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ABSTRACT

Understanding the features that affect the distribution of invasive species has always been one of the principles
of IPM strategy. Modeling the potential distribution makes it impossible to apply the necessary management
tactics for controlling the invading species before damage begins. Yazd province, located in the dry belt of the
Iranian plateau, is one of the most critical regions for pistachio production, and Nezara viridula L., which
belongs to the category of Pentatomid bugs, is a cosmopolitan polyphagous pest that has numerous plant hosts,
including pistachio. The sampling pattern of N. viridula concentrated on dividing provinces and pistachio
orchards. According to a distribution prediction model, six climate layers plus altitude were selected, and
datasets were performed through maximum entropy modeling (MaxEnt). The climates were chosen based on the
climatic stratification method introduced by the International Center for Agricultural Research in the Dry Areas
(ICARDA). Modeling the distribution maps for N. viridula based on Maxent and the areas under the receiver
operating characteristic (AUC) illustrated climate changes including A-C-W, A-K-W, SA-K-M. It represented
that small parts of the southern and northern regions of A-C-V-W were suitable for the presence and distribution
of N. viridula in Yazd Province. The AUC value was more significant than 0.5, indicating that the selected envi-
ronmental parameters had significantly affected the distribution of N.viridula. Eventually, it was concluded that
the expansion of quasi-natural vegetation (primarily Pistachio orchards) could be considered an essential factor

in the distribution of N. viridula compared to other environmental factors in this province.
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INTRODUCTION

Determining the distribution of insects considering the
geographical and climatic conditions is one of the main
topics to predict the fluctuation in insect population in
the studied areas. Due to the dynamics of insect popula-
tions, pests, or natural enemies, knowledge of biogeog-
raphy and the interactions between their biological as-
pects and climate can play an essential role in maintain-
ing the activity of beneficial organisms and managing
the harmful ones. On the other hand, understanding the
features that influence the dispersion of invasive species
has always been one of the principles of IPM strategy
(Philip et al. 2006). This ecological approach is
achieved through analyzing the distribution patterns and
how they change in the environment over time (Price,
1975). Since the early 19th century, Scientists have
been interested in how climatic conditions affect the
development and the outbreak of insect pests. As Wal-
lace (1876), Andrewartha and Birch (1954), and Wil-
liamson (1996) have pointed out, the leading cause of
fluctuations in insect population is exclusively related
to climatic and geographical features.

The biogeographic region, rather than the sin-
gle homogenous field, may often be the appropriate unit
for researching insect dispersal and pest management
(Levins and Wilson, 1979). Studies on the ecology of
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such organisms must consider the processes devised for
individuals and regional sites. (Price, 1975; Levins and
Wilson, 1979; Duelli et al.,1990).

In general, the dispersion patterns of living
organisms are determined by the phenomena such as
topography, climate, and interactions between organ-
isms. Kemp et al. (2002) argued that climatic variables
such as the annual temperature, rainfall averages, cli-
mate change, and vegetation all play crucial roles in the
dispersion of insect species. Climatic conditions, espe-
cially temperature fluctuations, have considerably af-
fected potential geographical insect pests. (Merriam and
Lanoue, 1990; Sutherst et al., 2007). In fact, after dis-
cerning the effect of environmental variables such as
climate, we can estimate the species distribution, even if
no record of the species is detected. However, applying
environmental variables has proven difficult in estimat-
ing species with limited distribution due to the risk of an
increase in the error rate. (Ladle and Whittaker, 2011).
Overall, the heterogeneity of distribution in plant popu-
lations can influence herbivore distribution. According-
ly, the heterogeneity of herbivore distribution can influ-
ence the effect of predators and parasitoids on the herbi-
vores.

