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Abstract

The Chinese banyan, Ficus microcarpa is an ornamental fig tree, widely planted
throughout Southern Greece. Native to Asian — Australasian regions, it can be found
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in plazas, parks, roadsides as well as private gardens. Along with its host, various
insect species have managed to follow and establish themselves outside of their
native range. In Rhodes, the mass defoliation of an emblematic fig tree, led to the
subsequent finding of Josephiella microcarpae infestation. Repetitive samplings in
the following years confirmed the establishment of the species on the island, which
constitutes the first record of this species in Greece. Collected specimens from Rhodes

and Cyprus were sequenced for the COI DNA barcoding region. Further investigation
of fig trees throughout various locations in Southern Greece, proved fruitless. Based
on our findings, the distribution of J. microcarpae in Greece seems restricted in the
city of Rhodes.
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Introduction

Globalization and international trade have led to a continuously rising
number of translocated species across the globe (Hulme 2009), with insects
representing one of the most numerous groups of alien species in Europe
(Roques et al. 2009). Hundreds of non-native insects have been reported
from Greece over the last centuries — a total of 469 species according to the
most up-to-date estimate (Demetriou et al. 2021). Several of these have
been translocated as a result of the international movement of horticultural
plants and may have adverse impacts on both native and introduced flora,
e.g. the sisal weevil Scyphophorus acupunctatus Gyllenhal, 1838 (Kontodimas
and Kallinikou 2010), the lantana plume moth, Lantanophaga pusillidactylus
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(Walker, 1864) (Lepidoptera: Pterophoridae) (Demetriou et al. 2020), and
the box-tree moth Cydalima perspectalis (Walker, 1859) (Kazilas et al. 2021).

DNA barcoding has gradually emerged as an important tool in entomology
assisting not only the identification of species but also revealing their hosts,
trophic relationships, crypticity in species complexes or relationships
between morphologically variable individuals in cases of different castes or
sexual dimorphism (Jinbo et al. 2011; Gariepy et al. 2019; Polaszek et al.
2022). These advances have been utilized in the field of Invasion Biology
both in the identification of various developmental stages of alien insects
(Pieterse et al. 2010; Jinbo et al. 2011), as well as in quarantine inspections
(Kang et al. 2019; Madden et al. 2019).

Known by many names, the Chinese or Malayan banyan, Ficus
microcarpa L. is a well-known ornamental tree originating from Southeast
Asia (Berg et al. 2005; van Noort et al. 2013). Like many other representatives
of the genus Ficus L., it has been introduced outside its native range and
planted in urban and semi-urban areas (house gardens, squares, parks etc.)
(Compton et al. 2020). Ficus microcarpa has been extensively planted
throughout many Mediterranean coastal areas, including islands such as
Cyprus, Rhodes, and Symi (Wang 2014; Compton et al. 2020).

Following the extended translocation of F. microcarpa throughout the
world, a series of fig wasps belonging to the Chalcidoidea (Insecta:
Hymenoptera), have been accidentally introduced along with their host
plant to Greece (Compton 1989; Wang 2014; Wang et al. 2015a). These fig
wasps are associated with figs either being putative phytophages [i.e.
Eupristina verticillata Waterston, 1921 (Chalcidoidea: Agaonidae); Meselatus
bicolor Chen, 1999; Odontofroggatia gallili Wiebes, 1980; O. ishii Wiebes,
1980; and Walkerella microcarpae Boucek, 1993 (Chalcidoidea: Pteromalidae)],
or parasitoids [i.e. Sycophila maculafacies Chen, 1999 (Chalcidoidea:
Eurytomidae) and Philotrypesis emeryi Grandi, 1926 (Chalcidoidea:
Pteromalidae)] (Compton 1989; Wang 2014; Wang et al. 2015b).

Native to Southeast Asia, Josephiella microcarpae Beardsley and Rasplus
2001 has managed to reach Hawaii, where it was originally described,
presumably through the transportation of infested host-plant material
(Beardsley and Rasplus 2001). While J. microcarpae has not been found
within its potential range of origin yet, it is believed to be already
widespread in the Mediterranean basin (Compton et al. 2020), where it has
already been recorded from Spain (including the Canary Islands; Beardsley
and Rasplus 2001; Rodrigo Santamalia et al. 2017), Italy (Lo Verde 2002),
Malta (Mifsud et al. 2012), Cyprus (Compton et al. 2020) and Portugal
(Madeira; Bella and Aguiar 2020).

