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ABSTRACT
Diversity of arthropod predator in swamp rice fields in South Sumatera. The abundance and diversity of arthropod in agro
ecosystem depend on the level of synthetic pesticide contamination. This study aimed to explore, identify and analyze the
diversity and abundance of predatory arthropods in swamp rice fields treated with pesticide application (in Pemulutan) and
without pesticide application (in Musi 2). The swamp rice fields in Pemulutan are bordered by village, river and forest. The
methods were survey and direct observation on 3 ha and 2 ha of swamp rice fields in Pemulutan and Musi 2, Palembang.
Sampling of predatory arthropods were conducted at 20, 50, 80 and 110 days after rice planting using pitfall trap. Identification
of predatory arthropods was conducted at Laboratory of Entomology showing that the arthropod collected consisted of 17
species of insects and 9 species of Arachnida. In Pemulutan Ogan Ilir were found 19 species (10 species of insect and 9 species
of Arachnida) at the village area. In the area that was bordered by river were found 8 species (7 insect and 1 Arachnida). In the
area bordered by forest were found 22 species (10 species of insects and 12 species of Arachnida). The diversity level, number
of species, and arthropod specimen in the field without pesticide application at Musi 2 were higher than those in the fields with
pesticide application in Pemulutan.
Key words: arthropod, abundance, bio-indicator, diversity, predatory

ABSTRAK
Keanekaragaman artropoda predator sebagai bioindikator kesehatan tanah di sawah lebak di Sumatera Selatan.
Kelimpahan dan keanekaragaman artropoda di agroekosistem sangat dipengaruhi oleh cemaran insektisida sintetik. Penelitian
ini bertujuan untuk mengeksplorasi, mengidentifikasi dan menganalisis keanekaragaman dan kelimpahan Artropoda predator
di pematang sawah lebak yang diaplikasikan pestisida (di Pemulutan) berbatasan dengan perkampungan, sungai dan hutan,
serta pematang sawah lebak tanpa aplikasi pestisida (di Musi 2). Metode penelitian adalah survei pada pematang sawah lebak
di Pemulutan Ogan Ilir seluas 3 ha dan Musi 2 Kota Palembang seluas 2 ha. Pengambilan sampel Artropoda predator dilakukan
pada saat tanaman padi berumur 20, 50, 80 dan 110 hari setelah tanam (hst) dengan menggunakan pitfall trap. Identifikasi
Artropoda predator dilakukan di Laboratorium Entomologi, Balai Karantina Kelas I Palembang. Pada lokasi Musi 2 ditemukan
26 spesies Artropoda predator di pematang sawah, terdiri dari 17 spesies dari kelas Insekta dan 9 spesies dari kelas Arachnida.
Di lokasi penelitian Pemulutan Ogan Ilir, yaitu lahan yang berbatasan dengan perkampungan ditemukan sebanyak 19 spesies
(10 spesies dari kelas Insekta dan 9 spesies dari kelas Arachnida). Lahan yang berbatasan dengan sungai ditemukan sebanyak
8 spesies (7 spesies dari kelas Insekta dan 1 spesies dari kelas Arachnida). Di lahan sawah yang berbatasan dengan hutan
ditemukan sebanyak 22 spesies (10 spesies dari kelas Insekta dan 12 spesies dari kelas Arachnida). Tingkat keanekaragaman,
jumlah spesies dan spesimen Artropoda predator yang ditemukan di pematang sawah pada lahan tanpa aplikasi pestisida
(Musi 2) lebih tinggi, jika dibandingkan dengan ketiga lahan penelitian di Pemulutan yang secara intensif diaplikasikan
pestisida sintetis.
Kata kunci: artropoda, bioindikator, keanekaragaman, kelimpahan, predator

INTRODUCTION
Increasing use of synthetic insecticides has a
negative impact on agro ecosystems (Meidalima, 2014),

such as soil and water pollution in lowland rice fields. In
addition, the use of synthetic fertilizers and pesticides
has an impact on arthropods around the ecosystem
resulting in a frequent explosion of pest populations

Meidalima et al.

