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Abstract

Current knowledge of spiders in agroecosystems (excluding tree crops) reported in European and US literature is discussed
comparatively, in an attempt to relate spider community structure to pest control potential.

The spider fauna of agroecosystems in the northern-temperate zone of Europe is strongly dominated by small linyphiid
spiders that capture tiny insects in their sheet webs, including large numbers of pest aphids. In the US, spider guild structure is
more complex, and hunters (especially, Oxyopidae, Salticidae, Clubionidae, Thomisidae, and Lycosidae), that have broader
diets (including lepidopteran and heteropteran pests), numerically prevail in many locations. Spider populations increase to
high densities (2-600 %) in European field crops, but densities are typically much lower (0.02=#3imUS annual crops.
Agroecosystem spiders, in both Europe and the US, feed rather infrequently, but they contribute to pest control as part of
larger assemblages of natural enemies, and there is potential for increasing their density and impact in both continents.

Many of the differences between continents in spider guild structure, density and feeding patterns highlighted in this paper are
likely to be attributable to climatic differences. Most of the US data originate from more southern latitudes (i.e., subtropical and
Mediterranean climates) with distinctly higher mean annual temperatures compared to the European study areas, which are in
the northern-temperate zone. Spider communities may respond to climate directly, and also indirectly via food availability and
antagonists. In addition, differences in crop structure and cultural practices (including habitat diversification and the provision
of ground cover) could influence spider density and community organisation. Mean farm size is an order of magnitude less
in Europe than in the US and this is likely to be associated with greater habitat diversity, which is known to increase spider
abundance.

Currently, there is a dearth of field studies from southern Europe (Mediterranean climate) and the northern regions of the US
(humid continental climate). The few data available from such regions indicate that the patterns of spider predation may dif-
fer less between the two continents if sufficient study areas with similar climatic conditions could be compared. The conclusions
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in terms of biological control are, however, widely applicable, because a large proportion of the productive agricultural land
area of Europe is located in more northern latitudes and the reverse is true in the US.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Breene et al. (1993and Nyffeler et al. (1994a,b)
Mean annual temperatures (i€) at the study sites
Spiders are among the most abundant inverte- relevant to published investigations of agroecosys-

brate predators in terrestrial ecosysterfisirfibull, tem spiders in Europe and the US have been taken
1973; Wise, 1998 Most spiders feed primarily on  from: http://www.worldclimate.com Data on soil
insects and secondarily on other spidekerftwig, temperatures at Wellesbourne, UK, were provided

1987; Riechert and Harp, 1987; Nyffeler, 1999 by Horticulture Research International, and soil tem-
Very rarely non-arthropod prey (including earth- perature data (in°"F converted to°C) were also
worms, gastropods, and small vertebrates) are cap-obtained from The University of Kentucky Agricul-
tured by some spiders to supplement their arthropod tural Weather Station at Lexington, and from the
diet (Foelix, 1996; Nyffeler and Symondson, 2001; Texas A&M University Research and Extension Cen-
Nyffeler et al., 2001 Because of their high abun- ter at Stephenville. Data on mean farm size were
dance and predominantly insectivorous feeding habits, taken from the European Commission (Report on
spiders are suspected to play an important predatorythe Agricultural Situation in the European Union,
role in agroecosystems, woodlands, and other terres-OOPEC, Luxembourg, 1998) for Europe, and from
trial ecosystemsNyffeler and Benz, 1987Nyffeler, The National Agricultural Statistics Service, USDA
2000a,p. They are one of the major groups of gen- (http://www.usda.gov/nass/nassinfo/nassinfo)htar
eralist predators that are needed in the developmentthe US. Information on the proportion of cropland
of efficient, sustainable, low-input agricultural sys- under conservation tillage in the US came from “Con-
tems Ekschmitt et al., 1997 Assessments of the servation tillage numbers plow conventional acres
ecological importance of spiders have been under- under” published in Purdue News in February 1998
taken mainly in Europe and the USNhitcomb, (http://news.uns.purdue.edu/UNS/html4ever/9802.
1974; Luczak, 1979; Nyffeler, 1982; Riechert and Evans.notill.htm), whilst equivalent data for Europe
Lockley, 1984; Marc et al., 1999; Rypstra et al., 1999; came from “Conservation Agriculture in Europe” pub-
Samu et al., 1999; Sunderland and Greenstone, 1999;lished by the European Conservation Agriculture Fed-
Toft, 1999; Uetz et al., 1999; Wise et al., 1998 the eration pttp://www.ecaf.org/English/First.htnlData
following, findings from research on spiders in Euro- on the geographical range of imported fire ants were
pean and US agroecosystems (excluding top fruit and obtained from websites of the United States Depart-
forestry) are discussed comparatively, with the aim of ment of Agriculture (ttp://www.aphis.usda.gyythe
understanding global patterns of spider predation. Arizona Department of Agricultureh{tp://www.agri-
culture.state.az.ljisand the Virginia Department of
Agriculture and Consumer Servicesttf://www.
2. Methods vdacs.state.va.usThe interest was not in taxonomic
comparisons, but rather to determine if the ecological
Hundreds of reports on agroecosystem spiders structure (guild structure, density, diet) and pest con-
published in scientific journals and books, and in trol potential of spider communities were equivalent
unpublished theses, were searched for relevant in-on the two continents. To this end, species should
formation. The search also made use of reviews have been assigned to guilds, but data were insuffi-
by Nyffeler (1982) Riechert and Lockley (1984) cient Uetz et al., 1999 Therefore, whilst recognising
Sunderland (1987) Young and Edwards (1990) the limitations of the approach, spider families were
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used as guilds, and differentiation was mainly in re- rope (UK, France, Belgium) and in Germany, the
lation to foraging strategy and vertical location. For percentage of linyphiids in the spider fauna is very
example, many species of Linyphiidae that occur in high (93-99% of all spider individuals), which has
crops utilise sheet webs located on the ground or a been verified with several different sampling meth-
few centimetres above iThornhill, 1983; Sunderland  ods (D-vac, photoeclector, pitfall traps, etc.) (e.g.,
et al., 1986a; Alderweireldt, 1994Lycosidae hunt Dinter, 1999. Table 1suggests that Linyphiidae are

on the ground and do not make web%i(d, 1978, somewhat less dominant in Switzerland, Austria and
but Oxopidae hunt actively on vegetation and do not eastern Europe. The species identity of the dominant
use websNyffeler et al., 1992a linyphiids is uniform throughout large parts of Eu-

There is a dearth of information from southern Eu- rope, with a few species such @sdothorax apicatus,
ropean Countries, such as Spain, Portugal, Greece ancerigone atra, Erigone dentipalpis, andLepthyphantes
Italy. For convenience and brevity we refer to other tenuis usually dominating numerically Nyffeler,
studies as relating to “northern-temperate Europe”, 1982; Dinter, 1996; Sunderland, 1996; Blick et al.,
but this should be read as including Scandinavia. 2000. Within crops, wolf spiders (Lycosidae) are
(e.g. Denmark, Sweden, Norway, Finland), west- more numerous towards the field edge than at the
ern countries (e.g. France, Belgium, Holland, UK), centre Holland et al., 1999 whereas linyphiids are
germanic and central European countries (e.g. Ger- uniformly distributed at the field scale but aggregate
many, Austria, Switzerland, Poland) and some former to prey-rich patches at the microscattafwood et al.,
communist countries (e.g. Hungary, Czech Republic, 20013. Linyphiids often dominate the arachnofauna
Slovakia). In the case of the US, a latitude of ap- in non-crop habitat at the edge of crop fields in the
proximately 40N marks the dividing line between UK (White and Hassall, 1994; Haughton et al., 1999
northern and southern states. but in Hungary T6th and Kiss, 1999and Austria

(Kromp and Steinberger, 1992lycosids and other
non-linyphiid spiders dominate. Linyphiids capture

3. Spidersin European field crops prey with small horizontal sheet webs spun over
small depressions on the ground, but lycosids are
3.1. Taxonomic composition medium-sized (4-6 mm long) hunters that forage on

the soil surface without using a web.

European crops are inhabited by a large number
of different spider species, mainly from the fami- 3.2. Population densities
lies Linyphiidae, Lycosidae, Araneidae, Tetragnathi-
dae, and TheridiidaelL(iczak, 1979; Nyffeler, 1982; Spider density estimates reported from field crops
Sunderland, 1987; Hanggi et al., 1999 he spider in various parts of Europe are compiled Table 2
fauna in European field crops is largely dominated by In cereal fields, spider densities @£2—600nT2
Linyphiidae (Table 1), many species of which build  were recorded (e.gTopping and Sunderland, 1994a;
horizontal sheet webs. Hunting spiders (i.e., those for- Volkmar et al., 1994; Dinter and Poehling, 1995a; Toft
aging without the use of a web) are of less importance etal., 1999, and single species, suchEstra (Dinter,
in most locations (overall meaa 14.2% of all spider 1996 andL. tenuis (Sunderland, 1996; Topping and
individuals, N = 40 studies). Spiders live on plants Sunderland, 1998can reach densities of up to 27
as well as on the ground_czak, 1979; Nyffeler, and 62 2, respectively. In a heavily-grazed pasture
1982, but usually >90% of all spider individuals are the peak density o©edothorax fuscus was 155 nr?
found near the groundzeiler, 1963; Nyffeler, 1982 (De Keer and Maelfait, 1997and that ofErigone
and 56% of 109 species in UK cereals were confined species was 3181¢ (De Keer and Maelfait, 1998
to the ground and were never caught on plants during Spider densities within the range ef10—150 n72
667 sampling occasionS$(nderland et al., 1988 were reported from sugar beedgsmuth and Groh,

Ground-dwelling spiders of the family Linyphiidae, 1984; Garbe and Heimbach, 1998omewhat lower
most of which are small (1-3 mm long) web-building numbers were found in maizex25-90n12) and
species, strongly dominatdgble J). In western Eu- potato &10-25n1?2) (Luczak, 1975; Nyffeler, 1982;
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Table 1

Percentage of Linyphiidae individuals in the total spiders collected in various European field crops (arranged in order of decreasing
percentage)

Habitat Country Collecting method Linyphiidae (%) Authors

Sugar beet Germany Pitfalls 99.8 Kleinhenz and Biichs (1993)
Beet France Pitfalls 99.6 Cocquempot (1988)

Garden lettuce Germany Pitfalls 99.5 Blick (1999)

Sugar beet Germany Eclector 99.2 Kleinhenz and Biichs (1993)
Wheat Belgium Pitfalls 99.0 Cottenie and De Clercq (1977)
Beans France Pitfalls 98.8 Cocquempot (1988)

Wheat Germany Pitfalls 98.4 Dinter (1995)

Peas France Pitfalls 98.0 Cocquempot (1988)

Maize France Pitfalls 97.6 Cocquempot (1988)
Potatoes Germany Pitfalls 96.5 Platen (1996)

Sugar beet Germany Eclector 96.0 Sokolowski (1995)

Wheat Germany D-vac 95.9 Dinter (1995)

Maize Germany Pitfalls 95.4 Beyer (1981)

Maize Germany Pitfalls 95.1 Samale and Volkmar (2000)
Sugar beet Germany Pitfalls 95.0 Sokolowski (1995)

Sugar beet Germany Pitfalls 94.9 Beyer (1981)

Barley Denmark Pitfalls 94.1 Toft (1989)

Wheat United Kingdom D-vac 93.5 Topping and Sunderland (1994a)
Wheat Germany Eclector 93.2 Dinter (1995)

