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Abstract

Spodoptera spp. (Lepidoptera: Noctuidae) are economically important insect pests of cereal and vegetable crops in
Tropical and Subtropical regions of the Americas, but little is known of their distribution and diversity in countries of
the Caribbean, in particular, Jamaica. In this study, larvae collected from hosts in the three major vegetable producing
regions of Jamaica were characterized based on morphological characters and mitochondrial cytochrome c oxidase |
(COI) sequence data. Three species were identified; S. exigua, S. latisfascia and S. frugiperda. All three species were
prevalent on bunching onions (Allium fistulosum); while bell pepper (Capsicum annum) and corn (Zea mays) were
also hosts for S. exigua and S. frugiperda, respectively. Species clades at 99% confidence were obtained in
phylogenetic analyses with Jamaican COI sequences and those from different geographical locations. Separate
clustering occurred with native S. /atisfascia and invasive S. exigua populations of the Americas. S. frugiperda corn
and rice strain groupings that were closely related to native accessions of the Americas and invasives in Africa and
Asia, including populations with recorded insecticide resistance, were distinguished. Based on this sampling, the
Jamaican populations are consistent with those previously reported in the Americas and elsewhere. Low intraspecific
genetic distances of < 0.6% were obtained with the three species and apart from two exceptions, interspecific
distances ranged from zero to 1.4%. The results provide new information about the population dynamics of
Spodoptera species affecting vegetable crops in Jamaica and establish a baseline for further studies.

Introduction

Armyworm larvae of Spodoptera (Lepidoptera: Noctuidae) are important insect pests of agricultural crops (Pogue,
2002; 2011). They feed in large numbers on the leaves, stems and reproductive tissues of a wide range of grain, row,
forage, vegetable, and ornamental crops (Kergoat et al., 2012). Armyworms are mainly a tropical group, but they are
also found in warmer subtropical and temperate climates. Spodoptera species that cause economic and food losses
in South America include S. albula, S. androgea, S. cosmiodes, S. dolichos, S. eridania, S. frugiperda, S. ochrea and S.
ornithogalli. These and two other species, S. exigua and S. /atifascia, are important in Central America, the United
States and Canada. S. /ittoralis ranges in Africa, southern Europe and the Middle East, while S. /itura is also present
throughout the Middle East and Asia and extends southward to Australia and the Pacific Ocean.

Many Spodoptera species are highly polyphagous, fecund, exhibit long range migratory behaviors and a long adult
life span of ca. 10 days. Two are well known invaders that have been detected outside of their native range. S. exigua,
the beet armyworm, is presumed to have been introduced into North America from Southeast Asia in the 1800s, and
established across the Americas and Europe by the 1900s (Capinera, 1999). The fall armyworm, S. frugiperda which
is native to the Americas and migrates from Central America up North to Canada and South to Argentina during
warm periods every year, has quickly moved through Africa, Asia and Australia (FAQ, 2022) in the last six years, most
likely via human-assisted migration. The species poses an eminent threat to the Middle East and Europe. Conversely,
S. littoralis and S. litura in Europe are regarded as invasive threats to the Americas (Ellis, 2005; Pogue, 2002).

Accumulating evidence using DNA barcodes, such as those derived from segments of the mitochondrial cytochrome
oxidase subunit | (COI), show low genetic heterogeneity within and between Spodoptera populations such as S.
exigua (Shashank et al., 2015; Wang et al., 2020)d frugiperda (Nagoshi et al., 2006). Two strains of the latter, that
exhibit different host plant preferences, are recognized across the native geographical range in the Americas
(Nagoshi et al., 2015; 2017). Little is known about the population genetics of Spodoptera spp. in the Caribbean which
has been considered as a link and possible migration pathway between the two continents of the Americas (Nagoshi
et al., 2010). Jamaica is one such territory located between the mainland territories of North and South America.
Occurrence reports based on morphological systematics document armyworms in Jamaica as far back as the 1940s
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(CABI, 2019; EPPO, 2020). One species, S. exigua, that is traditionally recognized as a sporadic pest confined to the
southwestern region of the island, attracted national attention in the early 2000s after increasingly frequent and
serious outbreaks in other major vegetable growing regions (Lopez et al., 2014). These infestations of more crops in
new regions further west threaten the livelihoods of vulnerable farmers and food security. In this study, we clarify the
status of armyworm species in major economically important vegetable producing regions of the island by
examining morphological characters along with COI gene sequence analysis, and compare their genetic diversity and
phylogenetic relationships with other populations.

