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This anthology of the mycological literature
represents a collection of articles focusing
on fruitbodies – how do the fungi form
them, why are some big, and some small,
and why are they now in many places not
fruiting at the same time as they used
to. As always, a personal choice, with too
many interesting articles left behind; this
is only an inspiration for exploration of the
literature that you can find online.

Tomentella caerulea, photo by
Adolf Ceska.

Fruitbodies

Fungal fruitbodies serve only one
purpose: production of offspring in
the form of spores and getting these
spores into the world. Every fruitbody
is tailored to that, and the fungus uses a
lot of energy to do so. How it is done is
one of the open questions in mycology.
Ectomycorrhizal fungi get the necessary
carbs (carbohydrates in the form of
sugars) for this enterprise from the tree
they are associating with, but how they
get the nitrogen that is necessary to
make proteins is another question. For
one medium-sized Boletus edulis a bit
under one gram of nitrogen is needed.
If we assume that the hyphae that grow
around the tree roots (the root tips) are
used for nitrogen storage, millions of
root tips are needed for the production
of that one porcino; this translates into
a single individual covering 1-2 square
meters of forest floor with one fruitbody
on top. Storing nitrogen inside the

hyphae is another option, but very many
hyphae are needed, and on top of that
it would make these fungal structures
an easy target for fungivores. Of course,
fungi have the same idea as humans,
and they can provide their hyphal walls
with the fungal equivalent of glass
shards to fend off soil-dwelling fungus
eating invertebrates. Both scenarios of
N-storage are not very likely, and the
fungus must be able to mobilize and
organize the necessary building blocks
very quickly; how that is done is still an
open question.
We all know that there is huge
variation in fruitbody size, and that some
of the ectomycorrhizal species are very
hard to find on tree roots, despite the fact
that they form many large fruitbodies.
Other species show the opposite pattern:
they are very commonly found on the
root tips, but the fruitbodies are hard
to find. Tomentella species are a perfect
example of this group – they grow in
every forest type from the arctic to
the tropics, in conifer forests and in
deciduous woods. Finding the fruitbodies
is a challenge, as they are just a brown to
lilac-brown slightly fuzzy layer (the word
crust which is usually used to described
such fungi evokes a much more
substantial entity) often on the underside
of branches that lie on the forest floor.
Hard to find, hard to recognize, BUT,
ubiquitous, and big players in the
ectomycorrhizal community. More
conspicuous in the soil is Piloderma
fallax, with its bright yellow rhizomorphs
that stand out, but again the fruitbodies
are just a crust. Another group that
forms these fuzzy “crustose” fruitbodies
are Clavulina relatives accommodated
in the genus Membranomyces. Again:
widespread, common, easily found on
root tips, but hard to find fruiting. These
are all fungi that do not invest heavily in
fruitbodies, but still are very successful.
The spores of these humble low
lying species get around by hitching
rides from insects and other small
invertebrates. Mites mow the Tomentella
surface, gorging on the spores and
getting covered by them; the thick-

Tomentella caerulea, illustration by
Oluna Ceska.
walled pigmented Tomentella spores are
adapted to this and easily survive the
passage through the animal’s digestive
tract.