(Herlinda et al., 2008; Khodijah et al., 2012a). This
explosion of pest populations shows natural enemy
helplessness (Wissinger, 1997).
Unhealthy agro ecosystems caused by synthetic
insecticides lead to low abundance and diversity of
arthropods (Meidalima & Meihana, 2013) especially
parasitoid and predators (Wanger et al., 2010; Herlina
et al., 2011). Several types of soil surface arthropods
can be used as indicators of soil health, including
appropriate land management, abundance and diversity
of the arthropods, network structure, and community
stability (Suheriyanto, 2012). Herlinda et al. (2008)
mention that healthy agro ecosystems are not pestdominated.
In the ecosystem of rice fields, predatory
arthropods are natural enemies that have very important
role in suppressing pest populations, especially brown
plant hopper and stem borer (Thalib et al., 2002;
Khodijah et al., 2012b). It is because predators have
high adaptability in the ephemeral ecosystem (Herlinda
et al., 2004). The results of research conducted by Rizali
et al. (2002), in the forest edge of the embankment in
Halimun was found Carabidae which is a bio indicator
of agricultural land management (Kromp & Steinberger,
1992) and Formicidae as indicators of agro ecosystem
conditions in an area (Peck et al., 1998). Research on
abundance and diversity, as well as species of predatory
arthropods in paddy fields with pesticides application
bordered by villages, rivers and forests and in paddy
fields without application of pesticides in South Sumatra
have not been carried out. This study aimed to identify
and analyze the species diversity and abundance of
predatory arthropods inhabiting swamp rice fields in
South Sumatra treated with pesticides bordered by
villages, rivers and forests and without application of
synthetic pesticides.
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1 ha. Meanwhile, the selection of research loacations in
Musi 2 Palembang City was based on the criteria in
which the local farmers do not apply synthetic
insecticides. Weeding is done by farmers in Pemulutan,
at least 2 times during the planting season using
herbicides. Meanwhile, weeding by farmers in Musi 2
is done manually before rice planting. The distance
between the two locations (Pemulutan and Musi 2) is
around 15 Km, with slight similarity in biological and
topographic conditions.
Sampling of predatory arthropods was carried out
at 20, 50, 80 and 110 days after planting (dap). Predatory
arthropods in both study locations were collected using
pitfall traps such as Price & Shepard (1980), Whitcomb
(1980), and McEwen (1997). The trap hole was made
of plastic glass with a diameter of 50 mm and a depth of
100 mm. The trap hole was then filled with 4% formalin
solution in one-third the height of the glass.
The trap hole was installed on the surface of the
paddy field and the surface was flat with the surrounding
surface. The trap hole that had been installed, then given
a shade made of plastic supported with a 15 cm tall
pole. This shade aimed to avoid the pitfall trap filled
with rain water. For the installation of trap holes, each
of the rice fields observed was divided into 4 sub-fields,
thus there were16 pitfall traps installed. The position of
the trap hole was spread evenly with a distance of 25 m
on each side of the subspace. In Pemulutan, the
installation of trap holes was done 2 x 24 hours after the
local farmer applied synthetic insecticides. It is expected
so that arthropods are trapped in large quantities.
Predatory arthropods trapped in a trap pit were filtered
with a 20 cm diameter tea filter. Then, cleaned by rinsing
them with running water. Next, they were put in vial
bottles containing 70% alcohol to be identified in the
laboratory. The vial bottle was labeled explaining the
date, time and location of sampling.

MATERIALS AND METHODS
Research Site. The research was carried out in swamp
rice fields covering 3 ha of area in Pemulutan Ogan Ilir
Regency and 2 ha of area in Musi 2, Palembang City
from March to June 2017. Laboratory observations were
carried out at the Entomology Laboratory Class I
Quarantine Hall, Palembang.

