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INTRODUCTION 
Small fields characterize traditional rice farm-
ing in Asia. Rice is the dominant staple food in 
the developing world. More than 90% of the 
world’s rice is produced and consumed in 
Asia. Water is a prominent factor in the irri-
gated rice system making it different from 
other agricultural productions. The biodiver-
sity of irrigated rice is higher than in many 
natural ecosystems (Schoenly et al. 1998). 
      Several insects feed on rice. Until the 1960s 
stemborers were considered the most impor-
tant rice pests, in particular Chilo suppressalis, 
Scirpophaga incertulas and S. innotata 
(Lepidoptera: Pyralidae). With the widespread 
introduction during the green revolution in the 

sixties and seventies of fertilizers, of improved 
varieties and of pesticides to rice crops, leaf- 
and planthoppers became important pests, 
most notably the leafhoppers Nilaparvata lugens 
Stål, the brown planthopper (BPH), and 
Sogatella furcifera (Horvath) (Homoptera: Del-
phacidae), and the green planthopper (GLH) 
Nephotettix virescens (Distant) (Homoptera: Ci-
cadellidae). Other herbivores in rice that can be 
insect pests include the rice gall midge (Orselia 
oryzae (Wood-Mason) (Diptera: Cecidomyii-
dae)), the rice leaffolder complex of which 
three have attained pest status: Cnaphalocrocis 
medinalis (Guenee), Marasmia patnalis Bradley 
and M. exigua (Butler) (Lepidoptera: Pyralidae), 
rice bugs, in particular the genus Leptocorisa 
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(Hemiptera: Coreidae), pentatomid bugs, rice 
hispa (Dicladispa armigera (Oliver) (Coleoptera: 
Hispidae), rice thrips (Thysanoptera: Thripi-
dae), rice caseworm (Nymphula depunctalis 
(Guenee) (Lepidoptera: Pyralidae) and whorl 
maggot flies (several species of the genus Hy-
drellia (Diptera: Ephydridae)) (see for example 
Pathak & Kahn 1994). 
      However, unsprayed, irrigated rice fields 
have relatively few insect pest problems. This 
is largely attributed to natural biological con-
trol, which keep planthoppers, most notably 
BPH, and other potential pests in check 
(Kenmore et al. 1984; Way & Heong 1994).  
 
SPIDERS IN RICE 
Three guilds of spiders are found in rice: orb-
weaving spiders, hunting spiders and space-
web spiders. Orb-weavers include the families 
Araneidae, Tetragnathidae and Theridosomati-
dae. The most common orb-weaver genera are 
Tetragnatha, Araneus and Argiope. Lycosids 
dominate the guild of hunters, while the guild 
of space-web spiders contain three families 
Theridiidae, Linyphiidae and Agelenidae 
(Barrion and Litsinger 1995). 
      Natural biological control in irrigated rice at 
the early crop stages can mainly be attributed 
to spiders. Orb-weaving spiders are the most 
abundant spiders assessed across the cropping 
season, with Tetragnatha spp. being the single 
most common genus in South East Asian coun-
tries, except the Philippines where Pardosa pseu-
doannulata is the more common species. Heong 
et al. (1992) found a relative abundance of P. 
pseudoannulata of 25 to 54% of all spiders at five 
rice sites in the Philippines across the season. 
Lowest abundance of A. formosana was found at 
the two sites at higher elevations of 800 and 
1500 m (7 and 9%), highest at the lower eleva-
tions (23, 35 and 40%). Three species of tetrag-
nathids, Tetragnatha virescens Okuma, T. maxil-
losa Thorell, and T. javana (Thorell) together 
comprised 10 to 39% of the spiders in these 
sites. However, orb-weavers usually become 
abundant when insect damage has already oc-
curred (Barrion and Litsinger 1984). 

