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Abstract. Sutrisno YA, Triyogo A, Suryanto P. 2022. Insect community in sengon (Falcataria moluccana) stands damaged by stem borers 
at various altitudes. Biodiversitas 23: 3234-3242. A healthy ecosystem is characterized by a balanced interaction between its constituent 
components. Meanwhile, sengon or Falcataria moluccana stands are one of the ecosystems currently experiencing damage due to stem 
borer pests. The dominance of pests leads to an imbalance between the constituent components of the ecosystem, especially insects. 
Therefore, this study aims to examine the characteristics of the community and the role of each insect, as well as the pattern of 
relationships with the stem borer attack area. It was conducted in a 5-year-old sengon stand in the Cangkringan Sub-district, Sleman, 
Yogyakarta, Indonesia, at altitudes of 500, 600, and 700 m above sea level (asl), while observations and insect collection were carried 

out from March to August 2018 using pitfall and sticky traps, as well as sweeping nets. Furthermore, direct identification, specimens, 
and references were used to determine the insects to the morphospecies level, while the diversity (H'), evenness (E), and similarity (S) 
indexes were calculated to describe the community. The two-way ANOVA analysis was conducted to determine the effect of altitude 
and observation month on insects at the family level, while a correlation analysis was performed to determine the relationship between 
insect diversity and the stem borer attack area. The results showed that the insect community in the sengon stands consisted of 14 orders, 
49 families, with 104 morphospecies. The most abundant was Family Formicidae (Hymenoptera) and the classification was based on the 
respective roles obtained in five groups, namely herbivores, predators, pollinators, parasitoids, and decomposers. The observation 
month, altitude, and interaction have different effects on insects at the family level, which includes Eucharitidae, Tephritidae, and 

Cicadellidae. Moreover, the abundance of Eucharitidae parasitoids decreased with an increase in altitude, while the herbivores with the 
highest abundance were Tephritidae at an altitude of 500, 700, and 600 m, as well as Cicadellidae at an altitude of 500, 600, and 700 m 
above soil level, respectively. Natural predators dominated by Formicidae (Hymenoptera) showed a similar tendency at every altitude 
and observation month. Based on the results, the higher the level of insect diversity in the form of population and species, the lower the 
stem borer attack area. Therefore, further observations need to be carried out on the natural predator found, including specialists or 
generalists, to obtain the most suitable for controlling stem borers. 
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INTRODUCTION 

One of the characteristics of an ecosystem, including 

terrestrial and aquatic, is the interaction between the 

constituent components or trophic levels (Lynam et al. 

2017; Tadesse 2017). The ecosystem is simply composed 

of three trophic levels, including producers, which are 

plants, herbivores as primary consumers, and natural 

enemies or secondary consumers (Van Nouhuys 2005). 

Equilibrium is achieved when there is a balanced 

interaction between these three components, this is known 
as multitrophic interaction (Shikano 2017; Barnes et al. 

2018). In the context of forest studies, a healthy condition 

of the ecosystem is achieved when the interaction between 

the components is balanced and allows the ecosystem to 

self-recovery against damage. One of the interactions that 

affect forest balance is between fauna components, 

especially insects (Triyogo et al. 2017; Schowalter et al. 2018). 

The study of plant-insect interactions identifies the role 

of insects in trophic levels two (insect herbivores) and three 

(natural enemies), although in development, the grouping 

can be wider even across kingdoms (Price et al. 1980; 

Abdala et al. 2019; Chen et al. 2019). Ecologically, insects 

in the ecosystem act as herbivores, pollinators, predators, 

parasitoids, and decomposers, thereby supporting the 

formation of interactions and food web stability (Didham et 

al. 1996). In general, stability should decrease as the 

number of connecting links in the food web increases, for 

example, the interaction between herbivores and their 

natural enemies, individual plants may modify interaction 

between herbivores and their natural enemies, the enemy, 

or both (Price et al. 1980).  
Several studies on the role of insects have been widely 

carried out, but majorly at an individual level (Denno et al. 

2017; Triyogo et al. 2020). Meanwhile, at the community 

level, insect presence, including composition, species, 

density, and diversity, as well as interactions between the 

tropics, are still very limited (Reece et al. 2014). All 

terrestrial communities based on live plants, according to 

studies on plant and insect interactions, are composed of at 

least three interacting trophic levels: plants, herbivores, and 

natural enemies of herbivores (Price et al. 1980). 

