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Abstract. Soil termites play a role as  a primary decomposer in natural forests. These types of termites can   be turned into residential 

pests as more land use to be plantations, housing, and buildings. This study analyzed the distribution of subterranean termites' 

reproductive caste, its identification, and environmental factors that influence the development of subterranean termites. The research 

methods used include distribution analysis using UV flying traps, surveys using  GPS, identification of reproductive castes, and 

environmental factors including  soil  nutrients,  vegetation analysis, temperature, soil moisture, air humidity, and wind speed. The 

results showed that the distribution of termites is found throughout the Gunungpati Semarang area. The identification of reproductive 

caste/alates found was Termitidae. Environmental  factors  that  affect the life of termites in the Gunungpati Semarang area December 

2019-January 2020 include the temperature of 27.0-28.4 oC, the humidity of 60.2 -61.2 %, air pressure 950.5-975.0 hPa, soil pH 4.84 - 

5.60 and soil moisture 29.7-34.0 %. The vegetation was dominated by the Apocynaceae, Sapindaceae, and  Euphorbiaceae. The highest 

value of diversity and vegetation index sequentially are Sekaran, Patemon, and Ngijo. It is found that the entire Gunungpati area of 

Semarang is a suitable habitat  for the growth and development of the Termitidae. The finding will help the authoritative institution to 

consider Gunungpati as a conservation area. 
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INTRODUCTION  

Termites are social insects whose primary food is 

cellulose and lignocellulose found in putrefied wood, 

litter, and some fungi. There are 3000 species of ter-

mites in the world, mostly found in the tropics. The 

presence of termites as a primary decomposer  in  

natural  forests  is highly dependent on soil pH, mois-

ture content, decomposition media, and food webs, 

and the surface area for colonization of microorgan-

isms (Subekti et al., 2019). 

Some types of termites devour plant material and 

wood used by humans so that an appropriate control 

system is needed. Termites also damage non-

cellulosic materials such as electronics, cables, tele-

phone lines, and plantations. Losses caused by ter-

mites in Indonesia reach around 593,271.096 USD 

per year (Nandika et al., 2016). 

Termites act as the main decomposer in natural 

forests. The termites' digestive organs do not have the 

cellulase to degrade cellulose; therefore,  termites  

symbiotic with  microorganisms live in its intestine. 

These microbes have the potential to degrade ligno-

cellulose  in  their  intestines. Bacteria in termite in-

testines are biological agents to degrade organic mat-

ter (Subekti, 2012a). 

However, along with the development of the era, 

natural forests have experienced a land conversion to 

be plantations, high-rise buildings, and housings. 

Gunungpati Semarang area is a conservation buffer 

area. However, the area has now changed its function 

to become residentials, schools, and buildings. The 

termite as a primary decomposer then currently  turns  

into  a residential pest (Subekti, 2012b). 

Research on building damage caused by termites 

in Semarang reached 44.58% (Subekti et al., 2018). 

Research on the potential distribution of termites in 

the Gunungpati Semarang area has never been done. 

Therefore, it is necessary to explore information on  

the  potential distribution and identification of ter-

mites in Gunungpati Semarang. This  study  aimed  to 

determine the distribution patterns and types of ter-

mites found in the Gunungpati Semarang area. The 

identification of soil termites can be done by flying 

traps or catching termite reproductive caste (alates). 

The termite reproductive caste (alates) flight, which 

comes out of the nest, aims to mate to maintain its 

survival. Alates have characteristics: they have eyes, 

scerosa, and exoskeleton, and have four wing mem-

branes of the same size and shape. Alates are always 

interested in light sources (Carrijo and Cancello, 

2011). The evolution of low-level  termites usually 

has few groups, living in specific environmental con-

ditions, and short  seasons.  Most of the low-level and 

high-level termites  have pest potential. The existence 

of  a  reproductive caste for flight is greatly influ-
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enced by microenvironmental factors around the nest 

(Tong et al., 2017). The purpose of this study was to 

analyze the conditions of environmental factors in the 

Gunungpati area based on the identification of subter-

ranean termites reproductive  caste. Therefore, the 

innovations of this research are the distribution pat-

tern, types of termite, and environmental factors that 

influence the existence of termites in  the  observed 

area. This research is beneficial for proper control of 

subterranean termites. The findings will also contrib-

ute to the decision of authoritative in considering a 

conservation area. 

