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possible multiple S. noctilio introductions to North America from Europe. Our results also
showed a lack of fidelity between woodwasp hosts and Amylostereum species.

© 2015 The British Mycological Society. Published by Elsevier Ltd. All rights reserved.
Introduction a major pest in areas of introduction. Woodwasp outbreaks in

Amylostereum areolatum (Basidiomycetes: Russulales) is
a saprotrophic decay fungus that can be found in stumps
or logs of various conifers and is often effectively injected
by woodwasps of the genus Sirex spp. (Hymenoptera: Sirici-
dae) into living trees. The fungus is carried in a pair of spe-
cialized intersegmental mycangia located at the base of the
female woodwasp’s ovipositor and opening into the ovi-
ducts. Fragments of the fungus, or arthrospores, are depos-
ited into host trees with the woodwasp eggs during
oviposition. Larval nutrients are derived from wood decom-
posed by the fungus (Thompson et al. 2014). Surveys on the
genetic diversity of this fungus collected from woodwasps,
basidiocarps or wounded trees from Denmark, Lithuania,
and Sweden and tested using somatic or vegetative compat-
ibility grouping (VCG) assays have revealed widespread and
conserved clonal populations (Thomsen & Koch 1999;
Vasiliauskas & Stenlid 1999). These results along with the
general low occurrence of A. areolatum fruiting bodies on
logs versus its prevalence in wounded trees in some loca-
tions within central and northern Europe indicate that this
species uses primarily asexual reproduction due to its close
association with woodwasp hosts (Thomsen & Koch 1999;
Vasiliauskas & Stenlid 1999).

In Europe, A. areolatum is associated with the woodwasps
Sirex juvencus and Sirex noctilio (Gaut 1970). Two other species
of Amylostereum are also associated with siricid woodwasps:
Amylostereum chailletii is carried by Sirex cyaneus, Sirex areola-
tus, and Urocerus spp. in Europe (Gaut 1970; Tabata et al.
2000), while Amylostereum laevigatum is associated with Uroce-
rus antennatus and Urocerus japonicus in Japan (Tabata & Abe
1997, 1999).

Amylostereum areolatum benefits from its association with
the woodwasp S. noctilio in multiple ways: the insect trans-
ports the fungus to suitable hosts and also injects the host
with a venom gland secretion that facilitates lethal infection
by the fungus (Bordeaux et al. 2014). The venom, noctilisin, in-
duces a variety of physiological changes in the host resulting
to weakened defense, enabling the fungus to grow and colo-
nize the surrounding wood (Bordeaux et al. 2014). This wood-
wasp attacks primarily Pinus (99 %) but has been found to
also infest Abies and Picea (Spradbery & Kirk 1978).

In the last century, S. noctilio was introduced, likely via the
movement of infested logs or packing materials, to the south-
ern hemisphere, being found in New Zealand in the 1900s and
Australia in 1952, South America in 1980, and South Africa in
1994 (Gilbert & Miller 1952; Morgan & Stewart 1966; Madden
1988; Tribe 1995; lede et al. 2010). This woodwasp is of little
economic importance across its native distribution in Eurasia
and North Africa as it attacks stressed, dying, or recently dead
hosts (Spradbery & Kirk 1978). S. noctilio, however, has become

exotic Pinus radiata plantations in the southern hemisphere in
the 1940s and 1950s resulted in up to 80 % tree mortality, mak-
ing this woodwasp a serious threat to the softwood industry
(Madden 1988). S. noctilio was first detected in North America
in New York in 2004 (Hoebeke et al. 2005), and since then has
been collected in six other states and also in the provinces
of Ontario and Quebec in Canada (NAPIS, 2014), causing seri-
ous concerns for the possible impact of this invasive pest on
forest ecosystems in North America. In addition, the surveil-
lance for S. noctilio in the US forests has decreased in recent
years; thus, its present geographic distribution likely is
underestimated.

Current biological control strategies in the southern hemi-
sphere utilize the nematode Deladenus siricidicola, which par-
asitizes S. noctilio as well as feeds on its fungal symbiont
(Bedding 2009). The nematode life cycle has alternating par-
asitic and mycetophagous phases, and the latter phase has
been exploited for mass rearing the nematode for biological
control programs (Bedding 1972). The efficacy of this biologi-
cal control agent, however, relies in part on its suitability
with the Sirex—Amylostereum complex, since the virulence
of nematode-wasp associations may be specific to certain
geographical populations (Bedding 1972). The potential use
of D. siricidicola in the US is complicated further by the pres-
ence of North American Sirex species that also carry Amylos-
tereum spp. and, thus, could serve as alternate hosts for the
introduced nematode. Thirteen Sirex species are endemic to
the New World and the genus is widespread in North Amer-
ica (Schiff et al. 2012). In the northeastern US, three Sirex spe-
cies -S. cyaneus, S. nigricornis, and S. nitidus — have
overlapping geographic distributions and host ranges with
the introduced S. noctilio. Although major host tree prefer-
ences vary among the North American woodwasps, all three
attack Pinus (Schiff et al. 2012), and this allows the possibility
of host trees with mixed Sirex infestations. S. cyaneus has
been reported to carry only A. chailletii, but S. nigricornis and
S. nitidus carry A. areolatum or A. chailletii (Hajek et al. 2013;
Olatinwo et al. 2014).

As part of our effort to study the biology of the introduced
S. noctilio and its associated A. areolatum genotypes in the US,
we determined the genetic diversity of Amylostereum spp. as-
sociated with S. noctilio and other woodwasps from Europe
and compared observed genotypes with those from S. noctilio
collected in the northeastern US.

Materials and methods
Isolate collection and maintenance

Amylostereum samples were obtained from the mycangia of
adult female Sirex and Urocerus spp. either trapped in the field
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