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FUNGI ASSOCIATED WITH THE PINE WOOD NEMATODE,
BURSAPHELENCHUS XYLOPHILUS, AND CERAMBYCID
BEETLES IN WISCONSIN
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Department of Plant Pathology, University of Minnesowa, St. Paul, Minnesota 55108

The pine wood nematode, Bursaphelenchus
xylophiius (Steiner and Buhrer) which is carried
by cerambycid beetles (Coleopiera: Cerambyci-
dae) causes a serious disease of native pines in
Japan. Details of the life cycle of B. xviophilus,
and the associated disease cycle have been pre-
sented in a number of recent reviews (Mamiya,
1976, 1983). The nematode was first found in
the United States in 1931 (Steiner and Buhrer,
1934 Nickle et af., 1980) and subsequently re-
cognised as a pathogen (Dropkin and Foudin,
1979).

Bursaphelenchus xylophilus is mycophagous
(Kobayashi ef al., 1974) and has apparently be-
come adapted o feeding on living pine tissue. In
Japan, some fungi associated with B. xylophilus
in dying pines have been identified. In the United
States, however, little attention has been given
to the fungi associated with the nematode. The
aim of this study was to identify fungi from the
pupal chambers of cerambycid beetles in pine
wood nematode infested trees, from the nema-
todes themselves and {from cerambycid beetles
emerging from the trees. The role of these fungi
in the ecology of B. xviophilus is considered.

Twenty-year-old jack (Pinus banksiana Lamb)
and red pines (P. resinosa Ail.), occurring at Black
River Falls, Jackson Co., Wisconsin, were se-
lected for study. Five trees of each species in-
fested with B. xylophilus and cerambycid beetles
were felled and cut into 60 cm bolts, Jack pine
trees had died after being artificially girdled in a
previous study (Wingfield, 1982) and the red pines
had died due to fire scorching and subsequent
infestation of Dendroctonus valens (Le C.)
{(Wingfeld, 1983).

Pine bolts were transported to Minnesota where
cerambycid beetle pupal chambers (64 from red

! Present address: Plant Protection Research Insti-
tute, Private Bag X 5017, Stellenbosch 7600, Republic
of South Africa.

and 61 from jack pine) were cui from the wood.
Pupal chambers were placed on moistened filter
paper in petri dishes and incubated at 23 C in
sealed plastic buckets each containing an insec-
ticide sirip to suppress mite activity and kill
nematodes in the wood.

After 2 wk, pupal chambers were examined
for fungi vusing a dissection microscope. Conidia
or ascospores of fungi sporulating on the wood
surface were lifted from fruiting structures and
plated on 2% Difco Malt Extract Agar (MEA) in
Petri dishes. Petri dishes were incubated a1 25 C
for up to 4 wk. Fungi were then identified. Mi-
croscope preparations of these and other fungi
in this study were deposited in the Herbariom
of The National Collection of Fungt, Plant Pro-
tection Research Institute, Pretoria, South Africa
{(PREM).

Disks of wood 4 em thick were removed from
each tree sampled. Bark was removed and wood
was chopped into 2 cm® blocks. Wood samples
(60 g} from each tree were placed in Baermann
funnels (Southey, 1970) to extract nematodes.
Nematodes were concentrated in a swing bucket
centrifuge and placed on the surface of 1% water
agar in the center of petri dishes. Petrt dishes
were incubated at 25 C in the dark for 2 wk and
fungi sporulating on the agar surface were iden-
tified.

Red pine bolts remaining after pupal chambers
and wood for nematode exiractions were re-
moved and placed in emergence traps previously
used by Wingfield and Blanchette (1983). Traps
were examined daily and cerambycid beetles col-
lected.

