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Abstract We examined the effects of environmen-
tally friendly (EF) farming and landscape factors on
the abundances of major spider guilds and a rice pest,
the small brown planthopper (SBPH), Laodelphax
striatellus (Fallén), in a Japanese rice paddy ecosys-
tem. The abundances of all spider guilds increased by
EF farming, whereas different spider guilds showed
contrasting responses to the size of the forest within
200 m of the fields. The abundances of ground spiders
and horizontal web weavers increased with increasing
forest area, unlike small ground spiders, whose
abundance decreased. The abundances of SBPH
nymphs and adults decreased by EF farming but
responded differently to landscape: nymphs decreased
with increasing forest area, but adults did not. Further
analysis indicated a potential negative relationship
between web-weaving spiders and SBPH nymphs. Our
findings suggest that the size of the forest adjacent to
fields is an important determinant of spider guild
composition and pest abundance.
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Introduction

Pest insect control by generalist predators such as
spiders and carabid beetles is an important ecosystem
service in agro-ecosystems (Marc and Canard 1997;
Riechert and Lockley 1984; Sunderland and Samu
2000). The importance of such pest control is increas-
ing because environmentally friendly (EF) farming, in
which the use of agrochemicals and chemical fertiliz-
ers is reduced, is being promoted around the world
(Willer et al. 2010). Therefore, exploring factors
affecting predator communities and their pest control
services in the field is an important issue in conserva-
tion biological control (Tscharntke et al. 2007).

Both agricultural practices and environmental fac-
tors beyond the field scale are important determinants
of predator communities and their pest control services
(Bianchi et al. 2006; Tscharntke et al. 2007). In terms
of agricultural practices, the functions of generalist
predators can be enhanced by EF farming because
predator communities within EF-farmed fields are
generally more diverse and complex than those in
conventionally farmed fields (Bengtsson et al. 2005;
Tuck et al. 2014). Furthermore, the surrounding
landscape influences the abundance and diversity of
predators by providing alternative habitats for field
organisms, including both prey and predators, when
arable fields are unsuitable (Bianchi et al. 2006;
Schmidt et al. 2008; Tscharntke et al. 2007). Because
responses to landscapes likely differ among predator
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groups with different habitat uses, the guild and
taxonomic compositions of predators potentially vary
depending on the surrounding landscape, and this in
turn has different consequences for pest control
services. Many studies have explored how local and
landscape factors determine the diversity and abun-
dance of generalist predators in upland farmlands, such
as in wheat fields and meadows (reviewed by Tscharn-
tke et al. 2007), and the number of studies on the
relationship between predator abundance or diversity
and their pest control services is rapidly increasing.
However, relatively few studies have integrated a
series of effects from the landscape to pest control
service via changes in the natural enemy community
(but see Birkhofer et al. 2016; Picchi et al. 2016).
Furthermore, these landscape-scale studies have been
biased towards European upland fields; there have
been very few studies of rice paddy ecosystems, which
constitute the major type of farmland in Asia (Betz and
Tscharntke 2017; Katayama et al. 2015; Tsutsui et al.
2016). The composition of natural enemies and pests
and the surrounding landscape completely differ
between European upland fields and Asian paddy
fields, so studies on paddy ecosystems are expected to
provide novel and useful knowledge for conservation
biological control in Asian countries.

Here, we attempted to elucidate the insect pest
control services provided by generalist predators and
associated with local and landscape factors in
Japanese rice paddy ecosystems. We focused on the
small brown planthopper (SBPH), Laodelphax stri-
atellus (Fallén 1826), one of the most important pest
insects of rice plants in Asia (Cheng 2009). Although
this species usually does not directly damage rice
plants by feeding on them, it can transmit the rice
stripe virus (RSV) to rice plants, which then develop
rice stripe disease (Shinkai 1962). Recently, the
density of SBPH has gradually been increasing (Shiba
2016), and the frequency of individuals carrying RSV
has increased in the western (Matsumura and Otuka
2009) and eastern (Ogura et al. 2014; Okabe and
Sugiyama 2016; Tsukahara 2016) regions of Japan.
Additionally, the susceptibility of SBPH to certain
kinds of insecticide (e.g., fipronil) has recently
declined (Sanada-Morimura et al. 2011; Tsukahara
2016), so an effective pest control technique to replace
insecticide application needs to be developed.

