by enhancing biocontrol services (top-down effects) and by increas-
ing the proportion of unsuitable habitats and dispersal barriers in the landscape (bottom-up
effects) (Bhar and Fahrig, 1998; Cohen and Crowder, 2017). Other studies have shown, con-
versely, that heterogeneous landscapes can also provide more suitable conditions for pest species
(Tscharntke et al., 2016), and the impact of landscape diversity is likely dependent on the land-
scape composition. For example, wild areas can provide natural enemies with food, refuge
and alternative hosts/prey (Santoiemma et al., 2018). Consequently, the responses of pests to
landscape use remain heterogeneous across studies and difficult to predict (Karp et al., 2018),
particularly in agroecosystems where agricultural areas are often close to natural and inhabited
environments.

In addition, pest populations are affected by the agricultural practices and the manage-
ment decisions made by each farmer (Jasrotia et al., 2023; Lichtenberg et al., 2017; Pujari
et al., 2013; Rehman et al, 2022). Farmers can adopt some preventive measures by managing
plant and soil health, implementing prophylaxis such as orchard sanitation, selecting suit-
able varieties, and using cultural practices such as sowing under plant cover and minimum
tillage (Deguine et al., 2012). Other practices can promote the decrease of pest populations
and increase beneficial organisms, such as using traps against pests, mating disruption prac-
tices or providing refuge or food areas for natural enemies (Brunner et al., 2002; Deguine
etal., 2012).
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Figure 1. The study location. The study of B. dorsalis infestation rates is taking place on La Réunion, a French tropical island in the Indian Ocean. The sampling site is located
in the western part of the island (red circle), in 150 ha of mango orchards. In this area, we described the landscape according to 12 categories: agricultural wastelands,
urbanised areas, hedgerows, horticulture plots, market gardening areas, savannahs, beaches, greenhouses, orchards (mango orchards), wooded and shrubby formations and

bare grounds.

Pest management practices can be applied at various land-
scape scales. Traditional and integrated pest management (IPM)
approaches typically focus on individual fields or farms, despite
the mobility of insect pests (Hendrichs et al., 2007; Barzman et al.,
2015; Stenberg, 2017). In contrast, area-wide pest management
(AWPM) treats larger regions simultaneously, reducing reinfes-
tation from neighbouring areas and enabling the effectiveness of
techniques like the sterile insect technique within integrated pro-
grams (Elliott et al., 2008). Given the mobility of insect pests, the
success of these management strategies is likely influenced by the
composition of the surrounding landscape stressing the role of
landscape context in pest control.

In light of the agroecosystem metacommunity dynamics, where
local communities are established in disparate farming systems
and where distinct habitat patches interact, it is intelligible to
assess both the efficacy of individual farmer strategies and the
influence of landscape composition in the vicinity of the plot.
This is particularly relevant in cases where crop plots are of
modest size, situated in close proximity to one another or to
other habitat patches potentially favourable to pests. It has been
shown that pest density depends not only on the local charac-
teristics of orchards, but also on the characteristics of the sur-
rounding landscape, however, the way in which these parameters
influence pest density depends on the organism being studied
(Lavigne et al, 2017; Le Provost et al, 2021; Ricci et al., 2009;
Rusch et al., 2010).

Our study focuses on the oriental fruit fly, Bactrocera dorsalis
(Hendel, 1912), (Diptera: Tephritidae), among the most invasive
and polyphagous pests of fruits and vegetables (White and Elson-
Harris 1992), causing severe annual economic losses (Allwood
et al., 1997; Alvarez et al., 2016; Cugala et al., 2020; Papadopoulos
et al., 2024; Stonehouse et al., 1998). This species has invaded Africa
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and Oceania (Zeng et al., 2019), has been repeatedly detected in
the USA especially in California and Florida (Carey et al., 2017),
and in parts of Europe (Nugnes et al., 2024). Farmers use different
strategies to manage this pest. The generally used practices com-
prise (i) orchard sanitation (removal of infested/fallen fruits); (ii)
protein-insecticide bait sprays attracting both sexes; (iii) trapping
either with protein bait or with male attractant (Methyleugenol);
and (iv) chemical treatments. While IPM is promoted, pesticides
are still used. Studies have shown that fruit fly control based on a
single technique is unlikely to be successful and that it is prefer-
able to combine different approaches (Billah and Ekesi 2006; Ekesi
et al., 2016; Hendrichs et al., 2007; Vargas et al., 2016; Zida et al.,
2023).

