
Human senses in identifying Macrofungi :
An introduction

The five human senses are the result of
complex psycho-physiological phenomena
(Geldard, 1953) allowing us to perceive our
environment. It is important to stress the psycho-
neurological aspect of biological processes involv-
ing our senses. Indeed, without this link between
memory and senses, the latter would not be as
important.

Identifying a fungus in situ is difficult, but
remembering it is even more so. When identify-
ing a fungus in the field, four of our five senses
are mainly involved: touch, smell, taste, and
sight. Hearing does not help in direct identifica-
tion of the fungus. Indeed, without realizing it,
we use these four senses automatically. During a
mycological outing, the first sense that allows us
to give a first idea, a first hypothesis on the
taxonomic identity of the fungus in front of us is
vision. Aside from, obviously, distinguishing and
recognizing macro- and micromorpho-anatomical
characters, vision allows us to perceive colours.
The sense then taking over is touch. A fibrous,
brittle, soft, sticky or other texture, of the cap and
/ or the stem, is additional information making it
possible to delimit notable morphological groups.
Depending on the mycologist, the next interven-
ing sense is either taste or smell. Starting with
smell seems like a good choice to me. If you have
a good memory of smells, smelling the mushroom
can be very effective. It allows, depending on your
olfactory  memory, to remember a specific odour
and often to arrive directly at precise identifica-
tion of the fungus. The last intervening sense,
taste, is very often neglected for the identification
of fungi, except for particular genera; such as
Russula, usually because of worries about toxic-
ity.

In this series of articles, the role and impor-
tance of these four senses in identifying a fungus
are reviewed. Examples of application in certain

families and groups will be presented.
Macrophotographs of some species are also
appended and used as illustrations. In this first
part, the role of vision and, more particularly, the
importance of colours are presented.
Subsequently, the term “mushroom” will be used
for any of the larger fungi visible to the naked
eye. Therefore, macromycetes will be our main
focus, mainly belonging to the phyla
Basidiomycota and Ascomycota. The use of
human senses remains limited in the identifica-
tion of micromycetes. The systematics and taxon-
omy of micromycetes are mainly based on
viewing microscopic characters.  

It should be noted that in the examples treated,
I will focus each time on one character at a time.
That is to say, only on the colour, texture, taste,
or smell. The sole purpose is to illustrate the
importance of these characters in identification
keys. However, to identify a fungus accurately,
just one of these traits is not enough. You need a
combination of characters. 
    These articles are not intended to provide an
exhaustive list of all the groups and species
which have colour, taste, smell, or texture as
taxonomic characteristics. These are only illus-
trations so that beginners in field mycology can
realize their importance.
    Finally, the characters discussed are
taxonomic and not systematic. Colour, smell,
taste, or texture are in no way characters with a
phylogenetic signal. For example, groups includ-
ing all red species of fungi, or viscous species or
else having a fishy odour would be strictly artifi-
cial groups. A complete identification and
description of a species of fungus involves both
morphological and molecular characters.

Vision and Colours
Human vision is a very complex mechanism

involving three photoreceptor pigments (Merbs &
Nathans, 1992) and allows us, among other
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things, to recognize, from the combination of
three primary colours, a very wide colour
spectrum present in nature (Burg & Parnell,
2018). The colour of fungi we perceive with our
eyes is mainly due to the presence of different
pigments in each part of the fruitbody. I will not
talk about structural colouration of fungi here, as
this is a research topic that still needs to be
studied and developed (Brodie et al., 2021). It has
been shown in Bae et al. (2015), that humans
preferentially recognize certain colours. Indeed,
some mushrooms will be more easily recognized
by their striking, unusual or could we say, flashy
colours. This is the case of the famous fly-agaric,
Amanita muscaria. Among the morphologically
similar species, Amanita heterochroma (yellow
pileus to brownish yellow in its centre), Amanita
regalis (brown pileus) or Amanita pseudoregalis
(white pileus becoming pale café au lait), the
bright red colour of Amanita muscaria helps to
differentiate it – except for deceptive depig-
mented forms like A. muscaria var. alba for
instance. 
    The waxcaps, including genera such as
Hygrocybe, Gliophorus and Porpolomopsis
include species with a rounded to conical cap,
sometimes viscous cap surface, and above all,
often very   bright colours (Figure 1). 
    Almost all the colours are present: red (e.g
Hygrocybe coccinea, H. riparia, H. punicea),
orange (e.g H. aurantioviscida, H. miniata, H.
cantharellus, H. pratensis), purplish grey (e.g H.
ovina), yellow (e.g Hygrocybe chlorophana, H.
euroflavescens), rose (e.g Porpolomopsis calyptri-
formis), green (e.g Gliophorus psittacinus),
brownish (e.g G. unguinosus), blackish green
(H. spadicea) and blackening specimens in the
Hygrocybe conica group of species.