We focused on spiders, which are major generalist
predators in rice paddy ecosystems (Tanaka 2016) and
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act as agents that regulate SBPH. Although many
spider species occur in rice paddy fields, the following
four spider guilds, which have different prey capture
behaviors, are representative: horizontal web weavers
(Tetragnatha), cursorial ground spiders (Lycosidae),
small ground sheet-web weavers (Erigoninae), and
small semi-wandering spiders (Pachygnatha).
Although, to our knowledge, the suppression effects
of spiders on the SBPH population have not been
explored, spiders can be considered potential enemies,
because some are major biocontrol agents for hemi-
pteran pest insects (Kiritani et al. 1972; Kobayashi
etal. 2011; Takada et al. 2012). Spider abundance and
guild composition are spatially variable and are
influenced by agricultural practices (Takada et al.
2014; Tanaka 2016) and surrounding landscapes
(Amano et al. 2011; Baba and Tanaka 2016b; Tsutsui
et al. 2016). These changes in spider abundance and
composition influence pest populations. Therefore, to
use the pest control function of spiders, we need to
understand how both agricultural practices and land-
scape factors influence spider communities and their
pest control functions.

Here, we evaluated local and landscape factors
influencing the abundance of spiders and their pest
control services in a rice paddy ecosystem. We first
investigated the abundances of four major guilds of
spiders and SBPH in conventional and EF-farmed
paddy fields located across heterogeneous landscapes,
and we analyzed the effects of agricultural practices
and landscape factors on these abundances. Second, to
detect the impacts of spiders on the pest population,
we clarified the relationships between spiders and pest
insect abundances, taking into account other con-
founding factors with generalized linear models. We
hypothesized that, if the surrounding landscape were
to change, the guild composition of spiders would also
change to reflect the spiders’ divergent responses to
landscape factors, and this would probably result in
different effects on pest control services.

Materials and methods
Study area and sampling design
The field survey was conducted in 2012 and 2013 at

Shioya-cho, Tochigi Prefecture, in the northern part of
the Kanto region of Japan (Fig. 1). As study plots, ten
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Fig. 1 Study area in Shioya-cho, Tochigi Prefecture, Japan. White and black circles indicate environmentally friendly farmed and
conventionally farmed paddy fields, respectively. v paddy fields were surveyed in 2013 only

EF-farmed paddy fields were surveyed in both years,
and seven and ten conventional paddies were surveyed
in 2012 and 2013, respectively. The size of paddy field
is ranging from 1366 to 8586 m”. These paddy fields
are located along a gradient from simple arable fields
to forest-rich landscapes, thus allowing us to test the
influences of fine-scale landscape differences on
organisms. The major difference between EF and
conventional farming practices was insecticide use
(Table 1). In the case of the EF fields, no insecticides
had been used since 2010, whereas neonicotinoid,
phenylpyrazole, and/or synthetic pyrethroid insecti-
cides had been applied to the rice-seedling nursery
boxes and paddy fields in the conventional farming
practices. In addition, the fungicides and herbicides
applied to the EF fields had lower toxicity to
organisms than those applied to the conventional
fields.