Materials And Methods

Seven locations in three regions of Jamaica (St. Elizabeth, Clarendon, and St. Thomas) that are known for armyworm
outbreaks were surveyed between June and December 2015 (Fig. 1). Using indicators of fresh frass, leaf funnels or
feeding damage, specimens were collected and tentatively named to species based on descriptions by Passoa
(1991). Sample collection sites and codes are given in Fig. 1 and Table 1.

Table 1
Sample information on armyworms collected in this study.
Genus/species Armyworm sample code  Origin Host Latitude Longitude Accession
number
Spodoptera CSEO001, CSE003, Clarkmount, Bunching 17°56’ 77° 40' MT881743.1
latifascia CSE005, CSE007, St Elizabeth  onion 12.948" 19.056" -
CSEO008, CSE010 N W MT881753.1
BSEO001, BSEO10, Bull Bunching 17° 54’ 77° 46’
BSEO018, BSE021, Savanna, St  onion 0.036" 6.996" W
BSE025 Elizabeth N
Spodoptera BHB0O1, BHB0O3, Brown's Corn 18°10' 77°15' MT881754.1
frugiperda BHB007, BHBOOS, Hall, 46.02" 21.06" W -
BHBO010, BHB014, Clarendon N MT881762.1
BHB021
BSE002, BSE004 Bull Bunching 17° 54’ 77° 46’
Savanna, St  onion 0.036" 6.996" W
Elizabeth N
Spodoptera BSE008, BSE013, Bull Bunching 17° 54' 77° 46' MT881720.1
exigua BSE031, BSE034 Savanna, St onion 0.036" 6.996" W -
Elizabeth N MT881742.1
MBO001, MB002, MB0O5, Morant Bay, Bell 17° 53' 76° 25'
MBO16, MB0O17, MB021, St Thomas pepper 54.744" 31.908"
MB026, MB033, MB039, N W
MB043
SPEOO1, SPE004, Small Park, Bunching 17°59' 77° 40'
SPE009, SPE013, St Elizabeth  onion 1.644" 9.804" W
SPE018, SPE020, N
SPE024, SPE025,
SPE026

Total genomic DNA was extracted using a modified CTAB method of Kondidie (2011). Following the removal of
digestive tracts, larval tissues (100 mg ) were homogenised in 500 uL CTAB buffer (100 mM Tris-HCI pH 8.0, 1.4 M
NaCl, 0.02 M EDTA, 2% CTAB and 0.2% B-mercaptoethanol). DNA, precipitated with 500 uL isopropanol after phenol
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chloroform extraction, was washed with 70% chilled ethanol, dried and resuspended in 50 pyL TE buffer (200 mM Tris-
HCI pH 8.0, T mM EDTA). DNA was analyzed by 1% agarose gel electrophoresis.

Partial fragments of the COI gene were amplified following Vidigal et al. (2002) and Folmer et al. (1994). Reaction
volumes of 20 pL contained 0.1 uM each primer, 4 ng of DNA template, 1 unit Tag polymerase (New England
BioLabs), 2 mM MgCl,, 100 uM dNTPs and 2 pL of 10X PCR buffer. Cycling conditions consisted of an initial
denaturation of 95°C for 3 min, followed by 25 cycles of 95°C for 1 min, 50°C for 1 min, 72°C for 1.5 min, and a final
extension of 72°C for 7 min. PCR products, verified by electrophoresis on a 1% agarose gel, were purified using
QIAquick spin columns (Qiagen Inc., Valencia, CA) and bidirectional sequencing performed by the Center for
Functional Genomics (University of Albany, Rensselaer, NY).

