
 

 

Spatial distribution of Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) on corn 

crops at Durango, Mexico. 

 

Abstract : The determination of the spatial distribution of an insect is of paramount importance 

for decision-making to be efficient and effective for the control of their populations. In the 

present study, 30 samples were carried out in plots cultivated with corn, near the City of 

Durango, Mexico in order to know the population distribution of larvae of Spodoptera frugiperda 

(J. E. Smith 1797) (Lepidoptera: Noctuidae). In each plot, 5 sites were selected (type 5 sampling 

of golds), where 10 plants were selected in the phenological stages from V4 to V10, recording the 

presence of larvae. Statistical analyses were performed using the Scattering Indices 2/χ2 and the 

Chi-square test (χ2) (Supplementary Materials Table 2). The results show that the average 

infestation is slightly higher during stage V6 than in V4 and V8. According to the analyses 

carried out, the population of S.  frugiperda has a negative, aggregate or binomial distribution 

only in stage V4 that corresponds to small larvae and in the other phenological stages the 

distribution is random.  
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Introduction 

Spodoptera frugiperda is an insect of wide distribution in the American continent and its 

populations can be detected from Canada to Argentina (Santos-Ríos et al. 2014). This species is 

reported feeding on more than 200 plant species in the Americas and its populations have been 

reported in Chikkaballapur, Karnataka in India (ICAR-NBAIR 2018), in Africa where it has 

spread in 37 countries of the sub-Saharan sector (Goergen et al. 2016; Baudron et al. 2019; Kuate 

et al., 2019; Dahi et al., 2020; Mohamed et al., 2022) and recently in China (Wang et al. 2020; 

Chao et al., 2022; Jiang et al., 2022). Both in India and in other countries, it will be necessary to 

resume the studies carried out to determine migratory routes, isolation, behavior, alternating 

hosts, spatial distribution, natural enemies, genetic structure and places to spend the cold season 

since they do not have diapause (López-Edwards et al., 1999; Pashley et al., 1985; Westbrook 

and Sparks, 1987; Murúa et al., 2006; Murúa et al., 2009; Afandi et al., 2022). Studies like this 



 

 

may support the analysis of insect behavior in new distribution areas, since in the coastal areas of 

the Pacific there are overlapping generations until reaching the peak of maximum infestation, 

while in that same region, with altitudes of 800 to 1200 meters above sea level there is clearly a 

generation that arrives when the plant is small and later there are overlapping generations that 

decrease when the plant reaches the reproductive stage (Hernandez-Mendoza,  1989; Hernandez-

Mendoza et al., 2008). 

The larvae of S frugiperda prefer grasses such as sorghum, rice and maize crops. The larvae are 

generally solitary, as they have cannibalistic habits (Bezerra et al., 2013; Andow et al., 2015; 

Nadoe et al. 2015) and this condition affects their spatial distribution in attacked crops (Barfield 

and Ashley 1987; Simmons and Marti 1992; Hernández-Mendoza et al. 2008; Murúa et al. 2009; 

Casmuz et al. 2010; Bohnenblust and Tooker 2012; Santos-Ríos et al. 2014).  

 

Knowledge of the spatial distribution of this insect is a priority in decision-making for the 

efficient management of its populations (Giles et al et al. 2000; Yanqui-Díaz et al., 2022), since 

both insect-damaged plants and insect larvae release semiochemicals that can be used by 

parasitoids to locate their prey (Mohammed. 2020). In these studies on spatial distribution, the 

application of mathematical models has been analyzed, in order to know the behavior of the 

insect in crops, among them are: Poisson distribution, Positive Binomial, Negative binomial, 

dispersion indices, the relationship between variance and mean and are proposed as a  way to 

study the behavior of the insect in a crop (Terry et al. 1989; Álvarez and Martínez 1990; Farías et 

al. 2001; Murúa et al., 2006; Crespo-Herrera et al. 2012; Santos-Ríos et al. 2014). These analyses 

seek a mathematical representation of the behavior of insect larval populations within a plot and 

the measures to be used for the management of their populations may depend on this, as well as 

the use of information to estimate the sample size (Southwood 1966; Myers 1978; Crespo-

Herrera et al.  2012). 

