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Abstract         
 

 
Spiders are important predators of insects in all terrestrial ecosystems. Their great diversity, 

broad diet and varied foraging strategies make their role in food webs complex and dynamic and 

are therefore not an easy group to utilise in biological pest control. Spiders have been 

extensively studied in wheat systems, revealing great diversity in the guild structure of spiders 

in this environment. This study is the first direct investigation into spider populations in 

Australian wheat systems, and the third from the southern hemisphere. As no prior information 

was available for spiders in this cereal crop, the primary aim was to collate a foundation of 

ecological information about the community.  

 

The composition of the spider community in Australian winter wheat fields differed from those 

of Europe and New Zealand as there were very few members of the Linyphiidae family 

detected. Instead, the Australian fauna was more comparable to Canada and Hungary, where the 

Lycosidae family dominates. In this study, spiders comprised a substantial proportion of the 

invertebrate community and were the most numerous predatory group. Three families 

comprised the majority of mature individuals across the region – Lycosidae, Miturgidae and 

Gnaphosidae. Five species made up more than 80% of mature spiders in each year. Although 

they were also found in surrounding non-crop habitat, many of the common species showed an 

affinity for the crop habitat, particularly late in the crop cycle. The limited utilisation of adjacent 

non-crop habitat was further evidenced by the lack of any aggregations of the common spider 

species near the edges of fields.  

 

Spiders were present in the crop area throughout the year, although the phenology and activity 

patterns of resident species differed. Notably, the most commonly collected species, the lycosid 

Venatrix pseudospeciosa, began reproductive activity several months earlier than less numerous 

species. The spider community differed dramatically between two consecutive years, a heavy 

reduction in the density and diversity of spiders, which was most likely due to extremely low 

rainfall in the second year. The central similarity between the two crop seasons was the 

dominance of the ground hunting guild. In accordance with their relative abundance, this guild 

may have the greatest impact on prey populations. However, abundance alone does not 

determine the predatory role of spiders. Features such as prey preference, consumption rate, 

temporal and spatial synchronicity with pests and response to increasing prey densities together  
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influence their impact in the trophic food web. Laboratory feeding trials on V. pseudospeciosa 

suggested that the species may be capable of foraging on a wide array of prey types but may be 

less likely to feed on co-existing natural enemy taxa. This commonly occurring species also 

appeared to have a high capacity to kill large numbers of prey, although this was not explored in 

the field. 

 

Providing management recommendations on how to maximise the use of spiders in Australian 

broadacre cropping was beyond the scope of this project. Instead, the intended goal was to 

inform future work into the use of spiders in biological pest management. This project attracted 

both industry funding and grower interest, reflecting an appreciation that this knowledge will 

contribute to establishing ways in which ecosystem services provided by naturally occurring 

enemies of pests can best be harnessed. As chemical based pest control reveals escalating 

inadequacies, an understanding of the organisms that live in agricultural habitats becomes 

increasingly crucial in the quest to sustainably feed the human population. 
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Chapter One         
            

 

General introduction 

 

 

 

 

 

 

“The conservation of the tremendous diversity of predators in field crops is 

one of the most important challenges for the future and for the development 

of sustainable agriculture.” 

       (Hagen et al., 1999) 
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Agroecosystem ecology 

 

 
“...agroecology continues to represent one of the pre-eminent areas of applied ecology...”  

         (Ormerod et al., 2003) 

 

Agricultural habitats are defined by their high degree of human management, but nevertheless 

are functioning ecosystems, with complex webs of interacting organisms (Smith and Hagen, 

1959; Springett, 1972). Far from being devoid of life, agroecosystems provide suitable habitat 

for many organisms. Trophic cascades are driven by the crop that provides a large food source 

for herbivorous invertebrates, such as lepidopteran larvae and aphids (Horne and Page, 2008). In 

turn, these ‘pests’ act as hosts to parasitoids and/or provide food for predators, that may include 

other insects, arachnids and birds. Organisms that live in agroecosystems are referred to as 

either ‘pests’ or ‘beneficials’. These artificial classifications are defined according to the 

detrimental or beneficial consequence for human endeavours (Springett, 1972; Jackson and 

Piper, 1989). All organisms that pass through or reside in agricultural crops are part of the 

ecological web. 

  

Humans are in ongoing conflict with insects that attempt to exploit crops. The prevailing 

wisdom of the control of pests is their complete eradication. Thus, both crop damage and 

contamination of food is avoided by wiping out vast numbers of target and non-target organisms 

with broad spectrum insecticides. Although insecticides are the currently accepted method of 

pest control, it is a practice that is unsustainable (Horne and Page, 2008). In addition to 

environmental and health risks, pesticides are becoming increasingly less effective, largely due 

to pest species’ evolving resistance to their effects (Knight and Norton, 1989; Hoy, 1999). This 

leads to insecticides inducing pest problems as, unchecked by their natural enemies, secondary 

outbreaks or resurgences of pests occur (Wood, 1972; Franzmann, 1994; Heong, 2003; Zhu et 

al., 2004). Although these effects are well known, broad spectrum insecticides continue to be 

the favoured method of pest control (Horne and Page, 2008). Before chemicals dominated pest 

control, it was initially viewed as “a complex problem in ecology” and fundamentally based on 

natural equilibrium (Clausen, 1936; Smith and Hagen, 1959; Kogan, 1998),  the interplay 

between natural enemies and their hosts or prey.  
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Biological control of agroecosystem pests 

 

 
“…the most elegant, non-polluting and sustainable way of managing pest, weed and disease 

problems.” 

       (Gurr and Wratten, 2000) 

 

The term ‘biological control’ was first used in 1919. It utilises living enemies of pests, and is 

therefore incompatible with broad spectrum chemical use (Smith, 1919; Fagan et al., 1998). 

Farming methods that minimise insecticide application and utilise biological control include 

organic farming – a well known and increasingly popular method of farming without synthetic 

insecticides – and integrated pest management (IPM), which is less well recognised by 

consumers. Despite its merits, the field of IPM has attracted controversy, not least because the 

term is difficult to define (Kogan, 1998). Some define IPM as ‘integrated pesticide 

management’ or ‘intelligent pesticide management’ or numerous other variants (Gurr et al., 

2004). The original definition, from 1959, stated that IPM was: “a comprehensive approach to 

insect control that makes full use of biological control but also utilises chemical control where 

necessary and in a manner that is least disruptive to the biological control” (Smith and Hagen, 

1959; Stern et al., 1959). 

 

Effective use of biological control requires extensive knowledge of pests and their natural 

enemies (Smith and Hagen, 1959; Mahr, 1996). More is known about some groups than others, 

particularly those that have been viewed as ideal agents, such as specialised parasitoid wasps. 

Classically, biological control involved introducing non-native agents, commonly from the 

country of origin of the pest (Batra, 1982; Gurr and Wratten, 2000). The first documented 

success involved the Australian vedalia beetles introduced into California to control cottony 

cushion scale in 1888 (Coppell & Mertins, 1977). Many successfully introduced control agents 

are less commonly known; for example, few would be aware of Peruvian potato pest parasitoids 

that have been established in Australian potato crops since the 1960s (Horne, 1993; Salehi and 

Keller, 2002). However, there are dangers associated with introducing exotic agents; Australians 

are well aware of the destruction that can be caused by disastrously introduced control agents, 

such as the infamous cane toad (Phillips et al., 2006).  
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Naturally occurring specialist and generalist enemies 

  

 

“One phase of biological control which has been somewhat neglected is the utilisation of native 

parasites and predators.” 

         (Clausen, 1936) 

 

In contrast to early introduction and mass release of exotic biological control agents, recent 

efforts have centred more on conserving naturally occurring native enemies (Gurr et al., 1998). 

Conservation biological control is the least well understood, studied or utilised area in 

biocontrol. This may be due to several factors, including the location specific nature of the 

process that also requires substantial knowledge of the ecology of the system. In addition, a lack 

of data inhibits the development of a broad theoretical foundation, and research projects can run 

for several years before applicable insights can be gained (Gurr and Wratten, 2000). Methods of 

conservation biological control used to enhance enemy populations include minimising 

insecticide use, diversifying the habitat or providing alternative food sources or other resources 

such as over-wintering sites (Ehler, 1998; Gurr et al., 2004).  

 

Among naturally occurring biological control agents, preference has focussed on specialist 

enemies that target particular pest types (Snyder and Ives, 2001a). As a consequence, much 

more is known about specialist species, such as ladybirds, lacewings and parasitoids wasps than 

more generalist enemies such as spiders and predatory beetles. Indeed, the relative merits of 

generalist and specialist predators in biological control have long been debated (Snyder and 

Ives, 2001b; Symondson et al., 2002). In theory, specialist enemies are extremely effective 

control agents: they have high specificity to target and track pest species; short development 

times to allow rapid functional responses (increased reproduction); and, in the case of parasitoid 

wasps, each individual has a high capacity to infect large numbers of pests (Snyder and Ives, 

2003).  

 

In contrast, generalist predators appear to be less ideal, having a broad diet, relatively long 

generation times, and limited functional and numerical responses to pest increases (Snyder and 

Ives, 2003). In addition, due to their broad diet, the role of generalist predators in food webs is 

complicated, as they feed on numerous prey types, including pests, non-pest prey, and other 

natural enemies (Ekbom and Wiktelius, 1985; Snyder and Wise, 1999). Determining the diet of 

generalist predators is challenging, primarily because secondary predation (predators feeding on 
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other predators that have fed on a pest) can invalidate the assumptions of indirect methods such 

as molecular or gut content analyses (Harwood et al., 2001).  

 

Although the wide dietary range of generalist predators may reduce their impact on pests, it can 

also sustain populations while pest numbers are low (Symondson et al., 2006). In contrast to 

specialist enemies, which tend to arrive in a crop after pests build up, generalists can be present 

in a crop before pests arrive. These two types of enemy are thought to complement each other, 

with generalists preying on pests early and constantly and specialists attacking later and with 

increasing intensity (Snyder and Ives, 2003; Schmidt et al., 2004; Öberg and Ekbom, 2006). 

Generalist predators are therefore thought to be important in stabilising populations and limiting 

exponential increases in pest populations (Chiverton, 1986; Settle et al., 1996; Riechert et al., 

1999). Despite their more complex role in agroecosystems, generalist predators have recently 

gained considerable support as biological control agents, and little doubt remains that an 

assemblage of generalist predators can efficiently suppress pest populations in some 

circumstances (Chiverton, 1986; Symondson et al., 2002).  