Unlike other fig wasps associated with F. microcarpa, whose biological
cycle is related to figs, J. microcarpae is known to be a leaf galler and probably
reproducing parthenogenetically (Beardsley and Rasplus 2001; Compton et al.
2020). Apart from J. microcarpae, only Josephiella malabarensis Narendran,

Kalaentzis et al. (2023), Biolnvasions Records 12(2): 563—571, https://doi.org/10.3391/bir.2023.12.2.19 564


https://doi.org/10.3391/bir.2023.12.2.19
https://www.invasivesnet.org

)

&

INVASIVESHET

First record of Josephiella microcarpae in Greece

1993 has been described as a fig leaf-galler, but on F. benghalensis
(Narendran and Sheela 1993; Beardsley and Rasplus 2001). Except from fig
leaf-gallers, Leeuweniella ficophila Ferriere, 1929 is known to induce galls
on twigs of F. recurva Blanco (Ferriere 1929; Beardsley and Rasplus 2001).
Recently, investigations on fig trees in Honolulu led to the discovery of an
undescribed Josephiella species, developing galls on young stems (HDOA
2012; Bhandari and Cheng 2016). A similar shoot-and-branch-infecting
Josephiella species was reported from Italy (NPPO of Italy 2015). While
both specimens were labeled as a different species from J. microcarpae,
whether they belong to one or more species has not been determined yet
(NPPO of Italy 2015).

So far, there has been no published record of J. microcarpae in Greece,
whilst indications of its presence in Rhodes can be traced back to 2019,
when the extended foliage loss of an emblematic fig tree at the Rhodes
town center led to an examination of the infestation by the Benaki
Phytopathological Institute (Athens, Greece). While a phytotoxin was
deemed the source of the foliage loss, galls were observed on the collected
leaf material, presumably induced by J. microcarpae. Despite the extended
media coverage (Rodiaki 2022), as well as public awareness raised from this
incident, these findings were not published in a scientific journal.

In this publication, material sampling confirms the presence of an
established population of J. microcarpae in Rhodes using morphological
criteria, while DNA barcoding of samples from Rhodes and Cyprus is
conducted to aid future endeavors in resolving the interspecific relationships
of Josephiella species.

Materials and methods

Study area, sampling and identification

Chinese-banyan leaves were examined for galls indicating the presence of
J. microcarpae in various locations in southern Greece throughout 2021
(Figure 1, Supplementary material Table S1). Infested leaves (Figure 2)
from Rhodes and Paphos (Cyprus) were identified following the methodology
of Beardsley and Rasplus (2001), collected and stored dry in sealed
polyethylene bags. Reared individuals of J. microcarpae were subsequently
stored in 70% and 90% ethanol for further examination under a
stereomicroscope. Identification was confirmed based on the following
diagnostic characters: body dark brown, head subglobose, bilobed clypeus,
antennae inserted above ocular line, tarsi four-segmented, and marginal
vein of forewing at an angle of 90° (Beardsley and Rasplus 2001, van Noort
and Rasplus 2021). From the material collected, one specimen from each
location was used for DNA extraction, while several specimens were
deposited at the Museum of Zoology of the National and Kapodistrian
University of Athens (ZMUA). Hence our vouchers are secondary
vouchers (specimens from the same population that were not extracted).
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Legend
@ Present
@ Absent

Figure 1. Sampling localities of Ficus microcarpa L. in Greece. Localities where Josephiella
microcarpae Beardsley and Rasplus 2001 was observed are indicated with green, while its absence
is shown in red.

