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ABSTRACT

Morphological analysis of termites is crucial for the identification of the species and is used as the method
available when molecular identification is not accessible, especially in developing countries. Thus, the study
aimed to determine the morphological identification and molecular characterization of termites in selected
areas in Keffi, Nasarawa State. Ten (10) soldiers and ten (10) worker termites were randomly sampled for
identification from each study locations. In this study, head color, size, and shape, number of antennae
segments, mandible shape, pronotum shape, and gula shape were considered as morphological characters and
compared with identification keys. Species richness, dominance, and evenness or equitability indices were
determined using Shannon-Wiener diversity index and Margalef's index. A total of one hundred and twenty-
one (121) termite was in this study. Three subfamilies were represented: Nasutitermitinae, which included
Trinervitermesgeminatus (58). Macrotermitinae, consisting of Macrotermesbellicosus (43), and
Macrotermessubhyalinus (11). Termitinae, composed of Microcerotermessp (9). Macrotermitinae and
Macrotermessubhyalinus constituted 35.5% and 9.1% respectively. Microcerotermessp recorded the list
percentage occurrence of 7.4%. The species diversity indices varied between locations. GRA exhibited the
highest Shannon-Wiener diversity index (1.168), whereas Angwan Lambu recorded the lowest (0.6364).
Similarly, Simpson's diversity index was highest in GRA (0.64) and lowest in Angwan Lambu (0.44).
Regarding species richness, the Margalef index indicated the highest value in GRA (1.001), contrasting with
the lowest value observed in El- Kabir (0.3338). Understanding the abundance of termite species is crucial for
effective control measures, and studies on species diversity in areas with anthropogenic activities are crucial
for monitoring biodiversity loss in the environment.
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INTRODUCTION

Termites are social insects living in colonies. They are sometimes called white “ants”, however they are not
ants, because the true ants belong to the Order Hymenoptera, while termites belong to the Order Isoptera
(Grimaldi and Engel, 2015). Engel and Krishna (2014), grouped termites into 6 families, 170 genera and about
2600 species, of which 300 species are said to be of economic importance. Termites can be divided into three
general categories based on their habitat: damp wood, dry wood and subterranean (Paul and Rueben, 2013).
According to Paul and Rueben (2013), damp wood termites do not present wide spread pest problems, but can
be problematic under certain conditions, dry wood termites are significant and costly pests, while the
subterranean termites are the major urban pests. Termites are essential members of the soil ecosystem and are
found throughout the world (Abdel and Skai, 2011). They are the most important fauna in nutrient recycling,
improving soil fertility and serving as food sources for other animals. On the other hand, termites are highly
destructive and polyphagous pests of cropplants, which damage green foliage, seedlings, forests, pasture,
wooden structures, fibers including household cellulose-based materials, and postharvest stored products
(Upadhyay 2013).

The interaction of termite with man arises as a result of man’s interference with natural food supply of termite
and with its environment (Edwards and Mill, 2011). However, since their food supply is mainly wood and
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woody tissues of plant, they do come into direct competition with man resulting in great loss of properties and
amenities. Termites are one of the main types of destructive insects attacking buildings in tropical areas (Ghaly
and Edwards 2011). The destructive activities of termites as a result of their feeding habits cannot be over
emphasized

MATERIALS AND METHODS

3.1 Sampling Design.

Samples were collected from New Market, El-Kabir, Pyanku, AngwanLambu, Government Residential Area
(G.R.A) and G.S.S Yelwa. From each survey region, two to three districts would be selected for sampling
based on their accessibility and proximity to roads. From each site, 10 soldiers and 10 worker termites were
randomly sampled for identification. Samples were collected by opening termite nests.

Samples were collected from available mould in the morning and late evening. Termites were extracted from
the sample soil by hand-sorting using a moistened preserved in 97% alcohol.

3.2 Morphological Identification

Soldiers were used for identification to species level using morphological characters. In this study, head color,
size, and shape, number of antennae segments, mandible shape, pronotum shape, and gula shape were
considered as morphological characters in the identification keys. Species determination was made based on
previous descriptions of morphological identification using taxonomic key by Krishna et al., (2013) for
Macrotermitinae; key described by Bagine (1986) wasused to characterize the genus Odontotermes;
morphological characters described by Rambur (1842) and Grasse (1937) wereused for Macrotermes; and
descriptions used by Chhotani (1997) was used for Microtermes. Samples containing only workers will be
subjected to molecular identification. Coordinates of each collection location was be taken.

