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ABSTRACT 
 

A study on soil arthropod abundance, diversity and composition have been done 
on November 2016 to March 2017 using pitfall traps. The objective of this study 
is to analyze variations of the soil arthropod abundance, diversity and composition 

among different habitats in a university forest.  The study was carried out in Uni-
versitas Brawijaya Forest (UBF) Malang, East Java (7°49'S, 112°34'E, 1,200 m in 
altitude), consisted of four locations: an agroforestry (AF), a gallery forest (GF), 
the pine stands (PS) and a settlement yard (SY). At each site, a total of 10 traps (5 

by 2 rows) were placed systematically at 4-m intervals. Glass cups (10 cm in di-
ameter and 7 cm deep) were buried in the ground during 24 hours. There were 
2286 individuals of arthropod collected from all sampling locations. Overall the 
samples collected consist of 41 families of arthropods. The abundance (mean ± 

SE) of soil arthropod was highest in PS and the lowest in SY. Statistically, varia-
tions in abundance among locations were significant (F = 7.39, p < 0.01). The taxa 

richness of arthropod was highest in GF and the lowest in SY. Statistically, varia-
tions in taxa richness among locations were significant (F = 4.26, p < 0.05).  The 

diversity was the highest in the GF (1.9 ± 0.1) lowest in the SY (0.74 ± 0.1). Sta-
tistically, variations in diversity among study sites were significant (F = 26.73, p 
< 0.001). In general, scavenger dominated the composition of soil arthropods. The 
highest proportion of scavenger abundance present in SY was 84.9%, while the 
lowest in the GF was 29.3%. The highest litter transformer composition in GF was 

33.9%, and the lowest in SY was 8%. The highest decomposer in PS was 26.9% 
and the lowest in AF was 12.9%. The highest predator in AF was 20.7% and the 
lowest in SY was 1%. Compositions of soil arthropod were affected by environ-
mental factors such as soil temperature and light intensity. 
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Introduction 

Concerns about the responses of soil arthro-

pods to the human activities such as cultivation, 

urbanization and silvi-culture practice have been 

reported in several studies [1, 2, 3, 4]. Habitat de-

struction and fragmentation, introduced species 

and deforestation are major human activities in the 

tropical region. These problems seem to have a se-

rious impact on arthropod communities and diver-

sity. East Java is located in the equatorial tropics 

where examples of rapid destruction of forest oc-

curred even in mountainous areas [5, 6, 7]. 

There are several government programs to 

solve forest destruction problems particularly in 

association with local people development. Based 

on this scheme, local people involved in the man-

agement of forest based on agroforestry approach. 

There is evidence that cultivation of crops in agro-

forestry system helps to prevent uncontrolled log-

ging and the occurrence of forest fire and sustain 
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the soil arthropod diversity [8, 9]. One form of this 

effort is the establishment of the state forest into a 

university forest. The Universitas Brawijaya For-

est (UBF) is a forest area who is managed by 

Brawijaya University in collaboration with multi-

stakeholder including local people. 

The UBF functions as a production forest, pro-

tection of life support systems, prevent a flood, 

maintain soil fertility and used as a living labora-

tory for Brawijaya University researchers. This 

forest is located on a slope of Mount Arjuno with 

an altitude of 1,200 m above sea level. The forest 

has an area of 554 ha, of which half of the area is 

a natural forest area, and the rest is production for-

est. The production area was dominated by Ma-

hogany (Swietenia mahogany) and Pine (Pinus 

merkusii). One part of the production area is used 

for agroforestry based on coffee. 

