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Departrnent of Enton'tology, Szoiss Federal Institute of Technology, ETH-Zentrum, Zaicb,
Sntitzerland

Spiders in natural pest control: A reviewl

By M. Nvnnnrnn and G. BnNz

Abstract

In spite of the large number of studies about the ecology of spiders carried out in the last two
decades in different types of ecosysrems all over the world, the significance of these animals as
natural controI agents is still largely unknown. In this paper the literature about that subject is
reviewed. Totally 300 scientific papers, published betwein 1920 md 1984, are cited here.

Several European and American studies have provided evidence. that in undisturbed grassland
ecosystems and forest ecosystems spiders can play an important ecological role as preäators of
inseits and other invertebrates. Alsd in orchards, Äo, ,.."äd with pestic"ides, that are'to a certain
degree comparable wirh forest ecosystems, spiders can be abundant predators.

In contrast to that, the opinion about the predatory importance of spiders inhabiting cultivated
fietds is controuersial. The^results of some'Europ."n studies indicatd, that the foliaie-dwelling
spid_ers of cultivated fields, because of their low pipulation densities, are of minor importance as

predators of insects. Other European studies show,-that the ground-dwelling spiders oT cultivated
fields are concerning their abunäance a dominant Dredator-group, those significance as control
agents still is largel! unknown up to the p."..nt. In rice lieldi (swamp äcosystems) in Asia,
receiving little or no pesticides, as well as in European and American swamp ecosystems, spiders
may De an rmportant predator group.

In houses in South Africa spideis were used successfully as biological control agents against
flies.

1 Introduction

Spiders are among the most abundant predarors of insects of terrestrial
ecosystems (Trscnrrn 1965; veu Hoor 1971;MovrDER and Pir,rc:r^rn 1972;
ScnerrBn 1974; EowrRDs er aI. 1,976). Under favorable conditions they can
reach maximal densities of up to 1000 individuals/m2 approximarely (Pnensr
1946; Durruy 1962; \ürrorueNN 1978). It has therefore been supposed for
some time that spiders may play an important role as stabilizing agents and/or
regulators of 

. 
insect populalions in agroecosystems, forest eöosystems, and

other terrestrlal ecosystems,

Qyri"g the_ last 2(i years,numerous studies on the spider faunas in agricul-
tural habitats have been published all over the world. Tables 1-4 give a ieview
classified according to cöntinents and countries: table 1 for Euroie (including
the U.S.S.R.), table 2 for America, table 3 for Asia, and table 4 for Africa anil
the Oceanic-Australian region. Also in forest ecosystems many studies on

lThis paper represents a revised portion of a thesis submitted in 1982 by the first author to the
Swiss Federal Institute of Technology (ETH) at Zurich in partial fulfillment of the requirements
for the Ph.D. degree (Doctor of lrüt"..l Sciences). This iesearch was supported by'the Swiss
National Science Foundation, grant 3.0020.76.
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Table 1. List of literature on the spider faunas in agroecosystems in Europe, including the U.S.S.R.

spiders have been carried out (review in VIrf 1953; KlncHnnn 1964; Mour-
DER and RrrcHn 1972; Nyrnnmx 1982a). Furthermore, spiders have been
studied in garden ecosystems (e.g. NvrrnrER 1983).

In spite of the large number of existing studies, the significance of the
spiders as natural control agents in agroecösystems, forest-ecosystems, and
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Table 2. List of literature on the spider faunas in agroecosytems in America

other terrestrial ecosystems is still largely unknown. This could be attributed
to the fact that up to the present most studies were limited either to the
investigation of the species composition and the seasonal occurrence of spiders
in the field (sweep net and pitfall trap collections) or to measurements of
respiration, food consumption tests, and prey preference trials in the labora-
tory. However, the results of investigations on the nutrition of spiders in the
laboratory cannot readily be extrapolated to field conditions, beCause spiders
may behave differently in the laboratory than in the field. In the laborätorv,
certain hunting spiders consume considerably more prey than would be

Spiders in natural pest control
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Table 3. List of literature on the spider faunas in agroecosytems in Asia

available under natural conditions (MIvesHrre '1.968a, b; Hecsrnum 1970;
Knssrrn 1973; BnnvrvrEyER and J62vrc 1975). Moreover' the prey composi-
tion established by means of prey preference tests often does not correspond to
the prey composition realized in the field. Pest insects which are.regularly
pr"y"d bn bv ä spider species in the laboratory may be entirely missing in the

irrey co*positioä of the field (temporal andior sPatial isolation of-predator
änd prey). Thus, the results of faunislic field studies and of nutritional analyses

in the fabot^toty cannot be combined to a genuine whole. There is a great

Country Agroeco-
svst€m

Authors Country Agroeco-
system

Authors
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Table 4. List of literature on the spider faunas in agroecosystems in Africa and in the Oceanic-
Australian region