Identification of Predatory Arthropods in Swamp
Rice Fields. The identification of predatory arthropods
was based on their morphological characteristics, carried
out at Entomology Laboratory Class I Quarantine Hall,
Palembang. The identification was doine using the
reference book by deGunst (1957), Kalshoven (1981),
Hadlington & Johnston (1987), Barrion & Litsinger
(1994), and Lawrence & Britton (1994).

Collecting Predatory Arthropods Samples on
Swampy Rice Fields. The selection of research
locations in Pemulutan was based on the criteria in
which the local farmers apply synthetic insecticides
regularly. Observations were conducted on rice fields
bordered by villages, rivers and forests, each covering

Observation of The Abundance of Predatory
Arthropods in Swamp Rice Fields. After all predatory
arthropod species were trapped in trap holes, they were
identified, then grouped and calculated. Predatory
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arthropod species grouping was based on location and
plot observation criteria.
Data analysis. Predatory arthropod insect species
found in the research sites were analyzed descriptively
and displayed in the form of images. Data on species
composition and number of predatory arthropods were
used to analyze species abundance and diversity. The
size of the diversity used is the Shannon species diversity
index value, the Berger-Parker Species Domination index
and the Pielou species evenness index (Fachrul, 2007).
RESULTS AND DISCUSSION
Based on the data obtained, predominant
arthropods in Musi (without pesticide application) were
found as many as 25 species consisting of 17 species
from insect class and 8 species from arachnida class.
Meanwhile, in Ogan Ilir, Pemulutan (rice field with
pesticide application bordered by village) were found
19 species (10 species from insect class and 9 species
from arachnida class). In rice field with pesticide
application bordered by river were found 8 species (7
species from insect class and 1 species from arachnida
class). In ricefield bordered by forest were found 21
species (10 species from insect class and 11 species
from arachnida class). The number of families and
species of predatory arthropods found in in Musi 2
(without pesticide application) was greater compared
to the other three rice fields bordered by villages, rivers
and forests with intensive synthetic pesticides application
(Table 1). The number of families and species of
predatory arthropods found in wild plant canopy was
also higher around rice fields without the application of
pesticides (Musi 2) compared to around rice fields with
pesticides application (Meidalima et al., 2017). The data
show that in general, the presence of predatory
arthropods is higher in field without the application of
synthetic pesticides. This condition proves that synthetic
pesticides affect the abundance of predatory arthropods.
The application of pesticides has a direct effect
on the existence of natural enemies (Hall & Nguyen,
2010). In ecosystems in which insecticides are not
applied, the abundance of predatory arthropods, such
as Carabidae (Purwanta et al., 1997) and spiders is much
higher than in ecosystems in which pesticides are applied
(Tulung, 1999). The use of pesticides is a major cause
of the low diversity and abundance of macro invertebrate
communities (such as: Ephemeroptera, Plecopter, and
Trichoptera) on wetlands (Uwimana, 2011;
Bambaradeniya et al., 2004).
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The diversity index of predatory arthropods in
ricefields without the application of pesticides (Musi 2)
was higher compared to the other three rice fields with
the application of pesticides in Pemulutan (Table 2). The
Berger-Parker index value (the predominance of
predatory arthropods) was higher and the Pielou index
value (evenness) was lower in rice fields intensively
treated with pesticides application (Table 2). The Shannon
index value (diversity of predatory arthropods) in Musi
2 was higher because pesticides were not applied in the
rice field. According to Herlinda et al. (2008) exposure
to insecticide chemicals in rice fields can reduce the
number of individuals in the population. The decline in
the number of individuals in the population resulted in a
decrease in the diversity of arthropod species in the field
(Widiarta et al. 2006; Herlinda et al., 2008). This
condition can be an indication that the agro ecosystem is
not healthy. The high level of predatory arthropods in
the field treated with pesticides shows a population
imbalance between species. This indicates a very high
dominance by certain species compared to other species
(Meidalima & Meihana, 2013).
The results of the analysis show that the lowest
Shannon index value (H‘ = 1.826) and the highest
dominance index (D = 0.266) were found in the research
location bordered by river. The least number of species
and specimens was also found in this location, i.e. 8
species with 79 specimens. This is suspected to be caused
by the accumulation of pesticide residues along the
upstream and downstream of the river. According to the
innformation from several farmers along the river in
Pemulutan, they applied insecticides and herbicides
regularly and intensively. In one rice planting season,
insecticeds and herbiceds were applied at least 4 times
and 2 times, respectively. In addition, people in
Pemulutan utilize river flow for daily needs, such as
bathing and washing. The detergent solution wastes
greatly influence the presence of organisms in the river
(Sopiah & Chaerunisah, 2006).
Some research results proved the negative effects
of pesticides on natural enemies, as reported by Carmo
et al. (2010) mentioning that pesticides, herbicides and
fungicides are very dangerous for the Telenomus remus
Nixon parasitoid. The use of broad spectrum pesticides
can also kill other beneficial insects (Amirhusin, 2004;
Kartohardjono, 2011).
The number of predatory arthropod species found
in the study area near the forest (22 species consisting
of 157 specimens) and the Shannon index value (H‘ =
2.512) were almost the same as the number of predatory
arthropod species found in Musi (26 species consisting

