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ABSTRACT

Termites are the significant decomposers in an ecosystem that helps to recycle nutrients and other
raw materials. Termites are also known as pests of crops and timber plants. Hence, this study is
carried out to document different feeding types of termites concerning various feeding diets. A total
of 233 colonies were collected from the different localities of Southern Haryana by conducting a
random sampling process in two years of study from 2020-2021. Samples were identified into
26 termite species under 3 families, 4 subfamilies and 8 genera by utilizing phenotypic features
of the soldier and worker castes. These species were further characterized according to feeding
groups. In the present study, 5 feeding groups were reported. Out of 26 species, 11 species were
recorded as wood feeders whereas, in soil feeder, soil-wood intermediate feeder, litter feeder and
grass feeder 6, 9, 5 and 4 species were noted. The most dominant was the wood feeder, followed
by the soil-wood intermediate feeder, soil feeder, litter feeder, and finally grass feeder. Among
wood feeders Microtermes mycophagus and soil-wood intermediate feeder Amitermes belli were
dominant. The feeding groups diverged significantly among the surroundings, based on habitat
disturbances.
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INTRODUCTION

Alongside earthworms and ants, termites are also
called eco-systematically vital insects due to the role
of decomposers and notorious pests of crops and
timbers.'”) Termites consume cellulose-rich woody
items that are further changed into biofuel.?*? It’s the
most diverse insect that constructs a colony found at
every locality of the earth except Antarctica,*” due to
cold weather that opposed its survivability.™” Colony

M Termite

size can vary with the number of individuals.
mounds erection capability supports soil processing
activities like soil turnover and soil rejuvenation.!'>!
The termites that cause damage generally include

subterranean, damp wood and dry wood termites.
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Termites mainly feed on a variety of organic materials
and these materials are digested with the help of gut
microflora.’! Termites’ diets consist of plant stuff
including living plants as well as decaying parts of all

stages.[>14

The feeding of plant materials mainly
includes dead branches, a decomposed layer of detritus
with minerals-rich soil, living roots and shoots, and litters
of woody twigs, leaves, and branches.>'*! Hence, on the
basis of feeding diets, termites were generally classified
into five major overlapping feeding groups.!'” They are
litter-foragers, soil-feeders, wood-feeders, grass-feeders,
and soil-wood intermediate feeders.'!”) However, on
the basis of termite’s worker gut morphology, termites
can also be classified into 4 feeding groups; (a) Type
I, ) Type I, (c) Type III, and (d) Type IV were
recorded.”

Hence, it becomes interesting to know the diversified
feeding in termites in relation to their vast variety of
feeding diets and strategies. This present study was
designed to analyze and identify the different feeding
groups of termites as no previous study was done on the
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ecological behaviour of the termite fauna of Southern
Haryana.

MATERIALS AND METHODS
Study Sites

All termites’” samples were collected from six districts
of Southern Haryana (Nuh, Mahendragarh, Rewari,
Palwal, Gurugram and Faridabad) which are positioned
between 28.25° N 76.29° E. A total of 233, colonies of
termites” were collected from various feeding habitats
for a period of two years (2020-2021) including dry
woody items, the soil within and beneath very rotten
logs, soil mounds, dry grasses, cattle dung cakes, Acacia,
bushes, Sisam and Neem tree. At the time of collection,
the locality of collected samples was noted using a GPS
recorder which detailed the day, date, time, altitude,
latitude and longitude.

Termite survey

Termites were randomly collected from the study
areas.'"*'* Some special skill were used while searching
the termites such as termite invasion signs have been
noticed i.e., woody logs notably invaded by termites
when it produces noise at the time of exploiting with the
screwdriver, damaged woods, finding of imago’s wings,
termite excreta which are grey-brown in an appearance
on woody planes, soil mounds with mud tunnels, soft
wood that is simply searched by knife or screwdriver
and devoting the main probing to the wood basements
and under porches.

Termite identification

30-50 specimens were randomly collected from each
colony and preserved in 70% ethanol with 2 drops of
glycerol till examination. The preserved sample was
labelled carefully with all required information (date,
time, source and location). Every caste of termite
species was selected if found, but the priority was given
to soldier and worker castes as these are easy to identify.
Identification was done by morphometric analysis of
soldier and worker caste features act as valuable keys for
the documentation of termite samples.”* However, the
feeding diversity of termites was notified by recording
the feeding preferences of termites (Table 1).'

RESULTS

A total of 233 termite colonies were collected from the
different localities with different feeding sites. Based
on the phenotypic study, samples were identified
into 26 species belonging to 3 families (Termitidae,
Rhinotermitidae and Kalotermitidae). Then, on the
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Table 1: Different types of feeding groups of
termites.