Information on the presence and interaction of insects at 
the community level is very important as it significantly 
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affects plant structure and vice versa (Nakamura et al. 2006; 

Ogushi et al. 2007; Triyogo et al. 2017; Mensah et al. 2018). 

Sengon or Falcataria moluccana (Miq.) Barneby & 

J.W.Grimes (syn. Albizia falcata (L.) Backer, Falcataria 

falcata (L.) Greuter & R.Rankin or Paraserianthes 

falcataria (L.) I.C.Nielsen) is a fast-growing woody plant 

species with high economic value. After the eruption of 

Mount Merapi in 2010, one of the rehabilitation efforts 

carried out was the planting of sengon on community land 

at different altitudes on the slopes of the mountain in 
Cangkringan Sub-district, Sleman, Yogyakarta. 

Meanwhile, monoculture and large-scale planting are 

potentially at risk of insect pest attack (Kumar et al. 2017; 

Jactel et al. 2021). Previous observations showed that the 

sengon stands on the slopes of Mount Merapi are in danger 

of extinction due to frequent attacks by the stem borer, 

Xystrocera festiva (Triyogo et al. 2016). 

Several studies reported the factors that influence the 

differences in the presence of insects in the ecosystem 

include the diversity of vegetation and altitude (Triyogo et 

al. 2017; Poggetti et al. 2019). Furthermore, varying 
altitudes and micro-environmental conditions affect the 

presence of insects in general (Poggetti et al. 2019). 

Meanwhile, for herbivores and pollinators, altitude 

indirectly affects the diversity of vegetation that grows in 

the location (Pi et al. 2020). 

Currently, data on pests that destroy sengon plants is 

sufficient (Nair 2000; Rahayu et al. 2021), but information 

on the insect community based on trophic levels is still 

limited. Therefore, this study aims to examine the 

characteristics of the community and the role of each 

insect, as well as the pattern of relationships with the stem 
borer attack area on sengon stands. 

MATERIALS AND METHODS  

Study area  

This study was conducted in a 5-year-old sengon stand 

located in Cangkringan Sub-district, Sleman District, 

Yogyakarta, Indonesia, with three different growing 

altitudes of 500, 600, and 700 m above sea level (Figure 1). 

The plant used was sengon planted monoculturally in 

community forest areas with irregular spacing, while data 

collection was carried out for six months, from March to 

August 2018.  

Observation plot 

The observation plot was a square measuring plot with 

a size of 20 x 20 m2 made at each altitude, while the 

distance between the altitudes was at least 5 km with rivers, 

roads, and residential areas at intervals. The number of 

plots based on the altitude was 3 respectively, hence, the 

total was 9 observation plots (Figure 1). The measuring 

plots were placed purposively by considering the condition 
and number of the sengon trees, topography, and a 

minimum distance of 10 meters between the plots. 

Insect community observation  

Insect collection was carried out in each observation 

plot using two different of traps, pitfall and sticky traps, as 

well as a sweeping net. A total of 9 pitfalls and 5 sticky 

traps were respectively installed following the grid and 

diagonal method on each plot for a maximum of 2 x 24 

hours (Triyogo et al. 2017). Several previous references 

used various pitfall diameter sizes to obtain terrestrial 

insects (Gomes et al. 2014; Pehle and Schirmel 2015), 
while the depth of the pitfall did not significantly affect the 

insects obtained (Pendola and New 2007).  
The pitfall used in this study is 11 cm in diameter with 

a depth of 20 cm. We prepared sticky traps by using 

yellow-colored sticky paper. The yellow sticky paper was 

adjusted to a board 30 cm × 10 cm on both sides using 

double-sided tape. Finally, the boards are attached on 200 

m sticks and then planted 50 cm below the soil surface and 

150 cm above it (the top edge of the sticky board is 150 cm 

from the ground). Nine pitfall traps and five sticky traps 

were placed in the center of the observation plot by using a 
grid and diagonal method for pitfall and sticky, 

respectively (Triyogo et al. 2020), hence a total 81 pitfalls 

and 45 sticky traps. Furthermore, the sweeping net was 

used in line with the grid path of laying pitfall traps and 

swinging ten double swings for each observation plot. A 

total of 90 swings were made for the entire plot. The insect 

collection process was performed two times a month (once 

per two weeks), summing up to 6 observations during 

three-month observation.  
 

