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Apricots are the most important cash fruit in the region, and they play a key role in its socio-economic 
development. It is, however, susceptible to several diseases and pests, resulting in decreased yields and 
substantial financial losses. One of them is the genus Bactrocera, which has almost no data on its Spatio-
temporal variability. Between July and September 2021 in district Hunza, Gilgit-Baltistan, Pakistan, this 
study aimed to determine the spatiotemporal variability of two species of fruit fly, Bactrocera zonata 
and Bactrocera dorsalis, in apricot fruit orchards. Results revealed that there was a significant difference 
between the species and month to month. B. zonata had a substantially larger population than B. dorsalis. 
To predict the spatial variability of fruit fly species, geostatistical analytic techniques were used. Using an 
inverse distance weight with a spherical semivariogram model, the spatial distribution maps were created. 
Both species had nugget/sill ratios of 0.00, 0.69, 0.61, and 0.73, indicating moderate to strong spatial 
dependence. The semivariogram graph also displayed moderate to high spatial dependence. The east-west 
and south-north trend lines of both fruit fly species crossed through the projected area of the sample point, 
indicating the overall variation trend of B. zonata and B. dorsalis. Interpolated distribution maps were also 
created to represent the spatial distribution of B. zonata and B. dorsalis in the study using different colors. 
This data, together with meteorological data (temperature, precipitation, and relative humidity), seems 
to promote a high population of fruit fly species in July and August. This knowledge will help with the 
development of integrated pest management strategies for fruit fly species and the reduction of insecticide 
use, which will benefit both growers and the environment.

INTRODUCTION

Fruits are among the world’s most significant crops, 
both nutritionally and economically, as well as for local 

consumption and export. The most common fruit of Gilgit-
Baltistan is the apricot (Prunus armeniaca L), which is grown 
in all ten districts (Akhtar and Khan, 2014). It accounts for a 
large portion of agricultural income and consequently plays 
an important part in the region’s socio-economic growth. 
In mountain areas, a considerable number of small and 
medium-sized farmers rely on apricot, which is well adapted 
to the edaphoclimatic conditions. However, apricots are 
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susceptible to pest infestations, which reduce productivity 
and result in large financial losses. The apricot fruit fly is 
one of the most destructive insects in the world, particularly 
in Gilgit-Baltistan (Akbar et al., 2020; Akhtar and Khan, 
2014). It has around 500 genera and 4000 species that 
are found in temperate, subtropical, and tropical climates 
around the world (Darwish et al., 2015). In the Indo-
Pak subcontinent, fruit flies (Diptera: Tephritidae) cause 
substantial damage to fruits and crops (Rauf et al., 2013). 
Bactrocera zonata, the peach fruit fly, is one of the 
most dangerous Tephritidae species and one of the most 
devastating pests of more than 50 economically significant 
fruits. It is one of the three most damaging fruit flies, 
inflicting 25 to 100 percent crop losses on peach, apricot, 
guava, and fig trees (Reddy et al., 2013). Species of fruit 
fly Bactrocera dorsalis is a very invasive species that pose 
a significant quarantine risk to most countries across the 
world (CABI, 2019). Trade and travel are widely spread, 
and many locations around the world are vulnerable to 
invasion and establishment (Stephens et al., 2007; De 
Villiers et al., 2016). The species is a serious pest on a wide 
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range of fruits and vegetables, having been found in over 
250 different types of crops (David and Ramani, 2011; 
CABI, 2019), with damage levels reaching up to 100% 
of unprotected fruits such as apple, apricot, nectarine, 
pear, peach, and quince fruits (David and Ramani, 
2011; CABI, 2019; USDA, 2016). In comparison to the 
traditional approach, spatial variation in pest populations 
is becoming increasingly important in the modern 
evolution of integrated pest management (IPM) concepts. 
The variability at the single field level is examined in 
site-specific IPM with the goal of optimizing chemical 
treatments (Park et al., 2007). The necessity of managing 
the entire pest population at a landscape or regional level 
is emphasized in area-wide IPM, such as by finding insect 
habitats inside and outside crops (Vreysen et al., 2007). 
In practice, however, the inclusion of spatial variability 
using geographical information system is relatively rare. 
Geostatistics is  a valuable set of statistical methods for 
investigating pest spatial distribution and facilitating 
practical pest control applications in these scenarios. 
Keeping in view the above information and the infestation 
of fruit flies on various temperate fruits, such as apple, 
pear, apricot, peach, and nectarine, as well as reviewing 
the available literature on fruit fly damage on horticulture 
crops from Gilgit-Baltistan, we have been unable to 
pinpoint any comprehensive and well-informed articles on 
apricot fruit infestation. Based on field investigation and 
sampling analysis, we employed geostatistical methods to 
investigate the spatial distribution of fruit fly species in 
monthly wise population dynamics.

