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A	 Comprehensive	 Review	 on	 Termites:	 The	 Role	 of	 Gut	 Microbes	 in	 Cellulose
Digestion	and	Ecological	Function
A.N. Warghat, B.G. Gondane

Termites (order Blattodea, infraorder Isoptera) are
social insects known for their highly structured colony
systems and the critical role they play in ecosystems,
particularly in breaking down lignocellulose materials,
such as wood. These creatures are often seen as pests
in agricultural contexts, particularly in tropical and
subtropical regions, but they also provide valuable
ecosystem services, especially in nutrient recycling
and soil aeration. One of the most remarkable aspects
of termites is their ability to digest cellulose, a complex
organic polymer found in plant cell walls, which most
other organisms cannot break down efficiently.

The ecological role of termites is broad: they can both
positively contribute to soil health and fertility and
negatively affect crops and infrastructure. Their role
as decomposers in forest ecosystems is unparalleled,
converting plant matter into nutrients that are
accessible to other organisms. This review will
examine termites' gut microbes and their role in
cellulose digestion, colony structure and function,
their types, and their significance to agriculture.
Additionally, it will discuss the diverse microbial
composition in their gut and how it facilitates cellulose
breakdown, giving termites an evolutionary advantage
in processing tough plant material.

There are more than 2,000 species of termites
worldwide, distributed mainly in tropical and
subtropical regions, though they are also found in
temperate climates.

1.1.2	Colony	Function
 Termite colonies are complex social structures,
divided into different castes that work
cooperatively to ensure the colony's survival.
Termite colonies are typically headed by a single
queen and a king, whose main function is
reproduction. Workers, soldiers, and reproductive
individuals carry out specific tasks vital for colony
maintenance and expansion.
The colony structure can range from a few dozen
individuals to millions, depending on the species
and environmental conditions. The primary
functions within the colony are:

Reproduction: Performed by the queen and
king.
Foraging: Workers gather food (usually wood
or plant material) and nourish the colony.
Défense: Soldiers protect the colony from
predators.

1.1.3	Termite	Types	and	Colony	Members
Males: Male termites serve as the kings,
partnering with a queen to reproduce. The
kings remain with the queen throughout her
life, aiding in her reproduction.
Queen: The queen is the central reproductive
female in the colony. Her main role is to
produce a continuous supply of eggs,
sometimes up to 30,000 per day.
Drones: Drones are the reproductive males that
participate in the nuptial flight to mate with the
queen.
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1.1	Ecology	of	Termites
1.1.1 Systematic	Position	of	Termites
Termites belong to the order Blattodea, which also
includes cockroaches. Within this order, termites fall
under the infraorder Isoptera. Recent studies have
shown that termites share a common ancestor with
cockroaches, and both belong to the superorder
Dictyoptera. 
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Fungi: Fungal species in termites’ guts also assist
in breaking down lignocellulosic material.
Archaea: Some species of termites harbor archaea,
which aid in the production of methane, a
byproduct of the digestive process in some
termites.

Termites are thus highly dependent on their gut
microbiota for survival and ecological function. These
microbes are transmitted from generation to
generation, either by direct contact between
individuals or by the royal pair (king and queen) that
carries specific microbes to start a new colony.

Soldiers: Soldiers have larger heads and jaws
compared to workers. Their primary function is
defense; they protect the colony from predators like
ants and other threats.
Workers: Workers are the non-reproductive
members of the colony. They build and maintain the
nest, forage for food, and care for the queen and
nymphs. They have the unique ability to process
cellulose through the microbes in their gut.

1.2	Matrix	and	Nuptial	Flight

The matrix in the context of termites refers to the
construction and maintenance of their nests, often
referred to as mounds. These structures provide
shelter, regulate temperature and humidity, and are a
key component of the colony's survival strategy.
Termite mounds are intricate and highly engineered
structures that are incredibly efficient at maintaining
stable conditions for the colony.

Nuptial	 flights occur when winged termites (alates)
leave the colony to find a mate and establish new
colonies. These flights are seasonal events, often
taking place after rains. The alates are the future kings
and queens that will mate, land, shed their wings, and
begin new colonies.

2.1	Gut	Cellulose	and	Gut	Microbes

2.1.1	Gut	Microbes	in	Termites
 Termites are able to break down cellulose with the
help of a diverse community of microorganisms
residing in their gut, including bacteria, protozoa,
fungi, and archaea. These microbes work
synergistically with the termite's own digestive
enzymes to degrade lignocellulosic material, which is
otherwise indigestible to most animals.

2.1.2	Composition	of	Termite	Gut	Microbes
Bacteria: The dominant group of microbes in
termites, responsible for breaking down cellulose
and producing enzymes like cellulases and
hemicellulases.
Protozoa: These microorganisms are particularly
abundant in certain species of termites. They
ferment cellulose and provide additional enzymes
to help digest wood.

2.2	Special	Features	of	Gut	Microbes

Symbiosis: The relationship between termites
and their gut microbes is highly symbiotic, with
each microorganism playing a specialized role in
the digestion of cellulose.
Cellulolytic	 Enzymes: The microbes secrete
enzymes such as cellulase, which break down
cellulose into smaller sugars that termites can
absorb and use as energy.
Methanogenesis: Some termite species
contribute to methane production through the
activity of archaea, which have a role in digesting
wood material. While this process is useful for the
termite’s energy needs, it also has implications for
greenhouse gas emissions.

2.3	Termite	Gut	as	a	Model	for
Biofuel	Production

The efficient breakdown of cellulose by termite gut
microbes makes them an area of interest for biofuel
research. Understanding the mechanisms behind
termite digestion could lead to advances in producing
sustainable biofuels from plant materials.

2.4	Special	Advantages	and	Disadvantages	of
Termite	Colonies	in	Agriculture

2.4.1	Advantages	in	Agricultural	Land

Soil	 Aeration	 and	 Fertility: Termite mounds
contribute to soil aeration and the cycling of nutrients,
enriching the soil and supporting plant growth. The
organic matter produced by termites as they
decompose plant material adds valuable nutrients to
the soil.
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2. Increased	Water	Retention: The tunnelling activities
of termites increase the permeability of soil, which can
help retain water, making it beneficial in dry regions.

3. Recycling	Organic	Matter: Termites recycle dead plant
material and wood, turning it into humus, which is an
essential component of healthy soil.

2.4.2	Disadvantages	in	Agriculture						

Crop	 Damage:	 Termites feed on plant roots, which
can damage crops and trees, especially in dry regions
where they are drawn to crops as a food source.

Infrastructure	 Damage:	 In addition to crops,
termites can cause significant damage to wooden
structures, including buildings and fences.

Conclusion
Termites and their gut microbes form a fascinating
symbiotic system that allows them to digest cellulose, an
ability they share with few other organisms. While
termites can be pests in certain agricultural settings, their
ecological role in soil health and nutrient recycling cannot
be overstated. Future studies on termite microbiomes
hold promise for sustainable agriculture, especially in the
context of biofuel production
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