Wheat Germany Pitfalls 93.0 Basedow et al. (2000)

Rape Germany Pitfalls 92.2 Beyer (1981)

Wheat France Pitfalls 91.1 Cocquempot (1988)

Barley Germany Pitfalls 90.6 Volkmar (1996)

Sugar beet Germany Pitfalls 90.6 Samale and Volkmar (2000)
Meadow (mown) Switzerland Pitfalls 90.0 Nyffeler (1982)

Rye Germany Pitfalls 88.9 Platen (1996)

Kohlrabi Germany Pitfalls 88.9 Beyer (1981)

Clover/grass Germany Pitfalls 86.4 Beyer (1981)

Wheat Germany Pitfalls 78.7 Beyer (1981)

Sugar beet Poland Pitfalls 73.1 Czajka and Goos (1976)
Wheat Switzerland Pitfalls 73.0 Nyffeler (1982)

Sugar beet Czech Republic Pitfalls 68.0 Luczak (1979)

Arable land Switzerland Pitfalls 62.4 Blick et al. (2000)

Alfalfa Hungary D-vac 51.7 Samu et al. (1996)

Alfalfa Czech Republic Pitfalls 51.0 Luczak (1979)

Wheat Austria Pitfalls 48.5 Thaler et al. (1977)

Rye Poland Sweeping 48.0 Luczak (1979)

Winter cereals Finland Sweeping 47.0 Huhta and Raatikainen (1974)
Alfalfa Germany Pitfalls, sweeping 44.1 Geiler (1963)

Wheat Hungary Pitfalls 35.4 Basedow et al. (2000)
Potato Poland Sweeping 34.6 Czajka and Kania (1976)
Alfalfa Poland Sweeping 32.0 Luczak (1979)

Potato Poland Sweeping 25.5 Luczak (1979)

Oats Finland Sweeping 14.5 Raatikainen and Huhta (1968)
Alfalfa Hungary Sweeping 5.9 Samu et al. (1996)

Alfalfa Hungary Pitfalls 1.6 Samu et al. (1996)

Overall meant S.E. 749+ 4.2
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Table 2
Estimates of spider densities in European field crops (arranged according to crcp type)
Crop Country Collecting method Period  Number of Authors

(months)  spiders (n2)
Annual crops
Arable land Germany Quadrat 4-10 250 Heydemann (1962)
Wheat United Kingdom D-vac 3-8 10-120 Topping and Sunderland (1994a)
Wheat United Kingdom D-vac 4-8 5-300 Vickerman (1992)
Wheat United Kingdom D-vac 6-7 13-20 Moreby et al. (1994)
Wheat United Kingdom Quadrat D-vac 5-7 3-20 Winder et al. (1994)
Wheat United Kingdom Multiple methods 5-8 11-36 Sunderland et al. (1987b)
Wheat United Kingdom Fenced pitfalls 4-7 10-146 Holland (1998)
Wheat Holland Fenced pitfalls 7 23-59 Jagers op Akkerhuis (1993)
Wheat Germany D-va¢ eclector 7 38-567 Volkmar et al. (1994)
Wheat Germany D-vac 4-8 50-300 Dinter and Poehling (1995a)
Wheat Germany Flooding 5-7 10 Basedow (1998)
Wheat Germany Quadrat 7 54 Krause (1987)
Wheat Switzerland D-vac 5-7 10 Jmhasly and Nentwig (1995)
Wheat Switzerland Visual count 5-6 12-53 Nyffeler and Benz (1988a)
Wheat Denmark Distance method 6-7 100-450 Toft et al. (1995)
Barley Denmark Distance method 6-7 50-600 Toft et al. (1995)
Barley United Kingdom Multiple methods 5-6 61 Sunderland et al. (1987b)
Oats Germany Quadrat 7 32 Krause (1987)
Maize Germany Eclector 6 90 Lang (1998)
Maize Germany Quadrat 7 18 Krause (1987)
Maize Switzerland Visual count 6-7 13-35 Nyffeler (1982)
Maize Belgium Quadrat 7 26 Alderweireldt (1987)
Potato Poland Quadrat 8 24 Luczak (1975)
Sugar beet Germany Other 4-10 15-166 Assmuth and Groh (1984)
Sugar beet Germany Eclector 6-7 60-140 Garbe and Heimbach (1992)
Mean=+ SEE. 91.6+ 19.6
Perennial crops
Hay meadow Switzerland Visual count 6-7 13-25 Nyffeler and Benz (1988a)
Meadow Poland Soil cores 3-11 26-74 Kajak (1978)
Ryegrass Belgium Quadrat 7 43 Alderweireldt (1987)
Grass/cereal United Kingdom D-vac 1-12 5-60 Thomas and Jepson (1997)
Clover/grass Ireland D-vac 5-9 73 Curry and O’'Neill (1978)
Alfalfa/grass Sweden 70-131 Curry (1994)
Alfalfa Hungary Quadrat 6-9 21 Balogh and Loksa (1956)
Alfalfa Hungary D-vac 5-9 85 Samu et al. (1996)
Alfalfa Hungary D-vac 7-10 2-87 Samu et al. (1997)
Mean=+ S.E. 521+ 94
Overall meant SE. 81.2+ 14.8

21n the case of a density range, the mean was calculated as (minimum+vedagimum value)/2.

Alderweireldt, 1987; Lang, 1998Densities in peren-

nial gramineous and legume crops were similar to

those recorded for annual row cropslderweireldt,
1987; Curry, 1994; Samu et al., 199@ased on all
these estimates, an overall mean value for the spiderby means of visual observation in the fieltables 3

density of field crops of northern-temperate Europe and 4. The feeding patterns of linyphiids in various
studies (encompassing wheat, maize and meadows in

of ~80 m2 was computedTable 2.

3.3. Prey selection

Feeding patterns of the numerically dominant spi-
ders (linyphiids and lycosids) have been identified
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Table 3
Percentage composition of prey types taken by linyphiid spiders in European gramineous crops
Crop Country Prey typés

Aphids Collembola Diptera Others
Wheat United Kingdorh 12.1 71.7 5.6 10.6
Wheat Switzerland 56.0 4.7 24.5 14.8
Wheat Switzerlard 38.7 37.8 135 9.9
Maize Switzerlan 50.0 34.6 7.7 7.7
Maize Belgiun¥ 56.7 35.8 3.0 4.5
Meadow (mown) Switzerlarid 27.9 48.7 7.8 15.6
Overall meant S.E. All 40.2 + 7.2 39.1+ 8.9 10.4+ 3.2 10.5+ 1.7

aPrey were collected from the webs of spiders (except for footnote b, where prey were collected from the chelicerae of spiders).

b Sunderland et al. (1986a)
¢Jmhasly and Nentwig (1995)
d Nyffeler and Benz (1988a)

€ Alderweireldt (1994)

Switzerland, UK, and Belgium) differ littleTable 3.
Linyphiid webs are not located randomly in fields, but
rather reflect the microdistribution of potential prey
(Harwood et al., 200)aThe fragile, horizontal sheet
webs of linyphiids, usuallyz1-74 cn? surface area
(Sunderland et al., 198Banay have evolved primar-
ily for interception of small, soft-bodied insects, such
as collembolans, dipterans, and aphidiable 3; re-
mains of larger and/or heavily-sclerotised prey (such

nae) that was passing near the web on the ground
(Sunderland, unpublished). It is likely that the true
diet is wider than that inferred from prey remains in
webs. DNA techniques, now undergoing rapid devel-
opment for predation studieggidi et al., 1999; Chen

et al., 2000; Sunderland et al., 2Q0hold promise

for gaining a more comprehensive documentation of
linyphiid diet. Lycosids are diurnal hunters and some
species use a “sit-and-wait” foraging stratedyid,

as lepidopterans, heteropterans, and coleopterans) ard978; Stratton, 1985; Riechert, 1992ycosid indi-

rarely found in the webs of these spiders. However,
some common linyphiids, such @edothorax species,
appear to rely much less on use of a w&hdrnhill,
1983, and species of the gen&sigone can capture
prey outside the webA{derweireldt, 1994. E. atra,
under laboratory conditions, was observed to leave

viduals holding prey can be caught and preserved for
later microscopical identification of spider and prey.
In many cases the prey is too damaged to permit iden-
tification, but aphids, Collembola and Diptera have
been identified yffeler and Benz, 1988bAs far as

is known, lycosids feed basically on the same prey

its web, chase, capture, and completely consume thegroups as the linyphiids (high diet overlaggble 4.

fluid contents of a tiny staphylinid beetle (Aleochari-

Table 4

Percentage composition of prey types taken by lycosid spiders
(Pardosa spp.) in agricultural fields and woodland in eastern
Switzerland (afteNyffeler and Benz, 19888

Prey type Wheat MeadowBeech-spruce Overall
(mown) forest mean+ S.E.
Aphids 27.1 33.3 0.0 20.% 10.2
Collembola 25.4 28.6 52.2 354 8.4
Diptera 27.1 14.3 34.8 254 6.0
Others 20.4 23.8 13.0 194 3.2

aPercentages deviate from values presented in the original pub-
lication because a large number of strongly masticated, unidenti-
fiable prey items are not included here.

Individual spiders usually take more than one prey
type. Such dietary mixing may be advantageous by
optimising a balanced nutrient composition needed
for survival and reproductiorGreenstone, 1979; Toft,
1995. The numerically dominant spiders in European
crops appear to feed infrequently, since only 4-5% of
the population are observed with food at any instant
(Table 5, and this equates to approximately one prey
killed per spider per day (se&ection 3.

3.4. Spiders as predators of pests

Spider predation on aphids has been assessed us-
ing serological methodsChiverton, 1987; Sopp and
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Table 5
Percentage of spiders observed feeding: a comparison of studies in European and US agroecosystems
Crop Geographical Number of Observation Percentage of Authors

area spiders observed periodt spiders feeding
WheaP Switzerland 2499 D 4.2 Nyffeler and Benz (1988b)
Meadow (mowr) Switzerland 710 D 4.9 Nyffeler and Breene (1990)
Soybeah lllinois >79 D, N 12.0 LeSar and Unzicker (1978)
Cottorf Mississippi 237 D 7.6 Young (1989)
CottorP Mississippi 3704 N 4.4 Hayes and Lockley (1990)
Cottor? East Texas 308 D 4.0 Nyffeler et al. (1994a)
Cottorf East Texas 1890 D, N 3.2 Nyffeler et al. (1987a)
Cottorf Central Texas 2402 D 2.6 Nyffeler et al. (1992a)
Cranberr{ Massachusetts 7009 D 2.7 Bardwell and Averill (1997)
Vegetable$ Tennessee 2423 D 6.5 Riechert and Bishop (1990)
Overall meant SEE. 52+ 0.9

aD: daytime, N: nighttime.

b Soil surface-dwellers.

¢ Foliage-dwellers.