Meidalima et al.
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Table 1. Species of pest arthropod predators in paddy fields treated with and without pesticides application
Number of species in the rice fields
Class

Insect

Species

Anapolepis longipes
Crematogaster difformis
Dolicoderes bituberculatus
Oecophylla smaragdina
Odontoponera transversa
Pheropshopus javanus
Mantis religiosa
Cicindela campestris
Paederus fuscipes
Chlaenius acroxanthus
Amauromorpha acepta
Drosophila sp. A
Bembidion tetracolum
Egadroma quinquespustalata
Coccinella septempunctata
Coccinella transversalis
Harmonia axyridis
Verania liniata
Arachnida Cyclosa malmeinensis
Pardosa sacayi
Pardosa pseudoannulata
Pardosa apostoli
Pardosa caliraya
Pardosa sumatrana
Schizocosa cotabatoana
Bathyphantes tagalogensis
Wendligarda liliwensis
Simaetha damomapalaya
Hogna rizali
Lycosa chaperi
Hyllus maskaranus
Diaea tadtadtinika
Lynipidae mikro
Tetragnatha javana
Tetragnatha havaca
Peucetia myanmarensis
Theridion otsospotum
Number of specimen

Without
pesticide
Musi 2

With pesticide
near village

near river

forest

7
5
24
43
37
29
3
7
19
11
2
8
13
4
16
13
22
22
1
9
5
17
9
12
21
54
412

12
4
17
11
8
9
9
6
11
7
94

11
21
7
14
6
4
9
7
79

4
3
9
37
28
3
1
16
17
5
4
3
1
3
3
4
3
1
4
2
4
3
157
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of 412 specimen with the H‘ = 2.697). This condition
occurs, because there are still many wild plants near
the forest, allowing predatory arthropods to survive.
When conditions are not appropriate, wild plants around
the plantations have function as shelter for natural
enemies (Van Emden, 1990). Wild plants can also
provide alternative hosts or prey which act as “natural
enemy bridges” that connect the two growing seasons
and can also act as sinks of natural enemies originating
from newly harvested rice plants. Besides, wild plants
can be a source of natural enemies in the next planting
season (Herlinda & Irsan, 2011).
Meanwhile, predatory arthropod species found in
the study location near village were as many as 10 species
consisting of 94 specimens. Shannon index value (H ‘=
2.043) was higher than the Shannon index value in the
study location near river and lower than in Musi 2 and
in study location near forest. This is presumably because
in addition to the intensive use of synthetic pesticides,
there was also an effect of the chemical contamination
from daily household activities. Based on the observations
at the research site near village, local farmers usually
dispose the remaining detergent of washing and bathing

