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AbstractArticle Info

Importance of the work: The availability of information about fruit fly population dynamics, 
determinant factors and predictions for the future are pivotal for establishing control measures and 
are important study topics. 
Objectives: The objectives of this study were: to analyze the population dynamics of Bactrocera 
dorsalis and B. carambolae fruit flies; to evaluate the effect of abiotic factors on population 
abundance; and to estimate the projection of population dynamics using a mathematical model. 
Materials & Methods: Fruit flies were collected using modified Steiner traps filled with methyl 
eugenol. The traps were suspended on tree branches 2 m above the ground, with 20 replications. 
Fruit flies were collected weekly, with the samples transferred to the laboratory for further 
identification. 
Results: In total, 1,011,820 individual fruit flies were collected, consisting of B. dorsalis (964,204 
individuals or 71.74 individuals per trap) and B. carambolae (47,616 individuals or 3.54 individuals 
per trap. Sunshine duration had a significant, negative correlation with the abundance of B. dorsalis 
(r = -0.206; p = 0.004) and B. carambolae (r = -0.217; p = 0.002).  The wind speed had a significant, 
negative correlation with the abundance of B. dorsalis (r = -0.211; p = 0.003) and B. carambolae  
(r = -0.162; p = 0.018); while wind direction had a significant, positive correlation with the  
abundance of B. dorsalis (r = 0.155; p = 0.023). Humidity had a significant, positive correlation 
with the abundance of B. dorsalis (r = -0.129; p = 0.048). The effects of temperature and rainfall 
were not significant on both species. Based on the ARIMA (1,0,3) model, the three-year projection 
indicated a fairly high population potential in 2021, even in months when the fruit fly population 
is usually low (March–July). Projections in 2022 and 2023 indicated an increasing trend in the 
population from August to December. 
Main finding: With high population levels, B. dorsalis is a main pest of mangoes. Populations 
of both fruit fly species started to increase from October to December and then decreased from 
February to June. Population management efforts need to consider population determinants, 
especially wind direction.
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Introduction 

	 Fruit flies belonging to the family Tephritidae consists of 
about 4,500 species that are considered serious pests on soft 
fruits distributed globally (Khan and Naveed, 2017). One 
of the fruit fly genera that is considered an important pest is 
Bactrocera. The genus contains approximately 40 species of 
important pests including Bactrocera dorsalis (the oriental 
fruit fly) and B. carambolae (the carambola fruit fly), with both 
species being among the most economically important pest 
species, attacking many host fruits in tropical and subtropical 
regions in the world (Salmah et al., 2017; Jayanthi et al., 2021). 
B. dorsalis is the main polyphagous fruit fly that infests more 
than 300 hosts and is widely distributed in both the Asia-Pacific 
and Africa (Vargas et al., 2015; Vayssières et al., 2015; Salmah 
et al., 2017), whereas, B. carambolae has a distribution area 
in a narrower range in Southeast Asia and has recently been 
introduced to South America (Win et al., 2014; Vargas et al., 
2015; Marchioro, 2016; Leblanc et al., 2019). Most of the 
recent studies on B. carambolae have been reported in Brazil 
and other South American countries, because the star fruit fly 
invasion of this region can lead to serious economic losses 
(Marchioro, 2016; Midgarden et al., 2016).
	 Both species of B. dorsalis and B. carambolae are major 
pests on mango plantations worldwide, including in Indonesia 
(Pujiastuti et al., 2020), consuming the mango as a source of 
food and using it as a medium for laying their eggs. Mango 
as a seasonal fruit may regulate the abundance of fruit fly 
populations in the plantations. In addition, these two species 
attack alternative host plants, such as guava (Psidium guajava), 
star fruit (Averrhoa carambola), banana (Musa paradisiaca), 
watery rose apple (Syzygium aqueum), sapodilla (Achras 
zapota), papaya (Carica papaya), jackfruit (Artocarpus 
heterophyllus) and orange (Citrus spp.) (Marchioro, 2016; 
Pujiastuti et al., 2020). Some other hosts are perennial 
vegetables, such as banana, chili (Capsicum futescens) and 
tomato (Solanum lycopersicum) (Sahetapy et al., 2019). The 
large number of fruit plants that can host fruit flies increases 
the risk of their spread throughout the world. This should be 
a serious concern, especially in areas where fruit crops are 
cultivated on a large scale. The existence of alternative host 
plants provides an opportunity for fruit flies to survive while 
the main host plant is in the vegetative phase. When mangoes 
start ripening, fruit flies have the opportunity to re-colonize in 
the mango fruit as their main host. There are two types of host 