METHODS 

This research was conducted in three villages in 

the Gunungpati  region,  Semarang, namely Ngijo, 

Patemon, and Sekaran. The research was started at the 

beginning of the rainy season, which is November 

2019 - January 2020. Identification of  reproductive  

caste  and  analysis of environmental data was made 

in the Biology Laboratory of  the  Faculty  of Mathe-

matics and Natural Sciences FMIPA Semarang State 

University. 

This research was done in four steps, namely loca-

tion survey and trap installation, sampling, identifica-

tion of reproductive caste termites, and environmental 

data collection around the sampling point, including 

(temperature, humidity, air pressure, soil pH, soil 

moisture, vegetation analysis, and soil nutrient con-

tent). Secondary data taken were rainfall  and  wind  

speed. 

 

Location and installation of UV- light trap 

The location was determined by the line transect 

method (Subekti et al., 2018). This survey  would 

decide which points will be installed in a UV-light 

trap. The transect line was made along  4 km, which 

includes three villages, namely Ngijo, Patemon, and 

Sekaran. Transects are 3 m  wide and length to the 

end of the housing. 

 

Figure 1. The UV-light trap installation 

 

UV Light Trap traps were installed at designated 

locations. The distance between points was 150 m 

(Cheng et al., 2016). The trap used was UV Light 

Trap, with a power of 15 watts and    a wavelength of 

365 nm. UV-Light Trap was turned on starting at 

18:00 - 24.00, with sampling every 30 minutes. As a 

control, LED lights with 15 watts of power at each 

sampling point were installed. Samples were observed 

every day from November 2019 - February 2020. 

 

Sampling 

The altitude and coordinates of the location of the 

sampling  location  were  marked  by GPS (Global 

Positioning System). Samples from each observation 

point were put into zip lock plastic. Plastic samples 

were labeled and then observed in a laboratory 

(Subekti et al., 2008). 

 

Identification of termite reproductive castes 

The reproductive caste from UV Light Trap was 

identified by using the Krishna and Weesner identifi-

cation key. Alates were observed under a microscope 

with a magnification of 100X, done by matching the 

characteristics of the wing found with the key of de-

termination by Krishna and Weesner in Engel (2016) 

as follows: (a) observing the base of the wings (scale) 

to define the position of the scale of the front wings 

and stripes overlap  or not, (b) analyzing the  body 

wings color of the reproductive caste; brownish, dark, 

or transparent, (c) measuring the length of the larval 

body using a ruler, (d) Observing the structure of 

wing venation with a glass magnifier (90 mm diame-

ter) or a stereo microscope. 

 

Environmental data 

A thermohygrometer observed the temperature 

(
o
C), air  pressure  (hPa),  and  humidity (%). Soil 

moisture (%) and soil pH were measured using a soil 

tester. Vegetation data collection was carried out in 3 

villages of the observed location. The importance 

value index of each  tree  was calculated by adding up 

the relative frequency, relative dominance, and rela-

tive density. The diversity index was analyzed using 

the Shannon-Wiener method. 

RESULTS AND DISCUSSION 

Map of the distribution of termite reproductive 

castes in the Gunungpati, Semarang 

Figure 2 shows that at three locations of sampling 

points, 18 points were found for the distribution of 

termite reproductive caste. Ngijo area has 2 sample 

points, Patemon with 5 sample points, and Sekaran 

Village with 11 sample points. It shows that the dis-

tribution of termites is found in all research locations. 

Gunungpati is a suitable area for termite colonies. 

These types of termites have natural habitats in natu-

ral forests. However, with so many land conversions, 

these termites are found in residential locations and 

high-rise buildings. 
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Figure 2. Distribution of termite reproductive castes 

in Gunungpati. The black flags are the sampling 

points at each location which were installed by UV-

light trap. 