Sr. Feeding Description
No. groups

1 Wood feeders

This group feeds on woody items and
dead twigs that still connected to trees
and creates galleries for their colony.
17181 Most of the “lower” termites are
known as wood feeders whereas,
in “higher” termites, all subfamilies
of the family Termitidae, except the
Apicotermitinae feed on woods.['72526]

2 The soil feeders They feed on the topmost layer
of mineral-rich soil as well as
surface litter (twigs and leaves)
(Apicotermitinae, Termitinae, and

Nasutitermitinae).!'”!

3 Litter feeders They forage on softened parts
of woody items and leaf litter
(Macrotermitinae, Apicotermitinae,

Termitinae and Nasutitermitinae).l'”:'8!

4 Soil-wood This forager feeds on extremely
intermediate decayed wood that turn into soil-like
and friable (Termitinae, Apicotermitinae
and Nasutitermitinae).l'”
) Grass feeder In addition, according to,?”! termites

also include another feeding group,
the Lastely grass feeder consumes
grass and dung (Hodotermitidae).!?”!

feeding preferences, 26 species are classified into 5 major
feeding groups (soil-feeding, soil-wood intermediates
feeder, litter feeding, grass feeder and wood-feeders).
Wood feeders comprised the highest 31% diversity
followed by soil-wood intermediate feeder (26%), soil
feeders (17%), litter feeders (14%) and grass feeders
(12%) (Figure 1).

Wood-feeding termites have comprised 11 species
L.e., Coptotermes emersoni, C. gestroi, C. heimi, C. kishor,
Eremotermes paradoxalis, O. anamallensis, O. feae, Microtermes
mycophagus,  Microcerotermes  raja, Neotermes sp.1., and
Neotermes sp.2, while 6 species i.e., O. assmuthi, O. giriensis,
O. guptai, O. gurdaspurensis, O. obesus and M. obesi were
classified as soil feeders. Nine species of termites named
Amitermes belli, O. feae, M. baluchistanicus, M. beesoni,
M. cameroni, M. newmani, M. mycophagus, O. redemanni and
O. parvidens, were fallen into the soil-wood intermediate
feeder, 5 were litter feeder named _Angulitermes
akhorisainensis, Eremotermes neoparadoxalis, O. assmuthi,
O. guptai and M. obesi. However, grass feeders comprised
4 species (Eremotermes neoparadoxalis, M. mycophagus,
O. obesus and A. belli) (Figures 1-06).

Out of all studied species, .A. belli, E. neoparadoxalis,
O. assmuthi, O. guptai, O. feae, O. obesus, M. obesi and
M. mycophagns showed the highest diversity and
distribution with a variety of feeding preference
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(Figure 1). A. belli and O. feae mostly preferred soil/
wood intermediate diets. O. assmuthi, O. guptai, O. obesus
and M. obesi were mostly nourished on soil and diversity
of M. mycophagus species was highly recorded on woody
things.

Figure 1 indicated the percentage of termite species
with different feeder groups. Microtermes mycophagus
species was the most abundant wood feeders (WF)
with 31%, followed by C. heimi (25%), C. kishori (11%),
O. anamallensis (8%), E. paradoxalis, M. raja and C. gestroi
with 5% where rest with 1-4% respectively (Figure 2).
For soil feeders (SF) M. obesi was the most encountered
species with 30%, followed by O. obesus (25%), O. guptai
(16%), O. gurdaspurensis (13%), O. assmuthi (10%) and
O. giriensis (6%) (Figure 3). Amitermes belli dominated
21% of the total soil-wood intermediate feeders
(S/WF) followed by M. beesoni (19%0), M. Cameroni (16%),
M. newmani (14%) and the rest were (O. feae, O. parvidens,
O. redemanni and M. baluchistanicns) denoted by 19%
(Figure 4). In litter feeder (LF), O. guptai represented
the highest diversity (37%) followed by M. obesi (26%),
O. assmuthi  (21%), E. neoparadoxalis (11%) and
Angnlitermes akhorisainensis with 5% (Figure 5). However,
in grass feeders (GF), 4 species (M. mycophagus, A. bells,
O. obesus and E. neoparadexalis) were represented by 32%,
32%, 26% and 10% (Figure 6).

