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 Abstract  

Spodoptera frugiperda is a new invasive pest in Indonesia; in its larval 

stage, it attacks maize plants and can cause high-yield losses. Differences 

in the distribution and attack of S. frugiperda in each region depending on 

climate factors and cultivation practices. This study examines the 

distribution of S. frugiperda and the effects of landscape structure and 

environmental factors on the abundance and intensity of the attack. This 

study was conducted from August to October 2020 on maize plantations in 

the Tuban Regency. Collection of S. frugiperda larvae was carried out on 

maize crops aged 2-6 weeks after planting by hand-collecting on plots of 10 

m x 20 m. Landscape parameters were determined by vegetation mapping 

by buffering within a radius of 500 m from the centre point of the maize 

plot using ArcGIS 10.5 software. Land use is determined based on Sentinel-

2 satellite imagery data using the Google Earth Engine cloud computing 

platform. Vegetation, water, and built-up land index bands are used as input 

for classification. Observed environmental data includes; altitude and 

average monthly rainfall. The spatial distribution of S. frugiperda 

abundance and percentage levels of attack was interpolated using an 

ordinary type kriging method with spherical kernels in ArcGIS 10.5 

software. The influence of landscape parameters and environmental factors 

was analyzed using a generalized linear model in R statistical software. The 

kriging results showed that the highest abundance and intensity of S. 

frugiperda attacks were concentrated in areas with low elevations with an 

aggregate distribution pattern. Altitude and rainfall have a negative and 

significant relationship, while landscape parameters have a positive and 

significant relationship to the abundance of S. frugiperda. Increasing the 

area of semi-natural habitat can increase the abundance and attack rate of S. 

frugiperda. Thus, semi-natural habitats can provide resources for pests. 
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INTRODUCTION 
A geographic information system (GIS) is a 

computer system for recording, storing, querying, 

analyzing and displaying geospatial data (Chang, 

2017). Geospatial data describe the location and 

attributes of spatial features (Liebhold et al., 1993). 

The ability to layer and analyze multiple layers of 

spatial data provides an opportunity to explore the 

spatial properties of insect populations (Dminić et 

al., 2010). In contrast, geostatistics is a branch of 

applied statistics in which sample values and 

locations are used to describe and model spatial 

patterns (Liebhold et al., 1996). GIS technology 

enhances our ability to study and understand large-

scale spatial structures and dynamics of insect 

populations (Schell & Lockwood, 1997), which are 

affected by heterogeneous environments (Dminić et 

al., 2010). By employing GIS, it is possible to relate 

insect density to particular characteristics of certain 

area, facilitating the identification of factors 

associated with insect abundance (Duarte et al., 

2015a; Duarte et al., 2015b). 

Although the advent of GIS has enabled 

entomologists to compile and manipulate spatial 

reference data, the characterization and modelling 

of spatial patterns still require adequate statistical 

tools (Liebhold et al., 1993). Geostatistics is a 

statistical method that has been successfully applied 

to study several insect species spatial distribution 

and damage (Wright et al., 2002). The basic tool of 

geostatistics is the semivariogram, which correlates 

the distance between sample pairs with the 

semivariance statistic (the variation between pairs) 

for all possible pairs at each suggested distance 

(Ellsbury et al., 1998). The combination of GIS and 

geostatistics can improve the manipulation of 

geospatial data because GIS facilitates the analysis 

of spatial exploration data, and geostatistics 

provides methods of interpolation, generalization, 

and environmental modelling (Burrough, 2001). 

The fall armyworm, Spodoptera frugiperda 

(J.E. Smith) (Lepidoptera: Noctuidae), is a new 

invasive pest species in Indonesia (Herlinda et al., 

2022). The fall armyworm entered Indonesia for the 

first time in 2019 in West Sumatra (Sartiami et al., 

2020). Currently, this pest has spread to various 

regions in Indonesia starting, from Lampung, West 

Java, Bengkulu, East Kalimantan, and South 

Sumatra (Trisyono et al., 2019; Ginting et al., 2020;  

Hutasoit et al., 2020). The primary hosts of this pest 

are the Poaceae family, such as maize, rice, 

sugarcane, sorghum, and millet (Casmuz et al., 

2010;  

 

Montezano et al., 2018). The fall armyworm is 

polyphagous by attacking more than 300 host plants 

and causing economic losses to cultivated plants of 

up to 8.3-20.6 million tonnes per year (Shylesha et 

al., 2018). Damage to maize crops in Africa can 

reduce crop yields by up to 250-630 million US 

dollars per year (Bateman et al., 2018). The same 

thing happened to maize in Ghana and Zambia, with 

22-67% (Day et al., 2017), 32-47% in Ethiopia 

(Kumela et al., 2018), and 11.57% in Zimbabwe 

(Baudron et al., 2019). This large percentage of 

damage and loss must be anticipated by mapping 

the distribution pattern of S. frugiperda.  

