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ABSTRACT The conversion of natural forest to agroforestry causes physical changes in the forest, which affects the availability of or-
ganic matter. Therefore, this could influence the diversity of termites which act as decomposers in forest ecosystems. This study aims 
to determine the effect on the diversity of termite species of changes in tropical forest due to conversion. The study was carried out 
in the Educational Forest area of Tadulako University, Indonesia. The observations of environmental biophysical conditions include 
vegetation diversity, biomass, soil physical and chemical properties. Furthermore, using the transect method, the diversity of termite 
species was monitored. The results showed that the diversity of termite species decreased along with the conversion, because 13 
species were found in natural forests, while only seven species were found in agroforestry land. This implies that changes in the bio-
physical environmental conditions due to forest conversion of tropical rainforests significantly reduced the number and composition 
of vegetation types at all growth rates, necromass and litter biomass. This decrease affects the availability of soil organic matter and 
carbon. Furthermore, these changes led not only to the loss of individual species but also to the emergence of previously unrecorded 
ones such as Microcerotermes dubius.
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Introduction
Tropical rainforests are among the richest ecosy-

stems in biodiversity and help stabilize the world’s 
ecosystems by absorbing carbon dioxide from the 
atmosphere and producing oxygen (Gillison et al. 
2013, Jones et al. 2019) and Tropical rainforests are 
home to half the world’s flora and fauna population. 
Tropical rain forests are also a refuge for the orga-
nisms that are in these ecosystems (Gillespie et al. 
2015, Abbas et al. 2019). Deforestation of tropical 
rainforests and conversion of forest lands to other 
land-use systems leads to loss of biodiversity and 
poses a threat to the ecosystem functioning and to 
sustainable land use (Muchane et al. 2012, Neoh et 
al. 2015).

Changes in forest structure due to land conver-
sion causes physical changes (Kulakowski et al. 
2011, Trumbore et al. 2015), which reduces the di-
versity of termite  species, both in terms of species 
composition, loss of native forest species and the 
emergence of previously unrecorded ones (Bandei-
ra et al. 2003).

Besides, these changes affect the availability of 
organic matter, a source of food for termites, which 
turns them into destructive pests (Abe et al. 2000, Bi-
gnell and Eggleton 2000). Deforestation affects their 
role in the ecological cycle because most species in 
the primary forest are sensitive to habitat pertur-

bations (Bignell and Eggleton 2000, Eggleton et al. 
2002).

Termites play an essential role as decomposers 
in the forest ecosystem by breaking down organic 
materials in the nutrient cycle to return to the ecosy-
stem (Jouquet et al. 2011, Lenz et al. 2011). The chan-
ge in the role of termites is caused by a decrease in 
the diversity of vegetation types due to changes in 
habitat conditions from natural forest to agrofore-
stry land and the high management activity on the 
agroforestry land (Genet et al. 2001, Hanis et al. 
2014). The response of termites to landuse change 
permits their usage as bio-indicators to assess envi-
ronmental quality (Jones and Eggleton 2000, Jones 
et al. 2003, Gathorne-Hardy et al. 2002, Alves et al. 
2011, Pribadi et al. 2011, Viana et al. 2014). Curren-
tly, the tropical rainforest in Indonesia, especially 
Sulawesi, is lacking, which reported the effects on 
termite diversity of changes in habitat conditions. 
Therefore, this study aims to fill this gap.

Materials and methods

Time and Location

This study was carried out from February to Au-
gust 2017 in the Educational Forest of Tadulako Uni-
versity, Parigi Moutong Regency, Central Sulawesi 
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(120° 0’ 26,68 “E and 0° 35.’ 15,78” N and 120° 59’ 
20,70“ E and 0° 33’ 53,29” N). It was carried out on 
two types of land, natural forest and agroforestry 
land (Figure 1).

Environmental Parameters

Measured environmental parameters, include: ve-
getation diversity, necromass, litter biomass, soil pH, 
soil organic matter (SOM), soil organic carbon (SOC), 
total nitrogen content (TNC), soil carbon to nitrogen 
(C:N), porosity and bulk Density (B.D.) of soil.

-	 Vegetation data collected on an observation plot 
measuring 20m x 100m in each land-use type. They 
were divided into five sub-plots measuring 20m x 
20m. Furthermore, nested sampling was carried  
out, and the plots were divided into three, namely 
20m x 20m for the tree/pole level (dbh ≥ 10cm), 5m 
x 5m for the sapling level (2cm ≤ dbh <10cm) and 
2m x 2m for seedlings and understorey levels using 
systematic sampling (Bonham 2013, Kirdyanov et 
al. 2011). Afterwards, the plants were identified, 
while pictures or samples of the unidentified plants 
were taken for  further identification at the Herba-
rium Celebense, Tadulako University Palu.