plants for insects, namely annual and perennial host plants that 
may in turn provide different patterns of fluctuations in fruit flies. 
	 Population estimates are fundamental information in 
ecology and a consideration for effective pest control. For 
example, fruit fly population estimation is a prerequisite 
for successful control based on the sterile insect technique 
(Sutantawong et al. 2004). The availability of information 
on the population dynamics of fruit flies, its determinant 
factors and predictions for the future are very important for 
determining control measures (Castilho et al., 2019). Abiotic 
factors, including temperature, light intensity, rainfall, relative 
humidity, photoperiod, and wind, greatly affect the abundance 
of fruit flies throughout the year (Khan et al., 2021). B. dorsalis 
populations have a strong correlation with the temperature, 
rainfall, and host fruits, which play important roles in regulating 
its population abundance (Ye and Liu, 2007). One optimized 
model developed using rainfall and wind velocity predicted 
fruit fly catches based on a coefficient of determination (R2) 
value of 78%; this forewarning model may help mango farmers 
to make advance decisions to minimize quantitative and 
qualitative crop losses caused by fruit flies in a region (Bana et 
al., 2017). Similarly, other studies reported that the population 
fluctuation of male fruit flies was positively correlated with 
temperature (Yin et al., 2018; Khan et al., 2021). However, 
the effect of sun irradiation seemed to be different, as in the 
study of Khan et al. (2021), the duration of sun irradiation 
was negatively correlated with the population of B. dorsalis, 
Yin et al. (2018) reported the opposite result. Understanding 
fluctuations in pest populations throughout the year and their 
relationship to metrological factors is important for developing 
an effective integrated pest control program. The objectives 
of this study were: to analyze the population dynamics of  
B. dorsalis and B. carambolae fruit flies; to evaluate the effect 
of abiotic factors on population abundance; and to estimate 
the projection of population dynamics using a mathematical 
model.

Materials and Methods

Insect population 
	
	 This research was conducted from January 2007 to 
December 2020 within 1 ha of an orchard of mixed mango 
varieties (known in Indonesia as ‘cengkir’, ‘gedong’ and 
‘arumanis’) in Sumedang district, West Java, Indonesia (Fig. 1). 
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Study design
	 Fruit fly samplings were carried out using a modification of 
the Steiner trap, containing 1.5 mL of methyl eugenol (94.09%), 
with the traps suspended in tree branches 2 m above the ground. 
Samplings were carried out with 20 replications. Fruit flies 
were collected every week and transferred to the laboratory 
for further identification. Identification of adult fruit flies was 
performed based on the thorax, wings, legs, the abdomen of 
adults and examination of female genital morphology, using 
a stereomicroscope and taxonomic identification keys (Suputa 
et al., 2006; Drew and Romig, 2013; Choudhary et al., 2014). 
Abiotic factor parameters were measured at each sampling, 
consisting of sunshine hours, wind speed, wind direction, 
rainfall, temperature, and humidity, 