Knowledge of the distribution of this species 

can facilitate monitoring activities for the presence 

of S. frugiperda, considering that the imago of this 

pest has good flying abilities (Ge et al., 2021; Chen 

et al., 2022). Mapping the distribution of S. 

frugiperda can also be used to determine the type of 

habitat preferences. This can facilitate the control 

that will be carried out. It is important to study the 

spatial distribution of this pest to explain its 

distribution pattern and growth rate. In addition, 

these studies are essential for developing integrated 

pest management (Hernández-Mendoza et al., 

2008), thus ensuring the optimization of sampling 

and pest control strategies (Rios et al., 2014). The 

geostatistical approach holds promise for applying 

appropriate methods as a basis for strategies in 

integrated pest management of S. frugiperda (Farias 

et al., 2008), to reduce the risk of damage and loss 

of maize yields. 

The configuration of semi-natural habitats in 

agricultural landscapes has the potential to improve 

biological pest control (Jordon et al., 2022). 

Agroecological approach known to be effective in 

controlling S. frugiperda is the management of 

semi-natural habitats (Harrison et al., 2019). So we 

predict that semi-natural habitat influences the 

abundance and attack rate of S. frugiperda. The 

main objective of this study was to identify the 

spatial distribution of the abundance and percentage 

of S. frugiperda attack rates and their relationship 

with landscape structure. 

 

MATERIALS AND METHODS 

Time and study site 

The research was conducted from August to 

October 2020 on maize plantations in Sub-District 

of Bancar, Kerek, Montong, Singgahan, Soko, 

Jatirogo, Palang, Tuban Regency, East Java. Five 
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villages were selected for each sub-district, a 

representative area with a large enough maize field. 

 

Collection of S. frugiperda and observation of 

attack levels 

A sampling of S. frugiperda was carried out on 

maize crops aged 2-6 weeks after planting by hand-

collecting on a plot size of 10m x 20m. 

Determination of plant age was determined based 

on the behavior of S. frugiperda, which generally 

began to attack plants from 2 weeks (Trisyono et al., 

2019) to 6 weeks (Supartha et al., 2021) after 

planting. The size of the observation plots is 

determined based on the area of land that is the 

location of the observations (Tepa-Yotto et al., 

2021). The samples of S. frugiperda collected were 

in the larval stage, and the number of individuals 

was counted. Observation of the percentage of 

attack rate of S. frugiperda was observed directly 

from 50 maize crops based on the number of plants 

attacked against the number of plants observed, 

referring to Sisay et al., (2019) with the formula: 

 

% attack rate =
𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
 

 

Determination of landscape and environmental 

factors  

Landscape determination was carried out by 

mapping vegetation and land use, referring to the 

method used by Ruas et al., (2022) by buffering the 

area within a 500 m radius from the centre point of 

the maize patch using the buffer tool in the ArcGIS 

10.5 (ESRI, 2016). The landscape parameters used 

for the class area (CA) are cropland (including 

paddy fields and dry land agriculture) and semi-

natural habitats (covering shrubs and plantation 

forests). Observed environmental parameter data 

include; altitude (masl) obtained from digital 

elevation model data/DEM with 0.27 arc-second 

(8.3 m) resolution, available on the Geospatial 

Information Agency/BIG website 

(http://tanahair.indonesia.go.id/portal-web) and 

average monthly rainfall obtained from the dataset 

of Climate Hazards Group Infrared Precipitation 

with Station Data (CHIRPS) from August to 

October 2020, via the Climate engine website 

(https://app.climateengine.com/climateEngine). 