This study analysed how landscape composition and diversity,
together with local farmer practices, were related to the infesta-
tion rate of B. dorsalis. We hypothesised that landscape richness
increases infestation rates by providing alternative resources for
this generalist species. In addition, we supposed that farmers can
also influence infestation rates locally through their actions and
practices. We assumed that orchards where sanitation and trapping
were applied would experience lower levels of B. dorsalis infestation
rates.

These hypotheses were tested within a specific tropical island
agroecosystem characterised by relatively small, closely situated
crop plots and diverse farming systems in La Réunion. La Réunion
is a French Island in the Indian Ocean. Mango orchards occupy
approximately 300 ha in this tropical island, mainly distributed in
the West and Southwest. The production represents 1960 tons sold
yearly on the local market or for export in 2022 (20%, Agreste,
2023). Many mango varieties are cultivated in La Réunion, how-
ever, the José and Cogshall varieties currently account for more
than 80% of the orchard (Vincenot et al., 2009).


https://doi.org/10.1017/S0007485325100618

Bulletin of Entomological Research 3

A Cogshall | | José | | Nam Doc Mai
®
2 A
Y .
og 90 R
. ]
LT 60 4 ® A [ |
29 ™ A |
g E— 30 ° [ ] AA A =
. A A |
Z® PY eo® A A A m | u
0 L ®e A A AAy, u] u
0 +t—r—r—r—rr—rrrrrrrrrrrr —Trrr—rTTrrrTrTrTrrrTrrT rrrr-r-TrTTrrrrrTrTrrTTT
B Date
0
= 08 A O
c? A
S 06 ° N AA A - u -
£ o® ° A Al "= o
sg o4 A AAa A%y C
[ ]
°g o02{ © ] A%, - ]
ac ® [} o
w 00 A
o T T T T T T T T T LI ) T LI T T T T LI ) T T T T T T T T T T T T T T T LI ) T LI T T
C Date
300 ° A
[=]
c <
)
SH 200 ® A [ |
w O
e ® |
&g 100 ° Aha A,
O [ ] A | | [
=B o ® 0 A “AaTy AAA ou BE mt
0 [ ) e _ A | |
Trrrrr..r.r. LTI Tr rr»rnrrr» o, . . ... ... rrrrmr r rmr rr rr r - r  r— 1171
OO~ N—MNMTUNOSROO —MN— N OO~ N NI ONNDO—N— N MO O~NTANOFTUONSNDO NN
PEIYTLISIIISIYNNLNTT YL L LI NLTTY YL L LRI INTY
COO00O00 T~~~ 0NN O00000rr v r~0NN O00000r v~~~ NN
AN I NN NI N NN NN NN N AN NI N NI NN N N o [ S IS I R F e T o T o FaN F ot N Fa Ko o Fo K NN R aN KoY}
[slelelelelolo]elelsleolelelolelelelele}] COoOO0OO0O0COOCOO0OO0OO0O0OOOCOOO0O0 OO0O0O0COOOOOOOOOCOOOO0O
[e'EalNal FalR ol KoV e[ ol Fol Kol Kol F o NN oV Kol [aN faN Ko\ Ko} [a'Nal[at [aNia Kol [alF o\ KoV Ral kol KoV e\ E ol NoN fa N oNE o Kol I ot Fol Ko FalRat Kol el [ ol FaN Fel Kol FeN ko Kol F ol Ko NoN Ko K oN]
Date

Figure 2. Number of collected fruits (A), proportion of infested fruits (B), and infestation rate (flies/kg; C) according to the month of sampling for the three mango varieties.

