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Editorial on the Research Topic

Advances in the Evolutionary Ecology of Termites

Termitology has seen great advances in research during the last decades accompanied by an
increasing number of scientists and research centers, which is reflected in the growing number
of scientists attending meetings (Chouvenc et al., 2018) and published articles. Although ants and
bees have been the most prominently researched social insects in general over the last 45 years
(Figure 1A), termites have been the most researched social insects regarding the topics of ecology
and evolution (Figure 1B). Thus, in this Research Topic the growing interest in evolutionary
ecology of termite research is summarized in six original research articles and two reviews,
providing updated information on diverse aspects of the biogeography, evolutionary biology,
genomics, systematics, microbiology and chemical ecology of these fascinating insects.

Termites (Blattodea: Isoptera) are eusocial insects that live in colonies containing hundreds
to millions of individuals organized into reproductive and non-reproductive castes with specific
tasks such as nest construction, foraging, reproduction, brood care, and colony defense (Korb
and Hartfelder, 2008). They comprise over 3,000 species distributed in nine families sharing a
common ancestor with wood feeding cockroaches of the genus Cryptocercus (Krishna et al., 2013;
Bourguignon et al., 2015), and are thus considered eusocial cockroaches. Termites have gained
the ability to digest lignocellulose through obligate symbiosis, leading to other major adaptations:
alloparental care, trophallaxis, and the emergence of sterile castes; all together allowed the evolution
of eusociality, the most complex level of social organization, for the first time in the history of the
Earth about 150Mya (Korb et al., 2012; Bourguignon et al., 2015; Chouvenc et al., 2021).

Traditionally, termites have been classified into “lower” and “higher” termites. “Lower” termites
(all termite families except Termitidae) consist typically of wood-feeding species that depend
mainly on flagellate protists for lignocellulose digestion (Engel et al., 2009). On the other hand,
“higher” termites (Termitidae) are the most numerous, diverse and successful group of termites.
Their evolutionary success is attributed to their symbiotic association with gut microorganisms
(Ohkuma et al., 2009; Dietrich et al., 2014), mainly to the loss of flagellates and the acquisition
of specialized bacteria with a high repertoire of lignocellulases, accompanied by a dietary
diversification (Bignell and Eggleton, 2000; Brune, 2014). The food sources of “higher” termite
lineages include wood, grasses, litter, micro-epiphytes, the mycelia of symbiotic fungi, organic soil
and even inorganic soil (Donovan et al., 2001; Eggleton and Tayasu, 2001).

A major topic in termite ecology is the effect of habitat degradation on the diversity of these
insects, especially in highly threatened biomes (Bullock et al., 2020). The impact of soil degradation
on termite assemblages is investigated in this Research Topic by Duran-Bautista et al. at different
land use systems in the Amazon. Local environmental factors such as vegetation type, rainfall,
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FIGURE 1 | Articles published for ants, social bees, and termites from 1975 to 2020 in all databases available on ISI Web of Knowledge. (A) Number of articles

published by year for ants (keyword search: “ants”); social bees (keyword search: “orchid bees OR bumble bees OR stingless bees OR honey bees”), and termites

(keyword search: “termites”). (B) Percentage of articles published by year on ecology or evolution topic for ants [keyword search: “ants AND (ecology OR evolution)”],

social bees [keyword search: “(orchid bees OR bumble bees OR stingless bees OR honey bees) AND (ecology OR evolution)”], and termites [keyword search:

“termites AND (ecology OR evolution)”].

elevation and latitude, are also known to differentially affect
termite diversity. In their Original Research Article, Clement
et al. address the question of how vegetation type and rainfall
affect termite assemblages by evaluating guilds, activity and
diversity of these insects in several Australian biomes.

Molecular analyses and biochemical activity are useful tools
to uncover the complexity of the ecological and evolutionary
dynamics of termite-symbiont association. “Lower” termites,

depend on several lineages of flagellate protists for food digestion
(Engel et al., 2009), and because protists are inherited vertically
from the parents their distribution seems to be determined by
host phylogeny (Tai et al., 2015). In their Original Research,
De Martini et al. discuss the drivers of protist diversification
in the context of host genetic relationship. Furthermore, the
digestion of plant tissues is driven bymutualistic ectosymbiosis in
fungus-growing termites (Macrotermitinae), which is considered
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an evolutionary novelty in “higher” termites originated about
30 Mya after the acquisition of gut symbionts by the ancestor
of Termitidae (Aanen et al., 2002; Bourguignon et al., 2015;
Bucek et al., 2019; Chouvenc et al., 2021). In this context,
Korb et al. provide new evidence about the transmission of
Termitomyces to their siblings in fungus-growing termites by
evaluating whether the mode of transmission is related to the
ecological success of these termites in West Africa. Finally,
Moreira et al. investigated the role of nest bacteria and fungi
in a food storing Syntermitinae through a combination of
microbiome, genomics and transcriptomics. Mounds of these
termites are made of soil and feces, and could function as a pre-
fermentation chamber for the plant biomass that is stored in fecal
made nodules (Menezes et al., 2018). This study showed the role
of nest microbiota as a complementary system for lignocellulose
digestion in the context of higher termite evolution.

Caste differentiation pathways in termites are regulated by
complex postembryonic mechanisms. In this Research Topic,
Oguchi et al., reviewed the differentiation pathways underlying
the developmental mechanisms and evolutionary origin of the
caste of neotenics, which act as secondary or replacement
reproductives and constitute a termite synapomorphy. Lastly, Lee
et al. investigated how hybridization between phylogenetically
closed pest termite species affect the activity of sterile castes.
The role of pheromones in communication and physiological
regulation in termites from an evolutionary point of view is
reviewed in this Research Topic by Mitaka and Akino.

In conclusion, our Research Topic highlight the latest
advances in termite evolutionary ecology and cover a wide

range of research areas: evolutionary biology, genomics,
systematics, microbiology, biogeography, and ethology in 90
termite species, showing the increasing interest of researchers
from around the world to study these amazing insects.
This knowledge is expected to continue growing during the
next years and have an impact into the development of
new biotechnological applications such as: biodegradation,
development of antibiotics and antifungal, biofuels and pest
control industry.
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in shaping microbial diversity in the hindguts of lower termites.
Appl. Environ. Microbiol. 81, 1059–1070. doi: 10.1128/AEM.02
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