Analysis

	 Data of monthly fluctuations were analyzed using a general 
linear model with repeated measurement of the analysis of 
variance (ANOVA). Before commencing the core analysis, 
two assumptions underlying the repeated measurement 
ANOVA analysis, were tested, namely specificity (independent 
observation test) and multivariate normality. Based on the 
analysis, the obtained p value was 0.78 that was greater 
than 0.05 and so the null hypothesis was accepted and the 
specificity assumption was met, meaning that the observations 
are mutually independent. For the multivariate normality test, 
the p-values for skewness and kurtosis were greater than 0.05, 
namely 0.54 and 0.32, respectively. Therefore, the data could 
be approximated using a normal distribution. Because these 

assumptions were met, repeated measurement ANOVA was 
applied. Principal component analysis (PCA) was performed 
to reduce factors and determine correlations between factors. 
Before performing PCA analysis, the data were standardized 
because the units for each variable were different. The best 
standardization was achieved based on the square root. 
	 Population projection estimation was undertaken using 
mathematical modeling based on the auto-regressive integrated 
moving average (ARIMA) method because it is most suitable 
for stationary time series (Anwar et al., 2016). The ARIMA 
analysis was carried out using the R Software, an open source 
statistical software for all platforms. The procedure of the 
analysis was done by following Box et al. (2015). The first 
step investigated the stationary characteristic of the time series 
data. In addition, to determine the d value, at this stage, the 
degree of residual of lag values (q) and dependent lag values 
(p) were evaluated in this model using the auto correlation 
function (ACF) and partial auto correlation function (PACF), 
and a correlogram showing the plot of ACF and PACF values 
was evaluated against the lag. The partial autocorrelation 
coefficient calculated the degree of closeness of the relationship 
between Xt and Xt-k, while the effect of time lag 1, 2, 3, ..., k-1 
was considered constant. Furthermore, the selection of the best 
ARIMA model was evaluated by estimating the auto-regressive 
and moving average parameters in the model. After estimating 
and obtaining parameter estimators, before the temporary 
model can be used for forecasting, it is necessary to conduct a 
feasibility test on the model. After the best model was obtained, 
then data projection can be estimated.

Fig. 1	 Location of study site in West Java, Indonesia
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Results

Population dynamics

	 Overall, 1,011,820 individual fruit flies were collected, 
consisting of B. dorsalis (964,204 individuals or 71.74 
individuals per trap) and B. carambolae (47,616 individuals 
or 3.54 individuals per trap). The annual mean abundance of 
populations for both B. dorsalis and B. carambolae showed 
fluctuations. B. dorsalis has four-year fluctuations, except in 
2017–2018 (Fig. 2A). B. carambolae had biennial fluctuations, 
except in 2018, which increased until 2019 (Fig. 2B). 
	 The monthly abundance of the B. dorsalis population 
showed the peak of abundance occurred in December. From 
January to April there was a decrease in population abundance. 
From May to August it fluctuated, while from August to 
December there was a sharp increase. The analysis showed that 
the difference in the mean monthly abundance was significant 
(F = 71.23; p < 0.001).
	 The monthly abundance of the B. carambolae population 
showed the same peak in December, followed by a decrease in 
population abundance in March; then, the population tended 
to be stable until July. The population increased in August 
and decreased in September. Furthermore, from October to 
December there was a sharp increase. The analysis showed 
that the difference in the average monthly abundance was 
significant (F = 9.05; p = 0.010) (Fig. 3).
	 Data of abiotic factors showed that the sunshine duration 
was in the range 36.24–268 hours/month, with an average of 
165.29 hours/month. The smallest average wind direction was 
30°, while the largest was 360°, with an average of 182.32°. 
The minimum wind speed was 8 knots, while the highest speed 
was 32 knots. The minimum monthly rainfall was 0 mm (no 
rain) while the maximum monthly rainfall was 705.80 mm, 
with an average monthly rainfall of 221.01 mm. The minimum 
monthly temperature was 24.90°C, while the maximum 
monthly temperature was 30.10°C, with an average monthly 
temperature of 27.53°C. The lowest air humidity was 58.9% 
while the maximum was 90%, with an average air humidity of 
77.95% (Table 1).
	 Among the six abiotic factors, sunshine duration had 
a significant, negative correlation with the abundance of 
B. dorsalis (r = -0.206; P = 0.004) and B. carambolae  
(r = -0.217; P = 0.002).  The wind speed had a significant, 
negative correlation with the abundance of B. dorsalis  
(r = -0.211; P = 0.003) and B. carambolae (r = -0.162; P = 0.018); 