DISCUSSION

Termites’ diversity was calculated according to their
feeding habit and habitat preference.l'”*! Termites
were classified into 4 (Group 1, Group II, Group III and
Group IV).P!" All four feeding groups were recorded as
Type I (lower termites- mainly wood and grass feeders),
Type II (higher termites-fungus growing wood feeders/
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Figure 1: Relation between termite species (%) and its feeding
groups.
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Figure 2: Percentage feeding of wood feeder termite species.
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Figure 3: Percentage feeding of soil feeder termite species.
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Figure 4: Percentage feeding of soil-wood intermediate
feeder termite species.
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Figure 5: Percentage feeding of litter feeder termite species.
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Grass feeder (n=4)
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Figure 6: Percentage feeding of grass feeder termite species.

litter feeders, micro epiphytes), Type 111 (organic-rich soil
feeders/ humus feeders) and Type IV (true soil feeders).l™
Type 1I feeding group was the most dominant group,
followed by Type III, Type I and finally Type IV.P**
However,!"""¥ reported 5 feeding groups (litter-foragers,
soil-feeders, wood-feeders, grass-feeders and soil-wood
intermediate feeders).

During the present study, 5 types of feeding groups of
termites were recorded from Southern Haryana (wood
feeder, soil feeder, soil-wood intermediate feeder, litter
feeder and grass feeder). The highest species diversity
came under wood feeders as they can feed on a variety
of woody items however few were having specific
feeding preferences.

Out of 26 identified species, 11 are dominated as wood
feeders, 6 as soil feeders, 9 are soil-wood intermediate
feeders, 5 as litter feeders and 4 as grass feeders.”
Amitermes, Coptotermes, Microtermes, Odototermes, have been
encountered at a wider level in the environment among
all species. The overall termite richness and their feeding
diversity did not provide significant differences among
various habitat types (Figure 1).

In this study, grass feeders showed the lowest diversity
in comparison to other feeders probably due to human
activities. Similatly, the variety of food quality from
various trees was also related to different feeding
habits.”” Kalotermitidae and Rhinotermitidae termites
were fed on dry wood but Kalotermitidae termites
do not form foraging pathways where termites of
Rhinotermitidae formed.’" In our findings, the genus
Coptotermes, Odontotermes Microcerotermes, Microtermes and
Amitermes fall under the wood feeder, soil and soil-wood
intermediate feeding groups similar to findings of
Donovan SE ¢ a/ and Amina P**? except the genus
Coptotermes that fell under Group 1 (wood and grass
feeders).

Our findings broadly validate the results of)
who reported family Termitidae and subfamilies

13,35,36]
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Macrotermitinae, and Termitinae comprised both leaf
litter and wood-feeding termites. According to Donovan
SE et al and Amina PP Angulitermes fall under soil
feeders, whereas in the present study Angulitermes were
identified as litter feeders. Same with Microcerotermes sp.
that was found to feed on mangoes, dead coconuts
leaves, citrus, and cashews dead parts.’ But in this
study, Microcerotermes species were mostly found to be
nourished on roots of common rush (Juncus effusus).

CONCLUSION

Our studies specify that termites are a highly diversified
group of insects that can be further classified into 5
feeding groups (wood feeder, soil feeder, soil-wood
intermediate feeder, litter feeder and grass feeder).
In the present study also, 5 types of feeders have
been reported from Southern Haryana, India. Out
of 5 feeding groups, the highest diversity of termites
belongs to the wood feeder. Termite’s feeding diversity
noticeably changed along with the habitat preferences
Angulitermes can forage on the soil as well as litter.
Similarly, with E. neoparadoxalis, A. belli, M. obesi,
M. mycophagus, O. feae, O. assmuthi, O. guptai and O. obesus
displayed the maximum diversity and distribution with
feeding preference.
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SUMMARY

Termites are vital insects from an ecological point of
view, as they help in nutrient fluxes in the ecosystem
and can also improve soil quality. Being pests, their
central role is to decompose necessary and unnecessary
items."? They ate also known as voracious feeders of
woody things, timber plants, crops, and electrical things.
It’s being the most diverse insect found in every locality
of the earth except Antarctica.*”)

Termites have a different diet to forage mainly woody
twigs, leaves and dead branches, minerals-rich soil, living

roots and shoots.'>1°

I Hence, with a vatiety of food,
termites were commonly categorized into five feeding

wood-feeders,
[18,19]

groups: soil-feeders, litter-foragers,
soil-wood intermediate feeders and grass-feeders.
However,” classified termites into 4 feeding groups
(Type I, Type 11, Type 111 and Type IV) based on worker
caste gut morphology. The wood feeder is also classified
into damp wood, sub-terranean and dry wood termites
that cause damage to woody logs.

