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Lampung Province is one of the largest maize producers in Indonesia. The invasion of Spodoptera fru-
giperda into Indonesia led to damage in maize, thereby impacting production. In the invaded area, native
natural enemies also played a role in controlling the population of S. frugiperda. Therefore, the explo-
ration and identification of parasitoids associated with S. frugiperda were necessary to determine po-
tential control strategies. Four species of parasitoids were discovered emerging from S. frugiperda larvae
collected from four maize production areas in Lampung Province, Indonesia, i.e. Lampung Timur, Pesa-
waran, Pringsewu, and Lampung Selatan. The parasitation rate ranges from 3.17 to 4.81%. Morphological
observations confirmed that the parasitoids belonged to the genera Senometopia (Diptera: Tachinidae),
Eriborus (Hymenoptera: Ichneumonidae), Chelonus (Hymenoptera: Braconidae), and Drino (Palexorista)
(Diptera: Tachinidae). Additionally, Cytochrome C Oxidase Subunit I (COI) sequence analysis revealed
that the parasitoids were identified as Senometopia illota, Genus nr. Eriborus sp., Chelonus formosanus, and
Drino (Pelexorista) sp. Senometopia illota and Genus nr. Eriborus sp. are newly recorded as parasitoids of
S. frugiperda. This finding will provide valuable information concerning the global diversity and distri-
bution of parasitoids, including Indonesia, as well as a basis for determining appropriate control stra-
tegies for S. frugiperda.
� 2024 National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA), Publishing

Services by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction Island, including West Sumatra (Nonci et al. 2019; Sartiami et al.
Lampung Province is one of the largest maize producers in
Indonesia (Indonesian Central Bureau of Statistics 2023), boasting a
production rate of 60 qu/ha, which exceeded the national average
of 54.75 qu/ha in 2021 (Astuti et al. 2021). The invasion of Spo-
doptera frugiperda into Indonesia significantly harmed maize
plants, impacting overall production. S. frugiperda is native to the
tropical region of South America (Cruz et al.1999). The first invasion
of this pest was reported in Africa in 2016, specifically in Central
and Western Africa (Goergen et al. 2016).

In 2018, S. frugiperda caused damage to maize in India
(Sharanabasappa et al. 2018), Myanmar, Thailand (IPPC 2018; Ma
et al. 2019), and Yunnan Province, China (Xiao-xu et al. 2021). In
Indonesia, S. frugiperdawas discovered for the first time on Sumatra
2073
riana).
useum of Korea (NSMK) and

ience Museum of Korea (NSMK) an
creativecommons.org/licenses/by-n
2020) and Lampung (Trisyono et al. 2019; Lestari et al. 2020),
subsequently spreading throughout the country (Maharani et al.
2019; Sartiami et al. 2020). The pathway of this pest’s intercep-
tion remains unclear due to the absence of records regarding in-
ternational maize trade with Sumatra Island.

Following the invasion of S. frugiperda, various natural enemies
were also found controlling the populations in the invaded area. In
their native regions in the Americas and the Caribbean basin,
approximately 150 species were identified as natural enemies of
S. frugiperda (Molina-Ochoa et al. 2003). Currently, several larval
parasitoids of S. frugiperda have been identified in various coun-
tries. These include Campoletis chlorideae (Shylesha et al. 2018;
Sharanabasappa et al. 2019), Glyptapanteles creatonoti (Shylesha
et al. 2018), Coccygidium melleum, Eriborus sp., Exorista sorbillans,
Odontepyris sp. (Sharanabasappa et al. 2019) in India, Megaselia
scalaris in China (Tang et al. 2021) and India (Deshmukh et al. 2021),
Drino quadrizonula in Uganda (Otim et al. 2021), Mozambique
(Caniço et al. 2020), and Benin (Kenis et al. 2019).

The presence of larvae parasitoids of S. frugiperda has also been
reported in certain areas of Indonesia, such as Sumatera Barat i.e.
d Korea National Arboretum (KNA), Publishing Services by Elsevier. This is an open
c-nd/4.0/).
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Microplitis sp. and Chelonus sp. (Sari et al. 2023), Nusa Tenggara Barat
i.e.Apanteles spp.,Eriborus spp., andExorista spp. (Supeno et al., 2021),
and in Sumatera Selatan, a total of twelve species of larval parasitoid
have been identified to parasitize S. frugiperda including Chelonus
formosanus Sonan, Chelonus oculator F., Chelonus annulipes Wesm.,
Chelonus cautus Cresson, Microplitis anila Ashmead, Microplitis mar-
shallii Kokujev, Euplectrus corriemoreauae Hansson, Compsilura con-
cinnata Meigen, Sarcophaga sp., Macrocentrus sp., Exorista sp., and
Megaselia sp. (Herlinda et al. 2023). Therefore, the current in-
vestigations aim to find new S. frugiperda larval parasitoids in Lamp-
ung Province. The findings obtained in this research will provide
valuable insight into the global diversity and distribution of parasit-
oids, including in Indonesia. Furthermore, it lays the groundwork for
formulating appropriate control strategies for S. frugiperda.

Material and methods

Sampling location

Observations and sampling were carried out in several locations
as maize production areas in Lampung Province, namely Lampung
Timur (�5�3052.48800 S 105�21042.36300 E), Pesawaran (�5.227467,
105.1212734), Pringsewu (�5.257742, 105.0382401), and Lampung
Selatan (�5.38363666, 105.39858935) (Figure 1). Exploration was
conducted from March 2021 until December 2022.

The collection of S. frugiperda larvae and observation of emerging
parasitoids

The exploration of parasitoids was conducted by collecting the
larvae of S. frugiperda, which were sampled frommaize plants aged
30e45 days after planting. These collected larvae were reared and
observed in a laboratory setting to monitor the emergence of
Figure 1. Observation and sampling location. The red color ind
parasitoids. Each larvawas placed in an individual plastic jar (18 cm
in diameter and 20 cm in height) and their diet comprised young
corn leaves, which were changed daily. Daily observations were
performed to monitor the emergence of parasitoids. The emerging
parasitoids were then collected and preserved in a 70% alcohol
solution for further investigation.

Morphological identification

Morphological identification was conducted using a stereo mi-
croscope LEICA EZ4HD with 30� magnification. Identification was
carried out based on various morphological characteristics, i.e. co-
lor, front wings, the fringe of seta length, the number of trichia in
remigium, hairs of the antenna, antenna shape, and length of the
ovipositor. Identification of Braconidae parasitoids followed van-
Achterberg (1993) and Gupta et al. (2020); Ichneumonidae was
followed by Broad (2011); and Tachinidae adhered to the guidelines
outlined in Tschorsnig and Herting (1994). The identified parasit-
oids were deposited in the Plant Pest Laboratory, Faculty of Agri-
culture, University of Lampung (PPLC).

DNA extraction

DNA extraction was carried out following Lestari et al. (2020),
with slight modifications of the TNES buffer content (2.5 mL Tris
HCl 1 M; 4 mL NaCl 5 M; 2 mL EDTA 0.5 M; 40.25 mL water
distillation; and 1.25 mL SDS). The DNA was extracted from the
abdomen of the parasitoid.

DNA amplification

The Sensoquest Thermal Cycle (Sensoquest, Germany) was used
for PCR amplification. DNA amplification was carried out in a total
icates the location of the collection of S. frugiperda larvae.
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volume of 25 mL containing 12.5 mL of master mix (2� MyTaq HS
Red Mix), 1 mL of each primer, LCO 2198 and HCO 1490 (White et al.
1990), 1 mL of DNA template, and 9.5 mL of sterile distilled water. The
PCR was carried out in 1 cycle of initiation at 95 �C for 5 min, fol-
lowed by 30 cycles of denaturation at 95 �C for 1 min, primer
annealing at 48 �C for 1 min, primer extension at 72 �C for 1 min,
and 1 cycle of elongation at 72 �C for 5 min, and then ended with
one holding cycle at 4 �C for 1 min. Electrophoresis was carried out
Figure 2. Larval parasitoid of S. frugiperda; A. Parasitoid emerged from the larvae; B. Dead
numonidae (below).