COI sequences were edited and aligned using BioEdit and ClustalW (Hall, 1999; Thompson et al., 1997). Resulting
sequences were compared to sequences by query of the GenBank database using BLASTn. Aligned sequences and
those from 17 countries were used to generate a neighbor-joining (NJ) tree in MEGA 7.0 (Kumar et al. 2016) with the
K-2 parameter (K2P) model and 1000 bootstrap replications. The same data set was used to construct a phylogenetic
tree based on Maximum-Likelihood (ML) with 1000 bootstrap replications and the Tamura-3 parameter. Outgroup
sequences were those of Psychomorpha epimenis (Drury) (Insecta:Lepidoptera:Noctuidae) and Helicoverpa

zea (Boddie) (Insecta:Lepidoptera:Noctuidae). Pairwise genetic distances among sequences were calculated using
MEGA 7.0 (Kumar et al., 2016). Genetic diversity indices, haplotype diversity (Hd) and nucleotide diversity (1) were
calculated using DnaSP v.5 (Librado & Rozas, 2009).

Results And Discussion

A total of 186 noctuid larvae, ranging from the third to sixth instar, were collected from 70% of the survey area. Based
on features of the head capsule and body markings, larvae comprised a mixture of three Spodoptera species, S.
exigua was the most common species (49%) followed by S. /atifascia (22%) and S. frugiperda (13%).The remaining
larvae (16%) were identified as corn earworm (Helicoverpa zea).

All three Spodoptera species occurred on the farms surveyed in St. Elizabeth, whereas only S. frugiperda was
observed in Clarendon andS. exigua in St. Thomas. Larvae ofthese two species were foundoncorn (Zea

mays) andbell pepper (Capsicum annum) hosts, respectively. Leaves of pepper plants infested with S.

exigua exhibited large irregular holes. Similarly, S. frugiperda, along with H. zea, caused irregular holes on corn leaves
and whorls and all three species caused comparable damage on bunching onion (Allium fistulosum). Larvae of S.
exigua and S. frugiperda were often found within the tubular leaves of these plants, while those of S.

latifascia occurred on outer leaf surfaces. Bell pepper and corn are known hosts for S. exigua and S. frugiperda
armyworms(Greenberg et al., 2001; Montezano et al., 2018). Bunching onion was not found in host lists published
for S. latifascia (EPPO, 2015; Robinson, 2010).

Barcode sequences, consisting of the 5' end of the COI gene (681 bp), were generated with armyworms collected
from five locations. Sample localities, source information and Genbank accession numbers are given in Table

1. BLASTn analysis confirmed the molecular identities of three Spodoptera species. Based on sequence alignments,
S. exigua represented 53% of the larvae surveyed, S. /atifascia 26%, and S. frugiperda 21%.Samples

were assigned similarity scores of 99 to 100% to sequences of S. exigua from India (JQ64572), S. latifascia from
Costa Rica (GU159445) and S. frugiperda from the United States, including the US territory, Puerto Rico (U72974,
U72975, MW666000). Low and some differences in genetic diversities were observed among the sampled species. S.
latifascia exhibited a haplotype diversity (Hq) of 0.691+0.128, and nucleotide diversity (t) 0.00138+0.00037, S.
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frugiperda 0.389+0.164 and 0.00631+£0.00267 and S. exigua showed an Hy of 0.577+0.069 and
amof 0.00124+0.00031.

Neighbor joining (Fig. 2) and Maximum likelihood (data not shown) analyses gave well supported, congruent
phylogenies. Clades, consistent with the three Spodoptera species, separated into two primary branches

with S. exigua species forming one clade and S. frugiperda and S. /atifascia another, albeit separated with 99 and
97% confidence on the NJ and ML trees, respectively. Jamaican sequences in the S. /atisfascia cluster were more
closely aligned with those of indigenous populations derived from North and Central America (Table 2) than with
those from South America (Brazil). The latter separated from the Jamaican samples and samples from other
countries with K2P genetic distances > 2 (Table 2). S. /atisfascia, the lesser known of the armyworms and not as well
characterized, occurs in the Americas at low densities (EPPO, 2015). Unlike itsinvasive counterparts, there appears to
be limited movement about the region.