During the present study, a total of 233 samples of
termite were collected from the various feeding sites
of Southern Haryana, India. Collections were made
possible by using the random sampling method.
(42122 Termite samples were identified into 26 species
belonging to 3 families (Termitidae, Rhinotermitidae
and Kalotermitidae) and further classified into five
feeding groups (SF, WE, S/WF, LF and GF). Wood
feeder covered the maximum 31% diversity, followed by
soil-wood intermediate feeder (26%), soil feeder (17%),
litter feeder (14%) and grass feeder (12%).

Out of 26 species, 8 species (E. negparadoxalis, A. belli,
M. mycophagus, M. obesi, O. assmuthi, O. guptat, O. feae and
O. obesus) can feed a variety of things. Hence, based on
their feeding preference, they show the highest diversity
and fall under more than 2 feeding groups (Figure 1).
For example, Angulitermes can forage on the soil as well
as litter.2022

REFERENCES

1. Noble JC, Miller WJ, Whitford WG, Pfitzner GH. The Significance of
Termites as decomposers in contrasting grassland communities of semi-
arid eastern Australia. J Arid Environ. 2009;73(1):113-9. doi: 10.1016/.
jaridenv.2008.08.004.

2. Govorushko S. Economic and ecological importance of termites: A global
review. Entomol Sci. 2019;22(1):21-35. doi: 10.1111/ens.12328.

3. Eggleton P. An introduction to termites: biology, taxonomy and functional
morphology. In: Bignell DE, Roisin Y, editors. Lo N editors. Biology of
termites. 1st ed. Berlin: Springer; 2010. p. 1-26.

4. Gupta SK, Kakkar N. Community composition of termites (Isoptera) in
different habitats and seasons in Kurukshetra, Haryana, India. Anim Divers
Nat Hist Conserv. 2015;5:57-64.

Asian Journal of Biological and Life Sciences, Vol 11, Issue 3, Sep-Dec, 2022

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kakkar N, Gupta SK, Rohit S. Isolation of cellulolytic and amylolytic
bacteria of worker and soldier termite gut (Isoptera). Int Res J Nat Appl Sci.
2017;4(10):190-200.

Jones DT, Eggleton P. Sampling termite assemblages in tropical forests:
testing a rapid biodiversity assessment protocol. J Appl Ecol. 2000;37(1):191-
203. doi: 10.1046/j.1365-2664.2000.00464 .x.

Pranesh MK, Harini BP. Diversity and distribution pattern of termites in relation
with human interference: A study at Jnanabharathi campus, Bangalore, India.
The Ecoscan. 2015;9:671-6.

Buxton RD. Changes in the composition and activities of termite communities
in relation to changing rainfall. Oecologia. 1981;51(3):371-8. doi: 10.1007/
BF00540908, PMID 28310022.

Ahmed(Shiday) B. Potential impact of climate change on termite distribution
in Africa. Br J Environ Clim Change. 2011;1(4):172-89. doi: 10.9734/
BJECC/2011/561.

Goyal N, Sharma VL, Singla M, Kaur R, Sharma R. State of isopteran
biodiversity in the Indian subcontinent. TRJ. 2016;2(2):80-2.

Davies RG, Hernandez LM, Eggleton P, Didham RK, Fagan LL, Winchester NN.
Environmental and spatial influences upon species composition of a termite
assemblage across Neotropical forest islands. J Trop Ecol. 2003;19(5):509-24.
doi: 10.1017/S0266467403003560.

Ahmed JB, Pradhan B. Termite mounds as bio-indicators of groundwater:
prospects and constraints. Pertanika J Sci Technol. 2018;26(2):479-98.
Wood TG. The biology, physiology and ecology of termites. Econ Impact
Control Soc Insects. 1986:1-67.

Lavelle P, Blanchart E, Martin A, Martin S, Spain A. A hierarchical model for
decomposition in terrestrial ecosystems: application to soils of the humid
tropics. Biotropica. 1993;25(2):130-50. doi: 10.2307/2389178.

Wood TG, Sands WA. The role of termites in ecosystems. In: Brian MV,
editor. Production ecology of ants and termites. Cambridge: Cambridge
University Press; 1978. p. 245-92.

Wardell DA. Control of termites in nurseries and young plantations in Africa:
established practices and alternative courses of action. Commonw For Rev.
1987;1:77-89.

Bignell DE, Eggleton P. Termites in ecosystems. In: Abe T, Bignell DE,
Higashi M, editors. Termites: evolution, sociality, symbioses, ecology.
Dordrecht: Kluwer Academic Publishers; 2000. p. 363-87.