Figure 3. S. illota (Diptera: Tachinidae); A. Dorsal view; B. Lateral
on a 0.5% agarose gel containing 1 mL EtBr at 55 volts for 60min. The
DigiDoc UV transilluminator (UVP, USA) was used to visualize the
results.

Sequencing and phylogenetic analysis

The PCR products were then sent to 1st Base Malaysia.
Sequencing results were analyzed using the Bio Edit program
larva of S. frugiperda after parasitoid had emerged; C. Tachinidae (above) and Inche-

view; C. Around the eyes densely of hair; D. Legs are black.
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version 7.2.6 for Windows (Hall 1999) and then submitted to the
Basic Local Alignment Search Tool (BLAST) (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) and Barcode of Life and Data System (BOLD)
(http://boldsystems.org/index.php/IDS_OpenIdEngine) to disclose
the probability of the identity of the parasitoids. The phylogenetic
tree was constructed using the Mega X program for Windows by
the Maximum Likelihood (ML) method (General Time Reversible
Model, GTR) with a 1000� bootstrap value (Nei and Kumar 2000;
Tamura et al. 2012; Kumar et al. 2018). All the references as well as
Figure 4. Drino (Pelexorista) sp. (Diptera: Tachinidae); A. Dorsal view; B. Latera

Figure 5. Dendrogram developed based on COI sequence analysis using ML method (GTR m
(S. illota; Acc. no. OR915667) and Tachinidae 2 (Drino (Palexorista) sp.; Acc. no OR915670) w
were also included. S. frugiperda (Acc. no. KF872168; BIN ID: AAA4532) was set as an outg
the outgroup were retrieved from NCBI (https://www.ncbi.nlm.nih.
gov/) and the Boldsystem Database (Boldsystem Database;
Ratnasingham and Hebert 2007, 2013).

Parasitism rate

The parasitism rate (P) was calculated by counting the number
of parasitized larvae (A) divided by the total larvae observed (B) and
multiplying by 100% (P ¼ [A/B] � 100%).
l view; legs are black; C. Lacking hair around the eyes or totally bare eyes.

odel) with 1000� bootstrap value. Red circles were samples examined; Tachinidae 1
ere obtained from Lampung Province. Some S. illota and Drino sp. from other countries
roup.

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://boldsystems.org/index.php/IDS_OpenIdEngine
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
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Result

Observation of emerging parasitoid

A total of 1377 larvae of S. frugiperda in the 3rd to 5th instar were
collected from four sampling locations. Maintenance was carried
out until the emergence of parasitoids or until the larvae had
become adults. Infected larvae with parasitoids appeared inactive,
their feeding ability decreased, and there were black spots resem-
bling scars on their bodies. The larvae would eventually die after
the emergence of the parasitoid (Figure 2). Observations revealed
the presence of three parasitoid families: Tachinidae, Ichneumo-
nidae, and Braconidae.
Figure 6. Genus nr. Eriborus sp. (Hymenoptera: Ichneumonidae); A. Dorsal view; B. Lateral vi
D. lateral part of scape with blackish stripe (1), antennae dark brown with 43 segments (2
teeth, apex of teeth dark brown (2), Both of palpus yellowish, labial palp three segments, m
basal par of coxa dark brown (2), hind coxa black, trochanter and trochantellus yellow, fem
black, its apical part brown, 2/3 of basal part of second tergite black, its apical part yellowish
present; K. Forewing; L. hindwing.
Identification of parasitoids

The results of morphological identification revealed that within
the order Diptera, family Tachinidae, there were two species iden-
tified: Senometopia sp. and Drino sp. Meanwhile, within the Hyme-
noptera family Ichneumonidae, they were identified as Eriborus sp.,
andwithin the Hymenoptera family Braconidae, theywere identified
as Cheonus sp. The phylogenetic analysis performed on the mtDNA
COI sequences found that the samples were identified as Senome-
topia illota (Diptera: Tachinidae), Drino (Palexorista) sp. (Diptera:
Tachinidae), Genus nr. Eriborus sp. (Hymenoptera: Ichneumonidae),
and Chelonus formosanus (Hymenoptera: Braconidae). An asterisk (*)
is used to indicate a new host or new distribution.
ew. C. Head is black (1), with scape and pedicel brown (2), occipital carina complete (3);
); E. Face closely roughly punctate and hairy (1), Mandible brown and stout, with two
axillary palp four segments (3); F. foreleg yellowish (1), mid-leg yellow except coxae,
urs to tarsi pale brown (3); G. Mesosoma black; H. Metasoma yellowish black, petiole
brown, third tergite with brown marking; I. Dorsal of mesosoma; J. Glymma on petiole
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Senometopia illota (Curran, 1927) (Diptera: Tachinidae)

Diagnosis. Hypo-pleural of S. illotawith setae and postscutellum
is cylinder-shaped. Intraalar-setae behind the thoracic suture is
present if only two intra-alar-setae, foremost, are reduced. The
arista lacks hair or very smooth hair; the longest hairs are as long as
the basal diameter of the arista. M-cu is not skewed; vein m is
skewed before the margin of the wing. R5 is open or closed at the
wing edge. The back side of the head has light hair; light hair below
the posterior mouth is present. Gena is without hair. The calypter
surface lacks hair, with only light hair present on the edge. Sub-
apical scutellar bristles are far behind, like the apicals. Prosternum
lacks hair. Eyes lacking hair or partially lacking hair. A few hairs
above the vibrissae. 3rd antennal segment without a tip at the distal
end. Arista’s 2nd segment is shorter. Black or dark brown legs.
Prealar hair is longer and stronger than notopleural. Prealar hair is
more robust and more extended than notopleular hair. Eyes are
densely of hair as long as 3e4� eye facets (Figure 3).

Material examined. 12 imago, Lampung Timur, Pesawaran,
Pringsewu, Lampung Selatan, 21.05.2023. (P. Lestari), specimen no.
PPLC 1023/Lestari-coll. PPLC.

Distribution. Afrotropical: Nigeria, South Africa, Tanzania. Ori-
ental: China (East), India (Central, North, West), Laos, Indonesia*.
Figure 7. ML phylogenetic tree of Tribe Limneriini (Campoplegini) based on mtCOI sequen
labeled red circle. Some genera of Tribe Limneriini were also included. S. frugiperda (Acc. n
Australasian & Oceanian: Australia (New South Wales, Northern
Territory, Queensland, South Australia, Western Australia) (O’Hara
et al. 2020)

Host. Anthela sp., Chrysodeixis argentifera, Helicoperva assulta,
Helicoverpa. Armigera, Spodoptera frugiperda*, Thysanoplusia ori-
chalcea (Cantrell 1986; Chaudri and Nikam 1999).

Remark. This parasitoid is widely recorded as a parasitoid of
Helicoverpa armigera, one of the cosmopolitan pest species, which
established also in Indonesia.

Drino (Palexorista) sp. (Diptera: Tachinidae)

Diagnosis. Same like S. illota, hypopleural in Drino (Palexorista)
sp. also has setae. The postscutellum is cylinder-shaped. Intraalar
setae are present behind the thoracic suture. If only two intra-alar
setae, foremost, are reduced. The arista has very smooth or lacking
hair; the longest hairs are as long as the basal diameter of the arista.
M-cu is not skewed; vein m is skewed before the margin of the
wing. R5 is open or closed at the wing edge. Light hair on the back
side of the head and below the posterior mouth is present. Gena is
without hair. The calypter surface is without hair, and the edge of
the calypter has light hair. Subapical scutellar bristles are far
behind, like the apical. Lacks hair on the prosternum. Eyes lacking
ce. Genus nr. Eriborus sp. (Acc. no. OR915668) obtained from Lampung Province was
o. KF872168; BIN ID: AAA4532) was set as an outgroup.
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hair or partially lacking hair. A few hairs above the vibrissae. 3rd

antennal segment without a tip at the distal end. Arista’s 2nd

segment is shorter. Legs are black or dark brown. Partially bare eyes
or totally bare; femur and tibia partially black or leg completely
black; setae only in the lower 1/6-2/5 of the facial ridges. Setae are
short and pendulous if the setae rise on facial ridges. Discal setae on
third and fourth tergite are absent. The tip palps, or scutellum, is
yellow or reddish (Figure 4).