       In the first 35 days after transplanting the 
dominant predators in irrigated rice are the 
lycosid Pardosa pseudoannulata (Bösenberg & 
Strand) and the linyphiid Atypena formosana 
(Oi) (Sigsgaard et al. 1999, the Philippines; 
Sahu et al. 1996, Northern Bihar, India). Both 
spiders are considered important predators of 
BPH and Nephotettix virescens (Distant) 
(Hemiptera: Cicadellidae), the green leafhop-
per (GLH). P. pseudoannulata is perhaps the sin-
gle most important predator of BPH, and can 
effectively regulate the pest population of leaf-
hoppers and planthoppers (Kiritani et al. 1972; 
Gavarra & Raros 1975; Kiritani & Kakiya 1975; 
Kenmore 1980; Kenmore et al. 1984; Shepard et 
al. 1987; Ooi & Shepard 1994). Both spiders oc-
cur throughout the year. P. pseudoannulata is 
most common among the tillers at the base of 
the plants. It preys on a wide array of insect 
pests, including leafhoppers and planthoppers, 
whorl maggot flies, leaffolders, caseworm and 
stem borers (Barrion & Litsinger 1984; Shepard 
et al. 1987, Rubia et al. 1990). Field densities of 
both spiders co-vary with hopper densities 
(Reddy & Heong 1991). References to the im-
portance of the smaller and less conspicuous A. 
formosana have been few until recently 
(Shepard et al. 1987; Inthavong et al. 1996; Bar-
rion 1999; Sigsgaard & Villareal 1999). A. formo-
sana adults and immatures prefer to live among 
the rice stem or at the base of rice hills. They 
have been observed to hunt for nymphs of 
planthoppers and leafhoppers, Collembola, 
and small dipterans, such as whorl maggot flies 
(Barrion and Litsinger 1984, Shepard et al. 1987, 
Sigsgaard and Villareal 1999a).  
       Later in the cropping season predatory 
bugs become the most numerous predators. 
The most abundant of these are Microvelia doug-
lasi atrolineata Bergoth (Veliidae), Mesovelia vit-
tigera (Horvath) (Mesoveliidae), and Cyr-
torhinus lividipennis Reuter (Miridae)  (Heong et 
al. 1991). 
 
PEST MANAGEMENT IN RICE 
Until the green revolution BPH was considered 
a minor pest, but during the seventies it be-
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came a major pest in rice. This demonstrated 
the effects of ‘turning off’ the biological control 
of this pest, which is normally controlled at low 
levels by the many spiders and other natural 
enemies (Matteson 2000). Kenmore et al. (1984) 
showed that BPH populations increased drasti-
cally when spider and veliid predators were 
removed. When insecticide use was intensified, 
insecticide resistant strains of insect pests 
emerged. Rice varieties resistant to some pests 
including BPH were developed, but planting 
over large areas created pests, most notably 
BPH, which could overcome the plant resis-
tance (Heinrichs & Mochida, 1984). Subse-
quently new pest management strategies, Inte-
grated Pest Management (IPM) were devel-
oped that emphasized host plant resistance, 
biological control and minimal use of insecti-
cides (Waage 1999).  
      An increasing amount of research evidence 
from tropical irrigated rice areas shows that 
there is little or no crop loss in insecticide un-
treated fields (Kenmore 1991; Litsinger 1991; 
Way & Heong 1994). This includes defoliators 
and stem borers that were recorded as impor-
tant pests even before the green revolution. 
This inconsistency may be explained by: a) ear-
lier estimates of yield loss were based more on 
damage than on actual yield, b) moderate resis-
tance against insect pests in many modern va-
rieties, c) the ability of some modern varieties 
to compensate for damage, because they pro-
duce more tillers (Rubia et al. 1989), and d)  
better control of insect pests by natural enemies 
with less use of insecticides (Way & Heong 
1994). 
      Findings that moderately BPH-resistant and 
BPH-susceptible rices grown by a large number 
of farmers have had low and stable BPH popu-
lations for several years suggest that the pest 
control strategy in rice should be revised to put 
higher priority on natural biological control 
(Heong & Schoenly 1998). 
      Apart from the fact that insecticide use is 
rarely necessary, it also poses a risk to farmer 
health and the environment (Heong et al. 1995). 
Continued insecticide use stresses the need to 

bridge the gap between research and farmers. 
FAO (Food and Agriculture Organization of 
the United Nations) has supported Farmers’ 
Field Schools in many countries and provided 
farmers with a practical understanding of inte-
grated pest and nutrient management 
(Matteson 2000). The expectation is that the 
farmers who receive training will pass their 
new knowledge on to other farmers. Another 
approach was developed by Heong et al. 
(1998). Here farmers were motivated to ‘test’ a 
simple rule of thumb (no spray necessary in the 
first 40 days after sowing) by the use of com-
munication media, including the radio. The 
practice of no early spray is now adopted by 
many farmers in southern Vietnam, and recom-
mended by the National Agricultural Research 
and Extension Agencies in Malaysia, the Philip-
pines, and Thailand (K.L. Heong, pers. comm.).  
 