4 Soil surface-dwellers and foliage-dwellers.

Chiverton, 1987; Sunderland et al., 1987a; Janssensof climbing back into the field layerinder, 1990

and De Clercq, 1990; Kennedy, 1990; Burn, 1992 and are therefore still potentially harmful to the plants
and the findings have been verified and quantified (Nyffeler and Benz, 198§aHowever, reclimbing rate
through field and laboratory experimen&ufiderland is negatively related to the abundance of generalist
et al., 1986a,b Sunderland, 1987; Heidger and predators (including Linyphiidae) on the ground; 86%
Nentwig, 1989; Sopp et al., 1992; Mansour and of aphids were calculated to reclimb in the absence of
Heimbach, 1993; Jmhasly and Nentwig, 1995; predators, compared to about 15% in wheat fields with
Schroder et al., 1999Foliage- and soil surface-dwe- average-density predator populatioizuffield et al.,
lling spiders alike feed heavily on cereal aphids 1996. This principle of aphid control being facilitated
(i.e., Metopol ophium dirhodum, Rhopal osiphum padi, by synergism between ground-based generalist preda-
and Stobion avenae). The diet of linyphiids con-  tors and natural enemies foraging in the foliage has
tains ~10-60% of cereal aphids in winter wheat also been demonstrated hpsey and Denno (1999)
and maize Nlyffeler, 1982; Sunderland et al., 1986a; in an aphid-ladybird-carabid system in alfalfa in the
Alderweireldt, 1994 In these studies, the majority US. Spiders usuallyTpft, 1995; Bilde and Toft, 1997;

of aphids in the prey of the linyphiids were apter- Beck and Toft, 2000 but not always Kielty et al.,

ous and probably intercepted in spider webs after 1999 prefer alternative foods (such as Collembola)
being knocked down from the foliage by wind and to cereal aphids, and there is evidence from the field
rain, or after dropping in response to the alarm that fewer aphids are consumed when the availabil-
pheromone produced by individuals attacked by ity of Collembola is high Harwood et al., 2000)b
predators Bowers et al., 1972; Kislow and Edwards, This suggests that under diversified agricultural sys-
1972 or parasitoidsGowling and Van Emden, 1994 tems of the future, where more prey choice will be
According to Sunderland et al. (1986bpaphids in possible Sunderland and Samu, 200Qhe role of
winter wheat dropped to the ground at a rate of spiders in pest control may be reduced. However,
7.5->100individuals m? per day (increasing from there are other competing processes to consider, such
late May to the first half of July). At low aphid den- as alternative foods enabling an early build up of
sities early in the season there is a relatively greater spider populations in fieldsAkelsen et al., 1997
proportion of aphids on the ground than later when early-instar aphids being unable to escape (and so
the population has increased, and this is beneficial for dying) in linyphiid webs, even when they are not
pest control $opp et al., 1987 Apterae are capable attacked by the spiderSgnderland et al., 198%b
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and “wasteful” or “superfluous” killing of pests
by satiated spidersMansour and Heimbach, 1993;
Samu and B0, 1993; Riechert and Maupin, 1998
On balance, it is likely that soil surface-dwelling spi-
ders make a significant contribution to the control of
cereal aphids, as is also suggested by the majority
of manipulative field studiesEdwards et al., 1979;
Sunderland et al., 1980; Chiverton, 1986; Gravesen
and Toft, 1987; Winder, 1990; Burn, 1992; Libke-Al
Hussein and Triltsch, 1994; Holland and Thomas,
1997; Lang et al., 1999 Spider predation on agri-
culturally harmful aphids has also been recorded in
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to an estimate byyffeler and Benz (1988abased
on feeding frequency, handling time, and diel activity
period of the spider, a small linyphiid may Kkill, on
the average, slightly less than one tiny prey item per
day. By multiplying this value with the average spi-
der density, it was estimated that small linyphiids in
a winter wheat field near Zurich had killed perhaps,
on average~~20 aphids m? per day in June. (At this
time of the growing season, the numbers of aphids on
the wheat plants reached 1000-500Cth Kennedy
(1990) using ELISA to detect remains & avenae

in linyphiids living in Irish cereal fields, calculated

meadows, oats, rape, potato, sugar beet, alfalfa, andpredation rates of 2.2-12.31h per day (varying

sunflower Dunn, 1949; Kajak, 1965; Foster, 1972;
Suter and Keller, 1977; Nyffeler and Benz, 1979,
1981, 1982; Thornhill, 1983; Pekar, 2008any dif-
ferent species of pest aphids (including the key pests
Aphis fabae and Myzus persicae) are captured and
devoured by spiders. Significantly more root aphids
(Anoecia corni) were recorded in parts of a meadow
from which predators (mainly spiders and carabid
beetles) had been excludegiajak, 1997.

Since small linyphiids feed largely on aphids and
are able to build up fairly high numbers, they are
suspected to play a useful role as natural control
agents in damping aphid population explosions. Their
efficiency as mortality agents of insect pests may be
limited by their small size (usuallgzl-3mg fresh
weight per individual) Table §, suggesting that
they have a low individual prey killing capacity as
a consequence of low food requirement. Indeed, the
percentage of linyphiids feeding at any one time in
the field was found to be lowa{4%) (van Wingerden,
1977; Nyffeler and Benz, 1988aable 5. According

seasonally) and reductions in peak aphid populations
of 4.1-37.0% (varying annually)Sunderland et al.
(1986b)estimated that~30 aphids m? per day were
killed by linyphiids in winter wheat in the UK, and
Fraser (1982)xalculated that linyphiids reduced the
peak population o8 avenaein a field of winter wheat
by 37%. In a re-analysis of the datalefaser (1982)
it was estimated that linyphiids reduced peak aphid
populations by 49%Ghambers and Aikman, 1988
Winder et al. (1994)calculated that polyphagous
predators caused reductions of 0.7 to >50% of popu-
lations of this aphid (varying according to season and
year), and that linyphiids made a small but consistent
contribution to this overall effect. In general, the data
suggest that linyphiids make a useful contribution
to cereal aphid control (especially, if mortality due
to wasteful killing and death in webs were added to
the above figures), but would not be sufficient, by
themselves, to prevent aphids causing yield loss.
Apart from aphids, dipterans are a major food
source for many spider specieKajak, 1965;

Table 6

Weight (mean fresh weight per individual) of linyphiid spiders in European field crops

Spider taxa Sample size Mean fresh weight (fng) Authors

Linyphiidae 120 1.04 Basedow et al. (1991)
Linyphiidae Not given 111 Luczak (1975)

Linyphiidae 14 1.40 Nyffeler and Benz (1988a)
Linyphiidae Not given 2.50 Heydemann (1962)

E. atra male 17 1.53 Dinter and Poehling (1995b)
E. atra female 19 3.76 Dinter and Poehling (1995b)
O. apicatus male 20 111 Dinter and Poehling (1995b)
O. apicatus female 19 5.57 Dinter and Poehling (1995b)
Overall meant S.E. 2.25+ 0.58

aFresh weight calculated as four times dry weight, assuming an average spider water content BUZ5%987.



M. Nyffeler, K.D. Sunderland/Agriculture, Ecosystems and Environment 95 (2003) 579-612 587

Nyffeler, 1982, 199% Spiders have been reported to common in some locationsTdble 7 (LeSar and

feed on the frit fly Oscinella frit), hessian fly Mayeti- Unzicker, 1978; Culin and Yeargan, 198Hunters
ola destructor), and wheat blossom midge€dn- make up >50% of the spider individuals collected in
tarinia tritici, Stodiplosis mosellana), all of which US fields in most studiesTable 7). Among them,

are key pests in European cereal field@agedow, Oxyopes salticus (Oxyopidae) is a particularly promi-
1973; Sunderland, 1987; Heidger and Nentwig, 1989 nent agroecosystem coloniser in the U3eén and
Using predator exclusion techniqudsplland et al. Sterling, 1987; Young and Edwards, 1990QThis
(1996) recorded no effect of polyphagous predators species is often the commonest spider predator in cot-
(including spiders) onS. mosellana populations in ton and soybean throughout extensive growing areas
wheat, butBasedow (1975found that midge pre- from the southeast (North Carolina, South Carolina,
dation was reduced by 84% when ground-dwelling Georgia, Alabama, and Mississippi) to the south-
predators were excluded. In addition to their direct west (Arkansas, Louisiana, and Texa¥ping and
effects on pest populations, spiders can also exertLockley, 1985. West of the 100th degree of longi-
an influence as one component of an assemblage oftude the climate is much drier, and Oxyopidae as a
natural enemiesSunderland et al., 1997; Sunderland, dominant family is replaced there by the Thomisidae.
1999, where the interactions between spiders and Accordingly the spider fauna in regions such as west
other natural enemies can have either positive or neg- Texas and Arizona is dominated by thomisid spiders
ative effects on pest control, depending on crop and (e.g., Misumenops spp.) Plagens, 1983; Dean and
season (see als®ection 4.). Generalist predator as-  Sterling, 1987. A spider fauna that differs somewhat
semblages (which frequently included spiders) were from the rest of the country is found on the Califo-
found to reduce pest numbers significantly in 79% of rnian west coast, where the lyco$tdrdosa ramulosa
the 52 studies reviewed yymondson et al. (2002) is often the commonest spider inhabitant of crop fields
Usually spiders eat larvae or adults of insects; (Yeargan and Dondale, 1974; Oraze et al., 988
feeding on insect eggs has been observed, to date, Spider individuals of small body size (including
only in captivity with regard to European studies high percentages of immatures) numerically domi-
(Jones-Walters, 1993 nate the spider fauna in US field cropgo(ng and
Edwards, 199D For instance, the average body length
of O. salticus was found to be in the range of 4-5mm
4. Spidersin USfield crops in cotton growing areas of Mississippi and Texas
(Lockley and Young, 1987; Nyffeler et al., 1994a
4.1. Taxonomic composition
4.2. Population densities
More than 600 spider species (44% web-builders,
56% hunters) are associated with US field crops Thorough assessments of spider densities have
(Young and Edwards, 1990Web-building spiders  been conducted in the US, especially in cotton and
are represented mainly by the families Tetragnathidae, soybean. This is probably attributable to the fact that
Araneidae, Linyphiidae, Theridiidae, and Dictynidae; great efforts have been undertaken by entomologists
the hunters by Oxyopidae, Salticidae, Clubionidae, to monitor pests and predators in these two crops,
Thomisidae, and LycosidaeNyffeler, 1999. Spider which are of major economic importance. During an
guild structure is more complex compared to Europe extensive survey throughout Tex&ean and Sterling
(Table 3 and there is considerable variation from (1987)recorded spider numbers in unsprayed cotton
crop to crop and region to regiotJétz et al., 1999 fields (with a vacuum insect net; D-vac) at between
Representatives of the family Linyphiidae are less 0.2 (south Texas) and 2.3individuals per m of row
common in the US (usually25% of total spider in- (east Texas). The overall mean throughout Texas
dividuals) (Table 3. Schmaedick and Shelton (2000) (including data not shown iffable § is 0.8 spiders
however, found the arachnofauna on the foliage of per m of row, which equates te-0.8 spiders m?
cabbage in New York state to be >70% Linyphiidae. (based on a row spacing of approximately 1 m). Den-
Orb-weavers (e.gletragnatha laboriosa) are fairly sity assessments on cotton in Arkansas, Louisiana,
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Table 7
Percentage contribution of three major spider groups to the arachnofauna of US field crops (arranged according to &rop type)

Crop State Collecting method Percentage Authors

Linyphiidae  Orb-weavers Hunters

Annuals

Wheat OK D 29.6 47.5 16.6 Greenstone (2001)

Wheat CcO D 23.0 19.0 42.0 Greenstone (2001)

Wheat Canada P 3.4 0.0 84.2 Doane and Dondale (1979)
Sorghum OK P 39.0 1.1 43.0 Bailey and Chada (1968)
Rice X P, S 22.5 6.9 70.6 Woods and Harrel (1976)
Rice CA D 19.3 <1.8 78.9 Oraze et al. (1988)

Rice CA St 5.1 <11 93.8 Oraze et al. (1988)