 

Land use mapping 

Land use maps were analyzed by classifying 

surface reflectance imagery of Sentinel-2 (S2-SR) 

using maximum likelihood classifier in the ArcGIS 

10.5. The final median imagery was derived from 

date-filtered and cloud-masked S2-SR collection 

was downloaded using the Google Earth 

Engine/GEE cloud computing platform with the 

JavaScript programming language (Gorelick et al., 

2017). The date range for image acquisition was 

filtered the to sampling  period  (August 1, 2020 to 

October 31, 2020) with QA60 band selected for 

cloud masking (<20%). The area of interest (AOI) 

used is a rectangle covering the area of Tuban 

Regency and its surroundings. The band used as 

input for classification is a combination of the 

original and index bands. Native input bands 

include bands 4, 5, 6, 7, 8, and 8A. Meanwhile, the 

index bands used to consist of vegetation, water, 

and built-up land index bands, including: 

Normalized Difference Vegetation Index (Rokni & 

Musa, 2019), Difference Vegetation Index (Díaz & 

Blackburn, 2003) Enhanced Vegetation Index 

(Huete et al., 2002), Soil Adjusted Vegetation Index 

(Huete, 1988), Atmospherically Resistant 

Vegetation Index (Kaufman & Tanré, 1992), 

Specific Leaf Area Vegetation Index (Lymburner et 

al., 2000), Normalized Difference Built-up Index  

(Zha et al., 2010), Ratio Vegetation Index (Major et 

al., 2007), Inverted Red-Edge Chlorophyll Index 

(Bhattarai et al., 2020), and Advanced Vegetation 

Index (Mngadi et al., 2021). 

Classification of land use uses seven classes: 

bodies of water, shrubs, forests, settlements, dry 

land agriculture, paddy fields, and open land. The 

training sample was created with initial guidance in 

the form of a land use map from the Ministry of 

Environment and Forestry/KLHK 2019 for the East 

Java region, which was then verified using ESRI 

basemap imagery with a more detailed resolution. 

The total training sample made was 2560 polygons 

consisting of bodies of water (299 polygons), 

shrubs (494 polygons), forests (380 polygons), 

settlements (316 polygons), dry land agriculture 

(551 polygons), rice fields (285 polygons), and 

open land (235 polygons). At the final layouting 

stage, a build-up area and administrative maps from 

BIG were situated overlaid the land used map to 

provide more clearance concerning natural and 

anthropogenic features surrounding the observation 

sites. 

 

Data analysis 

Analysis of the spatial distribution of the 

abundance and attack rate of S. frugiperda used 

geostatistical analysis. It was interpolated using the 

ordinary type kriging method with spherical kernels 

http://tanahair.indonesia.go.id/portal-web
https://app.climateengine.com/climateEngine
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in ArcGIS 10.5 (ESRI, 2016). To determine the 

effect of landscape parameters and the influence of 

environmental factors on the abundance and attack 

rate of S. frugiperda on maize, it was analyzed using 

a generalized linear model with Poisson distribution 

using the glm function (package stat) in R statistics 

software (R Core Team, 2022). 

 

RESULTS AND DISCUSSION 

Kriging can create population distribution maps 

that depict hotspots for pest control strategies 

(Duarte et al., 2015b). The results of the kriging map 

show that the highest abundance of S. frugiperda is 

concentrated in the northern part of the map, shown 

in red (Figure 1). This area is the Bancar sub-district, 

where the area tends to have a low altitude (10 - 29 

masl). The highest attack rates are also concentrated 

in the north and north-northeast parts of the map, 

where these areas are the Bancar sub-district and  

the Kerek sub-district (Figure 2). If adjusted to the 

land use map (Figure 3), areas with an abundance 

and a high percentage of attacks tend to have  

very low elevations compared to areas with  

higher elevations. The generalized linear model 

result evidences this. (Table 1), which shows  

that altitude negatively affects the abundance of  

S. frugiperda. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Spatial interpolation by kriging of S. frugiperda abundance 

 

The presence of insects, including S. frugiperda, 

in a habitat, is also inseparable from environmental 

factors such as altitude and rainfall (Wyckhuys & 

O’Neil, 2007a). The level of damage to maize plants 

as a result of S. frugiperda attack is closely related to 

the altitude (Mengesha et al., 2021), where the level 

of attack is generally lower at higher altitudes 

(Wyckhuys & O’Neil, 2006), and the level of attack 

is highest levels generally occur in the lowlands 

(Wyckhuys & O’Neil, 2007b). 

Generally, altitude affects the distribution and 

abundance of pests. Studies of other types of non-
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native pests also show that the highest pest 

infestation is in lowland areas (Poggetti et al., 2019). 

