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Abstract

The fungus Graphium euwallaceae is associated with ambrosia beetles (Euwallacea sp.) and has been found in e.g. avo-
cado trees, box elder, and evergreen maple. It is known to occur in California, Vietnam, and Australia. In early 2025, the
fungal isolate AGQMy-2025-02 was obtained from a borehole in Barringtonia acutangula (Lecythidaceae) in connection
with an outbreak of the Fuwallacea beetle in a tropical greenhouse in Germany and suspected to be G. euwallaceae. A
combination of morphological and molecular methods employing barcoding across four gene regions (ITS, TEF1-a, SSU
and LSU) and phylogenetic reconstruction based on ITS and TEF1-o was used to identify this isolate as G. euwallaceae.
This is apparently the first detection of the fungus in Europe. There is no information, that G. euwallaceae is regulated as
a quarantine pest in any plant health regulation, and it is so far neither listed in the annexes to Regulation (EU) 2019/2072
nor by the European and Mediterranean Plant Protection (EPPO). This paper describes the diagnosis and presents a pest

risk analysis for this fungus.
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Introduction

Ambrosia beetles belong to the weevil subfamilies Scolyti-
nae and Platypodinae (Coleoptera, Curculionidae) that live
in close nutritional symbiosis with ambrosia fungi (Osborn
et al. 2023). These beetles bore galleries into the xylem
(woody tissue) of their host plants, where they lay their
eggs and where larval development takes place. Unlike phy-
tophagous beetles, ambrosia beetles and their offspring do
not feed directly on the xylem, but on cultivated symbiotic
fungi, the so-called “brood fungi”. This highly specialized
relationship enables the beetles to reproduce successfully
even in dead or physiologically weakened wood and plays a
crucial role in their ecological adaptability.
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One of the most economically and ecologically impor-
tant species is Euwallacea fornicatus (Eichhoff 1868). This
beetle species is native to Southeast Asia, but has spread to
numerous other regions in recent decades, including North
America, Israel, South Africa and parts of Europe (e.g.
Bierman et al. 2022 and 2023, Schuler et al. 2023; Goldara-
zena et al. 2025). In Europe, occurrences, with one excep-
tion in Spain, have so far been documented in controlled
environments such as botanical gardens and tropical green-
houses (Schuler et al. 2023; Goldarazena et al. 2025). As
with ambrosia beetles in general, spread primarily occurs
through the transportation of infested plants or wood prod-
ucts (Dzurenko and Hulcr 2022). Due to the close symbiosis
with fungal species, of which some have been identified to
be pathogenic, an infestation can lead to the death of the
infested branches or entire plants of a large number of host
plants. The larval development of E. fornicatus depends
entirely on the availability of the associated fungi. These
fungi are actively transported by the beetle and carried in
special structures, the mycangia (Hulcr and Skelton 2023),
between the mandibles or in other parts of the body. In the
newly created feeding galleries, the fungi are introduced
into the xylem, where they spread and break down the cell
walls. This creates an easily accessible food source for the
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larvae. Numerous studies have shown that E. fornicatus is
not restricted to a single fungal partner, but lives in asso-
ciation with a fungal community (Freeman et al. 2016). It
has been associated in particular with the fungus Fusarium
euwallaceae Freeman, Z. Mendel, T. Aoki & O’Donnell
(synonym: Neocosmospora euwallaceae). Both, the beetle
and the fungus are listed as quarantine pests in the Euro-
pean Union (EU 2019). Fusarium euwallaceae belongs to
a group of species that has been detected in several geo-
graphical regions associated with Euwallacea species and
is in many cases responsible for the occurrence of disease
symptoms on host plants, such as wilting, bark discoloration
or the death of entire plant parts. The pathogenicity of the
associated fungi, combined with the transportation capac-
ity of the beetles, results in considerable economic damage
in affected regions, particularly to fruit trees, ornamental
plants and forestry-relevant woody plants (EPPO 2025a).