 

Identification of subterranean termites reproduc-

tive caste 

The results found that all reproductive castes from 

UV light trap, all included in the Termitidae. It proves 

that the Termitidae colony dominated all sampling 

points. Termitidae is a group of low-level termites. In 

this kind of termite bodies, there is no cellulase en-

zyme. In its digestive tract, there are protozoa and 

other microorganisms to help degrade cellulose to be 

converted into substances that are useful for plants 

(Subekti et al., 2017). It means the Termitidae or low-

level termites that dominate the Gunungpati area of 

Semarang. Termites of the Termitidae family are very 

useful in natural forests to help the process of degra-

dation of organic matter into inorganic materials that 

are useful for plant growth (Susilowati, 2018). The 

appearance of termite reproductive caste identified is 

in Figure 3. 

 
Figure 3. Termite reproductive caste identified (Ter-

mitidae) in centimeters. The body is usually longer 

than the wings 

 

Environmental factors that affect termite repro-

ductive castes distribution 

Environmental factors that also influence the de-

velopment of the termite population  include rainfall, 

temperature, humidity, and food availability 

(Mugerwa et al.,  2011).  These factors interact and 

influence each other. Humidity and temperature are 

definite factors that together influence the activity of 

termites outside and inside the nest. Changes in envi-

ronmental conditions will cause changes in the activi-

ties and behavior of the termites and habitat of its  

mound (Subekti, 2010). 

 

Table 1. Average of environmental factors which affect soil termites' existence 

Month 
Temperature 

(˚C) 

Humidity 

(%) 

Air pressure 

(hPa) 

pH 

of Soil 

Soil moisture 

(%) 

December 2019 27.5-28.4 60.5-61.2  950.5-974.4  4.8-5.0 33.5-34.0 

January 2020  27.0-28.3 60.2-61,0  960.0-975.0  5.5-5.6 29.7-29.8 

 

The results showed that the area of Gunungpati, 

during observation time, Semarang has temperatures 

ranging from 28.33 - 28.4 
o
C so that termites can live 

and grow well there. Termite temperatures are needed 

for air changes  inside and outside the nest. The tem-

perature influences  the activity of termite life, includ-

ing foraging territory and alates  flight  activity.  Pre-

vious  research on building damage in Semarang city 

had been done by Subekti (2016) and confirmed  that 

warm temperatures between 27-30 
o
C, such as in the 

Gunungpati, are optimal temperatures   for termite life 

. This temperature is classified as an effective temper-

ature range for the life and activity of insects in an 

environment. Research on optimum temperature of 

subterranean termite habitat on forest of East America 

concluded that temperature can also affect the activity 

of soil termites as it is a component needed by ter-

mites for living and developing colonies (Maynard et  

al., 2015). 

Air humidity affects the soil termite habitat. Mois-

ture also affects the foraging territory of the termites. 

Optimum humidity that is preferred by termites rang-

es from 80-90% for the tropics. Meanwhile, the hu-

midity of the Gunungpati Semarang area ranges from 

61-61.2%. Similar research has been also executed in 

Yanlappa forest, Bogor. The research proved  that  the  

explained condition has little effect on the behavior of 

termites hereabouts.  However,  soil  termites are 
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reliable architects in building nests so that even with 

low humidity, termites can quickly adapt to such con-

ditions (Subekti, 2012a ). 

Soil pH is an essential parameter in environmental 

factors because the soil and the organisms within it 

are very responsive to it. Gunungpati, Semarang, has 

a soil pH condition of 4.84-5.56. This pH is slightly 

acidic below neutral. Termites can still tolerate a 

slightly acidic condition. However, pH 6-7 is the op-

timal pH for the growth and development of termite 

life (Subekti, 2019). Similar studies were carried out 

on Odontotermes formosanus  and  Reticulitermes 

flavicep. The results showed that the two types of 

termites in China like a slightly acidic soil pH of 4.5-

5.5, meanwhile, this type of termite can change the 

pH of the soil in the nest tends to be alkaline with a 

pH of 8.12-8.94. A research on optimum pH for sub-

terranean termites assumed that the raise of pH in the 

mounds is caused by the activity of termite colonies  

itself (Li  et al., 2017). 

Air pressure is influenced by temperature, altitude, 

and the distribution of the ocean and land. Air pres-

sure will decrease with altitude, air pressure rises and 

fall caused by differences in  the time of rainfall in 

both the northern and southern parts of Indonesia. It is 

also supported by the research by Andinata, (2015). 