Fig. 2 	Fluctuations in populations from 2007 to 2020 of: (A) B. dorsalis; 
(B) B. carambolae

Fig. 3 	Monthly population dynamics of: (A) B. dorsalis; (B) B. carambolae (B), 
where error bars indicate ± SD
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while wind direction had a significant, positive correlation with 
the abundance of B. dorsalis (r = 0.155; P = 0.023). Humidity 
had a significant, positive correlation with the abundance of B. 
dorsalis (r = -0.129; P = 0.048). The effects of temperature and 
rainfall were not significant on both species  (Table 2). 
	 Based on the PCA analysis results, 63.5% of the total 
diversity was explained by the first, and second principal 
components. The value of the Kaiser-Meyer-Olkin measure 
of sampling adequacy was 0.697. Because the value was 
greater than 0.05, three principal components were determined. 
The eigenvalues for each of the two components were 3.352 
and 1.729 (Table 3). The first component factor consisted of 
sunshine duration, wind direction, rainfall, temperature and 
humidity, which had an eigenvalue of 3.352 and accounted 
for 41.89% of the data variability. The second component was 
wind speed and had an eigenvalue of 1.729 and accounted for 
21.61% of the data variability (Table 3).
	 Among the abiotic factors, the sunshine duration had 
negative significant correlations with rainfall and humidity. 
The sunshine duration had a positive significant correlation 
with temperature. Rainfall had a negative correlation 
with temperature but a positive correlation with humidity.  
The temperature had a negative correlation with humidity.  
The other correlations between the variables were not 
significant (Table 4).

Population projection

	 Because of the small amount of population data for  
B. carambolae, the population projection data were combined 
for the two fruit fly species. Initially, a time series plot was 
used to investigate the trend or seasonality of the data pattern of  
the number of fruit flies per month for the period January  
2007–December 2020. The average fruit fly numbers fluctuated 
from time to time, with two population peaks in 2008 and 2012 
(Fig. 4).

Table 1	 Research variable statistics

Variable Minimum Maximum Average

Sunshine duration 
(hours/month)

36.24 268.00 165.29

Wind speed (Knots) 8.00 32.00 18.24

Wind direction (°) 30.00 360.00 182.32

Rainfall (mm/month) 0.00 705.80 221.01

Temperature (°C) 24.90 30.10 27.53

Humidity (%) 58.90 90.00 77.95

Table 2	 Correlation coefficient and p- value (in parenthesis) between 
each abiotic factor and abundance of B. dorsalis and B. carambolae

Abiotic factor B. dorsalis B. carambolae

Sunshine duration (X1) -0.206 (0.004) -0.217 (0.002)

Wind speed (X2) -0.211 (0.003) -0.162 (0.018)

Wind direction (X3) 0.155 (0.023) 0.067 (0.193)

Rainfall (X4) 0.053 (0.247) 0.113 (0.073)

Temperature (X5) 0.049 (0.264) -0.020 (0.401)

Humidity (X6) -0.129 (0.048) 0.020 (0.399)

Table 3	 Eigenvalues and cumulative proportion of abiotic factors

Principal 
component 

Eigenvalues Variance (%) Cumulative 
proportion

PC1 3.352 41.894 41.894

PC2 1.729 21.607 63.502

Table 4	 Correlation matrix among abiotic factors

Variable X1 
(Sunshine duration)

X2 
(Wind speed)

X3 
(Wind direction)

X4 
(Rainfall)

X5 
(Temperature)

X6 
(Humidity)

X1 (Sunshine duration) 0.032 -0.419 -0.728 0.594 -0.726

X2 (Wind speed) 0.015 0.041 0.096 -0.046

X3 (Wind direction) 0.352 -0.399 0.356

X4 (Rainfall) -0.527 0.861

X5 (Temperature) -0.695
Number in highlighted cells indicate significant correlation between variable

Fig. 4 	Fluctuations in monthly abundance of fruit fly populations 2007–2020
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Variance stationarity test
		
	 The stationarity test of variance was carried out using the 
Box-Cox transformation (Fig. 5), with a value of 0.00, having 
a lower limit of -0.07 and an upper limit of 0.21. Thus, it was 
concluded that the data on the numbers of fruit flies per month 
for the period January 2007–December 2020 were stationary 
concerning variance because the value was within the interval 
(Fig. 5).