  

Carabid beetles (order Coleoptera: family Carabidae) are one generalist predator widely 

recognised as an important biological control agents in agroecosystems (Kromp, 1999; 

Symondson et al., 2002; Winder et al., 2005). Carabids eat a wide variety of prey including 

slugs and aphids (Winder et al., 2005). Their use in agroecosystems has been encouraged with 

the establishment of the “beetle bank” scheme in Europe, which provides suitable on farm over-

wintering sites for predatory beetles (Landis et al., 2000). Despite these positive moves to 

encourage them, carabid population dynamics are still poorly understood compared with 

specialist enemies (Booij and Noorlander, 1992). Some agroecosystems have larger numbers of 

carabids than spiders (Nash et al., 2008). However, in others, carabids are relatively rare, and 

spiders are the dominant predator. 
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Generalist predatory spiders 

 

 
“In looking for why spiders have been overlooked in agroecosystems, I discovered traits 

making spiders one of the most interesting, albeit challenging, subjects for research.” 

       (Roltsch et al., 1998) 

 

Spiders are a group of potentially beneficial ground dwelling generalist predators that live 

naturally in many agroecosystems. As obligate predators, spiders cannot be pests, unlike some 

other beneficial families, such as Coleoptera or Dermaptera, which have both pest and 

beneficial species or stages. Although spiders are often less highly regarded than carabids as 

biological control agents, they share many features. For example, they both: feed on many 

different taxa, especially soft bodied prey; consume large amounts of prey and exhibit 

superfluous killing; are ground dwelling and often nocturnal; are negatively affected by tillage 

and positively affected by ground cover; persist in fields all year round but show seasonal 

activity patterns; and, are often diverse and among the most dominant epigeal arthropod 

predators in arable land (Altieri et al., 1985; Lang et al., 1999; Work et al., 2002; Lang and 

Gsodl, 2003; Witmer et al., 2003; O'Neal, 2005; Kagawa and Maeto, 2007). Indeed, carabids 

and spiders are often studied together in agroecosystems (Snyder and Wise, 2001; Schmidt et 

al., 2004).  

 

Spiders are a diverse and abundant group in agroecosystems, yet we have minimal 

understanding and consequently are rarely utilised directly as biological control agents. The 

most notable exception to this is in rice, where spiders are considered to be an important 

predatory group within the enemy complex in several regions across Asia (Heong et al., 1992; 

Settle et al., 1996). One of the most successful large scale IPM systems was introduced in 

Indonesian rice, in which spiders were one of the primary predators (Settle et al., 1996). In fact, 

the earliest known use of spiders in agriculture was by farmers in China who, up to two 

thousand years ago, relocated spider infested bales of hay to areas of high pest damage (Halaj et 

al., 2000).  

 

Although there is now much literature on agricultural arachnology worldwide, the issue of their 

biocontrol potential remains poorly understood, perhaps because spiders are notoriously 

difficult to study. They have cryptic and often nocturnal lifestyles, are difficult to sample 

quantitatively, have broad diets, leave no evidence of predation, and have huge behavioural and 
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species diversity. In addition, spiders have both beneficial and detrimental traits in regards to 

their biological control potential. A major benefit is, surely, that all spiders are “highly 

aggressive predators that hunt over their entire free-living lifetimes” (Morse, 2008). A 

detriment, however, involves their capacity to feed on a wide range of prey types, including 

other predators, including spiders (Finke and Denno, 2003; Lang, 2003). Spiders interfere with 

each other via competition, forced migration, cannibalism, and territoriality, which can limit 

population sizes (Moran and Hurd, 1994; Balfour et al., 2003). 

 

Although these mechanisms may reduce the impact spiders have on pests, spiders are capable 

of suppressing insect populations in various agricultural crops: midges in rice; aphids in wheat 

and pasture; caterpillars in apple orchards; and various pests in a vegetable garden (Mansour et 

al., 1980; Oraze and Grigarick, 1989; Riechert & Bishop, 1990; Mansour and Heimbach, 1993; 

De Barro, 1992). However, it is far from clear that spiders are beneficial in pest management in 

all agricultural situations. 

 

 

 

 

Spiders in Australian wheat agroecosystems: project expectations and aims 

 

“Australian spiders are a highly diverse group ... insufficiently appraised for pest management, 

though assumed to help.” 

       (New, 2007) 

 

The effectiveness of spiders in biological control of pests in Australian agroecosystems is not 

well known, as spiders have been the subject of very few investigations and knowledge of the 

biology and ecology of spiders in Australian crops is limited (Pearce et al., 2002). Very few 

ecological studies of spiders have been carried out in Australian agricultural crops. Crops that 

have been studied include orchards, soybean, cotton and pasture, in which spiders often appear 

to be less abundant and/or diverse than in other countries (Dondale, 1966; Bishop, 1980; De 

Barro, 1992; Whitehouse and Lawrence, 2001; Pearce et al., 2002), however there are no 

published studies of spiders in any Australian cereal crops. In Australia, wheat is grown on 

more land area than any other crop, and has a higher production value than all products except 

for beef, wool and dairy (Malcolm et al., 1996). Although the current methods of pest control in 

Australian broadacre cropping, including wheat, are still largely based on chemical insecticides, 

IPM is a newly emerging field showing much promise and grower interest. Worldwide, spiders 
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have been studied numerous times in wheat crops, revealing considerable global variation in the 

composition of spider communities (see Chapter 3). It is therefore timely to conduct similar 

investigations in Australian wheat crops. 

 

Given that no studies have been published on spiders in any Australian cereal, the intention of 

this project is to explore the possibility that spiders might be useful natural enemies for 

biological control in Australian broadacre cereal agroecosystems. This thesis describes key 

biological and ecological parameters including: community composition, common species, 

species richness and activity-density (Chapters 2); temporal dynamics (Chapter 4); spatial 

distribution and dynamics (Chapter 5); predation characteristics of the most common species 

(Chapter 6); and the ecological strategies and life history of dominant species (Chapter 7). 

While discovering the actual biological control impact of spiders in these systems was beyond 

the scope of this project, the implications of this research should be useful in clarifying potential 

application of spiders and directing future work into spiders in broadacre Australian 

agroecosystems (Chapter 8). In addition, this work may enable broader generalisations about 

spiders in wheat from other geographical regions. This project is expected to add to our 

understandings of the complicated interactions between spiders, pest insects and other beneficial 

organisms in ever changing agroecological webs.  
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Chapter Two 

 

           

   

A preliminary survey from  

south-eastern Australia 
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Summary 

 
Spiders frequently comprise a considerable proportion of the invertebrate fauna in agricultural 

systems, adding to the biodiversity of these habitats and often assisting in biological pest 

control. Spiders have been studied in wheat agroecosystems numerous times globally, but not 

yet in Australia. This foundation study outlines the composition, species richness and activity 

density of spider populations in south-east Australian IPM winter wheat. Brief comparisons are 

drawn between the Australian fauna and that of other continents. 

 

 

Introduction 

 

Spiders are found in most terrestrial habitats, including agroecosystems, where they are often 

found in high densities and diversity, and comprise a large proportion of the invertebrate 

community (Turnbull, 1973; Jones, 1976; Main, 2001; Öberg et al., 2007). Crops with higher 

structural complexity – such as alfalfa, soy and cotton – often have relatively richer spider 

communities than structurally simple crops, principally because spiders are strongly influenced 

by vegetation structure (Young and Edwards, 1990; Hurd and Fagan, 1992). Thus, spider 

communities in structurally simple wheat agroecosystems may be expected to be similar around 

the world (Greenstone, 1984). However, this is not the case.  

 

Globally, spider abundance in wheat agroecosystems is quite variable. In the United Kingdom, 

spiders occur in high densities (up to 600 /m²), while densities in US crops are typically much 

lower (up to 14 /m²) (Nyffeler and Sunderland, 2003). Spider populations in wheat systems can 

also be species rich, with diversities of more than one hundred species regularly counted (Samu 

and Szinetar, 2002). Commonly in wheat agroecosystems, a handful of species or a single 

agrobiont species numerically dominate, and so the composition is skewed (Young and 

Edwards, 1990; Samu and Szinetar, 2002).  

 

The two most common spider families found in wheat crops are the Lycosidae and Linyphiidae. 

In western Europe (France, Germany, Switzerland & the UK) small bodied linyphiids dominate 

the spider fauna by more than 70% (Sunderland, 1987; Cocquempot and Chambon, 1989; 

Jmhasly and Nentwig, 1995; Basedow, 1998). Similarly, in New Zealand wheat fields, 
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linyphiids account for up to 99% of spiders (Topping and Lovei, 1997). Linyphiids and lycosids 

are equally dominant in Russia and Hungary (Toth and Kiss, 1999; Seyfulina and Chernyshev, 

2001), while lycosids dominate the spider fauna in Canadian wheat fields (Doane and Dondale, 

1979). A different pattern emerges across the USA, with a broader range of families and a 

greater abundance of vegetation hunting and web building families (Bailey and Chada, 1968; 

Greenstone, 2001). 

 

The causes of these dramatic variations in the family composition of spider communities in 

wheat agroecosystems remain unclear, but have been attributed to geographical history, climatic 

or latitudinal factors, such as temperature and humidity (Greenstone, 2001; Nyffeler and 

Sunderland, 2003). Surveying wheat fields in new geographic regions may provide some 

insights into the possible reasons for these differences, as well as extending the picture of the 

global distributions of spiders in wheat agroecosystems, particularly in the southern hemisphere.  

 

In light of these variations in composition, what sort of spiders would be expected to occur in 

Australian wheat fields? Research into spiders has not yet been conducted on any Australian 

grain, despite being one of the most important national crops, with an annual gross value of 

production higher than that of either beef or cotton (Humphreys, 1988). The aim of this project 

was to gather a foundation of ecological knowledge about the spider fauna in wheat fields of 

south-eastern Australia, information that is critical for establishing future research initiatives 

into their potential for biological control. 

 

 

Methodology 

 

Study sites 

Australia is an isolated, continental island country in the southern hemisphere. The focus site of 

this study was near Inverleigh (Lat: -38º 8'; Long 143º 59') in the state of Victoria, south-eastern 

Australia. The region is known as the Western Plains, a volcanic plain spanning 10% of the 

state. The landscape of this region is predominantly agricultural, supporting cereals, oil seed, 

pasture and sheep. The climate is cool temperate, with a winter mean maximum of 10ºC 

(minimum -4.3ºC) and summer mean maximum of 27ºC (maximum 44.8ºC). The long-term 

annual rainfall average in the study area is 550.3 mm; however, drought has affected the area for 

the past eleven years. 



  

 19 

 

Wheat is only grown as a winter crop in Victoria, planted in May or June after the autumn 

‘break’ or first major rainfall, and harvested in late December (summer). Standard pest control 

practice in Victorian wheat crops involves the use of broad-spectrum insecticides. In contrast, 

this study was carried out on an integrated pest management (IPM) farm, which, among other 

techniques, applies minimal and selective sprays. Insecticides were not applied during the 

course of this study; however, herbicides, fungicides and fertilisers were used.  

