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ABSTRACT

Spiders play an important role in regulating insect pests in the agricultural ecosystem.
There are a large number of species, many of them with high population densities. There are
22 families, 99 genera and 175 species of spiders in Korean rice fields. They limit the avail-
ability of habitats open to insect pests of rice by occupying various microhabitats. They have a
wide range of prey species, catch significant numbers of prey and use various foraging strate-
gies. Most of the spiders in rice fields seem to evacuate the field after the application of insec-
ticides and move back into the field later. Their predatory capacity can have a synergistic effect
in suppressing densities of insect pests when they are used to complement the effect of insecti-

cides.

INTRODUCTION

For many decades, insecticides have been
widely used to control rice pests. However, the
continuous use of a wide range of pesticides has
caused many side effects, including loss of
biodiversity, the problem of secondary pests,
insecticide resistance, residual toxicity, the
resurgence of insect pests, and environmental
pollution. Recently, many efforts have been made
to combine various non-chemical control methods
with insecticides in systems of Integrated Pest
Management (IPM). Onesuch effortisthecombined
useof natural enemieswithinsecticides. Many uses
of parasiticand predatory natural enemiesto control
agricultural pests have been reported (Van den
Bosch et al. 1992).

Spidersare carnivorousarthropods. They are
classifiedinto 40,000 species, and arefound all over
the world in amost every kind of habitat. They
mainly prey oninsects, although they may alsofeed
on various other kinds of prey. The population
densities and species abundance of spider
communitiesin agricultural fields can beashigh as
innatural ecosystems(Turnbull 1973, Tanaka 1989,
Riechert 1981).

Spiders consume alarge number of prey, and

do not damage plants. They can achieve an
equilibrium in pest control, after which their own
numbers are suppressed by their territoriality and
cannibalism. For some time, spiders have been
considered important predatorswhich help regulate
thepopulation densitiesof insect pests(Pickett et al.
1946, Dondale 1956, Duffey 1962, Kajak et al.
1968, Fox and Dondale 1972, Tanaka 1989). In
particular, spider communities in areas with a
temperateclimateachieveequilibriuminthecontrol
of agricultural pests (Riechert 1982). In spite of
this, they have not usually been treated as an
important biological control agent, becausethereis
solittleinformation ontheecological roleof spiders
inpestcontrol (Turnbull 1973, Riechertand L ockley
1984).

However, research has shown that spidersin
ricefieldscan play animportant role aspredatorsin
reducing the densities of planthoppers and
leafhoppers (Hamamura 1969, Sasaba et al. 1973,
Gavarra and Raros 1973, Samal and Misra 1975,
Kobayashi 1977, Chiu 1979, Holt et al. 1987, Tanaka
1989). In Korea, many studies have been carried
out to eval uate spidersasabiol ogical control agent.
This Bulletin reviews past research into spidersin
ricefieldsinKorea, and presentsan effectivemethod
of using spiders as abiological control agent.
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STUDIES OF RICE FIELD SPIDERS
IN KOREA

Since E. Strand first described Ganphosa
koreaein 1907, there have been many publications
about spiders in Korea. Currently, a total of 46
families, 222 generaand 626 species of spidersare
recorded from Korea (Namkung et al. 2000).

Upuntil 1970, most of theresearch on spiders
concentrated on identification. From the early
1970s, researchers began to study the basic
ecological and biological characteristics of spiders
as biological control agents. Spidersinricefields
have been studied more than spiders on other crops
(Park et al. 1972, Paik and Kim 1973, Paik et al.
1974, Choi and Namkung 1976, Okuma et al. 1978,
Paik et al. 1979, Y un and Namkung 1979, Paik and
Namkung 1979, Paik and Namkung 1979, Kim et
al. 1990, Kim 1992, Lee et al. 1993a, 1993b, Song
and Lee 1994, Kim and Kim 1995, Kim 1995a,
1995h, Im and Kim 1996, Lee et al. 1997, Yun
1997, Yang et al. 1998, Kim 1998. Im and Kim

1999). However, most of these studieswerelimited
to theidentification of spiders, and to investigating
the dominant spider species, their regional
distribution, seasonal fluctuations and the effect of
insecticides. There were few studies on the spatial
distribution of spiders, how this is related to their
ecological role, and how many insect pests they
consumein rice fields.