In addition to F. euwallaceae, several studies have docu-
mented other fungal species associated with E. fornicatus,
including representatives of the genera Graphium, Acremo-
nium, Paracremonium, and other saprotrophic or oppor-
tunistic fungi (Carrillo et al. 2016; Freeman et al. 2016;
Lynch et al. 2016). The genus Graphium includes filamen-
tous ascomycetes that are often associated with insects and
sometimes occur as secondary symbionts in ambrosia beetle
communities. In many cases, the role of these fungi within
the symbiosis is not yet fully understood. They could act
as an additional food source, as competitors to primary
brood fungi or as colonizers of weakened tissue. However,
a new study by Cruz et al. (2025) showed that not all the
ambrosia associated fungi might have the same positive
symbiotic effect on beetle nutritional support. Cruz et al.
(2025) showed that the larvae of the Euwallacea fornica-
tus complex have a strong positive nutritional relationship
with Fusarium species but not with the fungi of the genera
Graphium (Microascales), Paracremonium and Acremo-
nium, which are therefore considered as auxiliary fungi. In
later stages of the life cycle of an ambrosia beetle though,
Freeman et al. (2016) found, that non-sclerotized adults pre-
ferred Graphium euwallaceae as a food source.

In this paper, the first finding of Graphium euwallaceae
M. Twizeyimana, Lynch and Eskalen, 2016 (Ascomycota,
Microascales, Graphiaceae) in association with E. forni-
catus in a German Tropical greenhouse detected by multi-
locus phylogenetic analysis is reported. This fungus was
originally described in California, where it was isolated
together with F. euwallaceae and other fungal species from
plants infested by E. fornicatus (Lynch et al. 2016). Many of
the outdoor locations where G. euwallaceae was detected,
including California, Vietnam and Australia (Lynch et al.
2016; Trollip and Carnegie 2025) have tropic/subtropic cli-
matic conditions, suggesting that the natural habitat of the
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fungus is in the tropical/subtropical region. The exact eco-
logical function of G. euwallaceae has not yet been conclu-
sively investigated, but it is assumed a secondary symbiont,
possibly in the initial colonization phase of the wood or in
competitive relationship or coexistence with Fusarium spe-
cies. Following this first finding of G. euwallaceae in Ger-
many, an initial pest risk analysis (PRA) had to be conducted
(Schrader et al. 2024), as the Julius Kiihn Institute (JKI)
serves as the competent plant health authority for Germany
to evaluate biological, scientific, and economic evidence to
determine whether a newly identified organism harmful to
plants is a quarantine pest, whether it should be regulated,
and to identify appropriate phytosanitary measures to miti-
gate risks of entry, establishment, and spread.

Against the background of increasing global trade and
increasing mobility of traded plant material, the understand-
ing of such insect-fungus symbioses is gaining in impor-
tance. The transportation of infested plants can introduce
both the beetle and its symbiotic fungi into new regions.

Materials and methods
Sampling

In January 2025, a symptomatic branch (Fig. 1) from approx.
1.5 m height was taken from Barringtonia acutangula (L.)
Gaertn., common name Indian Putat, in a tropical green-
house in Germany. Symptoms were small, perpendicular
boreholes of approx. 1 mm diameter, and slight elevations
in the cambium, partly surrounding the branch. Bark was
still present and did not peel off. Due to the small boreholes
caused by the vector and symptoms of infestation, an infec-
tion with Fusarium euwallaceae, associated with the occur-
rence of the ambrosia beetle, was initially suspected, which
had previously been detected in Barringtonia acutangula
and other trees close by.

Identification of the fungus

The fungus can be identified using morphological and
molecular methods (e.g. Lynch et al. 2016). In addition to
the morphological examination, a multilocus sequence typ-
ing (MLST) approach or the concordance of multiple gene-
alogies (based on ITS, EF 1-a, cmdA, acll, tub2, 28 S, and
rpb2 genes) was used to confirm the species identification.

Morphological characterisation
From the symptomatic branch, nine fragments from the

wood surface were sterilized with 70% Isopropanol for
30 s, then rinsed three times with sterilized water each for
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Fig. 1 Boreholes in the bark of Barringtonia acutangula created by the
vector Euwallacea sp. (Photo: Toralf Pfannenstill, LELF)

1 min and air dried on filter paper. Sterilized wood frag-
ments were cut into smaller pieces on the clean bench and
then transferred to synthetic nutrient-poor agar (SNA; Sifin
Diagnostics GmbH, Germany) plates, incubated for 2 weeks
at 24+2 °C under daylight conditions.

The fungus was then identified based on morphological
characteristics described in Lynch et al. (2016) and Okada
et al. (1998, 2000).