Rice AR S 7.3 24.2 68.0 Heiss and Meisch (1985)
Soybean KY P 46.8 0.6 15.6 Culin and Yeargan (1983b)
Soybean KY Sk 0.9 32.0 20.2 Culin and Yeargan (1983a)
Soybean OH \% 43.0 44.0 <13.0 Balfour and Rypstra (1998)
Soybean VA P 13.1 0.3 86.2 Ferguson et al. (1984)
Peanut TX \% 3.1 2.0 88.7 Agnew and Smith (1989)
Peanut X P 1.8 <1.7 95.7 Agnew and Smith (1989)
Cotton X D, PV 12.0 11.0 68.8 Dean et al. (1982)

Cotton X D 1.9 9.4 81.8 Dean et al. (1988)

Cotton AR Vv, O 10.4 13.9 69.0 Whitcomb et al. (1963b)
Vegetables TN \% 23.8 16.6 36.2 Riechert and Bishop (1990)
Mean=+ S.E. 17.0+ 3.5 12.9+ 3.6 59.6+ 6.9

Perennials

Alfalfa VA D 48.6 38.3 12.5 Howell and Pienkowski (1971)
Alfalfa VA S 2.4 56.8 40.3 Howell and Pienkowski (1971)
Alfalfa KY P 42.7 2.8 21.7 Culin and Yeargan (1983b)
Alfalfa KY D 8.6 50.6 14.8 Culin and Yeargan (1983a)
Alfalfa CA D 33.6 1.3 63.0 Yeargan and Dondale (1974)
Grassland AR P 15.2 0.8 82.7 Whitcomb et al. (1963a)
Grassland X D 2.4 33.0 61.0 Dean et al. (1988)
Grassland TX S 0.7 9.6 89.2 Dean et al. (1988)
Cranberry MA V, S 4.2 34.6 61.2 Bardwell and Averill (1997)
Blueberry ME P 1.0 0.1 95.3 Collins et al. (1996)
Mean+ S.E. 159+ 5.9 228+ 7.0 54.2+ 9.7

Overall meant S.E. 16.6 + 3.0 16.5+ 3.4 57.6+ 5.5

ap: D-vac; P: pitfall; V: visual search; S: sweeping; Sk: shake cloth; St: sticky trap; O: others.

Mississippi, Oklahoma, Arizona, and California and Yeargan, 1998A mean spider density of 0.7T4
yielded similar values to TexasMhitcomb et al., was recorded in unsprayed winter wheat in Col-
1963b; Johnson et al., 1976; Gonzalez et al., 1977; orado, and of 2.7 m? in winter wheat in Oklahoma
Smith and Stadelbacher, 1978; Stam et al., 1978; (Greenstone, 20Q01Based on an extensive literature
Plagens, 1983 Deitz et al. (1976)found values survey, taking into account unsprayed and sprayed
ranging from 0.4 to 3.2spidersTA (overall mean fields, an overall mean spider density=e2 m~2 was
~1.4spidersm?) in unsprayed soybean fields in computed for annual row crops in the USable §.
North Carolina. Values of the same order of magni- Where fields are heavily sprayed, extremely low
tude were reported from soybean in Kentucky and spider densities (0.02—-0.1TH) have been reported
peanut in TexasAgnew and Smith, 1989; Anderson (Skinner, 1974 W.L. Sterling, pers. comm.). Much
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Table 8

Estimates of spider density in US field crops (arranged by crop #jipe)

Crop Location Collecting method Period Number of Authors

(months)  spiders (m?)

Annuals

Cotton Alabama Not known Not known 0.02-0.1 Skinner (1974)
Arizona Ground cloth 6-9 1.3-2.3 Plagens (1983)
Arkansas Plant examination 6-10 0.8 Whitcomb et al. (1963b)
California Plant examination 6-9 0.8 Gonzalez et al. (1977)
Louisiana D-vac 6—7 0.6-0.8 Stam et al. (1978)
Mississippi D-vac 6-8 0.1 Dinkins et al. (1970)
Oklahoma Plant examination 6-8 1.5-25 Johnson et al. (1976)
Texas (central) D-vac 5-9 1.0 Dean and Sterling (1987)
Texas (east) D-vac 5-9 23 Dean and Sterling (1987)
Texas (north) D-vac 5-9 0.8 Dean and Sterling (1987)
Texas (south) D-vac 5-9 0.2 Dean and Sterling (1987)
Texas (west) D-vac 5-9 0.4 Dean and Sterling (1987)

Soybean Kentucky (narrow rows) Beat sheet 7-8 2.4-3.7 Anderson and Yeargan (1998)
Kentucky (wide rows) Beat sheet 7-8 1.4-2.3 Anderson and Yeargan (1998)
Kentucky Shake cloth 4-12 1-14 Culin and Yeargan (1983a)
Louisiana Plant examination 7-10 0.04-0.05 Fuller and Reagan (1988)
North Carolina (east) Ground cloth 7-9 0.4-1.8 Deitz et al. (1976)
North Carolina (west) Ground cloth 7-9 0.4-3.2 Deitz et al. (1976)
Ohio Quadrat 5-12 8 Halaj et al. (2000)

Sorghum Louisiana Plant examination 7-10 0.02-0.04 Fuller and Reagan (1988)

Vegetables Tennessee Quadrat Not given  1-8 Riechert (1990)

Wheat Colorado D-va¢ ground search 10-6 0.5-10 Greenstone (2001)
Oklahoma D-vaet ground search  Spring 2.7 Greenstone (2001)

Mean+ SEE. 199+ 0.44

Perennials

Alfalfa California D-vac+ echo sampler 5-8 15-145 Summers et al. (1984)

Alfalfa California D-vac 1-12 1-60 Yeargan and Cothran (1974)

Alfalfa Virginia D-vac 1-12 1-31 Howell and Pienkowski (1971)

Alfalfa Kentucky D-vac 4-12 2-122 Culin and Yeargan (1983a)

Meadow Ontario Quick trap- suction 4-10 30-77 Dondale (1971)

Meadow New York Not known Not known 51 Wolcott (19375

Meadow Tennessee Quick trap suction 4-12 56 Van Hook (1971)

Meadow Texas D-vac 7-9 6-10 Nyffeler et al. (1987a)

Mean=+ S.E. 446+ 8.6

Overall meant SEE. 12.3+ 3.8

21n the case of a density range, the mean was calculated as (minimum+velagimum value)/2.

b Dinkins et al. (1970)Stam et al. (1978)Culin and Yeargan (1983and Dean and Sterling (1987%jresented their data as “numbers
per meter of row”; we converted these values to “number of spiders per square meter” assuming approximately 1 m row spacing (as is the
case in Texas; W.L. Sterling, pers. comm.). In the studyAonflerson and Yeargan (1998pw spacing was 0.46 m (narrow) and 0.92m
(wide), and hence their values were adjusted using a correction facte.@f andx1.1, respectively.

¢ Cited in Dondale (1971)

d0ld field.

higher densities are found in perennial row crops 4.3. Prey selection

(e.g. alfalfa) and meadows, giving an overall mean

density of~45m 2 (Table §. In perennial row crops The feeding patterns of spiders in US field crops,
hunters and orb-weavers, rather than Linyphiidae, based on 10 different studies in soybean, cotton,
predominate Table 7. peanut, alfalfa and vegetables, are presented in
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Table 9
Percentages of seven major prey types in the diet of spiders in US field crops
Study? Percentage
Heteroptera Homoptera Coleoptera Diptera Hymenoptera Araneae Lepidoptera
1 17.7 36.6 0.0 40.5 3.8 0.0 0.0
2 3.1 25.2 38.5 18.5 5.1 0.0 5.1
3 5.8 4.4 50.4 13.1 15 4.4 8.0
4 54.2 16.7 0.0 18.8 0.0 0.0 6.2
5 31.0 155 22.4 121 1.7 155 1.7
6 27.7 9.6 5.3 13.8 22.3 17.0 0.0
7 1.0 43.6 7.9 11.4 31.9 14 0.6
8 32.7 7.3 3.2 6.4 9.5 17.3 17.3
9 13.4 134 45.2 19.1 0.0 0.0 8.9
10 11.5 24.1 6.0 22.1 0.6 19.6 1.2
Overall meant S.E. 19.8+ 5.2 19.6+ 4.0 17.9+ 6.2 17.6+ 2.9 7.6+ 34 75+ 2.7 49+ 1.7

a1: LeSar and Unzicker (1978Yetragnathidae, soybean, lllinois; Qulin and Yeargan (1982Araneidae and Tetragnathidae, soybean,
Kentucky; 3:Hayes and Lockley (1990} ycosidae, cotton, Mississippi; 4:ockley and Young (1987)Oxyopidae, cotton, Mississippi; 5:
Young (1989) Salticidae, cotton, Mississippi; ®lyffeler et al. (19923)Oxyopidae, cotton, central Texas; Nyffeler and Sterling (1994)
spider assemblage, cotton, east Texashghew and Smith (1989kpider assemblage, peanut, west Texafli®chert and Bishop (1990)
spider assemblage, vegetables, TennesseeYeigan (1975a)Lycosidae, alfalfa, California.

Table 9 Overall, the diet of agroecosystem spi-
ders in the US is more diverse than in Europe (cf.
Tables 3 and ¥ Heteroptera, Homoptera, Coleoptera,
Diptera, Hymenoptera, and Lepidoptera are the

4.4. Spiders as predators of pests

Using a radiolabelling technique spiders were
shown to feed on lepidopteran pests (eggs and/or lar-

insects most frequently recorded as spider prey vae of the tobacco budworm, bollworm, and cotton

(Table 9. In addition, spiders were observed feed-
ing on other spiders (a behaviour typical of hunt-
ing spiders). Seven prey taxdaple 9 comprise
95% of total prey consumed. The high overall mean
percentage of Coleoptera in the diet is probably
due to two studies (2 and 3 imable 9 referring

to larger spider species that occur in field crops
in low numbers (i.e.Neoscona arabesca and large
Lycosidae), and whose contribution to the spiders’
overall predation impact can be considered mi-
nor (Nyffeler, unpublished). The vast majority of
agroecosystem spiders, however, are small individ-
uals (e.g.O. salticus) that usually cannot pierce the

leafworm) in cotton fields in TexasvcDaniel and
Sterling, 1979, 1982; McDaniel et al., 1981; Gravena
and Sterling, 1983; Nuessly and Sterling, 1p9%he
spiders involved were mainly hunters from the fami-
lies Oxyopidae, Salticidae, Thomisidae, and Clubion-
idae. These findings were verified by ELISA studies,
cage experiments, and visual observatidiifcomb
et al., 1963b; Whitcomb and Bell, 1964; Whitcomb
and Eason, 196 Whitcomb, 1967a,bLingren et al.,
1968; Ruberson and Greenstone, 1998

In soybean fields in Florida and South Carolina
radiolabelling and visual observation have shown that
spiders eat various stages Afticarsia gemmatalis

strongly-sclerotised coleopteran integument, and the and other noctuid caterpillar8(schman et al., 1977;

overall impact of spider predation on coleopterans
in US field crops is probably rather smaNlyffeler
et al., 1994a

McCarty et al., 1980; Godfrey et al., 1989; Gregory
et al., 1989. Representatives of the families Oxy-
opidae, Salticidae, Thomisidae, and Clubionidae are

As in Europe, agroecosystem spiders feed mostly on known to be the main spider predators of lepidopteran

tiny prey (<4 mm long) LeSar and Unzicker, 1978;
Young and Edwards, 1990; Nyffeler et al., 1994mnd

pests in this cropBuschman et al., 1977; Richman
et al., 1980; Elvin et al., 1983; Reed et al., 1984;

a low percentage are feeding at any one moment in Gregory et al., 1980 Noctuid damage to maize, by

the field (Table 5.