RICE FIELD SPIDERS AVAILABLE
IN KOREA

The spiders living in rice fields in Korea
comprise 27.96% of all Korean spiders, and can be
classifiedinto 22 families, 99 generaand 175 species
(Tablel). It hasbeen reported that P. subpiraticus,
P. clercki and G. dentatum are dominant spider
speciesinrice fields (Paik et al. 1979). However,
more recent studies have shown that there is no
regional pattern in the distribution of rice field
spiders, and that P. subpiraticus is the overall
dominant speciesin Korea.

Table 1.0verview of spiders in Korean rice fields

Family No. of genera No. of species Life style

1. Titanoecidae 1 1 Web builder
2. Dictynifae 1 1 Web builder
3. Uloboridae 3 3 Web builder
4. Pholcidae 1 1 Web builder
5. Theridiidae 9 16 Web builder
6. Nesticidae 1 1 Web builder
7. Linyphiidae 13 23 Web builder
8. Araneidae 10 22 Web builder
9. Tetragnathidae . 6 14 Web buiider
10. Agelenidae 3 3 Web builder
11. Hahniidae 1 1 Web builder
12. Pisauridae 2 3 Hunter

13. Lycosidae 6 20 Hunter

14. Oxyopidae 1 4 Hunter

15. Liocranidae 3 3 Hunter

16. Clubionidae 2 6 Hunter

17. Corinnidae 1 1 Hunter

18. Ctenidae 1 1 Hunter

19. Gnaphosidae 8 11 Hunter

20. Thomisidae 8 13 Hunter

21. Philodromidae 2 5 Hunter

22. Salticidae 16 22 Hunter
Total 99 175




Table 2.Important spider predators of rice pests

Family Species Habitat
Theriididae Enoplognatha transversifoveata (Bosenberg et Strand, 1906) Paddy field
Theridion subpallens Bésenberg et Strand, 1906 Paddy field and levee
Linyphiidae Gnathonarium dentatum (Wider, 1834) Paddy field
Ummeliata insecticeps (Bésenberg et Strand, 1906) Paddy field
Araneidae Argiope bruennichi (Scopoli, 1772) Paddy field
Lariniodes cornutus (Clerck, 1757) Paddy field
Tetragnathidae Pachygnatha clercki Sundevall, 1823 Paddy field
Tetragnatha maxillosa Thorell, 1895 Paddy field
Pisauridae Dolomedes sulfureus L. Koch, 1877 Paddy field and levee
Lycosidae Arctosa ebicha Yaginuma, 1960 Paddy field and levee
Arctosa subamylacea (Bosenberg et Strand, 1906 Paddy field and levee
Pardosa 'astrigera L. Loch, 1878 Levee
Pardosa laura Karsch, 1879 Levee
Pirata subpiraticus (Bésenberg et Strand, 1906 Paddy field and levee
Clubionidae Clubiona kurilensis Bosenberg et Strand, 1906 Paddy field
Salticidae Marpissa magister (Karsch, 1879) Paddy field and levee

SEASONAL OCCURRENCE OF SPIDERS IN
KOREAN RICE FIELDS

Seasonal fluctuations of spidersinricefields
in Korea have been reported to follow an “M”
shaped curve(Imand Kim 1996, Choi and Namkung
1976, Hokyo et al. 1976, Kim et al. 1990, Paik et al.
1979, Yang et al. 1998). Other surveyswhich began
at a different time and covered a different period
have reported that fluctuations in the density of
spider communities followed a curve shaped like a
“W” (Choi and Namkung 1976, Y un and Namkung
1979).

During therice growing period in Korea, rice
field spiders generally show two peaks. One is
when spiders which have overwintered nearby
migrate into the paddy, and the other is when the
second generation of the year appears. However,
annual fluctuationsin numbers of ricefield spiders
showed several peaks when overwintering periods
areincluded (Fig. 1).