 

Sampling 

 
A combination of pitfall trapping and vacuum sampling was carried out each month over the 

duration of the crop cycle (July to January) in 2005. Although the limitations of these 

techniques have been well documented (Uetz and Unzicker, 1976; Topping and Sunderland, 

1992; Dinter, 1995), they were considered to be the most efficient way to sample the ground 

and vegetation strata of wheat crops for spiders. In four 8-hectare fields edged with tree belts, 

five 11 cm diameter pitfall traps were set out in randomised positions at least 20 metres apart. 

Pitfall traps were sunk into the ground, filled to 2 cm with propylene glycol and collected after 

seven days. Approximately one square metre vacuum samples were also taken for one minute at 

five random locations with a converted McCulloch leaf blower (Tornado BVM 250 Blower 

Vac, 25 cc, 0.7 kW power, Electrolux Outdoor Products, Italy).  

 

Identification and measurement 

 
The number of spiders in each sample was counted. Additionally, the following was recorded 

for each individual spider: family, species, where possible; sexual maturity (juvenile or adult); 

gender; and, size (small: <3.9mm; medium: 4-7.9mm; and large: >8 mm). All other 

invertebrates visible at forty times magnification were identified to order, counted and 

measured. 
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Results 

 

Proportion of invertebrates 

 
Spiders were present at all times during the study. The proportion of spiders in the invertebrate 

population was 13% but varied throughout the year. Araneae comprised 69% of the predatory 

arthropods and was the fourth most numerous invertebrate order after Collembola (which 

occurred in very high numbers), Diptera and Hymenoptera (Figure 1).  

 

Family composition 

 

Lycosidae, Miturgidae and Gnaphosidae made up 87% of all mature individuals. Other families 

collected were: Linyphiidae; Corinnidae; Zodariidae; Zoridae; Thomisidae; Araneidae; 

Theriidae; Ctenidae; Salticidae; Tetragnathidae; Clubionidae; Lamponidae; and, Prodidomidae 

(see Table 1).  

 

Activity density 
 

The mean number of spiders collected in pitfall samples per month ranged from 2.4 (0.7 mature) 

in May to 46.2 (24.1 mature) in December (see Figure 2).  The mean number of spiders 

collected in each vacuum sample per month ranged from 2.4 (0.5 mature) in December to 9.1 

(1.2 mature) in March (see Figure 2). The number of vegetation spiders was low, averaging 0.5 

mature spiders per sample throughout the crop cycle. 

 

Size 

 

The two most common species, Venatrix pseudospeciosa (Lycosidae) and Miturga severa 

(Miturgidae) were large in body size (>8mm). The fourth and fifth most common species, 

Artoriopsis expolita (Lycosidae) and Artoria victoriensis (Lycosidae) were medium (between 4-

8mm), and only the third most common species was small, Gnaphosidae sp. A. However, 56% 

of all spiders (including juveniles) were small (<4mm) in size. 
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Species richness and composition 

 

There was variation in the number of species within families. The dominant families had few 

representatives: four Lycosidae species; two Miturgidae species; and, four Gnaphosidae 

species1. Other families, such as Salticidae (16 species) and Linyphiidae (9 species) had higher 

species richness but lower numbers of individuals. Most other families had only one or two 

representatives (Table 1). The total number of spider species sampled in wheat fields in 2005 

was 48. Five species accounted for 74% of mature spiders. The most common spider overall 

was the lycosid V. pseudospeciosa, which comprised 24% of all mature spiders (see Table 1).   

 

 

                                                 
1 These species have been lodged in the Museum of Victoria. 
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Figure 1. Total number of individuals of each invertebrate order collected in winter wheat fields 
between July 2005 and January 2006. 
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Figure 2. Mean activity density (pitfall samples) and density (vacuum samples) of mature spiders 
in winter wheat fields each month between March 2005 and January 2006. 
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Table 1.  Total number and percentage of total of each spider species collected in a wheat 
agroecosystem in 2005. Size noted is body length: L (large >8mm), M (medium 4-8mm) and S (small 
<4mm).   

   

 
Family 
 

 
Species 

 
Sum 

 
% 

 

Size 

Lycosidae Venatrix pseudospeciosa 516 24 L 

Artoriopsis expolita 212 17 M 

Artoria victoriensis 104 5 M 

Lycosa gilberta 28 1 L 

Miturgidae Miturga severa 321 14 L 

Miturgidae sp.A  2 <1 L 

Linyphiidae Lepthyphantes tenuis 27 1 S 

Erigone prominens 9 <1 S 

Ostearius melanopygus 12 <1 S 

Laetesia molita   11 <1 S 

Linyphiidae sp. A 30 1 S 

Linyphiidae sp. B 2 <1 S 

Linyphiidae sp. C 18 <1 S 

Linyphiidae sp. D 3 <1 S 

Linyphiidae sp. E 3 <1 S 

Salticidae Maratus pavonis 22 1 M 

Salticidae sp. A-0 56 2 S/M 

Corinnidae Supunna picta 3 <1 M 

Corinnidae sp. A 1 <1 M 

Prodidomidae Myandra cambridgei 18 1 M 

Lamponidae Lampona braemar 2 <1 M 

Araneidae Araneidae sp. A 4 <1 M 

Theriidae Steatoda sp. A 3 <1 M 

Clubionidae Clubionidae sp. A 3 <1 M 

Ctenidae Ctenidae sp. A 4 <1 L 

Ctenidae sp. B 1 <1 M 

Zoridae Zoridae sp. A 2 <1 L 

Zoridae sp. B 17 <1 L 

Zoridae sp. C 1 <1 L 

Hahnidae Hahnidae sp. A  1 <1 S 

Gnaphosidae Gnaphosidae sp. A 309 14 S 

Gnaphosidae sp. B 30 1 S 

Gnaphosidae sp. C 52 2 S 

Gnaphosidae sp. D 11 <1 S 
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Discussion 

 
Spiders are the dominant predator in this wheat agroecosystem, consistent with other studies 

(Toth and Kiss, 1999). In this study of south-east Australian winter wheat fields, spiders were 

present throughout the crop cycle and were the fourth most abundant order. Based on their 

proportion and body size, spiders appear to comprise a substantial component of the 

invertebrate community, particularly the ground fauna, and thus are likely to play a significant 

predatory role in this system. 

 

The ephemeral and disturbed nature of annual monoculture systems, such as wheat, is thought 

to favour small spiders, because large spiders generally require a greater degree of habitat 

stability (Kajak and Lukasiewicz, 1994; Cole et al., 2005). Indeed, this is the pattern across 

much of Europe, where small bodied linyphiids dominate the spider fauna in winter wheat 

fields. However, the two most common spider species in the present study were large bodied, 

suggesting that the conditions at this site are better suited to larger, ground dwelling and 

nocturnal spiders. Nevertheless, the predatory impact these large spiders have on the 

invertebrate population is likely to differ from that imposed by a predominantly small sized 

spider community. In particular, larger spiders tend to prey on larger prey (Nentwig and Wissel, 

1986). 

 

Densities of spiders found in this study were very low in the vegetation but appeared to be 

relatively high on the ground. Although these measures are to some degree a result of sampling 

effects, they are likely to reflect true abundances. The species richness of spiders found in this 

study (48 species) was lower than that reported in larger European studies (<150 species) 

(Sunderland, 1987), but equal to smaller studies (Basedow, 1998), and higher than in Colorado 

(14 species), Canada (27 species) and New Zealand (2 species) (Doane and Dondale, 1979; 

Topping and Lovei, 1997; Greenstone, 2001). The five most common species comprised 74% of 

adult spiders. This pattern of a few species dominating the spider fauna in wheat 

agroecosystems is common, for example, three species comprised 70% in a Hungarian 

population, and three species made up 63% in a Canadian system (Doane and Dondale, 1979; 

Toth and Kiss, 1999).  

 

Although the dominance of lycosids was not unexpected, being the second most common 

family found in wheat crops, the low numbers of linyphiids was surprising. The Gnaphosidae 
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family is less common in wheat fields but was found in other areas where linyphiids were less 

common, including Colorado (wheat and grassland) and Canada (Doane and Dondale, 1979; 

McIver, 1984; Greenstone, 2001). The dominance of the Miturgidae family was less expected, 

as it is rarely noted in wheat field spider populations. Miturgids may represent a geographic 

anomaly of the location, as a study in native grasslands in the Western Plains region also found 

high numbers of miturgids (Nyffeler and Sunderland, 2003).  

 

Global differences in the composition of spider communities in wheat agroecosystems have 

implications for their use in biological pest management.  The low numbers of linyphiids and a 

high proportion of lycosids reported in this study correspond with those in a study from central 

Canada (Doane and Dondale, 1979), but contrast with studies from Europe (Sunderland, 1987). 

Thus, stark differences in the composition of spiders mean that research on biological control 

potential of linyphiids in wheat agroecosystems is not applicable in Australia (Bell et al., 2002; 

Harwood et al., 2003; Schmidt and Tscharntke, 2005a), while studies on lycosids could be 

valuable. Spiders merit closer examination in agroecosystems as there is much potential benefit 

to be gained in regards to biological pest control and much that is not known. This is 

particularly true in Australia, where research into spiders in wheat systems has only just begun. 
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Chapter Three        
           
        

Spiders in wheat agroecosystems 

worldwide: meta-analysis and review 

 

 

 

 

 

 

“Since all wheat fields appear to be quite similar structurally, differences in structural 

diversity cannot explain differences in dominance and density.” 

(Greenstone, 2001) 
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Summary 

 

The composition of spider populations in winter wheat fields differs globally. While 

temperature and latitude may contribute to this variation, a clear explanation has been elusive. 

One avenue that has not been thoroughly explored is the connection between spiders and water, 

particularly rainfall, which is likely to impact on the ground structure, soil moisture, vegetation 

structure and microclimate. This review and meta-analysis explores the possible association 

between spider community composition, particularly the dominance of the Linyphiidae family, 

and various climate measures. A correlation was found between the percentage of linyphiids and 

annual rainfall. 

 

 

Introduction 

 

The global distribution of taxon or species is determined by numerous biotic and abiotic 

variables, including climate, phylogeny, geographical history, vegetation, landscape features, 

and predator and prey densities. Latitude is often used to explore distribution gradients of 

species or diversity, but it is only a predictor of fundamental global climate patterns (Rohde, 

1992; France, 1998). The Earth's climate is, however, not symmetrical around the equator, with 

the northern hemisphere receiving more solar radiation than the southern hemisphere, causing 

different day lengths, rainfall and temperature per unit latitude (France, 1998). Identifying 

distinct climate measures may determine more accurately the basis of global distributions of 

taxa than latitude per se. Many studies examine global patterns in species richness, but 

abundance or community composition may be attributed to similar factors (Booij and 

Noorlander, 1992; Rohde, 1992). 