SPIDERS AND THEIR ROLE IN THE        
IRRIGATED RICE AGROECOSYSTEM 
Detritivores and organic material 
The population build-up of natural enemies is 
dependent on the availability of suitable host/
prey. The abundant detritivores early in the 
season may be one key to the success of the 
current rice agroecosystem (Settle et al. 1996). 
Being polyphagous predators, spiders can prey 
on alternative prey such as Collembola during 
fallow periods, hereby maintaining high popu-
lation levels. (I here use the term alternative 
prey to describe all suitable prey other than the 
target species). The levels of these alternative 
prey in turn depend on decaying organic mate-
rial available in the field. Field and laboratory 
data from research at the International Rice 
Research Institute in the Philippines (IRRI) and 
elsewhere indicate that spiders survive and 
build up their populations on alternative prey, 
such as Collembola and dipterans, before the 
crop is established and in the first weeks after 
crop establishment (Guo et al. 1995; Settle et al. 
1996).  
       Settle et al. (1996) were able to increase the 
number of detritus feeders, such as collembola, 
and of plankton feeders by adding organic ma-
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terial to the rice field in the treated plots. Most 
interestingly the number of spiders increased 
in the same plots. Plankton feeders in that 
study included mosquito larvae and chi-
ronomid midge larvae, of which many species 
also feed on detritus (Settle et al. 1996). In a 
study at IRRI, the addition of rice straw bun-
dles in the rice field after harvest increased the 
number of A. formosana and P. pseudoannulata 
as well as plant- and leafhoppers (Shepard et 
al. 1989). Though the study by Shepard et al. 
(1989) did not report effects on Collembola 
density, high Collembola density can be ob-
served in recently cut straw, so probably the 
beneficial effect was also due to an increase in 
Collembola. In upland, rice weed residues 
placed within the rice fields can significantly 
increase spider densities (Afun et al. 1999). 
Apart from providing refuges for predators 
and increasing the density of alternative prey, 
organic material will also influence plant nutri-
tion, which in turn can influence herbivores 
feeding on the crop. One can speculate that this 
in turn could indirectly affect predators.  
 
Dietary value of insect pests and alternative 
prey 
Spiders may not be as polyphagous as earlier 
thought (Toft 1999). The dietary value of alter-
native prey would determine its role in main-
taining a high population of spiders early in 
the cropping season. The dietary value of alter-
native prey in terms of immature survival and 
development and adult fecundity can be high, 
as found in a recent study at IRRI (Sigsgaard et 
al., 2001a). In contrast BPH and GLH are of low 
quality to A. formosana. Similar results were 
obtained for P. pseudoannulata with fecundity as 
a fitness parameter, but BPH was of intermedi-
ate to high quality for this predator (Sigsgaard 
et al. 2001b). Earlier, Toft (see for example Toft 
1995, 1996, 1999), found aphids to be a gener-
ally poor quality prey for linyphiid and lycosid 
spiders. These findings extend this to other Ho-
mopterans, like the BPH and GLH. Results sug-
gest that spiders would perform less well in an 
agroecosystem with little alternative prey.  

       Intraguild predation has been documented 
by Heong et al. (1990), in cage experiments 
with P. pseudoannulata preying upon BPH and 
the mirid bug C. lividipennis, and by Fagan et al. 
(1998), with P. pseudoannulata preying upon 
hoppers and mesoveliid bugs. Predator prey-
switching, intraguild predation and cannibal-
ism are thought to help predator survival when 
prey is scarce (Way & Heong 1994). 
 