in their paddy fields affecting the health of the soil and
rice fields. The detergent solution waste can interfere
with the life of organisms in soil and water (Sitorus,
1997; Sopiah & Chaerunisah, 2006).
The number of predatory arthropod species found
at each time of observation was different. However, it
shows the same tendency. The number of predatory
arthropods observed was low at 20 days after planting
(DAP), then it began to increase and reached the highest
peak at 50 DAP. At 80 DAP, the number of predatory
arthropod species found began to decline, and the lowest
number was reached at the end of the observation, which
was at 110 DAP (Figure 1). This situation is closely
related to the generative phase of rice plants which occurs
at 50-60 days after planting. In this phase, the presence
of predatory arthropods is very abundant. This is in line
with what was conveyed by Herlinda et al. (2008), that
in the generative phase, phytophage insects and
pollinators are abundant in rice plants. Phytophage insects
and pollinators are prey for predatory arthropods
(Ishijima et al., 2006). Frequent and intensive use of
synthetic pesticides can cause agro-ecosystems to
become unhealthy, thus disrupting the existence of

Table 2. Characteristic Community characteristics of arthropod predatory arthropods atin paddyswamp rice fields

Numbers of Arthropod Predator (species)

Community
characteristics
Number of species
Index Shannon
Index Berger-Parker
Index Pielou

Musi 2

Village

River

Forest

26
2.697
0.131
0.838

10
2.043
0.245
0.887

8
1.826
0.266
0.878

22
2.512
0.236
0.825

200
180
160
140
120
100
80
60
40
20
0

20 dap
50 dap
80 dap
110 dap

Musi 2

Village

River

Forest

Location

Figure 1. Proportion of predatory arthropods species at each observation time.
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predatory arthropods (Waage, 1989). As a result, there
is a decrease in the diversity value of arthropod species
in the field.
CONCLUSION
Frequent and intensive use of synthetic pesticides
influenced the presence of predatory arthropods in
swamp rice fields. The diversity, abundance, number of
species and specimens of predatory arthropods found
in the swamp rice fields without the application of
pesticides (Musi 2) was higher compared to the other
three swamp rice fields in Pemulutan intensively treated
with synthetic pesticides application.
ACKNOWLEDGMENTS
Thank you to Directorate General of Higher
Education, Ministry of Education and Culture that has
funded the research accordance with the Agreement in
Implementation of Lecture Fundamental Research
Grant Number: DIPA-042.06.1.401516/2017,
December 7th 2017.
REFERENCES
Amirhusin B. 2004. Perakitan tanaman transgenik tahan
hama. J. Litbang Pertanian. 23(1): 1–7.
Bambaradeniya CNB, Edirisinghe JP, De Silva N,
Gunatilleke CVS, Ranawana KB, & Wijekoon
S. 2004. Biodiversity associated with an irrigated
rice agro-ecosystem in Sri Lanka. Biodivers
Conserv. 13(9): 1715–1753.
Barrion AT & Litsinger JA. 1994. Taxonomy of Rice
Insect Pest and their Arthropod Parasites and
Predators. In: Heinrichs EA (Ed.). Biology and
Management of Rice Insect. pp. 13–362. Wiley
Eastern Ltd. New Age Internasional Limited,
New Delhi.
Carmo EL, Bueno AF, & Bueno RCOF. 2010.
Pesticides selectivity for the insect egg parasitoid
Telenomus remus. BioControl 55(4): 455–464.
deGunst JH. 1957. Indonesian lady-birds. Penggemar
Alam. 36: 3–38.
Fachrul MF. 2007. Metode Sampling Bioekologi.
Penerbit Bumi Aksara. Jakarta.
Hadlington PW & Johnston JA. 1987. An Introduction
to Australian Insects. University of New South
Wales Press Ltd. Sydney. Australia.