 

Arachnologists have long recognised the role of abiotic factors in determining spider 

abundance. The consensus is that most spiders live in strictly defined environments set by 

abiotic features such as temperature, wind, humidity, light and moisture, and biotic features 

such as vegetation, food supply, competitors and enemies (Foelix, 1996). “The richer or more 

amenable an environment in terms of rainfall, vegetation and invertebrate fauna then the more 

abundant the spiders are and the more species or kinds there are present” (Main, 1976, p. 216). 

In general, spider abundance and diversity increases with environmental diversification at any 

scale (Samu et al., 1999; Tscharntke et al., 2005). Vegetation complexity is a particularly strong 
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predictor of web or vegetation dwelling species’ richness and density (Balfour and Rypstra, 

1998; Rypstra et al., 1999). Ground active spiders respond to different habitat measures, such as 

microclimate, soil characteristics and ground cover (Cady, 1984; Perner and Malt, 2003; Shultz 

et al., 2006; Jime´nez-Valverde and Lobo, 2007). While correlations between climate variables 

and global spider distribution have not been widely explored, species richness is associated with 

temperature and rainfall (Frampton et al., 2000; Jime´nez-Valverde and Lobo, 2007).  

 

Agroecosystems provide a unique opportunity to view distribution patterns of taxa on a global 

scale, as particular crops are relatively similar in the context of vegetative structure, 

microclimate, phenology and insect pests (Greenstone, 2001). Wheat is one of the most 

commonly grown crops, and is grown in most regions of the globe (Malcolm et al., 1996; Slafer 

and Satorre, 1999). Wheat is well adapted to dry environments, is generally grown in areas too 

dry or cold for rice or corn, and usually does not require irrigation (Cady, 1984; Riechert and 

Bishop, 1990; Rypstra et al., 1999). Therefore, wheat is grown in locations with vastly differing 

climates. Investigating the community structure of spiders in wheat agroecosystems at different 

locations may illustrate deterministic variables other than vegetative structure. Spiders are one 

of the most commonly occurring arthropod groups in wheat systems, but the composition of 

spider communities varies greatly between locations (Jones, 1976; Nyffeler and Sunderland, 

2003). 

 

Nearly 36% of the world’s wheat production is in Asia (8% in China and 10% in India) and a 

further 17% of the world’s wheat is grown across Europe and 17% in North America (FAO 

website). In much of Western Europe, the small sheet web building Linyphiidae family 

dominates the spider fauna in wheat systems (Samu et al., 1996). Surveys in the United 

Kingdom and Germany reveal proportions of Linyphiidae greater than 70% (Castanera and 

Estal, 1985; Sunderland, 1987; Cocquempot and Chambon, 1989; Duffield and Aebischer, 

1994; Basedow, 1998; Feber et al., 1998)(Table 1). Similarly, linyphiids make up the majority 

of spiders in New Zealand wheat fields (Topping and Lovei, 1997). In eastern European 

countries, such as Hungary, Russia and Poland, the species composition is more evenly divided 

between Linyphiidae and Lycosidae (Kajak and Lukasiewicz, 1994; Toth and Kiss, 1999; 

Seyfulina and Chernyshev, 2001)(Table 1). Ground hunting spiders such as Lycosidae, 

Gnaphosidae and Miturgidae dominate the spider fauna in the wheat fields of Canada, Colorado 

and Australia (Doane and Dondale, 1979; Greenstone, 2001)(Table 1). Ground hunting spiders 

comprise over half of spiders in wheat fields of central Pakistan, and linyphiids comprise about 

a third of the community (Khan et al., 2001). In Colorado, in the United States of America, 
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spiders that actively hunt prey in the vegetation strata, such as Salticidae, Oxyopidae & 

Araneidae, make up a considerable proportion of the community (Greenstone, 2001; Nyffeler 

and Sunderland, 2003)(Table 1). Wheat crops in Asian countries such as China appear to have 

high numbers of linyphiid and thomisid spiders (Xing et al., 2004; Ma et al., 2005). 

 

The differences in spider community composition are surprising, given the similar structure of 

wheat crops around the world and the close correlation between spiders and vegetation structure 

(Hurd and Fagan, 1992; Rypstra et al., 1999; Greenstone, 2001). What factors explain this 

variation in the proportion of different guilds? Latitude may determine spider composition, as 

the percentage of Linyphiidae appears to increase away from the equator (Enders, 1975; 

Nyffeler and Sunderland, 2003). However, latitude is a surrogate for more substantive causative 

factors, such as rainfall, temperature, seasonality or humidity (Rohde, 1992; Hirzel et al., 2002). 

A comparative study of spiders across numerous crop types highlighted temperature as a likely 

influence of spider composition (Nyffeler and Sunderland, 2003). Other factors that may play a 

role in determining spider composition in agroecosystems include rainfall, biogeography or 

farm management (Greenstone, 2001; Nyffeler and Sunderland, 2003).  

 

The stark differences in spider composition are intriguing but are also likely to impact on the 

biocontrol impact of spider communities in different locations (Nyffeler and Sunderland, 2003). 

Thus, understanding global patterns of spider distribution may provide insights into their 

potential role as predators in agroecosystems (Nyffeler and Sunderland, 2003). This meta-

analysis investigates the importance of climate features, including rainfall and temperature 

averages. In particular, the analysis examines how well these factors correlate with estimates of 

community structure, and, in particular, the proportion of functional groups across a single, 

similar habitat.  

 

 

Meta-analytical synthesis 

 

This analysis drew on published studies that report the proportion of spider families found in 

winter wheat agroecosystems (Table 1). Studies from the same country reported similar 

proportions of each spider family, so only one study from each country was included to avoid 

artificially inflating the sample size. Climate parameters were obtained from the closest possible 

weather station, often the nearest major city. The principal habitat type examined was winter 

wheat, but several studies in spring cereals were included (Topping and Lovei, 1997; Öberg, 
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2007). Studies that examined arthropods in winter wheat systems, including spiders, tended to 

have insufficient information to determine the proportion of each spider family and so were 

excluded. For studies in which multiple years or multiple sites were sampled, an average 

proportion of each group was calculated.  

 

The greatest difficulty in comparing studies derives from the variation in sampling methods 

(Uetz et al., 1999), which strongly influences the composition of spiders collected (Churchill 

and Arthur, 1999). Pitfall traps are the most efficient way to collect ground active and nocturnal 

spiders, but this technique samples spiders according to both the density and the activity of 

individuals (Duffey, 1972; Turnbull, 1973; Curtis, 1980). Vacuum and visual sampling 

techniques can be more easily quantified, as they are conducted over a precise area (for 

example, m²) in a single moment in time. However, these techniques rarely collect wandering 

ground spiders. For this meta-analysis, studies that used pitfall sampling were prioritised, as 

they align “closely but inconsistently” to true population density (Topping and Sunderland, 

1992), catch similar numbers of Linyphiidae as vacuum sampling (Dinter, 1995; Standen, 2000) 

and also catch ground active spiders. The only exception was a study from Colorado in the US, 

which used vacuum sampling and hand search, but not pitfall trapping (Greenstone, 2001). 

Although ground spiders may have been underestimated compared with other studies in the 

analysis, the location was included because it added significantly to the overall picture. 

 

The classification of spiders into functional groups aids community analysis (Humphreys, 

1988). Here spiders are grouped into Linyphiidae (small, sheet-web building spiders), ground 

active hunters (such as Lycosidae and Gnaphosidae) and ‘other’, mostly comprising of 

vegetation dwelling and web building spiders (such as Salticidae, Araneidae or Oxyopidae) 

(Figure 1). The analysis is centred on the proportion of the Linyphiidae spiders in the 

community simply because initial observations suggest considerable variation in abundance 

across studies. This analysis considered spider community composition as relative abundance, 

and, specifically, the proportion of linyphiids.  

 

The difficulty in evaluating actual abundances of spiders means that it is unclear whether higher 

proportions of Linyphiidae at some locations more properly reflect relatively lower numbers of 

other groups (Schmidt and Tscharntke, 2005b). Examining the total catch is not useful, as it 

depends entirely on sampling duration and intensity. Studies that did report density data (that is, 

from vacuum, hand search, flood or distance methods) measured between 1.8 and 450 

linyphiids per m² in wheat fields (Dinter, 1995; Toft et al., 1995; Topping and Lovei, 1997; 
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Schmidt and Tscharntke, 2005a). The fact that linyphiid numbers show such extreme variation 

suggests that their dominance in some locations may largely be caused by relative increases in 

linyphiid density, rather than decreases in other taxa. Ground active spiders, such as lycosids, 

are often larger in body size than linyphiids, and so are perhaps unlikely to show such huge 

variation in density. 

 

Ten published studies and data from this thesis were used in a meta-analytical synthesis (Table 

1) to examine relationships between the proportion of linyphiid spiders and latitude, annual total 

rainfall, minimum and maximum monthly rainfall, annual mean temperature, average minimum 

temperature of the coldest month and average maximum temperature of the hottest month. 

Rainfall data were log transformed to improve distribution, but the distribution of other 

variables was not improved by transformation. Stepwise regression analysis indicated that 

annual rainfall was the only factor that independently explained the variation in linyphiid 

dominance (Table 2). This model revealed that annual rainfall explained 48% of the variation in 

the proportion of linyphiids (Figure 2). The percentage of linyphiid spiders was not correlated 

with any of the other variables. While it would appear that the data from New Zealand created 

excessive leverage, statistical significance is not qualitatively changed by excluding these data. 

 

 

 

 

Table 2.  Stepwise analysis to reveal the significance of each parameter in explaining the variation 
in the proportion of linyphiids, after entering all significant variables (where probability to enter is set at 
0.25). 
 

Parameter d.f. F ratio p 

 
Latitude 

 
1 

 
<0.01 

 
0.97 

Annual rain † 1 8.39 0.02* 
Minimum rain 1 0.37 0.56 
Maximum rain 1 0.1 0.77 
Annual temperature 1 0.46 0.52 
Minimum temperature 1 0.02 0.89 
Maximum temperature 1 0.99 0.35 

  *p<0.05    †Log transformed 

 

 

 



   

 32 

Table 1.  Studies used for the meta-analysis showing location, sampling techniques, total annual 
rainfall, mean rainfall of the driest and wettest months, mean minimum and maximum temperature of the 
coldest and hottest months, annual mean temperature, latitude and percentage of linyphiid spiders. Long 
term climate data from between 30 and 280 years (130 years the average) and retrieved from 
www.worldclimate.com and latitude from World Atlas.  