Country Agroecosystem Authors

Australia cotton

orchards

Egypt clover
cotton

Fiji Islands coconur

New Guinea coffee

South Africa strawberry

granati trees Tnurner (1981)

Brsnor, (1979, 1980, 1981)
Brsnop and Brooo (1980)
Roou (1979)
Donnarn (1966)
MeclrnaN (1923)

Nncl" et al. (1975)
WrnsneNrv (1955)

Tolsnr et al. (1930)

RosrNsoN and RorrNsox (1974)

DrppnNe.tn-Scnorrvra.N (1976, 1979a, b)

danger that speculations disregarding this ambiguity lead ro wrong results.
Correspondingly, the opinions on the ecologicJl relevance of spidörs differ
widely. Bnrstovr (1958) f.or instance estimates for Great Britain:-"Even if we
were so cautious as to attribute a hundred victims in the year ro each spider, I
calculate with a very conservative estimate of the spider popularion Tor the
country as a whole that the weight of insects consumed innually in Britain
exceeds that of the human inhabitants." The Canadian ecologist TunNsun
(1973) give-s an even higher estimate: "I have calculated from 37 published
censuses of spider populations that the mean density of spiders in a large
variety of environments was 130.8 spiders/square meter, or l-308 OOO/hectare.
If the food consumption of Argiope argentata were represenrarive of that of all
spiders (which it is not), the average toial weight of foöd consumed per year by
sbiders'would be ...''42490 kgThectare." f;.eferring to these coinpritation's
Fonrrx (1982) wrote: "Even if such claims were realistic, it would be wrong to
assume that spiders play a major role in the control of insect pests."

In the following a survey is given about what is currendy-known on rhe
ecological role of the spiders as predators of insects in undisiurbed grassland
ecosystems, agroecosystems, and forest ecosystems (comp. also Vrrf 1953;
KrncnNrn 1964, 1967; Luczer 1929; NvrrnLER and BrNz 1981a, 1982a;
Nvpnrunn I982a, 1952b; RrrcHrnr 1984).

2 Ecological importance of the spiders in grassland and cereal ecosystems

Spid.ers-can- be of ecological importance in diverse respecrs. For example, they
can be food for other predatorJ (\[Hrrcorrn 1974). Or the dead insects storea
in spider webs can be food sources for kleptoparasites such as scorpionflies
(TH.onnHrrr 1975; NvrnrrBn and BnNz 198öb). In this paper, only the role of
spiders as predators will be discussed.

An ecological importance of spiders as natural control agenrs is to be
expected_in abandoned grasslands foremosr, where they can feid and repro-
duce in the vegetation w:ithout human interference. Laige funnel web spiders
and orb-weaving spiders often live in high populatiön densities in such
habitats. Vith their strong webs they caprure large numbers of voluminous
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insects. The orb-weaver Argiope bruennicbi, e.g. may caPture up to 7 grass-
hoppers/web/day (NvrrnLER and BBNz 1981b). LoHI'trvnn and PnnrscHn'n

Oiigl found on'the average 6 webs of A. bruenniclti per m2 in an abandoned
grassland near Bonn (Fedäral Republic of Germany). This corresponds to a
i'eb area of 3OOO m2lha ground aiea (Nxrnpr-rn 1982b). lt is evident that such
a gigantic web area e"eris an enormous predatory pressure on insect pgPu-la-
tioni. tf we consider that every spidef captures about 10 insects/web/day
(Nvrreran 1982b), these orb-weaue.s *ould destroy 3 x 107 insects/ha in
50days. Polish studies have also shown that the orb-weaving spiders can exert
a st.o.tg predatory pressure on the insect populations in the vegetation zone of
abandonäd grassiands (Ifu;er et al. 1.968; Ke.ylx and OrncHovrcz 1970;
Keler< 1971). Thus, web-building spiders eliminated 2540 % of the adult
Diptera in undisturbed grasslands (Ke:er and Olr,cHovtcz 1970).