Aside from the visually pleasing appearance of
this colour panoply to our eyes, colours are also
an important taxonomic element. Within the
tribe Hygrocybeae (Hygrophoraceae), apart from
the arrangement of hyphae within the lamellar
trama (entangled or subregular) and the inser-
tion of the lamellae on the stipe (decurrent and
not decurrent), the presence of very pale or dull
colours, differentiates the genus Cuphophyllus
from the flashy colours of most Hygrocybe or
Gliophorus species. 
    Bright colours are also found in some species
of the Strophariaceae family (Fig. 2), in the genus
Stropharia (e.g Stropharia aeruginosa,

S. caerulea, S. pseudocyanea), Pholiota (e.g
Pholiota alnicola, P. flammans, P. limonella) and
Psilocybe (e.g P. thrausta).
    Even in the Latin or Greek roots of the scien-
tific names of some fungi, a reference to the
colour of a specific part or whole mushroom is
often present. For example, the Latin root “alba”
referring to a white colour, found in Mycena alba
or Clitocybe dealbata.



The colour of the mycelium is in some cases a
criterion making it possible to differentiate
closely related species. Within Boletales sensu
lato, the genera Suillus, Aureoboletus and
Chalciporus have in common a distinctly viscous
pileus (exceptions are present in the genus
Suillus, with some species with dry pileus), and
the presence or absence of rings on the stipe. To
separate the genera Suillus and Aureoboletus
from the genus Chalciporus, the colour of the
mycelium can be used. The genera Aureoboletus
and Suillus generally have white or pink mycelia
(Figure 3A, C, D), while the genus Chalciporus
generally has a bright yellow mycelium (Figure
3B). This same dichotomy is useful within the
genus Suillus itself, to differentiate Suillus
collinitus (Figure 3A) from S. bellinii which
respectively have pink and white mycelia.

The colour of the hymenium, whether it is
made up of lamellae, tubes or pores, is also used.
In the genus Suillus, the colour of the pores
makes it possible to distinguish Suillus tridenti-
nus from S. cavipes; which have copper-orange
and yellow pores, respectively. The same princi-
ple can be applied when the hymenium consists

of lamellae. The colour of the entire lamella is
generally used (if it is uniform). However, the
colour of only a specific part of the lamella is
sometimes investigated for taxonomic purposes.
Just as the inside of the tubes of members of
Boletales sensu lato may or may not be concolor-
ous with the mouth of the tube, the lamellar edge
may have a different colour from the lamellar
margin. This is the case for some species of the

Figure 4. The gills of Mycena aurantiomarginata
showing darker orange edges. Photograph ©
Gérard Leduc.



genus Mycena. Mycena rosella has pink lamellae
with a red edge, and M. aurantiomarginata has a
bright orange lamellar edge (Figure 4).
    Certain colours present in the flesh of the stipe
and pileus are also important taxonomic criteria,
especially in the genus Xerocomus and other
xerocomoid genera. In the xerocomoid species
belonging to the genus Hortiboletus, a key point
in the determination is the presence of blood-red
dots in the flesh of the extreme base of the stipe.
The distinction between two species on the basis
of colour is sometimes very subtle and is only
observable by a slight difference in the shade of
colour. This is the case for Rheubarbariboletus
armeniacus and R. persicolor, which both have
rhubarb-orange basal stipe flesh, but with a
subtle difference in intensity, especially as the
specimens dehydrate. In the genus Cortinarius,
some species that are relatively small may show
bluish tints, sometimes only in the flesh. In this
case, the colour in the flesh was already present
before the cut of the fungus to show the inside of
the stipe or the pileus. Furthermore, certain
characteristic colours may appear on the fruiting
body (pileus, stipe, hymenium, and flesh) only
after cutting or after handling. This is particu-
larly the case with Boletales sensu lato. The
darkening of the flesh is also a taxonomic crite-

rion for some Russula species (Figure 5). Species
of the genus Lepiota may show reddening, yellow-
ing or browning to the touch.
    More subtly, the colour of the latex of the
genera Lactarius (Figure 6) and Lactifluus is
sometimes used. The change in colour of this
latex can also be indicative of a species. Lactarius
repraesentaneus, L. scrobiculatus and L. mairei
respectively have a latex slowly turning purple,
quickly yellowing and not changing from the
initial white colour. In the phylum Ascomycota

Peziza saniosa emits a bluish latex characteristic
of the species, which contrasts sharply with the
blackish brown apothecia.

