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Abstract

In agricultural lands, citrus orchards, pest feeding and weed seed predation by ground-dwelling
arthropods are essential ecosystem services. This research aims to investigate the effects of
different undergrowth vegetation, including weed area, bare land, rattail fescue and white clover
fields, on the types and densities of functional ground-dwelling arthropods in citrus orchards, using
pitfall traps. The captured organisms included carnivorous beetles (Pheropsophus jessoensis, Chlaenius
naeviger and Dolichus halensis), wolf spiders (Lycosidae sp.), earwigs (Anisolabididae sp.), house
centipedes (Scutigeromorpha sp.), herbivorous ground beetles (Amara sp., Harpalinae sp.), crickets
and millipedes. Furthermore, the population of the functional ground-dwelling arthropods was
significantly increased by the presence of a live mulch, where a higher number was seen in the rattail
fescue or white clover compared to the weed or bare land fields. The cover crops also affected the types
of arthropods identified, with the rattail fescue field including more Pheropsophus jessoensis while
the white clover had an elevated number of wolf spiders, earwigs and Amara sp. (a weed seed
predator). This discovery indicates that the type of undergrowth vegetation plays an important role in
enhancing functional biodiversity. The kind of pests and weeds that these arthropods are effective
against, as well as the extent to which their densities can be decreased, is also unknown. Therefore,
further research on the feeding habit and predation of these arthropods should be conducted.
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biodiversity, resulting in biological pest control
by their predators (Altieri, 1994; 1999). This
“functional biodiversity” is also essential in
providing specific agroecosystem services
(Altieri, 1999; Moonen and Barberi, 2008;

INTRODUCTION

Agricultural lands conserve the biodiversity
of the agroecosystem, which primarily
includes an abundance of pests and weeds.

Therefore, considering functional biodiversity
in farming is essential (Southwood and Way,
1970). A vital ecosystem service, such as
conserving and enhancing functional biodiversity
in agroecosystems is also assumed to preserve
natural-enemy communities and their prey
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Rouphael et al., 2008; Barberi, 2015; Duru et al.,
2015). Therefore, significant research has been
dedicated to the conservation and improvement
of this system in agricultural lands (Southwood
and Way, 1970; Laureto et al., 2015; Martin
et al., 2019). This system has also been globally
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recognized as an important resource for
sustainable agriculture, under the 1993
Convention on Biological Diversity (Sakiyama
et al., 2013; Ministry of Foreign Affairs,
2021). In Japan, the National Strategy for
the Conservation and Sustainable Use of
Biological Diversity (2010) and the Biodiversity
Strategy of the Ministry of Agriculture, Forestry
and Fisheries (MAFF) established in 2007
(MAFF, 2010), both recommend the development
of biodiversity indicators to promote sustainable
agriculture.

A research project conducted in Japan,
regarding the indicators of  functional
agrobiodiversity organisms (Tanaka and lhara,
2012; Tanaka, 2016) revealed that a decrease
in pesticide usage increased the number of
natural plant pest enemies (MAFF, 2012). This
research was mainly focused on understanding
the relationship between reduced pesticide
cultivation and functional biodiversity (MAFF,
2012; Tanaka and lhara, 2012; Tanaka, 2016).
However, European countries have focused on
increasing functional biodiversity through
habitat management. These findings indicated
that semi-natural grasslands observed in and
around agricultural lands are suitable habitats
for several functional ground-dwelling arthropods
(Le Cceur et al.,, 2002; Grashof-Bokdam and
Van Langevelde, 2005). In addition, the edges
of agricultural lands, such as field margins,
edges and boundaries were noted as important
habitats for these organisms (Kleijn et al., 2001;
Marshall and Moonen, 2002; Smart et al., 2002;
Batéary et al., 2012). The creation of a green area
(called “Beetle Bank™) in fields has also been
proposed to provide an effective habitat for
functional ground-dwelling arthropods (Thomas
et al., 1991; Sotherton, 1995; Collins et al., 2003;
Fischer et al., 2010).