 
Figure 1. The location of data collection conducted on 9 square (20x20 m2) plots in Cangkringan Sub-district, Sleman district, 
Yogyakarta province, Indonesia, at three different altitudes. A. 700 m asl in Kepuharjo village; B. 600 m asl in Kepuharjo village; and 
C. 500 m asl in Wukirsari village (Source of map: Sleman District Government) 
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The insects obtained were then collected and identified 

to the morphospecies level. Insects are grouped into two 

trophic level groups based on their interaction with plants: 

(i) herbivores as second trophic and (ii) natural enemies of 

herbivores (predator and parasitoid) as third trophic (Price 

et al. 1980; Ohgushi 2005; Triplehorn et al. 2005; Van 

Nouhuys 2005). 

Factors affecting insect community 

The collected insects were grouped by order, family, 

and morphospecies, while the identification results up to 
the morphospecies level were used to calculate the 

Shannon-Wiener Diversity Index (H') (Shannon and Weave 

1948) with the following criteria: H'> 3 = high diversity; 1 

< H' < 3 = moderate diversity; and H' < 1 = low diversity). 

Furthermore, the Evenness Index (E') was calculated with 

the criteria from 0 -1, the closer the E' value to 1, the higher 

the difficulty for insect species to dominate (Krebs and 

Davies 2009). The next ecological index used was 

Sorensen Similarity (S'), with indicator values from 0 -1. 

The value 1 means that the two habitats compared have 

identical similarities in terms of insect species found 
(Magurran 1988; Krebs and Davies 2009). 

Because assumptions of normality were not met, thus, 

we used a data transformation to analyze all data from the 

field observations and experiments. We first perform 

transformations to improve the additivity and 

homoscedasticity of the time series. Various forms of 

transformation could be used, including a square root 

transformation, a logarithmic transformation (Box and Cox 

1964; Yamamura et al. 2006). To solve the problem that 

arises from the discreteness of the number of individuals, 

we use a common logarithm log(x+1), where x is the 
number of individuals, so that we are able to easily back-

transform the variable (modification of Yamamura 1999; 

Swarnali et al. 2019). Furthermore, transformed data at the 

family level was used to determine the effect of altitude 

and observation month on insect abundance using ANOVA 

analysis. Observation of field conditions, including 

temperature and humidity for each observation plot, was 

measured during installation and harvesting of insect traps, 

while the environmental data were measured in the middle 

of the observation plot at the height of 1.3 m above ground 

level using a thermometer hygrometer HTC-1 (Table 1). 

Relationship of diversity and stem borer incidence  

Data on sengon stand damage caused by stem borer 

were obtained from each PU and measured using the 

calculation of stem borer incidence (Cooke et al. 2006):  

 

Stem Borer Incidence (SBI) =
Number of sengon showing damage 

Total number of sengon 
 X 100% 

 
 

The observation results of SBI of sengon stands in each 

plot were grouped based on each altitude. Furthermore, a 

simple regression analysis was performed using Excel 

software to obtain the Pearson Value (R) between SBI and 

the insect Diversity Index obtained.  

RESULTS AND DISCUSSION 

Insect community 

Observations of insect community in the sengon stand 

obtained 14 orders with various abundance. The most 

abundant was the order Hymenoptera, followed by Diptera, 

Homoptera, Coleoptera, and Hemiptera, respectively 

(Figure 2A). Furthermore, the number of individual insects 

among those five orders was varied by differences in the 

observation month and altitude (Figure 2B).  

In this study, the insect community based on the trophic 

levels showed different results at each altitude (Tables 2 
and 3). The third trophic was natural enemies of herbivores 

consisting of predators and parasitoids consisting of 8 

orders, 21 families (Table 2), while in the second trophic 

was herbivorous insect consisting of 9 orders and 30 

families (Table 3). 

Based on the respective roles, the population of 

herbivorous insects was balanced by the large population of 

natural enemies, including predators and parasitoids at each 

altitude (Figure 3.A). The most abundant of herbivorous 

insects include Tephritidae, Drosophilidae, and 

Cicadellidae, respectively, at each altitude (Figure 3.B). 