Spidersinricefieldsin Koreastart to build up
their populationsinthe middle of July, 40 - 45 days
after transplanting, (Kim 1992, Yun 1997). The
same pattern is seen in Japan, which has a similar
agricultural environment (Kobayashi and Shibata
1973). Hamamura (1969) has reported that the
density of spidersin rice fields in Japan is always
low when transplanting is taking place. Lee et al.

(1997) suggested that the different time taken by
different spider species to immigrate from levees
into paddy fields is the cause of the low initia
population densities, in spite of the abundance of
prey. However, Kim (1998) showed that the
immigration rate of overwintering spiders from
leveesinto paddy fieldswaslow. Hesuggested that
most of the dominant spider species immigrated
from outside areasinto thericefields by ballooning
(Note: “Ballooning” istheterm used to describethe
habit of young spiders of sailing through the air
borne by silk strands on wind currents).

He also suggested that theimmigration of the
spiderswas delayed after transplanting because the
young rice plantsaretoo small to provide asuitable
habitat for either hunters or web builders.

Even though web builders were more
numerous than hunters in some areas (Choi and
Namkung 1976, Y un and Namkung 1979, Lee et al.
1993a, 1993b, Kim and Kim 1995), seasonal
fluctuationsinricefield spidersin K oreaarethought
to depend mainly on the density and species
composition of hunting species of spider (Table 3,
Park et al. 1972, Paik and Kim 1973, Paik et al.
1974, Okumaet al. 1978, Paik et al. 1979, Paik and
Namkung 1979, Kim 1992, Song and Lee 1994,
Kim and Kim 1995, Im and Kim 1996, Y ang et al.
1998, Im and Kim 1999). Kim (1998) pointed out
that if spiders are being used as biological control
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agents, it is very important to understand their life
styles. Both web builders and hunters follow a
foraging strategy. Song and L ee (1994) suggested
that web builderssuch as P. clercki were better able
to suppress insect pests than hunters such as P.
subpiraticus. However, hunters are usualy active
predatorswhich follow a“ pursueand kill” foraging
strategy, while web builders follow a passive “sit
andwait” strategy (Enders1974). Furthermore, the
webbing sites of web buildersare easily affected by
environmental factors. In addition, when the web
spacesoverlap, thereiscompetitionwithand between
speciesof webbuilders. Therefore, huntersprobably
are more effective predators than web builders.

SUPPRESSION OF RICE BROWN
PLANTHOPPERS BY SPIDERS

All the organisms in arice field, as in other
kinds of ecosystem, are involved in interactions
within and between species, including prey-predator
and host-parasite relationships (Hijii 1984). In
particular, theinteraction of prey and predator show
aconstant numerical interaction. Information about
these relationships is fundamental to biological
control.

Y amano (1977) suggested that spidersarethe
most important biological control agentsregulating
insect populations in rice fields, including insect
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Fig. 1. Seasonal fluctuations in the mean density of spider

populations in Yoju, Korea, 1994-1997

Table 3.Comparison of population levels and occupancy ratio of web builders and
hunters in Yoju, Korea, 1994-1997

Season Survey period Site Mean no. Mean occupancy rate (%)
Total Web  Hunters Web Hunters
spiders builders builders
Production of July - Sept. Paddy field 274 108 166 39.4 60.6
rice crop 1994-1996 Levee 136 42 166 30.6 69.4
Hibernation Nov. - May Levee 285 - 70 94 31.6 68.4
1994-1997




pests. Predatorstendto cluster in stable siteswhere
many species of prey are maintained at a high
density (Schmitt 1987). Seasonal fluctuationsinthe
numbers of spidersin ricefields showed a constant
numerical interactionwiththoseof other arthropods,
including insect pests.