Interpreting the invasion history and the
ecological features that underpin the geographical
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distribution of insect pests is a daunting task (Brooks et
al., 2020). However, by designing the distribution po-
tential model, it is possible to apply the necessary man-
agement tactics to control the invading species before
the damage begins (Ladle and Whittaker, 2011). Using
geographic distribution software such as maximum en-
tropy modeling (Maxent) can create a temporary aware-
ness of insect distribution to make pest management
decisions. The estimation of the organism distribution
based on climatic data was first defined by Pearson and
Dawson (2003) and called the BIM or Bioclimate mod-
el. This methodology was created to find statistical rela-
tionships between environmental variables and species
distribution. In order to manage invasive species biolog-
ically, it is necessary to use the appropriate tool to pre-
dict invasion patterns in the studied areas. (Roura-
Pascual et al., 2008). Maxent is a commonly used meth-
od for describing or determining the probability of the
distribution of a species using the existing data (Berger
et al.,1996; Phillips and Dudik, 2008; Parvizi et al.,
2018). The comparison of the ecological niche modeling
software shows that Maxent performs better and pro-
vides more realistic results than the software that han-
dles presence-only data, especially if the number of spe-
cies presence data is inconsiderable (Elith et al. 2006;
Hernandez et al. 2006; Thorn et al. 2009; Crawford and
Hoagland. 2010; Parichehreh et al. 2020).

Nezara viridula L. (Het: Pentatomidae) is a
cosmopolitan polyphagous pest with numerous plant
hosts, such as pistachio and almond orchards. This pest
has caused heavy losses in Iran due to the direct damage
caused by the insects and the transmission of the fungal
pathogen, Nematospora coryli Peglion. a pathogen of
pistachio nuts (Behdad, 2002; Mehrnezhad et al., 2013).
Meanwhile, N. viridula is an important vector of disease
-causing pathogens of cotton and other crops (Esquivel
et al. 2018). Adults overwinter in sheltered areas such as
bushes, the bark of trees, and soil. N. viridula attacks
many wild and cultivated plants, including Leguminose,
Alfalfa, cotton, and soybean (Behdad, 2002) but
N.viridula’s host preference has been focused on pista-
chio orchards in recent years (Mehrnezhad et al. 2013).
Nymphs are seen in reddish-orange color at primitive
instars, but gradually, with age, their color turns green.
Multiple generations occur annually (3 to 5 generations)

1 |Species Family Tribus Genus  Altitude

2

3 |Nezara viridula Pentatomida Pentatomir Nezara 1483 53 23
4 Mezara viridula Pentatomida Pentatomir Nezara 1486 53 23
5 Mezara viridula Pentatomida Pentatomir Nezara 1487 53 22
6 MNezara viridula Pentatomida Pentatomir Nezara 1488 53 22
7 MNezara viridula Pentatomida Pentatomir Nezara 1490 53 1
8 Nezara viridula Pentatomida Pentatomir Nezara 1491 53 1
9 Nezara viridula Pentatomida Pentatomir Nezara 1495 53 20
10 |Nezara viridula Pentatomida Pentatomir Nezara 1228 54 22
11 Nezara viridula Pentatomida Pentatomir Nezara 1603 54 22
12 Nezara viridula Pentatomida Pentatomir Nezara 1612 54 22
13 MNezara viridula Pentatomida Pentatomir Nezara 1612 54 22
14 Nezaraviridula Pentatomida Pentatomir Nezara 1399 56 1
15 Mezara viridula Pentatomida Pentatomir Nezara 1395 56 0
16 Nezara viridula Pentatomida Pentatomir Nezara 1394 56 0
17 |Nezara viridula Pentatomida Pentatomir Nezara 1034 54 1
18 Nezara viridula Pentatomida Pentatomir Nezara 1030 53 59
19 MNezara viridula Pentatomida Pentatomir Nezara 1027 53 58
20 |Nezara viridula Pentatomida Pentatomir Nezara 1026 54 0
21 |Nezara viridula Pentatomida Pentatomir Nezara 1019 53 38
22 1019 53 58
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with overlap typical (Greene ef al. 2001). Later genera-
tions, however, frequently are the most damaging to
crops because of the presence of plant fruiting struc-
tures (Behdad, 2002; Mehrnezhad et al., 2013). There-
fore, studying the distribution of N. viridula in Yazd
province is justified because of its importance as a criti-
cal pest of pistachio orchards and the relatively vast
climatic differences and fluctuations in short geograph-
ical distances in this region. Furthermore, the lack of
credible records in the existing body of literature availa-
ble on this subject is a clear attestation to the signifi-
cance of the current study on the distribution of M.
viridula in Yazd province.