Average stationarity test
		
	 Stationarity testing of the average was carried out using the 
augmented Dickey-Fuller test to test the hypotheses of H0 = 0  
(data not stationary with respect to the mean) versus H1 = 0 
(stationary data to the mean). Based on the augmented Dickey-
Fuller test in Table 5, both with constant and with constant and 
trend, the p value was 0.000, which was less than 0.05. Thus, 
H0 was rejected, indicating the data were stationary concerning 
the average. From the two augmented Dickey-Fuller tests,  
it was concluded that the data on the number of fruit flies per 
month was stationary with respect to the average.

Model identification

	 The tentative ARIMA model was determined by identifying 
the ACF and PACF plots. The results showed the first three 
significant lags, with PACF indicating that that the first lag was 
significant, so the model obtained was of order p = 1 and q = 3. 
 The first real lag indicated that the current fruit fly number 
was affected by the abundance of fruit flies one month earlier; 
thus, the number of flies at the end of each month continued 
to increase. The data on the number of fruit flies were not 
differentiated, so that d = 0. Thus, the data order of the number 
of fruit flies every month during January 2007–December 2020 
was ARIMA (1, 0, 3), as shown in Fig. 6.

Fig. 5 	Box-Cox plot of fruit fly, where CL = confidence limit

Table 5	 Augmented Dickey-Fuller test results

Test p-value Decision

With constant 0.000 H0 rejected

With constant and trend 0.000 H0 rejected

Fig. 6 	Fruit fly plots of: (A) autocorrelation function; (B) partial autocorrelation function

Estimation and testing of model parameters

	 Based on the results of ACF and PACF, tentative models 
weres obtained consisting of the ARIMA (1, 0, 3), ARIMA 
(1, 0, 2), ARIMA (1, 0, 1) and ARIMA (1, 0, 0) models. After 
obtaining each tentative model, model parameter estimation 
and feasibility test were carried out. Table 6 indicates that 
the tentative model had the real parameter ARIMA (1, 0, 0) 
because it was significant for all parameters. In contrast, for 
ARIMA (1, 0, 3) some parameters were not significant, namely 
_1, in ARIMA (1, 0, 2) where the parameters _1 and _2 were 
not significant, while in ARIMA (1, 0, 1), the parameter _1 was 
not significant (Table 6).
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Model diagnostics
	
	 Model diagnostics were carried out to determine the 
feasibility of the model based on residual analysis, namely 
the ‘white noise’ of the residual ACF plot. White noise 
associated with the residual ACF plot indicated that there 
was no significant correlation for each lag. The results of the 
residual ACF plots from the two tentative models are presented 
in Table 7. The tentative model with real parameters that 
conformed to the assumption of white noise residue was the 
ARIMA (1, 0, 3) model because in the ACF plot there was no 
significant correlation in each lag.

Best model selection

	 The criterion for selecting the best model was the smallest 
Akaike information criterion (AIC) value, with the remainder 
being white noise. The results are presented in Table 8, with 
the best model being the ARIMA model (1, 0, 3) as it had the 
smallest AIC value (2,828.757).
	 The ARIMA (1, 0, 3) model formula was considered 
suitable for projection and is presented in Equations 1 and 2:

	 Zt  = 	μ + ∅1 Zt-1 + αt-θ1αt-1 - θ2αt-2 - θ3αt-3 	                         (1)

	 Zt  = 	1510.40 + 0.30 + Zt-1 + αt - 0.38α(t-1) - 
		  0.24a38at-10.32a38at-1 			            (2)

	 where t = the current time period and t-1 = the previous time 
period.