The brown planthopper (Nilaparvata lugens
Stal) isapest whichfeedsonly onriceplants(Otake
and Hokyo 1976). Insecticides have been widely
used to control brown planthoppers in Asian
countries,including Korea(Nagata1985). Integrated
pest management programsto control thispest have
been proposed, using natural enemies of
planthoppers. Studies have reported numerous
parasitic and predatory natural enemies of
planthoppers. For predators aone, there are 14
species belonging to 13 genera in Korea (Okuma
1958, Suenaga 1963, Gavarra and Raros 1973,
Sama and Misra 1975, Hamamura 1971, Chiu
1979, Kuno and Dick 1984, Shepard et al. 1987,
Chua and Mikil 1989, Tanaka 1989, Kim et al.
1991, Choi et al. 1992, Choi and L ee 1990, Shepard
and Ooi 1991, Ooi and Shepard 1994, Choi et al.
1996).

For effective control of brown planthoppers,
predators should inhabit the same part of the rice
plant, to reduce the time spent searching for prey.
Brown planthoppers prefer to live on rice plants
about 10 cm abovethesurfaceof theirrigation water

(Lin1970). Thispart of the plant isusually shaded,
and hasahigh relativehumidity and arelatively low
temperature, both of which are favorable for
reproduction of the pest. Leasar and Umzicker
(1978) showed that humidity and temperature are
themost important factorsaffecting thedistribution
of spiders. Most of the dominant species of spiders
inKoreanricefieldslive onthelower 20 cm of rice
plants (Table 5).

Spidersrepresent morethan 90% of thenatural
enemies of brown planthoppers living in paddy
fieldsin Korea (Lee et al. 1997). Because of this
fact, most of the studiesrelated to biological control
of planthoppers have focused on spiders. Table 6
shows the mean number of brown planthoppers
consumed each day by major species of rice field
spiders. Subadultsof P. subpiraticusconsumed the
greatest number, although the total numbers
consumed by C. kurilensisand G. dentatumwere as
high. SpidershelongingtothespeciesP. subpiraticus
showed thegreatest variationindaily consumption,
while the number of planthoppers consumed each
day by C. kurilensisand G. dentatumvaried by only
0-4 planthoppers.

It appears that the difference in the numbers
of planthoppers consumed by hunters and by web
buildersistheresult of differencesin theefficiency
of theirforaging strategies. Generally, femalespiders
consumed more prey than males, except in the case
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Table 4.Important arthropod predators of brown planthopper (Nilaparvata lugens) in

paddy fields in Korea

Predatory species

Stage of BPH attacked

Paederus fuscipes (Coleoptera: Staphylinidae)
Microvelia douglasi (Hemiptera: Veliidae)
Mesovelia vittigera (Hemiptera: Mesoveliidae)
Gerris lacustris (Hemiptera: Gerridae)
Aquaris paludum (Hemiptera: Gerridae)
Cyrtorhinus ‘lividipennis (Hemiptera: Miridae)
Tytthus chinensis (Hemiptera: Miridae)
Staccia diluta (Hemiptera: Reduviidae)
Oncocephalus sp. (Hemiptera: Reduviidae)
Hydrometra sp. (Hemiptera: Hydrometridae)
Sepedon sp. (Diptera: Sciomizidae)

Pardosa pseudoannulata (Araneae: Lycosidae)
Pirata subpiraticus (Araneae: Lycosidae)
Ummeliata . insecticeps (Araneae: Linyphiidae)

Nymph, adult
Nymph, adult
Adult

Adult

Adult

Egg, nymph
Egg

Nymph
Nymph

Adult

Adult
Nymph, adult
Nymph, adult
Nymph adult

Table 5. Vertical distribution of important species of spider on rice plants in Korea

Vertical division Pirata subpiraticus C. kurilensis G. dentatum U. insecticeps T. praedonia  E. japonica
(Above water/soil surface)

< 20 cm +++ . ++ +++ ++ +

20-40cm + ++ ++ ++ + ++
40-60cm ++ ++
60-80cm ++ +4++ +

> 80 cm + +

+: Very rare, +: Usually present, ++: Fairly common, +++: Abundant

of G. dentatum. It is thought that females usually
need more energy for oviposition and brood care,
while males need only the essential energy for
survival. Subadults had a higher consumption rate
than adults, which impliesthat the energy needsfor
growtharehigher thanthoseneeded for reproduction.