-	 The measurement of necromass was carried out on 
a subplot measuring 5m x 25m. 

The formula for calculating the necromass is 
shown below:

Necromass (kg) = (π/40) ρHD2                     (eq. 1)

where: π = 3,14; ρ = wood density, H height/length 
of stem, D = diameter breast height (dbh) (Larjavaa-
ra and Muller-landau 2009, Jones et al. 2019).

-	 The measurement of litter biomass was carried 
out within a quadrant measuring 0.5m x 0.5m, 
which was placed systematically along with the 
upper vegetation observation plots with a distance 

of 5m between them, each with five replications. 
In addition, litter and understorey were collected 
from each observation plot. The dry litter biomass 
was calculated using the formula:   

Oven − dry litter biomass (Kgm-2) =

(eq. 2)

(Hairiah et al. 2011, Jones et al. 2019)

-	 Soil physical and chemical properties were deri-
ved from transects of termites (see below). Sam-
ples of soil chemical properties were obtained 
from a composite soil, while soil physical proper-
ties were obtained from solid soil using a sample 
ring at a depth of 15 cm from the ground (Jones et 
al. 2019). Afterwards, laboratory and data analysis 
were carried out at the Natural Resources and En-
vironmental Analysis Laboratory, Faculty of Agri-
culture, Tadulako University.

Termites

Biodiversity is simply measured through species 
diversity index, which describes the size by conside-
ring differences in the number of species on a land 
(Zulkaidhah et al. 2014). Termite samples were col-
lected from transects made with 2m x 100m, divided 
into 20 subplots measuring 2m x 5m, which were ar-
ranged sequentially. Identification to species level 

Figure 1 - Study sites at Education Forest Tadulako University in Sulawesi tropical forests, Parigi Moutong Regency, Central Sulawesi, 
Indonesia.

Total Wet Weight (Kg) 𝓍 Dry Sample Weight (g)
Total Wet Weight (g) 𝓍 Sample Plot Area (m2)
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was carried out using soldier caste. This was becau-
se insects in this caste have a distinct mandible sha-
pe which differs, permitting easy identification (Su-
bekti et al. 2018), using the available literature (Tho 
1974, Thapa 1982). Sampled termites were used to 
calculate the level of diversity, namely number of 
species (S).

The decrease in the number of vegetation types at all 
growth levels due to changes in land shape was followed 
by a significant reduction in the amount of organic mat-
ter (Tab. 2). Land clearing, followed by intensive proces-
sing activities, caused a rapid decline in the amount of 
vegetation (Wang et al. 2017), and affected micro-clima-
tic conditions, soil physical and chemical properties, in-
cluding the quality and quantity of existing litter (Kula-
kowski et al. 2011, Trumbore et al. 2015).

Necromass experienced a significant decrease 
in agroforestry lands by 45.69% (Tab. 2). Decre-
asing dramatically its availability (Murray et al. 
2015, Olorunfemi et al. 2019). The high amount 
of necromass in natural forests comes from many 
unloaded forest logs due to illegal logging, fallen 
trees, branches and twigs (Murray et al. 2015, Olo-
runfemi et al. 2019).

Meanwhile, in agroforestry land, necromass co-
mes from the remains of seasonal crop trimmings 
and logs left during land clearing. This condition was 
in line with the study carried out in the Lore Lindu 

National Park, Central Sulawesi, which stated that 
the biomass of necromass from natural forest to 
agroforestry has decreased by 51.10% (Zulkaidhah et 
al. 2014).

Necromass is one of the environmental varia-
bles that play an essential role in termites’ presence 
(Neupane et al. 2015). It serves as a source of food 
as nesting site, for some species (Zulkaidhah et al. 
2017). Apart from necromass, surface litter also dra-
matically influences the presence and diversity of 
termite species in a land (Neupane et al. 2015). It is 
a micro-habitat and most preferred food source for 
termites.

Most importantly, it is the primary nutrient provi-
der in an ecosystem (Attignon et al. 2005).

Coarse litter (twigs) was the dominant type found 
in both study locations. Litter biomass in the natural 
forest was much higher compared to agroforestry, 
experiencing a decrease of 31.58%. 

