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Abstract The repellency of injured ascomata of Ciborinia
camelliae and Spathularia flavida was tested with the col-
lembolan Ceratophysella denisana, a common mushroom
feeder. Presentation of a test ascoma (intact or injured) at a
distance to a collembolan that was feeding at a bait showed
that significantly more collembolans moved away in re-
sponse to the presentation of injured ascomata than intact
ones for both species. These results suggest that the
ascomata of these species showed repellency to the collem-
bolan species as a response to injury. Odor is speculated to
be one of the stimuli eliciting the behavioral responses
observed.
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Ascomata are normally not attacked by collembolans,
which are common consumers of basidiomata. Thus, these
structures have been suspected to contain some protective
agent.

A number of fungivorous animals injure fruit-bodies
during feeding. Changes in bioactivity and/or chemical com-
position as a response to injury are known in basidiomata
(Sterner et al. 1985; Pang et al. 1992; Wood et al. 1994, 2001;
Stadler and Sterner 1998; Fildt et al. 1999). In some cases,
these changes are thought to serve as a chemical defense
system against fungivores (Sterner et al. 1985; Stadler and
Sterner 1998; Wood et al. 2001). However, no changes in
bioactivity as a response to injury have yet been detected in
ascomata (Stadler and Sterner 1998).
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To test the possibility that ascomata show repellency,
which is one of the defensive bioactivities, to collembolans
in response to injury, we carried out assays involving obser-
vations of the behavioral responses of collembolans to in-
tact or injured ascomata presented at a distance.

Ascomata of Ciborinia camelliae L. M. Kohn and
Spathularia flavida Pres. were used for tests because we
could obtain a sufficient number of ascomata of these spe-
cies. Ascomata of C. camelliae were collected from Nango,
Otsu, Shiga Prefecture, Japan, on April 5, 2005. Tests of this
species were performed 4 days after collection (April 9,
2005). Ascomata of S. flavida were collected from
Kawakami, Minamisaku, Nagano Prefecture, Japan on Sep-
tember 9, 2004. Tests of this species were carried out 2 days
after collection (September 11, 2004). Ascomata were
stored at 5°-10°C until use.

The collembolan species used for tests is Ceratophysella
denisana Yosii (Hypogastrura denisana), a common fruit-
body feeder in Japan (Nakamori and Suzuki 2005). Collem-
bolans were obtained from the collecting site of ascomata of
each species on March 3, 2005 for C. camelliae tests and on
August 19, 2004 for S. flavida tests. They were fed with
baker’s yeast at 20°C until use.

To avoid injury of ascoma before the assay, fungal speci-
mens were identified macroscopically, and identification of
all the specimens of ascomata and collembolans was con-
firmed based on microscopic morphology at the end of the
assay.

The test item was an intact ascoma or excised ascoma
(the tip cut off with scissors, as shown in Fig. 1). The
transection was made across the hymenium and the length
was 5-10mm. In the case of injured ascoma, the cut edge
was presented about 10s after transecting.

The tests involved presentation of the ascoma (intact or
injured) at a distance of 2mm to collembolans that were
feeding at a bait of baker’s yeast on an agar disc (Fig. 2).
The behavioral responses of the collembolans were then
observed. A drop of water suspension of yeast was placed
on the center of a 3% water agar disk (3 mm in depth; 90 mm
in diameter) in a petri dish, and excess water was removed
with a piece of filter paper. One collembolan individual
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Fig. 1. Transection method used for injuring ascomata. Ascomata are
shown as a section in the right direction. Not to scale. Broken lines
indicate transection
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Fig. 2. Presentation method of the test ascoma. Ascoma is represented
by injured Spathularia flavida. Not to scale