The objectives of this research are to deter-
mine the appropriate ecological niche of the green stink
bug to monitor the fluctuation of N.viridula’s popula-
tions using Maximum entropy modeling and analyze
the effect of environmental parameters and selected
factors climates on the incidence and distribution of M.
viridula in Yazd province.

MATERIALS AND METHODS

The sampling process of N. viridula was performed in
the span of three years (2017 to 2020) throughout the
different climates of Yazd Province. In order to follow a
standard methodology for sampling, the natural and
quasi-natural vegetation was monitored, and N. viridula
adults were collected through ‘Netting’ and ‘Light
traps.” Most of the sampling locations where these in-
sects had transformed into pests were within the pista-
chio and almond orchards. In order to achieve more
records, voucher specimens from the Entomological
Museum of Islamic Azad University (Yazd branch)
were also considered record samples. A total of 2779
insect specimens were used in this study for three years.
A GPS device performed specifications such as latitude,
longitude, and altitude simultaneously during the sam-
pling process. N. viridula specimens were distinguished
from other Pentatomids using the identification keys
provided by Linnavori (1986) and Linnavori (2008).
After identifying the species, sample information, in-
cluding scientific name, family, subfamily, tribe, alti-
tude, latitude, and longitude, was recorded in an Excel
file (Figure 1).

x y Local Mumber L
31 11 19 53.38944444 31.18861111 abarkoh 4
31 11 20 53.38472222 31.18888889 abarkoh 11
31 10 51 53.37 31.18083333 abarkoh 3
31 10 50 53.36722222 31.18055556 abarkoh 2
31 10 53 53.36444444 31.18138889 abarkoh 2
31 11 3 53.35861111 31.18416667 abarkoh 2
31 10 12 53.34333333 31.17 abarkoh 4
31 53 50 54,3675 31.89722222 yazd 1
30 2 46 54.36722222 30.04611111 harat 3
30 2 23 54.37222222 30.03972222 harat 1
30 2 18 54.38111111 30.04111111 harat 1
31 53 19 56.02388889 31.88861111 bahabad 2
31 53 211 56.015 31.88916667 bahabad 4
31 53 26 56.01527778 31.89055556 bahabad 4
32 19 38 54.02888889 32.32722222 ardekan 4
32 13 9 53.98666667 32.31916667 ardekan 1
32 19 28 53.97861111 32.32444444 ardekan 3
32 20 20 54.01555556 32.33888889 ardekan-A 1
32 20 55 53.96944444 32.34861111 tork abad 1
32 20 53 53.96861111 3

32.34805556 tork abad

Figure 1. Screenshot showing an example of locally collected N.viridula’s data, including Scientific name, Family,
Subfamily, Tribe, Genus, altitude, Latitude (shown as x), and Longitude (shown as y), implemented in Excel.
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Mapping the climatic distribution of N. viridula, taking
into account the coordinates of Yazd province and its
seven climates, was performed by ARC GIS 9.3. Cli-
mates were selected based on the climatic stratification
described by the International Center for Agricultural
Research in the Dry Areas ICARDA (2004) In Yazd
Province (Table 1). At least five zones were selected in
the four cardinal zones, and each climatic zone's center
of the climate. In the next step, environmental variables
were considered to determine the environmental factors
affecting the distribution of N. viridula (Table 2). The
research hotspots were validated based on more than
twenty samples (Figure 4).

Table 1. Abbreviations and features of the climatic
layers in Yazd province.

Code

(Abbreviations) Moisture Winter Summer
A-C-VW Arid Cool Very Warm
A-C-W Arid Cool Warm
A-K-W Arid Cold Warm
A-M-VW Arid Mild Very Warm
SA-K-M Semi-Arid  Cold Mild
SA-K-W Semi-Arid  Cold Warm
SA-C-W Semi-Arid  Cold Warm

Table 2. Environmental variables used in predicting
the species' geographic distribution models. For a
description of each parameter, refer to the text.

