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State of the Art

 In September 2016 in the Italian National Park Circeo, covering 7 SCI, the first 

massive outbreak of the Asian Ambrosia beetles Xylosandrus compactus (black 

twig borer) and Xylosandrus crassiusculus (granulate ambrosia beetle) was 

discovered in a European natural ecosystem. 



State of the Art

 These beetles dig galleries in young branches (X. compactus) and trunks (X. crassiusculus) 

of trees hosting symbiotic fungi. Infested trees can show wilting, branch dieback, shoot 

breakage and general decline. In the end, a diffused desiccation of the Mediterranean 

maquis can occur, as is currently shown in the Circeo Park on an area of 13 Ha.
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State of the Art
 X. compactus has previously been 

recorded in Italy's Campania, 

Tuscany and Liguria, and recently 

emerged in France in Saint Tropez 

and Saint-Jean-Cap-Ferrat (2016) 

and in Antibes' Botanical Garden 

of Villa Thuret (2017). 

 X. crassiusculus has been first 

detected in orchards in Central-

North Italy, and appeared in 2014 

at Mont Boron near Nice and in 

2016 in the biological reserveIle

Sainte Marguerite near Cannes 

and in El Pla de les Clotxes, 

Benifalló in the Spanish Valencia 

region.



State of the Art
 Xylosandrus spp. are polyphagous 

species with a wide arrange of 

hosts distributed in many families

 Xylosandrus compactus has 224 

hosts outside Europe distributed in 

62 families 

 In Italy only few of the hosts are 

known, including Laurus nobilis, 

Quercus ilex, Viburnum tinus, 

Ruscus aculeatus, Pistacia

lentiscus,  Ceratonia siliqua

 However, many genera present in 

Europe include species susceptible 

to these insects: Acer, Castanea, 

Cornus, Celtis, Cercis, Laurus, 

Malus, Ostrya, Pinus, Platanus, 

Quercus, Salix, Sambucus



State of the Art
 It is believed that Xylosandrus spp. 

were introduced in Europe with 

trade of living plants and that

originally they moved from 

ornamentals in nurseries and parks

to natural environments

 This aspect must be kept in 

consideration in facing the 

problem of the symbiotic fungi



The symbiotic fungi

 The Ambrosia beetles are 

commonly associated with 

symbiotic fungi, some of 

which are harbored in a 

specialized structure named 

mycangium; other are 

associated with different  

parts of the insect body

Mycangium



The symbiotic fungi

 Some of these fungi, such as 
Ambrosiella xylebori, supplies 
the diet for the larvae into the 
galleries

 Others, are pathogenetic 
species that might contribute 
to symptoms developments on 
host plants

 The risk exists that Ambrosia 
beetles could introduce 
invasive fungal pathogen in 
natural and domesticated
environments as it happens
with Raffaelea lauricola
associated to the Ambrosia 
beetle Xyleborus glabratus, 
both threatening the cultivation
of Persea on the US East coast

Ambrosiella xylebori



The symbiotic fungi

 Isolation trials have been conducted

from symptomatic tissues and from the 

galleries

 Fungal morphotypes were identified

based on morphological and molecular

traits



The symbiotic fungi

 Up to 18 different fungal
morphotypes were isolated in 
pure cutures

 Among them: Ambrosiella
xylebori and  Fusarium solani
reported as the most frequent
taxa associated to 
Xylosandrus spp. and other
Ambrosia beetles

 Furthermore: Fusarium
proliferatum, Geosmithia
pallida, Nectria 
haematococca, Epiicoccum
nigrum

 Clonostachys agrawalii an 
unespected asiatic species
associated with dead animals

Taxa

Alternaria sp.

Ambrosiella xylebori

Biscogniauxia mediterranea

Botryosphaeria stevensii

Clonostachys agrawalii

Cytospora sp.

Diaporthe sp.

Epicoccum nigrum

Fusarium proliferatum

Fusarium solani

Geosmithia pallida

Mucor racemosus

Nectria haematococca

Nigrospora sp

Penicillium sp.

Pestalotiopsis vismiae

Sarocladium strictum

Trichoderma sp. 



The symbiotic fungi

 Inoculation trials were

setup with 3 host species, 

Quercus ilex, Laurus nobilis

and Viburnum tinus

 Isolates of Fusarium solani, 

Fusarium proliferatum, 

Geosmithia pallida, 

Nectria haematococca, 

and Clonostachys

agrawalii were inoculated

into host stems



The symbiotic fungi

 Lesions were assessed
after 4 months

 F. solani, F. 
proliferatum and N. 
haematococca
resulted the most
aggressive causing
necroses of several
cm into the wood

Colonization of host
tissues was massive 
but very slow

Taxa Quercus ilex Laurus nobilis Viburnum tinus

Fusarium solani 

*** - *
Fusarium proliferatum

** *** *
Nectria haematococca
(an. Fusarium haematococcum) *** *                    -
Geosmithia pallida (insect)

* - -
Geosmithia pallida 
(Viburnum) * - *
Clonostachys agrawaii
(Laurus) * - -
Clonostachys agrawaii
(Insect) * * -



The symbiotic fungi

 Lesions were assessed after 4 

months

 F. solani, F. proliferatum and N. 

haematococca resulted the most

aggressive causing necroses of 

several cm into the wood

 All the fungi colonized the tissues

very slow

 The fungi were always re-isolated

from the lesions



Remarks

 These results evidence the pathogenicity of 

some of the fungi associated with galleries or 

insect bodies of Xylosandrus compactus

 Fungi were inoculated in small holes (2mm) 

done with a low-speed drill. 