Research on soil arthropods in various types of 

agroforestry has been carried out. The previous re-

search generally focuses on their role as a bioindi-

cator or function of composition and diversity in a 

conservation area [10, 11, 12]. Research con-

ducted on habitat in a forest managed by the uni-

versity is carried out specifically on the perfor-

mance of a single species Spirobolus sp. (Dip-

lopoda) [13]. For this reason, research is needed to 

identify the potential diversity of soil arthropods 

in various habitats at UBF as basic information for 

sustainable forest management. The objective of 

this study is to analyze variations of the soil Ar-

thropod abundance, diversity and composition 

among different habitat in UBF 

 
Material and Methods 

The study was carried out in UBF Malang, 

East Java (7°49'S, 112°34'E, 1,200 masl in alti-

tude), consisted of four locations represent differ-

ent habitats: an agroforestry (AF), a gallery forest 

(GF), the pine stands (PS) and a settlement yard 

(SY). The characteristic among study sites was 

presented in Table 1. 

Soil Arthropods were collected ones a month 

during November 2016 to March 2017 using pit-

fall traps. At each site, a total of 10 traps (5 by 2 

rows) were placed systematically at 4-m intervals 

[14]. Glass cups (10 cm in diameter and 7 cm 

deep) were buried in the ground. The traps were 

filled with 100 mL alcohol solution (70%) mixed 

with a few drops of detergent. The insects col-

lected from each sampling unit were sorted and 

identified in families based on several identifica-

tion books [15, 16, 17]. Identification of was car-

ried out by observing their characteristics, which 

were then matched using key identification ac-

cording to identification books. The identification 

was done to the taxonomic level of the family in 

Laboratory of Animal Diversity, The Faculty of 

Mathematics and Natural Sciences, Brawijaya 

University, Malang, Indonesia. Environmental 

factors (light intensity, soil temperature, and soil 

humidity) were measured three times in each plot 

every sampling. Ground cover plant diversity and 

litter thickness were measured ones, adjacent to 

each sampling plot. 

The differences in the soil arthropod abun-

dance and diversity were analyzed by using anal-

ysis of variances (ANOVAs). The tests were per-

formed using SPSS® version 16 (SPSS Inc. Chi-

cago, IL, USA), and the F-statistic test was con-

sidered significant when p ≤ 0.05. Canonical cor-
respondence analysis (CCA) was applied to ana-

lyze the relationship between the abundance of 

families and environmental variables (ground 

cover plant diversity, litter thickness, soil temper-

ature, soil humidity, and light intensity) using the 

PAST ver. 2.17c. All factors were coded as cate-

gorical variables. Only ten common families were 

included in the analysis because of sample size. 

The soil arthropod compositions in all locations 

were compared with the Bray-Curtis similarity in-

dex followed by K-means clustering. 

 

Results and Discussion 

There were 2286 individuals of Arthropod ob-

served visually in the study sites. Overall the sam-

ples showed that rice plants were visited by 41 

families of Arthropods. Overall, Formicidae, Gril-

lydae, Isotomidae, Armadilidae and Staphylinidae 

were dominant in the traps composing about 

93.4% individual (29.4% in AF, 22.1% in GF, in 

36.1% PS and 12.4% in SY). These families tend 

to have various habitat distributions. Formicidae, 

Armadilidae, Cleridae and Miscellanies were 

more abundant in AF, Theridiidae was more abun-

dant in GF. Grillydae, Isotomidae, Staphylinidae, 

Scarabaeidae, Thiphiidae were more abundant in 

PS (Table 2). 

The abundance, taxa richness and diversity of 

soil arthropod varied between locations. This 

study showed that of the abundance (mean ± SE) 

of arthropod was highest in PS (206.25 ± 28.36),  
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and the lowest in SY (71.00 ± 24.75).  Statistically, 

variations in abundance at these various locations 

were significant (F = 7.39, p < 0.01).  Post hoc test 

showed that the soil arthropod abundance in AF 

and PS was significantly higher than that in SY. 

That in GF was lower than those in AF and PS but 

statistically not significant (Figure 1). 

The taxa richness Arthropod was highest in 

GF (12.5 ± 1), and the lowest in SY (6.25 ± 1.49). 

Statistically, variations in taxa richness among 

study sites were significant (F = 4.26, p < 0.05. 

Post hoc test showed that taxa richness in AF and 

GF were significantly higher than that in SY.  That 

in PS was lower than those in AF and GF but sta-

tistically not significant (Figure 2). 