Materials and methods

Table 1. Farm typologies

Sampling area Surface area Specialisation
with mango in mango Membership in a
Sample site was located in Saint-Paul (La Réunion, France), the Farm structure  trees production cooperative
munlClpahtY with the lallrgest mango production, in t}.le western A >30 ha I .
part of the island (coordinates: —21.03805, 55.22963), in the area
called ‘Grand-Fond” where approximately 30% of the total area £ ~10 ha tt Yes/no
(150 ha) is mango orchards (Fig. 1). C 3-5 ha 4 Yes/no
D <3 ha + /[+++ No
Infestati ¢ Practices for Intensity of Removal of The use of
niestation rate B. dorsalis trapping fallen young chemical treat-
We regularly collected mangoes between June 2020 and February management fruits (r;:)errslzisagamst B.
2022 to monitor Tephritidae infestation (Fig. 2). Among 15 farms,
1 to 3 orchards were visited each week to collect mangoes from 1 Monitoring Yes According to trap
trees if ripe mangoes on them or from the ground otherwise. The trap monitoring
GPS location of the sampled plots was recorded. Fifteen ripe fruits 2 Trapping Yes Yes
were collected per variety, whenever possible, from orchards and . .
. 3 Trapping No or a little Yes
dates. Fruits were randomly collected regardless of the presence
4 Null No No

or absence of potential holes. We collected a total of 1234 fruits
belonging to the three main varieties: José, Cogshall, and Nam Doc
Mai.

Fruits were taken to the laboratory and subjected to a standard-
ised protocol (Boinahadji et al., 2019; FAO/IAEA, 2019; Leblanc
et al., 2012; N’Dépo et al., 2019). Fruits were individually weighed,
placed in plastic boxes with sand as a pupation substrate, and cov-
ered with fine mesh cloth. Fruit samples were kept in a climatic
room until pupation in favourable conditions (25°C + 2°C and
70% + 20% humidity; Duyck et al., 2004). Over a period of three
weeks, the sand was sifted regularly to check for Tephritidae pupae.
Pupae were then kept in plastic boxes until emergence. They were
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taxonomically identified at the species level (using a multi-entry
identification key to African frugivorous flies, Virgilio et al., 2014).
For each fruit, we collected data on (i) the status of the fruit: The
sample was considered ‘positive’ if at least one larva developed into
a pupa. It is an indicator of the loss to the farmer, since a single
individual in the fruit can make it unmarketable; and (ii) the num-
ber of emerging individuals of each fruit fly species. We calculated
the infestation rate for positive samples as the number of flies per
kilogram of fruit (Dominiak, 2022; Follett et al., 2021).
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Table 2. Number of collected fruits of each mango variety according to the
typology of farms (see Table 1 for the typology of farm structure and practices
for B. dorsalis management)

Number of fruits

Farm Practices for B. ‘Nam
structure dorsalis management ‘Cogshall’ ‘José’ Doc Mai’
A 1 0 51 27
A 3 44 84 41
B 2 21 55 21
B 2 30 11 38
B 3 0 21 17
c 1 0 19 37
C 1 54 7 0
C 1 16 4 0
C 2 31 19 71
C 2 53 38 7
C 3 32 82 48
C 3 18 52 0
D 4 17 34 0
D 2 59 25 21
D 3 0 29 0

Landscape composition description

We utilised high-resolution satellite imagery to map the study area’s
landscape cover. The ‘pleiades’ satellite images used in this study
were acquired on the Kalideos website of the CNES (National
Centre for Space Studies). We carried out with the R package
RandomForest (Liaw and Wiener, 2002) an automatic process-
ing chain using the Random Forest (RF) automatic classification
algorithm through an object-oriented approach on this image to
classify the land use. A manual reclassification of identification
errors and refinement were then carried out using QGIS software
(version 2.18.14) based on our knowledge of the land and the
cartography of the agricultural plot.

We obtained 11 landscape categories: agricultural wastelands,
urbanised areas, hedgerows, horticulture plots, market garden-
ing areas, savannahs, beaches, greenhouses, orchards (includ-
ing mango orchards), wooded and shrubby formations and bare
grounds. The area of this landscape covers was calculated in a 500 m
buffer (Putri et al., 2025; Wen et al., 2023) around each sampled
orchard plot. Orchards (84% of which are mango orchards), mar-
ket gardening areas and horticulture plots were environments with
host plants for B. dorsalis. Hedgerows varied in composition and
could include host plants (e.g. Pithecellobium dulce, Citrus spp.,
Ziziphus spp., etc.) or non-host plant species (e.g. Leucaena leuco-
cephala). Urban areas were mixed, comprising non-vegetated areas
and gardens with potential host plants. Then other categories such
as agricultural wastelands, savannahs, beaches, greenhouses and
most of the wooded and shrubby formations did not contain host
plants.