Target organisms

Four major spider guilds with different prey-capture
behaviors, namely Tetragnatha, lysosids, erigonines,
and Pachygnatha, were investigated as predators.
Tetragnatha spiders (Tetragnathidae) are among the
predominant generalist predators in Asian rice paddy
ecosystems (Okuma et al. 1978; Pei and Nakamura,
2012). These spiders prefer damp habitats and build
horizontal orb-webs among rice plants. In our study
fields, five Tetragnatha species, T. praedonia L. Koch

1878, T. maxillosa Thorell 1895, T. caudicula (Karsch
1879), T. extensa (Linnaeus 1758), and T. vermiformis
Emerton 1884, have been observed (Baba and Tanaka
2016a). Lycosids are cursorial ground spiders and are
effective biological control agents for the green rice
leafhopper, Nephotettix cincticeps Uhler 1896 (Kiri-
tani et al. 1972). The two dominant species, Pardosa
pseudoannulata (Bosenberg and Strand 1906) and
Pirata subpiraticus (Bosenberg and Strand 1906)
(Baba and Tanaka 2016a), feed on prey insects above
the water surface or on the bases of rice plants.
Erigonine (Linyphiidae) communities are dominated
by three species (Erigone prominens Bosenberg and
Strand 1906, Gnathonarium exsiccatum (Bdsenberg
and Strand 1906) and Ummeliata insecticeps (Bosen-
berg and Strand 1906)) of small ground spiders. They
construct small sheet webs in the lower parts of rice
plants, but they often wander and capture prey directly
without a web (Nakasuji et al. 1973). Pachygnatha
spiders in our study system are two main species (P.
tenera Karsch 1879 and P. quadrimaculata (Bosen-
berg and Strand 1906)) and are also categorized as
small cursorial ground spiders despite belonging to the
Tetragnathidae (most of which construct orb-webs),
because they are likely to forsake web construction.
However, their detailed life history remains unclear.
The SBPH as a pest insect is dimorphic, with fully
winged (macropterous) and truncated winged
(brachypterous) forms. The fully winged forms are
potential migrants and are responsible for colonizing
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Table 1 Major agrochemical types and their components applied to paddy fields under conventional farming and environmentally

friendly (EF) farming practices in the study fields

Season Type Chemical ingradient/Organic matter®
Conv. farming EF farming
Pesticides
Early to mid-May Insecticides (NB)b Fipronil (G), imidacloprid (G), or clothianidin No
(©)
Fungicides (NB)b Probenazole (G), thiadinil (G), or orysastrobin Isotianil (G)
(&)
Mid to late May Herbicides Pyraclonil-propyrisulfuron (LVG or FL) Pyrimisulfan-oxaziclomefone
(LVG)
butachlor-pentoxazone (LVG)
June (a few fields) Herbicide Bentazone (G)
(additional)

Early to mid-August Insecticides

Dinotefuran (FL) or etofenprox (FL or SE) No

Fungicides Tricyclazole (FL) or azoxystrobin (FL or SE) No
Fertilizers
February Organic fertilizer No Fermented chicken manure
Manureearly to late Chemical fertilizers Nitrogen-phosphoric acid—potassium Urea
April
Potassiumurealate Organic fertilizers  No Surya Guano®, Mg Marine®®
April

“The pesticide formulation is indicated by the symbols in patentheses. G: granule, LVG: low volume granule, FL: flowable, SE: suspo

emulsion

PNB: The pesticides were applied to a rice-seedling nursery box before transplanting the rice seedlings

“Surya Guano®, Mg Marine®: Natural fertilizers (Asunarosha Co. Ltd., Mito, Ibaraki Prefecture, Japan, http:/asunarosha.co.jp/)

new fields. In the Kanto region, this species is thought
to produce at least three generations during the rice
growing season (Okabe and Sugiyama 2016). After
immigration to rice fields from the surrounding
grasslands and wheat fields in late May, they produce
the next generation, in which most of the females
develop as a brachypterous form and the males as a
macropterous form. Adults usually mate on the day of
emergence, and females start laying eggs the follow-
ing day. Eggs hatch in about 6-9 days, and the nymphs
undergo five instars to develop into adults. The
second-generation adults occur from late June to
mid-July (during the rice tillering to heading stages),
and the third-generation adults occur starting in late
July (the heading stage).

