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Our work reports on the establishment of the neotropical parasitoid Dolichogenidea
gelechiidivoris Marsh (Hymenoptera: Braconidae) for the first time in Europe. This lar-

val parasitoid has been recorded in samples collected in commercial tomato crops in

Spain Catalonia (North-eastern Spain) from 2016 to the present. Dolichogenidea gelechiidivo-
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1 | INTRODUCTION

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) is an important
pest of tomato and other Solanaceous plants worldwide. It is native
to South America and was recorded in Spain in 2006; since then, it
has rapidly spread from the Mediterranean basin to Africa and Asia
(Desneux et al., 2010, 2011). To date, considerable efforts have been
taken targeting the sustainable management of T. absoluta (Biondi
et al., 2018; Desneux et al., 2022). In Spain, existing integrated pest
management (IPM) programmes based on predatory mirid bugs have
significantly contributed to controlling T. absoluta soon after its in-
vasion (Arné et al., 2018; Urbaneja et al., 2012). Moreover, many
naturally occurring parasitoid species within several Hymenopteran
families have been identified attacking T. absoluta across the
Mediterranean (Biondi et al., 2018). The conducted surveys mostly
recognized the key role of the ectoparasitoid Necremnus tutae Ribes

ris is considered to be a new biocontrol agent among the resident parasitoid complex
of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae).

conservation biological control, introduced natural enemies, invasive pests, parasitoids, tomato

& Bernardo (Hymenoptera: Eulophidae), first identified as Necremnus
nr. artynes, for the biocontrol of T. absoluta (Gebiola et al., 2015). To
estimate the contribution of the natural parasitism of T. absoluta by
N. tutae in commercial tomato plots, pest control advisors in Catalonia
(North-eastern Spain) conducted extensive sampling from 2017 to
2019. As aresult, we recorded, sporadically and recurrently, the pres-
ence of a non-eulophid parasitoid that emerged from the ectopara-
sitized T. absoluta larvae (with eggs, larvae or pupae of a parasitoid on
them). Therefore, in 2019 and 2020, we conducted specific sampling
to identify this parasitoid and evaluate its prevalence in the area.

2 | MATERIALS AND METHODS

In 2019 and 2020, leaflets with galleries large enough to host a sec-
ond to third larva of T. absoluta were collected by random walks in
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commercial tomato plots (including open field and protected crops).
Sampling terminated after 20 min or after collection of a maximum
of 25 leaflets, whichever was reached first; this method is useful
to minimize sampling time and costs, particularly at low infestation
levels (Naranjo, 2008). Under a stereomicroscope, T. absoluta larvae
were classified as ‘ectoparasitized’ (paralysed and with pupae, larvae
or eggs of a parasitoid on them), ‘alive’ (not ectoparasitized and still
able to crawl) or ‘dead’ (unable to crawl and symptoms of ectopara-
sitism not detected). Table 1 summarizes the number of plots, farms
and municipalities sampled each year covering an area of approxi-
mately 1,600 ha of horticultural crops.

In September 2019, all the larvae were individualized with the
leaflet in Petri dishes and stored at room temperature for up to
27 days until the emergence of either T. absoluta or adult parasitoids,
which were then stored in 70% alcohol. In 2020, samples were taken
from March to November. Each plot was sampled up to 18 times, de-
pending on the crop cycle and T. absoluta infestation levels, and only
the larvae that were alive were retained to evaluate the presence of
endoparasitoids. Additionally, from 2017 to 2019, pest advisors had
collected 23 adult parasitoids from field samples, which, even if they
came from ectoparasitized T. absoluta larvae, did not morphologi-
cally match with Eulophidae.

Adult parasitoids were identified to family and sub-family using
available keys (Grissell & Schauff, 1990; Hanson & Gauld, 2006).
All Microgastrinae (Hymenoptera: Braconidae) were first identified
to genus (Fernandez-Triana et al., 2020) and then to species using
the description found in Marsh (1975). Additional specimens (10
33 and 10 99) from a laboratory rearing were also morphologically
identified. This rearing was initiated with adults that emerged from
T. absoluta larvae collected in 2019 in El Maresme county (31TDF49
to 31TDG92, Catalonia) and kept in a climatic chamber (25°C, 70%
RH and 16:8 L:D photoperiod) on T. absoluta larvae infesting tomato
plants.