Pseudaletia unipuncta, was significantly increased in
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plots where predators (including Lycosidae, Linyphi- Hunting spiders are considered to be of particular
idae, Thomisidae) were experimentally removed importance as predators of the various stages of crop
(Clark et al., 1991 The density oHemileuca oliviae, pests Muniappan and Chada, 1970a; Horner, 1972;
a pest of forage grasses, was increased significantly Young and Lockley, 1986; Lockley and Young, 1987,
by removing predators, including AraneidaShgw Young, 1989. They are mobile foragers that actively
et al., 1987. Similar reductions of caterpillar pests by patrol the plant surface in search of larvae and adults
predator assemblages containing spiders have beerof lepidopterans and heteropteraxghitcomb, 1974
demonstrated in brassica cropSchimaedick and Lycosidae were often seen attacking tethered larvae of
Shelton, 1999 sorghum and sugarcanéuller and lepidopterous pests in maizBrist et al., 198p Var-
Reagan, 1988 Radiolabelling has shown that spi- ious techniques have shown that even insect eggs are
ders consumed cotton fleahopp@seudatomoscelis devoured by hunting spiderdyffeler et al., 199].
seriatus (Heteroptera: Miridae)Breene and Sterling, = Some spiders, such @heiracanthiummildei, are also
1988 Breene et al., 1988-19980The spiders in-  able to attack leaf-mining lepidopteran larvae through
volved were mainly Oxyopidae, Salticidae, and the lower epidermis of the leaCprrigan and Bennett,
Thomisidae, as was also verified by visual observa- 1987. Occasionally spiders in US field crops feed on
tions in the field Dean et al., 1987Nyffeler et al., pests from other insect orders, including coleopterans,
1987b, 1992a) ELISA has revealed that spiders but this seems to be of little consequence econom-
(especially Oxyopidae and Salticidae) eat the stink ically (Yeargan, 1975a; LeSar and Unzicker, 1978;
bug Nezara viridula (Heteroptera: Pentatomidae) in Culin and Yeargan, 1982; Young and Lockley, 1985;
soybean fields in LouisianaRégsdale et al., 1981 Hudson et al., 1988; Hough-Goldstein et al., 1993;
These spiders are not deterred by the repugnantBardwell and Averill, 199Y. Predation by lynx spi-
odour produced by stink bugs as a defendgfieler ders on small larvae dfeptinotarsa decemlineata has

et al., 1994a They also feed heavily ohygus line- been observed in the field, and the impact of spiders
olaris, a key pest in Mississippi cottoryYgung and on the population dynamics of this pest may have been
Lockley, 1986; Lockley and Young, 1987; Young, underestimatedHilbeck and Kennedy, 1996

1989. Thomisids and other spiders were observed Direct predation is not the only mechanism whereby

to prey on pest mirids L@bops hesperius and Ir- predators affect crop protection. Spidemis(rina
bisia brachycera) and leafhoppers in Utah grassland mira) that had their chelicerae glued together caused
(Araya and Haws, 1991 nearly as much grasshopper mortality and grass yield

From all these studies, it is clear that spiders often increase as did unmanipulated spid&shmitz et al.,
prey on lepidopteran and heteropteran pests and on1997. The mere presence of predators can induce
various aphids, leafhoppers, treehoppers, and plantbehavioural and physical changes in herbivores (e.g.
hoppers, which are potentially harmful by draining shifts in activity periods, diet and growth ra&tamp,
nutrients from plants and/or as vectors of plant dis- 1997. Presence dflogna helluo, for example, caused
eases \(Vheeler, 1973; LeSar and Unzicker, 1978; reduction in feeding byDiabrotica undecimpunctata
Culin and Yeargan, 1982; Oraze and Grigarick, 1989; howardi and reduced damage to host plarayder
Letourneau, 1990; Bardwell and Averill, 199 Rus- and Wise, 200D
sian wheat aphid¥iuraphis noxia) densities were up Apart from pests, spiders also feed on other preda-
to 11 times higher in wheat plots from which natural tors and on parasitoidsA(hitcomb, 1974; Randall,
enemies (including Tetragnathidae and Thomisidae) 1982; Willey and Adler, 1989; Araya and Haws,
had been excludedohamed et al., 20Q0In a study 1991 Nyffeler et al., 1994a,bFagan et al., 1998;
conducted in Texas cotton, the percentage of aphidsHodge, 1999 The phenomenon of mutual predation
in the diet ofO. salticus was low compared with the  within the same tropic level is known as ‘intraguild
percentage of aphids in the pool of potential prey predation’ Polis and McCormick, 1987; Rosenheim,
(Nyffeler et al., 1987a This suggests that aphids 1998; Wise and Chen, 1999; Brodeur and Rosenheim,
had been avoided by the spiders as a prey. Possibly,2000. Short of actual predation, one group of preda-
aphids are a low quality prey for lynx spiders, as for tors can also affect another by triggering behaviours,
wolf spiders Toft, 1995. such as emigration from the field, that avoid intraguild
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Table 10

Estimated percentage of predators in the diets of spiders in Europe and the US

Location Crop Spiders Percentage Authors

Europe

Switzerland Wheat Linyphiidae <10 Nyffeler and Benz (1988a)
United Kingdom Wheat Linyphiidae <10 Sunderland et al. (1986a)
Switzerland Wheat Web-weavers <10 Jmhasly and Nentwig (1995)
Switzerland Wheat Orb-weavers <10 Nyffeler and Benz (1979)
Switzerland Barley Orb-weavers <10 Nyffeler and Benz (1979)
Switzerland Oats Orb-weavers <10 Nyffeler and Benz (1979)
Switzerland Rye Orb-weavers <10 Nyffeler and Benz (1979)
Switzerland Maize Orb-weavers <10 Nyffeler and Benz (1979)
Belgium Maize Linyphiidae <10 Alderweireldt (1994)
Switzerland Rape Orb-weavers <10 Nyffeler and Benz (1979)
United States

Kentucky Soybean Orb-weavers ~25 Culin and Yeargan (1982)
lllinois Soybean Orb-weavers ~10 LeSar and Unzicker (1978)
Mississippi Cotton Oxyopidae ~10 Lockley and Young (1987)
Texas (east) Cotton Oxyopidae ~30-40 Nyffeler et al. (1987a,b)
Texas (central) Cotton Oxyopidae ~30-40 Nyffeler et al. (1992a)
Mississippi Cotton Salticidae ~20 Young (1989)

Mississippi Cotton Lycosidae ~20 Hayes and Lockley (1990)
Texas (east) Cotton Orb-weavers <10 Nyffeler et al. (1989)
Texas (east) Cotton Theridiidae ~75 Nyffeler et al. (1988)
Texas Peanut Hunting spiders ~50 Agnew and Smith (1989)
California Alfalfa Lycosidae ~30 Yeargan (1975a)

a“Orb-weavers” refers to Tetragnathidae or Araneidae or both (depending on study), “web-weavers” refers to Linyphiidae, Araneidae,
Tetragnathidae, Theridiidae and Agelenidae, “hunting spiders” refers to Oxyopidae, Lycosidae and Thomisidae.

predation Moran and Hurd, 1994 Predaceous 5. Discussion

arthropods can make up a substantial percentage of

the spiders’ diet, especially in spider communities 5.1. Taxonomic composition

dominated by hunting spiders (e.g., Lycosidae, Oxy-

opidae, and Salticidae) in crop fields of the southern A comparison of the spider faunas in field crops
US (Table 10Q. The question has been raised, whether of Europe and the US shows that there are significant
the habit of certain spiders to feed heavily on each differences. A single spider guild, made up of small
other, and on other predators, reduces their value in linyphiids only, strongly dominates throughout large
biological control Hodge, 1999 A recent experi- parts of Europe. The spider fauna of European field
mental study bySnyder and Wise (2001fonducted crops is very uniform, which contrasts with the situa-
in gardens of spring cucumber and summer squashtion in US field crops. The arachnofauna in the US is
in Kentucky, provides evidence that spiders may in- more evenly dispersed over families, and hunting spi-
deed exert an indirect negative effect on pest control ders from various families make up a large percentage
through intraguild predation on other predators. Al- (Young and Edwards, 1990; Greenstone, 200hus
though lycosid spiders caused fruit production to the ratio ‘web-builders/hunters’, which could be an
increase by feeding on important early-season her- indicator of community function, differs considerably
bivores in spring cucumber gardens, they strongly between the two continents.

reduced squash yield by feeding on other predators Bristowe (1939)noted that spider faunas can dif-
in summer squash gardens, thereby weakening thefer between geographic regions (especially along
ability of predators to control late-season herbivores. a north—south axis), and that this is governed
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primarily by climate. In Europe, there may be a trend Taple 11
of progressive reduction in the proportion of Linyphi- Comparison of mean annual temperatures in relation to latitude,

idae moving along the west—east axiglfle J, but for locations in Europe and the US where the ecology of spiders
the major changes are related to latitude. Europe and’" 29"0ecosystems has been investigated
the US are of comparable area (both approximately Latitude () ~ Temperature°C)
10 million km?); Europe stretches from 71to 30, Europe
and the US (excluding Alaska and Hawaii) from°49  Turku, Finland 60.5 4.7
to 25° northern latitude. Agroecosystem spiders have E.‘Z,Te(”;he?,%il Denmark 553-7 7;-8
been investigated mainly betweerr@hd 47 in Eu- Dublin, oty o34 o3
rope, but between 45and 29 in the US (Table 1. Berlin, Germany 52.5 8.9
Thus, the agricultural landscapes investigated in the Hannover, Germany 525 8.9
US occur in distinctly more southern regions (lati- Braunschweig, Germany  52.3 93
tudinal difference= 15 — 18°), encompassing the \(’;Vg{t?r?gvén?%ae':?nany gié ;Z
subtropical climate of Florida, Louisiana, Mississippi, Leipzig, Germany 51.4 8.5
and most of Texas, the dry desert or semi-arid steppe London, United Kingdom  51.2 9.6
climates of west Texas, New Mexico, Arizona, and Antwerp, Belgium 51.2 103
southeast California, as well as the Mediterranean cli- 3;?;?2&%236‘”3’ 5511.61 8?'11
mate of most of California. The overall mean annual giessen, Germany 50.6 9.6
temperature of the European study areas<%°C, Prague, Czech Republic 50.1 9.2
compared to~15°C in the US Table 1). It is in- Darmstadt, Germany 49.9 9.8
teresting to compare the data on spider composition ,\Pﬂirr']?éhfrglcr;any jg_'f 17172
from the southern US with data from South America, gasel, Switzerland 47.6 8.9
located even closer to the equator. In studies con- Budapest, Hungary 475 10.9
ducted near Lima, Peru (18 latitude, mean annual  Zurich, Switzerland 47.4 8.7
temperature of 19C), it was found that 80-90% of ~ "nsbruck. Austria 413 8.8
Overall meant SE. 8.9+ 0.3

the spiders collected from cotton were hunting spiders
(predominantly Anyphaenidae, Clubionidae, Saltici- US

dae and Thomisidae), whereas Linyphiidae consti- Geneva, NY 42.9 8.7
. . Ambherst, MA 42.4 8.6

tuted only 1% Aguilar, 1977, 1979 Thus hunting Ames. 1A 420 91
spiders dominate in Peru, just as in the southern US. yrbana, IL 40.1 10.9
Bristowe (1939)discovered that the percentage of Newark, DE 39.7 12,5
Linyphiidae in the total spider fauna increases from Cincinatti, OH 39.0 12.2
. . . Davis, CA 38.5 15.9

the equator towards higher latitudes, while the per- |~ "~ 381 118
centage of Salticidae decreases. This rule applies notiexington, KY 38.0 12.7
only to Europe, but also to North Americ&r{ders, Blacksburg, VA 37.2 11.2
1975; Gertsch, 1999The difference between Europe Favetteville, AR 36.1 14.1
. . . " . Stillwater, OK 36.1 15.3

and the US in the relative abundance of linyphiids is . - e T 35.9 150
also reflected in the taxonomic composition of spiders Raleigh, NC 35.9 15.7
ballooning above agricultural landscapes. The pro- Clemson, SC 34.7 15.9
portion of linyphiids in the aerial spider fauna is 2.5 Stoneville, MS 33.4 171
: . ; ) . Auburn, AL 32.6 17.1
times higher in European studies than in those from ... +x 324 179
the US (85% vs. 34%)Table 13. Thomas and Jepson  Las Cruces, NM 323 16.0
(1999) suggested that there is a correlation between Tucson, AZ 321 20.2
the relative abundance of linyphiids in the air and on Tifton, GA 315 18.7
the ground. Ballooning is the major mode by which S°lege Station, TX 306 198
9 : gist Jor mode by Baton Rouge, LA 30.5 19.9
agroecosystems are colonised by spidBishop and Gainesville, FL 20.7 20.2