 
  

Location 

 

Sampling 

 

Rain 

 

Temp. 

 

Latitude 

 

Spiders 

 

Source 

 
Country 
Location 
weather station 

  
Mean 
Min 
Max 

 
Mean 
Min 
Max 

  
Linyphiid 

 

 
 

 
New Zealand  
Bulls 
Wellington 
 

 
Pitfall 
Vacuum  
Hand 

 
1229.7 
79.2 
139 

 
12.7 

6 
20 

 
41 

 
100 

 

 
Topping &  
Lovei  
(1997) 

 
Germany 
Frankfurt 
Frankfurt 
 

 
Pitfall 
Flood 

 
640.6 
37.6 
71.5 

 
9.8 
-1.6 
23.8 

 
 

50 

 
 

89 
 

 
Basedow 
(1998) 
 

 
United Kingdom 
Oxford 
Oxford 
 

 
Pitfall 
Vegetation 

 
649.1 

41 
65.5 

 
9.7 
0.0 

20.5 

 
 

51 

 
 

86 
 

 
Feber et al. 
(1998) 
 

 
Poland 
Turew 
Poznan 
 

 
 
Pitfall 

 
513.3 
24.8 
73 

 
8.1 

-14.9 
31.4 

 
 

52 

 
 

74 
 

 
Kajak &  
Oleszczuk  
(2004)  
 

 
Pakistan 
Faisalabad 
Faisalabad 
 

 
 
Pitfall 

 
346 
2 
97 

 
24.5 

5 
41 

 
 

31 

 
 

35 

 
 
Khan et al. 
2004 

 
Sweden 
Uppsala 
Stockholm 
 

 
 
Pitfall 

 
541.5 
25.7 
71.7 

 
5.1 
-5 
22 

 
 

60 

 
 

33 
 

 
Öberg 
(2007) 
 

 
Russia 
Moscow 
Moscow 

 
Pitfall 
Sweep 

 
600.6 

29 
81.5 

 
4.2 

-12.2 
23.2 

 
 

55 

 
 

27 
 

 
Seyfulina &  
Chernyshev 
(2001) 
 

 
Hungry 
Kartal 
Budapest 
 

 
 
Pitfall 

 
517.9 
27.8 
64.9 

 
10.4 
-4 
28 

 
 

47 

 
 

27 
 

 
Toth & Kiss 
(1999) 
 

 
United States  
(Colorado) 
Lamar 
Lamar 
 

 
Vacuum 
Hand  

 
371.3 
8.9 
61.3 

 
11.8 
-10.7 
34.3 

 
 

38 

 
 

23 
 

 
Greenstone 
(2001) 

 
Australia 
Inverleigh 
Geelong 
 

 
Pitfall  
Vacuum 

 
547 
34.3 
64.5 

 
14.4 
5.0 

25.6 

 
 

38 

 
 
3 
 

 
 
This study 
 

 
Canada 
Clavet 
Saskatoon 

 
Pitfall 

 
362.7 
14.2 
62.5 

 
1.5 

-23.5 
25.4 

 
 

52 

 
 
3 
 

 
Doane & 
Dondale 
(1979) 
  

http://www.worldclimate.com/
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Figure 1.  The relative number of Linyphiidae, ground hunters and ‘other’ spiders in winter wheat 
fields at various locations.  
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Figure 2.  Association between annual rainfall and percentage of linyphiid spiders in wheat 
systems. 
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Discussion 

 

The analysis revealed that total annual rainfall was the only significant predictor of the 

proportion of linyphiid spiders in wheat fields, explaining over 50% of the global variation. 

This result suggests that linyphiids are sensitive to moisture and thrive in more moist 

environments. Conversely, the data suggest that ground dwelling spiders better tolerate drier 

conditions. Conditions appear to be particularly suitable for linyphiids in New Zealand, the 

United Kingdom and Germany which all have consistently high rainfall, and accordingly, wheat 

fields in these countries tend to have in excess of 80% linyphiids. Although numerous biotic, 

abiotic and geographic features may influence spider communities in wheat fields, latitude and 

other climatic variables did not correlate with the percentage of linyphiids in this meta-analysis.  

 

The apparent correlation between linyphiid dominance and rainfall is not surprising, given that 

moisture can affect spiders in numerous ways. Extremely high rainfall and flooding can cause 

problems for spiders (just ask the Incy Wincy spider2) and reduce abundance (Wise, 1993; 

Main, 2001; Schmidt and Tscharntke, 2005a). However, spiders are perhaps more troubled by 

too little water, being vulnerable to water loss through non-sclerotised abdomens, book lungs 

and, to a lesser extent, tracheae (Davies and Edney, 1952; Levi, 1967; Main, 1981; Riechert, 

1998). Lycosids become incapacitated at 15% body weight loss through water, in part because 

body fluid generates hydrostatic pressure for locomotion, and individuals die between 16 and 

23% body weight loss (Humphreys, 1975; Pulz, 1987). As fluid feeders, spiders obviously get 

much of their fluid intake from prey. However, as they are capable of surviving without food for 

long periods, spiders must at times obtain water from sources other than prey (Humphreys, 

1975). Spiders are capable of accessing soil moisture when it is above 11% concentration, but 

do not access moisture from the air to maintain water balance (Cherrett, 1964; Humphreys, 

1975). Therefore, as rain is the primary source of soil moisture, it is evident that low rainfall 

may increase the risk of desiccation for spiders (Frampton et al., 2000). 

 

Foraging habits, such as constructing sheet webs (typical of linyphiids), may expose spiders to 

greater desiccation risk through wind, heat, sunlight and low humidity (Levi, 1967). Spiders 

with vulnerable hunting strategies commonly have water saving attributes, such as heavily 

sclerotised abdomens, heat reflecting colouration, daytime retreats, or have tracheae but not 

water expensive book lungs (Levi, 1967). Although all arthropods have comparatively large 

                                                 
2 “The Incy Wincy spider climbed up the water spout. Down came the rain and washed poor Incy out. Out came the 

sunshine and dried up all the rain. And Incy Wincy spider climbed up the spout again”. Nursery Rhyme. 
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surface area to volume ratios (Cloudsley-Thompson, 1983), and thus greater exposure to water 

loss, the small body size of linyphiids carries an even greater risk (Levi, 1967; Almquist, 1971; 

Sevacherian and Lowrie, 1972; Humphreys, 1975; Main, 1981; Pulz, 1987). Conversely, ground 

hunting spiders are often larger in size, burrow or form retreats and forage nocturnally, making 

them less vulnerable to desiccation. Consequently ground hunting spiders are often successful in 

arid areas (Humphreys, 1975; Main, 1981; Remmert, 1981). Spiders from arid areas have often 

adapted greater tolerance to desiccation than those from temperate locations – including reduced 

transpiration water loss mechanisms, efficient excretion, tolerance to high temperature and 

desiccation, and tracheal breathing (Nørgaard, 1951; Almquist, 1971; Humphreys, 1975; 

Remmert, 1981; Cloudsley-Thompson, 1983; Frampton et al., 2000).  

 

In contrast, spiders in temperate areas are generally not accustomed to low rainfall, so 

unpredictable climatic fluctuations may affect spiders over short periods of time. For example, a 

one month manipulation of drought conditions negatively affected all arthropods in a British 

legume crop (Frampton et al., 2000). Similarly, the predictability of climate parameters such as 

rainfall may impact on spiders. For example, the annual rainfall reported for the Australian site 

does not reveal the unpredictability of the rainfall both between and within years (Malcolm, 

1996). Changes in rainfall between years can cause considerable changes in spider communities 

(Sunderland and Topping, 1993; Rypstra and Carter, 1995; Bolger et al., 2000; Shochat et al., 

2004). Climate averages used for this meta-analysis were long term averages and did not take 

into account weather conditions during each study, or the consistency of weather patterns at 

each location. Interestingly, despite the potential for weather conditions in each year to affect 

spider populations, this meta-analysis still detected a correlation. 

 

As long term climate averages and short term weather conditions appear to influence spider 

populations, future changes in the seasonal occurrence and intensity of precipitation may also 

affect the spider communities of wheat agroecosystems (Frampton et al., 2000). Future weather 

patterns may become much more unpredictable, due to climate change. Indeed, simulation 

models show that the quantity and frequency of rainfall is uncertain in many areas, and predict 

increased severe droughts in Western Europe, Canada and eastern Australia (Kothava, 1999). 

The potential impact of this is that the dominance of linyphiid spiders may be reduced if crop 

conditions become substantially drier across Western Europe. Of course, spiders are not the 

only arthropods likely to be impacted by a changing climate; insect communities also change in 

composition and density during drought (Smith, 1919). It is likely that the future propensity for 

drought and lower rainfall in some areas may change the abundance of both pests and 



   

 36 

beneficials in agroecosystems (Daily et al., 1998; Pritchard and Amthor, 2005; Shultz et al., 

2006). 

 

Of course, rainfall is only one of numerous predictors of spider distribution; other factors may 

influence community composition in wheat systems, such as biogeography. For instance, the 

world distribution of Linyphiidae abundance and species richness is skewed toward Europe and 

Asia, followed by North America (Helsdingen, 1983). North America, however, does not have 

Lepthyphantes tenuis, which is particularly abundant in European wheat fields (Samu et al., 

1996; Greenstone, 2001). New Zealand has several native linyphiids, but the species that has 

been successful in wheat fields is L. tenuis, originally from Europe (Topping and Lovei, 1997). 

In contrast, there are few native species of linyphiid in Australia, and introduced linyphiids, 

including L. tenuis, are not abundant (Main, 1976). Clearly linyphiid spiders can be highly 

abundant and diverse in wheat crops, but perhaps only when local climatic conditions are 

suitable. 

 

Whatever the mechanisms determining spider assemblages in winter wheat fields, variations in 

composition may influence the biological control potential of the community (Uetz et al., 1999). 