Funnel web spiders (Gett,ts Agelena) can also occur in high population
densities in undiiturbed grasslands. Near Zurich (Switzerland), more than
3 funnel web spiders /m2 -on the average were counted in some abandoned
grassland habitäts. At certain points of aggregation within such a habitat, up to
12 funnel web spiders/m2 were found. The food of such funnel web spiders
was composed of up to 23 "/" of bees (Nvnnnrnn and BrNz 1978)' In other-
countries, too, it hafbeen observed that funnel web spiders can be predators of
bees. Ornnnc (1960) wrote on this subject: "sometimes, 20 t_o 30 captured
honey-bees on ihe average can be found in each web; thus, with a spider that
frequent, a considerable-damage can result. This is why flocks of sheep are

driven through the dangered aröas. The fleecy animals destroy the webs, which
cannot be reilaced imäediately, as is the cäse in orb weaving-spiders." This
example deÄonstrates that spiders can have a noticeable effect on insect
populations.- 

Not only web-building spiders, but also hunting spiders (these are spiders
which capture their prey without a web, e.g. wolf spiders) can be_important
natural cöntrol age.ts of innertebrates in und-isturbed grasslands as the *ork of
veN Hoox (1,971,) and ScHenrux (1971indicates.

In contrast to undisturbed habitats, cultivated meadows and annual crops
are in Central Europe unsuitable for the colonization by and survival of
foliage-dwelling spidärs. In such agroecosysteTt +.. periodical.harvest of the
vegetation is an extreme stress for ihe foliige-dwelling spiders (destruction of
thä microhabitats and egg-sacs of numeroui spiders); a periodical recoloniza-
tion of the fields from sirirounding undisturböd habitats is necessary (see also
TrscHrnn 1958; Garrrn 1963; Lu"czer 1979). Population densitiei and bio-
masses of spiders in the vegetation zone of cultivated meadows and cereal
fields are low. As a consequence of the low spider densities, the numbers of
orev killed bv the foliase'-dwelline spider communities of these cultivated
i-t"b'it"tr 

"r. 
lo'*, .o-p"rJd to the väuäs estimated for undisturbed grasslands;

ir was estimared that 2 2kginsects (fresh weigh)/ha/year are killed by spiders
in the vegetation of such cultivated meadows and annual crops (see Ke;er
1971; Nvrrrlr,n and BnNz 1979a).

The agroecosystems in parts of Southern Furope are to, some extent
cultivatedin a considerably more extensive way than in Central Europe' It is

therefore conceivable that ihe spiders still have ä gt"^tt predatory impbrtance
in some cultivated fields of Soulhern Europe than in those of Central Furope.
Thus, near Florence (Italy), rather high ipider numbers were found in the
vegetation zone of a weedy cereal field (Srnnuu, pers. comm.).



Spid.ers in natural pest control 327

In contrast to the vegeration zone, the spiders living on the ground surface
of cultivated meadows and cereal fields in Central Europe show-relativelv high
population densities (r-strategists , e.g. Erigorc otri1. Together wiih tf,e
carnivorous beetles (Carabidae and Staphylinidae), they belöng to rhe most
abundant ground-dwelling predatorr oT insects in ceräal fieldl near Zurich
(Switzerland). German studies had also established that spiders form an
important component within the ground-dwelling predator-cämplex (TrscH-
rrn 1958, 1,965; Grnnn 1963; Besroov 1973; Bnassn 1,975; Besnoov and
Mrnrr<n 1,977). In the German Democratic Republic, one has even recorded
that spiders and harvestmen can form up to 

^one 
third of all invertebrates

captured in pitfall traps (Guran 1963). The diets of the ground-dwelling
spiders overlap to some extenr with those of the predatory Carabidae anil
Staphylinidae, which also feed on Collembola, aphids, and Diptera. Further
investigations will be necess-ary to establish wherher this ground-dwelling
predator-complex has a significant influence on pesr insects (e.g. aphids). Firsi
studies already indicate that the ground-dwelling predator polenlial actually
exerts a strong predatory pressure on insect pöpulations lBesnoov 1973;

5"1+l and Jerunczu 1,975; or Cr-rncq 1,979). In any event, this ground-
dwelling predator-complex probably has a stabilizing effect on insect-popula-
tions, as assumed by the American ecologist RrccHrnr (1974) for spidärs in
general.