 In natural conditions, they can be harbored 

into the tissues through the insect galleries 

and might express a higher potential of 

damage to tissues

 In any case, these results support a synergic 

action of the insect and the associated fungi 

in causing the wilt of small branches



Analysis by HTS of fungal community 

associated to Xylosandrus compactus

 HTS was performed with the platform Illumina 

MiSeq.

 Three hosts: Quercus ilex, Laurus nobilis and 

Ceratonia siiqua

 Two dates: September 2016 and May 2017

 September 2016: 26 adults of X. compactus

from L. nobilis, 48 from Q. ilex, and 50 C. siliqua

 May 2017: 15 adults of X. compactus from L. 

nobilis, 36 from Q. ilex, and 28 from C. siliqua.





 Among the 35 OTU’s shared

between the 3 hosts: Fusarium

solani, Geosmithia pallida, and 

Ambrosiella xylebori

 F. solani and G. pallida are the 2 

most represented OTU’s. These 2 

taxa resulted pathogenetic to Q. 

ilex and V. tinus in ‘in vivo’ tests

previously reported

 A. xylebori is the typical symbiont

of X. compactus representing the 

diet for the larvae into the galleries



Undefined saprotrophs

Animal pathogens

Plant pathogens

Wood saprotrophs

Lichen pathogens

Unknown

Plant pathogens – Soil

and wood saprotrophs

Functional groups



Functional groups: 

plant pathogens

OTU Species Functional group

1 Fusarium solani Plant pathogens – Soil and wood saprotrophs

2 Geosmithia pallida Plant pathogens – Soil and wood saprotrophs

4 Fusarium acuminatum Plant pathogens – Soil and wood saprotrophs

21 Clonostachys rosea Plant pathogens

24 Fusarium merismoides Plant pathogens – Soil and wood saprotrophs

35 Phaeoacremonium prunicola Plant pathogens

41 Devriesia sardiniae Plant pathogens

48 Ramularia eucalypti Plant pathogens

51 Pestalotiopsis biciliata Plant pathogens

70 Hortaea thailandica Plant pathogens

77 Phaeoacremonium fraxinopennsylvanicum Plant pathogens

86 Eutypa leptoplaca Plant pathogens

110 Ramularia hydrangeae Plant pathogens

113 Neofusicoccum luteum Plant pathogens

214 Acrodontium crateriforme Plant pathogens



Geosmithia pallida

Geosmithia pallida (G. Sm.) M. Kolarík, 
Kubátová & Paoutová is an emergent
pathogen of oaks in the USA(Lynch et 
al., 2014) with affinities with a large 
number of con affinità per un nutrito 
gruppo of xylophagous insects (Kolarik
et al., 2004). This represents the first 
record of association, possibly as
symbiont, with Xylosandrus compactus



Functional groups: 

plant pathogens

OTU Species Functional group

1 Fusarium solani Plant pathogens – Soil and wood saprotrophs

2 Geosmithia pallida Plant pathogens – Soil and wood saprotrophs

4 Fusarium acuminatum Plant pathogens – Soil and wood saprotrophs

21 Clonostachys rosea Plant pathogens

24 Fusarium merismoides Plant pathogens – Soil and wood saprotrophs

35 Phaeoacremonium prunicola Plant pathogens

41 Devriesia sardiniae Plant pathogens

48 Ramularia eucalypti Plant pathogens

51 Pestalotiopsis biciliata Plant pathogens

70 Hortaea thailandica Plant pathogens

77 Phaeoacremonium fraxinopennsylvanicum Plant pathogens

86 Eutypa leptoplaca Plant pathogens

110 Ramularia hydrangeae Plant pathogens

113 Neofusicoccum luteum Plant pathogens

214 Acrodontium crateriforme Plant pathogens



Functional groups: 

plant pathogens

 The genus Eucalyptus is an host of 
Xylosandrus compactus.

 The presence of the insects on Eucalyptus
spp. in the Circeo area has not been verified
yet

 The association of X. compactus with 2 
pathogens of Eucalyptus spp., one of which
of recent outbreak in the Circeo area, 
suggests an interaction between the insect
and these specific hosts.

 Thus HTS analysis could also indicate new 
hosts of the insect based on identity of 
associated fungi



Functional groups: 

entomopathogens



Final remarks

 Xylosandrus spp. represent a new risk for natural ecosystems in Europe

 The synergic activity of the insects and the associated pathogenic
fungi might results in unespected impact on a wide range of host
species

 The finding of new interactions between the insects and pathogenic
fungi (e.g. G. pallida) highlights the risk of insurgence of novel
interactions with alien invasive species in nurseries

 Such event is favored by the wide host range of X. compactus
spanning from exotic to native Europena species that could facilitate 
the host shift of associated fungi

 Monitoring of the insects and associated fungi in nurseries is a 
paramount need to mitigate the risk of new invasions
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