The undergrowth in an orchard serves as
an effective habitat for natural enemies and
other functional organisms. Orchards with rich
undergrowth exhibit a lower incidence of insect
pests than their clean cultivated counterparts
due to the increased abundance and efficiency
of natural enemies (Altieri, 1999). In Japan,
some ground-dwelling arthropods, including
beetles, spiders and earwigs that consume pests
and weed seeds have been identified as indicators
of functional biodiversity in citrus orchards
(MAFF, 2012). Although the undergrowth has
been traditionally maintained to prevent soil

erosion and drought (Yoshioka and Takahashi,
2005; Arita et al., 2008), few reports evaluated
the effects of this vegetation on these organisms
(MAFF, 2012; Tanaka and Ihara, 2012;
Tanaka, 2016). This research aims to investigate
the effects of different undergrowth vegetation
on the types and densities of functional ground-
dwelling arthropods.

The quantity and quality of functional
organisms differ based on the vegetation
type (Southwood and Way, 1970; Altieri, 1999).
The type of weeds growing in a particular
land (undergrowth) also influences the kind of
arthropod communities observed in that region
(Norris and Kogan, 2000; 2005; Barberi et al.,
2010). This phenomenon is due to the low
dispersal capacity and migration of these
organisms from one location to another (Ishitani,
2010). Furthermore, research is being conducted
in the United Kingdom to classify weeds as
a functional group based on the types of
organisms that interact with this plant species
(Storkey, 2006). The conservation of this
ecosystem by vegetation management at the weed
species level is also being promoted. Therefore,
this research aims to investigate the effects of
vegetation differences on the types and densities
of functional ground-dwelling arthropods and
not only on the presence or absence of
undergrowth in citrus orchards.

MATERIALS AND METHOD

Research field

This research was conducted with the
Wenzhou mandarin oranges, which have been
cultivated in the citrus orchard at the Center for
Education and Research in Field Sciences,
Shizuoka University since 1974 (Kariyado,
Fujieda City, Shizuoka Prefecture, Japan;
34°54'18.8" N, 138°16'19.7" E). Based on
the differences in the undergrowth vegetation,
the orchard was divided into four test areas of
50 acres, namely: 1) Rattail Fescue field, 2) White
Clover field, 3) Weeds area, which is dominated
by field horsetail (Equisetum arvense) and
common crabgrass (Digitaria ciliaris) and 4) Bare
land (no weed).

According to the local practice, weed areas and
bare land plots were treated with a 200-fold
diluted glufosinate solution (‘Basta’, BASF Japan
Ltd.) in early June. Meanwhile, the herbicide—
mowing management region was sprayed with
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200-fold diluted glyphosate isopropylamine salt
(‘Sanfuron’, Taisei Nozai Co., Ltd.) in August and
September.

Pitfall trap

A plastic cup with a diameter and height
of 90 mm and 120 mm was embedded in
the ground and filled with 100 ml of 70% ethanol
to exterminate and preserve the captured insects.
Figure 1 illustrates the installation of an 18 cm
diameter paper plate over the trap, as a rain
shield. Subsequently, five traps were set in
each plot and recovered after a week to identify
the species of the captured ground-dwelling
arthropods and estimate their populations. These
devices were set up seven times on April 28,
May 23, June 28, July 21, August 21, September
29 and October 30, 2017.

Figure 1. Illustration showing the installation

of pitfall traps

Determination of Shannon-Wiener diversity
index

The Shannon-Wiener diversity index (H")
was calculated (Shannon and Weaver, 1949;
Magurran, 1988), as illustrated Equation 1.

S

H= Znil 1 ]
= NN (1)

i=1

Where H represents the diversity in a circle
of S species, while n;, N and In denote the number

of individuals in the ith species, the total number
of individuals in all species and the natural
logarithm, respectively. The elevated value of
H indicates the richness of higher species and also
signifies that the different classes in the quadrat
or community are nearly equally abundant.

Data analysis

The Bell Curve for Excel 5.0 (Social Survey
Research Information Co., Ltd.) software was
used to analyze the data. Subsequently, Tukey’s
multiple range test was employed to detect
the significant differences between the treatments
with a probability of 95% (a = 0.05), after
conducting an analysis of variance.

RESULTS AND DISCUSSION

Carnivorous arthropods, such as beetles
(Pheropsophus  jessoensis, Chlaenius naeviger
and Dolichus halensis), wolf spiders (Lycosidae
sp.), earwigs (Anisolabididae sp.) and house
centipede (Scutigeromorpha sp.) were captured.
The earwigs were identified as the most abundant
species in the citrus orchard. Also, no nectar
or pollen consuming ground-dwelling arthropods
were observed, though the test vegetation
was provided with this nutrition source. Table 1
shows the number of ground-dwelling arthropods
caught by pitfall traps in each test plot during
the survey period.