COMPATIBILITY OF SPIDERS
AND INSECTICIDES

Most studies of the effect of insecticides on
natural enemiesin the paddy field have focused on
spiders. Aswemight expect, theresultshave shown
that insecticides have a negative effect on the
population densities of rice field spiders (Kuno
1968, Kuno and Hokyo 1970, Kawaharaet al. 1971,
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Choi etal. 1978, Paik et al. 1979, Jang 1981, Ryu et
al. 1984, Kim et al. 1984, Paik and Hwang 1990,
Lee et al. 1993b, Bae et al. 1994).

The relative toxicity to spiders of various
insecticides used against the brown planthopper
wastested in the laboratory (Table 7). Carbofuran,
which iswidely used inrice fields, is very toxic to
spiders (Bae et al. 1994). Choi et al. (1978) have
suggested that theroot zone placement of Carbofuran
reducesthedensity of spidersinricefieldsby direct
lethal action, and by poisoning their food chain.

All theinsecticideswhich weremost lethal to
spiders were dust or granule types. Many of those
tested, such as sprays and wettable powders, were
selective, inthat P. subpiraticushad ahigher survival
rate after a longer period of exposure. This was



Table 6.Predation by major rice field spiders in Korea on brown planthoppers

Species No. of planthopper/Subadults’ Range Mean Aduits Range? Mean?
| 2 3B 2 3
Pirata subpiraticus 15 45 2.7 0-12 3.6 34 23 0-9 28
Clubiona kurilensis 15 2.2 1.9 0-4 2.1 2.0 1.6 0-4 1.8
Gnathonarium dentatum 15 1.7 1.3 0-3 1.5 1.1 2.2 0-4 1.7
Ummeliata insecticeps 15 3.3 1.9 1-6 2.6 2.2 2.1 0-6 2.2

Rice was planted in a pot (12 cm in diameter) and covered with net (20 mesh). It was kept at 24°C, RH 70%. The

experiment was replicated five times.
1 Instar around maturity
2 Mean and range for 7 days

Table 7.Relative toxicity of insecticides to the spider Pirata subpiraticus, and the

brown planthoppers, Nilaparvata lugens

Insecticide Formulation No. Mortality (%) Relative
tested toxicity (A/B)*
P. subpiraticus* N. lugens**
(A) (B)
BPMC Emulsion 60 86.7 100 0.867
BPMC Dust 60 100 100 1
Carbofuran Granules 60 100 100 1
Tebufenozide + BPMC Wettable powder 60 70 100 0.7
Imidacloprid Spray 60 16.7 100 0.167
Bufrofezine + BPMC Wettable powder 60 10 100 0.1
Bufrofezin + isoprocarb Wettable powder 60 90 100 0.9
Pyridaphenthio + metolcarb Dust 60 100 100 1
Deltamethrin Emulsion 60 96.7 100 0.967
Tebufenozide + bufrofezin Wettable powder 60 233 46.7 0.499
24°C, RH 60%

= In a pot (7ecm in diameter) in which rice was planted, and covered with a glass lid

€@ A/B < 1: Effective to N. lugens
A/B > 1: Damage to P. subpiraticus
A/B = 1: Effective to both

* Subadult (7th to 9th instar)

** Adult

probably because of the active behavior of this
species. It is recommended that if there is no
difference in the effect of different types of
insecticides on brown planthoppers, the use of dust
or granule type insecticides should be avoided.
Several studieshaveshownthat theapplication
of insecticides reduces the population density of
spidersinricefields (Park et al. 1972, Kawahara et
al. 1971, Paik et al. 1979, Kim 1992, Y un 1997).
They have a negative effect, not only on numbers,
but also on species diversity (Lee et al. 19933,
1993b). Even insecticideswhich generally protect
natural enemies often have a negative effect on
spiders (Clausen 1990). Hunting species tend to

suffer more damage than web builders (Specht and
Dondale 1960, L egner and Oatman 1964, Bostanian
et al. 1984), while active hunters suffer more than
less active ones (Bostanian et al. 1984).