Molecular identification

A molecular investigation based on DNA barcoding and
phylogenetic reconstruction was performed to corroborate
the morphological characterisation of the isolate AGQMy-
2025-02. Genomic DNA was extracted from colonies grown
for 2 weeks at 22+2 °C under daylight conditions on SNA,
using the innuPREP Virus DNA/RNA Kit KFml (Analytik
Jena, Germany) and KingFisher ml (Fisher Scientific GmbH,
Schwerte, Germany) following the manufacturer’s protocol.
Four gene regions (I7S, EFI-a, SSULSU were amplified
using the primers ITS1F (Gardes and Bruns 1993) and ITS4
(White et al. 1990) for /7S, EF1-728 F and EF2R (Jacobs et
al. 2004) for EF1-a, NS1, NS3, NS4 and NS8 (White et al.

1990) for SSU, LROR and LRS5 (Vilgalys and Hester 1990)
for LSU. The PCR was performed in a 25 pL reaction mix-
ture. PCR parameters for the /7S, SSU and LSU genes were
3 min for 94 °C followed by 35 cycles of 30 s at 94 °C, 30 s
at 55 °C and 1 min at 72 °C, and finally one cycle of 7 min
at 72 °C, and for the EFI-o. were 5 min at 94 °C, then 40
cycles of 45 s at 94 °C, 30 s at 52 °C and 1 min at 72 °C,
followed by a final cycle of 6 min at 72 °C. The amplicons
were purified with QIAquick PCR Purification Kit (QIA-
GEN GmbH, Hilden, Germany) and then sequenced in both
directions using the corresponding PCR primers by Macro-
gen Europe (Netherlands). Raw nucleotide sequences were
edited in MEGA v. 7 (Kumar et al. 2016).

The generated sequences were used for a BLASTn
analysis in the NCBI database to search for highly similar
sequences. The matching sequences, including those from
the type material, were then retrieved for phylogenetic anal-
ysis. The alignments in the online version of MAFFT v.7
(Katoh et al. 2019) were further optimized manually using
MEGA v.7. Trees were generated using the maximum likeli-
hood (ML) and maximum parsimony (MP) algorithms. ML
was performed using the online version of PhyML 3.1 (Der-
eeper et al. 2008; https://www.phylogeny.fr/) and MP was
performed using PAUP* 4.0a169 (Swofford 2003) respec-
tively. Clade stability was assessed (Rambaut 2012) using
1000 bootstrap replicates. Trees were visualized and edited
in FigTree v.1.4.0.

Pest Risk Analysis (PRA)

To assess the risk of the fungus being introduced into new
areas — including its potential for entry, establishment,
and spread, as well as the potential impacts — a short PRA
(Express PRA) was conducted (for more background on the
conduction of PRA, see Schrader et al. 2024). This PRA
follows the standards of the International Plant Protection
Convention (IPPC) and the European and Mediterranean
Plant Protection Organization (EPPO), and complies with
the relevant European Union regulations (IPPC 2001, EPPO
2024, EU 2016). The following key aspects were addressed
in the PRA: (1) Biology of the fungus: An overview of the
life cycle and biological properties of the organism; (2) geo-
graphical distribution of the fungus and areas of infestation:
A summary of the current distribution and areas already
infested; (3) host plants and their presence in the PRA area:
Identification of susceptible host plant species and assess-
ment of their occurrence in the PRA area (Germany and
the EU); (4) symptoms of infestation: Description of the
typical signs and symptoms of infection; (5) climatic suit-
ability: Comparison of climatic conditions in the fungus’
established range with those in the PRA region to assess
suitability for establishment; (6) pathways of introduction
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Fig.2 Graphium euwallaceae.
Synnema growing out of the
symptomatic wood on SNA (a),
weave of hyphae and synnema
on SNA (b) synnema on SNA
(¢), synemma with thin conidia
(d), conidiougenous apparatus
and round and dark pigmented
conidia and thin conidia (e),
thin conidia (f) of 2 weeks old
cultures (Photos: Dr. Katja Boldt-
Burisch, LELF)

Fig.3 Colony morphology of Graphium euwallaceae: upper surface of 2-week-old cultures on SNA (a), MEA (b) and PDA (c) (Photos: Dr. Katja

Boldt-Burisch, LELF)

and spread: Analysis of natural and human associated routes
by which the fungus could enter and spread; (7) known
impacts in areas where the fungus is present: Assessment
of known economic, environmental, and social impacts in
these areas, as well as potential impacts in new areas; (8)
expected establishment and spread in Germany and the EU:
taking into account the current climatic conditions and the
potential pathways; (9) Expected impacts in Germany and
the EU: based on information about spread and available
host plants; (10) control of the fungus: assessment of the
likelihood and feasibility of successful eradication follow-
ing introduction.; (11) diagnosis.

