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Abstract. Putri SOR, Rizali A, Ikawati S. 2025. Different effects of local and landscape factors on the population density of two fruit fly
species in Indonesian apple orchards. Biodiversitas 26: 2079-2087. Apple production in Indonesia faces significant challenges due to
pests, particularly fruit flies (Diptera: Tephritidae). Recently, management strategies for controlling fruit flies in apple orchards have
often overlooked the influence of local and landscape-level factors. The objective of this study is to investigate how these factors affect
fruit fly population densities in apple orchard. Research was conducted in nine apple orchards in East Java, Indonesia. For each orchard,
the landscape was characterized by manual digitization the area within a 500 m radius from the center of the plot. To sample fruit flies,
attractant traps were used along with rearing symptomatic fruits. Three species of fruit flies were identified in the apple orchards, with
Bactrocera carambolae and B. dorsalis being the most abundant. In contrast, B. umbrosa was found only in one research site. Using
Generalized Linear Model (GLM) analysis, it was determined that local factors, such as the frequency of pesticide application and
canopy cover), as well as landscape factors, including class area and the number of patches of semi-natural habitats and apple orchards,
influenced the population density of B. carambolae. On the other hand, B. dorsalis was only affected by a landscape factor, specifically
class area of semi-natural habitats. Spatial variation of B. carambolae within the apple orchards was also influenced by a local factor
(canopy cover) and a landscape factor (class area of semi-natural habitats). However, B. dorsalis was not affected by either type of
factor. These findings emphasize the importance of understanding local and landscape factors to develop effective management

strategies for different species of fruit flies in apple orchards.
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INTRODUCTION

As a tropical country, Indonesia plays a significant role
in apple fruit production, with East Java Province,
Indonesia as the main production region, producing
392,173 tons of the total national production of 392,563
tons. In East Java, apple production is concentrated in
Malang District (87,023 tons), Batu City (14,028 tons), and
Pasuruan District (28,262 tons), making these three regions
the main centres of national apple production (Central
Statistics Agency of East Java 2024). However, apple
production in East Java has been reported to be decreasing,
with statistical data showing a decrease from 392,173 tons
in 2023 to 129,795 tons in 2024. This is related to land use
conversion for other commodities due to pest and disease
problems as well as economic considerations by growers
due to the high cost of pest and disease control. Excessive
use of chemical fertilizers and pesticides increases pest
attacks, disrupt the balance of selling prices, and promotes
land conversion (Tan and Qi 2023; Gao et al. 2024).
Recently, land for apple cultivation has been reported to
have shrunk drastically, with data from the Department of
Agriculture of the City of Batu showing a decline from
1,098.2 hectares in 2019 to 866.7 hectares in 2021.

Major pests of apple crops include fruit flies, aphids,
mites, thrips, and leaf suckers (Li et al. 2024). Fruit flies
(Diptera: Tephritidae) are classified as invasive pests that
have a major impact on the agricultural sector, particularly

on horticultural crops in tropical and subtropical regions.
Their attacks can reduce fruit quality and cause fruit drop
and rot, resulting in economic losses due to lower selling
prices (Clarke et al. 2005; Louzeiro et al. 2021; Mutamiswa
et al. 2021). Research by Grechi et al. (2022) showed that
fruit flies can also attack immature fruit, causing damage
before the fruit is ready for harvest. The most common
genus of fruit flies is Bactrocera, with 461 species
identified due to its wide distribution and host range
(Egartner et al. 2019). Research by Follett et al. (2019) has
shown that apple crops are good hosts for fruit flies,
especially B. dorsalis.

The presence of fruit flies in agricultural areas may be
influenced by local and landscape factors. Several studies
have shown that local and landscape factors of the
surrounding crop fields play an important role in
supporting insect populations, including fruit flies in
agricultural areas (Ortega and Pascual 2014; Perez-Alvarez
et al. 2018; Krasnov et al. 2019; Diallo et al. 2021; Paredes
et al. 2023). Local factors that may affect the presence of
fruit flies include pesticide application and plant
maintenance, such as canopy maintenance and pruning.
Research by Inskeep et al. (2021) showed that canopy
cover can affect the presence of fruit flies because it can
provide refuge for fruit flies from extreme environmental
conditions. Research by Petrovskii et al. (2014) and Al-
Khoury et al. (2021) showed that intensive pesticide
application can cause pests to become resistant and result
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in the death of natural enemies and a decrease in their
populations, which can lead to a resurgence of pest
populations.