For example, communities dominated by high numbers of small linyphiid spiders would be 

expected to have a very different impact on pest populations than one dominated by fewer and 

larger ground hunting spiders. Overall, the Linyphiidae and Lycosidae families are the most 

common spiders in winter wheat agroecosystems, representing ground-based guilds with very 

different physical attributes and foraging strategies. Thus, research on linyphiid dominated 

community predation may not necessarily be applicable in wheat fields dominated by lycosids, 

and vice versa. These two families may dominate winter wheat fields around the world due to 

their strong dispersal, widespread and diverse species distribution, and tolerance of disturbed 

habitats. Despite the many favourable traits of these two families, they are likely to be 

influenced by short- and long-term climatic variations. Understanding the relative importance of 

environmental factors on habitat suitability may be important for habitat management and 

maintaining biodiversity of spiders in agroecosystems.  
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Summary 

 

This chapter describes the temporal dynamics of the spider community in winter wheat fields 

across two consecutive crop seasons. Within year variation in the spider community was 

associated with the phenology, migration and activity patterns of the resident and transient 

species. The spider community also differed considerably between years, with the activity-

density and species richness of spiders heavily reduced in the second year. Possible reasons for 

this decrease include severe drought, crop rotation or premature harvest. The differences 

between these two years suggest that these agroecosystems, despite being simplified and highly 

managed, are prone to dramatic changes between years. Thus, there may be no such thing as 

‘typical’ spider parameters, which reduces our ability to predict population dynamics and the 

extent of predation on pest populations across years. 

 

 

Introduction 

 

Wheat agroecosystems change dramatically within the course of one year. Each field starts the 

year as an empty, fallow area with minimal vegetation. The crop is then planted, and vegetation 

cover and density gradually increase as the crop grows. The lush, green vegetation eventually 

dies off and is subsequently removed at harvest. This already changeable habitat (compared to 

the relative stability of natural systems) is then punctuated by further disturbances, including 

tillage, grazing, pesticide application and machinery ‘traffic’ (Schmidt et al., 2005a). Therefore, 

within the course of one year, there are constant alterations to the soil surface and structure, 

vegetation architecture, microclimate conditions and resources available to phytophagous 

arthropods. This creates a constant flux in the availability of prey or hosts for predators and 

parasitoids within the area of the crop. Altogether, these forces lead to continuous alterations of 

the biotic community (Kennedy and Storer, 2000). In addition to their presence or absence in 

the crop, most arthropods have naturally seasonal reproductive periods, migration and other 

activity patterns which may alter their foraging behaviour at different times of the year (Bishop 

and Riechert, 1990; Thomas et al., 2003) 

  

Although annual agroecosystems are highly disturbed, they are not unpredictable. Rather, these 

systems are highly managed so that the timing of disturbance events and the phenology of the 

crop cycle are approximately the same each year. Indeed, agroecosystems have been described 
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as “predictably ephemeral” ( Wissinger, 1997; Samu and Szinetar, 2002). Thus, resident 

communities may be expected to be similar in density or composition from year to year 

(Bishop, 1980). However, there is often some temporal variation in the abundance of each taxon 

within a community between consecutive years. Annual differences in abundances may be 

caused by fluctuations in climatic conditions between years, or related changes in primary 

productivity (Polis et al., 1998; Frampton et al., 2000). Alterations in the densities of organisms 

flow along trophic cascades, affecting related prey or enemies (Polis et al., 1998). Another 

feature that causes changes in the abundances of taxa between different years is landscape 

composition and arrangement, particularly habitat heterogeneity, up to several kilometres away 

(Polis et al., 1998; Frampton et al., 2000; Koss et al., 2005; Schmidt et al., 2005b; Langlands et 

al., 2006). A decreased population of any one species may also be caused by low reproduction 

in the previous year. 

 

Temporal dynamics of the biota in agroecosystems are important in defining biological control 

efficiency. Changes in the abundance of species both within one year and between years may 

alter efficiency of the natural enemy complex, in relation to their relative abundance and the 

degree of synchronicity with pests in time and space (Ekbom and Wiktelius, 1985; Morse, 

2008). Many pest species are highly transient, such as aphids and lepidopterans, and their 

presence in the crop is generally short lived (Bishop and Blood, 1980). Specialised enemies of 

these kinds of pests are also commonly transient, tracking the populations of their preferred prey 

or host (Snyder and Ives, 2003). There are also pests which are resident in the crop for much of 

the year, such as slugs, earwigs and mites, and enemies of these pests are also commonly 

persistent in the crop area throughout the year (Horne and Page, 2008). Resident natural 

enemies of pests are mostly polyphagous, their broad dietary range assisting their continued 

existence in the crop throughout the year (Symondson et al., 2002). The way these different 

groups utilise the crop area throughout the year and the variation in abundance of each group 

dictates the overall extent of biological control administered by the natural enemy complex. 

 

Spiders are natural enemies that are often present in the crop throughout the year (Bishop, 

1980). They do not track prey like specialised enemies that track specific hosts or prey (Wise, 

1993), so the degree of temporal variation in the abundance of species may be less extreme than 

in more transient taxa. Although the presence of spiders in crops may be more consistent than 

other groups, the density of the community and separate species changes markedly within each 

year and between years (Jones, 1976; Schmidt et al., 2005b). Spiders exhibit strongly seasonal 

activity mostly relating to their reproduction, from mate-searching to mass aerial dispersal of 
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spiderlings (Framenau and Elgar, 2005). However, the variability of their predatory activity 

throughout a year is less well understood. Although they are somewhat resident, migration of 

spiders in and out of crops continuously occurs both by land and air (Bishop and Riechert, 

1990). Between consecutive years, spider populations vary considerably; in agricultural 

systems, spider density changed by up to six times between years (Jones, 1976; Rypstra and 

Carter, 1995; Schmidt et al., 2005a; Schmidt et al., 2005b). Due to the changeability of 

populations in agroecosystems, typical population parameters may be difficult to define or 

predict (Horne and Page, 2008; Kampichler et al., 2000). However, understanding the extent of 

variability in agroecosystem populations is likely to improve the ability to manage these 

systems (Kennedy and Storer, 2000). 

 

Maximising the utility of potentially beneficial organisms, like spiders in biological control, the 

changes to their community through time require some understanding. The general aim of this 

study was to investigate temporal variation both within and between years in a potential 

biological control agent, spiders, in winter wheat agroecosystems.  

 

Methods 

 

Study sites 

 
Sampling for this study was conducted in the region west of Melbourne known as the Western 

Plains, in the Corangamite Shire (Figure 1). The original landscape was predominantly tussocky 

grassland that, due to low rainfall, heavy clay soil and flat terrain, had few shrubs or trees 

(Willis, 1964). At the time of European settlement, native grasslands dominated much of the 

Western Plains, including the Corangamite region (Stuwe, 1986). The area has since been 

heavily modified by a variety of activities, including stock grazing, forestry, land clearing, fire 

changes and replacement of native vegetation with exotic pasture and crop plants (Willis, 1964; 

D'Costa and Kershaw, 1995). Now known as the Golden Plains, this shire mostly comprises 

modified grazing pasture and broadacre cropping, including cereals, legumes and oil-seed crops. 

Native grasslands now cover less than 0.1% of the original area, and, due to the loss of this 

vegetation community, four vertebrate species and eleven plant species have become extinct, 

and many more are threatened (Stuwe, 1986; Yen et al., 1994; Craigie, 1999).   
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The primary site for this study was a commercial farm in Inverleigh, 27 km west of Geelong 

(Lat: -38º 8'; Long 143º 59'). Crops in the rotation included canola (Brassica rapa), wheat 

(Triticum aestivum), barley (Hordeum vulgare) and lucerne (Medicago sativa). Livestock 

(sheep) also grazed in field crops after harvest. The property was managed using an IPM 

approach, which is not yet common practice in Victorian wheat farming. No insecticides were 

sprayed on the farm during the study, although herbicides, fungicides and fertilisers were used.  
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Grazing pasture
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Figure 1. A generalised land use map of the Corangamite Catchment Management Region in 

Victoria (inset), Australia. 
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Climate 

 
The Corangamite region of Victoria has a Mediterranean climate, with wet, mild winters and 

hot, dry summers (Malcolm et al., 1996). Temperatures are generally mild, with winter mean 

minimum of 5ºC (absolute minimum -4.3ºC) and summer mean maximum of 26ºC (absolute 

maximum 44.8ºC). Annual rainfall varies widely across the region (Willis, 1964), from 543 mm 

in Inverleigh to 722 mm in Warrambine, however, the past eleven years have been deemed 

drought years across the region, leading water authorities to propose that conditions are a new 

‘reality’ of reduced rainfall (Figure 2) (Bureau of Meteorology)(Ker and Millar, 2008). Rainfall 

in the first year of sampling was slightly higher than the long-term average, but its distribution 

varied hugely over the year (Figure 3). In contrast, monthly rainfall in 2006 was consistently 

lower than the long-term average and the annual total was a new record low (Figure 3). 

Subsequently, wheat crops across the region failed to mature in 2006, and the majority of fields 

were prematurely cut for hay from late October. The overall yield for 2006 was 0.9 tonnes/ 

hectare, down 57% from 2005. 

Sampling 

 

Data were obtained by sampling repeatedly throughout the year – monthly in 2005 and weekly 

in 2006 – in order to observe temporal changes in spider activity. In 2005, spiders were sampled 

from four 8-hectare fields of winter wheat adjacent to Eucalyptus shelterbelts. It was not 

possible to survey the same crop in the same field in subsequent years, due to crop rotation. So, 

in 2006, spiders were sampled from four (much larger) 30-hectare fields which had only small 

areas of non-crop habitat on borders. In 2005, 5 pitfall and 5 vacuum samples were taken each 

month from each field, and, in 2006, 5 pitfall and 5 vacuum samples were taken each week from 

each field.  

 

Pitfall traps measure a combination of the activity and density of spiders (thus, activity-density), 

rather than their abundance. However, they efficiently collect ground active and nocturnal 

spiders that can be difficult to sample by other means (Uetz and Unzicker, 1976). In this study, 

in four 8 ha fields edged with tree belts, five 11 cm diameter pitfall traps were set out in 

randomised positions at least 20 metres apart and sunk into the ground flush with the surface. A 

soil auger was used to dig holes and, for ease and speed, fences and lids were not added (Work 

et al., 2002; Brennan et al., 2005). Propylene glycol, a non-toxic preservative used in food, was  
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Figure 2. The last ten years of total annual rainfall in the Geelong area, with long-term average 
(from 1983 to 2008) overlaid, according to the Australian Government Bureau of Meteorology. 
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Figure 3.  Monthly rainfall in Geelong in 2005 and 2006 compared with the long-term average 

(1983–2008).  
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used as the trap fluid. Traps were left open for seven days. After collection, samples were 

sorted, counted, identified and placed into 70% ethanol.  

 

Vacuum sampling consistently collects more individuals and species than other methods that 

sample in vegetation, such as sweep netting (Buffington and Redak, 1998; Ludy and Lang, 

2004). In addition, vacuum sampling can be carried out on bare ground prior to planting and so 

can be used all year, whereas sweep netting requires some vegetation. Vacuum samples were 

taken with a converted McCulloch leaf blower (Tornado BVM 250 Blower Vac, 25 cc, 0.7 kW 

power, Electrolux Outdoor Products, Italy) with a filter to collect invertebrates. One-minute 

samples were taken over approximately 1 m² (using a quadrat rather than a fenced area), and 

specimens were funnelled directly into a vial filled with 70% ethanol. This method of sampling 

may introduce some bias: noise and vibrations may disturb spiders and cause dropping 

behaviour; large spiders may crawl from the sampling funnel; and, the efficiency of sampling 

may be reduced as the crop height and density increases (Hossain et al., 1999). 