Observations on the relative abundance of predatory insects 
showed that Formicidae dominated at every altitude 

(Figure 3.C). Meanwhile, observations of parasitic wasps 

showed that the presence of Eucharitidae dominated at an 

altitude of 500 and 600 m asl, while Dolichopodidae at 700 

m asl (Figure 3.D). 
 
 
 
Table 1. Environmental conditions of sengon stands on three different altitudes  

 

Moon 

(2018) 

Air temperature (ºC) Humidity (%) Lux (100x) 

Altitude (m asl) 

500 600 700 Average 500 600 700 Average 500 600 700 Average 

March 26.5 26.1 26.2 26.3 71.0 70.0 70.0 70.3 366.7 331.0 359.3 352.3 
April 26.1 25.9 25.7 25.9 65.7 69.3 68.3 67.8 356.3 291.3 336.0 327.9 
May 27.2 26.8 26.2 26.7 68.3 68.7 71.0 69.3 367.3 321.0 344.3 344.2 
July 27.4 27.0 26.8 27.1 67.7 68.0 67.7 67.8 407.0 368.7 390.7 388.8 
August 27.1 26.9 26.8 26.9 66.0 65.3 67.3 66.2 390.0 371.7 382.7 381.4 

Average 26.9 26.5 26.3 26.6 67.7 68.3 68.9 68.3 377.5 336.7 362.6 358.9 
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A B 

Figure 2. The abundance of individual insects in each observation month at different altitudes. A. Percentage of 14 insect orders 
obtained; B. Number of individual insects for 5 dominant orders  
 

  
Table 2. Insect community structure based on trophic level 3 on 
sengon stands at three different altitudes (500 m asl, 600 m asl, 
and 700 m asl). The table shows insect orders, families, and 
number of morphospecies 
 

Ordo Family 

Number of morphospecies 

at (m asl) 

500 600 700 

Odonata Libellulidae 1 1 1 

Hemiptera Nabidae 1 1 1 

Coleoptera Ostomatidae 1 - 1 

 
Cicindelidae 2 2 2 

 
Coccinellidae 1 1 2 

 

Staphylinidae 2 2 2 

Diptera Drosophilidae 1 1 1 

 

Tachinidae 1 1 1 

 
Asilidae 1 1 1 

 
Stratiomyidae 1 1 1 

 
Cecidomyiidae 2 1 1 

 
Dolichopodidae 1 1 1 

Hymenoptera Formicidae 17 15 18 

 
Eucharitidae 1 1 1 

 
Scelionidae 1 1 1 

 
Braconidae 1 1 1 

 
Evaniidae 1 - 1 

Neuroptera Chrysopidae 1 1 1 

 
Corydalidae 1 1 1 

Thysanoptera Phlaeothripidae 1 - - 

Mantodea Mantidae - - 1 
 

 
 

Factors affecting insect community 

In the present study, significant differences in insect 

abundance were found on several families for the effects of 

month and altitude (Table 4).  

In each month of observation, the average abundance of 

individuals in each family varied, with Formicidae (20.6-

27.3), Tephritidae (19.0-21.5), Drosophilidae (15.2-18.3), 

Cicadellidae (11.8-13.6), Scarabaeidae (2.0-14.2), 

Cicadidae (7.88-13.5), Cecidomyiidae (5.3-13.4), 

Eucharitidae (5.3-13.4) (2.7-10.5) (Table 5).  

Table 3. Insect community structure based on trophic level 2 on 
sengon stands at three different altitudes (500 m asl, 600 m asl, 
and 700 m asl). The table shows insect orders, families, and 
number of morphospecies 
 

Ordo Family 

Number of morphospecies 

at … (m asl) 

500 600 700 

Orthoptera Acrididae 3 4 3 

 
Gryllidae 1 1 1 

Hemiptera Pentatomidae 1 - - 

 
Largidae 1 1 - 

 

Reduviidae - 1 1 

 
Nabidae - 2 1 

 
Tingidae - 1 1 

Blattodea Blattidae 2 3 3 
Coleoptera Scarabaeidae 3 3 3 

 
Nitidulidae 2 2 2 

 
Elateridae 1 1 1 

Diptera Muscidae 2 2 2 

 

