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Abstract

The blue gum chalcid, Leptocybe invasa (Hymenoptera: Eulophidae), is one of the main invasive insect
pests on Eucalyptus nurseries and plantations worldwide. It has been responsible for great losses to
forestry companies, associated with the halting of forestry activity, replacement of genetic material, and
the discarding of highly susceptible commercial clones. Thelytokous parthenogenesis is the most
important reproductive mechanism because males are scarce and their function is unknown. L. invasa
has been present in Uruguay since 2011, but in February and March of 2019, only females were
observed. The objectives of this work are to report for the first time the presence of L. invasa males in
Uruguay and an analyze the importance of this fact for the country. During 2018 and 2019, collections of
branches with L. invasa galls were made in several departments of Uruguay. In three vials with L. invasa
samples from February and March 2019, we observed six males. The samples were from three localities
of the Tacuarembo department. The female proportion was 0.99, 0.95, and 0.94, respectively, similar to
those observed in Argentina. Future studies should be focused on the L. invasa male function in the
species' fitness to adapt to a new host. To study whether there is a seasonality in the emergence of the
blue gum chalcid wasp males and their impact on these pest management strategies.

Introduction

Eucalyptus plantations represent a relevant source of Fiber for the global pulp and paper industry (FAO
2024). Forest production is one of the main economic activities for Uruguay, where Eucalyptus species
are the most planted (85%) (DIEA-MGAP 2024). One crucial aspect of the adoption of this genus as a
main source of pulp in the beginnings of the pulp industry worldwide was the relative absence of
debilitating insect pests and diseases (Wingfield et al. 2008; Rodas & Wingfield 2021). In the last
decades, however, this situation has changed with the occurrence of several new pests (insect and
pathogens) records (Paine et al. 2011; Hurley et al. 2016). These impacts negatively affect the forest
productivity and cause economic losses (Csdka et al. 2017; Meurise et al. 2019).

The main sources of eucalypt pests are the localities where it is naturally distributed (Wingfield et al.
2008). The new records of invasive pests have been related to the increase in the planted areas, the low
genetic diversity of the stands resulting from clonal forestry, as well as the global traffic of people and
goods (Gibson et al. 1980; Paine et al. 2011; Garnas et al. 2016; Meurise et al. 2019). Notably, the last
wave of world-invasive pests in Eucalyptus has included small, cryptic insects such as gall-forming
species (Hurley et al. 2016; Roques et al. 2016; Dittritch-Schroder et al. 2018).

The blue gum chalcid Leptocybe invasa Fischer & La Salle, 2004 (Hymenoptera: Eulophidae) is the most
relevant gall-forming species within Eucalyptus (Paine et al. 2011; Mendel et al. 2017). This species is
considered the main gall-inducing insect pest in greenhouses and plantations of Eucalyptus spp.
worldwide, given the severity of the attacks and their high capacity for colonizing new environments
(Csoka et al. 2017; Otieno et al. 2019; Jorge & Molina 2020). In fact, in just a decade since it was first
recorded in Israel, L. invasa has succeeded in establishing itself in all the continents where Eucalyptus is
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planted for commercial or ornamental use (Wilcken et al., 2015a; Jorge et al. 2016; Csdka et al. 2017). In
South America, it was first reported in Brazil in 2008 (Costa et al. 2008), in Argentina in 2010 (Aquino et
al. 2011), reaching Uruguay in 2011 (Jorge et al. 2016), Paraguay in 2012 (Benitez-Diaz et al. 2014), and
Chile in 2014 (SAG 2014).

The blue gum chalcid was first described by Mendel et al. (2004) as a monotypic taxon and a
uniparental, because only females have emerged from the L. invasa galls collected in Israel, Algeria,
Kenya, Spain, and Syria. Subsequently, Doganlar (2005) reports for the first time the emerged males from
galls on E. camaldulensis from Turkey and describes them. The abundance of L. invasa males found by
this author was very low (0.75%), with a sex ratio biased to females, with a female proportion of 0.99. For
this reason, thelytokous parthenogenesis is considered the main reproductive mechanism for this pest.

Subsequently, the presence of Leptocybe invasa males has been reported in other countries from South
America, Africa, Europe, Oceania, and Asia (Chen et al. 2009; Kumari et al. 2010; Akshtar et al. 2012; de
Souza 2016; Aquino et al. 2019). Taking into account that the population is skewed towards females, the
increase in the male's presence has generated interest in understanding their function for the species'
fitness. In samples from surveys of the presence of L. invasa galls carried out in February and March
2019, males of the pest were found.

Therefore, the main objective of this work is to report for the first time the occurrence of males of the
pest in Uruguay and discuss the implications of their presence for forestation.

