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Abstract

This commentary paper addresses the outdated and misleading terminology used to categorize termites into “higher” and
“lower”. These terms perpetuate a linear progression view of evolution, which is both inaccurate and detrimental to our
understanding of the diversity of life. We trace the historical origins of these terms and highlight their flawed interpretation
of evolutionary relationships. We advocate for the adoption of Termitidae (or termitid), rather than “higher termites”. As
for the paraphyletic group of “lower termites”, we recommend refraining from grouping them together, unless specifically
referring to their symbionts. In such cases, we propose “protist-dependent termites” or “non-Termitidae termites”.

Commentary

Biological evolution has always been subject to denial and
misunderstanding in our society. One of the most adverse
misconceptions is the notion of a linear progression from
simple to complex organisms, often represented by the
“march of progress” image, leading inevitably to Homo
sapiens (Gould 1989; Minelli 2008; Santos et al. 2019).
This concept is reminiscent of the Scala Naturce or “chain
of being”, which traces its origins back to Plato and Aristo-
tle, although significantly revised and promoted by medieval
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Christian scholars (Lovejoy 1964). It stems from the intuitive
belief that all living organisms on Earth can be arranged in a
hierarchical order of complexity, with our species occupying
the highest position and the most "primitive" forms of life at
the bottom (Lovejoy 1964). The conventional understand-
ing of the evolutionary process, influenced by the "march of
progress" and the Scala Naturc, presents an oversimplified
and flawed depiction of the natural world (Minelli 2008).
This viewpoint categorizes extant organisms as "primitive"
or "advanced" and assigns hierarchical positions of “lower”
or "higher" to different groups, and along with these labels
a flood of false connotations tied up in such terms. However,
this interpretation not only misunderstands and obscures the
nature of evolution, but also perpetuates harmful notions
of human presumption of superiority and undermines the
intricate complexity and interconnectedness that character-
izes the diversity of life.

Charles Darwin, in a note scribbled on the margin of his
copy of Robert Chamber's Vestiges of the Natural History of
Creation, wisely advised himself to refrain from using the
terms “higher” or “lower” (Gould 1977). However, despite
recognizing the limitations of a linear portrayal of evolu-
tion, specific segments of the scientific community persist
in labeling biological groups as such, perpetuating the use
of vestigial terms that have been carried over during history.
The initial misconceptions about the fundamental concept
of common descent, which forms the basis for construct-
ing evolutionary trees, i.e., phylogenies (Gregory 2008),
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irrevocably seeded its persistent erroneous interpretation.
The continuation of the use of terms that could now be con-
sidered as anachronistic may also be out of convenience for
many, despite an acknowledgement that such terms are prob-
lematic. However, in a phylogeny of extant species, which
evolved for an equal time from a common ancestor, com-
parisons made between sister lineages should be preferable
to comparisons made between a taxon and the paraphyletic
group composed of its relatives (Minelli 2008; Omland et al.
2008).

In the study of social insects, a long list of terms com-
monly used in insect sociobiology remains problematic for
their underlying connotation and historical use (Breed 2020).
Among termitologists, there is an extensive history of using
the terms "lower termites" and "higher termites" (Fig. 1).
The so-called "higher termites" encompass termites belong-
ing to the monophyletic family Termitidae, which exhibit
the most remarkable species diversity and a wide range of
lifestyle habits. These termites have lost their flagellated pro-
tist symbionts (Parabasalia and Oxymonadida). Conversely,
the term "lower termites" represents a non-monophyletic
group (i.e., a grade) that includes all remaining families of
Isoptera to the exclusion of Termitidae, and also exhibits a
wide range of lifestyle traits. The dependence on unicellular
eukaryotic symbionts in their hindguts, which play a vital
role in lignocellulose digestion, is a plesiomorphic trait of
the termites and is shared with the cockroaches of the genus
Cryptocercus, sister group of all termites (Cleveland 1934;
Krishna et al. 2013).