Drosophilidae 1 1 1 

 
Tephritidae 1 1 1 

 
Cecidomyiidae 2 1 1 

 
Tipulidae 1 2 2 

Lepidoptera Papilionidae 2 2 2 

 
Pieridae 5 5 5 

 
Nymphalidae 4 4 4 

 
Lycaenidae 2 2 2 

 

Geometridae 2 1 1 

 
Nepticulidae 2 1 1 

Isoptera Rhinotermitidae 1 1 - 
Thysanoptera Tripidae 1 - 1 

 
Phlaeothripidae 1 - 1 

 

The effect of altitude appears in the families 

Drosophilidae (16.4-18.0), Cicadidae (8.6-12.2), and 

Eucharitidae (4.2-8.2) based on mean value of individual 

insect data (Table 6). 

The calculation results of the moderate H' value at the 

three altitudes showed that the number of species and the 

relative abundance of insects at each altitude was not 

significantly different. This is supported by moderate E' 
and S', which are close to 1 as shown in Tables 7 and 8.  
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Relationship of insect diversity with stem borer attack 

area on sengon stand 

The calculation results show that the level of stem borer 

attack and insect diversity has a negative relationship with 

y = -18.468x + 73.167; R²: 0.6739 as shown in Figure 4.  

Discussion 

Insect community 

Observations of insect community in the sengon stand 

obtained 14 orders, 49 families, and 104 morphospecies. 

The insect population was influenced by differences in the 
observation month and altitude. The most abundant was the 

order Hymenoptera, Diptera, Coleoptera, Homoptera, and 

Hemiptera, respectively (Figure 2A). Furthermore, among 

the total of 14 orders, Hymenoptera and Mantodea had the 

largest and smallest percentages, respectively (Figure 2B). 

The Formicidae are a very common group of insects 

due to the large habitat and a variety of food sources (Del 

Toro et al. 2012; Triyogo et al. 2017), followed by Diptera, 

including Tephritidae and Drosophilidae, as well as 

Homoptera (Cicadellidae). The presence of fruit plants 

such as bananas, jackfruit, and coffee planted with sengon 

acts as hosts and triggers the presence of fruit flies such as 

Tephritidae and Drosophilidae (Morais et al. 2021). 
Meanwhile, leafhoppers (Cicadellidae) are commonly 

found scattered in a wide range of hosts and tend to survive 

under varying habitats and environmental conditions 

(Dietrich 2004). 
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Figure 3. Percentage of insect abundance by role at three different altitudes. A. Relative abundance of herbivores, predators, and 
parasitoids; and relative abundance for each insect rules at family level (B) herbivorous insects; (C) predatory insects; (D) parasitic insects  

 
 
Table 4. Results of F ANOVA values for the effect of observation month, altitude, and the interaction on insect abundance at the family 
level (data of insect abundance was transformed by using log(x+1)) 
 

Variation Source Form. Teph. Drosop. Cicadell. Scarab. Cicad. Cecidomyiid. Eucharit. 

Month 5.19* 0.34 4.29* 1.89 27.71* 10.77* 6.53* 19.24* 

Altitude  0.87 0.09 3.12 0.39 1.16 12.99* 0.03 10.75* 
Moon x Altitude  2.57* 3.60* 2.15 0.81 0.28* 1.41 3.09* 20.21* 

Note: *: significance level at P < 0.05. Form.: Formicidae; Teph.: Tephritidae; Drosop.: Drosophilidae; Cicadell.: Cicadellidae; Scarab.: 
Scarabidae; Cicad.: Cicadidae; Cecidomyiid.: Cecidomyiidae; Eucharit.: Eucharitidae 
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Table 5. Mean values of insect abundance on family level on five months observation  

 

Month Form. Teph. Drosop. Cicadell. Scarab. Cicad. Cecidomyiid. Eucharit. 

