IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may a|so ||ke

Diversity of Soil Arthropods in Different Soil '—u—tﬁgﬁg“n?ﬂ‘éﬂfiﬁéihﬁzr?igii”c;‘ﬁé‘r?s“fn
. . . robotics

Stratification Layers, The National Park of Gede Bokeon Kwak and Joonbum Bae

Pangrango Mountain, Cisarua Resort, West Java, i tons eoe soner
National Park

I ndOneSIa Bagus Priambodo, Y. Septiani and B

Yanuwiadi

- Inventory of arthropoda in endophytic
hybrid corn plants (Variety Mr14 x Variety

Nei9008)
| D Daud, A Nurariaty and Rasmi

To cite this article: Meitiyani and A P Dharma 2018 IOP Conf. Ser.: Earth Environ. Sci. 197 012019

View the article online for updates and enhancements.

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

242nd ECS Meeting

Oct 9 - 13, 2022 » Atlanta, GA, US

Early hotel & registration pricing
ends September 12

* B ECS Plenary Lecture featuring
*_' M J M. Stanley Whittingham,
Presenting more than 2,400 ‘i\ #57  Binghamton University

) i . Nobel Laureate -
technical abstracts in 50 symposia 2019 Nobel Prize in Chemistry

This content was downloaded from IP address 110.138.88.117 on 08/08/2022 at 05:33


https://doi.org/10.1088/1755-1315/197/1/012019
https://iopscience.iop.org/article/10.1088/1748-3190/aab460
https://iopscience.iop.org/article/10.1088/1748-3190/aab460
https://iopscience.iop.org/article/10.1088/1748-3190/aab460
https://iopscience.iop.org/article/10.1088/1755-1315/743/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/743/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/743/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012143
https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012143
https://iopscience.iop.org/article/10.1088/1755-1315/486/1/012143
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstwz9yvI6Rv0srDigd1O1a9sewXPMsD4LyAWBqShhX3MO1kqSWa7Xc6JTk8O7l-wiDBQP7xqaSR9u53ydkzGe7CKH8XL-kRcJUt1mnAGBAW7S-QsG1jQUo8bC-EgcuoykjdurXT4JoBhtJY_HIMzDoSH8hf5baI9t834uPz29AY0c2YKqYWG-jPB5qrYLGtAV4Db4AVjh_tDDQ7gqY_6TEo4K24HdfusTU2hNH7crRNfAoDob-VVvcdhXaVw2BDjJM83NE3CkFohwGqU4mjCiZE_r0aElwnpp23pz12C8C_0A&sai=AMfl-YSD4-2dgasG0_g8JffP1wFt-_A2bngciO7Kd4pZedQ3N11FHpIZkOJzh9y_0aE2BNBYh_PIJ04an_sJ3CY&sig=Cg0ArKJSzFYPLhXLuuVs&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dcdc97533-dd9f-4411-a7c2-faa5b85a1388%26utm_source%3DIOP%26utm_medium%3DADV%26utm_campaign%3D242Reg

The 2nd International Conference on Biosciences (ICoBio) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 197 (2018) 012019  doi:10.1088/1755-1315/197/1/012019

Diversity of Soil Arthropods in Different Soil Stratification
Layers,The National Park of Gede Pangrango Mountain,
Cisarua Resort, West Java, Indonesia

Meitiyani'* and A P Dharma'

'Departement of Education Biology Faculty of Teacher Training and Education
Science, Muhammadiyah Prof. Dr. Hamka University, Jakarta, Indonesia