To confirm the morphological identification of the species, one
specimen from this laboratory rearing and nine specimens from
the previous field samplings were also identified by DNA barcod-
ing. Those specimens were collected in seven locations along a
transect of 100 km (from 31TDF17 to 31TDG84 and 31TEGO03),
in the municipalities of Viladecans (2018), Argentona (2018),
Mataré (2020), Santa Susanna (2017, 2019, 2020), Blanes (2017),
Fornells de la Selva (2019) and Calonge (2018). An additional spec-
imen from a previous study (Arnd et al., 2021) collected in 2016 in
Malgrat de Mar was also barcoded. For this, total genomic DNA

was extracted from each insect by using the SpeedTools Tissue

DNA Extraction Kit (Bio Tools) following the manufacturer's proto-
col and resuspended in 100 pl of elution buffer. A 658-bp region of
the CO1 gene was amplified using primers LepF1 and LepR1 (Smith
et al., 2006). The polymerase chain reaction (PCR) volumes (20 pl)
contained 2 ul of resuspended DNA, 10 ul of Master Mix (BioTools)
and 0.4 ul of each primer [10 uM]. The samples were amplified in
a 2720 thermal cycler (Applied Biosystems) using the thermocy-
cling profile described in Smith et al. (2006). The products were
visualized on 2.4% agarose gels stained with GelRed® (Biotium)
under ultraviolet light, purified with a QIAquick PCR Purification
kit (Qiagen) and bidirectionally sequenced using BIGDYE 3.1 on
an ABI 3730 DNA Analyzer (Applied Biosystems) at the Genomics
Unit of the CCiTUB (University of Barcelona). The obtained se-
quences were compared against the Barcode of Life Data (BOLD)
reference database (http://www.boldsystems.org/) to find the

matching species.

3 | RESULTS

Table 1 summarizes the number of T. absoluta larvae ectoparasitized,
dead and alive obtained in 2019 and 2020 samplings. In 2019, only
21 eulophids emerged from ectoparasitized and dead larvae, being
81% Necremnus sp., and 13 Dolichogenidea gelechiidivoris Marsh
(Hymenoptera: Braconidae) emerged from 13 larvae that were alive.
In 2020, 264 parasitoids emerged from the larvae that were alive
(from 92 samples, 20 plots and 10 farms). Of them, 262 were clas-
sified as Braconidae, of which a sample of 163 adults was morpho-
logically identified and all found to be D. gelechiidivoris. This year,
the endoparasitism levels (humber of adult parasitoids over number
of larvae collected each month) steadily increased from May (2.7%)
to October (21.8%). No endoparasitoids were recorded in March,
April and November. All the adult parasitoids (23) from the field ec-
toparasitized samples collected in 2017-2019 by farm advisors from
12 farms located in nine municipalities were also morphologically
identified as D. gelechiidivoris.

DNA barcoding confirmed the initial morphological identifica-
tion of the 11 analysed specimens as D. gelechiidivoris, regardless of
location and year. The obtained sequences were deposited in the
GenBank database (Accession codes: MZ298974-MZ298984). Their
similarity percentages ranged from 100% to 99.48% when compared
to the 13 available sequences in the GenBank database in February
2021 (Accession KX443088, HQ558975-HQ558977,
JN282071-JN282078 and JQ849955).

codes:

TABLE 1 Number of plots, farms and municipalities surveyed in 2019 and 2020 and number of ectoparasitized, dead and alive T. absoluta

larvae registered under the stereomicroscope

Number of larvae

No. of
Year No. of plots No. of farms municipalities Ectoparasitized Dead Alive
2019 9 7 4 21 114 35
2020 31 13 5 69 356 1872
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4 | DISCUSSION

Our study allowed for the detection of D. gelechiidivoris in field-
collected T. absoluta larvae samples from 2016 to 2020 in an area
spanning more than 100 km in Catalonia. This species is a parasitoid
native of South America, where it is considered to be an important
control agent of T. absoluta (Salas-Gervassio et al., 2019). It was im-
ported to Kenya from Peru in 2017 (Aigbedion-Atalor et al., 2020),
and it has been recently found in Algerian tomato crops (Krache
et al.,, 2021). Because there is no record of the intentional intro-
duction of this parasitoid into Europe, its wide establishment in the
area of our study suggests that it was probably unintentionally in-
troduced from the Neotropics some years ago as a consequence of
global trade, as has been reported for other natural enemies (Roy
etal., 2011). This was also the most likely cause of the arrival of T. ab-
soluta in Spain and its rapid spread (Desneux et al., 2010).