Environmental Parameter (Unit) gz(l)l(‘iz;meter
Annual Mean Temperature (°C) Bio 1
Maximum Temperature of Warmest Bio 5
Month(°C)

Maximum Temperature of Coldest Bio 6
Month(°C)

Annual Precipitation (mm) Bio 12
Precipitation of Wettest Month Bio 13
(mm)

Precipitation of Driest Month (mm) Bio 14
Altitude (m) Elevation

Maxent software introduced by Phillips et al.
(2006) was used to predict the distribution of N. viridula
based on environmental parameters presented in Table
2. The data used in Maxent was selected as presence-
only, and the Excel file was applied in CSV formation.
Then, the possible distribution of N. viridula was evalu-
ated using Maxent in each pixel of the studied space. In
order to regulate the Maxent settings, 10000 instances of
background data were selected as quasi-locations with
ten replications (with a maximum iteration of 500 or
1000), and one convergence threshold was performed
for the studied species (N.viridula). The logistic method
was used to describe the habitat prediction model.
Spreadsheets created in Excel were also changed and
saved as ASC files.

92

Maxent's data was analyzed via Jacknife® and areas
under the receiver operating characteristic (AUC) val-
ues. AUC values were used to assess the distribution
model and measure its accuracy. The species' distribu-
tion can be predictable optimally, and the samples show
more compliance with environmental parameters shown
in Table 1 when the AUC model is (or is close to) 1. In
contrast, the model is predicted spontaneous if it has
been (or less than) 0.5. On the other hand, the most reli-
able results can be obtained in AUC 0.7 or more. Nev-
ertheless, values less than 0.5 are not acceptable nor
cited in the analysis of distribution models (Philip et al.,
2006).

Jacknife® analysis was used to assess the im-
portance of each variable separately in order to predict
the species distribution model. Furthermore, the effect
of each variable in predicting the probability of the inci-
dence of N. viridula was plotted and graphed (Figure 2).

Species distribution models, in which the dis-
persion potential and suitable habitats are demonstrated,
were prepared by Maxent with ten replications. Habitat
suitability for N. viridula was recorded in blue and red
for suitable and less suitable habitats, respectively
(Figure 3).

RESULTS

The distribution model map of N. viridula showed that
climates, including A-C-W, A-K-W, SA-K-M, and
small parts of the southern and northern regions of A-C-
VW, were probably more suitable for the presence and
distribution of N. viridula in Yazd Province. Converse-
ly, climates including S-A-KW, A-M-VW, and S-A-
CW, located approximately in desert arecas and snow-
capped heights, did not seem to have the proportionate
habitats necessary for N. viridula's activity (see Figure 4
and Figure 5).The value of AUC being higher than 0.5
indicated that selected environmental parameters signif-
icantly affected N. viridula’s distribution.

Jacknife® test's results highlighted that the
altitude and maximum temperature of the warmest
month (Bio 5) and the annual precipitation (Biol2) pro-
vided more ecological information when used separate-
ly. Consequently, these three factors seemed to be more
effective than the others (Fig 3). Moreover, altitude
change over short geographical distances seemed to
play a decisive role in the presence of N. viridula in
Yazd province. Brooks et al. (2020) indicated that mean
temperature for the warmest quarter was the best pre-
dictor for estimating the climatic suitability of N. virid-
ula, and the contribution of mean humidity was meager.
The driest month's precipitation (Bio 14) had the lowest
value for the N. viridula distribution model. Response
graphs for the annual mean temperature (Biol) showed
that V. viridula was most likely present in the tempera-
ture range of 5 to 17 °C.

The probability of N. viridula incidence was

enhanced due to representing the maximum temperature
of the warm months of the year factor in the tempera-
ture range of 28 to 39 °C as well as the temperatures
mentioned above. The species' distribution gradually
decreased (shown in Figure 2 and Figure 3).
The annual precipitation results (Bio 12) illustrated that
the probability of N. viridula incidence decreased to
less than 70 mm. This rate of decline was gradual in the
range of 60 to 70 mm, while it was observed suddenly
in the range of 40 to 60 mm. The annual precipitation