*E-mail: meitiyani@gmail.com

Abstract. Soil arthropods has an important role for guarding food web sustainability, so its
diversity value usually exert a strong influence on the ecosystem balance. Understanding
arthropods soil diversity become important in maintaining soil quality. This research aims to
analyze arthropods diversity in different top soil level around mount Pangrango National Park,
Cisarua Resort Bogor, West Java. Sample were collected by monolith (25cm x 25cm x10cm) .
Devided into 3 layers (A: 10-20 cm, B: 20-30 cm, and C: 30-40 cm) and collected from
agriculture field, riverside area, primary forest, and secondery forest. A total 143
individualswere found consisting of 8 order and 19 family (Staphylinidae, Carabidae,
Scarabaedae, Alycidae, Formicidae, Polydesmidae, Parasitidae, tenebrionidae, Scolytidae,
Curculionidae, Ptiliidae, Scydmaenidae, Alycidae, Miridae, Antrodiaetidae, Arachnidae and
Drosipilidae), Formicidae and Staphylinidae are dominant with respectively 58,7% and 18,9%.
Various result in diversity, richness ,eveness and dominance were showed in different
vertical soil level. The highest Arthropods diversity index ( 1,49) found at riverside in the soil
layer A. Diversity index on top soil level A (0-10 cm) all showed moderate level, B level
(10-20 cm) showed two moderate and two low, C level (20-30 cm) showed one moderate and 3
low. Therefore, increasing soil depth showed increasing low level of arthropods diversity index
Keywords: diversity, soil arthropods , soil layers, ecosystem balance

1. Introduction

Soil has an important role for all living matter on earth by supporting growth of vegetation, provides
nutrients and water, and act as a root supporting system. Soil is also abode for living organims such as
varying type of animals that carried out crucial process on the ecosystem, performing great number of
ecological niches below the ground. Soil fauna decays plant and corpse material into complex organic
matter which provides energy and simple organic material known as decomposition process [1].
Therefore, their important role as a complex organic material decomposer making soil organism
important to mantain soil fertility and productivity. Soil fauna (micro fauna: protozoa, bacteria, meso
fauna: Acarina, Symphyla, Collembola, Diplura and macro fauna: Chilopoda, Coleoptera, Orthoptera,
and Hymenoptera) perform vital functions in a number of biological processes around the rhyzosphere
within vicinity of decomposing organic matter. Research at Gunung Pangrango National Park in 2006
about dungbeetles at upper soil showed that the diversity of dungbeetles at the altitude 500-1000 m
was the highest, may be due by many factors such as varying type of animals dan environment at that
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level [2]. Biotic and physiochemical features of the soil changed from layer to layer in soil. These
factors was changed the vertical distribution of soil fauna [3]. Macro faunal organism have been
widely accepted as indicators of soil quality. This is due to the imporatant role of fauna regulating
processes such as the formation of soil aggregates, nutrien cycling and soil aeration [4]. Arthropods
is one of the most number of soil fauna. They are “litter transformers” or “ecosystem engineers”, that
modify the habitat, maintain, and create habitat and modulate the availability of resources to other
abundance and evenness species [5]. When the organic matter increases the soil arthropod population
also increases. And during various seasons the soil arthropods showed variations in their diversity,
richness, and evenness [6]. Its reasonable whether soil arthropod diversity as indicator of soil
condition in different stratification soil layer.Cisarua resort at Gede Pangrango Mountain National
Park has a vary terrestrial ecosystem and vary animal diversity included infauna. Many type
ecosistem inside this national park, making it suitable for conducting arthropods diversity researchin
vertical soil . Therefore four different location are determinded to be this study location which are
primary forest, secondary forest, open field area at riverside, and intensif agricultural field. Studies of
soil arthropods diversity in vertical stratification are important to understand arthropods diversity
level in the different vertical soil condition in Resort Cisarua Gede Pangrango Mountain National
Park. This study also important for understanding vital roles of soil arthropods in the ecosystem.

2. Study sites and methods

2.1. Study sites

This research was conducted between February — April 2015 in four different location at Cisarua
Resort Pangrango Mountain, Bogor, West Java. The location include: (1) agricultural field in Desa
Tugu Atas, Cisarua, West Java, (2) riverside area, (3) secondary forest, and (4) primary forest.

2.2. Data collection

Soil arthropods were collected by monolith (25cm x 25¢cm x10cm) . There were 10 point in each
study site. Samples were extracted from each monolit points and divided by three depth layers, which
are 0-10cm soil depth (A), 10-20cm soil depth (B), and 20-30cm soil depth (C). The arthropods
extracted from soil samples were screened by placing samples in plastic container and sorting the large
size arthropods by hand manually. Soil sample then proceed using Berlesse funnel apparatus for
extracting smaller size arthropod. All soil arthropods collected from each location cleaned by fresh
water , then stored in 96% ethyl alcohol for further analysis.