Under IPM programmes based on conservation and/or aug-
mentation of predators and parasitoids (Arné et al., 2018), the
outcome of the interactions between parasitoids, and parasitoids
and mirids will be decisive for successful control of T. absoluta. As
all Microgastrinae, D. gelechiidivoris is a koinobiont solitary larval
endoparasitoid (Fernandez-Triana et al., 2020) that maintains the
host alive until just before the parasitoid pupates. However, D. ge-
lechiidivoris also emerged from 11.5% of the ectoparasitized larvae
collected in 2017-2019 (authors' unpublished data), suggesting
that there is no clear detection of previous parasitism between
Necremnus sp. and D. gelechiidivoris. On the other hand, Aigbedion-
Atalor et al. (2021) reported no effect of Nesidiocoris tenuis (Reuter)
(Hemiptera: Miridae) on oviposition and progeny of D. gelechiidivo-
ris. Further studies are needed to understand the impact of con-
servation and/or augmentation of D. gelechiidivoris in tomato IPM

programmes.

ACKNOWLEDGEMENTS

This research was supported by the Spanish Ministry of Economy
and Competitiveness (AGL2016-77373-C2-1-R) and the Ministry
of Climate Action, Food and Rural Agenda of the Generalitat
de Catalunya through the programme Horta.Net. The IRTA au-
thors were supported by the CERCA Programme / Generalitat
de Catalunya. Carmen Denis was supported by a PhD grant from
BECAL-PY. We thank Dr Valmir Antonio Costa (Instituto Bioldgico of
Campinas, Brazil) and Dr José Fernandez-Triana (Canadian National
Collection of Insects, Ottawa, Canada) for their advice in the identi-

fication of parasitoids.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

JA and JR designed the study. HGV, MC, MM and DR did the sam-
pling. CD identified the parasitoids. KVA and NA confirmed Dg iden-
tity. CD wrote the manuscript with input from JA, JR, OA and NA. All
the authors approved the manuscript.

463
B Wi ey

DATA AVAILABILITY STATEMENT

Denis, C., Riudavets, J., Gonzalez-Valero, H., Cubi, M., Matas, M.,
Rodriguez, D. & Arnd, J. (2022). Resident parasitoid complex of Tuta
absoluta (Lepidopera: Gelechiidae) in North-eastern Spain. https://
doi.org/10.34810/datal30. Voucher specimens of Dolichogenidea
gelechiidivoris were deposited at the Naturalis Biodiversity Center
(Leiden, The Netherlands).

ORCID
Carmen Denis "= https://orcid.org/0000-0002-3162-580X
https://orcid.org/0000-0002-7839-0323
https://orcid.org/0000-0002-8756-871X
https://orcid.org/0000-0002-5908-4873
https://orcid.org/0000-0002-1707-9953
https://orcid.org/0000-0002-4662-9969
https://orcid.org/0000-0002-1932-6735
https://orcid.org/0000-0002-3042-4862
Kees van Achterberg " https://orcid.org/0000-0002-6495-4853
Judit Arné "= https://orcid.org/0000-0001-6318-6867

Jordi Riudavets
Oscar Alomar
Nuria Agusti
Helena Gonzalez-Valero
Martina Cubi
Montserrat Matas
David Rodriguez

REFERENCES

Aigbedion-Atalor, P. O., Hill, M. P,, Ayelo, P. M., Ndlela, S., Zalucki, M.
P., & Mohamed, S. A. (2021). Can the combined use of the mirid
predator Nesidiocoris tenuis and a Braconid larval endoparasitoid
Dolichogenidea gelechiidivoris improve the biological control of Tuta
absoluta? Insects, 12, 1004. https://doi.org/10.3390/insects121
11004

Aigbedion-Atalor, P. O., Mohamed, S. A., Hill, M. P., Zalucki, M. P., Azrag,
A. G. A, Srinivasan, R., & Ekesi, S. (2020). Host stage preference
and performance of Dolichogenidea gelechiidivoris (Hymenoptera:
Braconidae), a candidate for classical biological control of Tuta
absoluta in Africa. Biological Control, 144, e104215. https://doi.
org/10.1016/j.biocontrol.2020.104215

Arnd, J., Castaiié, C., Alomar, O., Riudavets, J., Agusti, N., Gabarra,
R., & Albajes, R. (2018). Forty years of biological control in
Mediterranean tomato greenhouses: The story of success. Israel
Journal of Entomology, 48, 209-226. https://doi.org/10.5281/
zenodo.1486574