Riechert, 1990; Weyman, 1993; Thorbek et al., 2002; 5 ail meant SE. 1494 07

Weyman et al., 2002 The observation that linyphiids
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Table 12
The percentage of Linyphiidae in the aerial spider fauna (balloon-
ing aeronauts) of Europe and the US

Percentage Authors

Europe

United Kingdom 97.0 Sunderland (1991)

United Kingdom 96.0 Smith (1904)

United Kingdom 92-96  Thorbek et al. (2002)

The Netherlands 95.2 Meijer (1977)

United Kingdom >95.0 Thomas and Jepson (1999)
United Kingdom 93.8 Bristowe (1939)

United Kingdom 91.1 Duffey (1963)

United Kingdom 81.3 Hardy (cited iBristowe, 1939
Denmark 77.0 Nielsen (1932)

Switzerland 68.8 Blandenier and Furst (1998)
Germany 64.0 Barthel (1997)

United Kingdom 63.0 Freeman (1946)

Overall meant SE. 84.7 + 3.82

us

California 59.5 Yeargan (1975b)

Washington 56.8 Crawford et al. (1995)
Missouri 44.9 Greenstone et al. (1987)
Texas 42.0 Dean and Sterling (1985)
Texas 31.2 Salmon and Horner (1977)
Tennessee 20.8 Bishop and Riechert (1990)
Texas 20.4 Agnew and Smith (1989)
Florida 19.0 Plagens (1986)

Washington 8.4 Crawford and Edwards (1986)

Overall meant SE. 33.7 + 6.01

are dominant in European study areas, located at
higher northern latitudes, whereas hunting spiders
are in general more prominent in US study areas, lo-
cated at lower latitudes, fits the pattern described by
Bristowe (1939) Why is this the case? Five hypothe-
ses, that are not necessarily mutually exclusive, are
discussed below:

@)

Salticidae, Oxyopidae, and some other hunter
families show a preference for warmer regions.
After comparing spiders in different temperate
and tropical habitats, and analysing differences in
life cycles, Jocqué (1984hypothesised that the
distribution of many hunting spiders is limited to
warmer regions, because at low temperatures they
lose speed and hunting efficiency. This may ex-
plain why Salticidae and Oxyopidae are missing
from crop fields in parts of Europe. In the west-
ern, central, and Scandinavian parts of Europe,
oxyopids occur in non-crop habitats only, and

(2)

are generally very rareBgllmann, 199Y. This
changes in the warmer, Mediterranean regions of
southern Europe (Greece, Spain, Portugal, etc.)
(Bristowe, 193%. Near Evora, Portugal, it has
been observed that Salticidae and Oxyopidae
constitute a high percentage:40%) of the spi-
der fauna of a vineyard ecosystem, whereas the
Linyphiidae are correspondingly less:§—28%)
(Nobre and Meierrose, 2000; Nobre et al., 2000
Evora is located at 38\ latitude and has a mean
annual temperature of L&, which is about equal

to the temperature in areas of the subtropical and
Mediterranean regions of the USaple 13.
Linyphiids are basically a sub-arctic group,
adapted to moderate temperatures and high
humidity (Bristowe, 1939; Gertsch, 1979;
Dippenaar-Schoeman and Jocqué, 3997 the
temperate and cooler regions of the northern
hemisphere, linyphiids are, in general, the dom-
inant spiders in terms of density and species
richness Bristowe, 194). They depend on tiny,
soft-bodied insects as food source (mainly collem-
bolans and dipterans), available on the soil surface
in large numbers in the northern-temperate cli-
mate Bristowe, 1941; Sunderland et al., 1986a;
Frampton et al., 2000; Harwood et al., 20paad
abundant in many habitatP¢tersen, 1982g,b
Hopkin, 1997, 1998 Enders (1975)hypothe-
sised that the main prey (especially collembolans)
of linyphiids are less abundant in more south-
ern regions, which would prevent the build up
of larger linyphiid populations. Indeed, collem-
bolans make up a very low percentage in the
diets of spiders investigated in the subtropical
and Mediterranean regions of the US, which may
reflect low numbers of collembolans available as
potential prey {Whitcomb, 1974; Yeargan, 1975a;
Dean et al., 1987; Agnew and Smith, 1989; Hayes
and Lockley, 1990; Nyffeler and Sterling, 1994
However, collembolans are a major part of the
diet of some spiders in more northern areas of
the US Wheeler, 1973; Bardwell and Averill,
1997. Petersen (1982ajeviewed the literature
on global geographical variation in the density
of Collembola and demonstrated a latitudinal
cline for grassland and forest soils, with lower
densities towards the tropics. It was also shown
that Collembola biomass was nearly an order of
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magnitude less in tropical compared to temper- (3) The European studies were conducted mostly in

ate grasslandRetersen, 1982bCollembola are
poorly adapted to dry environments. Where crops
in the southern US are irrigated only during the
growing season, humidity at the ground surface is
likely to be insufficient for Collembola during the
rest of the year, making colonisation and popula-
tion increase unlikely (Jurg Zettel, pers. comm.).
Temperatures near the soil surface are likely to
be inimical to small prey animals, especially in
the southernmost states during summer, where
the mean ground temperature is°& reaching

at times >40C (Table 13. Thus, it remains pos-
sible that Linyphiidae are less abundant in the
southern US than in Europe because Collembola

cereal crops, which are systems with low struc-
tural diversity (they have a predominantly verti-
cal structure). But in the US, investigations were
carried out in crops with high structural diversity
(i.e., cotton, soybean, peanut, alfalfa, vegetables).
Structural diversity of vegetation is often asso-
ciated with more diverse and species-rich spider
communities Hatley and MacMahon, 1980; Uetz,
1991; White and Hassall, 1994; Feber et al., 1998
which are not dominated by a single spider family.
Jocqué (1984)hypothesized that the scarcity
of linyphiids in tropical areas is the outcome
of interference competition with ants occurring
in higher numbers.Dippenaar-Schoeman and

are less abundant in the southern US. Jocqué (19973tate, with regard to tropical areas,

Table 13
Aspects of the agricultural environment of spider communities in northern-temperate Europe and the southern US

Category Europe us Information sources
Pesticide inputs in 1994 (Europe) 424 1.2 554+ 1.4 World Atlas.com,
and 1991-1994 (US) (kg h&) FAOSTAT, NCFAP
Fertiliser inputs in 1994 (Europe) 294 + 494 62 + 10° World Resources
and 1998 (US) (kg hat) Institute; Fertiliser
Institute, US
Mean farm size in 1998 (ha) 17.4 206 EC, NASSUSDA
Percentage of cropland under <1-2 37 ECAF, Purdue News
conservation tillage in 1997/1998
Soil temperature in June Q) 17.5+ 0.47 23.94 0.59 31.7+ 0.30" HRI, UKAWC, TAMU
Soil temperature in July°C) 19.1+ 0.51 26.1+ 0.2% 35.7+ 0.31 HRI, UKAWC, TAMU
Soil temperature in AugustC) 18.1+ 0.26 26.14+ 0.43 35.4+ 0.54 HRI, UKAWC, TAMU
Soil temperature in Septembe&Q) 13.9+ 0.34 21.7+ 0.648 26.7+ 0.32 HRI, UKAWC, TAMU
Soil temperature in June—Septemb&C) 17.2+ 0.27 245+ 0.29 32.4+ 0.36 HRI, UKAWC, TAMU
Soil temperature maximun?C) 234 333 41.7 HRI, UKAWC, TAMU

2EC: European Commission; ECAF: European Conservation Agriculture Federation; FAOSTAT: Food and Agriculture Organisation
Statistics Database; HRI: Horticulture Research International, UK; NASSUSDA: National Agricultural Statistics Service, United States
Department of Agriculture; NCFAP: National Center for Food and Agricultural Policy (Washington); Purdue News: Purdue News, February
1998; UKAWC: University of Kentucky Agricultural Weather Center, Lexington; TAMU: Texas A&M University Research and Extension
Center, Stephenville.

bMean=+ S.E. kilograms of active ingredients of insecticides, herbicides, and fungicides applied per hectare of harvested cropland for
Austria, Belgium, Denmark, France, Germany, Holland, Poland, Switzerland and UK.

¢Mean= S.E. kilograms of active ingredients of insecticides, herbicides, and fungicides applied per hectare of harvested cropland for
Alabama, Arizona, Arkansas, California, Colorado, Kentucky, Louisiana, Mississippi, North Carolina, Ohio, Oklahoma, Tennessee, Texas
and Virginia.

dMean+ SE. kilograms of nitrogen, phosphate, and potash applied per hectare of cropland for Austria, Belgium, Denmark, France,
Germany, Holland, Poland, Switzerland and UK.

€Mean+ S.E. kilograms of nitrogen, phosphate, and potash applied per hectare of cropland for Alabama, Arizona, Arkansas, California,
Colorado, Kentucky, Louisiana, Mississippi, North Carolina, Ohio, Oklahoma, Tennessee, Texas and Virginia.

f Mean+ SE. soil temperature, 10cm deep, in 2001, at Wellesbourne, UK.