Fluctuations in air pressure in Gunungpati Semarang 

in December 2019 - January 2020 ranged from 974-

975 hPa, which indicates the change in rainfall time in 

this region. This change greatly affected alates' flight 

time. The season and flight time of alates are strongly 

influenced by the microclimate factor of the local 

area. Thus, if air pressure fluctuates, the flight time 

will be delayed. A research on environmental factors  

that affect the  flight of termite reproductive caste 

inferred that generally alates like warm temperatures 

and low humidity. But some argue that the factors 

affecting alates' flight are not  only  environmental 

factors but also intrinsic factors of termite colonies 

and biological clocks (Woon et al., 2019). 

Soil moisture is  an environmental factor that  sig-

nificantly affects  the life of termites in  the nest. The 

soil moisture in  the Gunungpati Semarang area rang-

es  from 29-34%. Meanwhile,  the optimal termite for 

termites is 70-90%. This data shows that soil moisture 

in the Gunungpati region is not optimal for termite 

life. The effect of temperature inside and outside of 

the hive on subterranean termites had been observed 

by Axelsson and Andersson, (2012). The observation 

proved that soil moisture is needed by termite colo-

nies to maintain  a stable temperature in  the nest. 

However, if the humidity outside the nest is not  suit-

able  for termites, then  the termite will  be able to 

regulate the humidity in the nest to maintain its colo-

ny.

  

Table 2. Average of environmental factors in Gunungpati 

 

 

 

Source: BMKG (Meteorological, Climatological, and Geophysical Agency) Semarang, 2020 

 

Based on the data in Table 2, obtained from 

BMKG Semarang in December 2019-January 2020, 

the average rainfall in the Gunungpati Semarang area 

was 300-350 mm/month.  This data shows that the 

area of Gunungpati Semarang has optimal rainfall for 

termite  life. Rainfall is very influential in the devel-

opment of termites and is useful for stimulating the 

release of reproductive caste from the nest. Similar 

research was done in forest of Mt. Slamet and con-

cluded that the Termitidae prefers low rainfall, while 

the type of  Schedorinotermes  javanicus is still able 

to withstand high rainfall (Pratikno et al., 2018). The 

spread of termites is related to temperature and rain-

fall, so that most types of termites are found in the 

lowlands of the tropics. Precipitation that is too high 

can also reduce alates' flight activity. Alates do not 

come out if  rainfall is low. Effect of rainfall on sub-

terranean termites’ colony has been studied by  oleh 

Subekti, (2016) and inferred that high intensity of 

rainfall could also diminish the activity of termites. 

Rainfall generally has a direct physical influence on 

the life of termite  colonies, especially those that 

build nests in or on the surface of the land 

Gunungpati wind speed in December 2019-

January 2020 was 4.97  m/s. This shows that  the area 

of Gunungpati Semarang has suitable wind speed for 

termites. The optimal wind speed   for termite repro-

ductive caste flight is 3-4 m/s. Wind speed dramati-

cally affects the life  of  termites above ground level 

and alates flight. Research on subterranean termites 

of France concluded that wind speed, temperature, 

and light intensity are microclimatic factors that sig-

nificantly affect the flight time of alates (Mullins et 

al., 2015). an increase or decrease in wind speed does 

not affect the decrease in temperature in the nest. A 

research conducted in Northern Namibia showed that 

Macrotermes michalseni moved downward under 

natural conditions, unfavorable environmental condi-

tions, such as strong winds, and the temperature  in  

the nest.  Such impacts are more dense mounds, with 

Months Rainfall (mm) Windspeed (m/s) 

December 2019 300-350 4.8-4.9 

January 2020 300-350 5.1-5.5 
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few internal channels, the decreasing temperature in  

the nest (Fagundes et al., 2020). 