3.3 Molecular Characterization
3.3.1 DNA Extraction Using Nimr Biotech Kit

Extraction of the termite tissues of individual mosquitoes using genomic DNA purification kit for isolation of
DNA. All of each individual termites were placed in 2ml Eppendorf tube with pestle.Homogenized in 500ul
lysis buffer and vortex the mixtures and incubate at 56°C for 10min then centrifuge at 10,000 rpm for 1
minutes. After spinning, 200ul of absolute ethanol was added to the tube. The mixture was transfer into spin
column and centrifuge at 10,000rpm for 30 sec, discard the flow-through and blot the collection tube on a
tissue paper. 500ul of wash buffer 1 was added to the spin column, then centrifuge at 10,000 rpm for 30 sec
follows the discard of flow-through and blots the collection tube on a tissue paper. the spin column was
centrifugeagain at 12,000rpm for 3minutes to remove all the traces of ethanol, thereafter; the spin column is
placed in another microcentrifuge tube. 50ul of elution buffer was added to the Centre of the column then
incubate at room temperature for 1 to 2 mins and centrifuge at 10,000rpm for 1 minute to elute the DNA. It
was repeated 7 times for increased DNA yield.

3.3.2 Gel Electrophoresis

1.5g of agarose gel with 100ml of Tris-acetate- Ethylene-diamine tetra acetic acid (EDTA) was used in
electrophoresed of the PCR product. The agarose was melted in a microwave for about 2mins until and
allowed to cool satisfactorily. The gel was stained with 5ul Ethidium Bromide for the visualization and
detection of amplified DNA fragment, after cooling, the gel was poured into a clean well casting chamber and
electrophoresis comb had been inserted to create wells into which amplicons were loaded. The cast was placed
in the electrophoresis tank containing 1X to cover the gel and wells follows by the removal of the comb from
the well. Molecular ladder (5ul) was dispensed into the first well followed by 7ul of each amplicon were
appropriately loaded and run at 80v with 150mA for an hour. The gel was viewed and taken under UV
transilluminator for documentation.
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3.4 Data Analysis

Data analysis was conducted utilising PAST 4.03 Software (Hammer et al., 2001) and Microsoft Excel (2013)
to compute ecological indices, including species diversity, species richness, dominance, and evenness or equ-

itability indices. The termite diversity examined in this study pertains to a-diversity, which encompasses the
diversity of species within a specific community or habitat. To assess diversity, the Shannon—Wiener diversity
index and Simpson's diversity index were employed. Species richness was quantified using Margalef's index,
while the dominance index was determined using the formula for Relative dominance. Additionally, the
evenness or equitability of a species was evaluated using the Evenness Index (Ojija and Kavishe, 2016). The
formulas for the Shannon-Weiner index (H”) and Simpson’s Dominance Index (D) are as follows:

H - Shannon diversity index;

pi - proportion of individuals of the species in a whole community; or proportion of total sample represented
by species. Divide no. of individuals of species n by total number of samples N (pi=n/N)

S = No of species/species richness

> - sum symbol; and

In - natural logarithm, but the base of the logarithm is arbitrary (10 and 2 based logarithms are also used).
n - individuals of a given type/species; and

N - total number of individuals in a community,

Hmax = In(S) = maximum diversity possible

Evenness (E)= H/Hmax

Table 1: Termite taxa and relative abundance of species encountered within the study areas in Keffi, Nasarawa
State, Nigeria.

FAMILY | SUB-FAMILY | TERMITE SPECIES New El- Pyanku | AngwanLambu | G.R.A | G.S.S | Total
market | Kabir Yalwa | Encounter
(%)
Termitidae | Nasutiterminae | Trinervitermesgeminatus | 5 (8.6) | 10 19 8 (13.8) 10 6 58 (49.3)
(17.2) | (32.8) (17.2) | (10.3)
Macrotermitinae | Macrotermesbellicosus 10 10 3(7.0) |4(9.3) 6 10 43 (35.5)
(23.3) | (23.3) (14.0) | (23.3)
Macrotermessubhyalinus | 5 0(0.0) | 0(0.0) |0(0.0 2 4 11 (9.1)
(45.5) (18.2) | (36.4)
Termitinae Microcerotermes sp. 0(0.0) [0(0) |7(778) |0 2 0(0.0) | 9(7.9)
(22.2)
Total 20 20 29 12 (9.9) 20 20 121 (100)
(16.5) | (16.5) | (24.0) (16.5) | (16.5)