Material examined. 3 imago, Pringsewu and Lampung Selatan,
21.05.2023. (P. Lestari), specimen no. PPLC 1123/Lestari-coll. PPLC.

Distribution. Indonesia*, Thailand, Papua Guinea (Boldsystem
Database; Ratnasingham and Hebert 2007, 2013).

Host. Spodoptera frugiperda (Caniço et al. 2020). Lepidoptera
family Noctuidae and Pyralidae.

Remark. There are at least seven species of Drino (Palexorista)
have been recorded in Indonesia such as curvipalpis (van der Wulp,
1893) (Java, Sulawesi), deducens (Walker, 1859) (Java, Sulawesi),
immersa (Walker, 1859) (Sulawesi), lucagus (Walker, 1859) (Bor-
neo), painei (Baranov, 1934) (Java), solennis (Walker 1858) (Java,
Sumatra), subanajama (Townsend, 1927) (Sumatra), and summaria
(Townsend, 1927) (Sumatra) (O’Hara et al. 2009). However, since
the limited access to those types of materials of Indonesian Tachi-
nids, further identification of the current species is required. At this
point, the current Drino (Palexorista) sp. was molecularly distinct
from Tachinids of S. frugiperda, D. (Palexorista) quadrizonula and D.
(Palexorista) zonata also some native species such as D. (Palexorista)
lucagus, and D. (Palexorista) solennis (Figure 5; labeled as Tachinidae
2). The phylogenetic analysis of COI shows that Tachinidae 1 falls
into the group of Senometopia, and Tachinidae 2 falls into the group
of Palexorista. Tachinidae 1 has a similarity to S. illota, and Tachi-
nidae 2 has a similarity to Drino sp. (Figure 5).

Genus nr. Eriborus sp. (Hymenoptera: Ichneumonidae)
Figure 8. C. formosanus (Hymenoptera: Braconidae); A. Dorsal view
Diagnosis. Identificationwas based on body and leg color, as well
as wing venation. The body color is predominantly black or
reddish-black, with the forewing having an open areolate structure
and vein 3Rs-m absent. The M section on the forewing is as long as
2Rs-m or shorter. The ovipositor does not sweep up toward the
peak. The head is black, while the antennae are dark brown and
consist of 43 segments with a yellowish scape and a black patch on
the lateral side of the scape. The face is hairy, and the mandibles are
brown with dark brown tips on the teeth. The labial palps and
maxillary palps are yellowish, with three segments on the labial
palps and four segments on the maxillary palps. The mesosoma is
black, and the metasoma is yellowish-black (Figure 6).

Material examined. 18 imago, Lampung Timur, Pesawaran,
Pringsewu, Lampung Selatan, 21.05.2023. (P. Lestari), specimen no.
PPLC 1223/Lestari-coll. PPLC.

Distribution. Indonesia (Lampung* and West Sumatra) and
Bangladesh (BoldsystemDatabase; Ratnasingham and Hebert 2007,
2013).

Host. Spodoptera frugiperda*
Remark. Morphologically, the characteristics resembling Eriborus

and having open areolet and short ovipositor, a combination charac-
ters that are rare in the genus group however genetically the current
genus was confused by at least five distinct groups of the Eriborus
genus (Figure 7). It is suggested that the Eriborus sensu lato was
consist with several distinct genera. Therefore, this study considered
the sequences group 4 as Ichneumonidae Genus nr. Eriborus sp.

Chelonus formosanus (Sonan, 1932) (Hymenoptera: Braconidae)

Diagnosis. Imago of C. formosanus, both males and females have
the same body color. Generally, the body of this parasitoid is black.
The foreleg and midleg are yellowish-orange in color, with black
coxa and trochanters. The tibia of the hind leg is yellowish-white.
; B. Lateral view; C Forewing; D. Antennae with 24 segments.
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Wings are membranous, with dark brown pterostigma and para-
stigma. Frons and Clypeus compact setose. Vertex is compact,
setose, and rough-textured. Head with setae white in color. The
segment antennae consist of 24e26 segments, with the flagellum
comprising 22e23 segments in the female. Whereas in males, the
flagellum consists of 26 segments. The basal flagellum is thickened
and stronger. The apical flagellum is clubbed. Mesosoma was
wrinkled and rough; rough areolate scutellum; Propodeum retic-
ulate with a strong lateroapical tubercle. The metasoma has a pair
of yellowish spots on the lateral side. The integument of the met-
asoma is convex (Figure 8).

Material examined. 1 imago, Lampung Timur, 21.05.2023. (P.
Lestari), specimen no. PPLC 1323/Lestari-coll. PPLC.

Distribution. Indonesia*, China, India, Bhutan, America (North
America, Texas, United States, and Travis County), and Honduras
(Liu et al. 2022; Gupta et al. 2020; Dorji et al. 2022)

Host. Lepidoptera: Cosmopterigidae, egg-larval Noctuidae
(S. frugiperda, S. exigua, S. litura, Helicoverpa armigera, andMythimna
loreyi) (Gupta et al. 2020; Liu et al. 2022; Rai 1974; Yuan et al. 2022)

Remark. The phylogenetic analysis performed on the mtDNA COI
sequences found that the samples of Braconidae 1 was identified as
C. formosanus and clustered into the same clade as C. bifoveolatus
Figure 9. Unrooted phylogenetic tree-based mtCOI analysis using Maximum Likelihood me
the sample examined, C. formosanus (Acc. no OR915669) obtained from Lampung Province
(Figure 9). There is clear evidence that the barcode sequences of
C. formosanus were identical to the C. bifoveolatus ex S. frugiperda
from (Shen et al. 2023; Agboyi et al. 2020) suggests possibility they
are conspecific. However, the C. bifoveolatus characteristics
described by Shen et al. 2023 were actually more closely related to
C. formosanus instead of the C. bifoveolatus described by Szepligeti
(1914) as has also been acknowledged in their description. Hence,
we identified the current specimen as C. formosanus instead of
C. bifoveolatus.

Parasitism rate

There was an increase in the parasitism rate of S. frugiperda in
Lampung Province from 1.2e3.14% in 2021 to 3.17e4.81% in 2022
(Figure 10). Among the regions, Lampung Selatan has the highest
parasitism rate. Notably, the attack rate that occurred in Lampung
Selatan was 26.5%, lower compared to Lampung Timur, which
reached 79.12% (Lestari et al. 2020). Across all sampling locations,
S. illota and Genus nr. Eriborus sp. were the most frequently found
parasitoids (Figure 11). Genus nr. Eriborus sp. showed a substantial
increase in parasitization, indicating its potential to suppress the
S. frugiperda population.
thod (General Time Reversible model) with 1000� bootstrap value. The red circle was
. Some Chelonus from other countries were also included.



Table 1. The same genus of parasitoids on H. armigera were parasitized S. frugiperda.