Agricultural landscape composition can also affect the
biodiversity and population dynamics of fruit flies. An
increase in fruit fly population dynamics can result from
the loss of semi-natural habitats and the simplification of
the landscape (Mitchell et al. 2022). In addition, landscape
characteristics can also affect interactions between plants,
pests, and natural enemies, such that an increase in the
complexity and diversity of landscape composition can
reduce populations as well as increase natural enemies and
beneficial insects (Perez-Alvarez et al. 2018). Research by
Ortega and Pascual (2014) showed that landscape
complexity can help reduce fruit fly populations. Research
by Araujo et al. (2019) showed that semi-natural habitats
and open areas can affect fruit fly populations in apple
orchards.

Research specifically investigating the influence of
local and landscape factors on insects in apple orchards is
limited in Indonesia, primarily because apples are an
introduced crop in the country. Furthermore, there is a lack
of studies that simultaneously investigate how landscape
and local factors affect fruit fly population density.
Previous studies have often focused on one fruit fly species
without comparing how these potentially overlapping
ecological species respond to landscape- and local-scale
variation. To increase the effectiveness of natural pest
control, a conservation control approach is needed to
understand the surrounding orchard management that can
reduce fruit fly populations and increase the presence of
natural enemies. Therefore, the objective of this study to
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fill gap by investigate the effect of local and landscape
factors on fruit fly population density comparatively in
apple orchards. This will provide valuable insights for
more effective pest management.

MATERIALS AND METHODS

Study area

The study was conducted at nine in three locations in
Malang, Batu, and Pasuruan, East Java, Indonesia (Figure
1) from October to December 2023, and identification of
specimens was done in the Laboratory of Plant Pest,
Faculty of Agriculture, Universitas Brawijaya, East Java.
The average annual temperature was 18.3-27.2°C, with a
precipitation per month of around 132.4 mm (Station of
Meteorology Climatology and Geophysics Agency in East
Java Province 2023). The nine apple orchards were
managed according to intensive farming management
practices.

Plot design

The study areas were selected systematically based on
criteria by age of apple trees between 10 to 25 years with
same varieties, elevation range from 945 to 1335 m asl, and
with land area 1,000 m2. Each research site had a minimum
distance of at least 1 km between research sites to avoid
overlapping. At each research site, plots of 21x21 meters
(64 trees) were created for trap installation. Within a plot,
nine trap installation points were made in a transect manner
to obtain a representative sample of the whole field (Crum
et al. 2021) (Figure 2).
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Figure 1. The research sites of nine apple orchards located in Malang District, City of Batu and Pasuruan District, East Java, Indonesia.
Site codes: S1: Borah, Malang; S2: Bengkaras, Malang; S3: Jurangrejo, Malang; S4: Gerdu, Batu; S5: Junggo, Batu; S6: Bulukerto,
Batu; S7: Blarang, Pasuruan; S8: Taman, Pasuruan; S9: Putur, Pasuruan
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Figure 2. Landscape characterization with a radius 500 meters in one of the research sites. A. Bulukerto; B. Results of landscape
digitization in one of the research sites, Bulukerto; C. Observation plots

Habitat condition

Measurement of variables was conducted at the habitat
level (local scale) and landscape scale. The local scale
factors that were considered to affect the population density
of fruit flies are canopy cover and frequency of pesticide
application (Table 1). The canopy cover was measured
using a photographic method, where photos were taken at
five different points in each research site. Photographs
were taken in the middle of four apple trees and from the
ground towards the canopy with a camera at a height of 30
cm from the ground. The resulting photographs were
processed using ImageJ2 to measure the percentage of
canopy closeness (Rueden et al. 2017). For another local
scale factor of the frequency of monthly pesticide
application, data were obtained from farmer interviews.