Landscape diversity

From this landscape description we calculated the richness as
the number of landscape categories in the 500 m buffer and the
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Shannon index expressed as: H = —» pi log, pi where pi is the
proportion of the area occupied by the landscape categories in the
500 m buffer.

Typology of agricultural practices

We carried out a survey on 15 farms in the study area in 2021. The
type of interview used in these surveys was semi-structured. First,
the farmers spoke freely about the different themes addressed by
the investigator, then precisions and quantitative data were asked.
The questionnaire of 56 questions was organised around several
themes: (1) presentation of the producer and his family, (2) gen-
eral presentation of the farm and its context, (3) description of the
agricultural production system, the mango place and its economic
valorisation, (4) other productions and activities, (5) management
of the orchard (mango tree), and (6) means of control against
mango tree pests with a focus on B. dorsalis.

Farms were then categorised according to two modalities
(Tables 1 and 2):

Farm structure and mango production were assessed based on
total farm size, mango area, mangos share in farm income, and
cooperative membership. Within the 150 ha study area, 67 ha were
owned by two farmers (Group A). Other farms were classified as
medium (~10 ha, Group B), small (3-5 ha, Group C), and very
small (<3 ha, Group D). Large, mango-specialised farms were gen-
erally part of cooperatives, unlike smaller, more diversified farms,
which rarely were members.

Three main strategies were used to manage B. dorsalis. (i)
Trapping with a male attractant (Methyleugenol), applied at low
density (<10 traps/ha, Group 1) for monitoring or high den-
sity for control (Group 2 and 3). (ii) The orchard sanitation,
mainly through the removal of fallen young fruits (Vargas et al.,
2016). We differentiated farmers according to whether they used
this strategy (Group 1 and 2) or not (Group 3 and 4). (iii)
Chemical treatments, including both conventional and organic-
approved products; farmers were grouped based on systematic
annual use of chemicals. Group 4, although represented by a sin-
gle farm, was included as a control with no intervention against
B. dorsalis.

Statistical analysis

All statistical analyses were performed using R software (R Core
Team 2024).

To avoid the collinearity of environmental variables (the 11
landscape categories, richness and Shannon index) in statistical
models, an exploratory analysis was carried out using PCA and cor-
relation matrix visualisation (Supplemental data S1). We thus kept
three variables with little or no correlation and a strong contribu-
tion of those variables to the total variance of the PCA: richness,
Shannon index, and quantity of orchards in a 500 m buffer around
each sampled orchard plot.

For each mango variety, we carried out a Generalised Linear
Model (‘glm’ function) to test the effect of the main landscape
category (orchards), landscape indices (richness and Shannon),
farm categories (farm structure and practices for B. dorsalis
management), and the fruiting season (season 1 from June 2020
to May 2021 and season 2 from June 2021 to February 2022) on
fruit fly infestation. The interactions between the fruiting season
and all other variables were included in the model. In addition, to
test the effect of mango varieties on fruit fly infestation, we selected
data for the periods (months) during which we collected fruits of
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Table 3. Generalised linear effects (GLM) model tables of the proportion of infested fruits (binomial, link = ‘logit’) and infestation rate (Gamma, link = log) according to the typology of farms (farm structure, practice
for B. dorsalis), the landscape structure in a 500 m buffer (mango orchards, Shannon index and richness), the fruiting season (2020-2021 or 2021-2022) and the interaction between factors (only variables selected
after stepwise model selection were represented)