Species Order: Family Host Country References

Genus Campoletis
Campoletis chloridae Hymenoptera: Ichneumonidae H. armigera India Pawar et al. (1989)
Campoletis chloridae (Vierech) Hymenoptera: Ichneumonidae S. frugiperda Barbados Alam (1979)

Genus Bracon
Bracon hebetor Hymenoptera: Braconidae H. armigera Israel Bar et al. (1979)
Bracon sp. Hymenoptera: Braconidae S. frugiperda Ghana Koffi et al. (2020)

Genus Hyposoter
Hyposoter didymator Hymenoptera: Ichneumonidae H. armigera Spain Hatem et al. (2016)
Hyposoter sp. Hymenoptera: Ichneumonidae S. frugiperda France Dorémus et al. (2013)

Genus Archytas
Archytas marmoratus (Townsend) Diptera: Tachinidae H. armigera Brazil Guerra et al. (2014)
Archytas marmoratus (Townsend) Diptera: Tachinidae S. frugiperda Wide-spread all continent Gross and Young (1984)

Genus Eucelatoria
Eucelatoria bryani Sabrosky Diptera: Tachinidae H. armigera India Mani and Krishnamoorthy (1983)
Eucelatoria bryani Sabrosky Diptera: Tachinidae S. frugiperda Brazil Sabrosky and Curtis (1981)

Figure 10. The parasitism rate of parasitoids on S. frugiperda larvae in Lampung Province has observed an increase recently.

Figure 11. The parasitism rate of each parasitoid increased in 2022, with the Genus nr. Eriborus sp. shows the highest parasitization in all districts, followed by S. illota.
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Discussion

The outbreak of S. frugiperda in the Lampung Province has been
reported to have occurred since the pest invasion in 2019 (Trisyono
et al. 2019; Lestari et al. 2020). Such outbreaks occur when an
invasive species enters an area devoid of its natural enemies or
when the native natural enemies have not yet adapted to counter
the invasive species. Although there is no definitive evidence
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regarding the spread of S. frugiperda to Indonesia, there is a strong
suspicion that it entered the country from regions such as America,
Africa, India, Myanmar, and the Philippines before reaching the
West Sumatra region, Indonesia (Nonci et al. 2019).

In this study, four parasitoids were identified: S. Illota (Diptera:
Tachinidae), Genus nr. Eriborus sp. (Hymenoptera: Ichneumonidae),
Drino (Palexorista) sp. (Diptera: Tachinidae), and C. formosanus
(Hymenoptera: Braconidae). While S. illota and Genus nr. Eriborus
sp. are native parasitoids in Indonesia and have never been re-
ported as parasitoids of S. frugiperda, globally. Some species are
cosmopolitant species, such as S. illota (Diptera: Tachinidae) and
C. formosanus (Hymenoptera: Braconidae), while Genus nr. Eriborus
sp. (Hymenoptera: Ichneumonidae) and Drino (Palexorista) sp.
(Diptera: Tachinidae) are strongly suggested as native parasitoids in
Table 2. The same genus of parasitoid on S. litura and S. exigua were parasitized S. frugip

Species Order: Family

Genus: Cotesia syn Apanteles
Apanteles chilonis Hymenoptera: Braconidae
Apanteles marginiventris Hymenoptera: Braconidae
Cotesia (Apanteles) glomeratus (Linnaeus) Hymenoptera: Braconidae
Cotesia (Apanteles) marginiventris (Cresson) Hymenoptera: Braconidae

Genus Brachymeria
Brachymeria exccarillata Hymenoptera: Chalcididae
Brachymeria ovata (Say) Hymenoptera: Chalcididae

Genus Charops
Charops brachypetrum Hymenoptera: Ichneumonidae
Charops ater Szépligeti Hymenoptera: Ichneumonidae
Charops sp. Hymenoptera: Ichneumonidae

Genus Chelonus
Chelonus blackburni Hymenoptera: Braconidae
Chelonus formosanus (Sonan) Hymenoptera: Braconidae
Chelonus toxanus Hymenoptera: Braconidae

Genus Diadegma
Diadegma semiclausum Hymenoptera: Ichneumonidae
Diadegma sp. Hymenoptera: Ichneumonidae

Genus Eriborus
Eriborus argenteopilosus Hymenoptera: Ichneumonidae
Eriborus sp. Hymenoptera: Ichneumonidae

Genus Euplectrus
Euplectrus sp. Hymenoptera: Eulophidae
Euplectrus comstockii (Howard) Hymenoptera: Eulophidae
Euplectrus platyhypenae Hymenoptera: Eulophidae

Genus Glyptapanteles
Glyptapanteles sp. Hymenoptera: Braconidae
Glyptapanteles creatonoti (Viereck) Hymenoptera: Braconidae

Genus Metopius
Metopius rufus javanus Hymenoptera: Ichneumonidae
Metopius rufus (Ashmead) Hymenoptera: Ichneumonidae

Genus Microplitis
Microplitis similis Hymenoptera: Braconidae
Microplitis manilae Hymenoptera: Braconidae
Microplitis sp. Hymenoptera: Braconidae
Microplitis sp. Hymenoptera: Braconidae
Microplitis manilae (Ashmead) Hymenoptera: Braconidae
Microplitis palipides Hymenoptera: Braconidae

Genus Rogas
Rogas sp. Hymenoptera: Braconidae
Aleiodes sp. Syn: Rogas sp. Hymenoptera: Braconidae

Genus Temelucha
Temelucha bigurrula Hymenoptera: Ichneumonidae
Temelucha sp. Hymenoptera: Ichneumonidae

Tachinidae
Tachinidae (unidentified) Diptera: Tachinidae
Tachinidae sp. Diptera: Tachinidae
Southeast Asia since their genetic structures were distinct from the
recorded species (Boldsystem Database; Ratnasingham and Hebert
2007, 2013).

There have been reports of various parasitoids from the same
genera in S. frugiperda-affected nations. Two species of Chelonus
were reported as parasitoids of S. frugiperda in Benin and Ghana
(Agboyi et al. 2020; Tepa-Yotto et al. 2021), a finding also observed
in India (Gupta et al. 2020). In Africa, the Tachinid fly D. (Palexorista)
zonata has been reported as a larval parasitoid of S. frugiperda (Sisay
et al. 2018). Additionally, D. (Palexoista) quadrizonula Thomson
(Diptera: Tachinidae) has also been reported as a larval parasitoid of
S. frugiperda inMozambique (Caniço et al. 2020). On the other hand,
the current study also found S. illota which is known well as
parasitoidHelicoverpa armigera (Chaudri and Nikam 1999) is able to
erda.

Host Country References

S. litura Indonesia Chu (1979)
S. frugiperda America Ashley (1979)
S. frugiperda Barbados Alam (1979)
S. frugiperda Mexico Marsh 1978

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda Nepal Bhusal and Chapagain (2020)

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda Kenya, Tanzania Abang et al. (2021)
S. frugiperda Benin, Ghana,

Mozambique
Agboyi et al. (2020)

S. litura Indonesia Rao et al. (1979)
S. frugiperda Barbados, India Gupta et al. (2020)
S. frugiperda Florida Ashley (1979)

S. exigua Indonesia Shepard and Barrion (1998)
S. frugiperda Argentina Virla et al. (1999)

S. exigua Indonesia Shepard and Barrion (1998)
S. frugiperda India Sharanabasappa et al. (2019)

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda US Luginbill (1928)
S. frugiperda US Hay-Roe et al. (2013)

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda India Shylesha et al. (2018)

S. litura Indonesia Shepard and Barrion (1998)
S. frugipreda India Abang et al. (2021)

S. litura Indonesia Shepard and Barrion (1998)
S. litura Indonesia Syahidah et al. (2020)
S. exigua Indonesia Shepard and Barrion (1998)
s. frugiperda Indonesia Sari et al. (2023), Tarigan et al. (2023)
S. frugiperda India, Gupta (2013)
S. frugiperda China Ju et al. (2021)

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda Brazil Shimbori et al. (2023)

S. litura Indonesia Chu (1979)
S. frugiperda North Indian Sagar et al. (2022)

S. litura Indonesia Shepard and Barrion (1998)
S. frugiperda Georgia Riggin et al. (1993)
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parasitize S. frugiperda. It indicates that S. illota has the potential to
inhabit other Noctuidae as their host as well as recorded from other
parasitoids of H. armigera (Table 1). Various genera of Spodoptera
larvae parasitoids in Indonesia were also reported to parasitize
S. frugiperda larvae in several countries (Table 2). Therefore, the
discovery of S. illota, Genus nr. Eriborus sp., and Drino (Palexorista)
sp. parasitizing S. frugiperda can be valuable information for po-
tential biological control agents of S. frugiperdawith parasitism rate
ranges from 3.17 to 4.81% (Figures 10 and 11).