In Japanese agricultural fields, carnivorous
ground beetles and spiders are considered
important for functional biodiversity (MAFF,
2012). Pheropsophus jessoensis were identified
as the predominant species of the ground
beetles, which are natural enemies of aphids and
caterpillars (Sunderland and Vickerman, 1980;
Chiverton, 1987; Sunderland et al., 1987; Fuller,
1988; Holland et al., 1996; Sa’adah and Haryadi,
2021). The rattail fescue field had the highest
population of this species, followed by the white
clover. Wolf spiders were also noted as natural
enemies of aphids and planthoppers (Nyffeler
and Benz, 1988; Dennis and Wratten, 1991;
Holland and Thomas, 1997; Inagaki et al., 2010),
with the clover field having the highest populace,
followed by the rattail fescue. In addition,
the earwig (Anisolabididae sp.) shared a similar
distribution pattern with the wolf spiders.
These results indicate that cover crops, such as
white clover and rattail fescue effectively
enhance functional biodiversity by increasing
the population of natural enemies. However,
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the types of functional ground-dwelling
arthropods varied depending on the cover
crop, with rattail fescue enhancing the number
of Pheropsophus jessoensis while wolf spiders
and earwigs increased in the white clover
field. Pheropsophus jessoensis and wolf spider

are also polyphagous natural enemies (i.e., natural
enemies of a diverse range of pests), that require
further investigation to determine the kinds
of pests they prey on. The field with weeds had
the highest Shannon’s diversity index (H') value
for carnivorous arthropods.

Table 1. The species and total numbers of ground-dwelling arthropods captured from each test plot
in the citrus orchard during the survey period

Species I;Qattail White Weed (fi'eld Bare ANOVA
escue  clover  horsetail) land
Beetle Pheropsophus 382 10° 3° 6° *x
jessoensis
3 Chlaenius naeviger 1 1 1 0° ns
S Dolichus halensis o° 1P 6° o° *x
'S Spider Lycosidae sp. 11° 30? 5¢ 7be *x
&S Earwig Anisolabididae sp. 37° 61° g8° 2° **
House centipede  Scutigeromorpha sp. 32 28 1° 2° *x
Shannon’s diversity index H' 1.09 0.98 1.30 0.94
Beetle Amara sp. 13° 412 Qb 10° ok
= 8 Harpalinae sp. 7 52 oP 5° **
8 < Cricket Gryllidae sp. 4 2 2 2 ns
s Millipede Diplopoda sp. 2° 52 22 22 *
Shannon’s diversity index H' 0.60 0.62 0.66 0.95
Total Shannon’s diversity index H' 1.69 1.60 1.95 1.89

Note: Total number of 5 traps x 7 times (April to October). **, * indicates significant difference at 1% level and
5% level individually in ANOVA after arcsine transformation and ns implies no significant difference.
Different letters indicate significant differences among treatments based on Tukey's multiple range tests

at 5% level

The majority of research on ground-
dwelling arthropods in functional biodiversity
has focused on the carnivorous predators of pests.
In Japan, weed seed predators are not listed as
an indicator species for functional biodiversity,
due to the limited reports available on
the functions of herbivorous arthropods (MAFF,
2012). However, herbivorous ground-dwelling
arthropods are known predators of weed seeds
(Pausch, 1979; Holland, 2002), which occupies
an important position in the agroecosystem
(Ichihara et al., 2015). Recently, crickets have
been reported as the major weed seed predators
in Japanese agricultural lands (Ichihara et al.,
2011; 2012; 2014a; 2014b; 2015). The number
of herbivorous ground beetles in this research
was observed to be higher than crickets in
the citrus orchards. Furthermore, members of
the Harpalinae subfamily have been reported to
consume major weed seeds in agricultural lands
(Yahiro et al., 1992; Yamazaki et al., 2003;
Kagawa et al., 2008; Lee et al., 2008). These