In our study, when insecticides were applied
to rice fields, the number of many arthropods,
including insect pests, fell immediately afterwards.
However, the population density of spiderswas not
affected (Fig. 3). This implies that many of the
insecticides used in rice fields have some level of
selectivity, and also that ricefield spidersmay have
acquired insecticide resistance, as other arthropods
have done. Therefore, the reduction of spider
populations in rice fields after insecticide
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applications shown in previous studieswas perhaps
not because the spiders were killed by the
insecticides, but becausetheir prey werekilled. Lee
et al. (1993a) showed that thedensity of hunterswas
higher than that of web buildersin the period after
insecticides were applied. They suggested that
duringtherecovery period, theactivehuntersplayed
an important role in rebuilding spider densities at
thistime.

Factors which produce mortality in brown
planthoppers include high temperatures, predation
and parasitism by natural enemies, nutritional
deficiencies, and the maturity of crops (Cheng and
Holt 1990). Table 8 shows the result of various
combinations of insecticides, brown planthoppers
and P. subpiraticus. The combination of an
insecticide and P. subpiraticus gave the highest
control value (66.8%). When insecticide was used
alone, the control value was 63.4%, while P.
subpiraticus used alone gave 51.6% control. This
result suggests that there is a positive relationship
between insecticide applications and control by P.
subpiraticus.

When 16 individuals of P. subpiraticuswere
inoculated, the control effect was 4.5% higher than
when 8 individuals were inoculated. Thisimplies
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that if the population density of spiders is high
enough, their control of brown planthopper can be
as effective as that of insecticides, or even more
effective.

The control effect of P. subpiraticus varied
according to when it wasintroduced. When brown
planthopperswereintroducedfirst, thecontrol value
of P. subpiraticus was 51.6%. |f P. subpiraticus
wasintroduced before the planthoppers, the control
value was 53.3%. Therefore, if the density of rice
field spidersishigh enough beforetheimmigration
of brown planthoppers, the spiders can control the
planthopperseffectively andthenumber and quantity
of insecticide applications can be reduced.

CONCLUSION

Large numbers of a wide range of spider
species inhabit agricultural fields. Their presence
limits the habitats open to insect pests. Spiders
threateninsect pestswith variousforaging strategies.
Aswell asconsuming large numbers of insect pests
asprey, they havethetrait of killingall insectsliving
in their territory. For this reason, spiders are a
favorablebiological control agentintheagricultural
ecosystem.



Table 8.Control of brown planthopper (BPH) (Nilaparvata lugens) after different

treatments
Treatment Inoculation density Mean density of BPH Control value (%)*
after harvest/8 hills
(Mean + SD)
BPH P. subpiraticus
BPH (control) 16 0 128.6 + 8.9 Oa
BPH + insecticide 16 0 47.1 + 3.4 63.4c
BPH + spiders + insecticide? 16 8 427 + 2.8 66.8d
BPH + spiders 16 8 62.3 + 6.0 51.6b
(preinoculation of BPH)
BPH + spiders 16 16 56.4 + 3.9 56.1bc
(preinoculation of BPH)
BPH + spiders 16 8 60.1 £ 7.2 53.3c

(preinoculation of spiders)

1 Percentage of control value followed by different letters are significantly different (P < 0.05) according to Duncan’s

multiple range test
2 Bufrofezin + BPMC

Fagan et al. (1998) indicated that treatments
which combinetheaugmentation of natural enemies
with insecticide applications may be
counterproductive. However, spiders still play an
important role in reducing the numbers of insect
pestsin agricultural fields, even when insecticides
areused. Infact, spiders may be responsible for a
significant proportion of insect deaths which were
thought to be from insecticide applications (Carter
and Brown 1973). A quantitative analysis of the
capacity of spidersto suppressinsect pests, including
the spatial distribution of major species of spiders
and pests, shouldbecarriedoutinthefieldonalarge
scale, so that spiders can be successfully used as
biological control agents.

Other ecol ogical and biological characteristics
of spiders also need to be understood. Chiu (1979)
suggested that it takes longer for spidersto rebuild
their population densities after the application of
insecticides than planthoppers and leafhoppers,
because spiders have a longer generation interval.
Also, the development of selectiveinsecticides, the
effect of insecticides on spiders, and appropriate
timing and quantities of insecticide applications,
should all be considered.
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