Shared genetic similarities between indigenous and invasive populations were observed within the S.

frugiperda cluster which resolved into two distinct groups (Fig. 2), corresponding to corn (C) and rice (R) strain
sequences. Most S. frugiperda specimens from Jamaica grouped with the C strain associated with the native range
of the United States, Puerto Rico and Mexico along with an invasive population from India. The remaining sequences
grouped with the R strain also of the United States and those from invasive populations of China, Nigeria and
Thailand. The clusters were well supported in both NJ and ML analyses at 99% confidence (Fig. 2). Sequences in
each group were identical, and sequences between groups differed by 1.42% (Table 2). To our knowledge, this is the
first report of these strains in Jamaica. Larvae from which the C strain sequences were derived, were found feeding
on corn, which is typical, and the R strain was found on bunching onion, a new recently reported host (Montezano et
al., 2018).

Table 2 Pairwise Kimura two-parameter distances of armyworm species based on COIl sequences from Jamaica and
specimens from other geographical locations
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Species Origin Mean distance
S. latisfascia ~ Within Jamaica 0-0.60

Between Jamaica & Northern Caribbean 0-0.40

Between Jamaica & Central America 0-0.40

Between Jamaica & North America 0-0.40

Between Jamaica & South America 2.50-2.90
S. frugiperda  Within Jamaica-C 0

Within Jamaica-R 0

Between Jamaica-C and Jamaica-R 1.40

Between Jamaica-C & Northern Caribbean 0
Between Jamaica-C & Central America 0
Between Jamaica-C & North America 0
Between Jamaica-C & Asia 0
Between Jamaica-R & North America 0
Between Jamaica-R & Asia 0
Between Jamaica-R & Africa 0

S. exigua Within Jamaica 0-0.40
Between Jamaica & North America 0-0.60
Between Jamaica & Europe 0-0.80
Between Jamaica & Asia 0.40-1.00
Between Jamaica & Oceania 4.50-4.80

Sequences from previous studies were obtained from the NCBI GenBank or BOLD: Northern Caribbean- Cuba
GWOST423-11, Puerto Rico MK318377.1; Central America- Costa Rica GU159445.1, JQ554807.1, JQ577384.1,
Mexico HQ961255.1, MK318311.1, Panama MT357872.1, North America- Georgia USA EU779856.1, Florida USA
HM756078.1,U72977.1,U7274.1, BBLOB1534-11; Europe- Germany GU707393.1, Spain FN908004.1, United
Kingdom FN907975.1, Asia- China MK860939.1, KM670453.1, Japan AB733675.1, India MN541574.1, JQ064572.1,
Pakistan MT449730.1, Thailand MW387604.1, South America- Brazil INCATA523-10, Oceania- Australia HQ950505.1,
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KF522650.1; Africa-Nigeria MK492940.1 C: sequences derived from S. frugiperda collected from corn plant hosts,
respectively. R: sequences derived from S. frugiperda collected from bunching onion plant hosts.

While studies on populations of the Americas and South Africa record both C and R types (CABI, 2019; Jacobs et al.,
2018; Kondide, 2011) or the prevalence of only one strain, recent studies have shown that invasive populations are
mostly hybrids (Nagoshi et al., 2019; Tay et al., 2022). Notwithstanding, the propensity to migrate combined with the
results of whole genome sequence analyses, suggest that S. frugiperda is a single breeding population across its
native geographical range, with limited regional genetic heterogeneity (Tay et al., 2022). Besides native and invasive
populations to which the Jamaican populations show genetic similarities, have acquired resistance to a number of
insecticides including Bt products (Gutiérrez-Moreno et al., 2019; Storer et al., 2010). Similar resistance has been
reported with S. exigua (Moulton et al., 2000).

Consistent with previous studies (e.g. Dumas et al., 2015), clear discriminant clusters between S. exigua of the
Americas, Asia, and Australia were observed (Fig. 2). The latter separated from Jamaican and other samples with
K2P genetic distances of 4.5 to 4.8% (Table 2). Jamaican S. exigua mostly grouped with invasive populations of
North America and Europe and not with populations of S. exigua native to Asia. Further, a separate cluster contained
one sample from Jamaica and Spain at 99% confidence, which suggests different and more than one incursion of
S. exigua into the country.