2.3. Data analysis
Data analysis using Shannon-Weaner index equation, Shannon Evenness Index, Family Richness by
Margalef and Dominance Index by Shimpson (7)
Shannon-Weaner diversity index : H”> =- X pi In pi
pi = ni/N
H’ = Shannon-Weiner’s index of diversity
Pi = ni/ (fraction of the entire population made up of takson

n = the number of individual of certain (i ™) takson i
N = the number of individual of all takson
Shannon Evenness Index : E=H’/In S
E = eveness index of takson
S = total number of takson
H’ = Shannon-Weiner’s index of diversity
Family Richness by Margalef : DMg = (S-1)/In N
DMg = richness index of takson
S = number of takson
N = total number of takson
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Shimpson Dominance Index : C=X Pi’
Pi=ni/ N
C = dominance index
Ni= number of individuals belong to taxon i
N = total number of collected i

3. Results

3.1. Soil arthropod composition

Total 143 individuals were found consisting of 8 order and 19 family from 3 soil layers (A: 10-20 cm,
B: 20-30 cm, and C: 30-40 cm), collected from agriculture field, riverside area, primary forest, and
secondary forest. Horizontal observation resulting the highest number was found in the primary forest
with 62 individuals, followed by riverside area (46 individuals), secondary forest (22 individuals),
agricultural field (13 individuals). Vertical observation resulting in A soil layer has greater number of
individuals (83), followed by B soil layer with 39 individuals, and C soil layer with 17
individuals(Table 1). In soil layer A (0 — 10 cm), all data recorded from the A layer showed 83 number
of arthropods were present and grouped into 14 families and 8 orders. The highest number of family
in this layer is found in the primary forest consist of 8 families and 52 individuals (Staphylinidae,
Carabidae, Scarabaedae, Alycidae, Formicidae, Geophylidae, Polydesmidae, Parasitidae), followed by
riverside area 6 families and 15 individuals (Staphylinidae, Scolytidae, Ptyliidae, Formicidae,
Parasitidae, Antrodiaetidae), secondary forest area with 3 families and 12 individuals
(Staphylinidae, Tenebrionidae, Formicidae), and the lowest number found in agricultural field with 3
families and 4 individuals (Staphylinidae, Scydmaenidae, Drosophylidae). In soil layer B (10 — 20 cm)
total soil arthropods recorded in this layer consist of 43 individuals which grouped in 8 families and 6
order. The highest number of family in this layer is 4 families found in the secondary forest area and
consist of 7 individuals (Staphilinidae, Scolytidae, Formicidae, Geophilida), same as agricultural field
area (Staphylinidae, Mirydae, Mycetophilidae, Arachnidae), followed by riverside area with 3 families
and 26 individuals (Staphilinidae, Formicidae dan Cecidomyiidae ), and primary forest with 2 families
and 3 individuals (Staphilinidae dan Formicidae). In soil layer C (20 — 30 cm) recorded 4 orders and 7
families with a total of 17 individuals. The highest number of family in this layer is 4 families founded
in the riverside area consist of 5 individuals, followed by primary forest with 3 familieas and 7
individuals (Scarabaedae, Formicidae, and Cecidomyiidae), secondary forests which with 2 families
and 3 individuals (Staphylinidae and Curculionidae) and agricultural field with 1 family and 2
individuals (Formicidae) (table 1). Horizontal observation ( 4 location) and vertical observation ( 3
soil level) showed the most dominante family is Formicidae (58.7%), followed by Staphylinidae
(18.9%) (figure 1).

3.2. Diversity
The diversity range of arthropods in A layer (10-20 cm) showed betwen 1.00 — 1.49, B layer (10 —
20 cm) : 0.33 — 1.39 and C layer ( 20-30 cm): 0.00 — 0.96 (table 2).