 

Table 3. Data of vegetation at three regions of 

Gunungpati, Semarang Central Java 

Location Family Importance 

Value Index 

(IVI) 

Diversity 

index (H') 

 Myrtaceae 0.32 0.24 

 Arecaceae 0.35 0.25 

Ngijo Anacardiaceae 0.36 0.25 

 Lamiaceae 0.55 0.31 

 Euphorbiaceae 0.75 0.35 

 Caricaceae 0.33 0.24 

 Sapindaceae 0.37 0.26 

Patemon Arecaceae 0.39 0.27 

 Meliaceae 0.45 0.28 

 Sapindaceae 0.79 0.35 

 Arecaceae 0.79 0.35 

Sekaran Apocynaceae 1.55 0.34 

Annonaceae 0.36 0.25 

 Bixaceae 0.31 0.23 

 

Table 3 shows that in Ngijo Village, the dominant 

vegetation is the Euphorbiaceae family with the high-

est IVI and H' of 0.75 and 0.35. In Patemon, the dom-

inating vegetation is the Sapindaceae with the highest 

IVI and H' of 0.79 and 0.35. In contrast, in Sekaran 

village, the dominant vegetation is the Apocynaceae 

family with the highest IVI and H ' of 1.55 and 0.35 

for the Arecaceae family. This shows that at 3 loca-

tions, the sampling points dominated by different 

vegetation. The vegetation also influences the point 

of discovery of the research sample, Sekaran found 

11 sample points, followed by Patemon with 5 sam-

ple points and Ngijo with 2 sample points. It means 

that Sekaran with Apocynaceae vegetation dominated 

by more termite colonies compared to other villages 

which dominated by Sapindaceae, and Euphorbiaceae 

families. 

The vegetation type is very influential on the de-

velopment of termites, and this is because termites 

require cellulose from the roots of plants that creep 

into termite nests.  Coincident  research done in Bo-

gor forest and showed that plants’ root is a food 

source for termite, and the plants will keep alive since 

only little parts are eaten  by termites,  while remain-

ing parts  could  still absorb organic materials in the 

nest (Subekti, 2012). 

The variety of importance value and diversity in-

dex is also caused by the amount of vegetation found. 

The difference in the amount of vegetation causes 

different air  humidity.  Similar research was also 

carried out on the analysis of plant vegetation in the 

natural forests of Gunung Meja, Papua. The research 

stated that the plant diversity index and plant vegeta-

tion analysis in West Papua are related to the diversi-

ty of soil termites within it (Subekti et al., 2018). The 

difference in the amount of vegetation  dramatically 

influences the growth and development  of the sur-

rounding termite colonies. The more amount of vege-

tation found the more food sources are available for 

termites. Research on effect of subterranean termites’ 

colony on the soil around the hives was done by 

Subekti, (2016). The research confirmed that  the 

more termite  colonies,  the more nutrients, and min-

erals for plants around them. So there is a mutually 

beneficial  symbiotic relationship between plants and 

soil termite colonies. 

 

Table 4. Analysis of soil chemical components in 

Gunungpati 

Parameters  Results (%)  

Ngijo Patemon Sekaran 

C-Organik 1.50 0.94 2.14 

N-Total 0.16 0.13 0.30 

P-Total 0.07 0.06 0.10 

K-Total  0.05  0.10  0.06  

 

As shown in Table 4, the organic C found in 

Sekaran is higher and confirms that it is more fertile 

than others. Organic material is from the degradation 

of organic materials such as plants, animals, and mi-

croorganisms. A research by Cardoso et al., (2013), 

state that fertile soil has a balance state of biodiversi-

ty and high productivity organic compound. Fertile 

soil has higher C compound than infertile soil. Pro-

duction of organic C will  provide the energy needed  

by plants  on the ground 

The N found in Sekaran is also the highest com-

pared to others. It indicates that Sekaran is more fer-

tile than others. Nitrogen has a crucial role in the 

environment as complex nitrogen, such as nitrate and 

nitrite involve in food webs. Similar research done at 

Dryland ecosystem in Italy which found that N ele-

ment has crucial role for plant growth in producing 

plants biomass on it. Nitrogen in the cycle serves to 

protect the environment Mineralization, and nitrogen 

fixation processes, as well as a symbiosis with mi-

crobes, release small molecules for plants to grow 

and develop (Costantini et al., 2016). 

P level in Sekaran is higher than others, meaning 

that it is more fertile among other areas. Research on 

soil aggregate has been done Bunemann et al., 

(2018), who  found  that  soil  aggregate has excellent 

porosity and organic matter (N, P and K), as well as 

water capacity. The elements will have a kind of 

symbiosis with soil microbes to produce minerals 

needed for plant growth. The P level affects water 

capacity in the soil and soil density. The total P ele-
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ment in the soil is used in food webs so that the P 

element will be used as a soil mineral for plants' 

growth on the soil. 