MATERIALS AND METHODS

Research area
The research was carried out at the apricot orchard in 

the District Hunza, Gilgit-Baltistan (latitude 36° 16’ 0” N, 
longitude 74° 40’ 59”E, and an altitude of 2,438 m above 
sea level) in the Northern Part of Pakistan from July 2021 
to September 2021. The experimental district was divided 
into five valleys (Fig. 1). For trap placement, each valley 
was separated into three sections: Initial (starting point of 
the valley), mid (middle point of the valley), and final (last 
point of the valley), with all trap locations, provided GPS 
coordinates.

Design and installation of traps for fruit flies
The fruit fly trap was constructed from transparent 

plastic bottles of approximately 1-liter capacity. Two holes 
were cut, one in the lid and the other exactly the opposite 
to facilitate the entry of fruit flies. The holes were fitted 
with a PVC pipe of about 1/2 inch diameter with a length 
of 3 inches (Fig. 1). The trapping material strawboard 

was cut into 5 × 5 cm squares and soaked in a mixture 
of fruit fly trapping fluid (methyl eugenol as an attractant 
and pesticide as an insecticide) for 72 h. The strawboard 
was placed or suspended exactly in the center. Fifteen 
traps were installed and randomly distributed among 
targeted areas of each valley (initial, mid, and final) of 
apricot orchards. Data was recorded at the last week of 
each month and refilled with a respective solution. Data 
collected in the field on total population, daily population, 
and monthly population are used for geostatistical analysis 
and GIS mapping. 

Fig. 1. Map of the research area.

Geostatistical analysis and apatio-temporal variability 
mapping

A database of districts comprised of X and Y 
coordinate in the study valleys was created. After that 
shapefile of the District was open in GIS software 
(Arch 10.4). In the projects, three fields X, Y, and Z was 
opened. In X-field, X-coordinate, Y-field, Y-coordinate 
was selected whereas in Z field disease data was placed. 
Arc view spatial analyst “Interpolate grid option” was 
selected. On th output “grid specification dialogue”, the 
output grid extends chosen was the same as the District 
Hunza boundary and the interpolation method employed 
was inverse distance weight (IDW) (Hussain et al., 2021). 

Where Z(x0) is the interpolated value, n representing 
the total number of sample data values, xi is the ith data 
value, hij is the separation distance between interpolated 
value and the sample data value, and β denotes the 
weighting power. The spatial distribution of fruit fly 
species can be characterized by a semivariogram function 
and the calculation of its function can be expressed based 
on the following equation.

W. Akram et al.



3                                                                                        

Onlin
e F

irs
t A

rtic
le

Where r(h) is the semi variogram function, h is 
the spatial distance of the sample points, called the step 
size, N(h) is the number of samples with the separation 
distance h, Z(xi) and Z (xi +h) are the measured value of 
the regionalized variable Z(xi) at the spatial positions xi 
and xi + h, respectively. If h is the abscissa, the function 
graph drawn with r(h) as the ordinate is called the semi 
variogram function graph. The fitting of the r(h) coordinate 
value can be used to obtain the corresponding theoretical 
model and the model parameters. The characteristics of 
spatial variability can be obtained by analyzing the model 
parameters. The aspherical model was used in this study 
and models is as (Olea, 2003; Webster and Oliver, 2007). 
0, h=0

Spatial dependence (SDP %) will be calculated 
as described by (Biondi et al., 1994), is given by the 
expression: 

For the spherical semivariogram: SDP Spherical 
(%); ≤2 5% strong spatial dependence; 25% < SPD (%) 
≤ 75% moderate spatial dependence and ≥75% weak 
spatial dependence. The spatial analyst function of Arc 
GIS software was used to prepare maps as described by 
(Hussain et al., 2016).

RESULTS

In the apricot orchard from July to September 
2021, two fruit fly species, B. zonata and B. dorsalis, 
were observed. The findings demonstrated that there 

were population fluctuations in the studied region on a 
monthly and daily basis. August was the month with the 
highest population of both fruit fly species, followed by 
September. Compared to B. dorsalis, B. zonata has a much 
higher population (Fig. 2).