For the noctuid, S. frugiperda, populations of negative binomial spatial distribution or aggregate, 

uniform or random distribution are reported (Clavijo 1978; Farías et al. 2001; Hernández-

Mendoza et al. 2008). The aggregate distribution is detected in small maize plants, in vegetative 

phenological state (V2) or when the larvae hatch before starting their dispersal (Hernández-

Mendoza, 1989; Hernández-Mendoza et al. 2008). In corn plants with greater phenological 



 

 

development, the larvae tend to separate and remain one per plant and thus reach their full growth 

until the pupal stage (Hernández-Mendoza 1989; Hernández-Mendoza et al. 2008; Murúa et al.  

2009). Aspects related to the biology and ecology of this insect become recent relevance due to 

the infestations it is causing in the African continent, China Indonesia and other (Goergen et al. 

2016; Baudron et al. 2019; Kuate et al., 2019; Dahi et al., 2020; Wang et al. 2020; Afandi et al., 

2022; Chao et al., 2022; Jiang et al., 2022; Mohammed et al., 2022). 

Another important aspect is that in some cases overlapping generations can be observed in maize 

plants, according to the phenological development of the plant, temperature, the variety of maize 

on which the larvae feed and their infestations can be estimated with a nonlinear regression 

model (Hernández-Mendoza et al.  2008). The work was carried out in order to determine the 

distribution of insect larvae within corn crops and derived from this measure can be taken for 

good management of infestations in corn cultivation. 

 

Materials and methods 

The present study was carried out in five maize cultivation sites near the City of Durango, 

Mexico (24°01 ́22 ́ Ń and 104°39 ́16 ́ Ẃ), where due to climatic conditions cultivation is 

recommended from May onwards (Castillo, 2015), and correspond to sites with altitudes between 

1860 and 1892 meters above sea level. 30 plots of maize were sampled, recording the number of 

free leaves (from this the phenological state was estimated) and presence of larvae of S. 

frugiperda. In these samplings, the technique of five golds was used, reviewing 10 contiguous 

maize plants (50 plants per plot) by sampling date (Murúa et al., 2006; Hernández-Mendoza et al. 

2008), noting the number of infested plants and larvae found. 

 

Two methodologies were used to determine the spatial distribution:  

a) Variance obtained from the sum of each observation minus the mean squared on n-1 (S2/ 

x̄.  S2 = Variance and x̄ = Population mean. (=((xi -  x̄)2)/n-1)) 

Where, if the values of the dispersion index approach 1, the distribution of the population is 

estimated to be random; with values close to zero, a uniform distribution corresponds. If values 



 

 

are greater than 1, they indicate an aggregate distribution (Hernández-Mendoza et al. 2008; Vivas 

and Notz 2011).  

b) Dispersion index obtained with the Chi-square test (χ2).  If the data obtained are 

within the values established in the distribution table χ2 with n-1 degrees of freedom and a α = 

0.05, the distribution is completely random (Hernández-Mendoza et al. 2008). For the analysis of 

both indexes, the Excel 2016 program was used. For the calculation of the indices it is necessary 

to obtain the percentage of infested plants, which was done using the formula Murúa et al. 

(2006).  

 

Results and discussion 

When performing an analysis  of the behavior of S frugiperda infestations detected in this  work 

and its relationship with the phenology of the plant, it can be observed in Figures 1 and 2, that the 

behavior of this insect in corn plants is low at the beginning of crop growth as well as at the end 

of it,  perhaps influenced by the release of the spike, disappearance of the bud and the insect's 

own population dynamics (Hernández-Mendoza et al. 2008). Thus, S. frugiperda  infestations 

can be detected during all phenological stages of maize and their populations are influenced by 

the genetics of the maize itself and the environmental conditions of the site of establishment of 

the crop (Murúa et al. 2006; Farías et al. 2008; Hernández-Mendoza et al. 2008). In this case, the 

sampled sites are located at altitudes greater than 1850 meters above sea level and the observed 

infestations were higher in plants in the phenological stage of V6, that is, when the plants are 

finishing the vegetative growth stage and until the flag leaf is free, just before the release of the 

spikes behavior previously observed in corn grown in sites with altitudes below 500 meters above 

sea level (Hernández-Mendoza, 1989; Hernández-Mendoza et al., 2008). This behavior had also 

been observed in Argentina (Murúa et al. 2006; Murúa et al. 2009). 

In a global analysis, taking into account only the phenological development and the population 

mean (S2) (Table 1 and Table 2 in supplementary materials)  larvae  of S. frugiperda in the  

sampled sites, it has that in V4 the value is higher and the lowest value is found in the 

populations detected in stage V10 that corresponds to the plants that are starting the reproductive 

stage,  which is when the spike emerges (Hernández-Mendoza et al. 2008).  