Table 6	 Estimation and testing of model parameters

Model Parameter Estimate p-value Decision

ARIMA (1, 0, 3)

µ
φ1

θ1

θ2

θ3

1510.400
0.305
0.383
0.243
0.328

0.000
0.081
0.021
0.047
0.000

Significant
Not significant

Significant
Significant
Significant

ARIMA (1, 0, 2)

µ
φ1

θ1

θ2

1504.430
0.647
0.011
0.045

0.000
0.000
0.925
0.684

Significant
Significant

Not significant
Not significant

ARIMA (1, 0, 1)
µ
φ1

θ1

1503.380
0.670
-0.001

0.000
0.000
0.991

Significant
Significant

Not significant

ARIMA (1, 0, 0)
µ
φ1

1503.400
0.670

0.000
0.000

Significant

	 Projections were made for the next 12 periods using the 
ARIMA (1,0,3) model (Fig. 7A). In 2021, it projected that the 
fruit fly population would increase from January to July 2021, 
then decrease until December. In 2022, the fruit fly population 
was projected to decrease from January to August 2022 and 
then increase until November. In 2023, the fruit fly population 
would decrease from February to June 2023 and then increase 
from July to September (Fig. 7B).

Fig. 7	 Results of fruit fly population projections in 2020–2023:  
(A) continuous monthly population dynamics; (B) discrete monthly 
dynamics of population 
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Table 7	 Remaining autocorrelation function (ACF) plots

Model Plot ACF remaining White noise

ARIMA (1, 0, 3) Yes

ARIMA (1, 0, 2) No

ARIMA (1, 0, 1) No

ARIMA (1, 0, 0) No

ARIMA = auto-regressive integrated moving average.

Table 8	 Selection of best model

Model Akaike information criterion White noise remaining

ARIMA (1, 0, 3) 2,828.757 Valid 

ARIMA (1, 0, 2) 2,835.289 Not valid

ARIMA (1, 0, 1) 2,833.448 Not valid

ARIMA (1, 0, 0) 2,831.448 Not valid

ARIMA = auto-regressive integrated moving average.
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Discussion

	 This study investigated B. dorsalis and B. carambolae as 
important pests in a mango plantation in West Java Indonesia. 
The population of B. dorsalis dominated and had become 
a major pest of the mango trees, while the abundance of B. 
carambolae was lower than that of B. dorsalis. These results 
were consistent with other studies in Asia and Africa because 
B. dorsalis is a cosmopolitan species and it is a major pest 
of mangoes causing serious production losses (Salmah et al., 
2017; Yin et al., 2018; Hossain et al., 2020; Patel et al., 2019; 
Jayanthi et al., 2021). 
		  The populations of B. dorsalis and B. carambolae 
investigated in the current study demonstrated both monthly 
and yearly abundance dynamics that were influenced by 
several factors including abiotic factors. Sunshine duration 
and wind direction had a significant effect on the population 
dynamics of the two fruit fly species studied.
		  The fruit fly population started to increase from 
October to December and then  decreased from February to 
June. The increase in fruit fly abundance from October to 
December was consistent with the mango fruit development 
phase (ripening period from October to December). Studies 
conducted in India also showed the same trend in different 
months, namely an increase in the population of B. dorsalis and 
B. zonata from March to June (Khan and Naveed, 2017). The 
fruit fly species population tends to increase as fruit ripening 
begins, indicating that the occurrence of fruit, particularly in 
the ripening period has a direct effect on fly emergence (Abdel-
Galil et al., 2010; Khan and Naveed, 2017; Danjuma et al., 
2020). The same trend of population dynamics has been shown 
by B. carambolae. For example, a study in Thailand showed an 
increasing trend of star fruit fly population from April to May, 
with flies being found in large numbers on ripe fruit (Danjuma 
et al., 2015). In the off-season period of mango fruit, the 
presence of fruit flies can be influenced by several factors, such 
as the availability of resources in alternative hosts and abiotic 
factors. 
	 Population studies aim to explain and predict the 
development of a population. Environmental factors at the 
study site may affect the population of a species. Abiotic 
factors, especially air temperature and rainfall, are the among 
important factors affecting the fruit fly distribution, with 
temperature influencing the preoviposition period on host 
fruit, while rainfall and the number of rainy days affect soil 
moisture which in turn impacts pupae and imago emergence 