The diversity was highest in GF (1.9 ± 0.1) 

lowest in SY (0.74 ± 0.1). Statistically, variations 

in diversity among locations were significant (F = 

26.73, p < 0.001). Post hoc test showed that soil 

arthropod diversities in AF, GF, and PS were sig- 

nificantly higher than that in SY (Figure 3). 

In general scavenger dominated the composi-

tion of soil Arthropods. The highest proportion of 

Scavenger abundance at SY was 84.9%, while the 

lowest in the GF was 29.3%. The highest litter 

transformer composition in GF is 33.9%, and the 

lowest in SY is 8%. The highest decomposer at PS 

is 26.9% and the lowest in AF is 12.9%. The high-

est predator in AF is 20.7% and the lowest in SY 

is 1% (Figure 4). 

The result of the K-means cluster analysis 

showed that soil Arthropod assemblage according 

to the degree of human activities. The family sim-

ilarity was greater between the soil Arthropod 

composition in GF and PS (72%). Branching of 

these compositions with that in Agroforestry was 

occurred at 65%, while those compositions with 

that in Settlement yard occurred at 40.7% (Figure 

5). 

The highest litter thickness was in AF and the  

Table 1. Habitat characteristic among study sites Agro-Forestry (AF), Gallery Forest (GF), Pine Stands (PS), 

and Settlement Yard (SY) 

Characteristics AF GF PS SY 

Main tree Pine and coffee tress Mahogany Pine trees None 

Litter thickness (cm) 5.7 1.1 4.2 0.7 

Ground cover vegeta-

tion 

Asteraceae,  

Poaceae, Rosaceae, 

Polygonaceae 

Juglandaceae and 

Urticaceae 

Asteraceae and  

Poaceae 

Poaceae 

Ground cover density Few grass and  

herbaceous plant 

High shrubs and 

very dense 

Few grass and  

herbaceous plant 

Few grass 

Human activities High Very low Low Very high 

 

Table 2. Abundance (mean ± SE) of soil Arthropod among habitats 

No. Groups Agro-forestry Gallery forest Pine stands Settlement yard 

1. Formicidae 57.50 ± 11.51 30.25± 4.77 52.75± 22.84 53.50± 25.05 

2. Grillydae 24.50± 5.80 38.50± 6.99 44.75± 3.07 4.25± 2.46 

3. Isotomidae 4.50± 2.90 19.50± 2.87 30.75± 18.36 0.00± 0.00 

4. Armadilidae 26.50± 10.43 5.50± 1.19 13.75± 6.33 0.00± 0.00 

5. Staphylinidae 12.25± 3.77 10.25± 1.11 18.25± 8.15 0.25± 0.25 

6. Scarabaeidae 13.0± 6.490 5.25± 1.70 21.25± 6.10 0.00± 0.00 

7. Theridiidae 4.25± 1.75 6.50± 0.65 4.25± 1.89 0.00± 0.00 

8. Cleridae 11.50± 11.50 0.00± 0.00 0.25± 0.25 0.00± 0.00 

9. Thiphiidae 0.00± 0.00 0.00± 0.00 10.50± 10.50 0.00± 0.00 

10. Japygidae 0.00± 0.00 0.00± 0.00 0.00± 0.00 9.25± 6.50 

11. Miscellanies 14.00± 3.24 10.50± 3.66 9.75± 1.03 3.75± 1.75 

12. Total abundance 168.00± 19.27 126.25± 5.74 206.25± 28.36 71.00± 24.75 
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Figure 1. Variation of the soil Arthropod abundance 

among different habitats in AF (Agro-For-

est), GF (Gallery Forest), PS (Pine Stands), 

SY (Settlement Yard) 

 
 

 

 

 

 

 

 

 

Figure 2. Variation of soil Arthropod taxa richness 

among different habitats in AF (Agro-For-

est), GF (Gallery Forest), PS (Pine Stands), 

SY (Settlement Yard) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Variation of the soil Arthropod diversity 

among different habitats in AF (Agro-For-

est), GF (Gallery Forest), PS (Pine Stands), 

SY (Settlement Yard) 

lowest is in SY. Ground cover diversity and soil 

humidity were highest in GF and lowest in PS. 