Sampling protocol

We sampled spiders and pest insects on 18 and 19 July
and 8 and 9 August 2012, and 24 and 25 July and 7 and
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8 August 2013, when spiders and SBPH were most
abundant. To collect SBPH and spiders with different
prey-capture behaviors, two sampling methods were
adopted. Tetragnatha spiders and SBPH were col-
lected by sweep-netting. The rice plants were swept
with an insect net (36 cm internal diameter) 20 times
while the researcher walked along an arbitrary transect
within the paddy field. This procedure was conducted
in two locations within each field. All arthropods
collected were killed with a household insecticide and
preserved in polypropylene vials filled with 75%
ethanol. The target spiders and pest insects were then
sorted and counted in the laboratory. In the second
sampling procedure, the other spiders (lycosid, erigo-
nine, and Pachygnatha spiders), which live near the
paddy water or ground surface, were visually counted
by pushing aside the rice plants. Five hills of rice
plants were surveyed per plot, and four plots were
investigated per rice paddy field (for a total of 20 rice
hills per field).
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Landscape metrics

We created polygon data on land uses in the study area
(e.g., arable field, open water, forest, road, buildings,
and abandoned fields) on the basis of a national basic
map (1:10,000) and a high-resolution aerial chart by
using the remote-sensing software ERDAS IMAGINE
(Hexagon Geospatial, GA, USA) and ArcGIS 10.1
(Esri, Redlands, CA, USA). Landscape metrics were
measured by using ArcView 3.10 GIS software (Esri,
Redlands, CA, USA). The areas of land dedicated to
each use were evaluated within 50, 100, and 200 m
buffers from the periphery of the study fields. We used
the sizes of the areas of land covered by forests or
buildings in our analyses as potential factors influenc-
ing the abundances of the target organisms. The other
land uses were not considered because the area of
arable field showed a strong negative correlation with
the forested area at two spatial scales (arable field vs.
forest: 50m, r=-—038 P =0.10; 100 m,
r=—064, P=0.002; 200m, r=—0.84,
P < 0.001), and abandoned fields, open water, and
road accounted for only small fractions of the total
area of buffers.

Statistical analysis

To analyze the effects of local field management
(environmentally friendly vs. conventional) and land-
scape factors (size of the areas of land covered by
forests or buildings) on the abundances of the different
spider guilds and pest insects, generalized linear
models (GLMs) with a negative-binomial distribution
and a log-link function were applied, including the
number of surveys (2-4) as an offset term. The
abundance data on spiders for different years and
months were combined, as were those for pest insects.
Possible two-way interactions of the explanatory
variables were not included because of the relatively
small sample sizes. If the opposite response of
abundance to the explanatory variables was found
between spiders and the pest insect, we added spider
abundance to the original model explaining pest
abundance to test the potential pest-suppression effect
of spiders. The best model explaining the variability of
the abundance was selected on the basis of the lowest
akaike information criteria (AIC) value. We adopted
the following two procedures to detect the best model.
First, to specify the effective spatial scale of the

landscape, we applied the statistical model to all
possible combinations of explanatory variables for
each buffer size and compared model performance by
using the AIC values. The lowest AIC value of the
model in each buffer size were compared, and the
buffer size showing the lowest value was regarded as
an effective spatial scale. Next, to identify explanatory
variables influencing the abundance of organisms, we
created a model for all explanatory variable combina-
tions on the effective spatial scale and calculated the
difference from the lowest AIC value (AAI-
C = AIC—Ilowest AIC). All models showing
AAIC < 2 are considered as valid alternative models,
so these models were shown in the results. We
determined influential variables based on the z values
of their coefficients (estimate/SE). Variables with
z values > 1.96 were considered to be influential
(Burnham and Anderson 2002). The statistical signif-
icance level of each coefficient was also assessed by
the Wald test. These procedures were conducted by
using the MASS packages of R 2.3.4 software (R Core
Team 2014). In general, the geographical coordinates
of each field should be taken into account to evaluate
the effect of spatial autocorrelation, but it is difficult to
distinguish it from landscape effect due to the relative
small sample size and the spatial proximity. So we
decide not to consider it here as well as in the previous
study (Tsutsui et al. 2016).