herbivorous ground beetles are expected to
promote weed control in citrus orchards.
The population of Amara sp. was also statistically
higher in the white clover field than in other
vegetation types while Harpalinae sp. was not
observed in the crop with weeds. In the test
plots, no difference in the number of crickets
was observed. Although millipedes and woodlice
are considered decomposers that feed on plant
residues, recent studies showed they prey on weed
seeds (Saska, 2008; Koprdova et al., 2010). In this
research, millipedes were observed in all the plots
while woodlice were not detected, though
similar research reported that a large number was
captured in tea gardens (Inagaki dan Saruta,
2021). The Shannon’s diversity index (H') for
seed predators was highest in the bare land, while
the value for the total functional ground-dwelling
arthropods was elevated in the field with weeds
or bare land compared to that with a cover crop.
Figure 2 shows the seasonal variations in
the emergence of major functional ground-
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dwelling arthropods, including carnivorous
and herbivorous beetles, wolf spiders, as well as
earwigs. The carnivorous beetles were observed
briefly in the white clover terrain in July but
were present in the rattail fescue field for
a prolonged period (between May and July).
In bare land and weed area, the incidence of
carnivorous beetles peaked in June, with a limited
number. However, this population increased
between July and October for the weed area.
The herbivorous ground beetles had different
peaks in both areas, where it increased in May
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fields, respectively. These organisms were also
reported in lower numbers in the weeds and
bare land fields. The prevalence of wolf
spiders in the white clover and rattail fescue
terrains peaked in June and between September
and August. These organisms were also observed
less in the field with weeds and bare land.
Moreover, the earwigs had their highest
population in June in the white clover field
but were not observed in bare land, rattail fescue
or weed areas.
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Figure 2. Seasonal variations in the emergence of major functional ground-dwelling organisms in
citrus orchards: a) Carnivorous beetle, b) Herbivorous beetle, c) Wolf spider and d) Earwig

An interesting shift was observed in the peak
timings for the occurrences of the wolf
spiders, carnivorous and herbivorous beetles
in the rattail fescue and white clover fields.
The detailed research on the food of each
functional ground-dwelling arthropod is essential,

as the types and timing of these organisms’
appearances differ depending on the vegetation.
In addition, the feeding patterns of wolf
spiders, carnivorous and herbivorous beetles
in citrus orchards should be clarified in the
future.
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CONCLUSIONS

According to this research, the number of
functional ground-dwelling arthropods, such as
predators of pests and weed seeds, increased
in citrus orchards with rattail fescue or white
clover as a cover crop. This means the type of
undergrowth vegetation plays an important role
in the enhancement of functional biodiversity.
The types of functional ground-dwelling
arthropods also differed depending on the type
of cover crop. In addition, the number of
Pheropsophus jessoensis was high in the rattail
fescue field, while wolf spiders and earwigs
were elevated in white clover. The pest species
and weed seeds that serve as food resources
for these functional ground-dwelling arthropods
and how these organisms effectively control
their population and reduce their density remain
unclear. Therefore, further research into the food
types and predators of these arthropods is
necessary.

REFERENCES

Altieri, M. A. (1994). Biodiversity and pest
management in agroecosystems. London:
Haworth Press. Retrieved from https://
books.google.co.id/books?id=59jTN_0wytQC
&printsec=frontcover&hl=id&source=gbs_ge
_summary_r&cad=0#v=onepage&q&f=false

Altieri, M. A. (1999). The ecological role of
biodiversity in agroecosystems. Agriculture,
Ecosystems and Environment, 74, 19-31.
Retrieved from http://agroeco.org/doc/ecol
rolebiodiv.pdf

Arita, S., Tsuda, H., Nakatani, A., Kujira, Y.,
Yokotani, M., & Fujimoto, K. (2008). Studies
on sod culture on hillside orchard of satsuma
mandarin. Bulletin of the Wakayama Research
Center of Agriculture, Forestry and Fisheries
(Japan), 9, 35-42. Retrieved from https://
agris.fao.org/agris-search/search.do?recordID
=JP2008006349

Barberi, P., Burgio, G., Dinelli, G., Moonen, A.
C., Otto, S., Vazzana, C., & Zanin, G. (2010).
Functional biodiversity in the agricultural
landscape: Relationships between weeds
and arthropod fauna. Weed Research, 50(5),
388-401. https://doi.org/10.1111/j.1365-3180
.2010.00798.x