AJCB Vol. 11 No. 1, pp. 90-98, 2022
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Figure 2. Experiments of the environmental variables' importance and marginal response curves of contribution variables
to predict the incidence probability of Nezara viridula in Yazd Province of Iran were performed by MaxEnt. See Table 2
for the definition of Bio variables. No significant influence of the driest month's precipitation (Bio 14) is detected, while
the interference of other variables is significantly visible in the distribution of N. viridula in Yazd Province. The minimum
influence of the precipitation in the driest Month (Bio 14) can be justified due to the location of Yazd in the dry belt of the
Iranian plateau. In addition, the amount of precipitation in the mountainous areas of the province could not compensate for
this shortage.
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These variables are categorized into three categories: without variable (green), with only variable (blue), and with
all variables (red). Jacknife test's results illustrate the massive effect of altitude, the maximum temperature of the
warmest month (Bio 5), and the annual precipitation (Bio12) on the distribution of Nezara viridula. In contrast, the

driest month's precipitation (Bio 14) is the least effective variable. The difference between the

annual precipitation

(Bio12) and precipitation of the driest month (Bio 14) showed the existence of different climatic conditions in short
geographical distances in Yazd province (Ladle and Whittaker, 2011). Also, considering the location of Yazd prov-
ince in the dry belt of the Iranian plateau and the temperature difference between cold and warm months of the

year, the significant effect of temperature on the distribution of N. viridula was Inevitable.
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Figure 4. Prediction of climate suitability for Nezara viridula in Yazd province of Iran. The distribution model
map shows that climates including A-C-W, A-K-W, SA-K-M, and small parts of the southern and northern
regions of A-C-VW habitats are more suitable for the distribution of N. viridula in Yazd Province. However, In a
broad scope of SA-K-W, located in desert areas, no record of N. viridula specimens was traced.
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Figure 5. Prediction of habitat suitability for Nezara viridula in Yazd province of Iran. Suitable habitats are shown

in blue, while less suitable ones are shown in red.

results (Bio 12) demonstrated that if the rainfall range
reached about 120mm, there was a positive correlation
between the precipitation quantity and the probability of
N. viridula distribution. In other words, increasing rain-
fall directly influenced the expansion of N. viridula in
the studied areas. The precipitation results of the wettest
month (Bio 13) showed that the N. viridula presence
probability decreased with a positive and steep slope in
the range of 10 to 15 mm. No significant influence on
the precipitation of the driest month (Bio 14) was detect-
ed in association with N.viridula’s distribution (shown
in Figure 2 and Figure3). Meanwhile, Elevation had a
positive effect on N. viridula distribution, so that ac-
cording to increasing altitude, the probability of the spe-
cies incidence enhanced and reached maximum range at
1500 meters.

DISCUSSION

Considering the high thermal threshold and the cosmo-
politan activity of N.viridula, we concluded that increas-
ing the temperature and decreasing the humidity
(precipitation) simultaneously reduced N.viridula’s dis-
tribution in Yazd province. Brooks et al. (2020) indicat-
ed that mean temperature for the warmest quarter was
the best predictor for climatic suitability of N.viridula,
and mean humidity contributed little. According to Mu-
solin's (2007) results, temperature changes have affected
the activity and geographical distribution of Green stink-
bugs such as N.viridula. These alternations have mani-
fested themselves as changes in morphology, behavior,
and, most importantly, distribution (Musolin et al.,
2010). Furthermore, Vivan and Panizzi (2006) attributed
the decrease in MN.viridula's distribution to an exponen-
tial enhancement in the temperature during the year's
warm seasons. In contrast, Panizzi (1997) emphasized
that species living in the tropics have high thermal
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thresholds, and rising temperatures have rarely reduced
their distribution. Therefore, such an approach was
somewhat explainable given the incidence of N. viridu-
la in the temperature range of 28 to 40 °C in the present
study (see Figure 2 and Figure 3).

Contrary to Solhjoy-fard et al. (2013), which
indicated that there had been no record of Green stink-
bugs in Yazd province, we reached out to a considera-
ble number of Green bugs, including N.viridula, in 3
years. This discrepancy in results may be explained via
the migration or vegetation expansion in recent years.
In some areas, including Nodushan and Chah-Afzali
(located in SA-K-W climatic zonation), where N. virid-
ula samples were collected significantly in the first
year, almost no samples were found in the same area
the following year, which probably implied the migra-
tion of N. viridula in the said areas. Similarly, Vivan
and Panizzi (2006) reached a similar conclusion about
N.viridula’s migration in Brazil.