Studies from Japan, India, China, Taiwan, Korea, Thailand, and the
Philippines provide evidence that such ground-dwelling spiders, because of
their high population densities in rice fields (which receive little or no
pesticides), have a damping influence on the populations of pest insecrs,
mainly harmful cicadas (1rö et aL.1.962; Orurrre 1968; IRRI Annual Report
1,973; Cletu et al. 1974; Gevenne and Renos 1975; KlnrreNr and Kerrvn
1975; Seuer and Mrsne 1975;Horvo et al. 1976; Neresuy 1976; Ke\rc and
KrRrreNr 1978; Krnrrerier 1979). Rice fields are swamp ecosystems. In Euro-
pean swamp.ecosystems, spiders may also be an important group of predators
(MIrrnn and Onnrnr 1,975). The same is assumed concerning the äcological
role of spiders as predators in American swamp ecosystemi (Gencre 

-and

ScHrrNcrn 1972).

3 Ecological importance of spiders in forest ecosystems and orchards

As a comparison to the studied Gramineae habitats, some tree ecosystems will
be briefly discussed. \flith regard to forest ecosystems, VrronueNN (1978)
attributes an important role to the ground-dwelling spiders as predators of
insects, in combination with the other litter-dwelling predators. American
scientists, too, concluded that the ground-dwelling spiders can be of great
importance as predators of insects in forests (Crenkr and GneNr 1967;
Mourorn and Rnrcnrs 1972: MeNny et al. 1976). In contrast to this, the
predatory importance of the foliage-dwelling spiders of forest ecosystems is
still controversial (Vn6 1953; KrncHnrn 1964;-NvFFELER 1982a). Some field
studies had shown that certain spider species in the vegerarion were little
effective in reducing populations of lepidopteran pesti (PorNrrNc 1966;
KtRcunen 1967; Funure 1977). According to data by the last mentioned
authors, some spider species could reduce moth populations by 5 "/" at the
most. A slightly higher mortality was recorded by Encnr (1942), who
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estimated that during a pine moth calamity, 12-23 % of the moth population
was destroyed by spiders; but at the same time he also observed that signifi-
candy fewer moths were killed by spiders than by bugs. The ineffectiveness of
certain spider species as predators of moths might be connected with the
moths' ability to escape from these spiders'webs (KrncHNnn 1967; Nvrrnrnn
and BnNz 1981c). However, this negative effect may not be very important,
since other insects seem not to be killed at a higher rate by forest spiders. Thus,
for a comparison, the mortality of chestnut gall wasp populations as a result of
predation by spiders was of the same magnitude in normal years (7-2Q o/o) as

that recorded by ENcnr for the pine moth (Nerallune and Nereuuxr 1977).
Contrary to what has been said so far, some other authors have assumed that
foliage-dwelling spiders may be important predators of Lepidoptera, aphids,
and mosquitos in forest ecosystems (Sunr<rnv 1.939; Junur 1961; Den-
novsxr,-Pnor et al. 1,968a, b; Luczer 1968; Fox and Gnrnrrr:r' 1976).

Like the forests, orchards are also tree ecosystems. Field studies have
shown that spiders form an abundant predator group in pesticide-free orchards
(HennIson 1968; MIcLELLAN 1973; Cennor 1980). Several authors have
therefore supposed that spiders play an important role as natural control
agents in pesticide-free orchards (Cnnxr 1956; Keves:r^tv.e, 1972; Mecl-Bu-eu
1923; MeNsoun et al. 1980a), though precise results do not exist. However, it
has been demonstrated that the treatment of orchards with pesticides leads to a

significant reduction of the numbers of spiders (CHeNr 1956; SrncHr and
DoNpern 1960; DonoALE et al. 1979; MeNsoun et al. 1980b; McCerpnrv
and HonsnuncH 1980). This indicates that pesticide treatments reduce the
spiders' predatory importance in orchards.

4 Using spiders in biological pest control

Ground-dwelling spiders, together with the ground-dwelling raptorial
Carabidae and Staphylinidae, form an important predator potendal in cereal
fields. This predator potendal can be utilized within "programs for integrated
pest control" (Besrnov and Mrrlre 1,977; KnnaNr 1979). Thus, attempts
have been made in Japan to raise the spider density in rice fields artificially 6y
releasing Drosopbila flies. This additional food then caused an increased
fertility in the spiders (KorarasHt 1975). According to a report of the Chinese
News Agency Xinhua of August 1,5,1979, in the Peoples Republic of China
several species of spiders are introduced into rice fields as biological control
agents of nce pests,

As most spiders are cannibals, it would probably be difficult to breed large
numbers of spiders in the laboratory. RunruRrsHoFEN (1976) and KRy,c.sHrMR
(1967) have looked for an alternative. They have proposed that egg sacs of
spiders could be gathered somewhere and placed in forests or mulberry
plantations respectively to raise the population density of spiders.