Characterization of landscape composition

Landscape characterization was conducted by mapping
land use types at each research site through ground
checking at a radius of 500 m from the plot as the center of
the landscape. The ground check was conducted in October
2023 using the map from Google Earth as the base map for
the ground check. Digitization was done using QGIS
software, which classified land use into seven types:
settlement, perennial cropland, apple orchard, open area,
agroforestry, semi-natural habitat, and annual cropland
(Figure 3). Furthermore, landscape composition was
analyzed through Landscape Ecological Statistics (LecoS)
with QGIS software, using the composition indices of
Number of Patches (NP) and Class Area (CA) (Jung 2013).
The analysis was only conducted on the NP and CA of
semi-natural habitats and apple orchards.

Sampling of fruit flies

Fruit flies were sampled using an attractant trap method
adopted from the research of Pujiastuti et al. (2020). The
trap is made from a bottle that putting together with yellow
traps and then smeared with 1-2 mL of methyl eugenol and
hung on a tree canopy at 1 meter above ground level. Traps
were set for 24 hours to facilitate sampling and minimize
damage to insect forms. Trapped insects were then brought
to the laboratory for identification. Fruit flies were also
collected using the host-rearing method adopted from
Ramadan et al. (2023) with jars containing sawdust media
that had previously been sterilized for an hour at 100°C
using an oven. Host rearing was conducted to confirm that
the species attacked apple fruit. Symptomatic fruit was
placed in a container to minimize contamination between
fruit juices and sawdust and was then covered with gauze.
When the imago emerged, they were immediately moved
into a container containing honey water, which served as an
alternative food source. The adults were reared until they
were seven days old to obtain the perfect mesonotum color
for identification. Insect identification was performed by
grouping each specimen to the species level based on the
morphology of the found specimens. Morphological
identification of fruit flies was carried out based on the
identification guidebook ‘The Australian Handbook for the
Identification of Fruit Flies 3.1 version 2018 by Plant
Health Australia (2018) and supporting journals.
Furthermore, images were taken using an Olympus SZX7
digital microscope.



2082

BIODIVERSITAS 26 (5): 2079-2087, May 2025

Table 1. Characteristics of the nine apple orchard sites at the time sampling was conducted according to local factors (frequency of
monthly pesticide application and percentage of canopy cover) and landscape factors (class area (CA.nat) and number of patches
(NP.nat) of semi-natural habitats and class area (CA.apple) and number of patches (NP.apple) of apple orchards). Site codes: S1: Borah,
Malang; S2: Bengkaras, Malang; S3: Jurangrejo, Malang; S4: Gerdu, Batu; S5: Junggo, Batu; S6: Bulukerto, Batu; S7: Blarang,

Pasuruan; S8: Taman, Pasuruan; S9: Putur, Pasuruan

Sites Local factors Landscape factors

code Pesticide application Canopy cover (%) CA.nat (ha) NP.nat CA.apple (ha) NP.apple

S1 2 77.56 0 0 18.00 14

S2 4 31.28 9.05 2 26.08 28

S3 8 57.39 7.51 4 12.72 15

S4 4 18.42 2.50 2 41.93 37

S5 2 61.00 0 0 18.63 15

S6 4 41.36 2.54 2 1.97 4

S7 4 46.58 39.88 2 36.96 33

S8 8 40.21 33.22 2 37.24 40

S9 4 37.82 30.63 2 41.38 38
= 100 B. umbrosa (7 individuals) (Figure 4.C), which was found
= 20 I I in only one study site. However, based on the host-rearing
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Figure 3. Proportion of land use types in the nine research sites.
Site codes: S1: Borah, Malang; S2: Bengkaras, Malang; S3:
Jurangrejo, Malang; S4: Gerdu, Batu; S5: Junggo, Batu; S6:
Bulukerto, Batu; S7: Blarang, Pasuruan; S8: Taman, Pasuruan;
S9: Putur, Pasuruan

Data analysis

The effect of local and landscape factors on the
population density of fruit flies was analyzed using a
Generalized Linear Model (GLM) without interaction and
using quasi-Poisson distribution to explain overdispersion
(Bolker et al. 2009). The explanatory variables were Class
Area (CA.apple) and Number of Patches (NP.apple) of
apple orchards, Class Area (CA.nat), Number of Patches
(NP.nat) of semi-natural habitats, frequency of pesticide
application, and percentage of canopy cover. GLM analysis
was conducted using R statistical software (R Core Team
2024).