Beetles were dissected into four parts: head
with antennae, abdomen, thorax with legs, hind
wings and elytra. Beetle thoraxes were plated sep-
arately from the remaining parts on water agar
supplemented with 2% latic acid and 1% strep-
tomycin sulphate. Dishes were incubated in the
dark at 25 C for one week and fungi identified.
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FunGt FROM CERAMBYCID PUPAL CHAMBERS IN PIvus
RESINOSA AND P. BANKSIANA

Fungi identified®

Arthroborrys cladodes Drechsler var. cladodes (PREM
48209)

A. superba Corda (PREM 48208)

Ceratocystis allantospora Griffin (PREM 48206)

C. angusticollis Wright and Griffin {(PREM 48203)

C. deltpideospora Qlchow, and Reid (PREM 48202)

C. ips (Rumb) C. Moreau (PREM 48207}

. mingr (Hedge.}) Humt (PREM 48203)

C. tenella Davidson (PREM 48201)

Ceratocystiopsis miinima {Oichow. and Reid) Upa-
dhyay (PREM 48204)

Chaetosphaeria sp.

Chioridivum virescens var. chlamiydosporum (van Bey-
ma) W, Gams (PREM 48213)

Codinia sp.

Gliocladim roseum Bain

Phialophora verrucosa Medlar (PREM 48214)

Rhinocladiella elatior Mangenot (PREM 48211)

Spadicioides spp.

* Five P, resinosa and five P. banksiana trees sam-
pled, with 64 and 61 pupai chambers from each species,
respectively.

" PREM numbers are those of the National Coliec-
tion of Fungi, Plant Protection Rescacch Institute, Pre-
toria 0001, South Africa. Other than C. ips on P. re-
sinosa and C. virescens on P. banksiana all fungi were
found on both hosts.

The fungi in beetle pupal chambers of red and
jack pine were similar (TAsLE I). They included
a number of Ceratocystis spp. sensu {ato and Cer-
atocystiopsis sp. A mycoparasite, Gliocladium
roseunt, and a number of other fungi known 1o
occur on wood were identified and isolated. In
addition, two species of nematode-trapping fun-
ei, Arthroborrys cladodes var, cladodes and A,
superba were found. Common contaminant fun-
gi such as Penicillitnn spp. and Trichoderma spp.
were present,

Fungi sporulating on water agar to which B,
xvlophifus had been added included two nema-
tode trapping fungi (4. cladodes var. cladodes
and A. superba) which were also present in pupal
chambers. These fungi were found on nematodes
from one jack and three red pine. In addition, a
single nematode from red pine was found colo-
nised by an endoparasitic Harposporiuni sp. This
fungus was not isplated and the species could not
be identified.

Three species of cerambycid beetles were col-
lected from red pine boits. These include six A
scutellatus, 148 M. carolinensis and 14 Neocan-
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thocinus pusifus (Kirby). Other than probable
comtamninant fungi (Aspergilius spp., Alternaria
sp., Aureobasidivm sp., Cladosporivm sp., Hel-
minthosporiim sp., Mucor sp., Penicillium sp.
and Trichoderma sp.) a nematode parasite, 4r-
thobatrys cladodes var. cladodes, an insect path-
ogen, Beauvaria bassiona (Bals.) Vuill., a myco-
parasite, Gliocladivm rosewmn and Ceratocysiis
minor were isolated from these insects.

Fungi have previously been isolated from pine
wood nematode infested trees in Japan (Kobay-
ashi et ql., 1975; Mamiva and Tamura, 1976;
Yoneda er al., 1980) and in the United States
(McGawley er al, 1980). In Japan, fungi have
also been isolated from B. xylophilus. This is,
however, the first report of fungi isolated from
cerambycid beetles, the wood associated with the
beetles before emergence and from nematodes
extracted from the same wood. Most fungi pre-
viously found associaied with pine wood nema-
tode infested wood were common saprophvies
and probably not specifically associated with B.
xylophitus.