Light intensity and soil temperature were highest 

in SY and lowest in GF (Figure 7). 

The highest abundance of soil arthropod oc-

curred in pine stands, where the most dominant 

family live whereas, the taxa richness and diver-

sity were higher in GF and AF. In the GF area, di-

versity and plant species of angiosperms are 

higher than the others. Biotic factors affect the 

abundance of food sources, while abiotic factors 

influence the development and act as a limiting 

factor in the life of an organism [18]. 

From the results of this study it can be seen 

that Formicidae and Gryllidae strongly dominat-

ing the samples. The Gryllidae as herbivorous in-

sects utilize a wide range of their food source in-

cluding the group of angiosperm plants. Formici-

dae was more abundant in AF and in the PS be-

cause it living in under leave or in the fruit bunches 

of coffee as well as live in pine nuts [19]. The 

abundance of food is a factor that influences the 

formation of colonies from the Formicidae be-

cause the food is a major requirement for the ants. 

The high abundance of the Gryllidae family is due 

to the suitability of the habitat for the crickets. 

This family is nocturnal insects. During the day-

light the crickets hid in their burrow home, behind 

under the rocks or tree debris. In the gallery forest 

area, a seasonal watershed with lots of rocks and 

tree debris was available making it profitable for 

Gryllidae. This behavior is common among ar-

thropod group such as: ants, wasps, bees, and 

crickets [20, 21]. Many species of the cricket, bur-

rows by themselves, or use naturally occurring 

gaps and slots as shelter [22]. Burrows are used as 

a shelter from predators like birds or lizards, but 

also for seasonal mating and oviposition [23, 24].  

The main reason for the dramatic decline in 

population in crickets is usually related to habitat 

size, or the influence of agricultural intensifica-

tion. A field of cricket lives in dry, oligotrophic 

habitats, like heath land and dry grassland. One of 

the factors changing the microclimate and food 

sources can be grazing of animals like horses, cat-

tle and sheep [25]. In general scavenger dominates 

the composition of soil arthropods. The highest 

proportion of Scavenger abundance at settlement 

yards was 84.9%, while the lowest in the gallery 

forest was 29.3%. In the location of settlement 

yards, which is close to the settlement, the high  
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Figure 4.  Soil arthropod functional group composi-

tions among different habitats 

 

Figure 5. Dendrogram showing similarity among 

compositions of Soil Arthropod among dif-

ferent habitats 

 

proportion of scavenger is related to the abun-

dance of Formicidae. Formicidae is commonly 

found in habitats with a high level of human activ-

ity. Meanwhile, the lowest abundant present in a 

relatively more natural habitat because in the hab-

itat the composition of the functional status is rel-

atively balanced. The balance of this composition 

will affect the balance of the ecosystem. Formici-

dae is known as one of the arthropods that have a 

high level of resistance to environmental changes. 

Its habitat also overlaps with human settlement 

[26]. Naturally, Formicidae could be used as the 

indicator of agroecosystem [27] as well as indica-

tors for environmental changes, mainly for habitat 

disturbance and destruction i.e. forest clearing 

[28], forest fires, disturbance to vegetation, defor-

estation, mining, waste disposal and land use fac- 

tor [29]. Generally, highly disturbed areas have 

fewer species, and the number of ants better than 

moderated or lightly disturbed areas. The commu-

nities in disturbed areas were even dominated by a 

single species such as Dorymyrmex smithi [30]. 