Eggleton P. The species richness and composition of termites (Isoptera) in
primary and regerating lowland depterocarp forest in Sabah, East Malaysia.
Ecotropica. 1997;3:119-28.

Kudo T. Termite-microbe symbiotic system and its efficient degradation of
lignocellulose. Biosci Biotechnol Biochem. 2009;73(12):2561-7. doi: 10.1271/
bbb.90304, PMID 19966490.

Donovan SE, Eggleton P, Bignell DE. Gut content analysis and a new
feeding group classification of termites. Ecol Entomol. 2001;26(4):356-66.
doi: 10.1046/j.1365-2311.2001.00342.x.

Kakkar N, Gupta SK, Dhanerwal S. Survey of Termites (Isoptera) fauna in
Kurukshetra Haryana, India. Insight. Int J Sci. 2015;2:26-8.

Amina P, Rajmohana K. Feeding group diversity of termites (Isoptera:
Insecta) in Kerala. J Entomol Zool Stud. 2016;4:114-6.

Roonwal ML, Chhotani OB. The fauna of India and the adjacent countries
Isoptera, (Termites). Vol. 1. Calcutta: Zoological Survey of India; 1989. p. 672.
Chhotani OB. The fauna of India and the adjacent countries. Isoptera
(Termites): (family Termitidae). Vol. 2. Calcutta: Zoological Survey of India;
1997. p. 1-800.

Syaukani GJ, Thompson GJ. Taxonomic notes on Nasutitermes and
Bulbitermes (Termitidae, Nasutitermitinae) from the Sunda region of
Southeast Asia based on morphological and molecular characters. ZooKeys.
2011;148(148):135-60. doi: 10.3897/zookeys.148.2055, PMID 22287894.
Chey VK. Major timbers of Sabah and their insect pests. Sepilok bulletin.
2012;15:85-95.

Krishna K. Taxonomy, phylogeny and distribution of termite. In: Krishna K,
Weesner FM, editors. Biology of termites. Vol. 1. NY/London: Academic
Press; 1970. p. 127-52.

Brauman A, Majeed MZ, Buatois B, Robert A, Pablo AL, Miambi E. Nitrous
oxide (N20) emissions by termites: does the feeding guild matter? PLOS
ONE. 2015;10(12):e0144340. doi: 10.1371/journal.pone.0144340, PMID
26658648.

857



29.

30.

31.

32.

Bhanupriya, et al.: Diversified Feeding in Termites

Krishna K, Grimaldi DA, Krishna V, Engel MS. Treatise on the Isoptera of the
world. Bull Am Mus Nat Hist. 2013;377(7):1-200. doi: 10.1206/377.1.

Paul B, Aslam Khan Md, Paul S, Shankarganesh K, Chakravorty S. Termites
and Indian agriculture. In: Khan MA, Ahmad W, editors. Termites and
sustainable management, sustainability in plant and crop protection. Berlin:
Springer; 2018. p. 52-86.

Kambhampati S, Eggleton P. Phylogenetics and taxonomy. In: Abe T,
Bignell DE, Higashi M, editors. Termites: evolution, sociality, symbiosis, ecology.
The Netherlands. Dordrecht: Kluwer Academic Publishers; 2000. p. 1-23.
Eggleton P, Tayasu |. Feeding groups, life types and the global
ecology of termites. Ecol Res. 2001;16(5):941-60. doi: 10.1046/j.1440-
1703.2001.00444 .x.

33.

34.

35.

36.

Traniello JF, Leuthold RH. Behavior and ecology of foraging in termites.
In: Abe T, Higashi M, Bignell DE, editors. Termites: evolution, sociality,
symbioses, ecology. Berlin: Springer; 2000. p. 141-68.

Jones SC, Nalepa CA, McMahan EA, Torres JA. Survey and ecological
studies of the termites (Isoptera: Kalotermitidae) of Mona Island. Fla Entomol.
1995;78(2):305-13. doi: 10.2307/3495903.

Collins NM. Termites. Tropical rain forest ecosystems. Biogeographical. Ecol
Stud. 1989:455-71.

Materu C, Yarro J, Nyundo B, Salaam DE. Termite (Isoptera) assemblages in

Rufiji District Tanzania. J Biol Agric Healthc. 2013;3(14):49-55.

Cite this article: Bhanupriya, Kakkar N, Gupta SK. Diversified Feeding in Termites (Isoptera: Insecta) in Southern Haryana.
Asian J Biol Life Sci. 2022;11(3):853-8.

858

Asian Journal of Biological and Life Sciences, Vol 11, Issue 3, Sep-Dec, 2022