The Litter biomass is mostly determined by the 
land use system and its management (Nascimento et 
al. 2019). The composition and amount of vegetation 
in the natural forest are more extensive and denser 
than the vegetation in agroforestry land. Therefore, 
the litter biomass is also much more abundant in 
natural forests, whilst in agroforestry land it is also 
reduced by intensive crop management such as wee-
ding and land clearing (Hapid and Zulkaidhah 2019).

Physical and Chemical Properties of Soil

The results of the analysis of soil physical and 
chemical properties in natural forest and agroforest-
ry land are shown in Table 3.

All measured physical and chemical properties 
of the soil changed significantly except for soil pH, 
after the conversion of natural forest to agroforestry 
land (Tab. 3). Furthermore, the soil organic carbon 
in agroforestry land decreased from 2.41% to 2.17% 
after the conversion of natural forest. 

The high amount of soil organic carbon in natural 
forests was due to the abundant vegetation cover and 
was directly proportional to the available amount of 
soil organic matter. The soil organic matter in natu-
ral forest was 4.11% and decreased in agroforestry 
to 3.77%. The accumulation of organic matter affects 
the microclimate and soil microorganisms, which 
play a role in the decomposition process (Oliveira et 
al. 2019).

The high activity of microorganisms in natural fo-
rests causes the nitrification process to be slow. The-
refore, the total nitrogen content in natural forests 
is lower (0.21%) compared to agroforestry (1.16%). 
Fertilization activities for plantation crops on agro-
forestry land cause a higher total nitrogen content 
than natural forests. This was because the nitrogen 
element presents in fertilizers assist in increasing the 
soil nitrogen content (Alegre et al. 2017).

Vegetation Mean SD t df p-value
Tree  
(Number of Species)
   - Natural Forest 29.40 1.87 16.43 8.00 0.000**
   - Agroforestry Land 11.20 1.58
Sapling  
(Number of Species)
   - Natural Forest 49.40 2.74 40.01 8.00 0.000**
   - Agroforestry Land 0.00 0.00
Seedling  
(Number of Species)
   - Natural Forest 73.80 1.58 49.00 8.00 0.000**
   - Agroforestry Land 24.80 1.58    

Table 1 - Statistical analysis and number of tree species in the three 
growth levels in natural forest and agroforestry in Sulawesi tropical 
forests.

** Significant at 0.01 level

Organic Matter Mean SD t df p-value
Necromass (Mg/ha)
   - Natural Forest 7.31 0.59 9.83 8.00 0.000**
   - Agroforestry Land 3.97 0.47
Litter (Mg/ha)
   - Natural Forest 19.00 1.41 6.32 8.00 0.000**
   - Agroforestry Land 13.00 1.58    

Table 2 - Statistical analysis and total organic matter in natural 
forests and agroforestry lands in Sulawesi tropical forests.

** Significant at 0.01 level
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The intensive land processing activity on agrofo-
restry land affects accumulated organic matter and 
soil density (Bulk density) (Atapattu et al. 2017). 
Therefore, its soil density (1.19 g/cm3) was higher 
compared to the natural forest (1.15 g/cm3). This 
condition was inversely proportional to the porosity 
value of both land types. The value of soil porosity 
tends to be higher on lands with a high amount of 
organic matter and microorganism activity (Sollins 
and Gregg 2017).

B. Termites

We found 13 species (7 genera) in natural forests, 
and seven species (5 genera) in agroforestry, 14 species 
grouped into seven genera from 2 families, namely: Ter-
mitidae and Rhinotermitidae (Tab. 4). Stem and log vo-
lume estimation

The morphological characteristics of termite gene-
rally used to identify the species include their mandible 
shape, fontanelle or depression on the head, shape of 
pronotum, marginal teeth, shape of antenna and num-
ber of antennal segments. Identification of the species 
of termites is elaborated in the following Figures 2.

After the conversion of natural forest to agroforest-
ry land, some species disappeared (Nasutitermes ma-
tangensis, Odontotermes sp.1, Coptotermes kalshove-
ni, Coptotermes sepangensis). 

This occurred because they cannot adapt to chan-
ges in habitat (Sanabria et al. 2016, Liu et al. 2019). 

Although several species were lost, one species spe-
cie was gained (Microcerotermes dubius).