The categorization of termites into "higher" and "lower"
likely originated with Froggatt's studies on Mastotermes
darwiniensis Froggatt (1896, 1897, 1898). During the late
nineteenth century, all termites were grouped under the

family Termitidae and Froggatt further divided them into
subfamilies, perceiving certain groups as relatively "primi-
tive" compared to the more "advanced" forms. Among these,
M. darwiniensis was considered the most primitive termite
species (Krishna et al. 2013). Such notions were further cod-
ified by Holmgren (1911, 1912) who created three families
specifically to emphasize the linear progression of evolution-
ary “advance” in Isoptera: the “primitive” Protermitidae, the
slightly more “advanced” Mesotermitidae, and ultimately
the more “advanced” Metatermitidae. Snyder (1924) then
recognized Mastotermitidae as "the most primitive termite"
(p- 76) and classified the remaining Isoptera into three fami-
lies: Termitidae (referred to as "higher termites"), Kaloter-
mitidae (referred to as "lower termites"), and Rhinotermiti-
dae (considered "intermediate"), setting the basis for modern
family-level termite classification (Bourguignon et al. 2017).
The presence of plesiomorphic “cockroach-like” traits (e.g.,
large pronotum, conspicuous styli, mandibular dentition, and
wing venation), in Mastotermes, Hodotermopsis, Zooter-
mopsis, Archotermopsis, Stolotermes, and Porotermes has
long perpetuated the interpretation that such termites were
“primitive”, “archaic”, or “living fossils” (an oxymoronic
term) (Grassé 1986; Holmgren 1911; Howse 1968; Imms
1919; Martynov 1937; Thorne and Carpenter 1992; Wier
et al. 2002; but for a different perspective on using "living
fossil", see Cavin and Guinot 2014). Ultimately, the term
“lower termite” was generally adopted in the mid-twentieth
century as a convenient way to represent all non-termitid
taxa. This oversimplification often resulted in lumping ter-
mite groups with widely different biologies, behaviors and
ecologies such as Mastotermes, Hodotermes, Cryptotermes,
and Coptotermes in the same basket, under the argument that
they all “still” possess protists in their guts.

Fig.1 Termite phylogeny
showing the monophyletic
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Similarly, the use of “highly evolved” or “evolutionary
advanced” terms to describe Termitidae became accepted,
as exemplified by Ahmad (1950, p. 95): "The Termitidae
are the (...) most highly evolved family" and derived from
an ancestor within Rhinotermitidae. Such interpretative
shortcut was common before Hennig's work on Phyloge-
netic Systematics (1966), where phylogenetic diagrams often
depicted groups in a linear sequence, with the more “primi-
tive” groups (i.e., early diverging) positioned at the bottom
and progressing to the supposedly more "evolved" groups
in a chain-like arrangement (Fig. 2). After Hennig, how-
ever, the three-taxon statement—a taxon A is more closely
related to a taxon B than a taxon C, since A and B share a
most recent common ancestor that is not shared by C, which
made A the "sister group" of B—became the standard for
comprehending evolutionary relationships. This three-taxon
statement replaced the ancestor—descendant representation
advocated by systematists in the era of the Modern Synthesis
(Santos 2008).

The acknowledgment of the problematic nature of rank-
ing extant termites in terms of supposed advancement is not
a recent development (Eggleton and Tayasu 2001; Emer-
son 1938; Nalepa 2011; Roisin 1999). However, despite the
establishment of phylogenetic systematics and the widely
accepted usage of the term "sister group" since the 1980s,
the terms "higher termites" and "lower termites" have
persisted in the scientific literature (e.g., Bai et al. 2022;
Bourguignon et al. 2017; Chouvenc et al. 2021; Hellemans
et al. 2019; Korb and Hartfelder 2008; Marynowska et al.
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2023; Noirot 2001). Such persistence most likely stems
from its historical use and its perpetuation across academic
generations, but also out of convenience, in the absence of
universally accepted alternatives. While many authors use
quotation marks around these terms to indicate their inade-
quacy, it is worth considering moving away from such terms
altogether.

The most suitable term to replace “higher termites” is
Termitidae itself. This family is monophyletic (Bucek et al
2019), and while there has been some debate about poten-
tially reclassifying it as a subfamily (Eggleton et al. 2007;
Lo et al. 2007), there is currently a consensus to retain its
classification as a family.