 

 

Table 1.  Relationship between the vegetative stages of maize, infested plants and analyses 

performed to estimate the distribution of S. frugiperda larvae. 

Vegetative 

State 

% 

Infested 

plants 

Media 

(ഥ࢞) 

Variance 

(S2) 
S2/ഥ࢞ 

x2 (Chi 

cuadrada) 

Spatial 

Distribution 

V4 34 0,6 0,9 1,5 11,52 Added 

V4 22 0,36 0,52 1,45 16,26 Added 

Average 28 0,48 0,71 1,475 13,89 
 

V6 50 0,64 0,52 0,81 0,62 Random 

V6 56 0,7 0,5 0,71 1,21 Random 

V6 46 0,56 0,5 0,89 0,4 Random 

V6 44 0,48 0,35 0,73 2,75 Random 

V6 28 0,28 0,21 0,73 1,19 Random 

V6 44 0,52 0,42 0,8 0,52 Random 

V6 48 0,6 0,49 0,82 0,45 Random 

V6 34 0,36 0,4 0,92 0,07 Random 

V6 50 0,58 0,41 0,71 1,82 Random 

Average 44.4444 0,52444 0,4222 0,7911 1,00333 
 

V6-V8 36 0,38 0,28 0,74 2,25 Random 

V6-V8 36 0,36 0,24 0,65 2,6 Random 



 

 

V6-V8 38 0,36 0,23 0,65 3,81 Random 

Average 36,6667 0,36667 0,25 0,68 2,88667 
 

V8 42 0,46 0,34 0,73 2,13 Random 

V8 48 0,54 0,38 0,70 2,47 Random 

V8 52 0,6 0,47 0,78 2,47 Random 

V8 40 0,4 0,25 0,62 5,54 Random 

V8 44 0,52 0,42 0,80 0,52 Random 

V8 50 0,6 0,46 0,76 0,98 Random 

V8 36 0,38 0,3 0,79 2.25 Random 

V8 52 0,6 0,41 0,68 2,47 Random 

V8 38 0,38 0,24 0,63 5,54 Random 

V8 50 0,54 0,34 0,62 5,13 Random 

V8 42 0,46 0,34 0,73 2,13 Random 

Average 44,9091 0,49818 0,3591 0,7127 2,87545 
 

V10 42 0,42 0,25 0,59 7,11 Random 

V10 26 0,26 0,2 0,76 2,25 Random 

V10 22 0,22 0,2 0,89 1,54 Random 

V10 44 0,46 0,29 0,64 4,93 Random 

Average 33,5 0,34 0,235 0,72 3,9575 
 



 

 

 

The graphical representation of the above data shows the similarity in the values of the index of 

variance at each phenological stage. This means that infestations were high during the 

development of the crop and decreased as the reproductive stage approached with the release of 

the spike. This behavior is similar to that reported by other authors (Murúa et al. 2006; 

Hernández-Mendoza et al. 2008). 

 

Figure 1 shows that S2/χ2 and larvae (χ2) show very high values in terms of the number of S. 

frugiperda per sampled plant and it is coincidentally where the spatial distribution is of the 

aggregate or negative binomial type. As can be seen in this work, the determination of the 

population mean and variance are not indicative determinants of the spatial distribution (Crespo-

Herrera et al. 2012), such is the case of the larvae of S. frugiperda in  maize cultivation under the 

conditions where the work was carried out, since as can be seen in Table 1,  a sample with V4 has 

a mean of 0.36, variance of 0.52, an S2/ χ2 of 1.45 and the distribution is aggregated, while 

another sample this time with V6, has 0.36, 0.4 and 0.92, respectively and the distribution is 

random.  

 

 



 

 

Figure 1. Result of the application of different methodologies for the estimation of the spatial 

distribution of larvae of S. frugiperda in maize cultivation.  

 

The aggregate distribution has also been reported in other insects in egg stages and early 

developmental stages (Crespo-Herrera et al. 2012), as well as S. frugiperda, where females 

oviposite in aggregate masses with variable number of eggs and at birth the larvae begin dispersal 

(Hernández-Mendoza et al. 2008). 