RESULTS AND DISCUSSION

Diversity and population density of fruit flies in apple
orchard

Three species of fruit flies were found in the study sites
with a total of 8051 individuals. The most abundant species
of fruit flies were B. carambolae (4636 individuals) (Figure
4.A), followed by B. dorsalis (3408 individuals) (Figure
4.B). The species with the least number of individuals was

in Taman with 79.22 individuals, while the lowest was
found in Bengkaras with 7.28 individuals. The population
density of B. dorsalis was significantly different in each
research site (F=24.52; P<0.001), where the highest
population density was found in Putur, with 47.78
individuals, while the lowest was found in Bengkaras, with
5.56 individuals. According to the CV value, the spatial
variation of population density of B. carambolae in Borah
and B. dorsalis in Junggo showed a high variation among
traps within an apple orchard (heterogeneous) but not
significantly different in each research site (F=1.56; P:
0.26). In addition, the spatial variation of the population
density of B. carambolae in Bulukerto and B. dorsalis in
Taman showed a low variation among traps within an apple
orchard (homogeneous) and were not significantly different
in each research site (F=1.19; P: 0.39).

Effect of local and landscape factors on population
density of fruit flies

For local factors, the highest pesticide application was
found in Jurangrejo and Taman, and the highest canopy
cover was found in Borah. For landscape characterization,
the landscape composition of the study sites was dominated
by the land use category apple orchard because all sites
consisted of apple orchards with variations in area, where
the highest was for the apple orchard in Gerdu (Figure 3).
Semi-natural habitat land use was found in several study
sites, with the highest being in Blarang. Only the CA and
NP of the apple orchard and semi-natural habitat categories
were utilized in the analysis.



PUTRI et al. — Factors affecting fruit fly density 2083

2mm

L_2mm | 2 mm

Figure 4. Morphology of fruit fly: A. Bactrocera carambolae; B. Bactrocera dorsalis; C. Bactrocera umbrosa
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Figure 5. Population density of Bactrocera carambolae and Bactrocera dorsalis in the nine research sites, show mean, standard
deviation, and coefficient of variations (CV). Site codes: S1: Borah, Malang; S2: Bengkaras, Malang; S3: Jurangrejo, Malang; S4:
Gerdu, Batu; S5: Junggo, Batu; S6: Bulukerto, Batu; S7: Blarang, Pasuruan; S8: Taman, Pasuruan; S9: Putur, Pasuruan
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Table 2. Generalized linear models relating population density and spatial variation of fruit flies to landscape factors (class area
(CA.nat) and number of patches (NP.nat) of semi-natural habitats and class area (CA.apple) and number of patches (NP.apple) of apple
orchards) and local factors (frequency of pesticide application and canopy cover)

Bactrocera carambolae

Bactrocera dorsalis

Population density

CV of population density

Population density CV of population density

Est SE P Est SE P Est SE P Est SE P
(Intercept) 4572 038 0.000 3.013 0.44 0.000 3.238 0.96 0.005 4.305 0.63 0.000
CA.nat 0.044 0.01 0.000 **  -0.014 0.01 0.035* 0.051 0.01 0.001* -0.004 0.01 0.667
NP.nat -0.735 0.11 0.000 ** 0.121 0.11 0.290 -0.098 0.22 0.659 0.011 0.18 0.950
CA.orchard 0.172  0.05 0.004 * -0.028 0.03 0.425 0.070 0.08 0.413 0.025 0.05 0.651
NP.orchard -0.252  0.06 0.001 * 0.053 0.04 0.240 -0.104 0.10 0.331 -0.029 0.07 0.677
Pesticide 0.622 0.09 0.000 **  -0.099 0.08 0.223 0.146 0.17 0.397 -0.043 0.13 0.740
Canopy -0.037 0.01 0.000 ** 0.016 0.01 0.023 * -0.018 0.02 0.243 0.001 0.01 0.906

Est: Estimate; SE: Standard Error; P: P-value, *P <0.05; **P <0.001.