It can be noted at this stage that the change
over time in the colour of a part of the fungus is
often used in identification keys. The colour of
the lamellae can also change. However, this is
usually the result of the gradual deposition and
accumulation of the spores produced on the



hymenium surface. In addition, this change in
colour and appearance is often related to the
state of maturity of the carpophore. It is therefore
often judicious to identify a species of fungus
based on both young and mature carpophores. In
particular, the development of the general
morphological aspect of the fungus can be
observed, especially to see colour changes which
may be characteristic. This is particularly the
case for leptonioid Entoloma, in which it is neces-
sary to be attentive to the slightest colour varia-
tions and which, moreover, change colour as they
age.

Species of fungi with bright colours present on
part or all of the fruitbody are often easy to
separate from other related species. For species
with duller or more “common” colours,  however,
confusion is easy, especially if we take into
account the variability of the colours found for a
given species and the variable ability of mycolo-
gists to discriminate colours. 
   In this case, the colour of the spores is another

widely used characteristic involving vision and is
an equally important element in the identifica-
tion of fungi. For macromycetes with lamellae, be
careful not to confuse the real colour of the
lamella and the colour of spores. Lamellae may
be white and have white spores, in which case the
general appearance of the lamellae will be white. 
However, they may appear, for example, brown-
ish, although they are initially white. This
brownish colour is in many cases the colour of
spores, but can also result from a natural coloura-
tion of the lamellae themselves. In other words,
you need to know if the colouration is, or is not,
the imprint left by the deposit of the spores on the
surface of the lamellae. 
    How can you see the real colour of the spores
without a microscope? Nothing could be simpler.
You make a spore print by placing the
hymenium above or in contact with a surface,
preferably white or black, leave it for an hour or
two in order to better perceive the colour of the
fallen spores. 
    The spores fall by gravity into the air but  can
also be found especially on the upper part of the
stipe, close to the hymenium. They are therefore
found on certain characteristic structures, such
as a ring or a cortina of the genus Cortinarius
and some other genera. As a last resort, to
identify the colour of the spores in the field, look
at the deposition of the spores on leaves or other

fruitbodies located below the fungus of interest.
In the traditional and general classification of
macromycetes, the main morphological groups of
agarics in the broad sense are separated by,
firstly, the insertion of the lamellae, then by the
colour of the spores.

Until now, our vision has been based on colours
naturally present in the fungus, caused or not by
manipulations and cuts. The colour of various
chemical reactions can also be used for identifica-
tion, either on the fruitbody itself, for example
ferrous sulphate on the stems of Russula species,
or at the microscopic level such as the colour
reaction of spores to Melzer’s iodine solution.    
    Another particular case, involving our vision
and perception of light and colours, is biolumines-
cence. Bioluminescence is a natural phenomenon
that consists of the emission of light radiation
visible to humans, involving chemical and
enzymatic mechanisms (Weitz, 2004; Kaskova et
al., 2017). Only 85 taxa were described as “biolu-
minescent” in 2008 by Desjardins et al. (2008).
The simple fact of knowing if a fungus in the field
is bioluminescent makes it possible to restrict
identification to three main lineages,
Omphalotus, Armillaria and mycenoid fungi
(Desjardins et al., 2008).

Limits and Precautions
Colours therefore have a large place in the

identification of mushrooms. Consequently, all
identification criteria linked to colours should be
noted immediately in the field by every collector
(before and after handling the specimen), as
highly suggested by Lodge et al. (2004). However,
the appreciation of colours can vary from one
mycologist to another. It is in this context that
colour codes and guides have been created in
order for the mycological community to agree on
the colours used for identification and descrip-
tion. For example, you can find in the literature
the following colour charts and guides (non-
exhaustive): Ridgway (1912), Maerz & Paul
(1950), Munsell (1954), Kelly (1965), Rayner
(1970), Methuen Colour Guide (Kornerup &
Wanscher, 1978), Cailleux (1981), Munsell
(1992), INVAM Colour chart (Morton, 2002);
Online Auction Colour Chart (2004). Despite the
usefulness of these codes, they all have some
limitations but that will not be discussed here. 

Environmental conditions may also influence
the colour of the fungus observed in the field.



Humidity plays an important role in the colour
change of some mushrooms which are hygro-
phanous, such as species belonging to the genera
Agrocybe and Psathyrella for example. This
phenomenon of hygrophaneity can easily fool the
judgment of the mycologist and lead to a wrong
identification. As indicated by Lodge et al. (2004),
light conditions also play an important role in the
identification and description of macromycetes.
Depending on the colour temperature of the light
with which you observe the fungus, some shades
of colour will be more difficult to see, and may
therefore lead to misidentification. 
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