Cogshall José Nam Doc Mai
Variable LR Chisq df P value LR Chisq df P value LR Chisq df P value
Proportion of infested fruits Practices for B. dorsalis 19.578 3 <0.001 27.610 3 <0.001 17.184 2 <0.001
Farm structure 0.238 3 0.971 _ _ _ 18.804 3 <0.001
Season 0.080 1 0.777 _ _ _ 1.124 1 0.289
Richness _ _ _ + 13.550 1 <0.001 + 7.552 1 0.006
Shannon 14.864 1 <0.001 = 7.010 1 0.008 i 0.497 1 0.481
Mango orchards _ _ _ _ _ _ _ _ _
Saison: Practices for B. dorsalis _ _ _ _ _ _ 9.667 2 0.008
Saison: Farm structure 19.544 3 <0.001 _ _ _ _ _ -
Saison: Richness _ _ _ _ _ _ _ _ _
Saison: Shannon 3.720 1 0.054 _ _ _ - 12.729 1 <0.001
Saison: Mango orchards _ _ _ _ _ _ — - -
Infestation rate Practices for B. dorsalis 8.523 3 0.036 22.848 3 <0.001 9.931 2 0.007
Farm structure 13.440 3 0.004 7.790 3 0.051 1.637 3 0.651
Season 4.633 1 0.031 11.920 1 0.001 0.762 1 0.383
Richness _ _ _ + 0.296 1 0.586 - 0.147 1 0.701
Shannon 4.774 1 0.029 - 0.432 1 0.511 + 3.415 1 0.065
Mango orchards 14.967 1 <0.001 - 2.972 1 0.085 0.533 1 0.465
Saison: Practices for B. dorsalis 14.066 1 <0.001 5.992 2 0.050 7.688 2 0.021
Saison: Farm structure 11.751 3 0.008 _ _ _ 14.490 3 0.002
Saison: Richness _ _ _ + 13.209 1 <0.001 + 4.909 1 0.027
Saison: Shannon _ _ _ - 11.839 1 0.001 _ _ _
Saison: Mango orchards 5.852 1 0.016 - 2.669 1 0.102 - 7.603 1 0.006

_: variable removed of the model after stepwise model selection.
- or +: negative or positive estimate for quantitative variables.
Bold: significant parameter (P value < 0.05).
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Practices for B. dorsalis

Farm structure

Figure 3. Proportion of infested fruits (A, B) and infestation rate (flies/kg; C, D) for each mango variety according to farm typology: (A and C) practices for B. dorsalis
management and (B and D) farm structure. Value is mean + 1.96 standard error. Different letters indicate significant differences among tested conditions for each mango
variety and each fruiting season. When there was significant interaction between the factors and the fruiting season, we differentiated the fruit seasons as follows: season 1
(2020-2021, solid lines, lower case letter) and season 2 (2021-2022, dashed lines, upper case letter). N.D.M: Nam Doc Mai variety.

the three varieties (August, September, November, and December
2020, and October and November 2021). Thus, we carried out a
GLM analysis with mango varieties, the fruiting season, and their
interaction.

Fruit fly infestation was modelled by (i) the proportion of
infested fruits with a binomial response variable (infested = 1 vs.
non-infested = 0) and a logit link function, and (ii) the infesta-
tion rate, calculated as the number of flies per kilogram of fruit
in positive samples, with a gamma distribution and a logarithmic
link function. We performed stepwise model selection (function
stepAIC, Venables and Ripley, 2002) to identify a minimally ade-
quate model based on AIC (Akaike information criterion). We
started with a complete model and used a bidirectional mode
(backwards and forward) of stepwise search. We visually checked
for homoscedasticity, quasi-normality, and independence of resid-
uals, and we tested for the presence of spatial autocorrelation in
the residuals using a Moran’s I test (function testSpatial Autocor-
relation, Hartig, 2018). When factor effects were significant, we
performed pairwise post hoc tests on marginal means (using the
emmeans or emtrends function, Lenth, 2024) to determine which
parameters differed from each other.

Results

A total of 13,684 flies emerged from fruits of the three mango
varieties studied (Cogshall, José, and Nam Doc Mai). Bactrocera
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dorsalis represented 99.6% of the emerging flies. Additionally, 32
Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) indi-
viduals emerged from the José and Nam Doc Mai varieties.

There was no significant correlation between the proportion of
infested fruit and infestation rate (F = 2.23, P = 0.091).