Our study represents the first attempted genetic description of three species of Spodoptera armyworms infesting
vegetable crops in Jamaica. Taken together, low within-population genetic diversity was found, and the Jamaican
COlI sequences perfectly matched or closely matched those of neighbouring as well as distant regions and in some
instances non-native populations. The findings indicate mixing among populations of various locations and that
Jamaica continues to be at risk for introductions of non-native armyworms, which could complicate mitigation
efforts. A close relationship of Jamaican populations to S. frugiperda and S. exigua populations reporting field-
evolved resistance to synthetic insecticides and Bt products was noted. Investigations into the distribution of
resistance genes relative to the genetic structure of armyworm populations and assessments of the threat that
armyworms present to other crops in the country are warranted.

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication

Not applicable

Availability of data and material

Sequence data that support the findings of this study have been deposited in GenBank. Accession codes are listed in
Table 1.

Competing interests

The authors have no relevant financial or non-financial interests to disclose.

Page 7/12



Funding
The authors did not receive support from any organization for the submitted work.
Authors' contributions

Conceptualization, Damion Neath and Dwight Robinson; methodology, Damion Neath and Paula Tennant; formal
analysis, Damion Neath and Paula Tennant; resources, Damion Neath, Dwight Robinson and Paula Tennant; writing-
original draft preparation, Damion Neath and Paula Tennant; writing- review and editing, Damion Neath, Dwight
Robinson and Paula Tennant.

Acknowledgements

Gratitude is extended to Lamar Thomas, Deiondra Robinson (Biotechnology Centre, UWI) and Dr. Tim Collins (FIU) for
technical assistance, Claudia Lewis (Life Sciences, UWI) on the graphic arrangement and Copeland Gordon for his
help in accessing the sample sites and in collecting samples.

References

1. CABI. (2019, May 24). Spodoptera frugiperda (fall armyworm) CABI invasive species compendium. Retrieved
August 22, 2022, from http://www.cabi.org/isc/datasheet/29810

2. Capinera, J.L. (1999, July). Beet Armyworm, Spodoptera exigua (Hiibner) (Insecta: Lepidoptera: Noctuidae).
Institute of Food and Agricultural Sciences. University of Florida Cooperative Extension Service, EDIS, Gainesville,
FL. Retrieved August 22, 2022, from https://edis.ifas.ufl.edu/pdf/IN/IN26200.pdf

3. Dumas, P, Barbut, J., Le Ru, B., Silvain, J-F,, Clamens, A-L., d’Alencon E, & Kergoat, G. (2015). Phylogenetic
molecular species delimitations unravel potential new species in the pest genus Spodoptera Guenée, 1852
(Lepidoptera, Noctuidae). PLoS ONE, 70, e0122407.

4. Ellis, S.E. (2005, February 25). New Pest Response Guidelines: Noctuidae: Spodoptera. Retrieved August 22, 2022
from

5. https://assets.ippc.int/static/media/uploads/resources/new_pest_response_guidelines_spodoptera.pdf

6. EPPO. (2015). Spodoptera latifascia and S. cosmioides (Lepidoptera: Noctuidae) (S. /atifascia: garden
armyworm, lateral lined armyworm). https://gd.eppo.int/download/doc/461_minids_SPODLA.pdf. Accessed on
August 22, 2022.

7. EPPO. 2020. EPPO Global Database. https://gd.eppo.int/. Accessed on August 23, 2022

8. FAO (2022, April 22) Global Action for Fall Armyworm control extended to end of 2023 with broader scope.
https://www.fao.org/newsroom/detail/fao-global-action-for-fall-armyworm-control-extended-to-end-of-2023-with-
broader-
scope/en#:~:text=FAO%20launched%20the%20Global%20Action,FAO%20activities%200n%20fall%20armyworm.
Accessed on August 22, 2022.

9. Folmer, 0., Black, M., Hoeh, W,, Lutz, R., & Vrijenhoek, R. (1994). DNA primers for amplification of mitochondrial
cytochrome c oxidase subunit | from diverse metazoan invertebrates. Molecular Marine Biology and
Biotechnology, 3,294-99.

10. Greenberg, S. M., Sappington, T. W., Legaspi, B. C., Liu, T-X., & Sétamou, M. (2002) Feeding and life history of
Spodoptera exigua (Lepidoptera: Noctuidae) on different host plants. Annals of the Entomological Society of
America, 94, 566—-575.