Barberi, P. (2015). Functional biodiversity in

organic systems: The way forward?
Sustainable Agriculture Research, 4(3), 26—
31. https://doi.org/10.5539/sar.v4n3p26

Batary, P., Holzschuh, A., Mark, K., Samu,
F., & Tscharntke, T. (2012). Agriculture,
ecosystems and environment responses of
plant, insect and spider biodiversity to local
and landscape scale management intensity
in cereal crops and grasslands. Agriculture,
Ecosystems and Environment, 146(1), 130-
136. https://doi.org/10.1016/j.agee.2011.10.0
18

Chiverton, P. A. (1987). Predation of
Rhopalosiphum padi (Homoptera: Aphididae)
by polyphagous predatory arthropods during
the aphids’ pre-peak period in spring barley.
Annals of Applied Biology, 111(2), 257-269.
https://doi.org/10.1111/j.1744-7348.1987.tb0
1452.x

Collins, K. L., Boatman, N. D., Wilcox, A., &
Holland, J. M. (2003). A 5-year comparison
of overwintering polyphagous predator
densities within a beetle bank and two
conventional hedgebanks. Annals of Applied
Biology, 143(1), 63-71. https://doi.org/
10.1111/j.1744-7348.2003.tb00270.x

Dennis, P., & Wratten, S. D. (1991). Field
manipulation of populations of individual
staphylinid species in cereals and their
impact on aphid populations. Ecological
Entomology, 16(1), 17-24. https://doi.org/
10.1111/j.1365-2311.1991.tb00188.x

Duru, M., Therond, O., Martin, G., Martin-
clouaire, R., Magne, M., Justes, E., Journet, E.
P., Aubertot, J. N., Savary, S., Bergez, J.E., &
Sarthou, J. P. (2015). How to implement
biodiversity-based agriculture to enhance
ecosystem services: A review. Agronomy for
Sustainable Development, 35(4), 1259-1281.
https://doi.org/10.1007/s13593-015-0306-1

Fischer, M., Bossdorf, O., Gockel, S., Hansel,
F., Hemp, A., Hessenmoller, D., Korte,
G., Nieschulze, J., Pfeiffer, S., Prati, D.,
Renner, S., Schoning, I., Schumacher, U.,
Wells, K., Buscot, F., Kalko, E. K. V.,
Linsenmair, K. E., Schulze, E. D., & Weisser,
W. W. (2010). Implementing large-scale
and long-term  functional  biodiversity
research: The biodiversity exploratories.
Basic and Applied Ecology, 11(6), 473-485.

Copyright © 2022 Universitas Sebelas Maret



68 Caraka Tani: Journal of Sustainable Agriculture, 37(1), 62-70, 2022

https://doi.org/10.1016/j.baae.2010.07.009

Fuller, B. W. (1988). Predation by Calleida decora
(F.) (Coleoptera: Carabidae) on Velvetbean
Caterpillar  (Lepidoptera:  Noctuidae) in
soybean. Journal of Economic Entomology,
81(1), 127-129. https://doi.org/10.1093/JEE/
81.1.127

Grashof-Bokdam, C. J., & Van Langevelde, F.
(2005). Green veining: Landscape
determinants of biodiversity in European
agricultural landscapes. Landscape Ecology,
20(4), 417-439. https://doi.org/10.1007/S109
80-004-5646-1

Holland, J. M. (2002). The agroecology of
carabid beetles. Andover: Intercept Ltd.

Holland, J. M., & Thomas, S. R. (1997).
Quantifying the impact of polyphagous
invertebrate predators in controlling cereal
aphids and in preventing wheat yield and
guality reductions. Annals of Applied Biology,
131(3), 375-397. https://doi.org/10.1111/j.
1744-7348.1997.th05167.x

Holland, J. M., Thomas, S. R., & Hewitt,
A. (1996). Some effects of polyphagous
predators on an outbreak of cereal aphid
(Sitobion avenae F.) and orange wheat
blossom midge (Sitodoplosis mosellana
Géhin).  Agriculture, Ecosystems &
Environment, 59(3), 181-190. https://doi.org/
10.1016/0167-8809(96)01053-5

Ichihara, M., Inagaki, H., Matsuno, K., Saiki,
C., Mizumoto, S., Yamaguchi, S., Yamashita,
M., & Sawada, H. (2014a). Postdispersal
weed seed predation by crickets in a rice paddy
field after irrigation water recedes. Japan
Agricultural Research Quarterly: JARQ,
48(1), 63-69. https://doi.org/10.6090/JARQ.
48.63