Proportion of infested fruits

The proportion of infested fruit was significantly related to the
landscape diversity: The Shannon diversity index had a signifi-
cant and positive effect on the proportion of infested fruits for the
Cogshall variety (x3 = 14.864, P < 0.001) and a significant negative
effect for José Variety (x} = 7.01, P = 0.008). The Richness index
was positively related to the proportion of infested fruits for the
José variety (x} = 13.55, P < 0.001). The proportion of infested
fruits was not significantly related to the quantity of orchards
within the 500 m buffer area for all tested varieties (Table 3).

The practices for B. dorsalis management had a significant effect
on the proportion of infested fruits for Cogshall (x} = 19.578,
P < 0.001), José (x3 = 27.607, P < 0.001) and Nam Doc Mai
(x% = 17.184, P < 0.001) varieties (Table 3, Fig. 3A). The farms of
group 1 had a significantly lower proportion of infested fruits than
farms of group 2 for Cogshall variety (z ratio = —3.470, P = 0.003),
and than farms of group 3 for José variety (z ratio = —3.480,
P =0.003). For the Nam Doc Mai variety, there was an interaction


https://doi.org/10.1017/S0007485325100618

Bulletin of Entomological Research

between the fruiting season and the practices for B. dorsalis man-
agement (Y} = 9.667, P = 0.008) and the farms of group 1 had a
significantly lower proportion of infested fruits than farms of group
3 only for the fruiting season 1 (z ratio = -3.610, P = 0.001) (Fig.
3A).

The farm structure had a significant effect on the proportion
of infested fruits for the Nam Doc Mai varieties (x3 = 18.804,
P < 0.001, Table 3, Fig. 3B): Farms of group C had a significantly
lower proportion of infested fruits than the farms of group A (z
ratio = - 2.668, P = 0.038) and B (z ratio = —3.089, P = 0.011).

Infestation rate

Landscape context had a significant effect on the infestation rate
(number of flies per kg of fruit) only for the Cogshall variety.
The Shannon index (x? = 4.774, P = 0.029) and the quantity of
orchards in the 500 m buffer (x? = 14.967, P < 0.001) had a sig-
nificant and positive effect on the infestation rate (Table 3). There
was an interaction between the fruiting season and the quantity of
orchards in the 500 m buffer (x? = 5.852, P = 0.016). Increasing
the quantity of orchards has the effect of increasing the infestation
rate in season 1, while slightly decreasing the infestation rate in
season 2.

The practices for B. dorsalis management had a significant effect
on the infestation rate for all mango varieties (Cogshall: x3 = 8.523,
P =0.036; José: x3 = 22.848, P < 0.001; Nam Doc Mai: x3 = 9.931,
P = 0.007). There were also significant interactions of the fruit-
ing season with practices for B. dorsalis management for Cogshall
(x% = 14.066, P < 0.001), José (x3 = 5.992, P = 0.050) and Nam
Doc Mai varieties: (x3 = 7.688, P = 0.021). For Cogshall, the infes-
tation rate was significantly higher in group 2 than in group 1
during the first season (t = 2.660, P = 0.045), and group 2 was sig-
nificantly higher than group 3 during the second fruiting season
(t=3.220, P = 0.002). For the José variety, the infestation rate was
significantly higher in groups 1 and 3 than in group 2 (t = 3.580,
P =0.001; t = 4.600, P < 0.001, respectively). For the Nam Doc
Mai variety, the infestation rate was significantly higher in group
2 than group 1 (t = 3.580, P = 0.001) and group 3 (t = 4.600,
P < 0.001) only during the second fruiting season. The farm struc-
ture had a significant effect on the infestation rate of the Cogshall
varieties (Y2 = 13.440, P = 0.004) with a significant interaction
between the farm structure and the fruiting season (x3 = 11.751,
P =0.008). Infestation rate was significantly lower in group A than
group B (t = 2.770, P = 0.033) during the first season and was sig-
nificantly lower in group A than group B (t = 3.750, P = 0.002),
C (t=12.900, P = 0.023), and D (t = 3.210, P = 0.009) during the
second fruiting season.

Mango varieties

The proportion of infested fruits and infestation rate were not sig-
nificantly different among mango varieties (x3 = 2.26, P = 0.323
and x3 = 1.08, P = 0.583, respectively; Table 4).