GLM analysis showed that local and landscape factors
affected the population density of B. carambolae and B.
dorsalis differently. The landscape factor of the presence of
semi-natural habitats surrounding the apple orchard
significantly influenced the population densities of both B.
carambolae and B. dorsalis fruit flies. The CA of semi-
natural habitats had a positive effect on the populations of
B. carambolae (P: 0.000) and B. dorsalis (P: 0.001), while
the NP of the semi-natural habitats had only a negative
effect on the population density of B. carambolae (P:
0.000). Furthermore, the CA and NP of apple orchards also
only affected the population of B. carambolae. Increasing
the CA of apple orchards tended to increase the population
density of B. carambolae (P: 0.004), while increasing the
NP of apple orchards tended to decrease the population
density of B. carambolae (P: 0.001) (Table 2). The local
factors, in this case, pesticide application and canopy
cover, also only affected the population density of B.
carambolae and not B. dorsalis. Pesticide application
causes an increase B. carambolae population (P: 0.000),
while canopy cover causes a decrease in its population (P:
0.000).

In relation to the spatial variation of fruit fly population
density, local and landscape factors also only affected the
B. carambolae species. A landscape factor, the CA of semi-
natural habitats, had a negative effect (P: 0.035) on the
variation of B. carambolae population density among trees
within an apple orchard, while local factor, canopy cover,
had a positive effect on population variation (P: 0.023).

Discussion

In this study, two species of fruit flies attacking apple
crops were found: B. carambolae and B. dorsalis. Both
species dominate the research sites because they have a
wide distribution and polyphagous nature that allows them
to have a wide range of alternative hosts (Kim and Kim
2018; Sari et al. 2020). Research by Koswanudin et al.
(2018) showed that B. carambolae preferred fruits from the
Rosaceae family, including apples. Research by Clarke et
al. (2005) also showed that B. dorsalis was found during
host-rearing on apple fruit.

Based on the results of the study, it was found that B.
dorsalis was influenced by only one factor (class area of
semi-natural habitat), in contrast to B. carambolae, which

was influenced by many factors (landscape composition
and the local scale factors of pesticide application and
canopy cover). This is because B. dorsalis has high
adaptability, and thus, changes in factors do not
significantly affect the population of B. dorsalis (Leblanc
et al. 2015). One mechanism that supports this adaptability
is the sensitivity of B. dorsalis to pheromones, which
allows it to detect potential mates or resources efficiently,
even under changing environmental conditions (Haq et al.
2016; Jaffar et al. 2023). Research by Vargas et al. (2015)
and Koswanudin et al. (2018) had shown that B.
carambolae is more specialized in its ecological needs,
making it more vulnerable to environmental changes. This
specialization may lead to greater vulnerability when faced
with extreme environmental conditions, resulting in more
pronounced impacts on its population when compared to
the more adaptable B. dorsalis.

Knowing the factors that influence fruit fly population
density in apple orchards is key to developing effective
management strategies (Valiuskaite et al. 2017; Araujo et
al. 2019). Population density serves as an important
indicator of pest pressure and ecosystem health; it also
allows quantification of pest pressure, helps determine the
severity of infestations, and guides intervention decisions.
By monitoring population density over time, trends and
early warning signs of potential pest outbreaks can be
identified for pest management (Onufrieva and Onufriev
2021). Research by Susanto et al. (2022) showed
differences in population densities among various locations
caused by local environmental factors, host availability,
and interspecific competition.

The coefficient of variation plays an important role in
measuring spatial variation to understand insect population
distribution, with the aim of measuring population stability
and spatial variation, helping to identify areas of high
variability or clustering, and guiding ecological or pest
management strategies (Sciarretta and Trematerra 2014).
The results of this study show that the spatial variation of
B. carambolae density in Borah and B. dorsalis in Junggo
tends to be heterogeneous, while in Bulukerto and Taman,
the spatial variation is more homogeneous. This difference
suggests that pest distribution in some locations is more
focused on certain areas than others, which may affect the
effectiveness of pest control strategies in each apple
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orchard studied. Thus, an understanding of population
density and its spatial variation can be the basis for
determining a more appropriate approach to pest
management based on the characteristics of each study site.