Results

A total of 2466 Tetragnatha spider individuals were
collected by net-sweeping, and 2257 other spiders
were counted visually (Lycosidae, n = 1187; Erigo-
ninae, n = 772; and Pachygnatha, n = 298). In total,
14,229 nymph and 5332 adult SBPH were collected.

Spiders

The model selection results showed that the abun-
dances of the four spider guilds were influenced by
local agricultural practices and landscape factors
within 200 m of the periphery of the rice paddy fields.
Environmentally friendly farming positively influ-
enced the abundances of all of the spider guilds.
However, landscape factors had contrasting effects
(Table 2). Increasing forested area within 200 m had a
positive effect on both Tetragnatha and lycosid
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Table 2 Effects of local (EF farming as opposed to conven-
tional farming) and landscape (size of land area covered by
forest or buildings in the 200 m buffer) factors on the abun-
dances of four spider guilds and the pest insect, based on a
generalized linear model

Group Rank  Z value
Forest Building  EF farming
Tetragnatha 1 3.07+* 3.59:%*
2 3.48+** 1.30 371
Lycosidae 1 5.12%%% 6.85%%%
2 4.30*%**  — 0.41 6.897%%*
Erigoninae 1 — 3.08** 5.22%%%
2 — 2.71%* 0.05 5.19%%*
Pachygnatha 1 — 3.13** 5.76%%*
2 — 2.77** 0.00 5.73#%%
Small brown planthopper
Nymphs 1 — 2.18% — 2.50%
2 — 2.79%% — 153 — 2.28%
Adults 1 —2.11*%
2 0.79 —1.93
3 —0.15 — 2.04*

The models with AAIC < 2 are shown in descending order of
rank of AIC value. “Rank” represents the ranking of the
performance of the model based on the AIC value. Bold
character indicates variables with z value larger than 1.96 that
are considered to be influential

The asterisk represents a statistical significance level assessed
by the Wald test

*P < 0.05; **P < 0.01; *** P < 0.001

spiders, but a negative effect on erigonine and
Pachygnatha spiders (Table 2, Fig. 2).

SBPH and its relationship to spiders

Abundances of SBPH nymphs and adults were influ-
enced by different local and landscape factors. The
best selected model showed that the nymphs were
negatively influenced by EF farming and by increasing
forest area within 200 m of the periphery of the rice
field, whereas the adults were negatively influenced
only by EF farming (Mean + SE, EF farming
60.83 &+ 7.73; conv. farming 90.18 £ 12.76)
(Table 3). The results indicated a negative effect of
Tetragnatha and lycosid abundance on SBPH nymphs.
Therefore, we added spider abundances as explanatory
variables to the original statistical models. In the
model selection, a greater abundance of Tetragnatha
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spiders consistently had a negative effect on SBPH
nymphs in the best and two competitive models,
although nine competitive models (AAIC < 2) were
found (Table 3, Fig. 3). The same analysis was also
applied to the SBPH adults, but the best model did not
include the effect of spider abundances, and there were
seven competitive models (AAIC < 2), indicating no
consistent effect of spiders.

Discussion

Our results showed that both agricultural practice and
fine-scale landscape factors influenced the abundances
of spiders with different foraging behaviors and the
target pest insect. Different spider guilds exhibited
different responses to increases in the amount of
forested area within 200 m of the rice field, indicating
that the guild composition of spiders potentially varied
depending on the surrounding landscape. Further-
more, the abundance of Tetragnatha spiders had a
negative influence on the abundance of SBPH
nymphs, suggesting that the surrounding landscape
indirectly influenced the pest control service mediated
by spiders. Below we discuss the possible mechanisms
of the landscape and EF farming effects on spiders and
the pest insect.