Regarding the designation of “lower termites”, as all
Isoptera except Termitidae, the recommended approach
is to avoid treating it as a distinct grouping. Phylogeneti-
cally speaking, the “lower termites” form a paraphyletic
grade, which means it is not a natural (sensu Hennig 1966)
or cohesive unit (i.e., it is not a formal taxon). While we
acknowledge that this terminology is not a formal classifi-
cation, the indiscriminate practice of grouping all termite
families except Termitidae into a single “lower termite” cat-
egory, emphasizes their shared characteristics, which are not
extensive (aside from the plesiomorphic presence of obligate
flagellated symbionts). As an example, it is not uncommon
to see authors generalizing traits of non-termitid termites,
indicating that all have a linear developmental pathway,
with pseudergates (e.g. Korb and Hartfelder 2008), while
many different lineages have a bifurcated pathway, with true
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Fig.2 Examples of pre-Hennigian phylogenetic diagrams. Haeckel's (1874) tree of life (A) and Hare's (1937) phylogeny of termites (B)
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workers (e.g. Mastotermes, Coptotermes, Hodotermes, Rhi-
notermes) (Roisin 2000; Roisin and Korb 2011). Thus, main-
taining the use of a paraphyletic group distorts the explora-
tion of unique traits and obscures homology inferences and
significant trait gain or loss (Chouvenc et al. 2021). On the
other hand, named paraphyletic groups can eventually serve
a purpose. In this case, “non-Termitidae” (and its common
name equivalent “non-termitid”) is a non-stigmatized term
previously used to refer to the “lower termites” (Eggleton
and Tayasu 2001; Roisin 1999) which meets the minimal
goal of this commentary: to retire the evolutionary mislead-
ing “lower” term.

Since the presence or absence of flagellated nutritional
symbionts is the only trait that creates a dichotomy between
Termitidae and the rest of termites, an alternative solution
would be to state this information directly. Therefore, the
terms “protist-dependent” and “protist-independent” could
be used. These terms have begun to appear in the literature
(Velenovsky et al. 2023). It is important to note that the
term "protist" is also a non-monophyletic group because it
includes all eukaryotes except for animals, plants, and fungi.
However, there are many such informal terms for organ-
isms that do not indicate relatedness (e.g., “tree”), and the
term “protist” does not carry the same type of mislead-
ing connotation as “higher” or “lower”. As an alternative,
“flagellate-dependent” and “flagellate-independent” could
be used, since the protist symbionts of non-termitid termites
have often been referred to generally as “flagellates” in the
literature. Flagellates are not a monophyletic group either,
but the term is more specific than “protist” while still being
accessible to non-protistologists. Moreover, the protist sym-
bionts of termites are not themselves a monophyletic group;
multiple lineages of flagellates have colonized the termite
hindgut independently and become dependent on their hosts.
If we wished to use a clade name to denote the flagellates,
the most inclusive clade that includes all termite symbionts
is Metamonada. This is not a familiar term outside of protis-
tology and therefore is not likely to be adopted as a replace-
ment, i.e., “Metamonada-dependent” instead of “lower”.

In conclusion, termite researchers should discard the
outdated terminology of “higher” and “lower” (as well as
“basal”, “derived”, “ancestral”, “primitive”, “advanced”, or
“living fossil”) termites, when referring to extant taxa or
groups. These terminologies only reinforce misconceptions
about inherent superiority or inferiority among different taxa
and perpetuates the misguided belief that certain lineages are
more advanced or evolved than others. In reality, all extant
species have gained and lost many unique traits since the
divergence from a common ancestor. Moreover, the anti-
quated concept of a linear ladder of nature, advocated by
early naturalists, was replaced more than six decades ago by
understanding a branching tree of life that does not endorse
any progressive view of evolution.

@ Springer

Researchers and scientific communities are responsible
for embracing the transformative impact of phylogenetic sys-
tematics on our understanding of evolutionary relationships
among organisms. This entails promoting accurate commu-
nication and facilitating a more profound comprehension
of evolution within scientific circles and for non-academic
audiences. To promote a comprehensive understanding of
organisms' evolutionary relationships and characteristics, it
is essential to employ precise and descriptive terminology
that strikes a balance between accessibility to a broad audi-
ence and meeting the needs of experts in the field. Let us
endeavor to develop a more inclusive and nuanced under-
standing of evolution that acknowledges the intricate inter-
connectedness of life and celebrates the rich diversity of
the natural world. As mentioned earlier, we strongly advo-
cate for the adoption of the name Termitidae or its com-
mon name/adjectival version, termitid, rather than using
the term “higher termites”. As for the “lower termites”, we
recommend refraining from grouping them together, unless
specifically referring to their symbionts. In such cases, we
propose “protist-dependent termites” or “non-Termitidae
termites” (or its common name/adjectival equivalent “non-
termitid termites”). A “paraphyletic group of” can be added
to further emphasize that such a group is not a formally
recognized taxon.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00040-023-00929-0.
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