 

The highest infestations occurred in vegetative stage V6, with Colonia Hidalgo being the site 

with the highest infestation (Table 1). By contrast, for the state of Colima, Hernández-Mendoza 

et al. (2008) reported infestations of 69% on average, of S. frugiperda in  corn plants in the 

vegetative stage of V9, almost when the plant has fully developed and is close to the emission of 

the spike.  In this case, when the infestations occur, they cause damage to the corn, generating 

great losses since these cannot be marketed fresh. 

In all cases shown in Figure 2, it is observed that infestations tend to decrease at the end of the 

vegetative development of the crop (Murúa et al., 2006; Hernández-Mendoza et al., 2008) for 

maize grown in three agroecological regions of the Mexican Pacific coast (State of Colima), 

where altitudes are below 1000 meters above sea level. This shows that in this case the behavior 

of the insect is similar at high altitudes than at near-sea level (Hernandez-Mendoza et al. 2008).  

On the other hand, infested plants suffer more damage from S. frugiperra larvae, when the pest 

occurs in the initial phenological stages, than in later vegetative stages. Similarly, Jaramillo et al. 

(1989) mentioned that adults of S. frugiperda prefer early developing maize plants for 

oviposition. Thus, infestations throughout the vegetative development of corn allow estimating 

the response or compensation to the loss of foliage caused by insect feeding (Hernández-

Mendoza 1989). This estimation can be made by sampling in any part of the crop, thanks to the 

random spatial distribution that the insect presents inside it. 

When performing an analysis  of the behavior of S. frugiperda infestations  detected in this work 

and its relationship with the phenology of the plant, it can be seen that when graphing the 



 

 

population behavior of the larvae, they have a peak of maximum infestation when the plant is in 

full vegetative development giving the form of a parabola or a normal distribution (Figure 2). 

This behavior has been reported in several eco-geographic conditions and countries where this 

pest is present (Hernández-Mendoza 1989; Jaramillo et al. 1989; Farías et al. 2001; Murúa et al. 

2006; Hernández-Mendoza et al. 2008; Murúa et al. 2009; Crespo-Herrera et al.  2012; Santos-

Ríos et al. 2014). 

The general analysis of the sites sampled in this study show that the spatial distribution of S. 

frugiperda  larvae in the area near the city of Durango is random, that is, they do not have a 

defined pattern to infest plants inside a plot. This would be important for applications of 

insecticides or biological control agents (release of parasitoids, predators or other agents). 

Otherwise, when the insect presents aggregate distribution, management measures must be 

adapted, from detection to the application of any form of control. 

 

Figure 2.  Estimation of the population behavior of S. frugiperda larvae according to the 

phenological development of corn cultivation at Durango. 

 

On the other hand, the spatial distribution of insects can change due to altitudinal variants, 

climatic variants that in turn can be changing year by year, or other external factors (Redolfi et al.  

2005; Alonso-Hernández et al.  2014; Amell-Caez et al.  2019), however, for this insect, the 



 

 

populations sampled at altitudes above 1800 meters above sea level remain random as well as 

those at altitudes below 500 meters above sea level (Hernández-Mendoza 1989; Hernández-

Mendoza et al., 2008). 

 

Conclusions 

The spatial  distribution of S. frugiperda  is estimated to be closely related to the phenology of 

the maize crop and in this study it was confirmed that in crops of vegetative development stage 

V4, that is, in small plants, the distribution is aggregated because they are newly hatched larvae, 

while in stages of development of V6 to V10,  The distribution is random so the control measures 

with parasitoids or agrochemicals will depend on the age of the plant. The results of this study 

may be taken into account in the sampling for the determination of permissible levels of 

infestation.  

 

 

References  

Afandhi, A., Fernando, I., Widjayanti, T. et al. Impact of the fall armyworm, Spodoptera 

frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), invasion on maize and the native 

Spodoptera litura (Fabricius) in East Java, Indonesia, and evaluation of the virulence of 

some indigenous entomopathogenic fungus isolates for controlling the pest. Egypt J Biol 

Pest Control 32, 48 (2022). https://doi.org/10.1186/s41938-022-00541-7  

Alonso-Hernández, N.; Sánchez-García, J. T; Figueroa De La Rosa, J.I.; López-Martínez, V.; 

Martínez-Martínez, L.; Pérez-pacheco, R.; Granados-Echegoyen, C. 2014. Spatial 

distribution of braconids (Hymenoptera) reported in the state of Oaxaca. Acta Zoológica 

Mexicana 30 (3): 564-594. 