Ichihara, M., Inagaki, H., Matsuno, K., Saiki, C.,
Yamashita, M., & Sawada, H. (2012).
Postdispersal seed predation by Teleogryllus
emma (Orthoptera: Gryllidae) reduces the
seedling emergence of a non-native grass
weed, Italian ryegrass (Lolium multiflorum).
Weed Biology and Management, 12(3), 131-
135. https://doi.org/10.1111/J.1445-6664.20
12.00445.X

Ichihara, M., Maruyama, K., Yamashita, M.,
Sawada, H., Inagaki, H., Ishida, Y., & Asai, M.

(2011). Quantifying the ecosystem service
of non-native weed seed predation provided
by invertebrates and vertebrates in upland
wheat fields converted from paddy fields.
Agriculture, Ecosystems & Environment,
140(1-2), 191-198. https://doi.org/10.1016/
J.AGEE.2010.12.002

Ichihara, M., Matsuno, K., Inagaki, H., Saiki,
C., Mizumoto, S., Yamaguchi, S., Yamashita,
M., & Sawada, H. (2015). Creation of paddy
levees to enhance the ecosystem service of
weed seed predation by crickets. Landscape
and Ecological Engineering, 11(1), 227-233.
https://doi.org/10.1007/s11355-014-0254-y

Ichihara, M., Uchida, S., Fujii, S., Yamashita,
M., Sawada, H., & Inagaki, H. (2014b).
Weed seedling herbivory by field cricket
Teleogryllus emma (Orthoptera: Gryllidae) in
relation to the depth of seedling emergence.
Weed Biology and Management, 14(2), 99—
105. https://doi.org/10.1111/WBM.12035

Inagaki, H., & Saruta, Y. (2021). Effect of rice
straw mulch on the population density of weed
seed predators in tea gardens. Weed Research
Japan, 80.

Inagaki, H., Matsuno, K., Ohishi, T. &
Takahashi, T. (2010). Effect of mowing
ridges on the population density of wolf
spiders in rice terraces: A study of the rice
terraces of Kurasawa District, Kikugawa,
Shizuoka. Journal of Rural Planning
Association, 28, 267-272. https://doi.org/
10.2750/arp.28.267

Ishitani, M. (2010). Evaluating ground beetles
as indicator species to assess the environments.
Japanese  Journal of  Environmental
Entomology and Zoology, 21(2), 73-83.
https://doi.org/10.11257/jjeez.21.73

Kagawa, Y., Ito, N., & Maeto, K. (2008). Species
composition of ground beetles (Coleoptera:
Carabidae and Brachinidae) in an agricultural
landscape consisting of a mosaic of
vegetations types. Journal of Entomology
(New Series), 11(2), 75-84. https://doi.org/
10.20848/kontyu.11.2_75

Kleijn, D., Berendse, F., Smit, R., & Gilissen, N.
(2001). Agri-environment schemes do not
effectively protect biodiversity in Dutch
agricultural landscapes. Nature, 413(6857),

Copyright © 2022 Universitas Sebelas Maret



Caraka Tani: Journal of Sustainable Agriculture, 37(1), 62-70, 2022 69

723-725. https://doi.org/10.1038/35099540

Koprdova, S., Saska, P., Honék, A. &
Martinkova, Z. (2010). Seed consumption
by millipedes. Pedobiologia, 54(1), 31-
36. https://doi.org/10.1016/J.PEDOBI.2010.0
8.005

Laureto, L. M. O., Cianciaruso, M. V., &
Samia, D. S. M. (2015). Functional diversity:
An overview of its history and applicability.
Natureza & Conservacdo, 13(2), 112-116.
https://doi.org/10.1016/J.NCON.2015.11.001

Le Cceur, D., Baudry, J., Burel, F., & Thenail,
C. (2002). Why and how we should study
field boundary biodiversity in an agrarian
landscape context. Agriculture, Ecosystems
& Environment, 89(1-2), 23-40. https://doi.
0rg/10.1016/S0167-8809(01)00316-4