Fruiting patterns

There still are many mysteries around
the ways fungi make their fruitbodies.
The triggers for making them are also
not very well known. Why were there
porcini everywhere in 2011, and hardly
any in 2012? We do not have the specific
answers for each species, but we all
know that water and temperature are
factors of importance – in years of
drought, mushrooms are very scarce
to absent, and fleshy mushrooms are
nowhere to be seen when there is a foot
of snow on the ground.
Correlations with weather patterns
are, however, still not easy to show. A
long-term study in a small forest plot
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in Switzerland shows that. For over 20
years fungal fruitbodies were counted
from May to December, during weekly
surveys. Around three weeks after rain,
fruitbodies would appear. In the driest
year on record, only a meager 18 species
were found (and that was during that
6-month survey period), whereas the
highest number of species recorded
during any year (but not in the wettest
year) was 194. Of the more than 400
species found during the study, only eight
species were found every year. This data
set was also used in a recent study to
detect general trends in fruiting patterns
throughout the years.
It was already known from studies in
Saarland (an area in western Germany),
that individual species' fruiting patterns
had changed in the period from
1970–1989, with many species having
shorter fruiting seasons, and a third of
the investigated species fruiting longer,
without being more abundant.
A recently published study by Kauserud
and co-workers analyzed almost 750,000
records for 486 autumnal species from
the UK, Norway, Switzerland and Austria
over the years 1970-2007; much longer
than for the Saarland study, and including
the Swiss data set discussed above.
Modern sophisticated statistical methods
are used to analyze the data. The weather
patterns in these four different places are
different to start with, and have changed
in different ways as well, and this shows
also in the fungal records. In the UK the
changes in fruiting are the most obvious
– many species are now fruiting much
later in the year than in the past, because
of the milder winters, and also start to
fruit earlier in the summer than they
used to. In all countries the average day
of fruiting for the average mushroom is
now later in the year than in the early 70s.
One other interesting finding is that in
general the fruiting period of mycorrhizal
fungi is more compressed than that of
saprotrophs, despite the fact that the
vegetation season, the time the plants are
active, also has expanded over the years.
Changes in weather and in the
environment are not restricted to
Europe. But, for the USA the data do
show changes in fruiting patterns are
nonexistent. We can remedy that by
making lists for club forays, or even
better by keeping specimens from local,
regional, and national meetings. Right
now, existing fungal herbarium data

going back to the mid 19th century are
entered into a central database so we will
have easy access to historical records to
compare the present-day data. Herbarium
records of plants through the years clearly
show changes in flowering time and in
distribution and occurrence of certain
species in the northeastern USA.
Think about all these issues next year,
when you eagerly wait for the first morels
to appear after the long winter. Imagine
the machinery springing into action after
that long dormant period, and realize
what it means for the forest as a whole
that the fungi are active for longer periods
than they used to be 40 years ago.

Bibliography

Galante, T.E., T.R. Horton, and D.P.
Swaney. 2011. 95% of basidiospores
fall within 1 m of the cap: a field- and
modeling-based study. Mycologia 103:
1175–1183.
Gange, A.C., E.G. Gange, T.H. Sparks,
and L. Boddy. 2007. Rapid and recent
changes in fungal fruiting patterns.
Science 316: 71.
Kauserud, H., E. Heegaard, U.
Büntgen, R. Halvorsen, S. Egli, B. SennIrlet, I. Krisai-Greilhuber, W. Dämon,
W. Sparks, J. Nordén, K. Høiland, P.
Kirk, M. Semenov, L. Boddy, and N.C.
Stenseth. 2012. Warming-induced
shift in European fruiting phenology.
Proceedings of the National Academy of
Sciences 109: 14488–14493.
Lilleskov, E.A., and T.D. Bruns.
2005. Spore dispersal of a resupinate
ectomycorrhizal fungus, Tomentella
sublilacina, via soil food webs. Mycologia
97: 762–769.
Schmitt, J.A. 1993. Fruiting period
changes of selected agarics in the last
20 years in Saarland. In: D.N. Pegler, L.
Boddy, B. Ing, and P.M. Kirk (eds). Fungi
of Europe: investigation, recording &
mapping: 47–69.
Straatsma, G., F. Ayer, and S. Egli.
2001. Species richness, abundance, and
phenology of fungal fruit bodies over 21
years in a Swiss forest plot. Mycological
Research 105: 515–523.
Taylor, A.F.S., and I. Alexander. 2005.
The ectomycorrhizal symbiosis: life in
the real world. Mycologist 19: 102–112.
Uehling, J.K., T.W. Henkel, R. Vilgalys,
and M.E. Smith, 2012. Membranomyces
species are common ectomycorrhizal
symbionts in Northern Hemisphere
forests. Mycorrhiza 22: 577–581.