This comprehensive approach ensures that all the factors
that influence the risk posed by the fungus are systemati-
cally considered and assessed in accordance with estab-
lished international and regional guidelines.

@ Springer

Results
Morphological identification

Graphium euwallaceae was morphologically identified.
The fungus produced hyaline, highly septate hyphae, dark
pigmented synnema and thin and round pigmented conidia
on the wood and on SNA medium after 2 weeks (Fig. 2a-f).

Culture characteristics: Colony diameters were 3.7—
4.5 cm on SNA, and 7.0-8.5 cm on PDA and 9 cm on MEA
after 2 weeks incubation at 24+4 °C under daylight condi-
tions (Fig. 3a-c).

The colonies on SNA were hyaline, later appearing partly
slightly brownish due to a large amount of dark pigmented
synnema between hyphae. Hyphae were appressed and
immersed (Fig. 3a). Colonies on MEA were initially (age <7



Journal of Plant Diseases and Protection (2026) 133:74

Page50f 10 74

days) whitish on the upper surface, after two weeks turning
ivory-white and slightly fluffy, with rough and filamentous
edges (Fig. 3b). Colonies on PDA were irregular to patchy
greyish and fluffy on the upper surface (Fig. 3c). Colony
colour on the reverse plates were grey for PDA and MEA
with a darker grey on PDA.

Isolate identification

In BLASTn analysis, the ITS sequence of AGQMy-2025-02
(500 bp) matched those of G. jumulu (GenBank accession
no. PP992042) and G. euwallaceae (GenBank accession
no. KF540225), with 100% (568/568) and 100% (555/555)
similarity respectively. The TEFI-a sequence (500 bp)
matched those of G. euwallaceae (GenBank accession
no. PV033312 and PP712914) with a similarity of 100%
(500/500 bp), and the next related species was G. carbon-
arium (GenBank accession no. MT625161 and MT625162)
with 99% (493/500 bp) similarity. The LSU sequence
(583 bp) matched those of G. euwallaceae (GenBank acces-
sionno. MT252037), G. basitruncatum (GenBank accession
no. HG857747) and G. carbonarium (GenBank acces-
sion no. MH874834) with 100% (582/582 bp) similarity.
The SSU sequence (2090 bp) matched those of G. euwal-
laceae (GenBank accession no. KF542895, KF542896,
KM385422) with 99% (2089/2091), 99% (2089/2091), and
99% (2067/2068) similarity respectively.

As only a few Graphium species have LSU and SSU
sequences available in GenBank, we have refrained from
constructing trees for these regions. The /TS and, in particu-
lar, the TEF[-o regions are better suited to species grouping
and delimitation in Graphium. The results of the sequence
similarity comparison indicate that G. euwallaceae, G.
carbonarium, G. jumulu and G. kuroshium are genetically
very closely related. This is also reflected in single-locus
trees (data not shown) and in the combined tree using /7S
and TEFI-o (Fig. 4). The sequences of the four species are
found to cluster in one clade, forming distinct groups that
are, however, poorly resolved. This is consistent with the
findings reported in previous studies (Li et al. 2024; Ban-
gasu and Lee 2025). It was observed that, in all trees, the
sequence of the isolate AGQMy-2025-02 consistently clus-
ters with that of G. euwallaceae. This placement can be fur-
ther substantiated by ecological evidence, as the beetle from
which the isolate AGQMy-2025-02 was obtained could be
identified as Euwallacea fornicatus.