Álvarez, J. and Martinez, O. 1990. Sequential sampling plan for larvae of fall armyworm 

(Lepidoptera: Noctuidae), in maize. Colombian Agronomy 7 (1): 32-36. 

Amell-Caez, Y. N. A.; De Castro-Arrazola, I.; García H.; Monroy-g, J. D.; Noriega, J. A. 2019. 

Spatial diversity of dung beetle assemblages (Coleoptera: Scarabaeidae: Scarabaeinae) in 

five ecoregions from Sucre, Colombian Caribbean coast. Revista Colombiana de 

Entomología 45 (2): e7963. https://doi.org/10.25100/socolen.v45i2.7963. 



 

 

Andow David A, Junliano R Farias, Renato J Horishi, Daniel Bernardi, Antonio Rb Nascimento 

y Celso Omoto. 2015. Dynamics of cannibalism in equal-aged cohorts of Spodoptera 

frugiperda. Ecological Entomology (2015), 40, 229–236. DOI: 10.1111/een.12178. 

Barfield C. S. and Ashley, T. R. 1987. Effects of Corn Phenology and Temperature on the Life 

Cycle of the Fall Armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae).  Florida 

Entomologist 70 (1): 110-116. 

Baudron, F.; Abdouzaman-allah, M.; Chaipa, I.; Newton, C.; Chinwada, P. 2019. Understanding 

the factors influencing fall armyworm (Spodoptera frugiperda JE Smith) damage in African 

smallholder maize fields and quantifying its impact yield. A case study in Eastern 

Zimbabwe. Crop Protection 120: 141-150. https://doi.org/10.1016/j.cropro.2019.01.028. 

Bezerra-Da Silva C S and Jose Roberto Postalli-Parra. 2013. New method for rearing Spodoptera 

frugiperda in laboratory shows that larval cannibalism is not obligatory.  Biological Control 

and Crop Protection.  Rev. Bras. entomol. 57 (3).  https://doi.org/10.1590/S0085-

56262013005000029. 

Bohnenblust, E. and Tooker, J. 2012. Fall armyworm as a pest of field corn. Disponible en: 

https://extension.psu.edu/fall-armyworm-as-a-pest-of-field-corn. [Fecha revisión: 23 enero 

2020]. 

Casmuz, T.; Juarez, M.L.; Socías, M.G., Murúa, M.G., Prieto, S., Medina, S., Willink, E., 

Gastaminza, G. 2010. Review of the hosts of fall armyworm, Spodoptera frugiperda 

(Lepidoptera: Noctuidae). Revista de la Sociedad Entomológica Argentina 69 (3-4): 209-

231. 

Castillo, Adan. 2015. Corn. Page 91-101. In Agricultural Technical Agenda Durango. 

SENASICA-SAGARPA-INIFAP. 176pp.  

https://issuu.com/senasica/docs/10_durango_2015_sin. 

Chao Li, Jianghua Liao, Yuke Ya, Juan Liu, Jun Li, Guangwei Yu, 2022. Analysis of potential 

distribution of Spodoptera frugiperda in western China, Journal of Asia-Pacific Entomology, 

Volume 25, Issue 4, 101985, https://doi.org/10.1016/j.aspen.2022.101985. 

Clavijo S. 1978. Spatial distribution of fall armyworm Spodoptera frugiperda (Smith) 

(Lepidoptera: Noctuidae). Journal of the Faculty of Agronomy (Luz, Venezuela) 26: 101–

106. 



 

 

Crespo-Herrera, L. A.; Vera-Graziano, J.; Bravo-Mojica, H.; López-Collado, J.; Reyna-Robles, 

R.; Peña-Lomelí, A.; Manuel-Pinto, V.; Garza-García, R. 2012. Spatial distribution of 

Bactericera cockerelli (Sulc) (Hemiptera: Triozidae) on green Tomato (Physalis ixocarpa 

(Brot). Agrociencia 46 (3): 289-298. 

Dahi HF, Salem SA, Gamil WE, Mohamed HO (2020). Heat Requirements for the fall 

armyworm Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) as a new invasive 

pest in Egypt. Egyptian Academic Journal of Biological Sciences. A, Entomology 13 (4): 73-

85. 