starved for a week was transferred onto the agar disc near
the bait and then enclosed together with the bait with a
cover vessel (15mm in diameter; 30mm in height; transpar-
ent plastic). When the collembolan had settled to feed, the
vessel was removed and the tip of a test ascoma was pre-
sented with a mechanical steel arm about 2mm above the
collembolan. The test ascoma was softly tied upside down to
the steel arm by the stipe with Teflon tape. Distance of the
collembolan from the bait was recorded 10 and 30s after
presentation of C. camelliae and S. flavida, respectively.
When the collembolan moved outside the circle (15mm in
diameter) around the bait, we regarded the collembolan as
having shown a distributional response. In other cases, we
considered that the collembolan did not show the response.
To minimize electrostatic effects, both the stipe of ascoma
and the agar disc were grounded. To exclude effects from
the shadows of ascomata, an upwardly shining light was
placed under the agar disc (semitransparent). The collem-
bolan individuals used were not disturbed their feeding
from three presentations of the steel arm immediately be-
fore the tests. The tests were carried out at 20°C in light.
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All collembolan and ascomata specimens were used only
once for either of two treatments, and data were treated as
independent. Sample sizes were 12 and 15 replicates per
treatment for C. camelliae and S. flavida, respectively. Dif-
ferences in number of collembolan individuals showing the
distributional response between treatments were tested by
the Fisher exact probability test for each ascomycete species.

For both C. camelliae and S. flavida, significantly more
collembolan individuals showed the distributional response
to the presentation of injured ascomata (53% and 42%,
respectively) than intact ones (both 0%) (Fisher exact prob-
ability test, P < 0.05). All the collembolan individuals show-
ing the distributional response walked away from the injured
ascomata, except, in the case of S. flavida, one jumped.

Other behavioral responses were observed on collembo-
lan individuals presented with injured ascomata of both the
species. During presentation of an intact ascoma, none of
the collembolan showed observable changes in behavior,
whereas during presentation of an injured ascoma all indi-
viduals showed specific behavioral changes: all individuals
stopped feeding at least once and moved their antennae in
the air.

The bioactivity to C. denisana as a response to injury was
clearly detected in ascomata of both C. camelliae and S.
flavida. The bioactivity observed was thought to be repel-
lency, because the presentation of injured ascomata elicited
moving away from the ascomata and changes in distribu-
tion, and prevented feeding of the collembolan species.

Odor is speculated to be one of the stimuli of the bioac-
tivity observed, because the collembolans responded at a
distance and moved their antennae. Chemoreceptors are
most probably located at the antennae of collembolans
(Altner and Altner 1985). Odor is one of the important cues
affecting collembolan behavior (Bengtsson et al. 1988, 1991;
Hedlund et al. 1995; Messer et al. 1999; Nilsson and
Bengtsson 2004a,b; Pfander and Zettel 2004).

Odor is a cue both attracting and repelling collembolans.
Attractant odors in food are known (Bengtosson et al. 1988,
1991; Hedlund et al. 1995), whereas only a few repellent
odors in food have previously been identified. Interestingly,
the ascomycetes Tuber melanosporum Vitt. contains 1,3-
dimethoxybenzene, known as an alarm substance in the
collembolan Neanura muscorum Willem (Messer et al.
1999, and a reference therein).

Changes in the bioactivity of odor as a response to injury
are known in basidiomata. Wood et al. (2001) showed that
the volatile 1-octen-3-ol from Clitopilus prunulus (Scop.:
Fr.) Kummer acts as a banana slug antifeedant. Injured
basidiomata of the bracket fungi Fomitopsis pinicola (Fr.)
P. Karst. and Fomes fometarius (L.) J.J. Kickx showed in-
creased release of oct-1-en-3-ol, known as an insect attrac-
tant (Fildt et al. 1999).

The bioactivity observed in the present study might also
be induced by biting of C. denisana, and this might repel the
collembolans. Therefore, the bioactivity is speculated to
serve to protect the ascomata of C. camelliae and S. flavida
from the collembolan species, as is thought to occur in
basidiomata (Sterner et al. 1985; Stadler and Sterner 1998;
Wood et al. 2001).
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