Parasitism of unidentified species of Eriborus on S. frugiperda has
been reported in Sumatra Barat (Sari et al. 2023), Nusa Tenggara
Barat (Supeno et al. 2021), and India (Sharanabasappa et al. 2019);
however, since the lack the morphological characteristics
described, it is unclear whether they are the same species with the
current specimen. Even though the current Ichneumonidae wasp
ex. S. frugiperda bears morphological similarities to Eriborus, this
genus was genetically separated from Eriborus. Therefore, further
investigation is needed to clarify the status of the current genus
Eriborus.

In Indonesia, there is no specific report of C. formosanus. How-
ever, the parasitization of Chelonus sp. in Lepidoptera larvae has
been extensively described. Chelonus is known to parasitize several
species of Spodoptera (Jones 1985). The C. formosanus found in this
study is genetically identical to the one reported in India. Chelonus
is the largest genus in the subfamily Cheloninae (Hymenoptera:
Braconidae), and its endoparasitoid lays its eggs in the larvae (Shen
et al. 2023). Chelonus is found in the Americas and Africa (Otim et al.
2021). C. insularis parasitizes S. frugiperda on West and South Af-
rican corn, reaching up to 91% parasitism (Ngangambe and
Mwatawala 2020). The results of phylogenetic analysis indicate
that the C. formosanus found in this study bears similarity to both
C. formosanus and C. bifoveolatus. However, observations of the
morphology of the female samplewere found to leanmore towards
C. formosanus, as reported (Gupta et al. 2020), with a body length
size ranging from 6.95 to 6.97 mm and 24 segments of the antenna.
Meanwhile, the female C. bifoveolatus has a smaller body size of
5.5 mm with 27 antenna segments and distinct pigmentation on
the hind foot (Szepligeti 1914).
Conclusion

Four parasitoids of S. frugiperda were found in Indonesia:
S. illota, Genus nr. Eriborus sp., C. formosanus, and Drino (Palexorista)
sp. Two species i.e. S. illota and Genus nr. Eriborus sp. are newly
recorded parasitoids of S. frugiperda worldwide. The taxonomy of
the genera Eriborus and Drino required to be revised extensively.
Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this article.
Acknowledgments

We thanks to Faculty of Agriculture University of Lampung,
Indonesia, for permitting us using research facilities during this
study.
References

Abang AF, Nanga SN, Fotso Kuate A, et al. 2021. Natural enemies of fall armyworm
Spodoptera frugiperda (Lepidoptera: Noctuidae) in different agro-ecologies. In-
sects 12:509. https://doi.org/10.3390/insects12060509.
Agboyi LK, Georgen G, Baseh P, et al. 2020. Parasitoid complex of fall armyworm
Spodoptera frugiperda, in Ghana and Benin. Insects 11:68. https://doi.org/
10.3390/insects11020068.

Alam MM. 1979. Attempts at the biological control of major insect pests of maize.
In: Barbados WI, editor. Symp. On maize and peanut. Proc. Caribbean Food Crops
Soc, vol. 15; 1979. pp. 127e135. https://doi.org/10.22004/ag.econ.263088. Par-
amaribo, Suriname, Nov. 13-18, 1978.

Ashley TR. 1979. Classification and distribution of fall armyworm parasites. The
Florida Entomologist 62:114e123. https://doi.org/10.2307/3494087.

Astuti K, Prasetyo OR, Khasanah IN. 2021. Analisis produktivitas jagung dan kedelai di
Indonesia 2020 (Hasil Survey Ubinan) [Analysis of corn and soybean productivity
in Indonesia 2020 (Survey Results)]. Jakarta: Badan Pusat Statistik (in
Indonesian).

Bar D, Gerling D, Rossler Y. 1979. Bionomics of the principal natural enemies
Attacking Heliotis armigera in cotton field in Israel. Environmental Entomology 8:
468e474. https://doi.org/10.1093/ee/8.3.468.

Baranov N. 1934. Zur kenntnis der parasitären raupenfliegen der Salomonen,
Neubritanniens, der Admiralitäts-Inseln, der Fidschi-Inseln und Neu-
kaledoniens, nebst einer bestimmungstabelle der orientalischen Sturmia-Arten.
Veterinarski Arhiv 4:472e485.

Bhusal S, Chapagain E. 2020. Threats of fall armyworm (Spodoptera frugiperda)
incidence in Nepal and it’s integrated management-a review. Journal of Agri-
culture and Natural Resources 3:345e359. https://doi.org/10.3126/janr.v3i1.
27186.

Broad G. 2011. Identification key to the subfamilies of Ichneumonidae (Hymenoptera).
Dept. of Entomology, The Natural History Museum, Cromwell Road, London
SW7 5BD, UK.

Caniço A, Mexia A, Santos L. 2020. First report of native parasitoids of fall army-
worm Spodoptera frugiperda Smith (Lepidoptera: Noctuidae) in Mozambique.
Insects 11:615. https://doi.org/10.3390/insects11090615.

Cantrell BK. 1986. An updated host catalogue for the Australian Tachinidae
(Diptera). Australian Journal of Entomology 25:255e265. https://doi.org/10.1111/
j.1440-6055.1986.tb01112.x.

Chaudri SV, Nikam PK. 1999. Host plant preference of Senometopia illota to Heli-
coverpa armigera on pigeonpea and chickpea. Journal of Biological Control 13:
15e18.

Chu YI. 1979. Insect pests of corn at Kediri, Jawa Timur, Indonesia. Plant Protection
Bulletin (Taiwan) 21:397e402.

Cruz I, Figueiredo MLC, Oliveira AC, et al. 1999. Damage of Spodoptera frugiperda
(Smith) in different maize genotypes cultivated in soil under three levels of
aluminium saturation. International Journal of Pest Management 45:293e296.
https://doi.org/10.1080/096708799227707.

Curran CH. 1927. New neotropical and oriental Diptera in the American Museum of
Natural History. American Museum Novitates 245:1e9.

Deshmukh SS, Kiran S, Naskar A, et al. 2021. First record of a parasitoid, Megaselia
(M) scalaris (Diptera: Phoridae) of fall armyworm, Spodoptera frugiperda (J. E.
Smith) (Lepidoptera: Noctuidae) from India. Egyptian Journal of Biological Pest
Control 31:1e4. https://doi.org/10.1186/s41938-021-00439-w.

Dorémus T, Jouan V, Urbach S, et al. 2013. Hyposoter didymator uses a combination
of passive and active strategies to escape from the Spodoptera frugiperda cellular
immune response. Journal of Insect Physiology 59:500e508. https://doi.org/
10.1016/j.jinsphys.2013.02.010.

Dorji U, Khando D, Kinley C, et al. 2022. Preliminary inventory of native natural
enemy species of the new pest; the Fall Armyworm, Spodoptera frugiperda (J.E.
Smith). Bhutan Journal of Natural Resources & Development 9:44e53. https://
doi.org/10.17102/cnr.2022.71.

Goergen G, Kumar PL, Sankung SB, et al. 2016. First report of outbreaks of the fall
armyworm Spodoptera frugiperda (JE Smith) (Lepidoptera, Noctuidae), a new
alien invasive pest in West and Central Africa. PLoS One 11:1e9. https://doi.org/
10.1371/journal.pone.0165632.

Gross HRJR, Young OP. 1984. Archytas marmoratus (Diptera: Tachinidae): Screened-
cage evaluations of selected densities of adults against larval populations of
Heliothis zea and Spodoptera frugiperda (Lepidoptera: Noctuidae) on whorl and
tassel stage corn. Environmental Entomology 13:157e161. https://doi.org/
10.1093/ee/13.1.157.