Figure 2. Galls of Josephiella microcarpae Beardsley and Rasplus 2001 on leaves of Ficus microcarpa L. in Rhodes Greece.
(A) Leaf bearing fresh (unemerged) galls. (B) Emergence holes on dried leaf. Photos by KK.
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Molecular analysis

Total genomic DNA was extracted from each individual separately in the
Laboratory of Forest Entomology (Forest Research Institute, Hellenic
Agricultural Organization Demeter), using PureLink® Genomic DNA kit
(Invitrogen) and following the manufacturers’ instructions, whereas tissues
were grounded using polypropylene pestles due to the minute size of
samples. Polymerase Chain Reaction (PCR) was run in 25 ul volumes with
primers LCO1490/HCO2198 that amplify a 658bp-fragment of the
mitochondrial cytochrome oxidase subunit I gene (COI) (Folmer et al. 1994).
PCR conditions included an initial denaturation stage at 95 °C (3 min),
followed by 5 cycles of 20 s at 95 °C (denaturation), 20 s at 47 °C (annealing),
and 30 s at 72 °C (extension), and then by 40 cycles of 20 s at 95 °C
(denaturation), 20 s at 52 °C (annealing), and 30 s at 72 °C (extension). The
final extension period was carried out at 72 °C over 5 min. PCR products
were purified with PureLink® PCR Purification Kit (Invitrogen) following
the manufacturer’s protocol. Purified products were sequenced in the
automated sequencer ABI3730XL of CeMIA Company (Larisa, Greece), using
the aforementioned primers. Finally, sequences were initially visualized with
Chromas Lite version 2.01, and deposited in the NCBI GenBank database.

Results

Material examined

59 Greece, Dodecanese, Rhodes, Rimini sq. (36.446855, 28.225077),
01.IT1.2021, K. Kalaentzis leg., 1 @ deposited in the collection of Museum
of Zoology of the National and Kapodistrian University of Athens, Greece
(ZMUA, voucher code: HYM00000262) [GenBank OL753682].

39 Greece, Dodecanese, Rhodes, Rodini (36.42704, 28.221232),
01.II1.2021, K. Kalaentzis leg.

49 Greece, Dodecanese, Rhodes, Ioanninon street (36.425465,
28.209638), 01.111.2021, K. Kalaentzis leg.

159 Cyprus, Paphos, port area (34.756289, 32.409806), 14.1.2021,
J. Demetriou leg., 89 deposited in the collection of Museum of Zoology of
the National and Kapodistrian University of Athens, Greece (ZMUA,
voucher codes: HYM00000254-HYMO00000261) [GenBank OL753683].

Molecular analysis

The results of DNA barcoding generated a 592 bp-long fragment of the
cytochrome oxidase I (COI) of J. microcarpae, which was previously unknown.
In addition, the haplotype assignment revealed that both individuals,
collected from Greece and Cyprus, belonged to a single haplotype.

Kalaentzis et al. (2023), Biolnvasions Records 12(2): 563-571, https://doi.org/10.3391/bir.2023.12.2.19 567


https://doi.org/10.3391/bir.2023.12.2.19
https://www.invasivesnet.org

)

&

INVASIVESHET

First record of Josephiella microcarpae in Greece

Discussion

Widely planted in Southern Greece, F. microcarpa serves as a host for a
rising number of introduced species (EK unpublished data). While species
like Gynaikothrips ficorum (Marchal, 1908) (Thysanoptera: Phlaeothripidae)
and Macrohomotoma gladiata Kuwayama, 1908 (Hemiptera: Homotomidae)
are well distributed throughout Southern Greece (EK unpublished data),
the distribution of J. microcarpae seems to be restricted in Rhodes. Given
the extensive sampling that was employed in this study, it is presumed that
the fig gall wasp has still a limited distribution in the country, which may
point towards a recent establishment. The introduction pathways of the
species in the country, as well as its potential dispersal in other parts of Greece
where F. microcarpa is present, are still to be determined in the future.

Infestations caused by J. microcarpae are known to significantly reduce
the attractiveness of fig trees (Compton et al. 2020). Combined with the
impact of already known, introduced in Greece phloem-eating species such
as G. ficorum (Marchal, 1908) causing deformities to foliage (Antonatos et
al. 2015) and M. gladiata Kuwayama, 1908 responsible for large patches of
woolly waxy secretions (Mifsud and Porcelli 2012), alien insects of F. microcarpa
could potentially undermine the aesthetics of the urban landscape with
possible socioeconomic impacts (Kueffer and Kull 2017), especially in
Rhodes, where F. microcarpa is highly abundant.