Page 8/12



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gutiérrez-Moreno R., Mota-Sanchez, D., Blanco, C. A., Whalon, M. E., Teran-Santofimio, H., Rodriguez-Maciel, J. C.,
DiFonzo, C. (2019). Field-evolved resistance of the fall armyworm (Lepidoptera: Noctuidae) to synthetic
insecticides in Puerto Rico and Mexico. Journal of Economic Entomology 112, 792-802.

Hall, T. A. (1999). BioEdit: A user-friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium Series 41, 95-98.

Jacobs A,, van Vuuren, A. & Rong, |. H. (2018). Characterisation of the fall armyworm (Spodoptera frugiperda J.E.
Smith) (Lepidoptera: Noctuidae) from South Africa. African Entomology 26, 45-49.

Kergoat, G. J., Prowell, D. P, Le Ru, B. P, Mitchell, A., Dumas, P, Clamens, A. L., Con-damine, F. L., & Silvain, J. F.
(2012). Disentangling dispersal, vicariance and adaptiveradiation patterns: a case study using armyworms in the
pest genus Spodoptera (Lepidoptera: Noctuidae). Molecular Phylogenetics and Evolution, 65, 85—-870.

Kondidie, D. (2011). Genetic variability and gene flow of the fall armyworm Spodoptera frugiperda (J. E. Smith) in
the Western Hemisphere and susceptibility to insecticides. PhD dissertation, University of Nebraska-Lincoln,
Nebraska.

Kumar, S., Stecher, G., & Tamura, K. (2016). MEGA7: molecular evolutionary genetics analysis Version 7.0 for
bigger datasets. Molecular Biology and Evolution, 33, 1870-1874.

Librado, P, & Rozas, J. (2009). DnaSP v5: A software for comprehensive analysis of DNA polymorphism Data.
Bioinformatics 25, 1451-1452.

Lopez, V., Hammond, W., Sherwood, M., Young, M., Dalip, K., Passard, D., Takeuchi, Y., & Thomas, J. (2014). FAQ’s
support towards the sustainable management of beet armyworm (Spodoptera exigua) in Jamaica. Proceedings
of the Caribbean Food Crops Society 50, 38—-48.

Montezano, D. G., Specht, A, Sosa-Gdmez, D. R., Roque-Specht, V. F, Sousa-Silva, J. C., Paula-Moraes, S. V.,
Peterson, J. A, & T. E. Hunt, T. E. (2018). Host Plants of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the
Americas. African Entomology, 26, 286-300.

Moulton, J., Pepper, D., & Dennehy, T. (2000). Beet armyworm (Spodoptera exigua) resistance to spinosad. Pest
Management Science, 56, 842—848.

Nagoshi, R. N., Meagher, R. L., & David A. Jenkins, D. A. (2010). Puerto Rico fall armyworm has only limited
interactions with those from Brazil or Texas but could have substantial exchanges with Florida populations.
Journal of Economic Entomology, 103, 360—-367

Nagoshi R.N., Meagher, R. L., Adamczyk, J. J., Braman, S. K,, Brandenburg, R. L., & Nuessly, G. (2006). New
restriction fragment length polymorphisms in the cytochrome oxidase | gene facilitate host strain identification
of fall armyworm (Lepidoptera: Noctuidae) populations in the southeastern United States. Journal of Economic
Entomology, 99, 671-677.

Nagoshi R.N., Rosas-Garcia, N. M., Meagher, R. |., Fleischer, S. J., Westbrook, J. K, Sappington, T. W., Hay-Roe M.,
Thomas, J, & Murua, G. M. (2015). Haplotype profile comparisons between Spodoptera frugiperda (Lepidoptera:
Noctuidae) populations from Mexico with those from Puerto Rico, South America, and the United States and
their implications to migratory behavior. Journal of Economic Entomology, 708, 135-144.

Nagoshi, R.N,, Fleischer, S., Meagher, R. L., Hay-Roe, M., Khan, A., Murua, M. G., Silvie, P, Vergara, C., & Westbrook
J. (2017). Fall armyworm migration across the Lesser Antilles and the potential for genetic exchanges between
North and South American populations. PLos ONE 12, e0171743.