Soil Properties Mean SD t df p-value
Soil pH (H₂O)
   - Natural Forest 6.63 0.02 -0.68 8.00 0.518ns
   - Agroforestry Land 6.72 0.06
Soil Organic Matter (%)
   - Natural Forest 4.11 0.10 4.04 8.00 0.004**
   - Agroforestry Land 3.77 0.15
Soil Organic Carbon (%)
   - Natural Forest 2.41 0.11 2.89 8.00 0.020*
   - Agroforestry Land 2.17 0.14
Total Nitrogen (%)
   - Natural Forest 0.21 0.01 -4.44 8.00 0.000**
   - Agroforestry Land 1.16 0.08
Soil C: N Ratio
   - Natural Forest 10.87 0.20 2.68 8.00 0.028*
   - Agroforestry Land 10.52 0.21
Porosity (%)
   - Natural Forest 51.15 0.11 20.79 8.00 0.000**
   - Agroforestry Land 49.27 0.16
Bulk Density (g/cm³)
   - Natural Forest 1.15 0.15 -4.00 8.00 0.004**
   - Agroforestry Land 1.19 0.15    

Table 3 - Physical and chemical properties of soil in natural forests 
and agroforestry lands in Sulawesi tropical forests.

* * Significant at 0.01 level; * Significant at 0.05 level; ns Not Significant

Diversity of Termite Species
Natural Forest Agroforestry Land
Nasutitermes neoparvus (Thapa) Nasutitermes neoparvus (Thapa)
Nasutitermes havilandi (De-
sneux)

Nasutitermes havilandi (De-
sneux)

Nasutitermes matangensis 
(Haviland) Odontotermes sp. 2

Bulbitermes constrictus (Havi-
land) Odontotermes sp. 3

Bulbitermes contrictiformis 
(Holmgren)

Microcerotermes dubius (Ha-
viland)

Odontotermes sp. 1 Schedorhinotermes javanicus 
(Kemner)

Odontotermes sp. 2 Longipeditermes sp.
Odontotermes sp. 3
Coptotermes kalshoveni 
(Kemner)
Coptotermes sepangensis 
(Krishna)
Microcerotermes serrula (De-
sneux)
Schedorhinotermes javanicus 
(Kemner)
Logipeditermes sp.

Table 4 - Diversity of types of termites in natural forests and agro-
forestry land in Sulawesi tropical forests.

Figure 3 - A) Bulbitermes sp., (B) B. constrictus, (C) B. constricti-
formis

Figure 2 - (A) Nasutitermes sp., (B) N. neoparvus, (C) N. havilandi, 
(D) N. matangensis
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The change in species assemblages in agroforest-
ry land are caused by changes in vegetation compo-
sition and structure. Only certain types of termites 
(N. neoparvus, N. havilandi, Odontotermes sp.2, 
O. sp.3, S. javanicus and Longipeditermes sp.) can 
survive these conditions (Liu et al. 2019). Changes in 
the number of species and composition of termite 
communities significantly affect the ecological cycle 
in an ecosystem (de Paula et al. 2016). 

The diversity of termite communities in tropical 
forests is presented in Table 5.

Conclusion
Environmental biophysical conditions have si-

gnificantly changed after the conversion of natural 
forests into agroforestry lands. The number of tree 
species strongly decreased, and the composition 
of vegetation changed significantly. These changes 
were followed by a reduction in necromass and 
litter biomass affecting the availability of soil or-
ganic matter and carbon, which also decreased si-
gnificantly after the conversion. The change in en-
vironmental biophysical conditions dramatically 
affects the richness and composition of termites’ 
communities. 13 species of termites (7 genera), 
which were found in natural forests experienced a 
reduction in number after the conversion to agro-
forestry in which only seven species (5 genera) 
were found. Interestingly, in agroforestry land we 
found Microcerotermes dubius not found in natu-
ral forests. Therefore, changes in environmental 
biophysical conditions affect diversity and compo-
sition of termite communities.

Figure 4 - (A) Odontotermes sp., (B) Odontotermes sp. 1, (C) 
Odontotermes sp. 2, (D) Odontotermes sp. 3.

Figure 6 - (A) Microcerotermes (B) M. dubius, (C) M. serrula.

Figure 7 - Schedorhinotermes javanicus.

Figure 5 - (A) C. sepangensis, (B) C. kalshoveni, (C) C. javanicus.

Figure 8 - Longipeditermes sp.

LT S H’ E Dominant
Species

NF 13 2.43 0.90 Bulbitermes
constrictus

AL 7 1.91 0.89 Nasutitermes
neoparvus

Table 5 - Level of diversity of termites in natural forests and agrofo-
restry land in Sulawesi tropical forests.

Information: LT (Land Type), NF (Natural Forests), AL (Agroforestry 
Land), S (Number of Types), H’ (Shannon Index), E (Evennes Index) 
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