An objective of this study was to look at fungi
closely associated with 8. xylophilus and its vec-
tors. The most commeonly recorded fungi and
those of particular interest here were Ceratocystis
spp. {sensu lato) known 1o be associated with
insects (Upadhyay, 1981), particularly bark bee-
tes (Coleoptera: Scolytidae). Ceratocystis spp.
were most commonly found in the pupal cham-
bers of cerarnbycid beetles. Ceratocystis spp. pro-
duce spores in slimy masses that adhere to insect
surfaces or are carried in specialised gland cells
{mycangia) of the insects (Whitney, 1982). Cer-
atocystis spp. sporulating in pupal chambers of
cerambycid beetles are also likely 1o adhere to
the surface of these insects when they emerge.
However, unlike bark beetles, adult cerambycid
beetles do not penetrate bark of dead pines dur-
ing infestation. The only contact these insecis
have with pines is when the male beetle chews
an oviposition niche in the bark and, by means
of an ovipositor, places an egg under the bark
surface. This limited contact is unlikely to be
sufficient to transmit Ceratocystis spp. Fungi as-
sociated with cerambycid beetles probably rely
on some means other than adult beetles to return
them to beetle galleries.

Isolations from beetles yielded few of the fungi
found in pupal chambers. This supports the view
that the insects themselves might not be respon-
sible for completing the life cvele of the fungi
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found in their pupal chambers. Cerambycid bee-
tles, like bark beetles, exist together with many
microorganisms on their bodies (Whitney, 1982).
Some of these microorganisms, such as nema-
todes and mites, are mobile and might be im-
pontant in transferring fungi from one ceram-
bycid gallery to the next.

Further research is necessary to establish the
role of mites in the transmission of fungi found
on B. xplophilus and its vectors, In this study,
mites are likely to have left cerambyceid beetles
before isolation, This could explain the absence
from the beetles of fungi found in pupal cham-
bers. Mites phoretic on cerambycid beetles are
known 1o feed on fungi (Moser and Roton, 1971)
including Ceratocystis spp. and can disseminate
fungal spores (Moser ef al., 1974). Mites are also
important in the dissemination and fertilisation
of Ceratocystis spp. associated with bark beetles
{Brasier, 1978; Bridges and Moser, 1983).

All Ceratocystis spp. recorded here are known
in North America (Upadyhay, 1981), Only C.
allantospora has been associated with ceram-
bycid beetles (Griffin, 1968). Ceratocystis an-
gusticollis has not previously been associated with
insects (Olchowecki and Reid, 1974) whereas all
other Ceratocystis spp. have been associated with
scolyiid bark beetles (Upadhyay, 1981; Griffin,
1968; Olchowecki and Reid, 1974). Bursaphe-
lenchus xylophilus is a mycophagus nematode
and feeds on fangi in dead trees. Some of the
fungi recorded here, such as Ceratocystis spp.
which are adapted for insect transmission, could
provide an important food source for the nema-
todes in dead wood,

Two species of nematode-trapping fungi, Ar-
throbotrys superba and A. cladodes var. cladodes
were found in beetle pupal chambers and on B.
xplophilus. Nematode trapping fungi have been
found assoctated with B. xyvlophilus in Japan
{Mamiva and Tamura, 1976; Yoneda ef al., 1980;
Tamura, 1980). This is, howevaer, the first record
of nematode-trapping fungi associated with B.
xplophilus in the United States.

Predators and parasites of B. xylophilus and
its vectors including nematode-trapping fungi,
could be significant in maintaining ecological ho-
meostasis (Pimental, 1963). It is probable that
B. xylophilus was introduced into Japan (Ma-
miva, 1983). The introduction of natural ene-
mies such as parasitic fungi into Japan might be
useful in reducing nematode populations there
(Saiki er al., 1984). Further research to evaluate
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the role of fungi associated with the pine wood
nematode and its vectors should therefore be en-
couraged. An understanding of the ecology of
these fungi and other associates of B. xylophilus
should improve our undersianding of the disease
associated with the nematode.

I thank Dr. W. Gams for identifying Arthro-
botrys spp.; Dr. R. A. Blanchette, P. Bedker, T.
Burnes and F. Morse for assistance and helpfiul
discussions.

Key Words: Bursaphelenchus xylophilus, Ceratocystis
spp., Ophiostoma spyp., Arthrobotrys spp.,
insect associated fungi, nematode para-
sitic fungi.
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