Although no immediate threat exists for the host plant, efforts to control
infestations through systemic insecticides has somewhat been proved to
provide protection for up to 14 months post treatment when trunk
injection of emamectin benzoate was utilized (Bhandari and Cheng 2016).
Mechanical control by pruning and discarding infested leaves may help
reduce the local population but may also attract females wishing to lay eggs
in the newly formed leaves of the new growth (Dreistadt 2016). Additional
research is necessary to determine whether pest control is required to
prevent the further spread of . microcarpa in the island of Rhodes.

DNA barcoding revealed identical haplotypes for the specimens collected
from both Greece and Cyprus, which can be partially explained due to the
species reproducing by thelytokous parthenogenesis and the populations
on both islands deriving from the same source. Since DNA sequences of
this species are generated for the first time, no genetic comparisons can be
made at this time. However, the DNA barcode generated in this study is
expected to aid future endeavours in resolving the taxonomic relationships
of the genus and perhaps elucidate its introduction pathways.

Recent discoveries of cryptic species of Josephiella not associated with
leaves indicate the need of further investigation of fig trees in the areas
where they are introduced, as well as their putative areas of origin, where
both species’ presence remains unknown. Efficient control measures and
an early warning system assisting the mapping of the species’ distribution
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are crucial, even in Greece, where J. microcarpae appears to have a restricted
distribution. The involvement of citizen scientists in monitoring alien insects
is already encouraged by Alientoma in Greece (Kalaentzis et al. 2021) and is
expected to aid future efforts in accurately mapping the range of fig gall wasps.

Acknowledgements

We would like to wholeheartedly thank Eleftherios Katsillis for his assistance in locating
infested fig trees in Rhodes. We are particularly grateful to the Hellenic Entomological Society,
for funding part of Evangelos Koutsoukos’ MSc thesis, which contributed to this present
research. We are also thankful to Dr Lucian Fusu (Universitatea Alexandru lIoan Cuza
Facultatea de Biologie, Iasi, Romania) and the anonymous reviewers for their review and
constructive comments on the manuscript.

Funding declaration

The APC was covered by the Special Account for Research Grants of the National and Kapodistrian
University of Athens.

Authors’ contribution

Research conceptualization: EK, JD; sample design and methodology: KK, EK, JD, CK, DNA,
CG; investigation and data collection: KK, JD, EK; data analysis and interpretation: DNA,;
ethics approval: CG, DNA; funding provision: CG; writing — original draft: CK, KK, JD, EK;
writing — review: CK, KK, JD, EK, DNA, CG; editing: KK, CK, CG, DNA.

References

Antonatos SA, Barbetaki AE, Papadoulis GT, Papafotiou M (2015) Seasonal abundance of
Gynaikothrips ficorum (Marshal) and its natural enemies on Ficus microcarpa in Greece.
Acta Horticulturae 1105: 101-108, https://doi.org/10.17660/ActaHortic.2015.1105.15

Beardsley JW, Rasplus J-Y (2001) A new species of Josephiella (Hymenoptera: Agaonidae)
forming leaf galls on Ficus microcarpa L. (Moraceae). Journal of Natural History 35: 3340,
https://doi.org/10.1080/002229301447871

Bella S, Aguiar AF (2020) Non-native insect pests from the Madeira Archipelago (Portugal):
new records and further data (Insecta: Orthoptera, Thysanoptera, Hemiptera, Coleoptera,
Diptera, Lepidoptera, Hymenoptera). Fragmenta Entomologica 52: 369-376, https://doi.org/
10.4081/fe.2020.469

Berg CC, Corner EJH, Nooteboom HP (2005) Flora Malesiana. Series I, Seed plants. Volume 17,
Part 2: Moraceae (Ficus). National Herbarium of the Netherlands, Leiden, The Netherlands,
702 pp

Bhandari BP, Cheng Z (2016) Trunk injection of systemic insecticides to control stem and leaf
gall wasps, Josephiella species (Hymenoptera: Agaonidae), on Chinese banyan (Rosales:
Moraceae) in Hawaii. Florida Entomologist 99: 172—177, https://doi.org/10.1653/024.099.0203

Compton SG (1989) The fig wasp, Odontofioggatia galili (Hymenoptera: Pteromalidae), in the
Greek Isles. Entomologist’s Gazette 40: 183—184