Discussion

This study demonstrates that the infestation of mangoes by B. dor-
salis is influenced by the landscape structure and farmers’ practices
within this specific tropical island agroecosystem characterised by
relatively small, closely situated crop plots and diverse farming
systems. Due to constraints in field availability under similar biocli-
matic conditions, our dataset was unbalanced, limiting our ability
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to test all interactions between farm structure, control practices,
landscape use, and mango varieties, factors known to interact and
influence pest dynamics in complex ways, as shown in previous
studies (Rusch et al., 2010).

Effect of landscape diversity on B. dorsalis infestation

As hypothesised, a correlation was observed between landscape
diversity and B. dorsalis infestation. The landscape diversity,
approximated by the Shannon and Richness indexes, was cor-
related with the proportion of infested fruits. For example, we
observed that the Shannon diversity index was positively correlated
with the proportion of infested fruits for the Cogshall variety, and
the Richness index was positively correlated with the proportion
of infested fruits for the José and Nam Doc Mai varieties. However,
an inconsistent result was obtained, with the proportion of infested
fruits exhibiting a negative correlation with the Shannon index for
the José mango variety. This suggests that the interaction between
diversity, infestation rate and mango varieties is complex and may
be subject to variation due to numerous factors. The impact of land-
scape diversity on natural enemies of pest species has already been
investigated across a range of cropping systems and study regions
(Bianchi et al, 2006; Chaplin-Kramer et al., 2011; Priyadarshana
et al., 2024). A literature review demonstrated that pest pressure
was lower in more heterogeneous landscapes in 45% of the stud-
ied publications and higher in 15% (Bianchi et al., 2006). However,
other studies suggest that increased landscape heterogeneity ben-
efits different taxa, including pest species, by providing favourable
resources (reviewed in Priyadarshana et al., 2024). For instance,
Santoiemma et al., (2018) demonstrated that the density of the
generalist species Drosophila suzukii is higher in heterogeneous
landscapes. In addition, it was already shown that heterogeneity
of landscape was positively correlated with the abundance of B.
dorsalis (Putri et al., 2025; Wen et al., 2023). In the present study,
the heterogeneity of the landscape may increase the probability of
habitats with host plants around the plots studied, thereby facilitat-
ing the maintenance of larger fruit fly populations throughout the
year. In particular, the Shannon index was found to be negatively
correlated with the proportion of savannah (see Supplemental
data S1), which is an unfavourable environment for fruit flies
without host fruits for larvae in the area surrounding the study
plots.

Effect of the mango orchards prevalence on B. dorsalis
infestation

The results of our study did not reveal a specific relation between
infestation and the quantity of orchards at landscape scale. The
farm structure typology was mainly constructed around the level
of crop diversity and the area under mango; thus, it can be consid-
ered as an index of mango orchard density on a more local scale.
Despite observing a significant effect of the typology on the infes-
tation indexes, the effects varied among different mango varieties,
with no discernible trend. In addition, at the landscape scale, the
proportion of infested fruits was not significantly related to the
quantity of orchards (mainly mango orchards) in the 500-buffer
area for all the tested varieties. Thus, the diversity of the landscape
was not systematically impacted by an increase in the quantity of
orchards in the landscape. It is generally accepted that, because
crops provide habitats for pests, a positive relationship is expected
between the abundance of pests in the field and the area of culti-
vated land at a landscape scale (Fahrig, 2003). Bactrocera dorsalis,
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a generalist species, has been observed to be particularly prevalent
in mango orchards (Grechi et al., 2022). Our results may be due to
the high diversity in the agroecological model system. The study
area is notable for the absence of strict monocultures, and other
host plants may be present in and around the mango orchards,
including lychee trees, pomegranate trees, soursop trees, or jujube
trees. The quantity of mango orchards in the 500-buffer was cor-
related with the quantity of hedgerow and was not negatively
correlated to the Shannon or richness index (Supplemental data
S1). In addition, responses to landscape structure and composition
are scale-dependent (Chaplin-Kramer et al., 2011; Priyadarshana
et al., 2024). It is possible that the scale at which we conducted
our measurements was not the most predictive for this insect
species. However, in our study, the chosen scale of study reflects the
smaller size of production areas (in this case, mango production)
in insular environments compared to continental environments.
Furthermore, it has been shown for B. dorsalis that the direction
and strength of the relationships between landscape variables and
its abundance did not change with spatial distance (from 0.5 to
1.5 km, Wen et al., 2023).