Pest Risk Analysis (PRA)

According to the procedure presented in Material and Meth-
ods, the following results were found:

Biology of the organism

As mentioned above, Graphium euwallaceae is a xylem
inhabiting ambrosia fungus that lives in obligate symbiosis
with ambrosia beetles of the genus Euwallacea. The fungus
produces conidia, which are transported by the beetles in the
mycangia, which in this case is located in the head region of
the insect. In ambrosia beetles of the subfamily Platypodi-
nae, mycetangia are present in one or both sexes. However,
in ambrosia beetles of the genus Scolytinae — including the
Euwallacea species — only the females possess these struc-
tures. Adult female beetles act as vectors, transmitting the
fungus within and between trees, by boring into the wood
and creating new galleries. Once established, the fungus
colonizes the xylem and absorbs the nutrients it needs to
grow. The life cycle of the fungus is closely linked to that
of its insect host. Larvae feed exclusively on the cultivated
fungus until maturity. Fungal colonization is not limited to
the area surrounding the galleries but can also extend into
the surrounding wood tissue, thus increasing the infected
area (Six 2012; Carrillo et al. 2014; Lynch et al. 2016; and
references cited therein). Beetles of the genus E. fornicatus
prefer to infest branches and twigs previously colonized by
conspecifics. Compared to primary infections, reproductive
success is significantly higher here (Mendel et al. 2017).
This repeated colonization often results in the formation of
large beetle-fungus colonies. The beetles repeatedly infest
the same sections of the same tree until they become unsuit-
able for further fungal development. At this stage, the bee-
tles search for new sections of the same tree or for new host
trees (Huler and Skelton 2023).

Geographical distribution of the fungus and areas of
infestation

The fungus has so far been found in California, Vietnam,
and Australia (Lynch et al. 2016; Trollip and Carnegie
2025). The discovery in a tropical greenhouse in Branden-
burg appears to be the first detection in Europe.

Host plants and their presence in the PRA area

Euwallacea fornicatus sensu lato is known to infest more
than 200 host plant species. However, it remains unclear
whether it is able of transmitting G. euwallaceae to all of
these hosts, therefore this possibility cannot be excluded.
Lynch et al. (2016) detected G. euwallaceae in Califor-
nia sycamore (Platanus racemosa Nutt.), box elder (Acer
negundo L.), avocado (Persea americana Mill.), and cas-
tor bean (Ricinus communis L.) in California, and in Viet-
nam in ear-pod wattle (Acacia auriculiformis A. Cunn. ex
Benth.). Trollip and Carnegie (2025) found G. euwallaceae
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Fig.4 Phylogenetic tree based

on maximum likelihood analy-

sis of a concatenated /7S and
TEFI-o0 sequence data showing
the relationships among Graphium
species. The numbers at each node
represent the bootstrap values
(>60%) obtained from 1,000
replicates using maximum likeli-
hood and parsimony, respectively.
Ambrosiella xylebori (CBS
110.61) was used as outgroup. The
sequence generated in this study is
in bold and T indicates the ex-type
strain. Visualized and edited in
FigTree v.1.4.0 (Rambaut 2012)
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in evergreen maple (Acer paxii Franch.) in Sydney, Austra-
lia. In Germany, the fungus was detected in the paleotropi-
cal species Barringtonia acutangula.

According to GenBank entries by Lynch et al. (2016), the
fungus has also been detected in the following host plants:
Acacia floribunda (Vent.) Willd., Erythrina atitlanensis
Krukoff & Barneby, and Quercus agrifolia Née. See also htt
ps://www.ncbi.nlm.nih.gov/nuccore/KF540221.1 and Na et
al. 2018; Table 2.

Most of the above-mentioned host plants occur in the trop-
ics and/or subtropics. Box elder is native to North America,
but was introduced to Central Europe as early as the 19th
century and is widespread in Germany (BfN 2023a). Cas-
tor bean is native to Northeast Africa and the Middle East,
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Graphium fructicola CBS 217.72
LGraphium fructicola CBS 107.68

Ambrosiella xylebori CBS 110.617

but is now found sporadically in Germany (BfN 2023b).
Acer paxii is native to Central China and is not winter
hardy in Central and Northern Europe, but is available from
nurseries.

Persea americana is cultivated commercially in southern
EU Member States. Acer negundo and Ricinus communis
are also found in the EU. Since 4. paxii is available in nurs-
eries, it cannot be excluded that it may be found outdoors
as an ornamental plant in particular in southern European
Member States.
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Symptoms of infestation

Symptoms of trees heavily infested with beetles and fungi
(not limited to G. euwallaceae alone) include wilting, leaf
discoloration, trunk breakage, and tree death (Lynch et al.
2016; and studies cited therein).