Compton SG, Stavrinides M, Kaponas C, Thomas PJ (2020) No escape: most insect colonisers
of an introduced fig tree in Cyprus come from the plant’s native range. Biological Invasions
22:211-216, https://doi.org/10.1007/s10530-019-02132-4

Demetriou J, Kazilas C, Koutsoukos E, Kalaentzis K (2020) A new tropical invader in Greece:
The lantana plume moth Lantanophaga pusillidactylus (Lepidoptera: Pterophoridae).
Entomologia Hellenica 29: 1-7, https://doi.org/10.12681/eh.21907

Demetriou J, Kalaentzis K, Kazilas C, Koutsoukos E, Avtzis D, Georgiadis C (2021) Revisiting
the non-native insect fauna of Greece: Current trends and an updated checklist. NeoBiota
65: 93-108, https://doi.org/10.3897/neobiota.65.64686

Dreistadt SH (2016) Pests of landscape trees and shrubs: an integrated pest management guide,
3™ edn. UCANR Publications, Oakland, CA, USA, 437 PP

Ferriere C (1929) Chalcidiens gallicoles de Java. Annales de la Société Entomologique de
France 98: 143-161

Folmer O, Hoeh WR, Black MB, Vrijenhoek RC (1994) Conserved primers for PCR
amplification of mitochondrial DNA from different invertebrate phyla. Molecular Marine
Biology and Biotechnology 3: 294-299

Gariepy TD, Bruin A, Konopka J, Scott-Dupree C, Fraser H, Bon M-C, Talamas E (2019) A
modified DNA barcode approach to define trophic interactions between native and exotic
pentatomids and their parasitoids. Molecular Ecology 28: 456-470, https:/doi.org/10.1111/
mec.14868

Kalaentzis et al. (2023), Biolnvasions Records 12(2): 563-571, https://doi.org/10.3391/bir.2023.12.2.19 569


https://doi.org/10.3391/bir.2023.12.2.19
https://www.invasivesnet.org
https://doi.org/10.17660/ActaHortic.2015.1105.15
https://doi.org/10.1080/002229301447871
https://doi.org/10.4081/fe.2020.469
https://doi.org/10.4081/fe.2020.469
https://doi.org/10.1653/024.099.0203
https://doi.org/10.1007/s10530-019-02132-4
https://doi.org/10.12681/eh.21907
https://doi.org/10.3897/neobiota.65.64686
https://doi.org/10.1111/mec.14868
https://doi.org/10.1111/mec.14868

7)

&

INVASIVESNET

First record of Josephiella microcarpae in Greece

Hulme PE (2009) Trade, transport and trouble: managing invasive species pathways in an era of
globalization. Journal of Applied Ecology 46: 1018, https:/doi.org/10.1111/j.1365-2664.2008.
01600.x

Jinbo U, Kato T, Ito M (2011) Current progress in DNA barcoding and future implications for
entomology. Entomological Science 14: 107-124, https://doi.org/10.1111/1.1479-8298.2011.00449.x

Kalaentzis K, Kazilas C, Demetriou J, Koutsoukos E, Avtzis DN, Georgiadis C (2021)
Alientoma, a dynamic database for alien insects in Greece and its use by citizen scientists in
mapping alien species. Insects 12: 1101, https://doi.org/10.3390/insects12121101

Kang TH, Kim S, Hong KJ, Lee HS (2019) DNA barcoding in quarantine inspection: A case
study on quarantine insect monitoring for Lepidoptera obtained through quarantine
inspection on foreign vessels. Mitochondrial DNA Part B Resources 4: 43-48,
https://doi.org/10.1080/23802359.2018.1536447

Kazilas C, Kalaentzis K, Demetriou J, Koutsoukos E, Strachinis I, Andriopoulos P (2021)
Utilization of citizen science data to monitor alien species: the box tree moth Cydalima
perspectalis (Walker, 1859) (Lepidoptera: Crambidae) invades natural vegetation in Greece.
Biolnvasions Records 10: 1032—1044, https://doi.org/10.3391/bir.2021.10.4.28

Kontodimas DC, Kallinikou E (2010) First record of the sisal weevil Scyphophorus
acupunctatus (Coleoptera: Curculionidae) in Greece. Entomologia Hellenica 19: 39-41,
https://doi.org/10.12681/eh.11594