Fig. 2. Monthly wise population dynamics of fruit fly 
species Bactrocera zonata (A) and Bactrocera dorsalis (B) 
in apricot orchards.

Geostatistical analysis
Geostatistical analysis differential spatial dependence 

level of the two fruit fly species measured total population 
and per day. The main characteristics for the semivariogram 
model and geospatial parameters are given in Table I. The 
semivariogram parameters of the spherical model applied 
to the population dynamic of fruit fly species. The spatial 
dependence ranged from strong to moderate dependency. In 
particular, the total population of B. zonata had an N/S ratio 
of 0.00%, inferring strong spatial dependence. This means 
that 100 % variation can be explained by spatial variations. 
The total population of B. dorasalis, per day population 
of B. zonata and B. dorsalis had an N/S ratio of 69.14. 
61.86 and 73.30 % inferring moderate spatial dependence.

Table I. Geostatistical parameters for population dynamics of genus Bactrocera species in District Hunza.

Variables Model N (Co) PS (C) S (Co+C) N/S ratio SDI % Class RMS RMSS
B. zonata (T.P) Spherical 0.00 0.854 0.854 0.00 0.00 S 0.077 0.467
B. dorsalis (T.P) Spherical 0.715 0.319 1.034 0.691 69.14 M 1.06 0.990
B. zonata /day Spherical 0.717 0.442 1.159 0.618 61.86 M 0.348 0.933
B. dorsalis /day Spherical 0.692 0.252 0.944 0.733 73.30 M 0.182 1.00

*Strong, % Nugget <25%; Moderate, %Nugget 25–75%; Weak or Random, % Nugget >75%

Geostatistical Analysis of Bactrocera Species 3



4                                                                                        

Onlin
e F

irs
t A

rtic
le

This means that 69.14, 61.86, and 73.30 % of the total 
variation in B. dorsalis, per day population of both fruits 
fly species can be explained by spatial variations while 
the remaining 30.86, 38.14 and 26.70 % were attributable 
to unexplained sources of variations. The semivariogram 
graph also displayed strong to moderate spatial dependence. 
Making a 3D distribution map of population dynamics 
of fruit fly species and geographic location using the 
geostatistical module of ArcGIS 10.4 enables an intuitive 
understanding of the large-scale spatial distribution trend 
of each species. The line of best fit was drawn through 
the projection point, which was then projected onto the 
orthogonal planes from east to west and south to north. 
The X-axis represents east, the Y-axis represents true north, 
and the Z-axis represents the size of the observed value for 
each sample. The green curve represents the change in the 
east-west effect and the blue curve the change in the north-
south effect. If the simulation exists in a certain direction 
and the straight line is a straight line, there is no overall 
trend. The total population of B. zonata points from lowest 
to highest, then low, and daily from highest to lowest, 
then high (Fig. 3a-b) shows a similar pattern that is also 
observed in B. dorsalis (Fig. 3e-f).

Fig. 3. Semivirogram and trend analysis of total and per 
day population of fruit fly species District Hunza.

GIS mapping of the fruit fly species population
The spatial distribution map of the population 

dynamic of fruit fly species B. zonata and B. dorsalis 
(total population, per day population and monthly wise per 
trap population) is represented in Figures 4-6. The total 
population and per day population ranged from 43.22 
to 111.87 and 0.01 to 1.85 while B. dorsalis had in the 
range of 31.03 to 97.04 and 0.51 to 1.62. The shade of 
coluors in the GIS map indicates the population dynamics 
of respective fruit fly species (Fig. 4). The monthly wise 
per trap population of B. zonata was in the ranged 5.01-
34.97 in July, 10.03-44.93 in august and 9.01 to 34.67 was 
recorded. The histogram of July, August and September is 

unimodal with no outliers (Fig. 5A). Per trap population 
B. dorsalis in ranged from 7.02-29.97, 5.01 to 39.99 and 
5.00 to 32.95 in July, August and September. Histogram of 
per trap population of July indicating bimodal with mean 
and Std. Dev. 17.53±5.54. The rest of the month histogram 
represents unimodal (Fig. 5B). The highest population 
mean of B. zonata and B. dorsalis species was recorded in 
August. Average monthly temperatures for the region were 
18° C, 20° C, and 18.6° C in July, August, and September, 
with average humidity levels of 51%, 53%, and 57%, 
respectively. While the average precipitation during the 
months was 16 mm, 20 mm, and 12 mm, it is shown in 
(Fig. 6).

Fig. 4. GIS maps of total population and per day population 
fruit fly species in District Hunza.