Guerra WD, Guerra ALLD, Ribas LN, et al. 2014. Molecular identification of a para-
sitic fly (Diptera: Tachinidae) from the introduced Helicoverpa armigera (Lepi-
doptera: Noctuidae) in Brazil. Entomology, Ornithology & Herpetology: Current
Research 3:131. https://doi.org/10.4172/2161-0983.1000131.

Gupta A. 2013. Revision of the IndianMicroplitis foerster (Hymenoptera: Braconidae:
Microgastrinae), with description of one new species. Zootaxa 3620:429e452.
https://doi.org/10.11646/zootaxa.3620.3.5.

Gupta A, Yadavalli L, Varshney R, et al. 2020. Chelonus formosanus Sonan (Hyme-
noptera: Braconidae) an egg-larval parasitoid of the invasive pest Spodoptera
frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) amenable to laboratory mass
production in India. Journal of Entomology and Zoology Studies 8:1521e1524.

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series, 41:
95e98.

Hatem AE, Shawer DM, Vargas-Osuna E. 2016. Parasitism and optimization of
Hyposoter didymator (Hymenoptera: Ichneumonidae) rearing on Spodoptera
littoralis and Helicoverpa armigera (Lepidoptera: Noctuidae). Journal of Economic
Entomology 109:1058e1063. https://doi.org/10.1093/jee/tow028.

Hay-Roe MM, Meagher RL, Nagoshi RN. 2013. Effect of fall armyworm Spodoptera
frugiperda (Lepidoptera: Noctuidae) strain and diet on oviposition and

https://doi.org/10.3390/insects12060509
https://doi.org/10.3390/insects11020068
https://doi.org/10.3390/insects11020068
https://doi.org/10.22004/ag.econ.263088
https://doi.org/10.2307/3494087
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref5
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref5
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref5
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref5
https://doi.org/10.1093/ee/8.3.468
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref7
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref7
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref7
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref7
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref7
https://doi.org/10.3126/janr.v3i1.27186
https://doi.org/10.3126/janr.v3i1.27186
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref9
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref9
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref9
https://doi.org/10.3390/insects11090615
https://doi.org/10.1111/j.1440-6055.1986.tb01112.x
https://doi.org/10.1111/j.1440-6055.1986.tb01112.x
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref12
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref12
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref12
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref12
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref13
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref13
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref13
https://doi.org/10.1080/096708799227707
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref15
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref15
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref15
https://doi.org/10.1186/s41938-021-00439-w
https://doi.org/10.1016/j.jinsphys.2013.02.010
https://doi.org/10.1016/j.jinsphys.2013.02.010
https://doi.org/10.17102/cnr.2022.71
https://doi.org/10.17102/cnr.2022.71
https://doi.org/10.1371/journal.pone.0165632
https://doi.org/10.1371/journal.pone.0165632
https://doi.org/10.1093/ee/13.1.157
https://doi.org/10.1093/ee/13.1.157
https://doi.org/10.4172/2161-0983.1000131
https://doi.org/10.11646/zootaxa.3620.3.5
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref23
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref23
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref23
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref23
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref23
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref24
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref24
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref24
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref24
https://doi.org/10.1093/jee/tow028


P Lestari et al. / Journal of Asia-Pacific Biodiversity 17 (2024) 631e643642
development of the parasitoid Euplectrus platyhypenae (Hymenoptera: Eulo-
phidae). Biological Control 66:21e26. https://doi.org/10.1016/
j.biocontrol.2013.03.003.

Herlinda S, Suwandi, Irsan C, et al. 2023. Species diversity and abundance of par-
asitoids of fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae) from
South Sumatra, Indonesia. Biodiversitas 24:6184e6190. https://doi.org/
10.13057/biodiv/d241140.

Indonesian Central Bureau of Statistics. 2023. Luas panen dan produksi jagung di
Indonesia 2023 (Angka Sementara) [Harvested area and corn production in
Indonesia 2023 (Preliminary Figures)]. Jakarta: Badan Pusat Statistik (in
Indonesian).

IPPC. 2018. First detection of fall armyworm on the border of Thailand. IPPC official pest
report, No THA-03/1. Rome, Italy: FAO. Available at: http://www/ippc.int/.
[Accessed 28 November 2021].

Jones D. 1985. Endocrine interaction between host (Lepidoptera) and parasite
(Cheloninae, Hymenoptera): is the host or the parasite in control? Annals of the
Entomological Society of America 78:141e148. https://doi.org/10.1093/aesa/
78.2.141.

Ju XY, Xue RR, Tong L, et al. 2021. Influences of larval instars and food of Spodoptera
frugiperda larvae on parasitism of Microplitis palidpes. Chinese Journal of Bio-
logical Control 6:1126e1132. https://doi.org/10.16409/j.cnki.2095-039x.2021.05.
011.

Kenis M, du Plessis H, Van den Berg J, et al. 2019. Telenomus remus, a candidate
parasitoid for the biological control of Spodoptera frugiperda in Africa, is already
present on the continent. Insects 10:92. https://doi.org/10.3390/insects10040092.

Koffi D, Kyerematen R, Eziah VY, et al. 2020. Natural enemies of the fall armyworm,
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) in Ghana. Florida
Entomologist 103:85e90. https://doi.org/10.1653/024.103.0414.

Kumar S, Stecher G, Tamura K. 2018. MEGA X: Molecular evolutionary genetics
analysis across computing platform. Molecular Biology and Evolution 35:1547e
1549. https://doi.org/10.1093/molbev/msy096.

Lestari P, Budiarti A, Fitriana Y, et al. 2020. Identification and genetic diversity of
Spodoptera frugiperda in Lampung Province, Indonesia. Biodiversitas 21:1670e
1677. https://doi.org/10.13057/biodiv/d210448.

Liu JF, Zhao HY, Song YF, et al. 2022. A chromosome-level genome assembly of the
parasitic wasp Chelonus formosanus Sonan 1932 (Hymenoptera: Braconidae).
Genome Biology and Evolution 14:evac006. https://doi.org/10.1093/gbe/evac006.

Luginbill P. 1928. The fall armywormIn US Dept Agric Tech Bull 34. p. 91.
Ma J, Wang YP, Wu MF, et al. 2019. High risk of the fall armyworm invading into

Japan and the Korean Peninsula via overseas migration. Journal of Applied
Entomology 143:911e920. https://doi.org/10.1111/jen.12679.

Maharani Y, Dewi VK, Puspasari LT, et al. 2019. Cases of fall armyworm Spodoptera
frugiperda J. E. Smith (Lepidoptera: Noctuidae) attack on maize in Bandung,
Garut and Sumedang District, West Java. Jurnal Cropsaver 2:38e46. https://
doi.org/10.24198/cropsaver.v2i1.23013.

Mani M, Krishnamoorthy A. 1983. Recovery of two exotic parasites, Trichogramma
brasiliensis [Hym.: Trichogrammatidae] and Eucelatoria bryani [Dip.: Tachini-
dae] from Heliothis armigera [Lep.: Noctuidae] in tomato fields. Entomophaga
28:401e405. https://doi.org/10.1007/BF02372194.

Marsh PM. 1978. The Braconid parasites (Hymenoptera) of Heliothis species
(Lepidoptera: Noctuidae). Proceedings of the Entomological Society of Washington
80:15e36.

Molina-Ochoa J, Carpenter JE, Heinrichs EA, et al. 2003. Parasitoids and parasites of
Spodoptera frugiperda (Lepidoptera: Noctuidae) in the Americas and Caribbean
Basin: an inventory. Florida Entomologist 86:254e289. https://doi.org/10.1653/
0015-4040(2003)086[0254:PAPOSF]2.0.CO;2.

Nei M, Kumar S. 2000. Molecular evolution and phylogenetics. New York: Oxford
University Press.

Ngangambe MH, Mwatawala MW. 2020. Effects of entomopathogenic fungi (EPFs)
and cropping systems on parasitoids of fall armyworm (Spodoptera frugiperda)
on maize in eastern central, Tanzania. Biocontrol Science and Technology 30:1e
13. http://10.1080/09583157.2020.1726878.