117

Hall DG & Nguyen R. 2010. Toxicity of pesticides to
Tamarixia radiata, a parasitoid of the Asian
citrus psyllid. BioControl 55(5): 601–611.
Herlina N, Rizali A, Moerfiah, Sahari B, & Buchori D.
2011. Pengaruh habitat sekitar lahan persawahan
dan umur tanaman padi terhadap keanekaragaman
Hymenoptera parasitika. J. Entomol. Indones.
8(1): 17–26.
Herlinda S & Irsan C. 2011. Pengendalian Hayati
Hama Tumbuhan. Universitas Sriwijaya.
Palembang.
Herlinda S, Rauf A, Sosromarsono S, Kartosuwondo
U, Hidayat P, & Siswadi. 2004. Artropoda
predator penghuni ekosistem persawahan di
Daerah Cianjur, Jawa Barat. J. Entomol.
Indones. (1)1: 9–17.
Herlinda S, Waluyo, Estuningsih SP, & Irsan C. 2008.
Perbandingan keanekaragaman spesies dan
kelimpahan Arthropoda predator penghuni tanah
di sawah lebak yang diaplikasi dan tanpa aplikasi
insektisida. J. Entomol. Indones. 5(2): 96–107.
Ishijima C, Taguchi A, Takagi M, Motobayashi T, Nakai
M, & Kunimi Y. 2006. Observational evidence
that the diet of wolf spiders (Araneae: Lycosidae)
in paddies temporarily dependson dipterous
insects. Appl. Entomol. Zool. 41(2): 195–200.
Kalshoven LGE. 1981. The Pests of Crops in
Indonesia. Revised and Translated by van der
Laan, PT. Ichtiar Baru. Van Hoeven, Jakarta.
Kartohardjono A. 2011. Penggunaan musuh alami
sebagai komponen pengendalian hama padi
berbasis ekologi. J. Pengembangan Inovasi
Pertanian. 4(1): 29–46.
Khodijah, Herlinda S, Irsan C, Pujiastuti Y, & Thalib R.
2012a. Artropoda predator penghuni ekosistem
persawahan lebak dan pasang surut Sumatera
Selatan. J. Lahan Suboptimal. 1(1): 57–63.
Khodijah, Herlinda S, Irsan C, Pujiastuti Y, Thalib R,
Thamrin T, & Meidalima D. 2012b. Pests
Attacking Paddy Fresh Swamp and Tidal
Lawland of South Sumatera. Proceedings
International workshop on Sustainable
Management of Lowland for Rice Production.
Banjarmasin. September 2012.

118

J. HPT Tropika

Kromp B & Steinberger KH. 1992. Grassy field margins
and arthropod diversity: a case study on ground
beetles and spiders in Eastern Austria
(Coleoptera: Carabidae; Arachnidae: Aranei,
Opiliones). Agr. Ecosyst. Environ. 40: 1–4.
Lawrence JF & Britton EB. 1994. Australian Beetles.
Melbourne University Press. Victoria.
McEwen P. 1997. Sampling, handling and rearing insect.
In: Dent DR & Walton MP (Eds.). Methods in
Ecological & Agricultural Entomology. pp. 5–
26. University Press. Cambridge.
Meidalima D. 2014. Sistem pertanian organik: upaya
reklamasi lahan pertanian. Prosiding Seminar
Nasional Masyarakat Konservasi Tanah dan
Air Indonesia. Palembang. 16 April 2014.
Meidalima D, Kawaty RR, & Gunawan EB. 2017. The
diversity of arthropods predator on wild plant of
rice field with and without pesticides.
Biosaintifika. 9(1): 89–94.
Meidalima D & Meihana. 2013. Artropoda sebagai
bioindikator kesehatan lahan pertanian.
Prosiding Seminar Nasional VII Masyarakat
Konservasi Tanah dan Air Indonesia.
Palembang. 6–8 November 2013.
Peck SL, Mcquaid B, & Campbell CL. 1998. Using ant
species (Hymenoptera: Formicidae) as a biological
indicator of agroecosystem condition. Environ.
Entomol. 27(5): 1102–1110.
Price JF & Shepard M. 1980. Sampling ground predators
in soybean fields. In: Kogan M & Herzog DC
(Eds.). Sampling Methods in Soybean
Entomology. pp. 532–543. Springer-Verlag. New
York.
Purwanta FX, Rauf A, Kartosuwondo U, &
Sastrosiswoyo W. 1997. Pengaruh Aplikasi
Insektisida terhadap Komunitas Artropoda pada
Agroekosistem Kedelai. Seminar Nasional PHT.
Subang. 16–19 Juni 1997.