Lee, C. M., Nagai, Y., Hirowatari, T., Ishitani,
M., & Ishii, M. (2008). Change in structure
of ground-beetle assemblage on levee of
paddy field after the paddy reclamation
in Southern Osaka, Central Japan. Nature and
Insects, 43, 6-10. Retrieved from https://
www.researchgate.net/publication/284421350
_Change_in_structure_of_ground-beetle_asse
mblage_on_levee of paddy field after the
paddy_reclamation_in_southern_Osaka_centr
al_Japan

MAFF. (2010). The biodiversity strategy of the
Ministry of Agriculture, Forestry and
Fisheries. Japan: Ministry of Agriculture,
Forestry and Fisheries

MAFF. (2012). Indicator animals of functional
agrobiodiversity: A survey and evaluation
manual. Japan: Ministry of Agriculture,
Forestry and Fisheries. Retrieved from
http://www.naro.affrc.go.jp/archive/niaes/tech
doc/shihyo/

Magurran, A. E. (1988). Ecological diversity and
its measurement. Princeton, New Jersey:
Springer Netherlands. https://doi.org/10.1007/
978-94-015-7358-0

Marshall, E. J. P., & Moonen, A. C. (2002).
Field margins in northern Europe: Their
functions and interactions with agriculture.
Agriculture, Ecosystems & Environment,
89(1-2), 5-21. https://doi.org/10.1016/S0167-
8809(01)00315-2

Martin, E. A., Dainese, M., Clough, Y., Baldi,
A., Bommarco, R., Gagic, V., ... Steffan-
Dewenter, |. (2019). The interplay of
landscape composition and configuration:
New pathways to manage functional
biodiversity and agroecosystem services
across Europe. Ecology Letters, 22(7), 1083—
1094. https://doi.org/10.1111/ELE.13265

Ministry of Foreign Affairs. (2021). Convention
on biological diversity. Ministry of Foreign
Affairs of Japan. Retrieved from https:/
www.mofa.go.jp/ic/ge/page25e_000049.html

Moonen, A. C., & Barberi, P. (2008). Functional
biodiversity: An agroecosystem approach.
Agriculture, Ecosystems & Environment,
127(1-2), 7-21. https://doi.org/10.1016/J.
AGEE.2008.02.013

Norris, R. F., & Kogan, M. (2000). Interactions
between weeds, arthropod pests, and their
natural enemies in managed ecosystems.
Weed Science, 48(1), 94-158. https://doi.
0rg/10.1614/0043-1745(2000)048[0094:1BW
APA]2.0.CO;2

Norris, R. F., & Kogan, M. (2005). Ecology
interactions between weeds and arthropods.
Review of Entomology, 50, 479-503. https://
doi.org/10.1146/ANNUREV.ENTO0.49.06180
2.123218

Nyffeler, M., & Benz, G. (1988). Feeding ecology
and predatory importance of wolf spiders
(Pardosa spp.) (Araneae, Lycosidae) in winter
wheat fields. Journal of Applied Entomology,
106(1-5), 123-134. https://doi.org/10.1111/
J.1439-0418.1988.TB00575.X

Pausch, R. D. (1979). Observations on the biology
of the seed corn Beetles, Stenolophus
comma and Stenolophus lecontei. Annals of
the Entomological Society of America, 72(1),
24-28. https://doi.org/10.1093/AESA/72.1.24

Rouphael, S., Moonen, A., Barberi, P., Petacchi,
R., & Boccaccio, L. (2008). Expression of
on-farm functional biodiversity as affected by
management and multi-scale agroecosystem
disturbance. 10BC wprs Bulletin, 34, 85-88.
Retrieved from http://www.iobc-wprs.org/pub
/bulletins/iobc-wprs_bulletin_2008_34.pdf#
page=93

Sa’adah, A., & Haryadi, N. T. (2021). The
effectiveness of weed as beetle bank against

Copyright © 2022 Universitas Sebelas Maret



70 Caraka Tani: Journal of Sustainable Agriculture, 37(1), 62-70, 2022

abundance of soil Arthropods on corn
(Zea mays. L). The Journal of Experimental
Life Science, 11(2), 54-59. https://doi.org/
10.21776/ub.jels.2021.011.02.05

Sakiyama, S., Kanazaki, S., & Miyashita, Y.
(2013). Evaluate the biodiversity of citrus
orchards using bioindicator, 1 Selection of
Bioindicator. Bulletin of the Fruit Tree
Research Center, Ehime Research Institute of
Agriculture. Forestry and Fisheries, 4, 9-21.