One of the factors that can affect fruit fly population
density is cultivation practices, which cover pesticide
application, fertilizer, canopy cover, and cropping systems
(Zhang et al. 2022; Rizali and Buchori 2024). Since
fertilizer and cropping systems in the nine study sites were
similar, the influence of fertilizers and cropping systems
was not included in the factor analysis. Pesticide
application can affect fruit fly population density, whereas
pesticide application has a positive effect. This is because
intensive pesticide application can cause fruit fly resistance
and resurgence. Research by Gao et al. (2024) showed that
excessive application of chemical pesticides can cause
pests to become resistant to chemicals and cause a
resurgence or explosion of pest populations. In addition,
pesticide application may limit the fertility, fecundity, and
prey consumption or parasitism, and thus, pesticide
application can reduce natural enemies and beneficial
insects such as pollinators and decomposers (Picchi et al.
2016; Schmidt-Jeffris 2023; Knauer et al. 2024).

Canopy cover has a correlation with air humidity,
where a higher canopy cover can increase humidity and
decrease light intensity (Nath and Deka 2024). Research by
Ren et al. (2023) has shown that light conditions can
increase fruit fly populations because copulation behaviors
of fruit flies occur at high light intensities; thus, greater
canopy cover has a negative effect on fruit fly populations.

Another factor that may affect fruit fly population
density is landscape composition. Landscape composition
is one of the factors that play an important role in
determining fruit fly population density and biocontrol
services such as natural enemies. Landscapes with complex
structures support greater fruit fly diversity and populations
compared to simple landscapes, where higher complexity
of landscape can make interactions among pests, plants,
and natural enemies more stable, which enhances
agroecosystem stability and reduces pest attacks (Diallo et
al. 2021; Ponti et al. 2024). Landscape complexity is
usually measured through compositional indices such as
class area and number of patches, which are used to
understand the relationship between landscapes and fruit
fly populations (Ulina et al. 2019). The results showed that
the class area of semi-natural habitats positively affected on
the population densities of B. dorsalis and B. carambolae.
Yet, the class area of the apple orchard only affected the
population density of B. carambolae. Research by Araujo
et al. (2019) has shown that semi-natural habitats positively
effect on the abundance of fruit flies. This is in accordance
with previous research that showed that semi-natural
habitats have a high availability of hosts and are always
present, allowing the population of fruit flies to increase
(Picchi et al. 2016). In addition, the number of patches of
semi-natural habitats and apple orchards can decrease fruit
fly populations. This is because the number of patches can
increase landscape fragmentation (Justeau-Allaire et al.
2024). Higher fragmentation of the landscape can increase
habitat isolation, thereby increasing the extinction of
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species populations, which then has an impact on
increasing edge area and causing population vulnerability
due to adverse environmental conditions in the edge area
(Ortega and Pascual 2014). Research by Paredes et al.
(2023) has shown that landscapes with low fragmentation
can make it easier for fruit flies to find food, build
populations, and facilitate their spread without obstacles.

In accordance with the results of the research, the class
area of semi-natural habitats and canopy cover influence
the spatial variation of B. carambolae populations. Larger
semi-natural  habitats provide stable environmental
conditions and diverse resources, thereby reducing
population fluctuations and spatial variation. Research by
Zida et al. (2020) has shown that the diversity of host
plants within larger habitats can lead to increased stability
in the spatial of fruit flies, as these habitats provide a
consistent supply of resources throughout different seasons.
However, greater canopy cover has a positive effect on
spatial variation. Research by Schoneberg et al. (2020) and
Inskeep et al. (2021) showed that fruit flies take shelter
under the canopy because it provides protection when the
temperature and light intensity are too high, which causes
fruit flies to accumulate in one area.

In conclusion, local and landscape factors significantly
influence fruit fly populations of B. carambolae and B.
dorsalis in apple orchards. However, B. dorsalis was
primarily affected by the presence of semi-natural habitats
due to its high adaptability. Local factors, such as pesticide
application and canopy cover also affect the population
density of B. carambolae. Furthermore, canopy cover may
contribute to increased spatial variation in B. carambolae
population. The composition of the landscape, including
the area of different habitat classes and the number of
patches, can help maintain stable populations and reduce
spatial variation of B. carambolae and spatial variation
stable. These findings suggest that integrated pest
management should prioritize reducing pesticide use,
enhancing canopy cover, and maximizing landscape
fragmentation to effectively control different species of
fruit flies in apple orchards effectively.
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