DISCUSSION

Knowledge about the geo-spatial distribution of pest 
status and mapping their spatial distribution plays a crucial 
role in sustainable management of pests in a particular 
area understanding the population status of pests and 
developing spatio-temporal distribution maps are needed 
to form a comprehensive pest control plan. The fruit fly 
is one of the most devastating pests of commercial fruit 
in Pakistan, primarily in Gilgit-Baltistan. A geostatistical 
investigation of the population dynamics of two species 
of fruit flies (B. zonata and B. dorsalis) was conducted 
in the North part of Pakistan in District Hunza. Spatial 
heterogeneity is a significant source of variability in 
agricultural systems that should be investigated. In the 
evolution of integrated pest management, the mechanisms 
and processes of control of the Spatio-temporal dynamics 
of insect populations have become increasingly 
relevant in comparison to traditional theory (IPM). 

W. Akram et al.
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Fig. 5. Monthly wise GIS mapping and histogram of 
species Bactrocera zonata (A) Bactrocera dorsalis I (B) 
in District Hunza.

Fig. 6. Weather parameter of the research area.

Geostatistics is a valuable tool for determining the spatial 
pattern of insect populations and assisting in pest control. 
Effective fruit fly management on apricots necessitates a 

better understanding of the seasonal dynamics of the species 
present. This ensures that the control methods focus on the 
most populated and/or most vulnerable harvest seasons 
to achieve effective control (Ekesi and Billah, 2009). 
According to the current study, the fruit fly population 
peaked in July and began to fall in August. This was in line 
with earlier studies (Win et al., 2014; Khan and Naveed, 
2017). In an earlier investigation, the author claimed 
that the maximum population of Bactrocera species was 
recorded in August (Mahmood and Mishkatullah, 2007). 
The peak population of fruit flies, according to Abdel Galil 
et al. (2010), is caused by ripening month fruits. August 
is a ripening moth of apricot fruit in the research area, 
which explains the high population dynamics. The current 
findings are mostly consistent with the prior investigator’s 
conclusions (Amice and Sales, 1997). The impact of 
weather conditions on the population of the fruit fly has 
been documented, with rainfall being the most critical 
component (Khan et al., 2003). In July, August, and 
September, average temperatures in the research region 
were 18, 20, and 18.6° C, respectively, which are ideal 
for the development of larvae from eggs, which cause 
damage to both ripened and unripened fruits. Humidity 
levels averaged 51, 53, and 57%, respectively. Rainfall 
reached 16, 20, and 13 mm on average. Due to supportive 
environmental factors, the population of fruit fly species 
increased and caused more damages in the Hunza region 
from July to September; the same population increase trend 
with increasing temperature was reported by (Gogi et al., 
2014; Danjuma et al., 2014; Mehmood and Mishkatullah, 
2007). An insect’s spatial distribution is inherited, although 
it can be influenced by behaviour and other environmental 
factors (Nestel et al., 1995). Many field operations, 
including cultural pest control, fruit tree cleanliness, 
postharvest handling, and plant hygiene, can disrupt the 
life cycle of pests and lower their population. During field 
observations, we noticed poor canopy cleanliness, fruit 
falling to the ground, and irregular irrigation, all of which 
are triggering factors for fruit fly and provide food and 
space for them. Similar research was conducted by (Reddy 
et al., 2020). The irrigation pattern, methodology, and 
time interval have a greater impact on fruit fly infection 
(Yokoyama and Miller, 2007). Today, the use of GIS 
technology in monitoring pest population appears to be 
very promising, as it involves the use of decision support 
systems, taking into account pest and beneficial species 
colonization and dispersal, and evaluating the presence 
of environmental factors that, as they change across the 
managed area, could affect the success of an IPM program 
(Faust, 2008). This is the first and ever study that shows the 
spatial distributions of B. zonata and B. dorsalis in apricot 
orchard. This information can be used for spot applications 
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or site-specific management of fruit fly species.

CONCLUSION
 
According to recent studies, the population of 

Bactrocera zonata and Bactrocera dorsalis in different 
valleys in the Hunza district begins to build up in the first 
week of July and peaks in August. The high  population 
dynamics  of respective species is more supported by 
weather data. For developing distributional maps, several 
GIS software packages now include spatial analytic 
capabilities, such as geostatistics. Because of the extensive 
usage of GIS-based studies, geostatistical methods are 
likely to become more widely used in practical contexts 
and at various scales, making it easier to build effective 
local and regional pest management programs.
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