K's highest level in Sekaran finds that the area is 

also more fertile. It is an  essential  element for plants 

to develop properly. Research on the K element in 

several soils of Germany showed that soil with well 

grown plants has higher K content compared to the K 

content in soil with shed plants. Soil temperatures 

found were in the range of 60-80 
o
F. The results of 

the study concluded that the K content depends on 

soil moisture, soil  aeration,  and  temperature (Mou-

hamad et al., 2016). 

Termite colony like soils with high organic matter 

content. Clay types usually have high organic matter 

content. A research by Sarcinelli et al., (2013) found 

that Soil termites can select organic soil particles 

from the outside in the nest so that soil particles that 

are rich in nutrients are more abundant than sand 

particles. That is due to soil with high organic matter 

will more quickly degrade inorganic compounds into 

organic compounds needed by plants to absorb nutri-

ents. Results on a research by Ali et al., (2013) in-

ferred  that soil termites  as  primary decomposers  

have an essential role in degrading organic matter 

into inorganic materials with the help of microbes and 

soil arthropods. 

A similar study was done in Brazil on the soil 

termite Coptotermes gestroi. The results showed that 

the level of eating preference of C. gestroi did not 

affect environmental factors, including temperature, 

temperature, and humidity. However, in summer, the 

eating preference of C. gestroi is more than in winter 

and spring. A research by Santos et al., (2010) found 

that the colony of C. gestroi could quickly acclima-

tize environmental change. 

Soil organic matter greatly determines the popula-

tion density of soil organisms, one of which is soil 

fauna, the higher the soil organic content  the more 

diverse soil fauna that found in   an ecosystem. A 

study by Siebers et al., (2015) claimed that the com-

position  and  type of leaf  litter determine the type of 

soil fauna present in the area, and the amount of litter 

available determines the density of soil fauna. Organ-

ic material is the remains of plants and animals of soil 

organisms, both decomposed and decomposed. 

Termites could be the indicator of ecosystem 

damage. A  research  on  subterranean termites in 

forest conducted by Subekti et al., (2019) found that 

the recovery of a damaged ecosystem could be seen 

from the increase in termite colonies with parameters 

of colony abundance, composition, biomass, species 

distribution, and diversity of termite species.  De-

creasing the value of the canopy allows direct sun-

light to the ground surface. Environmental changes 

will occur with an increase in the value of the canopy. 

A research by Cornelius and Osbrink, (2011) con-

cluded that increased air humidity and decreased 

environmental temperature also can form microcli-

mates around the nest. Variations in daily temperature 

and high humidity will affect the activity of soil ter-

mites. Habitat disturbance affects the improvement  

of  microhabitat quality in an ecosystem. Results of a 

study by (2011) stated that the decrease in termite 

habitat will affect the termite food supply and the 

ability to make nests. A decrease in the value of bulk 

density will cause the soil to become dense and de-

crease the activity of termites, especially soil ter-

mites. 

The innovations of this research are the current 

distribution pattern, types of termite, and environ-

mental factors that influence the existence of termites 

in the observed area. Therefore, this research offers 

innovative subterranean termite control technology 

by flying  traps  at  a  certain wavelength frequency 

based on the identification of subterranean termites in 

Gunungpati  by its reproductive caste. The findings 

would be beneficial in considering  whether  the  

Gunungpati area is a well-maintained or degraded 

ecosystem. It also provides recommendations  for 

policymakers to designate Gunungpati as a conserva-

tion buffer area. 

CONCLUSION 

The results showed that the Termitidae family 

dominated termites reproductive castes distribution in 

the Gunungpati, Semarang, Central Java. The highest 

vegetation analysis was successively in Sekaran, 

Patemon, and Ngijo. Environmental factors that affect 

the life and development of the Termitidae include 

fertile soil with rich nutrients, temperature of 28.3 - 

28.4
o
C, the humidity of 61.0-61.2%, air pressure of 

974.4 hPa, soil pH in 4.8 - 5.5 and soil moisture ex-

istence of subterranean termites in the observed area 

is a bioindicator of the ecosystem. The findings rec-

ommend Gunungpati to be a conservation area. 
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