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vs. mutualism. We present a rationale that demonstrates the difference between an association and an
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1. Introduction

In “Advice to a Young Scientist,” P.B. Medawar (1981) writes:
“Another little rule (for medical scientists especially) is that mice,
rats, and other laboratory animals should never be injected. Few
hypodermic needles are large enough for even the smallest mouse
to pass through, especially if it is injected with something. (“Mice
were injected with rabbit serum albumin mixed with Freund's
adjuvant,” we read. “Ah, but what into?” the cry goes up.) Mice
should receive injections, or substances should be injected into
them.” This is a humorous example of imprecise scientific writing,
and many papers have been published on the importance and need
for defining and using precise terminology, e.g., ecological terms
(Jax et al., 1992), parasitism and symbiosis (Lewin, 1982), symbiosis
(Martin and Schwab, 2013), psychology and psychiatry (Lillenfeld
et al., 2015), kairomones (Ruther et al., 2002), microbiome studies
(Tipton et al., 2019), sustainability (Glavi¢ and Lukman, 2007), and
endophytism (Wilson, 1995), among others.

To better understand insect-fungus symbioses, it is important to
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define the use of various terms commonly used in the scientific
literature, associations vs. interactions, mycetangia vs. mycangia,
symbiote vs. symbiont, and symbiosis vs. mutualism. Our goal is to
encourage scientists to use a common and correct terminology.

2. Associations vs. interactions

In a biotic association (co-occurrence), the specific effects of two
dissimilar organisms on each other might or might not be known
and could also be referred to as a symbiosis. In contrast, use of the
term interaction, implies, by definition, a reciprocal action or in-
fluence (The New Shorter Oxford English Dictionary, 1993), i.e., a
particular effect of “organism A” on “organism B” has been deter-
mined, and vice versa. It is quite common to see the term “inter-
action” in the scientific literature, when “association” would be
more appropriate, as reciprocal effects (interspecific interactions)
have not been elucidated. In other words, “An interaction wouldn't
be an interaction if it had no effect, because we're defining in-
teractions by their effects ...” (Malcolm, 1966).

3. Refer to them as symbiotes, not symbionts

The term “symbiosis” originates from the Greek cupfiwcewg
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(sumbiosis), meaning “living together.” In 1879, the German sci-
entist Heinrich Anton de Bary (1831—1888), gave the word a bio-
logical context, defining it as “dissimilarly named organisms that
live together, in symbiosis, as we can call these associations” (de
Bary, 1879; Oulhen et al., 2016). This definition was influenced by
the German botanist Albert Bernhard Frank's (1839—1900) previ-
ous use of the word “symbiotismus” (Sapp, 1994; Oulhen et al.,
2016): “We must bring all the cases where two different species
live on or in one another under a comprehensive concept which
does not consider the role which the two individuals play but is
based on the mere coexistence and for which the term symbio-
tismus is to be recommended” (Frank, 1877; translation by Sapp,
1994). Thus, symbiosis simply means an association, the living
together (co-occurrence, co-existence) of two dissimilar organisms.
The “members of the symbiotic association” (Hertig et al., 1937)
have been referred to as symbiotes or symbionts. We submit that
using symbiote is more appropriate than symbiont because as
stated by Hertig et al. (1937), the former “definitely has a Greek
original and is correctly formed in English”, in contrast to the latter,
which “has no Greek original.”

4. If the beneficial effect is known, they are mutualists, not
symbiotes

The term “mutualism” was coined in the early 1870s by the
Belgian zoologist Pierre-Joseph van Beneden (1809—1894), when
he classified species interactions as mutualistic, parasitic or com-
mensalistic (van Beneden, 1873, 1876). He defined mutualisms as
species that live in close proximity and render each other mutual
services (van Beneden, 1876; Sapp, 2010). The close proximity also
defines symbiosis (see above) and this shared character with
mutualism was probably the reason for “the greatest quandary in
the history of biological terminology” (Martin and Schwab, 2013).
Some biologists began to restrict the original definition of symbi-
osis by de Bary (1879), which included mutualism, parasitism and
commensalism, to the restricted definition of symbiosis equals
mutualism (Sapp, 1994, 2010; Douglas, 2010; Martin and Schwab,
2013; Bronstein, 2015). The term “symbiont” has been used liber-
ally in the scientific literature for cases in which a beneficial effect
on the host might or might not be known. A famous example in the
insect-fungus-symbiosis literature includes ectosymbioses be-
tween bark and ambrosia beetles and their ambrosia fungus sym-
bionts (e.g., Francke-Grosmann, 1967; Hulcr and Stelinski, 2017).
Referring to ambrosia fungi as “symbionts” (or symbiotes) is
imprecise, because a mutualistic role has been demonstrated for
most of the primary fungal symbiotes of primary ambrosia beetles
(e.g., Biedermann et al., 2013; Kirkendall et al., 2015; Biedermann
and Vega, 2020).