Vol. 18, No. 2, 2018: 112 –118

Makalah Seminar Nasional Dies Natalis
Fakultas Pertanian Universitas Sriwijaya &
Peringatan Hari Pangan Sedunia. Palembang.
7–8 Oktober 2002.
Sopiah RN & Chaerunisah. 2006. Laju degradasi
surfaktan linear alkil benzana sulfonal (LAS) pada
limbah deterjen secara anaerob pada reaktor lekat
diam bermedia sarang tawon. J. Tek. Ling: 7(3):
243–250.
Sitorus H. 1997. Uji hayati toksisitas deterjen terhadap
ikan mas (Cyprinus caprio L). J. Visi. 5(2): 44–
62.
Tulung M. 1999. Ekologi Laba-laba di Pertanaman Padi
dengan Perhatian Utama pada Pardosa
pseudoannulata (Boes. & Str.). Disertasi.
Institut Pertanian Bogor. Bogor.
Uwimana C. 2011. Impact of Rice Cropping on
Abundance of Benthic Macroinvertebrates in
Nyanza, Sovu and Kibabara Marshes, Huye
District. National University of Rwanda Faculty
of Science Biology Department.
Van Emden HF. 1990. Plant diversity and natural enemy
efficiency in agroecosystems. In: Mackauer M,
Ehler LE, & Roland J (Eds.). Critical issues in
Biological Control. pp. 330. Athenaeum Press
Ltd. Great Britain.
Waage J. 1989. The Population Ecology of PestPesticede-Natural Enemy Interactions. In:
Jepson PC (Ed). Pesticedes and Non-target
Invertebrates. pp. 81–93. Wimborne (England):
Intercept.
Wanger TC, Rauf A, & Schwarze S. 2010. Pesticides
and tropical biodiversity. Front. Eco. Environ.
8(4): 178–179.
Whitcomb WH. 1980. Sampling Spiders in Soybean
Fields. In: Kogan M & Herzog DC (Eds.).
Sampling Methods in Soybean Entomology. pp.
544–558. Springer Verlag. New York.

Rizali A, Buchori D, & Triwidodo H. 2002. Insect
diversity at the forest margin-rice field interface:
indicator for a healthy ecosystem. J. Hayati. 9(2):
41–48.

Widiarta IN, Kusdiaman, & Suprihanto. 2006.
Keragaman Arthropoda pada padi sawah dengan
pengelolaan tanaman terpadu. J. HPT Tropika.
6(2): 61–69.

Thalib R, Effendy TA, & Herlinda S. 2002. Struktur
Komunitas dan Potensi Arthropoda Predator
Hama Padi Penghuni Ekosistem Sawah Dataran
Tinggi di Daerah Lahat, Sumatera Selatan.

Wissinger SA. 1997. Cyclic colonization in predictably
ephemeral habitats: a template for biological
control in annual crops system. Biol. Control
10(1): 4–15.