from pupae (Jackson et al., 1998; Ye and Liu, 2007). The 
current study demonstrated a significant influence between 
the duration of solar radiation and wind direction. Sunshine 
duration had a negative effect on the abundance of B. dorsalis 
and B. carambolae, while wind direction had a positive effect 
on the abundance of both species. Wind speed and humidity 
had negative effects on B. dorsalis. The significant influence 
of wind direction may be related to the direction of origin of 
fruit fly dispersal. This was supported by the negative effect of 
wind speed, suggesting that the fruit fly movement is active, 
occurring at low wind speeds. The results of the current study 
are in line with research in Myanmar and India on the effect of 
long sun exposure (Yin et al., 2018; Patel et al., 2019). However, 
different results have been reported by other studies, such as 
Khan et al. (2021) whose results showed a positive correlation 
between the flies caught every month and all climatic factors, 
including the length of sunlight. Research conducted by Mouly 
et al. (2017), also produced different results for the effect of 
wind speed, with a wind speed negatively correlated with 
fruit fly populations. Thus, a simple linear regression model 
derived from wind speed can be considered as the best single 
predictor of changes in fruit fly populations that can be used in 
management decision making. The results of the current study 
are important for fruit fly control. In mango plantations, control 
of fruit flies, for example by using traps, can be maximized 
when the duration of sun exposure time and wind speed are 
low. The positions of the traps can be adjusted to the direction 
of fruit fly arrivals.
	 The study of the influence of environmental factors on 
fruit fly populations of Bactrocera zonata (Saunders) and 
B. dorsalis (Hendel) in Pakistan, where significant, positive 
relationships were observed between the occurrence of B. 
zonata and abiotic factors, including minimum and maximum 
temperature and sunshine hours, while relative humidity and 
rainfall were negatively correlated with the abundance of B. 
zonata (Khan and Naveed, 2017).
	 The effect of wind speed on fruit fly populations was 
reported in the Mediterranean fruit fly species, Ceratitis 
capitata (Wied.), with the population responding positively to 
both temperature and humidity, while it responded inversely 
to wind speed and although weather factors affected that 
population, fruit ripening had an extrusive effect on the 
population (Ghanim, 2017). Wind speed was also reported 
to be negatively correlated with pest populations from 
other orders such as aphids on cowpea (Vigna unguiculata 
(Lin.) Walp (Arvind and Akhilesh, 2015) and the Antestia 
bug (Antestiopsis thunbergii Gmelin) in the Hemiptera: 



178 A. Susanto et al. / Agr. Nat. Resour. 56 (2022) 169–179

Pentatomidae on coffee (Coffea arabica, Lin.) (Bigirimana et 
al., 2019). Different results were reported on the effect on the 
aphid, L. erysimi (Kalt.) on mustard (Bavisa et al., 2018) and 
Bemisia tabaci (Gennadius) on tomato (Jha and Kumar, 2017). 
In these two species, the wind was positively correlated with 
both populations. The effect of exposure time had a positive 
correlation with the aphid, L. erysimi (Kalt.) on mustard plants 
(Bavisa et al., 2018), while a negative correlation of exposure 
time affected Bactrocera cucurbitae (Coquillett) on melon 
(Laskar and Chatterjee, 2010) and Bemisia tabaci (Gennadius) 
on tomatoes (Jha and Kumar, 2017).
	 In the current study, the three-year projection suggested 
a fairly high population potential in 2021, even in months 
when the fruit fly population is usually low (March–July). 
Projections in 2022 and 2023 showed an increasing trend in 
populations starting from August to December. The projection 
results for these three years can be applied for more systematic 
management of fruit flies. The months when fruit flies begin to 
increase (August and September) would be the best time to take 
preventive actions. 
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