Material and methods

Leptocybe invasa galls has been regularly sampled in Uruguay since its first record in 2011 in the main
forestry zones of the country (Jorge et al. 2016). For this work, we studied three 20 ml vial samples from
Tacuarembo¢ in addition to the emergence of the blue-gum chalcid wasp females; the presence of some
males was recorded (Fig. 1). This is something that until now had not been observed in our country
(Table 1). The Female proportion (F%) was calculated by Xi/3 (£+0), and the sex ratios (SR) were
calculated as: SR = (. number/ ll number) such as in Zheng et al. (2017).

The exemplars examined were all from the Tacuarembé department, in Uruguay (Fig. 1). On E. grandis x
E. camaldulensis plantation near Manuel Diaz (31°35'11.64" S, 55°43'23.10" W), which recorded 3 [l/ 843
W (F% =0.99, SR =1/281) (18/ii/2019). Forest nursery in Tacuarembo city (31°44'30.85" S, 56° 1'4.95" W)
in E. tereticornis: recorded 1 i/ 20 l (F%= 0.95, SR = 1:20) (02/iii/2019). A wind shelter of red gums in
Tacuarembo city (31°44'24.87" S, 55°58'48.49" W): 2 I/ 32 [l (F%=0.94, SR =1:16) (26/ii/2019).

All wasps were observed under a stereoscopic microscope Zeiss Stemi DV4. Identification of males was
made by observing antennae and abdominal characteristics according to Doganlar (2005). Voucher
specimens were kept in the Forest Entomological Collection of the Laboratorio de Manejo integrado de
insectos forestales, Sede Tacuarembo, CENUR Noreste, Udelar, in Tacuarembd, Uruguay.
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Results

We observed six L. invasa males and 895 females; this constitutes the first record of males for our
country (Table 1). The sexual ratios were SR =1: 281, SR = 1:20, and SR = 1:16, the female proportion was
0.99, 0.95, and 0.94, respectively.

Countries where Leptocybe invasaTr?in; were reported. WD = without data
Continent Country Year of the first record Reference
Asia China 2009 Chen et al 2009; Zeng et al., 20144, 2018
India WD Ankita and Poorani (2009)
Akhtar et al. (2012).
2009 Kumari et al., 2010
Laos Thu et al., 2009;
WD Lee et al., 2018
Malaysia Lee et al., 2018
Sri Lanka Udagedara & Karunaratne, 2014
WD Lee et al, 2018
Taiwan 2010 Tung et al., 2010
Thailand WD Sangtongpraow et al., 2011
Africa Ghana Lee et al., 2018
Europe/Asia Turkey 2004 Doganlar, 2005
Europe Malta WD Lee et al., 2018
Oceania Australia WD Lee et al., 2018
South America  Argentina 2018 Aquino et al., 2019
Brazil 2015 De Souza, 2016
Paraguay 2022 Mota et al. 2025
Uruguay 2019 New record

Leptocybe invasa male diagnosis

Leptocybe invasa males' diagnosis was made based on Doganlar (2005), Zheng et al. (2014 a), Aquino et
al. (2019), and from our observations.
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Males are smaller than females, with 0.8—1.2 mm in length, and females 1.1-1.4 mm. In turn, males are
similar in body coloration to females but distinguished by dark brown with a metallic blue-green sheen
on the head and mesosoma (Fig. 2A-B). The antennae are yellow-pale in the scape and pedicel,
darkening towards the apex and dorsally, funicle and club yellow to light brown (Fig. 2C). Legs are pale
yellow except in the middle, and hind coxae and hind femur are brown with a metallic shine (Fig. 2B). The
wings are hyaline with light brown veins, and the forewings are without postmarginal veins (Fig. 2. D).
Metasoma is as long as mesosoma. A difference with the female antennae is that the funicle is longer
and presents four segments, not three. Antennae with long setae beginning at the funicle and continuing
at the club (Fig. 2. C). The abdomen is elongated with the aedeagus in the apex, with the digitus having
one claw (Fig. 2E).

Discussion

This study reports for the first time the presence of males emerging from Leptocybe invasa galls
collected in Eucalyptus plantations and wind shelters in Uruguay. Although L. invasa reproduces usually
by thelytocal parthenogenesis, which implies a female-biased sex ratio (Doganlar 2005), males of this
species have been previously reported from Australia, Turkey, two countries in South America, seven
from Asia, and one from Africa, and Europe (Table 1). Therefore, the presence of many of the species in
our country implies increased attention to the possible implications in the management of this pest
species.