Bunds and surrounding habitats 
Between the irrigated rice fields there are usu-
ally bunds, which may be narrow and low and 
reconstructed often with low and poor vegeta-
tion, or which may be wider and higher and 
with more permanent vegetation. Some bunds 
are used for growing vegetables or fruits. The 
bunds surrounding the rice fields provide refu-
gia for predators during fallow periods as well 
as during farm operations. Bunds may be par-
ticularly important as a source of colonization 
by ground dispersing predators, such as large 
P. pseudoannulata spiderlings and adults, and 
may be less important for linyphiids as A. for-
mosana, which colonizes the rice field by bal-
looning. Preliminary results from a study of the 
directional movement of predators between the 
rice field and the bund show that P. pseudoan-
nulata is an early colonizer of newly established 
rice, with the highest relative abundance of P. 
pseudoannulata in the bund, stressing the impor-
tance of this habitat (Sigsgaard et al. 1999). The 
same study showed that three or four weeks 
after transplanting of rice the directional move-
ment changed and the early planted field may 
have become a source of P. pseudoannulata to 
later planted fields. Even within the soil cracks 
of the fallow rice field some spiders like P. 
pseudoannulata are commonly found (Arida and 
Heong 1994). The management of bunds can 
also affect spiders. Grazing of bunds reduced 
the density of web-building spiders as well as 
of two hunting spider families, Lycosidae and 
Oxyopidae, probably due to loss of webbing 
sites for the web-building spiders and hunting 
grounds for the hunting spiders (Barrion 1999).  
Rice fields are usually intermingled with other 
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crops and habitats such as coconut or banana, 
and houses, gardens, fallow fields and forests, 
creating a varied landscape mosaic. Rice is   
often grown in rotation with vegetables such as 
onions, or with legumes. 
      Surrounding habitats may also serve as a 
source of spiders for the rice field. Barrion 
(1999) found, that the most abundant species in 
some non-rice habitats (irrigation canal, set-
aside rice field, edge of bund, a common road-
side habitat (the grass Saccharum spontaneum 
L.), coconut, banana, and coconut-banana 
mixed) were Theridion sp. (family Theridiidae), 
P. pseudoannulata and A. formosana. Two key 
spider species in rice, A. formosana and P. pseu-
doannulata are thus utilizing non-rice habitats. 
Of these habitats the bunds held the highest 
densities of A. formosana followed by the un-
cropped rice field, while P. pseudoannulata was 
almost equally abundant in all habitats except 
relatively low densities in the roadside habitat 
and banana plantation. 
  
THE RICE CROPPING SYSTEM IS FACING 
NEW CHANGES 
Resource conserving strategies such as the use 
of compost and the integration of fish and duck 
production with irrigated rice, practices that 
contribute to the control of weeds and insect 
pests (Zhang 1992), are now being actively pro-
moted in some countries such as Malaysia 
(Ibrahim 1999). These practices decreased sub-
stantially with the introduction of pesticides 
and other partially or fully incompatible tech-
nologies. 
      Today, the irrigated rice cropping system is 
facing changes, which may have equally strong 
effects on the characteristics of the system as 
the green revolution had, and may in turn af-
fect the natural biological control of insect pests 
in rice. With the rapid growth of  cities there is 
less available water and labour for rice farm-
ing. It is foreseen that production will change 
towards more direct seeding and less trans-
planting, and towards other potentially water 
and labour saving methods, such as mechani-
zation, larger fields and more synchronous 

cropping (IRRI 2000). In peninsular Malaysia 
direct seeding has now become the predomi-
nant method of crop establishment (Normiyah 
& Chang 1997). Larger fields and more syn-
chronous planting may delay colonization by 
predators, also reducing the benefit gained 
from the abundant early season alternative 
prey. A delay in colonization by predators in 
large monocultures of rice has been shown by 
Settle et al. (1996) in Indonesia. Continuous 
flooding has been found to be associated with 
higher spider numbers (Lam et al. 1997), sug-
gesting a possible lower density of spiders with 
less available water. The growth of areas under 
directly-seeded rice, as well as the increasing 
cost of hand weeding, causes the use of herbi-
cides to rise. Genetically modified rice may also 
affect the cropping system in ways not yet fully 
anticipated. For example, we do not know the 
consequences of creating a field with no lepi-
dopterans, as may be the case in rice geneti-
cally modified to contain the Bacillus thuringien-
sis toxin.  
       Understanding of the biology of insect 
pests, their natural enemies and the factors in 
the management of the cropping system, which 
may affect this control, can be an important 
tool in maintaining the desirable traits of the 
current irrigated rice ecosystem, as the rice 
cropping system changes.  
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