Farias P. R. S.; Barbosa, J. C.; Busoli, A. C. 2001. Spatial Distribution of the Cartridge 

Caterpillar, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), in the Corn 

Culture. Neotropical Entomology 30 (4): 681-689. TWO:10.1590/S1519-

566X2001000400025  

Goergen, G.; Kumar, P. L.; Sankung, S. B.; Togola, A.; Tamó, M. 2016. First Report of 

Outbreaks of the Fall Armyworm Spodoptera frugiperda (J E Smith) (Lepidoptera, 

Noctuidae), a New Alien Invasive Pest in West and Central Africa. PLoS ONE 11 (10): 

e0165632.  https://doi.org/10.1371/journal.pone.0165632. 

Giles, K. L.; Royer, T. A.; Elliott, N. C.; Kindler, S. D. 2000. Development and validation of a 

binomial sequential sampling plan for the greenbug (Homoptera: Aphididae) infesting winter 

wheat in the southern plains. Journal Economic Entomology 93 (5): 1522-1530. DOI: 

10.1603/0022-0493-93.5.1522. 

Hailu, G., Niassy, S., Bässler, T.  et al.  Could fall armyworm, Spodoptera frugiperda (J. E. 

Smith) invasion in Africa contribute to the displacement of cereal stemborers in maize and 

sorghum cropping systems.  Int J Trop Insect Sci 41, 1753–1762 (2021). 

https://doi.org/10.1007/s42690-020-00381-8. 

Hernandez-Mendoza, J. L. 1989. Ecopathology and damage of Spodoptera frugiperda (J.E. 

Smith) in corn cultivation in Mexico (State of Colima) - Possibility of Control using the 

entomopatogenic bacterium Bacillus thuringiensis. PhD Thesis. Université des Sciences et 

Techiques du Languedoc, Francia 142 pp.  

Hernandez-Mendoza, J. L.; López-Barbosa, E. C.; Garza-González, E.; Mayek-Pérez, N. 2008. 

Spatial distribution of Spodoptera frugiperda (Lepidoptera: Noctuidae) in maize landraces 



 

 

grown in Colima, Mexico.  International Journal of Tropical Insect Science 28 (3): 126-129. 

doi:10.1017/S1742758408096112. 

ICAR-NBAIR. 2018. 

http://www.nbair.res.in/recent_events/Pest%20Alert%2030th%20July%202018-new1.pdf. 

[Review date: 23 January 2020]. 

Jaramillo, T.; Jaramillo, O.; Bustillo T.; Gómez, H. 1989. Effect of fall armyworm Spodoptera 

frugiperda (J. E. Smith) on maize yield. Revista Facultad Nacional de Agronomía 42 (1): 25-

33. 

Jiang YY, Zhang YY, Zhou XY, Hong XY, Chen L. Population genetics reveal multiple 

independent invasions of Spodoptera frugiperda (Lepidoptera: Noctuidae) in China. Bull 

Entomol Res. 2022 Apr 28:1-11. doi: 10.1017/S0007485322000190. Epub ahead of print. 

PMID: 35477502. 

Kuate AF, Hanna R, Doumtsop Fotio AR, Abang AF, Nanga SN et al. 2019.  Spodoptera 

frugiperda Smith (Lepidoptera: Noctuidae) in Cameroon: Case study on its distribution, 

damage, pesticide use, genetic differentiation and host plants. PloS One 14 (4): e0215749. 

Lopez-Edwards M., Hernandez-Mendoza J. L., PescadorRubio A., Molina-Ochoa J., Lezama-

Gutierrez R., Hamm J. J. and Wiseman B. R. 1999. Biological differences between five 

populations of fall armyworm (Lepidoptera: Noctuidae) collected from corn in Mexico. The 

Florida Entomologist 82, 254 –262 

Mohammed, K.; Maniree, A.; LI, B.; Newman, J.; Liu, T.; Ren, Y. 2020. Evaluation of d-

Limonene and β-Ocimene as Attractants of Aphytis melinus (Hymenoptera: Aphelinidae), a 

Parasitoid of Aonidiella aurantii (Hemiptera: Diaspididae) on Citrus spp. Insects. 11 (1): 44.  

https://doi.org/10.3390/insects11010044. 

Mohamed HO, El-Heneidy AH, Dahi HF, Awad AA (2022). First Record of the Fall Armyworm, 

Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) on Sorghum Plants, A new 

invasive pest in Upper Egypt. Egyptian Academic Journal of Biological Sciences. A. 

Entomology 15 (1): 15-23. 