 

Sorting, measurement and identification 

 

The number of spiders in each sample was counted. Additionally, the following were recorded 

for each individual spider: family, genus and species, where possible; sexual maturity (juvenile 

or adult); gender; and, size (small: <3.9mm; medium: 4-7.9mm; and large: >8 mm). All other 

invertebrates visible at forty times magnification were identified to order, counted and 

measured. 

 

All spiders were identified to the lowest taxonomic level possible (species, genus or family) and 

the identifications were confirmed by specialist spider taxonomists working on particular 

groups. Identification of spiders in Australia is difficult (Main, 1976). The majority of 

Australian spider species are yet to be named, and the proportion of described species is thought 

to be between 5 and 29% (Brennan et al., 1999; Platnick, 2000; Main, 2001; Brennan et al., 

2004). Further, 75% of described species in Australia are thought to be unrecognisable, due to 

insufficient descriptions and type specimens that are kept in European museums (Brennan et al., 

2004). In particular, the Gnaphosidae and Miturgidae families (among the most frequently 

collected in this study) have unresolved taxonomy at species level in Australia, although both 

are currently being revised3 (Harvey et al., 2004).  

                                                 
3 Dr Robert Raven is currently revising the Australian Miturgidae and Dr Vladimir Ovtsharenko is revising the 

Gnaphosidae. 
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Results 

 

Proportion of invertebrates 

 
In 2005, 4919 spiders were collected (n=298 pitfall trap samples), and 1235 spiders were 

collected in 2006 (n=269 pitfall trap samples). These numbers reflect a four-fold difference in 

the numbers of spiders collected in pitfall trap samples between the two years (t = 6.5, p<0.001)4 

(Figure 4). Similarly, vacuum samples yielded significantly lower numbers of spiders in 2006 (t 

= 10.3, p<0.001). Conversely, the number of invertebrates (not including spiders) collected in 

pitfall traps increased in the second year, due largely to an increase in flies, beetles, slaters, 

lacewings and aphids (t=-3.3, p = 0.001) (Figure 5), while vacuum sampling yielded similar 

numbers of invertebrates in the two years (t =-0.7, p=0.487) (Figure 4).  

 

T-tests with Bonferroni corrections (the adjusted significance in this case set to p<0.004) 

revealed whether the most commonly collected invertebrates were significantly more or less 

abundant between the two years. Taxa collected in significantly lower numbers in 2006 

included Araneae (t=4.2, p<0.001) and Acari (t=5.9, p<0.001). Conversely, some groups 

increased in number in 2006, including Diptera (t=-4.8, p<0.001) and Coleoptera (t=-3.2, 

p<0.002). Other groups were collected in similar numbers in both years, including Hymenoptera 

(t=0.5, p=0.6) and Dermaptera (t=0.1, p=0.9) (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

                                                 
4  Statistical analyses were carried out using JMP7® Statistics and Graphics guide (Release 7, SAS Inc. North 

Carolina) and SPSS® (version 15.0, SPSS Inc., Illinois).  
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Figure 4. Mean number of spiders and other invertebrates collected in pitfall traps and vacuum 
samples from wheat fields between July and January in 2005 and 2006 (error bars ± 1 s.e.). 
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Figure 5. Sum of individuals of each order collected by pitfall trap during the 2005 (n=298) and 
2006 (n=269) sampling periods (July to January). 
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Pests and their natural enemies 

 

The natural enemies co-existing with spiders in these wheat fields included various carabid 

beetles (Coleoptera: Carabidae), Micromus tasmanicae lacewings (Neuroptera), predatory 

Labidura truncata earwigs (Dermaptera) and unidentified Bdellidae predatory mites (Acari). 

There was also an incredible diversity of wasps, some of which may have been parasitoids, but 

these were not identified. Spiders were the most numerous predatory natural enemy collected in 

pitfall samples in 2005, comprising 63% of ground active beneficials, and also in 2006, 

comprising 40% (Figure 6). The second most numerous predatory group in pitfall traps in both 

years was the predatory mites, which comprised 17% and 27% of the beneficial complex 

respectively (Figure 6). Predatory carabid beetles were the third most numerous predators and 

comprised 6% and 8% in the two years (Figure 6). Although lacewing predators were more 

abundant in vacuum samples, they were also the third most numerous predators in pitfall traps 

in 2006.  

 

Pests that occurred in wheat fields over two years at these sites included caterpillars, red-legged 

earth mites, aphids, European earwigs and slugs (Figure 7). Most of the pests were collected 

with both pitfall trapping and vacuum sampling, except for slugs, which were not collected by 

either of the sampling methods. Aphids, pest mites and lepidopteran larvae were all collected in 

higher numbers in vacuum samples (see Figure 9 b and c). 

 

Spiders were present throughout the sampling period but were most active and/or abundant in 

November and December of 2005, but this peak was substantially reduced in 2006 (Figure 8a).  

Carabid beetles were present in spring and early summer; their activity-density peaking in 

December, but, like spiders, did not exhibit a peak in activity-density in 2006 (Figure 8b). 

Predatory mites were present throughout most of the sampling period, peaking in November in 

2005, but, again, not exhibiting a peak in activity-density during 2006 (Figure 8d). Lacewings 

were present briefly during October and November (Figure 8c) tracking the activity-density of 

aphids in October (Figure 9b). Lepidopteran larvae peaked in November and December in both 

years (Figure 9a). Pest mites peaked in August in 2005, and again in October, but did not 

increase in numbers during 2006 (Figure 9c). 
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Figure 6.  The mean number of predatory natural enemy groups in wheat fields over the two years 
in pitfall samples. 
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Figure 7.  The mean number of pest groups in wheat fields over the two years in pitfall samples. 
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Figure 8. The mean activity-density of potentially beneficial a) spiders, b) carabid beetles, c) predatory 
bdellid mites, d) predatory L. truncata earwigs and e) lacewings collected in pitfall traps each month from July 
to January throughout 2005 and 2006. 
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Figure 9. The mean density of a) lepidopteran larvae, b) aphids collected in vacuum samples and 
c) pest mites and d) European earwigs collected in pitfall trap samples each month from July to January 
throughout 2005 and 2006. 
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Activity-density and composition of ground spiders 

 

A generalised linear model with a Poisson distribution and log-link function revealed that the 

variation in the numbers of spiders collected in pitfall traps was explained by year (χ²=31.5, 

p<0.001), family (χ²=129.2, p<0.001), and their interaction (χ²=15.3, p=0.002). Subsequent, 

separate analyses of each year revealed a strong effect in 2005 of month (χ²=79.8, p<0.001), 

family (χ²=91.6, p<0.001), and their interaction (χ²=111.5, p<0.001). In 2006, although there 

was still an effect of family (χ²=45.8, p<0.001), there was not a significant effect of month 

(χ²=10.1, p=0.12), suggesting that spider activity-density was more evenly spread across the 

months of 2006 than 2005 (Figure 10).  

 

There was a significant difference in the activity-density of all common families between the 

two years: Lycosidae decreased four-fold (F1,69=43.9, p<0.0001); Miturgidae decreased four-

fold (F1,69=9.1, p<0.004); Gnaphosidae decreased seventeen-fold (F1,69=9.3, p<0.003); and, 

Linyphiidae showed a three-fold decrease (F1,69=12.8, p<0.0007) (Figure 11).  

 

Species richness 

 

In total, 49 species of spider were detected over two years. In 2005, 46 species were collected 

over the sampling period, whereas only 17 species were collected from approximately the same 

number of samples in 2006 (Table 1). In 2005, five species comprised 74% of all mature 

spiders, and they were: Venatrix pseudospeciosa, Gnaphosidae sp. A, Miturga severa, 

Artoriopsis expolita and Artoria victoriensis. In 2006, the five most common species comprised 

80% of the collection and were the same as 2005 with the exception of Gnaphosidae sp. A, 

which was replaced by Lycosa gilberta (Table 1). Most other species were represented by either 

a single species or were collected in low numbers. 
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 Figure 10. Mean activity-density of ground spiders per pitfall trap sample throughout the 2005 
wheat cropping cycle. The dashed line indicates the timing of harvest in 2005 and the dotted line indicates 
the premature crop cutting in 2006. 
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Figure 11. Mean number of individuals of each family per pitfall trap over the sampling period (July 
to January) in 2005 and 2006 in wheat fields.  
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Table 1.  Total inventory of species collected by pitfall and vacuum sampling, including the 
number of individuals and percentage each species comprised of the total number of mature spiders in 
wheat fields in 2005 and 2006. 

 

Family  Species 2005 2006 

Sum % Sum  % 

Lycosidae Venatrix pseudospeciosa 516 24 209 34 

Artoriopsis expolita 212 17 46 8 

Artoria victoriensis 104 5 43 7 

Artoria flavimana - - 2 0.3 

Lycosa gilberta 28 1 49 8 

Anomalosa oz - - 1 0.2 

Miturgidae Miturga severa 321 14 139 23 

Miturgidae sp.A  2 0.1 1 0.2 

Gnaphosidae Gnaphosidae sp. A 309 14 8 1 

Gnaphosidae sp. B 30 1 8 1 

Gnaphosidae sp. C 52 2 3 0.5 

Gnaphosidae sp. D 11 0.5 1 0.2 

Linyphiidae Lepthyphantes tenuis 27 1 - - 

Erigone prominens 9 0.4 - - 

Ostearius melanopygus 12 0.6 - - 

Laetesia molita 11 0.5 2 0.3 

Linyphiidae sp. A 30 1 - - 

Linyphiidae sp. B 2 0.1 1 0.2 

Linyphiidae sp. C 18 0.8 1 0.2 

Linyphiidae sp. D 3 0.1 - - 

Salticidae Maratus pavonis 22 1 - - 

Salticidae spp. 60-75 56 2.6 - - 

Corinnidae Supunna picta 2 0.1 4 0.7 

Corinnidae sp. A 1 0.05 - - 

Prodidomidae Myandra cambridgei 18 1 - - 

Lamponidae Lampona sp. A  2 0.1 - - 

Araneidae Araneidae sp. A  4 0.2 - - 

Theriidae Steatoda sp. 3 0.1 - - 

Theriidae sp. A  - - 1 0.2 

Clubionidae Clubionidae sp. A 3 0.1 - - 

Ctenidae Ctenidae sp. A  4 0.2 - - 

Zoridae Zoridae sp. A 2 0.1 - - 

Zoridae sp. B 17 0.8   

Zoridae sp. C 1 0.05   

Hahnidae Hahnidae sp. A 1 0.05 - - 
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Discussion 

 
The invertebrate community in these wheat systems varied both within each year and between 

the two years. Within year temporal changes in spider activity-density were reflected in the 

dramatic differences in spider activity-density between sampling dates in 2005, and were largely 

due to reproductive activity (and thus, life-cycles – see Chapter 7) of the common species. In 

contrast, there was substantially less variation in the activity-density of spiders between months 

in 2006. The between year difference in spider activity-density was four-fold, with a severe 

reduction in the number of spiders collected in 2006. The species richness was more than 

halved, although most of the common species were the same in both years. 