Nonci N, Kalqutny SH, Mirsam H, et al. 2019. Pengenalan fall armyworm (Spodoptera
frugiperda J.E.Smith) hama baru pada tanaman jagung di Indonesia [Identification
of fall armyworm (Spodoptera frugiperda J. E. Smith) as a new pest in maize in
Indonesia]. Maros: Balai Penelitian Serealia (in Indonesian).

O’Hara JE, Shima H, Zhang C. 2009. Annotated catalogue of the Tachinidae (Insecta:
Diptera) of China. Zootaxa 2190:1e236. https://doi.org/10.11646/zootaxa.2190.1.1.

O’Hara JE, Henderson SJ, Wood DM. 2020. Preliminary checklist of the Tachinidae
(Diptera) of the world. Canadian National Collection of Insects, Agriculture and
Agri-Food Canada 960 Carling Avenue, Ottawa, Ontario, Canada, K1A 0C6.

Otim MH, Adumo SA, Opio M, et al. 2021. Parasitoid distribution and parasitism of
the fall armyworm Spodoptera frugiperda (Lepidoptera: Noctuidae) in different
maize producing regions of Uganda. Insects 12:121. https://doi.org/10.3390/
insects12020121.

Pawar CS, Bhatnagar VS, Jadhav DR. 1989. Campoletis chlorideae Uchida (Hyme-
noptera: Ichneumonidae) as a parasite of Helicoverpa armigera (Hub.) (Lepi-
doptera: Noctuidae) in southwest India. Proceeding of the Indian Academy of
Sciences e Animal Sciences 98:259e265. https://doi.org/10.1007/BF03179407.

Rai PS. 1974. Record of Chelonus formosanus Sonan (Hymenoptera: Braconidae), a
parasite of Spodoptera litura (Fabricius) from Mysore State. Current Science 43.
30 ref. 2.

Rao KJ, Thontadarya TS, Rangadhamaiah K. 1979. A note on the survival and para-
sitism of the egg-larval parasite Chelonus blackburni Cameron (Hym.: Braco-
nidae) on some lepidopterous hosts. Current Research 8:48e50.
Ratnasingham S, Hebert PDN. 2007. BOLD: The barcode of life data system
(www.barcodinglife.org). Molecular Ecology Notes 7:355e364. https://doi.org/
10.1111/j.1471-8286.2006.01678.x.

Ratnasingham S, Hebert PDN. 2013. A DNA-based registry for all animal species:
The barcode index number (BIN) system. PLoS One 8:e66213. https://doi.org/
10.1371/journal.pone.0066213.

Riggin TM, Espelie KE, Wiseman BR, et al. 1993. Distribution of fall armyworm
(Lepidoptera: Noctuidae) Parasitoids on five corn genotypes in South Georgia.
Florida Entomologist 76:292. https://doi.org/10.2307/3495729.

Sabrosky, Curtis W. 1981. A partial revision of the genus Eucelatoria (Diptera, Tachi-
nidae), including important parasites of HeliothisIn US Dept Agric Tech Bull. 1635.
p. 18.

Sagar D, Suroshe SS, Keerthi MC, et al. 2022. Native parasitoid complex of the
invasive fall armyworm, Spodoptera frugiperda (J. E. Smith) from Northern India.
International Journal of Tropical Insect Science 42:2773e2778. https://doi.org/
10.1007/s42690-022-00743-4.

Sari SP, Nelly N, Hindrayani, et al. 2023. Natural enemies of Spodoptera frugiperda J.E
Smith (Lepidoptera: Noctuidae) on corn plants in West Sumatera. IOP Confer-
ence Series: Earth and Environmental Science 1160:012045. https://doi.org/
10.1088/1755-1315/1160/1/012045.

Sartiami D, Dadang, Harahap IS, et al. 2020. First record of fall armyworm (Spo-
doptera frugiperda) in Indonesia and its occurrence in three provinces. IOP
Conference Series: Earth and Environmental Science 468:012021. https://doi.org/
10.1088/1755-1315/468/1/012021.

Sharanabasappa, Kalleshwaraswamy CM, Asokan R, et al. 2018. First report of the
fall armyworm Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) an
alien invasive pest on maize in India. Pest Management in Horticultural
Ecosystem 24:23e29.

Sharanabasappa S, Kalleshwaraswamy CM, Poorani J, et al. 2019. Natural enemies of
Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), a recent invasive
pest on maize in South India. Florida Entomologist 102:619e623. https://doi.org/
10.1653/024.102.0335.

Shen Z, Zang ZY, Dai P, et al. 2023. Identification of Chelonus sp. from Zambia and Its
performance on different aged eggs of Spodoptera frugiperda. Insects 14:61.
https://doi.org/10.3390/insects14010061.

Sisay B, Simiyu J, Malusi P, et al. 2018. First report of the fall armyworm, Spodoptera
frugiperda (Lepidoptera: Noctuidae), natural enemies from Africa. Journal of
Applied Entomology 142:800e804. https://doi.org/10.1111/jen.12534.

Syahidah T, Rizali A, Prasetyo LB, et al. 2020. Landscape composition alters para-
sitoid wasps but not their host diversity in tropical agricultural landscapes.
Short Communication. Biodiversitas 21:1702e1706. https://doi.org/10.13057/
biodiv/d210452.

Shepard BM, Barrion AT. 1998. Parasitoids of insects associated with soybean and
vegetable crops in Indonesia. Journal of Agricultural Entomology 15:239e272.

Shimbori EM, Takahashi TA, Watanabe IM, et al. 2023. A new species of Aleiodes
Wesmael (Braconidae, Rogadinae) with potential for biological control of Spo-
doptera spp. (Lepidoptera, Noctuidae), and notes on the definition of the gas-
tritor, circumscriptus, and related Species-Groups. Neotropical Entomology 52:
1064e1087. https://doi.org/10.1007/s13744-023-01076-8.

Shylesha AN, Jalali SK, Gupta A, et al. 2018. Studies on new invasive pest Spodoptera
frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) and its natural enemies. Journal
of Biological Control 32:145e151. https://doi.org/10.18311/jbc/2018/21707.

Supeno B, Tarmizi, Haryanto H, et al. 2021. Parasitoid of fall armyworm larvae,
Spodoptera frugiperda (Lepidoptera: Noctuidae) on maize at Lombok Island.
Proceeding ICST Conference 2:460e466.

Szepligeti G. 1914. Afrikanische Braconiden des Konigl. Zoologischen Museums in
Berlin. Mitteilungen aus dem Zoologischen Museum in Berlin 7:153e230.

Tang Y, Li Q, Xiang L, et al. 2021. First Report on Megaselia scalaris Loew (Diptera:
Phoridae) Infestation of the Invasive Pest Spodoptera frugiperda Smith (Lepi-
doptera: Noctuidae) in China. Insects 12:65. https://doi.org/10.3390/
insects12010065.

Tamura K, Battistuzzi FU, Billing-Ross P, et al. 2012. Estimating Divergence Times in
Large Molecular Phylogenies. Proceedings of the National Academy of Sciences
109:19333e19338.

Tarigan S, Maryana N, Mubin N. 2023. Spodoptera frugiperda (JE Smith) (Lepidop-
tera: Noctuidae): Attacks and their natural enemies on corn plantations in
Munte Village, Munte Sub-district, Karo District, North Sumatera. IOP Confer-
ence Series: Earth and Environmental Sciencevol. 1133; 2023. p. 012030, https://
doi.org/10.1088/1755-1315/1133/1/012030.

Tepa-Yotto GT, Tonnang HEZ, Goergen G, et al. 2021. Global habitat suitability of
Spodoptera frugiperda (JE. Smith) (Lepidoptera, Noctuidae): Key parasitoids
considered for its biological control. Insects 12:273. https://doi.org/10.3390/
insects12040273.

Townsend CHT. 1927. Fauna sumatrensis. (Beitrag Nr. 50). Diptera Muscoidea III.
Supplementa Entomologica 16:56e76.