The survey of termite conducted within the Keffi recorded a total of one hundred and twenty-one (121) termite
encounters, identifying four distinct species in three genera within the family Termitidae. Three subfamilies
were represented: Nasutitermitinae, which included Trinervitermesgeminatus(58, 49.3%).Macrotermitinae,
consisting of Macrotermesbellicosus(43, 35.5%), and Macrotermessubhyalinus(1l, 9.1%).Termitinae,
composed of Microcerotermes sp. (Table 1). Nasutitermitinae species accounted for the highest(49.3%) of the
total species collected, while Macrotermitinae and Macrotermessubhyalinus constituted 35.5% and 9.1%
respectively.Microcerotermessp recorded the list percentage occurrence of 7.4%.
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Table 2: Species diversity and richness indices as calculated for termites encountered

Parameters New El- Pyanku | AngwanLambu | G.R.A | G.S.S
market | Kabir Yalwa
Dominance D 0.375 0.5 0.4982 | 0.5556 0.36 0.38
Simpson_1-D 0.625 |0.5 0.5018 | 0.4444 0.64 0.62
Shannon_H 1.04 0.6931 | 0.8548 | 0.6365 1.168 |1.03
Evenness_e”™H/S | 0.9428 |1 0.7837 | 0.9449 0.8041 | 0.9334
Margalef 0.6676 | 0.3338 | 0.5939 | 0.4024 1.001 | 0.6676

The species diversity indices varied between locations. GRA exhibited the highest Shannon-Wiener diversity
index (1.168), whereas AngwanLambu recorded the lowest (0.6364). Similarly, Simpson's diversity index was
highest in GRA (0.64) and lowest in AngwanLambu (0.44). Regarding species richness, the Margalef index
indicated the highest value in GRA (1.001), contrasting with the lowest value observed in El- Kabir (0.3338)
(Table 2). Pielou's evenness indices revealed variations across the sampled locations.

Fig. 2 Lane M= molecular DNA ladder; Lane 1-9= DNA of termite 1, 2, 3 -Trinervitermes geminates, 5, 6, 7-
Macrotermes bellicosus 4, 8, 9- Microtermes sp ; Lane NC=Negative Control

DISCUSSION

The survey of termite conducted within the Keffi recorded a total of 121 termite encounters, identifying four
distinct species in three genera within the family Termitidae. Three subfamilies were represented:
Nasutitermitinae,  which  included  Trinervitermesgeminatus. = Macrotermitinae,  consisting  of
Macrotermesbellicosus, and Macrotermessubhyalinus. Termitinae, composed of Microcerotermes sp.
Nasutitermitinae species accounted for 49.3% of the total species collected, while Macrotermitinae and
Termitinae constituted 44.6% and 7.4% respectively.

A similar survey of arboreal termites in the Port Harcourt University environment revealed termites identified
as Amitermes sp., Nasutitermeshavilandi, Odontotermes sp., Microcerotermes sp., Glyptotermes sp., and
Globitermes sp. (Ugbomehet al., 2019) but with little difference in species composition. Amitermes sp. was
found in the trees and was dominant in the Port Harcourt University campus environment. Furthermore, the
termites identified on the University of Lagos campus showed that Amitermes sp. was dominant, followed by
Ancistrotermes sp. while Capritermes sp. was found to be the least abundant (Kemabonta and Balogun, 2022)
as opposed to the present study where T. geminatus was the most abundant.
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Alamu et al., (2018) reported that members of Nasutitermitinae constituted 14 % of the total encountered
termites in Eucalyptus plantations, which was lower than the Nasutitermitinae of the present survey, 50.7 %.
Macrotermitinae in the Eucalyptus plantations was the highest and was higher than that in the present study,
44.6%.

The diversity index recorded within Keffi indicated a moderate diversity, ranging from 0.36 to 1.2 at different
areas. These results were also similar to the results of the research conducted on the University of Lagos
campus where eight genera were found during dry and rainy seasons (M. natalensis, M. subhyalinus,
Ancistrotermes sp., Nasutitermes sp., Microcerotermes sp., Capritermes sp., Amitermes sp., and Coptotermes
sp.), and the species diversity index ranged from 0.51-1.66 (Kemabonta and Balogun, 2022).

The Pielou's index of evenness was also calculated for the sampled termite species in the present study. In
general, Pielou's index of evenness falls between 0 and 1. The Pielou's index of termite species on the
Pondicherry Engineering College campus, India was 0.76 and 0.85 (Anantharajuet al., 2019) which was closer
to evenness values in the Keffi ranging from 0.4 to 1.0 across the locations.

CONCLUSION

The study area exhibited four termite genera, with T. geminatus predominating as grass-feeders, reflecting the
Derived Savanna environment characterized by a significant presence of grasses alongside sparse tree cover.
While moderate diversity of termite species was observed overall, areas impacted by human activities showed
reduced diversity. Understanding the abundance of termite species is crucial for effective control measures,
and studies on species diversity in areas with anthropogenic activities are crucial for monitoring biodiversity
loss in the environment.
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