Arnd, J., Molina, P., Aparicio, Y., Denis, C., Gabarra, R., & Riudavets, J.
(2021). Natural enemies associated with Tuta absoluta and func-
tional biodiversity in vegetable crops. BioControl, 66(5), 613-623.
https://doi.org/10.1007/s10526-021-10097-4

Biondi, A., Guedes, R. N. C., Wan, F. H., & Desneux, N. (2018). Ecology,
worldwide spread, and management of the invasive South American
tomato pinworm, Tuta absoluta: Past, present, and future. Annual
Review of Entomology, 63, 239-258. https://doi.org/10.1146/annur
ev-ento-031616-034933

Denis, C., Riudavets, J.,, Gonzalez-Valero, H., Cubi, M., Matas, M.,
Rodriguez, D., & Arnd, J. (2021). Naturalized Dolichogenidea gelechi-
idivoris (Hymenoptera: Braconidae) complement the resident parasitoid
complex of Tuta absoluta (Lepidopera: Gelechiidae) in Spain. https://
doi.org/10.34810/datal30, Repositori de Dades de Recerca, Draft
Version, UNF:6:bWksS19QomcT90SjcWsQxw== [fileUNF].

Desneux, N., Han, P., Mansour, R., Arng, J., Brévault, T., Campos, M. R,
Chailleux, A., & Biondi, A. (2022). Integrated pest management of
Tuta absoluta: Practical implementations across different world re-
gions. Journal of Pest Science, 95, 17-39. https://doi.org/10.1007/
s10340-021-01442-8

Desneux, N., Luna, M. G., Guillemaud, T., & Urbaneja, A. (2011). The in-
vasive South American tomato pinworm, Tuta absoluta, continues


https://doi.org/10.34810/data130
https://doi.org/10.34810/data130
https://orcid.org/0000-0002-3162-580X
https://orcid.org/0000-0002-3162-580X
https://orcid.org/0000-0002-7839-0323
https://orcid.org/0000-0002-7839-0323
https://orcid.org/0000-0002-8756-871X
https://orcid.org/0000-0002-8756-871X
https://orcid.org/0000-0002-5908-4873
https://orcid.org/0000-0002-5908-4873
https://orcid.org/0000-0002-1707-9953
https://orcid.org/0000-0002-1707-9953
https://orcid.org/0000-0002-4662-9969
https://orcid.org/0000-0002-4662-9969
https://orcid.org/0000-0002-1932-6735
https://orcid.org/0000-0002-1932-6735
https://orcid.org/0000-0002-3042-4862
https://orcid.org/0000-0002-3042-4862
https://orcid.org/0000-0002-6495-4853
https://orcid.org/0000-0002-6495-4853
https://orcid.org/0000-0001-6318-6867
https://orcid.org/0000-0001-6318-6867
https://doi.org/10.3390/insects12111004
https://doi.org/10.3390/insects12111004
https://doi.org/10.1016/j.biocontrol.2020.104215
https://doi.org/10.1016/j.biocontrol.2020.104215
https://doi.org/10.5281/zenodo.1486574
https://doi.org/10.5281/zenodo.1486574
https://doi.org/10.1007/s10526-021-10097-4
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.34810/data130
https://doi.org/10.34810/data130
https://doi.org/10.1007/s10340-021-01442-8
https://doi.org/10.1007/s10340-021-01442-8

DENIS ET AL.

464
“ Ll wiL ey T

to spread in Afro-Eurasia and beyond: The new threat to tomato
world production. Journal of Pest Science, 84, 403-408. https://doi.
org/10.1007/s10340-011-0398-6

Desneux, N., Wajnberg, E., Wyckhuys, K., Burgio, G., Arpaia, S., Narvaez-
Vasquez, C. A., Gonzalez-Cabrera, J., Catalan Ruescas, D., Tabone,
E., Frandon, J., Pizzol, J., Poncet, C., Cabello, T., & Urbaneja, A.
(2010). Biological invasion of European tomato crops by Tuta
absoluta: Ecology, geographic expansion and prospects for bio-
logical control. Journal of Pest Science, 83, 197-215. https://doi.
org/10.1007/s10340-010-0321-6