4. Discussion

4.1 Soil arthropode composition

Soil Arthropods that was found in A layer is greater than B & C layer. A layer ( 0 — 10 cm) as top
survace has more abundance of leaf cutter and litter compared with layers below.We found much
plant residues in this layer almost in all study sites. Plant residues produced chemical plant through
decomposition process. Chemical plants particularly N and lignin contents, play a critical role in
faunal abundance in the soil that influenced faunal abundance in the soil [8]. Population of
Formicidae is the most abundance family in this layer (59%), and recorded in 3 location, followed by
Staphylinidae (23%) , Tenebrionidae (6%) .Hymenoptera and Coleoptera were the most abundance
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order found in this layer. Formicidae (order Hymneoptera) mostly found in primary forest which has
vary and thick layer of leaf cutter came from the forest canopy. This condition will support growth of
ants and other arthropods and could be influenced soil fertility. The activity of ants clearly facilitate
the decomposition of plant materials such as leaf cutter ants to soil fertility. There are two ways
through which leaf cutting ants may modify soil fertility: the building and maintenance of their nests
and the priduction and deposition of their organic waste products [9]. Staphylinidae from order
Coleoptera was recorded in all study area in A soil layer. Beetle may be found in almost every type of
habitat, and they feed on all sorts of plant and animal materials,many are predaceous, some are
scavengers and a very few are parasitic [10]. Only two individuals of beetles (5.0 %) and no ant found
in agricultural field, it was probably caused by the farmer always diminished litter and leaf cutter layer
on the crop field area, and also used of pesticide. Intense agricultural practice affected the arthropods
community leads to species dominancy. Pesticide will deplete the arthorpods number followed by the
faster growth of microorganism, thus organism will tend to be dominant and potentially become pests
[11]. In the soil layer (B: 10 — 20 cm), population of Formicidae is the most abundance family of this
layer (69%), and recorded in 3 location, followed by Staphylinidae (17%) that founded in all location
in this layer. Arachnidae (8%) which mostly found in agricultural field. Arachnidae generally roles as
a predator of small arthropods, psocids, collembolans, and mites. Some species dwelling in the soil
[12]. In soil layer (C: 20 — 30 cm) population of Formicidae is the most abundance family of this layer
(9,5%), and only 12 individual of arthrpods founded in this layer (8,4%). The fewer number of
families and the small number of soil arthropods individual in layer C are affected by the abiotic
conditions of the soil. Ground surface arthropods as biotic components in soil ecosystems are highly
depend on several environmental factors. Environmental changes will affect the presence and density
of the Arthropod population [13]. The air content was fewer at greater depths, this may be due the soil
is more compact and has smaller pore spaces [14].

Number of individual in Family

M Formicidae ( Hymenoptera)

M Staphylinidae (Coleoptera)
Tenebrionidae etc
(Coleoptera)

M Arachnida etc ( Araneida )

¥ Cecidomyiidae etc (Dyptera)

[Z Other families

Figure 1. Soil arthropods species number in family.

4.2 Diversity

The diversity range of arthropods in soil A layer ( 10-20 cm) showed betwen 1.00 — 1.49. All study
site in this layer showed moderate level.Highest diversity index in top soil layer was found in the
riverside area (1.49) which has 6 families recorded. Familiy taxa composition in this area spread out
evenly because there was no family dominance. In primary forest, we found various herbaceous
plants, mostly large vegetations and has more stable ecosystem condition, but diversity in this site
lower than riverside area.This may be due formicidae dominance in this site (59%). This was indicated
by low eveness index lower (0.48) (figure 2). The thick layer of leafcutter on the soil surface provides
the shelter and food for ants. In a diverse community, one species can perform dominance to other
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species [15]. Leafcutter was organic material input for soil surface. Various environment input factor
influenced dominancy of arthropod community [16].

Table 1. Composition of soil arthropods in vertical stratisfication.