Saska, P. (2008). Granivory in terrestrial isopods.
Ecological Entomology, 33(6), 742-747.
https://doi.org/10.1111/J.1365-2311.2008.010
26.X

Shannon, C. E., & Weaver, W. (1949).
The mathematical theory of communication
(1st ed.). Urbana: University of Illinois Press.
Retrieved from https://scholar.google.
co.id/scholar?cluster=1304731872813291199
1&hl=id&as_sdt=2005&sciodt=0,5&authuser
=3

Smart, S. M., Bunce, R. G. H., Firbank, L. G.,
& Coward, P. (2002). Do field boundaries
act as refugia for grassland plant species
diversity in intensively managed agricultural
landscapes in Britain? Agriculture, Ecosystems
& Environment, 91(1-3), 73-87. https://
doi.org/10.1016/S0167-8809(01)00259-6

Sotherton, N. W. (1995). Beetle banks helping
nature to control pests. Pesticide Outlook, 6(6),
13-17. https://doi.org/10.3/JQUERY-UIL.JS

Southwood, R. E., & Way, M. J. (1970).
Ecological background to pest management.
InR. C. Rabb & F. E. Guthrie (Eds.), Concepts
of pest management (pp. 6-29). Raleigh: North
Carolina State University.

Storkey, J. (2006). A functional group approach
to the management of UK arable weeds to
support biological diversity. Weed Research,
46(6), 513-522. https://doi.org/10.1111/J.13
65-3180.2006.00528.X

Sunderland, K. D., Crook, N. E., Stacey, D. L.,
& Fuller, B. J. (1987). A study of feeding
by polyphagous predators on cereal aphids
using Elisa and Gut dissection. The Journal
of Applied Ecology, 24(3), 907. https://
doi.org/10.2307/2403989

Sunderland, K. D., & Vickerman, G. P. (1980).

Aphid Feeding by some polyphagous
predators in relation to aphid density in cereal
fields. The Journal of Applied Ecology, 17(2),
389-396. https://doi.org/10.2307/2402334

Tanaka, K. (2016). Functional biodiversity
indicators and their evaluation methods
in Japanese farmlands. In K. Yagi & C. G.
Kuo (Eds.), The challenges of agro-
environmental research in monsoon Asia,
Niaes series (pp. 159-169). Ibaraki: National
Institute for Agro-Environmental Sciences.
Retrieved from http://www.naro.affrc.go.jp/
archive/niaes/sinfo/publish/niaes6/niaes_6 15
9.pdf

Tanaka, K., & lhara, F. (2012). Biodiversity
research for the development of indicator
organisms in environment-preserving
agriculture. In S. Nakano, T. Yahara, T.
Nakashizuka  (Eds.), The Biodiversity
Observation Network in the Asia-Pacific
Region (pp. 375-385). Tokyo: Springer.
https://doi.org/10.1007/978-4-431-54032-8 _
26

Thomas, M. B., Wratten, S. D., & Sotherton,
N. W. (1991). Creation of “island" habitats
in farmland to manipulate populations of
beneficial arthropods: Predator densities
and emigration. Journal of Applied Ecology,
28(3), 906-917. https://doi.org/10.2307/240
4216

Yahiro, K., Fujimoto, T., Tokuda, M., & Yano,
K. (1992). Species composition and seasonal
abundance of ground beetles (Coleoptera)
in paddy fields. Insects, 60(4). Retrieved
from https://dl.ndl.go.jp/info:ndljp/pid/10654
420

Yamazaki, K., Sugiura, S., & Kawamura, K.
(2003). Ground  beetles  (Coleoptera:
Carabidae) and other insect predators
overwintering in arable and fallow fields
in central Japan. Applied Entomology and
Zoology, 38(4), 449-459. https://doi.org/
10.1303/AEZ.2003.449

Yoshioka, K., & Takahashi, T. (2005). Effects
of the sod culture on the outflow of soil
and fertilizer nitrogen in citrus orchard.
Bulletin of the Shizuoka Prefectural Citrus
Experiment Station, 34, 7-13. Retrieved from
https://agris.fao.org/agris-search/search.do?
recordID=JP2006003801

Copyright © 2022 Universitas Sebelas Maret