We propose that (i) “fungal mutualists” should replace “fungal
symbionts” (or “fungal symbiotes”) whenever a beneficial interac-
tion with the host is known; (ii) the term “symbiote” can be useful
for microorganisms as long as their fitness effects on their hosts
have not been determined (e.g., gut symbiotes); and (iii) as long as
there is so much confusion in the literature about the use of
“symbiote” and “symbiosis”, these terms need to be defined
whenever used (Bronstein, 1994; Martin and Schwab, 2013).

In closing, it is also important to point-out that parasites are
symbiotes, and were described by van Beneden (1876) as follows:
“The parasite is he whose profession it is to live at the expense of his
neighbour, and whose only employment consists in taking advan-
tage of him, but prudently, so as not to endanger his life.” The term
parasite is sometimes incorrectly used in the entomological liter-
ature to describe parasitoids, a term coined by Reuter (1913). Par-
asitoids include some insects in the Hymenoptera, Strepsiptera, and
Diptera (Vinson, 1976) that oviposit in other insects, eventually

killing them. The distinction is that a parasite will not Kkill its host,
while a parasitoid will (Wheeler, 1923).

5. Do bark beetles have mycetangia or is it mycangia?

Two terms have been used in the scientific literature to refer to
cuticular invaginations that carry fungal spores in bark beetles:
mycetangia and mycangia. Before these terms were coined, the
structures in ambrosia beetles were referred to as “holes” and
“openings” (Nunberg, 1951), “skin-gland organs” (translated from
the German “Hautdriisenorgane”; Francke-Grosmann, 1956),
“fungal storage sac” (Fernando, 1959), and “specialized areas”, “well
defined sacs” and “fungus-carrying structure” (Farris, 1963). Batra
(1963) coined the term mycangia to refer to these structures.

In a discussion with scientists attending a meeting in Berlin,
Giese (1965) made a proposal “for consistency of nomenclature
regarding the storage-transmission organ of ambrosia beetles. The
term mycetangium (mycetangia) was selected as the most
reasonable member of the family of similarly derived words already
in use (e.g. mycetome and mycetocyte') and should replace the
often used mycangium.” Thus, mycetangia originates from the
Greek pokne (miakes), meaning “fungus” and the Greek dyysiov
(angeion), meaning “vessel”. We propose that scientists working on
this topic follow Giese (1965) and Francke-Grosmann (1965, 1967)
suggestion, and use the term mycetangium or its plural form,
mycetangia, instead of mycangium or its plural form, mycangia, as
is done by most scientists nowadays, despite the correct use of the
term in many papers, most of them published prior to the mid-
1990s (Giese, 1967; MacLean and Giese, 1968; Schneider and
Rudinsky, 1969a, 1969b; Nakashima, 1971, 1972, 1975, 1982;
Francke-Grosmann, 1975; Schneider, 1975; Nakashima et al., 1982,
1987; Aksent'ev and Uchastnova, 1986; Sawada and Morimoto,
1986; Schneider, 1987, 1991; Uchastnova, 1987, 1988; Wood, 1993;
Tio et al., 1995; Biedermann and Vega, 2020). Another term for
“spore-carrying structures”, i.e. sporotheca, was coined by Moser
(1985) for mites; a sporothecum is “similar to the mycangium
described from bark beetles, but differs in that no gland cells are
present and the fungal spores do not multiply in the structure.”
There is really no need for such terminology, as six different types
of mycetangia have been described by Six (2003), including glan-
dular and nonglandular pits, sacs, and setal brushes. Even though
exoskeletal pits in more than 22 coleopteran families have been
assumed to possibly serve as mycetangia, definitive evidence is
only available for Scolytinae and Platypodinae (Curculionidae) and
Attelabidae (Grebennikov and Leschen, 2010).

6. Conclusions

According to Browne (1853), “it is wisdom to profit by the errors
of others.” We provide evidence as to why there is an important
difference between an association and an interaction, mycetangia
vs. mycangia, symbiote vs. symbiont, and symbiosis vs. mutualism.
There is no justification for using incorrect or imprecise scientific
terminology. It is time to profit from the errors of others.
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