Nagoshi, R.N., Goergen, Plessis, G. D., van den Berg, J. and Meagher, R. (2019). Genetic comparisons of fall
armyworm populations from 11 countries spanning sub-Saharan Africa provide insights into strain composition
and migratory behaviors. Scientific Reports, 9, 8311.

Page 9/12



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Passoa, S. (1991). Color identification of economically important Spodoptera larvae in Honduras (Lepidoptera:
Noctuidae). Insecta Mundi, 414.

Pogue, G. M. (2002). A world revision of the genus Spodoptera Guenée (Lepidoptera:Noctuidae). Memoirs of the
American Entomological Society, 43, 1-202.

Pogue, M. G. (2011). Using genitalia characters and mitochondrial COI sequences to place “Leucochlaena”
hipparis (Druce) in Spodoptera Guenée (Lepidoptera: Noctuidae). Proceedings of the Entomological Society of
Washington, 113,497-507.

Robinson, G. S., Ackery, P. R,, Kitching, I. J., Beccaloni, G. W., and Hernédndez, L. M. (2010) HOSTS- a database of
the world’s lepidopteran hostplants. https://www.nhm.ac.uk/our-science/data/hostplants/search/index.dsml.
Accessed on August 26, 2022.

Shashank PR., Thomas, A. & Ramamurthy, V. V. (2015). DNA Barcoding and phylogenetic relationships of
Spodoptera litura and S. exigua (Lepidoptera: Noctuidae). Florida Entomologist, 98, 223-228.

Storer, N. P, Barcock, J. M., Schlenz, M., Meade, T. Thompson G. D., Bing, J. W., & Huckaba, R. M. (2010).
Discovery and characterization of field resistance to Bt maize: Spodoptera frugiperda (Lepidoptera: Noctuidae) in
Puerto Rico. Journal of Economic Entomology, 703, 1031-1038.

Tay, W. T,, Rane, R. V,, Padovan, A, Walsh, T. K., Elfekih, S., Downes, S., Nam, K., D'Alencon, E., Zhang J. P, Wu, Y.
D., Negre, N., Kunz, D., Kriticos, D. J., Czepak, C., Otim, M. H., & Gordon, K. H. J. (2022). Global population genomic
signature of Spodoptera frugiperda (fall armyworm) supports complex introduction events across the Old World.
Communications Biology, 5, 297.

Thompson, J. D, Gibson, T. J., Plewniak, F.,, Jeanmougin, F,, & Higgins, D. G. (1997). The CLUSTAL_X windows
interface: flexible strategies for multiple sequence alignment aided by quality analysis tools. Nucleic Acids
Research, 25, 4876—4882.

Vidigal, T. H., Montresor, L. C., Simpson, A. J., & Carvalho, O. S. (2002). Polymerase chain reaction and restriction
fragment length polymorphism of cytocrome oxidase subunit | used for differentiation of brazilian Biomphalaria
species intermediate host of Schistosoma mansoni. Memorias do Instituto Oswaldo Cruz, 97 (suppl. 1), 47-52.

Wang, X.Y., Wang, M. M., Chen, C., & Wang, X. Q. (2020). Genetic variation and phylogeographic structure of

Spodoptera exigua in western China based on mitochondrial DNA and microsatellite markers. PLos ONE, 75,
e0233133.

Figures

Page 10/12



oD .
. C, hor
A L 7 «F
0 50 Km CARIBBEAN Ry SEA
Figure 1

Spodoptera collection sites in Jamaica. A — St. Elizabeth (Bull Savanna), B — St. Elizabeth (Clarkmount), C - St.
Elizabeth (Small Park), D — Clarendon (Brown'’s Hall), E — St. Thomas (Morant Bay). Sample codes are given in Table
1.
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Figure 2
Neighbour-joining tree based COI sequences of Spodoptera sp from Jamaica and 27 specimens from other

geographical locations. Node support was estimated from 1,000 bootstrap replications. The genetic distance is
shown in the scale below. Sample descriptions are provided in Tables 1 and 2.
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