Kueffer C, Kull CA (2017) Non-native Species and the Aesthetics of Nature. In: Vila M, Hulme
PE (eds), Impact of Biological Invasions on Ecosystem Services. Invading Nature - Springer
Series in Invasion Ecology, Cham, Switzerland, pp 311-324, https://doi.org/10.1007/978-3-
319-45121-3_20

Lo Verde G (2002) Ritrovaniento in Italia di Josephiella microcarpae Beardsley & Rasplus
(Hymenoptera Agaonidae) galligeno fogliare di Ficus microcarpa L. Moraceae). Naturalista
Siciliano 26: 199-203

Madden MJL, Young RG, Brown JW, Miller SE, Frewin AJ, Hanner RH (2019) Using DNA
barcoding to improve invasive pest identification at U.S. ports-of-entry. PLoS ONE 14:
€0222291, https://doi.org/10.1371/journal.pone.0222291

Mifsud D, Porcelli F (2012) The psyllid Macrohomotoma gladiata Kuwayama, 1908 (Hemiptera:
Psylloidea: Homotomidae): a Ficus pest recently introduced in the EPPO region. EPPO
Bulletin 42: 161-164, https://doi.org/10.1111/j.1365-2338.2012.02544.x

Mifsud D, Falzon A, Malumphy C, de Lillo E (2012) On some arthropods associated with Ficus
species (Moraceae) in the Maltese Islands. Bulletin of the Entomological Society of Malta 5:
5-34

Narendran TC, Sheela S (1993) Description of an interesting new genus and a new species of
Epichrysomallinae (Hymenoptera: Agaonidae) from India. Journal of the Zoological
Society of Kerala 3: 7-12

NPPO of Italy (2015) Interception of a new and undescribed species of Josephiella on Ficus
microcarpa bonsais from China. EPPO Reporting Service no. 01 [2016]. hitps://gd.eppo.int/
reporting/article-5174 (accessed 12 January 2022)

Pieterse W, Muller DL, van Vuuren BJ (2010) A molecular identification approach for five
species of mealybug (Hemiptera: Pseudococcidae) on citrus fruit exported from South
Africa. African Entomology 18: 23-28, https://doi.org/10.4001/003.018.0104

Polaszek A, Fusu L, Viggiani G, Hall A, Hanson P, Polilov Alexey (2022) Revision of the
World Species of Megaphragma Timberlake (Hymenoptera: Trichogrammatidae). Insects
13: 561, https://doi.org/10.3390/insects13060561

Rodrigo Santamalia ME, Laborda Cenjor R, Sanchez-Domingo A, Gonzalez-Rey S, Bertomeu
S, Xamani Monserrat P, Hernandez-Suarez E (2017) Primer registro de Josephiella
microcarpae Beardsley & Rasplus, 2001 (Hymenoptera, Agaonidae) en Ficus microcarpa L.
en Espaiia peninsular. Boletin de la Sociedad Entomologica Aragonesa 60: 390-392

Roques A, Rabitsch W, Rasplus J-Y, Lopez-Vaamonde C, Nentwig W, Kenis M (2009) Alien
terrestrial invertebrates of Europe. In: Hulme PE, Nentwig W, Pysek P, Vila M (eds)
Handbook of Alien Species in Europe. Springer, Dordrecht, The Netherlands, pp 63-79,
https://doi.org/10.1007/978-1-4020-8280-1_5

van Noort S, Wang R, Compton SG (2013) Fig wasps (Hymenoptera: Chalcidoidea: Agaonidae,
Pteromalidae) associated with Asian fig trees (Ficus, Moraceae) in southern Africa: Asian
followers and African colonists. Afiican Invertebrates 54: 381-400, https://doi.org/10.5733/
afin.054.0208

Wang R (2014) The fig wasps associated with Ficus microcarpa, an invasive fig tree. PhD
thesis. University of Leeds, Leeds, UK, 300 pp