Effect of agricultural practices on B. dorsalis infestation

The findings of this study demonstrate a correlation between the
practices of individual farmers and the proportion of infested
fruits. Crop protection strategies can impact pest populations
directly or indirectly by modifying natural enemy communities
(Marliac et al., 2015). We observed a significant effect of the prac-
tices against B. dorsalis on the proportion of infested fruits and the
infestation rate. It is particularly noteworthy to note that individual
practices influenced infestation rates despite the landscape context,
the proximity and different practices between farms. However, the
limited number of replicates in each category does not allow us to
identify precisely which practices should be favoured. However,
among practice, sanitation is now recognised as the basis of all
effective integrated pest management (IPM) to control fruit fly
(Ekesi et al., 2016; Vargas et al., 2016; Verghese et al., 2006). The
collection and removal of all discarded fruits from the trees and
the ground has been shown to have a significant impact on the
population dynamics of fruit flies, through the disruption of their
lifecycle (Liquido, 1993). In our study, the farms of groups 1 and 2,
which prioritise orchard sanitation over mass trapping and chem-
ical treatments, exhibited a lower proportion of infested fruits
compared to farms in group 3 for José and Nam Doc Mai vari-
eties. We have focused our work on the sanitation of young fruit
that has fallen to the ground. This fruit is susceptible to infesta-
tion by fruit flies (Amin, 2017), yet is less frequently removed by
farmers. Farmers who initiate fruit removal at the abscission stage
tend to engage in this orchard sanitation throughout the fruiting
season.

Mango varieties

We observed no significant difference in infestation between the
three mango varieties when comparing fruits collected during the
same period. However, the landscape diversity and composition,
and farm typology had different effects on the level of fruit fly
infestation according to mango variety. These results could be
attributed to the fruiting period of the studied varieties. Cogshall
is an early variety, Nam Doc Mai is more of a seasonal variety,
and José has an irregular fruiting period (Jessu et al, 2017).
Due to their differing phenology, varieties may be subject to
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Table 4. Generalised linear effects (GLM) model tables of the proportion of
infested fruits (binomial, link = ‘logit’) and infestation rate (Gamma, link = log)
according to the mango varieties and fruiting for August, September, November,
December 2020, and October, November 2021 (periods where data were
available for the three varieties)

Variables LR Chisq df P value
Proportion of Mango variety 2.26 2 0.323
infested fruits

Season 14.69 1 <0.001

Mango variety: Season 2.12 2 0.346
Infestation Mango variety 1.08 2 0.583
rate

Season 4.44 1 0.035

Mango variety: Season 0.00 2 0.998

different climatic conditions and biological phenomena. The
mango fruiting period provides abundant food resources for fruit
flies, which, when combined with favourable weather conditions,
leads to an outbreak of fruit fly populations (Bota et al, 2018;
Motswagole et al., 2019). At the onset of the fruiting season,
the detection and subsequent colonisation of orchards within
the agroecosystem is determinant and is probably influenced
by the landscape structure (Singh and Satyanarayana, 2009).
During peak outbreaks, insect dispersal is shorter, and the high
reproduction rate, facilitated by the availability of resources,
leads to increased populations (Singh and Satyanarayana,
2009).

Conclusion

Despite the constrained dataset, we were able to demonstrate that
the infestation rates of B. dorsalis in mango orchards were influ-
enced by both landscape and crop management factors in the case
of a specific tropical island agroecosystem with small orchards
in a diversified landscape. On a landscape scale, B. dorsalis was
favoured by habitat diversity, which probably provided comple-
mentary larval food resources and enabled populations to be main-
tained throughout the year. On a local scale, despite disparate
farming systems and the interaction of distinct habitat patches,
individual farmers’ practices influenced infestation indexes. The
proportion of infested fruits was lower in plots managed by farmers
who prioritise monitoring and sanitation. It would be interesting
to see, in an AW-IPM context, whether the application of these
practices by a group of neighbouring farmers could increase the
effectiveness of B. dorsalis control at a larger scale.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0007485325100618.
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