March 23.88ab 20.22a 18.33b 12.55a 12.22c 11.33bc 13.44b 4a 
April 23.33ab 20.55a 17.33ab 13.66a 14.22c 7.88a 7.66a 2.77a 
May 27.33b 21.55a 18.22b 15.11a 13.11c 9.33ab 9.77ab 5.22a 
July 25.22b 21a 16.67ab 12.77a 7.77b 13.55c 6.55a 10.33b 

August 20.66a 19.88a 15.22a 11.88a 2a 11.33bc 5.33a 10.55b 

Note: Form.: Formicidae; Teph.: Tephritidae; Drosop.: Drosophilidae; Cicadell.: Cicadellidae; Scarab.: Scarabidae; Cicad.: Cicadidae; 
Cecidomyiid.: Cecidomyiidae; Eucharit.: Eucharitidae. Means followed by different letters are significant at the 5% level 
 

 
Table 6. Mean values of insect abundance on family level on three different land altitudes  
 

Altitude (m asl) Form. Teph. Drosop. Cicadell. Scarab. Cicad. Cecidomyiid. Eucharit. 

500 24.66a 20.6a 17ab 13.25a 9.06a 8.66a 8.53a 8.2b 
600 23.2a 20.4a 18.06b 13.6a 9.86a 12.2b 8.73a 7.33b 
700 24.4a 20.93a 16.4a 12.73a 10.66a 11.13b 8.4a 4.2a 

Note: Form.: Formicidae; Teph.: Tephritidae; Drosop.: Drosophilidae; Cicadell.: Cicadellidae; Scarab.: Scarabidae; Cicad.: Cicadidae; 
Cecidomyiid.: Cecidomyiidae; Eucharit.: Eucharitidae. Means followed by different letters are significant at the 5% level 
 

 

 
Table 7. Diversity (H`) and Evenness (E’) indexes of insects on 
three different altitudes 
 

Altitude (m asl) Diversity(H') Evenness(E’) 

500 1.58 0.35 
600 1.98 0.44 
700 1.68 0.37 

 

 
Table 8. Insect similarity index on three different altitudes 
 

Altitude (m asl) 500 600 700 

500 - 0.89 0.82 

600  - 0.88 
700   - 

 
 

 
 
Figure 4. The relationship between insect diversity and the stem 
borer attack area 
 
 

In this study, the insect community based on the trophic 

levels showed different results at each altitude (Tables 2 

and 3). The third trophic, predators and parasitoids, 

consisted of 8 orders, 21 families (Table 2), while the 

second (herbivores) consisted of 9 orders and 30 families 

(Table 3). Insect community indicated by the presence of 

taxa at each trophic level is influenced by habitat 

conditions and interactions (Matthews and Matthews 

2010). Insect observations at the order level at three 

different altitudes revealed only little changes (less than 

1%), particularly in tropics 2 (Isoptera) and 3 (Mantodea 

and Thysanoptera). Host plants enhance the second trophic 

of insects by providing food, volatile compounds, 

architecture, and a place of refuge (Damman 1993; 

Schoonhoven et al. 1998). Termites appear to be associated 
to the presence of sengon trunks on the ground at 500 and 

600 m asl. The abundance and homogeneity of sengon 

species planted at different altitudes tend to correlate with 

the number and types of insects at the order level. On the 

other hand, insect responses at the family and species levels 

can reveal significant differences in abundance. The 

herbivores are relatively abundant due to the high number 

of host plants that support life and development (Matthews 

and Matthews 2010). Furthermore, all members of 

Homoptera are herbivorous and have the potential to cause 

damage to annual and perennial plants (Denno et al. 1991; 
Kumar et al. 2019). 

Based on the respective roles, the population of 

herbivorous insects was balanced by the large population of 

natural enemies, including predators and parasitoids at each 

altitude (Figure 3A). The most abundant insects include 

Tephritidae, Drosophilidae, and Cicadellidae, respectively, 

at each altitude (Figure 3B). The results showed that there 

were no differences in insects at the family level that 

dominate at each altitude for herbivores, predators, and 

parasitoids (Figures 3B-D). 

The observations also showed a higher percentage of 

natural enemies compared to herbivores, this is consistent 
with a previous study that stated that the abundance of 

natural enemies in certain ecosystems is influenced by the 
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presence of prey (Triyogo et al. 2017). However, the 

existence, including survival and reproduction of an insect 

species, is ultimately determined by its behavior, roles, and 

interactions (Matthews and Matthews 2010).  