Environmentally friendly farming (i.e., non-use of
insecticides) had a positive effect on the abundance of
all spider guilds, suggesting that the practice of
applying insecticides twice a season decreased spider
density. The mechanism by which insecticides
decrease the abundance of spiders is thought to differ
depending on the type of insecticide. Insecticides
applied to rice fields in August—especially etofenprox
(Tanaka et al. 2000)—may directly decrease spider
abundance, whereas early insecticide application to
rice-seedling nursery boxes may indirectly decrease it,
because spiders are not directly exposed to the
insecticide. Insecticides applied to nursery boxes,
such as fipronil and imidacloprid, have negative
effects on aquatic insect communities (Hayasaka
et al. 2012). Consequently, the early-season (nurs-
ery-box) insecticides probably reduced spider abun-
dances by decreasing the amount of available insect
prey emerging from the paddy water (e.g., chironomid
midges: Takada et al. 2014; Tsutsui et al. 2016).

Unlike the effect of agricultural practice, landscape
effect varied among the spider guilds. An increase in
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the amount of forest area within the 200-m buffer had a
positive effect on Tetragnatha and lycosid spiders but
a negative one on erigonine and Pachygnatha spiders.
Because the surrounding landscape serves as alterna-
tive habitat for spiders or a source habitat for their
potential insect prey (Miyashita et al. 2012; Tsutsui
et al. 2016), these opposite responses may reflect
differences in habitat use or prey types among spider
guilds. Because Tetragnatha and lycosid spiders do
not typically inhabit forest (Baba, unpublished data),
they may benefit from forest through its food supply.
This possibility is strongly supported by a previous
study conducted in the same area (Tsutsui et al. 2016),
which revealed that the availability of chironomid
midges—a major part of the diet of Tetragnatha—
increased as the amount of surrounding forest area
increased. On the other hand, there is an alternative
possibility that spiders accumulate in paddy fields with
a large surrounding forest area because there are no

0 20000 60000 100000
Forest size within 200 m (m?)

suitable habitats around them. Further investigation to
confirm the ecological process is necessary.

In contrast, the negative relationship between the
abundances of erigonine and Pachygnatha spiders and
increasing forest area is likely related to the spiders’
habitat use. Some erigonine spiders are abundant in
arable fields and not in the surrounding natural habitat
(Schmidt and Tscharntke 2005), and they prefer
disturbed habitats (Samu and Szinetar 2002). Thus,
forest may be an unsuitable habitat for these small
spiders, and an increase in forest area may fragment
their preferred habitats at the landscape level. In
addition, increased forest area may provide suit-
able habitat for their competitors or predators. For
example, the abundance of lycosid spiders increases as
the surrounding forest area increases and the abun-
dance of small spiders decreases because the larger
spiders prey on the smaller ones (e.g. Denno et al.
2004). To confirm the ecological processes related to

@ Springer



272

Y. G. Baba et al.

Table 3 Results of model selection explaining variability in the abundances of nymphs and adults of the small brown planthopper

against spider abundance, local management, and landscape factor

Stage of small brown planthopper Rank z value
Forest EF farming Lycosidae Tetragnatha
Nymphs 1 — 3.02%*
2 —3.21%*
3 — 0.40 — 2.31%
4 — 2.18* —2.50*
5 - 0.77 — 2.46%*
6 —0.78 —-0.83
7 — 0.65 — 2.52%
8 — 1.18 — 132 — 1.28
9 — 043 — 2.24%
Adults 1 —211%
2 1.92 — 2.20%
3 1.89 — 2.19%
4 0.79 - 193
5 — 1.58 — 0.58
6 1.45 —0.78 — 1.34
7 — 1.49 - 0.29

The models with AAIC < 2 are shown in descending order of rank of AIC value. “Rank” represents the ranking of the performance
of the model based on the AIC value. Bold character indicates variables with z value larger than 1.96 that are considered to be

influential

The asterisk represents a statistical significance level assessed by the Wald test