Shaefer and Panizzi's research (2000) showed
that green stink bugs disperse rapidly and have consid-
erable ability to move through long distances in a mini-
mum period. Such significant mobility was also evident
in our studies, despite the relatively long distances of
Pistachio orchards in desert areas. Based on this, geo-
graphical distance did not seem to be a limiting factor
for the distribution of N. viridula in Yazd province. On
the other hand, considering N.viridula's remarkable
dispersal ability, it can be concluded that N.viridula's
migration is strongly inevitable (Kiritani, 1970; Panizzi
et al.,1996; Solhjoy-fard ef al., 2013).

One of the main reasons for the non-incidence
of N. viridula in some arid hotspots in Yazd province
was climate limitations. The distribution model map of
N. viridula showed that climates including A-C-W, A-K
-W, S-A-KM, and small parts of A-C-VW were

AJCB Vol. 11 No. 1, pp. 90-98, 2022
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probably more suitable for the presence and distribution
of N. viridula in Yazd province. Conversely, Climates
including SA-K-W and A-M-VW, located in the Lut
Desert, did not have proportionate habitats for
N.viridula’s populations (Fig. 4). Addykairovna (2011)
demonstrated that a group of green stink bugs (Genus of
Brachynema) is more active in desert areas with sparse
vegetation and dunes. According to Tougu et al.’s re-
sults (2009), N.viridula’s distribution source is often
located in the mountains and inland hills. Furthermore,
N.viridula’s considerable richness in the mountainous
climates of Yazd province (S-A-KM) was significantly
confirmed by Tougu ef al.’s findings (2009).

Vegetation is one of the pertinent variables to
climatic conditions, especially rainfall (Ladle and Whit-
aker, 2011). So, we assumed that it could be a critical
factor in the distribution of N. viridula in Yazd province.
As discussed earlier (Kiritani, 1979; Panizzi, 1997; Mo-
sulin, 2007), the distribution of N. viridula is not limited
by the factors that typically limit insect distribution
ranges because this species is multivoltine and very po-
lyphagous. However, the lack of food resources, includ-
ing Pistachio and Pomegranate orchards, seemed to be
one of the main reasons for the non-incidence of M.
viridula in some arid hotspots with thin vegetation in
Yazd province.

Species have also regularly shifted their geo-
graphical ranges in response to the biological and physi-
cal forces, climate changes, and vegetation, sometimes
becoming less common and becoming more widespread
(Wares et al., 2002; Williamson, 1996). However, the
vast majority of the species are not distributed broadly
because most species have limited dispersal capabilities
(Price, 1975). This paradox manifested itself in our stud-
ies. Several studies suggest that the vegetation settings
associated with particular crop fields (such as the pista-
chio orchards in the present study) influence the kind,
abundance, the times of arrival, and, above all, their
distribution (Price et al. 1991).

According to Todd (1989), More than 30 fami-
lies of plants have been introduced as N.viridula's hosts,
most of which are agricultural and horticultural prod-
ucts. Thus, it is evident that vegetation can play a deci-
sive role in the distribution of N. viridula populations.
The vegetation structure best explains the dependence of
green stink bugs' distribution on rainfall, confirming
previous findings regarding its positive correlation with
N.viridula's dispersal (Duelli et al., 1990; Roura-Pascual
et al., 2008; Ladle and Whitaker,2011; Tavanpour ef al.
2016). Although little vegetation and low precipitation
have caused unfavorable conditions for the distribution
of N. viridula (shown in Figure 4 and Figure 5), the con-
version of natural to quasi-natural vegetation through
pistachio planting and the construction of aqueducts and
deep wells in the desert has created a suitable ecological
niche for N. viridula in Yazd province. Therefore, we
concluded that the spread of quasi-natural vegetation
(especially pistachio orchards) has probably caused the
flow of N.viridula's populations from the mountains to
the plains.
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