Famil Agricultural ~ Secondary Riverside Primary
y Field Forest area Forest
Ordo Sum
Al BB A B C A B C A B C
Staphylinidae 2 1 1 4 2 6 I 1 8 1 27
Tenebrionidae 5 5
Scolytidae 1 1 2
ioni 1 1
Coleoptera Clilrlc?uhomdae
Ptiliidae 1 1
Carabidae 1 1
Scarabaedae 1 1 2
Scydmaenidae 1 1
i 1 1
Hemiptera Al}/f:ldae
Miridae 2 2
Hymenoptera Formicidae 2 6 1 5 24 2 38 2 4 84
Chilopoda Geophilidae 1 1 2
Diplopoda Polydesmidae 1 1
Mesostigmata Parasitidae 1 1 2
) Antrodiaetidae - 1 1 2
Araneida .
Arachnidae 3 - 3
Drosophilidae 1 1
Diptera Cecidomyiidae 1 2 3
Mycetophilidae 1 1 2
Total 4 7 2 12 8 3 15 26 5 52 3 7 143
TA=0-10 cm
2B =10-20 cm
3C=20-30cm

Table 2. Diversity index, evenness, richness and dominance in vertical stratisfication.

Agricultural Field Secondary Forest  Riverside area Primary Forest

A B C A B C A B C A B C
Diversity index 1.05 128 0.00 1.03 139 064 149 033 133 1.00 0.64 0096
Evenness 095 186 0.00 094 086 093 0.83 030 096 048 093 0.87
Richness 144 154 000 081 192 072 185 061 186 177 091 1.03
Dominance 037 030 1.00 043 031 056 026 0.85 0.18 055 0.56 042

In B layer ( 10 —20 cm) betwen 0.33 — 1.39, the highest diversity index in this layer found in the
secondary forest (1.39) which has 4 families recorded. Familiy taxa composition in this area spread
out evenly because there was no family dominance found. Riverside area is the poor diversity in this
area (0.33), this may be do also by large number of formicidae. This was indicated by dominance
index (0.85) and also eveness index (0.3) (figure 3). Otherwise agriculture field with monoculture
system has moderate diversity (1.28). Familiy taxa composition in this area spread out evenly, but we
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found arachnidaeonly in this site. This may be do the monoculture plantation also provided a certain
arthropod by litters quality [17].

Soil Layer (A: 0-10cm)

2
1 I I I
. I II L] i mE=l
Diversity index Evenness Richness Dominance
B Agricultural Field B Secondary Forest
Riverside area M Primary Forest
Figure 2. Diversity index in soil layer A

Soil Layer (B: 10 -20 cm)
3
2
ila | |
. n HEN.N i ..ln=

Diversity index Evenness Richness Dominance

B Agricultural Field ®Secondary Forest M Riverside area M Primary Forest

Figure 3. Diversity index in soil layer B

In C layer ( 20-30 cm) between 0.00 — 0.96 .The highest index diversity in layer C is on riverside
area with a family diversity index 1.33 (figure 4). The similarity and the dominance effects can impact
the identification of patterns and the interpretation of underlying ecological processes and may thus be
highly informative for our ecological understanding. Agricultur field area is the poor diversity in this
area (0.0), and no individual found in this area. Application of pesticides during agricultural activities,
has strong influence on the diversity and abundance of soil fauna [18§].

Soil Layer (C: 20 - 30 cm)

1.5

0.5
II I |||Il

Diversity index Evenness Richness Dominance

B Agricultural Field ™ Secondary Forest Riverside area ™ Primary Forest

Figure 4. Diversity index in soil layer C.
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In general, a gradual decrease in family richness in relation to soil depths was observed. These
reported outcomes supports the influence of soil depth on the species composition and diversity of soil
insects.

5. Conclusion

Various result in diversity, richness ,eveness and dominance were showed in different vertical soil
level. The highest Arthropods diversity index (1.49) found at riverside in the soil layer A. Diversity
index on top soil level A (0-10 cm) all showed moderate level, B level (10-20 cm) showed two
moderate and two low, C level (20-30 cm) showed one moderate and 3 low. Therefore, increasing soil
depth showed increasing low level of arthropods diversity index
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