However, the altitude factor, of course, will depend 

on the identity of the pest in the area (Jonsson et al.,  

2014). In addition to altitude, the analysis results also 

show that rainfall affects the abundance and intensity 

of S. frugiperda attacks. Therefore, rainfall is often 

used as a key variable affecting the presence of pests 

(Li et al., 2021) or as a prediction model for the 

distribution of S. frugiperda (Baloch et al., 2020; 

Cokola et al., 2020; Jiang et al., 2022; Timilsena et 

al., 2022). The results of the analysis of the 

generalized linear model showed that rainfall has a 

negative effect on the abundance and attack rate of 

S. frugiperda. The results of this study are similar to 

those by Early et al. (2018), who showed that rainfall 

has a negative effect on S. frugiperda infestation, 

where rainfall can affect the survival of the larvae 

and pupae of the pest. Like other insect pests, S. 

frugiperda is known to be affected by weather 

conditions in different seasons (Caniço et al., 2020). 

When weather conditions are unfavourable for its 

development and reproduction, S. frugiperda will 

migrate to more suitable locations for its survival 

(Westbrook et al., 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Spatial interpolation by kriging of S. frugiperda attack rate 

 

The generalized linear model analysis results 

show that landscape composition affects the 

abundance and attack rate of S. frugiperda on maize  

(Table 1). The increase in semi-natural habitats 

substantially increase the abundance of S. frugiperda 

(P < 0.01) and its attack rate (P < 0.05).  

Partial effects of croplands in governing S. 

frugiperda’s distribution were also recorded in  
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this study. Croplands exhibited similar controls  

with semi-natural habitat on abundance  

(P < 0.01) but did not influence the level of  

attack.  

Table 1. Analysis of the generalized linear model of the relationship between the abundance and attack rate of 

S. frugiperda with class area (CA) semi-natural, cropland, altitude and rainfall. Significance level:  ***P 

< 0.001; **P < 0.01; *P < 0.05 

Variable 
Abundance 

 
% attack rate 

Estimate SE P  Estimate SE P 

(Intercept)   2.0310 0.6858 0.003061 **  4.6358 0.6420 5.17e-13 *** 

CA semi-natural 0.0433 0.0064 1.46e-11 ***  0.0130 0.0059 0.0287 *   

CA cropland 0.0361 0.0075 1.85e-06 ***  0.0081 0.0071 0.2538 

Altitude -0.0016 0.0004 0.000105 ***  0.0003 0.0004 0.3334     

Rainfall -0.0111 0.0009 < 2e-16 ***  -0.0101 0.0009 < 2e-16 *** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Landuse mapping at the study sites and its surrounding areas 

 

Landscape composition can directly influence 

pest abundance by affecting their distribution and 

reproduction or indirectly by influencing the 

presence of natural enemies (Veres et al., 2013). 
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However, the results of this study differ from 

several other studies, which show that the 

composition of the landscape where the class area 

of semi-natural habitat is high can reduce pest 

infestation. A study by Alignier et al., (2014) shows 

that a higher proportion of semi-natural habitats in 

agricultural landscapes improves biological pest 

control. So that the complexity of the landscape, 

characterized by a high proportion of semi-natural 

habitats, is often used as the key to biological pest 

control (Schirmel et al., 2018). However, this 

study's results support Birkhofer et al., (2016) who 

showed a positive effect between the abundance of 

aphids and landscape complexity where aphids 

increased in areas with a higher proportion of semi-

natural habitats. In addition, the research results by 

Santoiemma et al., (2018) also showed that 

Drosophila suzukii populations were high in 

complex landscapes, and the level of damage to 

cherries due to D. suzukii attacks increased in semi-

natural habitats. Many plant pests also benefit from 

semi-natural habitats (Chaplin-Kramer et al., 2011), 

so natural habitats fail to enhance biological control 

services and may even increase pest populations 

(Tscharntke et al., 2016). Semi-natural habitats can 

also become a major source of pests by providing 

plants as alternative hosts (Midega et al., 2014) or a 

suitable environment at several stages of their life 

cycle (Tscharntke et al., 2016). 

 

CONCLUSION  

Based on the kriging results, the highest 

abundance and intensity of S. frugiperda attacks 

were spread in the northern part, areas with low 

altitudes with an aggregate distribution pattern. 

Environmental factors such as altitude and rainfall 

did not significantly impact the abundance and 

attack rate of S. frugiperda. The increase in semi-

natural habitats and agricultural land areas affected 

the abundance and attack rate of S. frugiperda 
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