Factors affecting insect community 

The insect population in a location is usually influenced 

by environmental conditions that support the development 

and growth (Ciesla 2011), as shown in this study, the 

observation month affects almost all insects at the family 

level (Table 4). A previous study stated that insect 
abundance is influenced by two main factors: (1) biotic in 

the form of reproductive power and (2) environmental 

resistance (Odum 1993; Pureswaran et al. 2018). One of 

the environmental resistance factors observed in this study 

was air temperature with monthly variations and altitudes. 

The difference in the monthly air temperature was ±1.2oC 

and humidity was ±4.1%, as shown in Table 1. Meanwhile, 

previous studies reported that the differences in 

temperature and humidity potentially influence insect 

abundance (Odum 1993; Triyogo et al. 2017). This study 

showed that not all insects at the family level produced the 
same response to the range of temperature and humidity 

obtained with variations in observation months. For 

example, Cicadellidae (leafhoppers) were not affected by 

altitude or observation month, as shown in Table 5. This is 

presumably because these insects have active migratory 

and polyphagous characters, which tend to facilitate 

adaptation to changing environmental conditions.  

Previous studies reported that differences in altitude 

affect insect diversity (Acharya and Vijayan 2015; Sohn et 

al. 2019). In this study, differences in altitude influenced 

mean number of Drosophilidae, Cicadidae, and 
Eucharitidae with different patterns, while other families 

were not affected (Table 6). Our results were consistent 

with a study that stated that each insect has the various 

ability to adapt to temperature in the form of environmental 

resistance and different reproductive power (Odum 1993). 

The abundance of Drosophilidae and Eucharitidae was 

lower at 700 m asl compared to 500 and 600 m asl (Table 

6). As shown in this study, differences in altitude tend to be 

followed by variations in climatic variables, particularly 

temperature and humidity (±0.6oC and ±1.2%, respectively) 

(Table 1). Drosophila can live at a temperature of 24-26oC 

in general, according to a previous study; however, at the 
species level, Drosophila responds to changes in 

temperature differently (Gibert et al. 2001; Garrity et al. 

2010). Previous research has stated that several species of 

Drosophila, including D. funebris, D. paulistorum, D. 

bipectinata have a narrow optimum temperature range so 

that its distribution is limited, while D. melanogaster, D. 

repleta show a high degree of variability and evolutionary 

capacity to cope with drought and heat stress (Kellermann 

et al. 2009; Garrity et al. 2010; Hoffmann 2010). 

Meanwhile, the Eucharitidae population tends to be 

influenced by the increase in air temperature (lower 
altitude) and the presence of parasitic hosts (Hagstrum and 

Subrananyam 2010; Barrantes and Castelo 2014). In this 

study, the abundance of parasitic hosts was one of the 

factors that caused the high population of Eucharitidae as 

shown in Figure 4D. Based on the results, ants are 

suspected to act as parasitic hosts. Moreover, the under-

storey harvested by the community affects the abundance 

of Eucharitidae, hence, frequent harvesting hampers its 

development.  

The fruit fly group (Tephritidae) is indirectly affected 

by differences in temperature and humidity through mating 

behavior and egg-laying, in addition, these factors affect 

the birth, death, and spread rates (Duyck et al. 2004; Zeng 

et al. 2019). A previous study by using Bactrocera dorsalis 
(Tephritidae) explained that the ideal temperature to thrive 

ranges from 20o-28oC (Ye and Liu 2005). Meanwhile, 

another species, B. cucurbitae, has a population tendency 

to increase exponentially during high temperature (Zhou et 

al. 2016; Zeng et al. 2018). 

The calculation results of the moderate H' value at the 

three altitudes showed that the number of species and the 

relative abundance of insects at each altitude was not 

significantly different. This is supported by moderate E' 

and S', which are close to 1 as shown in Tables 3 and 4. A 

low E' in an ecosystem indicates the presence of a 
dominant individual species (insect) (Magurran 1988). 

Based on the results, the dominant insects at each altitude 

were ants, namely Formicidae; Hymenoptera, which 

constitute more than 50% of the total families obtained. 

Besides, ant activity is strongly influenced by habitat 

characteristics (Majeed et al. 2021) and climatic 

parameters, such as temperature with an optimal range of 

25-37oC (Silva et al. 2015), this is consistent with the 

average temperature in sengon stands at each altitude 

which ranged from 26-27oC (Table 1). Furthermore, the S' 

value between altitudes was close to 1, indicating the 
tendency of the same insect community between altitudes. 