Wang R, Aylwin R, Barwell L, Chen XY, Chen Y, Chou LS, Cobb J, Collette D, Craine L,
Giblin-Davis RM, Ghana S, Harper M, Harrison RD, McPherson JR, Peng YQ, Pereira
RAS, Reyes-Betancort A, Rodriguez LJV, Strange E, van Noort S, Yang HW, Yu H,
Compton SG (2015a) The fig wasp followers and colonists of a widely introduced fig tree,
Ficus microcarpa. Insect Conservation and Diversity 8: 322-336, https://doi.org/10.1111/
icad.12111

Kalaentzis et al. (2023), Biolnvasions Records 12(2): 563-571, https://doi.org/10.3391/bir.2023.12.2.19 570


https://doi.org/10.3391/bir.2023.12.2.19
https://www.invasivesnet.org
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/10.1111/j.1479-8298.2011.00449.x
https://doi.org/10.3390/insects12121101
https://doi.org/10.1080/23802359.2018.1536447
https://doi.org/10.3391/bir.2021.10.4.28
https://doi.org/10.12681/eh.11594
https://doi.org/10.1007/978-3-319-45121-3_20
https://doi.org/10.1007/978-3-319-45121-3_20
https://doi.org/10.1371/journal.pone.0222291
https://doi.org/10.1111/j.1365-2338.2012.02544.x
https://gd.eppo.int/reporting/article-5174
https://gd.eppo.int/reporting/article-5174
https://doi.org/10.4001/003.018.0104
https://doi.org/10.3390/insects13060561
https://doi.org/10.1007/978-1-4020-8280-1_5
https://doi.org/10.5733/afin.054.0208
https://doi.org/10.5733/afin.054.0208
https://doi.org/10.1111/icad.12111
https://doi.org/10.1111/icad.12111

)

INVASIVESNET

First record of Josephiella microcarpae in Greece

Supplementary material

Wang R, Aylwin R, Cobb J, Craine L, Ghana S, Reyes-Betancort J, Quinnell R, Compton SG
(2015b) The impact of fig wasps (Chalcidoidea), new to the Mediterranean, on reproduction
of an invasive fig tree Ficus microcarpa (Moraceae) and their potential for its biological
control. Biological Control 81: 21-30, https://doi.org/10.1016/j.biocontrol.2014.11.004

Web sites and online databases

HDOA (2012) Hawaii Department of Agriculture. Banyan stem-galling wasp, a new insect in
Hawaii. Plant Pest Control Branch. http:/alohaarborist.com/wp-content/uploads/2012/06/20120822-
Banyan-stem-galling-wasp-HDOA-handout.pdf (accessed 15 January 2022)

Rodiaki (2022) Announcement of the Municipality of Rhodes regarding the drying of the fig
tree of “Aktaion” [in Greek]. https://www.rodiaki.gr/article/435327/anakoinwsh-toy-dhmoy-rodoy-gia-
thn-xhransh-toy-fikoy-sto-aktaion (accessed 15 July 2022)

van Noort S, Rasplus JY (2021) Figweb: Figs and fig wasps of the world. http://www.figweb.org
(accessed 22 April 2021)

The following supplementary material is available for this article:

Table S1. Localities where Ficus microcarpa L. foliage was examined for galls of Josephiella microcarpae Beardsley and Rasplus 2001.

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2023/Supplements/BIR 2023 Kalaentzis etal SupplementaryMaterial.xlsx

Kalaentzis et al. (2023), Biolnvasions Records 12(2): 563-571, https://doi.org/10.3391/bir.2023.12.2.19 571


https://doi.org/10.3391/bir.2023.12.2.19
https://www.invasivesnet.org
https://doi.org/10.1016/j.biocontrol.2014.11.004
http://alohaarborist.com/wp-content/uploads/2012/06/20120822-Banyan-stem-galling-wasp-HDOA-handout.pdf
http://alohaarborist.com/wp-content/uploads/2012/06/20120822-Banyan-stem-galling-wasp-HDOA-handout.pdf
https://www.rodiaki.gr/article/435327/anakoinwsh-toy-dhmoy-rodoy-gia-thn-xhransh-toy-fikoy-sto-aktaion
https://www.rodiaki.gr/article/435327/anakoinwsh-toy-dhmoy-rodoy-gia-thn-xhransh-toy-fikoy-sto-aktaion
http://www.figweb.org/
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Kalaentzis_etal_SupplementaryMaterial.xlsx


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /RUS <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