Another example on the use of spiders for biological pest control is
reported from South Africa. There, spiders were settled in houses. SrnvN
(1959) recorded a reduction of the fly populations by 99 % within 2r/z months
and, at the same time, a pronounced decrease of gastrointestinal infections of
men in that region, because the vectors of disease were destroyed.

There are several reports in literature about house-dwelling spiders as predators of pest insects
(comp. Lonauoo 1,929; Matnrs and BrnreNo 1933; Hasn 1934; Saurnr 1936; Kunrr.raNN 1970/

I



Spiders in natural pest control 329

71 ; Eowanns 1979); in stables in Canada it could be observed that th_e prey of the comb-footed
spider Steatoda biponaoto consisted mainly of harmful insects such as house ilies, Tenebrio
beetles, etc. (Nvrrrrrn unpubl.).

'What about the possibility of utilizing spiders for biological pest control in
Central Europe? Hire, spidärs could only-become of greater impo-rtance, if it
were oossiblä to increase the numbers of spiders in cultivated fields. This
*ould be possible if the area of the "ecologiial cells" (abandoned grasslands,
hedges, *ät areas, etc.; definition of "ecological cell" see Klorr 1978) which
servi as predator-reservoirs for agroecosystams, could be enlarged. However,
uncultivited lands of that kind may serve as reservoirs for predators and pest
organisms as well. The expansion-of the area of the."ecolögical cells" could
thärefore also bring aboui an increase of pest incidence. \Vith present day-

knowledge it is difficult to estimate, whether the useful effect (reservoirs of
predatori) or the detrimental effect (reservoirs of pests) would ultimately
prevail. Intensive research on the complex functions of such "ecological 

-ce-lls"
in the agricultural landscape would be-necessary, before the expansion of their
area wit-h the intentions oT increasing the predators' densities in the culdvated
areas could be recommended.
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Zusammenfassung

Spinnen in der natürlichen und biologischen Schädlingsbekämpfung: Ein Literaturüberblich

Veltweit wurden in den letzten 20 Iahren in verschiedenen Ökosystem-Typen zahlreiche Studien
über die ökologische Bedeutung der Spinnen als Prädatoren durchgeführt. Trotz der großen Zahl
durchgeführteispinnenökologiicher Studien ist die Funktion der Spinnen als Prädatoren von
Insektän und anäeren lnvertäbraten heute noch weitgehend ungeklärt. ln vorliegender Arbeit
wird die Literatur über dieses Thema (insgesamt sind 3Ob wissenscfiaftliche Arbeiten. die zwischen
1920 und 1984 über dieses Thema publiziert wurden, aufgeführt) analysiert.

Mehrere europäische und amerifranische.studien haben gezeigt,daß Spinnen_in unbewirtschaf-
teten Grasland-Ökoryrte-e.t und Forst-Ökosystemen eine gioße ökölogische Bedeutung als

Prädatoren von Insekien haben können. Auch in ungespritzten Obstanlagen, die man bis zu einem
gewissen Grad mit Forst-Ökosystemen vergleicherikann, stellen Spinnei manchmal eine häufige
Frädatorengruppe dar. Im Gegensatz dazu-ist die ökologische Bedeutung der in Kulturfeldern
Iebenden Söin;än als lnsekteniertilger noch weitgehend ümstritten. Einige europäische Studien
deuten daräuf hin, daß den in der Vegetationsschicht von Kulturfeldern lebenden Spinnen ihrer
niedrigen Populationsdichten wegen wahrscheinlich keine große Bedeutung als Prädatoren von
lnsektin zukämmt. Aus anderen-europäischen Studien gehihervor, daß die epigäischen Spinnen
der Kulturfelder bezüglich ihrer Abundanz eine dominänte Prädatorengruppe darstellen, deren
Funktion als Kleinräuber allerdings noch weitgehend unbekannt ist. In asiatischen Reisfeldern, die
nicht oder wenig mit Pestiziden Sehandelt wurden, können Spinnen eine wichtige Bedeutung als

Prädatoren von-Schädlingen haben. Reisfelder sind Sumpfökolysteme; auch in europäischen_und
amerikanischen Sumpfökäsystemen können Spinnen eine abundante Prädatorengruppe dqrstellen.

In Südafrika *rriden Spinnen erfolgreich- bei der biologischen Bekämpfung von Fliegen in
Häusern eingesetzt.
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