In general, scavenger and decomposer domi-

nate samples from all four locations. This indi-

cates that in the three study areas there is a high 

level of organic degradation activity that helps soil 

fertility. The proportion of Predators is highest in 

AF, this is quite positive because agroforestry is 

susceptible to attack by pests. High predator abun-

dance plays an important role in pest control. As 

for the lowest proportion of predators occurring at 

the settlement yard, this indicates an ecosystem 

imbalance which is characterized by the domina-

tion of single functional group. The low propor-

tion of predator in settlement yard also affects the 

pest control which generally arose from the herbi-

vore group. The existence of herbivorous insects 

for agriculture such as agroforestry with large pop-

ulations will cause damage to plants. The preda-

tory insects are natural enemies of herbivorous in-

sects that play a role in controlling the insectivo-

rous herbivorous population so as to create stabil-

ity of food webs in an ecosystem. 

In a grouping pattern of the arthropod compo-

sition appeared that most families showed con-

sistent abundance in some habitats. This means 

that the family group is able to adapt to a variety 

of habitats. However, some families tend to prefer 

more natural habitats, others prefer more modified 

habitats. Temperature and light intensity are very 

influential on soil arthropod composition. Surpris-

ingly, the existence of ground cover plant and litter 

thickness has little effect on the composition. This 

situation showed that the litter thickness as a food 

source and habitat for soil arthropod but not the 

only important factor that determines the abun-

dance of arthropod soil. Each habitat has a differ-

ent combination of environmental factors. Each 

combination of factors has a different influence on 

the type or group of soil arthropod, both beneficial 

and detrimental. Geographical regions that have 

different patterns of climate, vegetation, and other 

factors are inhabited by a different group and with 

different diversity composition. Habitat prefer-

ence also depends on the absence of their preda-

tors and competitors. Other research showed that 

the microarthropod abundance along the land use  
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Figure 6. Family composition of soil Arthropod re-

sponding to environment factors: arrows 

represent the degree of an environmental 

variable. The code of families attached was 

grouped by UPGMA k-means clustering 

represent by the same shape. Numbers in the 

family score are as follows: Fa1. Formici-

dae, Fa2. Grillydae, Fa3. Isotomidae, Fa4. 

Armadilidae, Fa5. Staphylinidae, Fa6. Scar-

abaeidae, Fa7. Theridiidae, Fa8. Cleridae, 

Fa9. Thiphiidae, Fa10. Japygidae Fa11. Mis-

cellanies 

 

 

 

 

 

Figure 7. Variations in environmental factors among 

different habitats in AF (Agro-Forest), GF 

(Gallery Forest), PS (Pine Stands), SY (Set-

tlement Yard) 

gradient was not correlated with decreasing tem-

perature or increasing or C-to-N ratio [31]. This is 

also supported by other study showing that besides 

physical factors such as litter depth, soil chemical 

properties such as total carbon, sodium and cal-

cium also affect soil arthropod abundance [32]. 

Abiotic factors including soil temperature and 

light intensity were among the of soil physical fac-

tors that determine the existence and density of 

soil organisms. Variations in temperature and light 

intensity showed a negative relationship with soil 

abundance of arthropods. It seems that soil arthro-

pod tends to avoid habitats that have the high light 

intensity and soil temperature. Soil arthropods 

generally prefer moist and shade habitats. This 

was supported by many studies such as reported 

that trees shaded affected the number of species 

[3]. Species richness is highest in habitat with two 

strata of shade canopy trees, hence inhibit of light 

penetration. Other research suggested that precip-

itation and temperature were significantly corre-

lated with Collembola and Mesostigmata densities 

and also with total arthropod [33]. 

 

Conclusion 

This study showed that the abundance (mean 

± SE) of soil arthropod was highest in PS and the 

lowest in SY. The taxa richness and diversity of 

soil arthropod was highest in GF and the lowest in 

SY. In general scavenger dominated the composi-

tion of soil arthropods. The highest proportion of 

scavenger abundance present in SY, while the 

lowest in the GF. Formicidae, Grillydae, Isotomi-

dae, Armadilidae and Staphylinidae were domi-

nant in the traps composing about 93.4% individ-

ual. Compositions of soil arthropod were affected 

by environmental factors such as soil temperature 

and light intensity. 
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