9 Mean+ S.E. soil temperature, 10cm deep, in 2001, at Lexington, KY.

hMean+ S.E. soil temperature, 10cm deep, in 2001, at Stephenville, TX.
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. webs built at ground level are probably so

often destroyed as a result of continuous ant activ-
ity that this strategy has been almost completely
abandoned. Even in temperate habitats the propor-

tion of web-building spiders decreases markedly (5)

during periods of high ant activity”. Apart from
the interference, ants have a detrimental effect
on linyphiids by killing them in large numbers
(Cherix and Bourne, 1980 Spider abundance
on cotton in Alabama was negatively correlated
with abundance ofolenopsis invicta (Eubanks,
2001). The interference competition hypothesis is
appealing, at least for extensive areas of the
subtropical region of the US wher€olenopsis
spp. occur in high numbers. Fire ants are vora-
cious predators that build their colonies at ground
level, and soil surface-dwelling spiders such
as linyphiids are expected to be affected most
severely. In cotton fields in east Texas, heavily in-
fested with fire ants, these insects were observed
to attack spiders aggressively by biting into a leg
and clinging on to it. Ants are also known to exert
a detrimental influence on spider populations in
forest habitats Cherix and Bourne, 1980; Halaj
et al., 1997 and in pastureskajak et al., 1972

It seems, therefore, that interference competition
with ants is responsible, at least in part, for the
scarcity of linyphiids in field crops located within
the geographic range of fire ants. The geographi-
cal range of fire ants is expanding and currently
encompasses all or part of Alabama, Arizona,
Arkansas, California, Florida, Georgia, Louisiana,
Mississippi, New Mexico, North Carolina, Okla-
homa, South Carolina, Tennessee, Texas and Vir-
ginia. The generalisation that linyphiids dominate
spider communities is based on studies conducted
in western, central, and Scandinavian Europe
only. In Hungary (47.9N, 19.0E), under an east-
ern European continental climate, a much lower
proportion of linyphiids £&2-50%) is recorded
(Samu et al., 1996; Basedow et al., 2poand
this is also true for the Czech Republic (50N
14.3°E), Poland (52.2N, 20.9E), and Finland
(60.5°N, 22.3E) (Raatikainen and Huhta, 1968;
Huhta and Raatikainen, 1974; Luczak, 1979

is known that ants occur in considerably higher

(Chauvin, 196Y. Interference competition with
ants (sensuocqué, 198may, therefore, be the
cause for the lower abundance of linyphiids in
Hungarian agroecosystems.

Comparative studies in conventional and biod-
ynamically-managed fields in Germany and
Switzerland showed that the relative abundance of
linyphiids rises with increasing intensity of agri-
cultural management, whereas the relative abun-
dance of hunters decreaséslifck and Ingrisch,
1990; Basedow, 199&atschker and Roth, 1997,
1999, 2000a,bLukas Pfiffner, pers. comm.). This
is also supported by the experimental work of
Kajak (1978)and Kleinhenz and Buchs (1995)
who demonstrated a shift to higher dominance of
linyphiids associated with increased inputs of fer-
tilisers. Similarly,Downie et al. (1998monitored
the arachnofauna in fifty agricultural grassland
sites in Scotland and found that sites subject to
disturbance from a high management intensity
were dominated by Linyphiidae, but more stable
sites had a higher proportion of non-linyphiid
families. The mechanism could be that the major-
ity of spiders perish or emigrate from a field when
it is disturbed by cultivation or an agrochemi-
cal application, but a small number of highly
invasive, colonising linyphiid specieR(shton

et al., 1989, return to the field rapidly, render-
ing Linyphiidae the dominant familyThomas

et al. (1990) showed thatE. atra took little
more than a month to substantially recolonise an
insecticide-sprayed wheat field. Thus, the ques-
tion arises whether the higher percentage of small
linyphiids recorded in northern Europe is due to
higher inputs of fertilisers and more cultivations
and other agricultural manipulations compared
to southern states of the US. Fertiliser inputs are
four times greater in northern-temperate Europe
than in southern UST@ble 13 and this may con-
tribute to the higher proportion of Linyphiidae in
European studiedNentwig (1995)also reported
fertiliser usage to be low (94 kg hd) in the US

as a whole, compared with northern-temperate
Europe (451 kg hat), for 1987-1988.

US cropping systems are also characterised by

numbers in the dry climate of Hungary than greater habitat stability (with a much higher propor-
in western, central, and Scandinavian Europe tion of land under conservation tillage than in Europe;
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Table 13 and a lower incidence of ploughing than ground surface conditions may not be as hot as in the
in European systems, which typically have a rotation deep south. A higher value, of 217 (not included
of cereal and break crops. Since a small propor- in Table §, was recorded by searching the ground
tion of linyphiid individuals may be able to survive within quadrats in 60 nx 70 m experimental soybean
ploughing Duffey, 197§ and linyphiids are known  plots surrounded by 15 m wide grass borders in Ohio
to rapidly reinvade crops after disturbancen¢mas (Marshall et al., 2000 The proximity of grass refuges
et al.,, 1990, they are likely to be better suited to may have resulted in higher spider densities than are
unstable European conditions than are other groupstypical for large commercial soybean fields.
of spider (such as the hunting spiders that form an  The potential for pest control is related, in part,
important component of the US arachnofauna). to spider density. Density data are comprised of
adult and juvenile spiders, but juveniles are often the
most abundant stag&(nderland and Topping, 1993;
Topping and Sunderland, 199§et are less voracious
Turnbull (1973) surveyed 37 published censuses than adults. In this respect density estimates may not
of spider abundance in a wide variety of natural and accurately reflect the potential for pest control. On
modified environments. He found an overall mean the other hand, the majority of sampling methods un-
density of ~130 spidersm? (range: 0.6-842 ). derestimate the true density of spidef®gping and
Our estimated overall mean for European annual crops Sunderland, 1994a; Sunderland and Topping, 1995;
of ~92 spiders m? is of the same order of magnitude Sunderland et al., 1995
as Turnbull's value. In contrast to this, the overall The biomass of spiders per unit area should also be
mean for annual row crops in the U$Z2m2) is considered when comparing between continents. In
considerably lower. Spider density in perennial crops the southern US, the most abundant agroecosystem
is, however, similar in Europe (52m) and the US spiders Oxyopes spp.) had an average length of ap-
(45m2). In the search for an explanation for the proximately 4 mm inthe middle of the growing season
large density difference in annual crops, it should first (Nyffeler et al., 1992pand spiders of that size have
be asked whether this difference could be due to dif- an average dry weight of 1.45 mbgng et al., 199,
ferent methods being used on the two continents. In which corresponds to 6 mg fresh weight per spider
many of the US studies, spider density was assessedwith water content of 75%Rulz, 1987. At an overall
on the plant Table §, whereas in Europe density mean density of about 2 spidersin crop fields of
values usually refer to plant plus groundable 2. the southern UST@ble §, a spider biomass of approx-
There even seems to be a difference, in this respect, inimately 0.012 gfreshweightn? can be expected.
the way that the D-vac is used. In Europe the nozzle However, in heavily-sprayed areas, where spiders oc-
is pressed down vertically onto the ground, enclosing cur at extremely low densities, spider biomass is prob-
the vegetationgamu et al., 1997and sampling from  ably much lower than 0.012 g fresh weightfn How
both the ground and the plant, but in the US, crops does this compare with spider biomass in Europe?
such as cotton are often sampled by applying the Considering an overall mean spider density in Eu-
nozzle to the tops and sides of plants without any con- rope of 80 nT2 (Table 9, and a mean fresh weight of

5.2. Population densities and biomasses

tact with the groundinkins et al., 1970; Gonzalez
etal., 1977; Plagens, 1988llen Dean, pers. comm.).
Riechert (199Q)Halaj et al. (2000) and Greenstone

1.4 mg (yffeler and Benz, 1988athe average spider
biomass is approximately 0.112 g fresh weighthin
European crop fields. Thus, both density and biomass

(2001) who searched the ground as well as the plants, of spiders per square meter in annual crops appear
also recorded low spider densities relative to Euro- to be higher in Europe than in the US. Biomass can
pean values. This suggests that the density differencesbe nearly an order of magnitude higher in crop fields
are real, and not simply an artefact of different sam- in Europe compared to southern US, suggesting that
pling methodologies. It is noteworthy that the highest energy flow through spider communities of agroe-

densities recorded for annual crops in southern US cosystems may also be greater in Europe.

were found in Colorado, Kentucky and Ohio, in the
northern part of the southern USable 113, where

The greater spider density and biomass in Europe
may be attributable to the high reproductive capacity
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exhibited by a small number of species in the gen- similar (Table 13, suggesting that pesticides may not
era Erigone, Oedothorax, and Lepthyphantes, which be the main cause of differences in spider density.

is part of a suite of adaptations enabling the rapid It can be argued that the structure of agricultural
exploitation of pioneer habitats, including agriculture landscapes will influence spider abundantan(is
(Nyffeler, 1982; Sunderland, 1991, 1996; Sunderland et al., 2000; Sunderland and Samu, 2000Dan area
and Topping, 1993; Sunderland et al., 1996; Topping is divided into relatively small units that differ in
and Sunderland, 1998; Blick et al., 2Q0@ has been habitat type, and in the timing and nature of man-
suggested that, possibly, by accident of geography, agement activities, then spider populations may have
there may be no ecologically equivalent linyphiids in more opportunities to find suitable overwintering sites
the US with the capability to build up high numbers (Desender et al., 198%&nd temporary refugesiélaj

in agroecosystems&sfeenstone, 20Q1L. tenuis does et al., 2000; Lee et al., 20DIModelling studies sug-
occur in some parts of the US, butis a recent introduc- gest that diversified agricultural landscapes support a
tion from Europe Edwards, 198f and it is too soon  greater mean density of spiders than do more homoge-
to know if it will significantly increase spider densities neous landscape3dpping and Sunderland, 1994p,c
in US fields.L. tenuisis also present in New Zealand Halley et al., 1996; Thomas, 1996; Topping, 1997,
(probably introduced accidentally from Europe) and 1999, and spider density can be negatively correlated
now dominates the agricultural arachnofauna, but at a with field size Raatikainen and Huhta, 19685im-
density five times less than in Europ&pping and ilarly, the rate of spider recolonisation of land after
Lovei, 1997. This fits the hypothesis that linyphiids treatment with pesticides is negatively correlated with
prosper less well at southern latitudes, since Welling- the area of land treate®(ffield and Aebischer, 1994

ton (New Zealand) at 41°% latitude has a mean an- If mean farm size can be used as an indicator of land-
nual temperature of 12°C. Overall spider density, scape diversity, agricultural landscapes are probably
however, does not appear to be related to latitude in more diverse in Europe than in the US. Mean farm

a simple way, sincéAguilar (1977)recorded densi-
ties in cotton in Peru (relatively close to the equator
at 12S latitude) of 15-45m?, i.e. intermediate be-
tween southern US and northern Europe.

size in the US in the last decade has been consistently
above 100 ha (cf. EU highest national mean of 70 ha),
and mean farm size in 1998 was an order of magni-
tude greater in the US than in Europ@ble 13. This

Since hunting spiders that are cannibalistic and eat could account for the low spider density in the US.

other spider species are very common in US fields

(Hurd and Eisenberg, 1990; Nyffeler, 199¢he ques-

The ground below open annual row crops in the
southern US can become extremely hot and dry during

tion arises as to whether their araneophagy preventssummer Table 13, and this is likely to be inimical

them from building up high population densities.

to ground-dwelling spiders and their prey, especially

Spiders eating spiders can, indeed, have a limiting Collembola Draney and Crossley, 1999irg Zettel,

influence on spider density &chaefer (1974has

pers. comm.). When more ground cover is available,

demonstrated in an experimental study, but the mor- in the form of denser crops such as alfalfa and pasture
tality rates due to araneophagy do not appear to be (Table §, or by intercropping $underland and Samu,

high enough to explain the huge difference in num-

2000, or as experimental mulches or straw refuges

bers between Europe and the US. Where fire ants are(Riechert and Bishop, 1990; Halaj et al., 2p08pi-
particularly abundant, they seem to negatively affect der density increases to European levels. In natural
the density of spiders through intraguild predation and habitats, where ground-dwelling spiders are also pro-

interference competitionWilson and Oliver, 1969;
Ali et al.,, 1984; Eubanks, 2001 but no rigorous
evidence has been published to date.