Murúa, M. G.; Molina-Ochoa, J.; Coviella, C. 2006. Population dynamics of the fall armyworm, 

Spodoptera frugiperda (Lepidoptera: Noctuidae) and its parasitoids in Northwestern 

Argentina. Florida Entomologist 89 (2): 175-182. TWO: 10.1653/0015-4040(2006)89[175: 

pdotfa] 2.0.co;2. 



 

 

Murúa, M. G.; Molina-Ochoa, J.; Patricio Fidalgo. 2009. Natural distribution of parasioids of 

larvae of the Fall Army Worm, Spodoptera frugiperda, in Argentina. Journal of insect 

Science. 9:20. http://digitalcommons.unl.edu/entomologyfacpub/384. 

Myers, J. H. 1978. Selecting a measure of dispersion. Environmental Entomology 7 (5): 619-621. 

Nadoe David A, Juoiano Farias, Renato J Horikoshi Daniel Bernardi, Antonio R B Nascimento 

and Celso O Moto. 2015. Dynamics of cannibalism in equal-aged cohorts of Spodoptera 

frugiperda. Ecological Entomology. 40, 229–236. DOI: 10.1111/een.12178. 

Pashley D. P., Johnson S. J. and Sparks A. N. 1985. Genetic population structure of migratory 

moths: the fall armyworm (Lepidoptera: Noctuidae). Annals of the Entomological Society of 

America 78, 756 – 762. 

Redolfi, I.; Ruano, F.; Tinaut, T.; Pascual, F.; Campos, M. 2005. Spatial distribution and 

temporal permanence of anthills in the olive tree agrosystem in Granada, Spain. Applied 

Ecology 4 (1, 2): 71-76. 

Ritchie, S W; J J Hanway, G O Benson and J C Herman. 1992. How A Corn Plant Develops, 

SPECIAL REPORT No 48. Iowa State University of Science and Technology Coop. Ext. 

Serv. Ames, IA, USA 

Santos Rios, É.; Fernandes Martins, I. C.; Pereira De Noronha, M.; Alexandre Da Silva, J.; 

Gomes Da Silva Filho, J.; Auguste Badji, C. 2014. Spatial distribution of Spodoptera 

frugiperda in the wasteland of southern Pernambuco state, Brazil. Ciencias Agrarias 57 (3): 

297-304. DOI: 10.4322/RCA. AO1461. 

Simmons, A. M. and Marti, O. G. 1992. Mating by the fall armyworm (Lepidoptera: Noctuidae): 

Frequency, duration, and effect of temperature.  Environmental Entomology 21 (2): 371-375.  

https://doi.org/10.1093/ee/21.2.371. 

Southwood, T. R. E. 1966. Ecological methods with particular reference to the study of insect 

populations. Methuen and Co., Ltd. London.  

Westbrook J. K. and Sparks A. N. (1987) The role of atmospheric transport in the economic fall 

armyworm (Lepidoptera: Noctuidae) infestations in the southeastern United States in 1977. 

The Florida Entomologist 69, 492 – 502 

Terry, I.; Bradley, J. R.; Van Duyn, J. W. 1989. Heliothis zea (Lepidoptera: Noctuidae) eggs in 

soybeans: Within-field distribution and precision level sequential count plans.  

Environmental Entomology 18 (6): 908-916. 



 

 

Vivas, L. E. and Notz, A. 2011. Spatial distribution in populations of Oebalus insularis Stal 

(Hemiptera: Pentatomidae) in rice cultivation in Calabozo, Guárico state, Venezuela.  

Revista Científica UDO Agrícola 11 (1): 109-125. 

Wang, R.; Chunxian, J.; Xiang, G.; Dongdong, Ch.; Chao, Y.; Yue, Z.; Mingtian, W.; Quing, Li. 

2020. Potential distribution of Spodoptera frugiperda (J.E. Smith) in China and the major 

factors influencing distribution. Global Ecology and Conservation 21: 

https://doi.org/10.1016/j.gecco.2019.e00865. 

Yanqui Diaz Franklin, Juan Alarcón Camacho, Haydee Carrasco Ustua, Sandra Creceida 

Caballero Ramírez, Benito Sauñe Carrasco, Daniel Encarnación Chávez Bocanegra, et al. 

2022. Umbral de tratamiento del gusano cogollero (Spodoptera frugiperda) en el cultivo de 

maíz amiláceo (Zea mays L. ssp amiláceo). Manglar 19(3): 291-297. DOI: 

http://doi.org/10.17268/manglar.2022.037. 

 

 

 

 