Climatic suitability

The fungus has so far been detected in California, USA,
Vietnam, and Sydney, Australia. According to the climate
classification following Koppen-Geiger, California mostly
has a warm, rainy climate, the coldest month is usually
between 18 and — 2 °C, the driest period is in summer, and
the mean temperature of the warmest month is above 22°C.
This classifies as “hot summer Mediterranean climate”, Csa.
Vietnam and Sydney are mostly subtropical. They have a
warm, rainy climate, the coldest month is between 18 and
— 2°C, it is consistently humid, the mean temperature of
the warmest month is above 22°C. This classifies as “humid
subtropical climate”, Cfa (Lynch et al. 2016; K&ppen 1918;
Kottek et al. 2006).

In southern, subtropical EU member states, particularly
in areas with the K&ppen-Geiger classification Csa and
Cfa (Koppen 1918; Kottek et al. 2006; for classifications
of Europe, see Macleod and Korycinska, 2019), the climate
would most probably be suitable. The “hot summer Medi-
terranean climate” (Csa) is found primarily in Portugal,
Spain, Italy (including Sicily), southern France (including
Corsica), Greece, and small parts of Bulgaria, Croatia, and
Cyprus. The subtropical “humid subtropical climate” (Cfa)
is found in the north and on the Adriatic coast of Italy, in
Slovenia and Croatia, in the border area between Romania
and Bulgaria, and in a small part of northern Greece, in parts
of southern France, in southern Hungary, and in northern
Spain.

As the fungus was detected in Barringtonia acutangula
in a tropical greenhouse, it is obvious that host plants are
also present in protected cultivation with tropical/subtropi-
cal conditions. Since Euwallacea sp., the vector of G. euwal-
laceae, can infest a wide variety of host plants, it is assumed
that there are additional host plants in protected cultivation.
However, no concrete information is available on this.

Pathways of introduction and spread

The fungus can be spread primarily through infected host
plants for planting (e.g. from one tropical house to another)
as well as via transport of infected wood and wood packag-
ing material.

Graphium euwallaceae is spread over short distances
by female ambrosia beetles (Euwallacea sp., see Biology

of the organism). Whether the fungus can also spread inde-
pendently from the beetles is unknown (Huler and Skel-
ton 2023). Natural spread between greenhouses is rather
unlikely.

Known impact in infested areas

Fungi associated with ambrosia beetles block the vascular
tissue in the xylem, thereby impairing the nutrient and water
supply of their host plants. In heavily infested plantations of
avocado trees, productive branches break more frequently.
Generally, branches often break where beetle galleries are
found. Both young and mature trees can die (Lynch et al.
2016; Mendel et al. 2012). In inoculation experiments, two-
year-old avocado seedlings infected with G. euwallaceae
showed lesions with an average length of 6.4+2.8 cm (Na et
al. 2018). The ultimate cause of tree death is most likely the
combined effect of two factors: first, the slow but persistent
accumulation of Euwallacea beetle galleries at the base of
large branches and on the trunks of susceptible trees (Huler
et al. 2017; Huler and Skelton 2023). Second, the localized
pathogenicity of the associated fungus, as described for
Fusarium euwallaceae. Together, these factors cause cam-
bium necrosis, branch dieback, and ultimately tree death
(Lynch et al. 2016).

Expected establishment and spread in Germany and the EU

Under the current climatic conditions, establishment out-
doors in Germany is not expected. In tropical greenhouses
however, establishment is possible if the vector (Euwallacea
sp.) is present. This is currently the case in various green-
houses — eradication measures are underway (EPPO 2025b).

In areas with suitable climates (see above) and existing
host plants, establishment is possible if the vector (Euwal-
lacea sp.) is present. This currently appears to be the case
in Spain: Euwallacea fornicatus sensu lato was detected on
Acer negundo in 2022 and on Parkinsonia sp. in 2023 in
a park in Andalusia, southern Spain. This is the first evi-
dence of an established population of the beetle outdoors in
Europe. In 2024, further samples of plants (Acer negundo,
Persea americana, and Ricinus communis) suspected of
being infested with E. formicatus sensu lato were exam-
ined. The beetle was detected in all samples (Goldarazena et
al. 2025; EPPO 2025c).

Expected impacts in Germany and the EU
The impact potential of G. euwallaceae is not yet sufficiently
known. However, damage to avocados, for example, are

deemed possible in southern EU member states. Since the
fungus has also been found in maples on various continents,

@ Springer
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maple species in general could also be at risk. The same
could apply to plane (Platanus) trees, as the fungus has also
been found on California sycamore.