Spider abundance could be related to pesticide in-

puts, with direct effects on survival and natality of

tected from the worst exigencies of climate, densi-
ties of spiders in the southern US can peak at up to
1000 nT2 (Pearse, 1946; Moulder and Riechle, 1972
In European forest habitats densities of 50-506m
are typical Kirchner, 1964; Ellenberg et al., 1986;

spiders and indirect effects operating through the food Schaefer and Schauermann, 1% nd similar val-

supply Jepson, 1989; Sunderland, 199Piowever,

ues are reported for forests in the USeérse, 1946;

pesticide inputs in Europe and the US were rather Gasdorf and Goodnight, 1963; Moulder and Riechle,
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1972). We therefore suggest that a major cause of interspersed with periods of fasting. An extensive

low spider density in southern US is the lack of pro-
tection from heat and drying on the ground. If this
interpretation is correct, the prognosis for improv-
ing biological pest control by spiders in tropical and
sub-tropical regions is good, providing that practical

digestive system, distensible abdomen, and capacity
to store fat, allows them to feed to excess when food
is abundant, yet survive without food for long peri-
ods when prey densities drop to low leveRigchert
and Harp, 1987; Foelix, 1996However, spiders can

and economic solutions to increasing ground cover can increase their predation rates and show a functional

be found.

5.3. Prey selection

Agroecosystem spiders feed infrequentyffeler
et al.,, 19943 and only~3-8%, in both European

and US fields, are observed to be feeding at any given

time (Table 5. Predation rates (per day) depend on

response during severe outbreaks of insect pests
(Provencher and Coderre, 1987; Breene et al., 1990
Predation rates obtained in the field under conditions
where prey are rare may therefore greatly under-
estimate predation rates where prey are abundant
(Nyffeler et al., 1994n

Laboratory feeding experiments, using a variety of
spider species and crickets as model prey, revealed that

factors such as spider size, age, sex, physiological the optimal prey length was 50-80% of the length of

events in the spider’s life, weather conditions, and on
prey availability Nyffeler et al., 1994p Based on the

the spider entwig, 1987, a conclusion supported by
field observationsNyffeler et al., 1994 Spider indi-

percentage of spiders holding prey, average handling viduals of small biomass dominate the faunas in field

time, and diel activity period of the spider, it was es-
timated that a typical agroecosystem spider in the US
captured~1 prey organism per dayN{ffeler et al.,

crops of both Europe and the US, and feed primar-
ily on tiny prey organisms<£4 mm long) {foung and
Edwards, 1990; Alderweireldt, 1994; Nyffeler et al.,

19943. European agroecosystem spiders have also19943.

been estimated to capturel prey per day Nyffeler
and Benz, 1988a;bNyffeler and Breene, 1990In

The prey spectrum of spiders in European crop
fields is very uniform, comprising almost exclusively

the laboratory, the same species feed at a rate severatiny, soft-bodied insects from the orders Collembola,

times higher when food is offered ad libiturniigren
et al., 1968; Muniappan and Chada, 1970b; Young
and Lockley, 1986; Bumroongsook et al., 199Phis

Diptera, and HomopteraS(underland et al., 1986a
Nyffeler and Benz, 1988a,bAlderweireldt, 1994;
Jmhasly and Nentwig, 1995So far there is a single

suggests that field spiders consume prey at rates belowguantitative study from the US, in which a prey spec-

their maximum feeding capacity. Field spiders were
often observed in an underfed condition in the US and
Europe, and this applied especially to spiders that for-
age without a webNyffeler and Breene, 1990; Wise,
1993. Even web-making linyphiids in cereals appear
to be hungry most of the tim&ilde and Toft (1998)

for example, showed th& atra was at a hunger level
equivalent to 7 days starvation throughout June. Sim-
ilarly, Harwood (2001 determined the field condition
of femaleL. tenuisto be consistent with a feeding rate
equivalent to less than orferosophila melanogaster

per day, which is sub-optimal for reproduction. Com-
pared to other poikilotherms of equal body weight,
spiders generally have very low metabolic rates, and

also possess the capacity to reduce them further dur-

ing periods of starvation@reenstone and Bennett,
1980. Turnbull (1973)stated that feeding by spiders
is erratic, with short intervals of intensive feeding

trum resembling somewhat the one from Europe has
been describedBardwell and Averill (1997Yeported

a prey spectrum consisting primarily of Collembola,
Diptera, and Homoptera (leafhoppers) for spiders in
cranberry bogs in Massachuset®@lfle 14. With a
mean annual temperature 6f9°C, the study area

in Massachusetts is subject to a humid continental
climate comparable to the northern-temperate climate
of Europe Table 1).

Most US field studies were conducted in subtropical
or Mediterranean climate§gble 9, with a distinctly
higher mean annual temperaturel(3—20°C) than the
northern-temperate zone of Europealle 1). As in
Europe, spiders in US field crops feed predominantly
on tiny prey. However, the prey composition in US
crops is considerably more diverse than in Europe (cf.
Tables 3, 4 and)d The following factors could play a
role:
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Table 14
Percentages of five prey types in the diets of spiders in cranberry bogs in Massachusetts, US (modifizatdyitelt and Averill, 199y

Prey type LycosidaeRardosa spp.) Oxyopidae@. salticus) TetragnathidaeT{ laboriosa) Other species All spiders

Diptera 42.4 23.5 62.5 35.9 39.4
Collembola 21.2 35.3 125 9.4 18.6
Homoptera 9.1 11.8 16.7 12.5 11.7
Araneae 12.1 0.0 0.0 7.8 6.9
Other 15.2 29.4 8.3 34.4 23.4

(1) There is a general trend for species richness to agents. After reviewing the agroecology loftenuis,
increase towards the equatoHiliebrand and Sunderland (1996)sted 12 attributes (including diet,
Azovsky, 200) suggesting that a greater breadth ubiquity, abundance, voracity, and mobility) suiting it
of spider diet (reflecting a more diverse compo- to biocontrol.
sition of potential prey) can be expected in the The role of spiders as aphidophages has also been
southern US compared to northern Europe. considered in the USMuniappan and Chada, 1970a;

(2) The European studies were conducted mostly in Horner, 1972; Bumroongsook et al., 199Zhe ma-
cereal crops, whereas in the US crops with higher jority of US studies, however, have investigated the
structural diversity were targeted. Based on theory role of spiders as predators of lepidopteran and het-
(MacArthur and MacArthur, 1961; Pianka, 1966; eropteran pests. This may be explained by the fact that
Greenstone, 1984igher diet breadth is predicted hunters, the numerically dominant spider predators
in systems with higher vegetation structural di- in most US fields, have excellent capabilities to track
versity. Also, more variation in the feeding pat- down and seize lepidopteran and heteropteran prey.
terns of spiders can be expected in the US, since The biocontrol potential of these spiders is, however,
a greater variety of different types of crops were limited by their involvement in intraguild predation, by
studied there. infrequent feedingTable 5, and by their low density

(3) In European fields, a single spider guild (linyphi- in the field (Table §. It is assumed that spider popula-
ids with low diet breadth) dominates. Spider guild tions, at densities o£2 m~2, are incapable of exerting
structure in US field crops is much more complex any significant biological control on insect pests in US
and encompasses a higher percentage of huntingcrops Greenstone, 2001 Therefore attempts have
spiders with high diet breadth, resulting in a higher been made to artificially increase spider density in US

overall mean diet breadtiNgffeler, 1999. field crops by habitat manipulations, such as creat-
ing straw shelters as temporary refugiigchert and
5.4. Spiders as predators of pests Bishop, 1990; Tuntibunpakul and Wise, 1998; Halaj

et al., 2000. In such experiments spider density was

. 2 - -
European reports on the predatory role of spiders increased tGU300.m_ (comparable .to the density in
refer largely to their potential as enemies of aphids SCMe European fieldsable 2, resulting in enhanced
(Nyffeler and Benz, 1982; Sunderland, 1987, 1988 predation and a significant reduction of plant damage

Some 20-30 aphids™ per day are killed at times by ~ (Riéchert and Bishop, 1990; Halaj et al., 2900

soil surface-dwelling spiders in the field. If mortality

rates of this order were to occur early in the grow- 6. Conclusions

ing season, small linyphiids could have an inhibitory

effect on aphids by slowing down their early rate of Similarities and differences between the insectivo-
increase, thus acting as ‘stabilising ageni&iechert rous activities of agroecosystem spiders on the two
and Lockley, 198}t The observation by several re- continents Table 15 may be summarised as follows.
searchers that these spiders rarely feed on predaceous Small web-building spiders (Linyphiidae), that live
arthropods (usually<10% of their diet) Table 10 near the ground, numerically dominate in field crops of
enhances their appropriateness as biological control northern-temperate Europe. They have a narrow diet,
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Table 15 However, many of the contrasts between continents
Characteristics of the arachnofauna of agroecosystems: compar-jn jnsectivorous activities of agroecosystem spiders
isons between northern-temperate Europe and the US are attributable to climatic differences, most of the

Characteristic Europe us US data originating from more southern latitudes (i.e.,
Dominant spider taxa Linyphiidae ~ Several families subtropical and Mediterranean climates) with higher
(varying between mean annual temperatures compared to northern Eu-
_ _ _ studies) rope. There is a dearth of field studies from southern
:p!ger density g'gh” ;C’W | Europe under Mediterranean climates and the north-
pider size _ooma mat ern regions of the US under humid continental cli-
Main microhabitats occupied Soil surface Vegetation and . . . . .
soil surface mates. Little is known about the insectivorous activ-
Main foraging strategy Sheet web  Hunters ities of agroecosystem spiders in New England, the
Feeding frequency Low Low northwestern, and the midwestern states of the US.
gfetybs'zedth Ema” \?Vr_‘;a” The sparse data that are available from southern Eu-
It brea . arrow wide rope and the northern US hint that patterns of spider
Predation of lepidopteran/  Low High . . .
heteropteran pests predation may differ less between the two continents
Predation of aphids High Probably low than reported here, if study areas of similar latitude and
Predation of spiders and Low High mean annual temperature could be compared. In terms

predaceous insects (i.e.

, _ _ of biological control of crop pests, the comparison be-
intraguild predation)

tween continents is more directly valid since a large
proportion of the productive agricultural land area of
feeding mainly on tiny, soft-bodied insects, including Europe is located in more northern latitudes (approxi-
a high percentage of pest aphids. Their biocontrol po- mately 405.7 million ha of arable land plus permanent
tential may be somewhat limited due to low feeding pasture in northern Europe and 117.4 million ha in the
frequency. Nevertheless, because they can build upsouth—World Atlas.com) compared to the US, where
huge populations (up to 600T), and because of a there are about 128.4 million ha in states aboveN40
low incidence of intraguild predation, these spiders are but 199.1 million ha in the south (USDA Economic
assumed to play an important ecological role as stabil- Research Service). Nevertheless, there is clearly sub-
ising agents, slowing down the population explosion stantial agricultural production in southern Europe and
of some insect pests such as harmful aphids. northern US and researchers are urged to investigate
In contrast, hunting spiders from several families the role of spiders in these regions too.
(e.g., Oxyopidae, Salticidae, Thomisidae and Lycosi-
dae), mostly of small body size, numerically dominate
the spider faunas in many US field crops. Like their
European counterparts they feed primarily on tiny in-
sects, but their diets also include larger insects and We extend our gratitude to Georg Benz and Win-
spiders. Potentially, they are highly beneficial because field Sterling for their support and to Will Whitcomb
of their efficient foraging behaviour enabling them to for his continuous encouragement through all these
discover and seize smaller instars of various speciesyears. We also thank Matt Greenstone and David Wise
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