Populations of L. invasa have different sex ratios (SR) around the world over their geographic distribution
(Nugnes et al. 2015). The first description of the males of this insect pest by Doganlar (2005) showed
that these are rare in Turkey (SR: 0.99). Similar results were found in India (SR: 0.99; Akhtar et al. 2012)
and Argentina (SR: = 0.96; Aquino et al. 2019). In other countries, such as China and Thailand, slightly
different results were observed. While in some regions of China (Fujian, Guangdong, Hainan, Guangxi,
Jiangxi, and Sichuan), a low proportion of males was reported (sex ratio = 0.95) (Zheng et al. 2017), in
others, a high proportion (18-48%) of them was observed (Liang et al. 2010; Nugnes et al., 2015). On the
other hand, in Thailand, a higher proportion of males was observed, with a sex proportion of females per
males of 1.97:1 (Santongprow et al. 2011). Mota et al. (2025) found 38 females per male in a study in
Paraguay. Similarly, we found a female-biased sex ratio in the three sites where we found males (SR: =
0.98).

In Uruguay, the emergence of L. invasa females has been observed throughout the year except in cold
months, with three peaks: August-September, mid-December, and March-April (Jorge 2019, Jorge et al.,
in preparation). In this study, we confirm the emergence of males at least during February and March in
samples from the year 2019. The question remains whether the emergence of males follows the same
seasonality as that of parthenogenetic females. The effect that changes in environmental variables
(temperature, humidity, and photoperiod) have on reproductive strategies and the sexual ratio of progeny
in hymenopteran species is known (Heimpel & de Boer 2005). Zeng et al. (2017) observed that although
females emerged throughout the year with peaks in the warmest months in China, no seasonality was
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observed in males. Studies carried out by Zeng et al. (2018) did not observe an effect of temperature and
photoperiod on L. invasa reproduction tactics or in their offspring sex ratio under laboratory conditions.

Parthenogenesis is common in insects (Vershinina & Kuznetsov, 2016). Thelytoky is particularly the
most extended type of parthenogenesis among the Hymenoptera (Heimpel & de Boer 2008). Usually, this
phenomenon is connected to the occurrence of endosymbionts (Stouthamer et al. 2010; Gualtieri et al.
2017). However, Nugnes et al (2015) suggest that L. invasa would reproduce by telythock
parthenogenesis due to the presence of the Rickettsia spp. endosymbiont. Until now, it is considered that
L. invasa would reproduce primarily asexually by telythock parthenogenesis and occasionally by sexually
with an increase in male emergence (Zeng et al., 2018). According to molecular analysis reported by
Nugnes et al. (2015) and Dittritch-Schroeder et al. (2018), L. invasa exhibits a low genetic diversity that
may be explained by thelythoky. Besides Zeng et al. (2014a), considered that the ability to reproduce by
thelytokous parthenogenesis and by sexual reproduction is one of the main causes of their worldwide
rapid dispersion. Sexual reproduction constitutes a source of variability (Felsenstein 1974; Misevic et al.
2006; Vershinina & Kuznetsov 2016), contributing to the occurrence of new genotypes to be tested by
natural selection.

Hence, the occurrence of males of L. invasa increases the chances of this species to adapt to the new
environment, including the exploitation of new Eucalyptus species or genotypes (Zheng et al., 20144, b).
Thus, the occurrence of males of L. invasa in Uruguay should be taken into account when assessing the
risk this pest poses to the Eucalyptus plantations in the country. Other insect pests such as the bronze
bug Thaumastocoris peregrinus (Hemiptera: Thaumastocoridae) or the lerp psyllid Glycaspis
brimblecombei (Hemiptera: Aphalaridae), both exhibiting sexual reproduction, have adapted quite fast to
developing on several eucalyptus species (Saavedra et al. 2015; Wilcken et al., 2015b). For instance, T.
peregrinus can develop on 42 Eucalyptus and Corymbia spp. and more than seven hybrid species
(Saavedra et al., 2015), whereas G. brimblecombei can exploit around 22 host species (Wilcken et al.,
2015b). Nadel and Slippers (2011) assessed susceptibility and tolerance by L. invasa on 21 species and
five hybrids. After a decade, the number of Eucalyptus species susceptible to this pest has increased to
37 species and hybrids that have been reported as potential hosts for L. invasa (Jorge, 2019).

Concluding remarks, this is the first record of males of L. invasa for Uruguay. This finding, together with
the growing records of male emergence in other parts of the world, should be considered thoroughly.
Although the function of males in this species is not fully understood yet, the presence of these could be
associated with sexual reproduction and the increase in the capacity to adapt to new genotypes.

Future studies should be focused on the L. invasa male function in the species' fitness to adapt to a new
host. To study if there is a seasonality in the emergence of the blue gum chalcid wasp males. Also,
whether the increase in the emergence of males can be associated with climate change. It also has
implications for pest management in Uruguay and in other countries where L. invasa is present.
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Figure 1

Sites where L. invasa males emerged from the collected galls during the field surveys. Black dots.
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Figure 2

A. Leptocybe invasa adults from Uruguay. A. female. B-E.male. A-B. Lateral habitus, C. Antennae, D.
Wing, E. Abdomen, and aedeagus details.
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