Control of the fungus

Control of G. euwallaceae is only possible by eradicating
the vector. In the specific case of the tropical greenhouse,
where the fungus was found, a ban is in place on remov-
ing woody plants and palm trees from the facility. If plants
must be destroyed, they are packaged directly in the tropical
greenhouse and transported in closed containers for incin-
eration. The entrances from the tropical house to the outdoor
areas of the associated recreational facility are closed from
April 1 to September 30.

Conclusions of the PRA

According to the results of the risk analysis being conducted
in this study, most probably, G. euwallaceae cannot estab-
lish outdoors in Germany due to unsuitable climatic con-
ditions. However, it is assumed that G. euwallaceae could
(further) establish in tropical greenhouses in Germany and
other Member States as well as outdoors in southern EU
Member States, and may cause significant damage. There-
fore, measures should be taken to prevent introduction and
spread of this potential quarantine pest and its vectors in
accordance with Article 29 of Regulation (EU) 2016/2031
(EU 2016).

In the present case (occurrence in a tropical greenhouse),
it is deemed sufficient to contain the infestation inside the
tropical greenhouse and not to relocate any infested plants,
as the climatic conditions in the areas of origin of the vector
Euwallacea sp. and other infested areas are not comparable
to those in the specific area of Germany. Thus, the risk of
establishment in the field is currently considered very low.
Removing all host plants in the tropical greenhouse would
therefore be disproportionate.

Discussion

Successful diagnosis of pathogenic fungi depends on many
factors starting with the correct selection and disinfection
of symptomatic material. During the isolation process on
agar plates often a mixture of fungi is growing on woody
material and thus the accurate isolation and clean cultiva-
tion of the selected pathogenic fungi is the requirement for
morphological identification and successful DNA extraction
and sequence analyses.

Molecular diagnosis critically depends on the quality
of database entries, including both DNA sequence data

@ Springer

and accurate species identification. However, well-curated
DNA barcode databases require prior expertise in taxonomy
and morphology to ensure reliable content. Users of these
databases should therefore be aware that some entries may
contain errors and interpret results with appropriate caution.
Ideally, DNA-based identification should be supported not
only by sequence information but also by complementary
data and expertise. As discussed in this paper, accurate spe-
cies-level identification also requires a robust phylogenetic
framework. Given the frequent occurrence of taxonomic
ambiguities, including synonymy and misidentification,
interpretation of molecular diagnostic results should be per-
formed by experts trained in phylogenetics and taxonomy.

PRA is based on accurate diagnosis of the species of
concern. In cases where this is not possible, the outcome of
the PRA remains vague and may have a high uncertainty,
because even if a species belongs to the same genus as a
species already found to be harmful to plants, it does not
necessarily also to be harmful. Therefore, the categorisation
of the organism as a (potential) quarantine pest relies on
unambiguous determination of the species (or in rare cases
of the subspecies or strain).

Furthermore, categorising the species also depends on
the magnitude and likelihood of its risks to plants. In this
specific case, the potential of G. euwallaceae to cause dam-
age has not yet been sufficiently clarified. Though the phy-
tosanitary risk for Germany is considered low, for southern
EU Member States, a phytosanitary risk may exist for e.g.
avocado and maple. Graphium euwallaceae is primarily a
saprophytic fungus and has previously been reported as a
pathogen only in sporadic cases. Lynch et al. (2016) con-
sider G. euwallaceae as a confirmed pathogen of avocado
and ash-leaved maple. Freeman et al. (2019), however,
believe that the fungus does not act as a pathogen when
naturally infesting the xylem. In the trees infested with
Euwallacea sp., the associated fungi are not systemic patho-
gens, but rather weak pseudo-pathogens causing only local
lesions (Freeman et al. 2019; Na et al. 2018).

However, as long as no further results are available,
because the fungus is associated with Euwallacea sp.
and other fungal symbionts (e.g. Fusarium euwallaceae),
it should be categorised in the same way as F. euwal-
laceae, which is regulated as a Union quarantine pest
(EU 2016, 2019).

To reduce uncertainty and to gain more clarity in this
regard of the outcome of the PRA, pathogenicity tests
should be conducted. This is in particular important, when
plant health regulations are based on the results of a PRA.
If the tests reveal that G. euwallaceae is not pathogenic per
se, the classification as “potentially quarantine-relevant”
should be revised.
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