Fernandez-Triana, J., Shaw, M. R., Boudreault, C., Beaudin, M., &
Broad, G. R. (2020). Annotated and illustrated world checklist of
Microgastrinae parasitoid wasps (Hymenoptera, Braconidae).
ZooKeys, 920, 1-1089. https://doi.org/10.3897/zookeys.920.39128

Gebiola, M., Bernardo, U., Ribes, A., & Gibson, G. A. P. (2015). An inte-
grative study of Necremnus Thomson (Hymenoptera: Eulophidae)
associated with invasive pests in Europe and North America:
Taxonomic and ecological implications. Zoological Journal of Linnean
Society, 173, 352-423. https://doi.org/10.1111/20j.12210

Grissell, E. E., & Schauff, M. E. (1990). A handbook of the families
of Nearctic Chalcidoidea (Hymenoptera). Proceedings of the
Entomological Society of Washington, 1, 1-85.

Hanson, P.E. & Gauld, I. D. (2006). Hymenoptera de la region Neotropical.
Memoirs of the American Entomological Institute, 77, 1-994.

Krache, F., Boualem, M., Fernandez-Triana, J., Bass, A., Arné, J., &
Benourad, F. (2021). First record in Africa of the parasitoid
Dolichogenidea gelechiidivoris (Hymenoptera: Braconidae) on to-
mato leafminer Tuta absoluta (Lepidoptera: Gelechiidae) from to-
mato fields in Algeria. Journal of Hymenoptera Research, 88, 115-
131. https://doi.org/10.3897/jhr.88.75279

Marsh, P. M. (1975). A new species of Apanteles from South America
being introduced into California. The Pan-Pacific Entomologist, 51(2),
143-146.

Naranjo, S. E. (2008). Sampling arthropods. In J. L. Capinera
(Ed.), Encyclopedia of entomology. Springer. https://doi.
org/10.1007/978-1-4020-6359-6_4014

Roy, H. E., Roy, D. B., & Roques, A. (2011). Inventory of terrestrial alien ar-
thropod predators and parasites established in Europe. BioControl,
56(4), 477-504. https://doi.org/10.1007/s10526-011-9355-9

Salas Gervassio, N. G., Aquino, D., Vallina, C., Biondi, A., & Luna, M.
G. (2019). A re-examination of Tuta absoluta parasitoids in South
America for optimized biological control. Journal of Pest Science, 92,
1343-1357. https://doi.org/10.1007/s10340-018-01078-1

Smith, M. A., Woodley, N. E., Janzen, D. H., Hallwachs, W., & Hebert, P.
D. N. (2006). DNA barcodes reveal cryptic host-specificity within
the presumed polyphagous members of a genus of parasitoid
flies (Diptera: Tachinidae). Proceedings of the National Academy of
Sciences of the United States of America, 103, 3657-3662. https://
doi.org/10.1073/pnas.0511318103

Urbaneja, A., Gonzélez-Cabrera, J., Arnd, J., & Gabarra, R. (2012).
Prospects for the biological control of Tuta absoluta in tomatoes
of the Mediterranean basin. Pest Management Science, 68, 1215-
1222. https://doi.org/10.1002/ps.3344

How to cite this article: Denis, C., Riudavets, J., Alomar, O.,
Agusti, N., Gonzalez-Valero, H., Cubi, M., Matas, M., Rodriguez,
D., van Achterberg, K., & Arnd, J. (2022). Naturalized
Dolichogenidea gelechiidivoris complement the resident
parasitoid complex of Tuta absoluta in North-eastern Spain.
Journal of Applied Entomology, 146, 461-464. https://doi.
org/10.1111/jen.12994



https://doi.org/10.1007/s10340-011-0398-6
https://doi.org/10.1007/s10340-011-0398-6
https://doi.org/10.1007/s10340-010-0321-6
https://doi.org/10.1007/s10340-010-0321-6
https://doi.org/10.3897/zookeys.920.39128
https://doi.org/10.1111/zoj.12210
https://doi.org/10.3897/jhr.88.75279
https://doi.org/10.1007/978-1-4020-6359-6_4014
https://doi.org/10.1007/978-1-4020-6359-6_4014
https://doi.org/10.1007/s10526-011-9355-9
https://doi.org/10.1007/s10340-018-01078-1
https://doi.org/10.1073/pnas.0511318103
https://doi.org/10.1073/pnas.0511318103
https://doi.org/10.1002/ps.3344
https://doi.org/10.1111/jen.12994
https://doi.org/10.1111/jen.12994