Trisyono YA, Suputa, Aryuwandari VEB, et al. 2019. Occurrence of heavy infestation
by the fall armyworm Spodoptera frugiperda, a new alien invasive pest, in corn
in Lampung Indonesia. Jurnal Perlindungan Tanaman Indonesia 23:156e160.
https://doi.org/10.22146/jpti.46455.

Tschorsnig HP, Herting B. 1994. The Tachinids (Diptera: Tachinidae) of Central Europe:
identification keys for the species and data on distribution and ecology. Staatliches
Museum für Naturkunde (Museum am Löwentor), Rosenstein 1, D-70191
Stuttgart.

van der Wulp FM. 1893. Eenige Javaansche Tachininen. Tijdschrift voor Entomologie
36:159e188. https://doi.org/10.15468/39omei.

https://doi.org/10.1016/j.biocontrol.2013.03.003
https://doi.org/10.1016/j.biocontrol.2013.03.003
https://doi.org/10.13057/biodiv/d241140
https://doi.org/10.13057/biodiv/d241140
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref28
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref28
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref28
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref28
http://www/ippc.int/
https://doi.org/10.1093/aesa/78.2.141
https://doi.org/10.1093/aesa/78.2.141
https://doi.org/10.16409/j.cnki.2095-039x.2021.05.011
https://doi.org/10.16409/j.cnki.2095-039x.2021.05.011
https://doi.org/10.3390/insects10040092
https://doi.org/10.1653/024.103.0414
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.13057/biodiv/d210448
https://doi.org/10.1093/gbe/evac006
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref37
https://doi.org/10.1111/jen.12679
https://doi.org/10.24198/cropsaver.v2i1.23013
https://doi.org/10.24198/cropsaver.v2i1.23013
https://doi.org/10.1007/BF02372194
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref41
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref41
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref41
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref41
https://doi.org/10.1653/0015-4040(2003)086[0254:PAPOSF]2.0.CO;2
https://doi.org/10.1653/0015-4040(2003)086[0254:PAPOSF]2.0.CO;2
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref43
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref43
http://10.1080/09583157.2020.1726878
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref45
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref45
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref45
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref45
https://doi.org/10.11646/zootaxa.2190.1.1
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref48
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref48
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref48
https://doi.org/10.3390/insects12020121
https://doi.org/10.3390/insects12020121
https://doi.org/10.1007/BF03179407
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref51
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref51
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref51
http://refhub.elsevier.com/S2287-884X(24)00071-2/optuXgBXPvqt8
http://refhub.elsevier.com/S2287-884X(24)00071-2/optuXgBXPvqt8
http://refhub.elsevier.com/S2287-884X(24)00071-2/optuXgBXPvqt8
http://refhub.elsevier.com/S2287-884X(24)00071-2/optuXgBXPvqt8
https://doi.org/10.1111/j.1471-8286.2006.01678.x
https://doi.org/10.1111/j.1471-8286.2006.01678.x
https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.2307/3495729
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref55
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref55
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref55
https://doi.org/10.1007/s42690-022-00743-4
https://doi.org/10.1007/s42690-022-00743-4
https://doi.org/10.1088/1755-1315/1160/1/012045
https://doi.org/10.1088/1755-1315/1160/1/012045
https://doi.org/10.1088/1755-1315/468/1/012021
https://doi.org/10.1088/1755-1315/468/1/012021
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref59
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref59
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref59
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref59
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref59
https://doi.org/10.1653/024.102.0335
https://doi.org/10.1653/024.102.0335
https://doi.org/10.3390/insects14010061
https://doi.org/10.1111/jen.12534
https://doi.org/10.13057/biodiv/d210452
https://doi.org/10.13057/biodiv/d210452
http://refhub.elsevier.com/S2287-884X(24)00071-2/optfLeaWpghZA
http://refhub.elsevier.com/S2287-884X(24)00071-2/optfLeaWpghZA
http://refhub.elsevier.com/S2287-884X(24)00071-2/optfLeaWpghZA
https://doi.org/10.1007/s13744-023-01076-8
https://doi.org/10.18311/jbc/2018/21707
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref65
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref65
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref65
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref65
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref66
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref66
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref66
https://doi.org/10.3390/insects12010065
https://doi.org/10.3390/insects12010065
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref68
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref68
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref68
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref68
https://doi.org/10.1088/1755-1315/1133/1/012030
https://doi.org/10.1088/1755-1315/1133/1/012030
https://doi.org/10.3390/insects12040273
https://doi.org/10.3390/insects12040273
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref70
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref70
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref70
https://doi.org/10.22146/jpti.46455
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref72
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref72
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref72
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref72
https://doi.org/10.15468/39omei


P Lestari et al. / Journal of Asia-Pacific Biodiversity 17 (2024) 631e643 643
van-Achterberg C. 1993. Illustrated key to the subfamilies of the Braconidae (Hyme-
noptera: Ichneumonoidea). National Natuurhistorisch Museum, Postbust 9517,
2300 RA Leiden, The Netherlands.

Virla EG, Colomo MV, Berta C, et al. 1999. El complejo de los parasitoides del
“gusano cogollero” del maíz, Spodoptera frugiperda, en la República Argentina
(Insecta: Lepidoptera). Neotrópica 45:3e12.

Walker F. 1858. Catalogue of the dipterous insects collected in the Aru Islands by Mr.
A. R. Wallace, with descriptions of new species. Journal of the Proceedings of the
Linnean Society of London. Zoology 3:77e110. https://doi.org/10.1111/j.1096-
3642.1858.tb02413.x.

Walker F. 1859. Catalogue of the dipterous insects collected at Makessar in Celebes,
by Mr. A.R. Wallace, with descriptions of new species [Cont.] Journal of the
Proceedings of the Linnean Society of London. Zoology 4:97e144 https://doi.org/
10.1111/j.1096-3642.1859.tb00187.x.

White TJ, Bruns T, Lee S, et al. 1990. Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. pp. 315e321.

Xiao-xu S, Chao-xing H, Hui-ru J, et al. 2021. Case study on the first immigration
of fall armyworm, Spodoptera frugiperda invading into China. Journal of Inte-
grative Agriculture 20:664e672. https://doi.org/10.1016/S2095-3119(19)
62839-X.

Yuan RZ, Zhou JJ, Shu XH, et al. 2022. The mitochondrial genome of Chelonus for-
mosanus (Hymenoptera: Braconidae) with novel gene orders and phylogenetic
implications. Archives of Insect Biochemistry and Physiology 111:e21870. https://
doi.org/10.1002/arch.21870.

http://refhub.elsevier.com/S2287-884X(24)00071-2/sref74
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref74
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref74
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref75
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref75
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref75
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref75
https://doi.org/10.1111/j.1096-3642.1858.tb02413.x
https://doi.org/10.1111/j.1096-3642.1858.tb02413.x
https://doi.org/10.1111/j.1096-3642.1859.tb00187.x
https://doi.org/10.1111/j.1096-3642.1859.tb00187.x
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref78
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref78
http://refhub.elsevier.com/S2287-884X(24)00071-2/sref78
https://doi.org/10.1016/S2095-3119(19)62839-X
https://doi.org/10.1016/S2095-3119(19)62839-X
https://doi.org/10.1002/arch.21870
https://doi.org/10.1002/arch.21870

	New parasitoids of Spodoptera frugiperda in Lampung Province, Indonesia
	Introduction
	Material and methods
	Sampling location
	The collection of S. frugiperda larvae and observation of emerging parasitoids
	Morphological identification
	DNA extraction
	DNA amplification
	Sequencing and phylogenetic analysis
	Parasitism rate

	Result
	Observation of emerging parasitoid
	Identification of parasitoids
	Parasitism rate

	Discussion
	Conclusion
	Declaration of competing interest
	Acknowledgments
	References