* P <0.05; % P < 0.01; *** P < 0.001
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Fig. 3 Relationship between the abundance of SBPH nymphs
and Tetragnatha spiders in environmentally friendly (EF)
farmed and conventional farmed paddy fields proposed by the
best explanatory model including only the effect of Tetragnatha
spider abundance. Solid line represents the fitting line of GLM

the landscape effect, it is necessary to investigate the

fundamental ecology of these spiders, such as habitat
use, prey types, and inter-specific interactions.
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Environmentally friendly farming negatively
affected the abundance of SBPH nymphs and adults.
An increase in the area of surrounding forest also
negatively affected the nymphs, but landscape factors
had no effect on the adults. The negative effect of this
increase in forest area on the nymphs suggest two
possibilities. One is the possibility that the potential
habitat of pests (e.g. grassland) will decrease as
surrounding forest increases. The other possibility is
that the decrease in pests is attributable to the
abundance of Tetragnatha spiders, which increased
with increasing forest area. This possibility is sup-
ported by the result that Tetragnatha abundance had a
negative effect on SBPH nymph abundance (Fig. 3).
However, since there were many competitive models
showing AAIC < 2 in the results of model selection,
further verification is needed. On the other hand, the
decrease in the number of adult SBPH in EF farming
fields could not be explained by the increase in spider
abundances, although adult SBPH are also likely to be
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captured by various spider guilds. This may be a result
of a weakness in statistical power or a synergetic pest
suppression effect by predators that is not simply equal
to the sum of predator abundances (e.g. Losey and
Denno 1998). Because the statistical results did not
necessarily suggest a causal relationship of pest
control by spiders and direct interaction between
spiders and SBPH has never been investigated, there is
a need to directly evaluate the prey-capture rate in
spider webs (Birkhofer et al. 2016; Mader et al. 2016)
or to perform a DNA-based diet-content analysis of
spiders (Birkhofer et al. 2017; Kobayashi et al. 2011)
in future studies.

Our results showed that landscape factors within
narrow areas (within 200 m of the paddy field)
determined spider and pest insect abundances. How-
ever, in this analysis, since only the landscape
elements ranging from 50 to 200 m were analyzed,
there is a possibility that spatial scale factor larger than
200 m may be important. Furthermore, since the
landscape has a nested structure, smaller landscape
elements included in the effective spatial scale may
also have an important role. Therefore, to specify
deterministic factor for spiders and pest abundances, it
is also necessary to focus on a larger spatial scale and
evaluate more detailed landscape structure. It is
noteworthy that more pest insects occurred in con-
ventionally farmed fields than in EF-farmed fields.
This result may indicate a pest resurgence caused by a
decline in the natural enemy population as a result of
the use of insecticides (e.g. Hardin et al. 1995; Settle
et al. 1996). Although the damage to rice caused by
SBPH is currently limited, the number of individuals
with RSV is increasing rapidly in the eastern region of
Japan (Shiba 2016), and SBPH has become less
susceptible to certain kinds of insecticide (Sanada-
Morimura et al. 2011; Tsukahara 2016). In future it
will be necessary to develop an effective technique to
suppress SBPH without using insecticides, and EF
farming practices seem to be an effective way to
enhance the function of SBPH’s natural enemies.

Here, we were able to elucidate the responses of
spider community and pest insect to landscape and
agricultural practices in rice paddy ecosystems.
Because the responses of spiders to landscape factors
are diverse, the dominant spider species (or guilds)
vary depending on landscape structure. For example,
small Erigoninae and Pachygnatha spiders, which are
negatively influenced by the presence of forest, are

abundant in paddy-dominated landscapes and may
play an important pest-suppression role there. As a
future study, we need to test the pest control function
of spider by considering a positive interaction among
spiders in which different spider guilds cooperatively
suppress pest insects (e.g. Takada et al. 2013). This
synergetic pest suppression among multiple predators
may be important, especially in rice paddy ecosys-
tems, because predator diversity in rice paddy fields
appears to be high (Kiritani 2000; Usio and Miyashita
2015). Therefore, to evaluate the comprehensive
ecosystem function of spiders we need to conduct
further investigations to clarify the individual and
interactive pest-suppression functions of a broad range
of guilds of spiders under various landscape contexts.
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