These results indicate that the environmental conditions at 

the three altitudes have no significant difference and do not 

have varying effects on insects at the community level. The 

predominance of sengon monoculture at each altitude 

causes the formed microclimate to be similar. 

Relationship of insect diversity with stem borer attack area  

The study was carried out in sengon stands often 

attacked by stem borer pests with a fairly high attack area 

and severity >70% (Triyogo et al. 2016). Stem borer 

attacks begin when the female beetle lays eggs in holes or 

cracks in the bark of tree trunks. The newly hatched larvae 
feed in groups on the bark as well as sapwood inside and 

outside the tree respectively and push out the dirt (frass) 

mixed with sawdust that falls on the forest floor. At further 

attack, this pest could cause the death of trees and reduces 

the productivity and quality of the wood produced (Haneda 

et al. 2021). Furthermore, aside from the abundance of 

hosts, another cause of high stem borer attack is the 

absence of natural enemy insect species. The calculation 

results show that the level of stem borer attack and insect 

diversity has a negative relationship with y = -18.468x + 

73.167; R²: 0.6739 as shown in Figure 5.  
According to the equation, an increase in insect 

diversity is typically followed by a decrease in the attack of 

stem borer insects. However, because this study merely 

used a limited number of regression points, more research 



SUTRISNO et al. – Insect community on sengon damages stand 

 

3241 

on the relationship between increased insect diversity and 

stem borer attack area is essential. According to a previous 

study, the higher the diversity, the more complicated the 

interactions, and the less damage to ecosystems (Lundgren 

and Fausti 2015). 

The H' value of the insect community at each altitude 

showed that the diversity condition was in the medium 

category. Moreover, the dominant insects at each altitude 

were from the Formicidae (ants) group, as indicated by the 

E' and S' values. Ants play an important ecological role in 
the ecosystem as a natural enemy (predator) (Dassou et al. 

2015; Dassou and Tixier 2016). Based on the biodiversity 

value and the availability of predators, insect pest 

populations tend to be suppressed.  

However, the conditions in the field show that most 

sengon plants are damaged by stem borer attacks. Several 

possibilities are proposed, first, the cropping pattern tends 

to be monoculture on a large scale, hence, the availability 

of hosts, including housing and food for stem borer, is very 

abundant. A previous study stated that sengon plants are 

very susceptible to stem borer (Xystrocera festiva) attacks 
on both mixed and monoculture planting systems (Endang 

and Farikhah 2010). Therefore, monoculture cropping 

conditions support an increase in stem borer insect 

populations. Furthermore, there is a mismatch of 

interactions (asynchronous) between stem borer insects and 

natural enemies. Several studies suggested the grouping of 

ants into specialist and generalist predators based on 

respective prey (Dassou and Tixier 2016; Triyogo et al. 

2020).  

The dominance at each altitude did not suppress the 

insect pest population because the predators obtained were 
presumably not specialist stem borers. Furthermore, the 

population and effectiveness of generalist predatory ants as 

biological controllers are influenced by the presence of 

prey of different species (Dassou and Tixier 2016). The 

two possibilities above lead to a high population of stem 

borer insects in the sengon forest ecosystem despite the low 

population of natural enemies. 

In conclusion, the sengon monoculture system on the 

slopes of Mount Merapi with varying altitudes has 

biodiversity values (H') and insect similarity (S'), which 

indicates that the environmental conditions at each altitude 

are not significantly different. The insect communities are 
found in the third trophic level consisting of predators and 

parasitoids. Furthermore, the similarity index value (E') 

indicates the dominant tendency of insects, especially ants, 

which have the potential to reduce stem borer populations. 

However, this study found that the presence of natural 

enemies is not accompanied by a decrease in the population 

of stem borer insects. Two factors that reduce the 

effectiveness of natural enemies in suppressing stem borer 

insect populations are (1) the availability of abundant 

sengon (2) a mismatch of interactions (asynchronous) 

between stem borer insects and natural enemies. The 
relationship between insect diversity and stem borer attack 

area shows that the higher the level of diversity, including 

population and species, the lower the attack area. Further 

studies are needed to identify the most suitable natural 

enemies among Formicidae, Ostomatidae, Braconidae, and 

Evaniidae for controlling stem borer insects. 
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