 

During the course of each year, the activity-density of all invertebrate groups varied 

significantly. This is partly due to the brief presence of transient species, such as lacewings and 

aphids, in this system. Many of the other pest and beneficial organisms in this system, however, 

were present in the crop for several months during the crop cycle. Temporal variation in the 

activity-density of these groups is in part due to increased activity initiated by warmer spring 

and summer temperature, and in part due to increased reproductive behaviour, hatching young 

and immigration as the crop becomes denser (Hendrickx and Maelfait, 2003; Thorbek et al., 

2004). Indeed, all beneficials exhibited very similar temporal patterns of increased activity-

density in spring and early summer in 2005. However, in 2006 the lack of a late spring peak in 

activity-density was seen in spiders, predatory mites and carabids, suggesting they were all 

being negatively affected by the same forces. The within year changes in the spider community 

were clearly more extreme in 2005 than 2006, suggesting unusually poor conditions and 

possibly the failure of normal reproductive processes in the second year.  

 

Between the two years, some insect taxa increased, while others decreased and others remained 

approximately the same. The activity-density of several natural enemy taxa was heavily reduced 

in the second year, including spiders, predatory bdellid mites and carabid beetles. Interestingly, 

several pest groups, including aphids and caterpillars, increased in some seasons of the second 

year, as did flies, which led to overall higher numbers of insects being collected in 2006. It 

seems very likely that the increase in the numbers of aphids collected caused the increase in 

(aphid predator) lacewing numbers in the second year. Further, it is possible that the increased 

density of aphids may have been caused by the decrease in numbers of generalist predators in 

the second year. Indeed, the predatory community in this system appeared to be relatively 

abundant in 2005, compared to the low numbers of pests collected, and thus might have been 
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suppressing both pests and neutral organisms such as flies. However, the reduced numbers of 

beneficial organisms in the second year conveys doubt about their capacity to suppress pests in 

years such as 2006. 

 

Between the two years, spider abundance exhibited a five-fold difference in activity-density, a 

difference that has been recorded for spiders in winter wheat systems elsewhere (Jones, 1976). 

The significant drop in the number of spiders in the second year was particularly marked for the 

Gnaphosidae and Linyphiidae families, and there were considerably fewer spider species 

detected in the second year. Despite the overall reduction in spiders in the second year, most of 

the common species remained the same, and the large lycosid V. pseudospeciosa was the most 

numerically dominant in both years. These similarities in the community across years may 

reflect the conditions in the crop. For example, the common characteristics of the dominant 

spider species suggest that large body size and mobile ground habits are well suited to crop 

conditions and also to changeable conditions (this is covered in more detail in Chapter 7). Is the 

variability observed in the activity-density of the spider community in this system typical? 

Clearly, sampling over more years is required to answer this question (Rasmussen et al., 1998).  

 

Although a large difference was detected in spider activity-density between the two years, the 

cause of this reduction cannot be determined, due to the low number of years sampled. 

However, between year changes in the density or diversity of populations of organisms in 

agroecosystems are commonly attributed to changes in the biotic or abiotic environment 

(Frampton et al., 2000; Shultz et al., 2006). The most obvious difference in the conditions of the 

two years was the record-breaking low rainfall in 2006. It is subsequently tempting to argue the 

importance of drought on spiders, given the extent of difference between the two years. 

Australia has a highly variable rainfall both within and between years, and frequent droughts 

(Malcolm et al., 1996). Wheat yields in Australia have considerable year-to-year variation, 

largely due to this variation in rainfall and subsequent soil moisture (Rimmington and Nicholls, 

1993). These effects of drought on wheat crops (reduced productivity and reduced soil moisture) 

are likely to create unfavourable conditions for spiders, potentially leading to increased 

migration and/or mortality, and most likely a decrease in available prey (Bishop and Milne, 

1986; Sunderland and Topping, 1993; Shultz et al., 2006). The tolerance of spiders living in 

temperate locations to dry conditions in agroecosystems is not well understood (see Chapter 3) 

(Frampton et al., 2000), however, numerous studies have identified the importance of rainfall in 

determining spider density (Rypstra and Carter, 1995; Polis et al., 1998; Shochat et al., 2004; 

Schmidt et al., 2005a; Langlands et al., 2006). 
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Another possible reason for the reduced number of spiders in 2006 is the premature crop cutting 

caused by drought induced crop failure. Normally, harvest occurs well after most spider species 

have oviposited, and typically after the young have hatched and dispersed (see Chapter 7). In 

2006, the early crop cutting preceded the reproductive phase of most spiders. However, the 

numbers of spiders were already lower before the crop was cut, so the drought is likely to have 

had a direct effect on the spider population. Cutting removes the plant from near the base and so 

creates an even more decimated habitat than normal harvest. Thus, even though premature 

cutting of the crop did not have a clear immediate impact on the numbers of spiders collected, it 

may have reduced population growth in later stages, and contributed to the lack of an activity 

peak during spring and summer.  

 

Apart from drought and premature crop cutting, another difference between the two years was 

the difference in field arrangement and surrounding habitat. This is a common alteration, as crop 

rotation subjects agricultural landscapes to annual changes in land use (Gurr et al., 2004). Thus, 

in the first year, sampling occurred in 8-hectare wheat fields edged with shelterbelts. In contrast, 

fields sampled in 2006 were 30 hectares in size and had few surrounding tree or shrub plantings. 

Shelterbelts add structural complexity to crop fields and potentially alter microclimate 

conditions within the crop by changing wind flow, shade, soil moisture content or biotic 

composition (Stinner and Tonhasca, 1991). Thus, fields with shelterbelts may have more 

suitable conditions for spiders. Indeed, fields with shelter belts harbour more invertebrates and 

different compositions of species than those without (Stinner and Tonhasca, 1991; Kajak and 

Oleszczuk, 2004). However, it is unlikely that field position and presence of shelterbelts alone 

caused the extreme difference observed in spider density between the two years in this study. 

 

Clearly it is preferable to sample over numerous years when attempting to describe populations 

and, in particular, to interpret differences between years (Green, 1999; Shultz et al., 2006). 

However, in agroecosystems, sampling is often carried out over one year only (Nyffeler and 

Sterling, 1994; Thomas and Jepson, 1997; Vargas, 2000; Greenstone, 2001; Baldissera et al., 

2004). Such studies are valuable in contributing to the understanding of temporal variation in 

spider numbers in agroecosystems, however over emphasis of single year data should be 

avoided. Temporal dynamics of natural enemy population are important for insect population 

management (Coll, 2004), but attempting to define typical population parameters may be an 

unrealistic goal. In terms of biological control information, frequent monitoring of pest and 
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beneficial organisms is required to regularly assess the presence and activity of species at a 

particular location. 

 

In conclusion, within and between year variations in the abundance of species in 

agroecosystems is likely to be synchronised in a normal year, as it largely relates to seasonal 

migratory and reproductive activities. In this study, however, extreme conditions caused by 

drought appeared to strongly alter the within year phenology and activity-density of spiders and 

other potentially beneficial pest control agents in wheat agroecosystems. This reduction in the 

number of natural enemies in the drought year of 2006 may have led to reduced suppression of 

pest aphids and caterpillars, as well as flies. This possibility suggests that future increased 

drought and changed weather patterns relating to climate change may have an impact on the 

efficiency of natural pest control in agroecosystems. The degree of temporal variation in the 

presence and activity of taxa in these systems also highlights the danger associated with basing 

management decisions on data from a single year. Rather, biological control or integrated pest 

management practitioners need to conduct regular assessments of community composition, 

rather than attempting to define typical populations or predict future population parameters from 

previous years.   
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Summary 

 
This chapter considers the spatial distribution of spider populations in winter wheat systems 

across various scales: 

(i) The landscape distribution is explored in a study of seven locations across the Corangamite 

region, including three conventionally managed farms and four integrated pest management 

farms. The number of mature spiders was remarkably similar across the region and the same 

few species were relatively more common than others across the region. However, there was 

some variation between the sites in the relative number of each species.  

(ii) Spiders were also sampled in wheat fields and adjacent tree belts to determine the habitat 

scale distribution of the most common species. Only one of the five most common species was 

relatively more abundant in the tree habitat, with the other four common species occurring 

relatively more often in the crop. The higher activity-densities of these common species in the 

crop differed seasonally, generally occurring more in wheat fields later in the crop cycle (spring 

and summer).  

(iii) Lastly, spiders were sampled at ten or twenty metre intervals into wheat fields to examine 

the field scale distribution of the most common species. The common spider species did not 

show any edge effects in their distribution across fields. 

 

Introduction 

 

Agriculture globally affects large areas, simplifying the landscape and generally causing a loss 

of biodiversity (Schmidt et al., 2005a; Tscharntke et al., 2005). Wheat (Triticum aestivum) is 

grown on more land area than any other crop (Slafer and Satorre, 1999). Homogenous 

landscapes dominated by broadacre monoculture cropping and pasture often have only small 

areas of non-crop habitat dotted throughout the landscape, and are sometimes viewed in terms 

of island biogeography, as “a mosaic of remnant habitats surrounded by a more or less hostile 

(mainly agricultural) area in the landscape” (Tscharntke et al., 2002). Although the crop area 

may be unfavourable for some natural enemies, many can use the crop area to some extent, and 

some species prefer crop habitats (Landis et al., 2000; Rand et al., 2006; Öberg et al., 2007; 

Rand and Tscharntke, 2007). Therefore, classical spatial concepts, such as island biogeography 

and metapopulation theory, cannot readily be applied to annual crop landscapes, as crop fields 

or small non-crop remnants are not isolated from each other (Gurr et al., 2004). In fact, crop 
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fields can harbour numerous organisms, including those that carry out beneficial ecosystem 

services, such as natural enemies of pests (Jones, 1976).  

 

Spiders are one of the most commonly occurring natural enemies in wheat agroecosystems 

(Clough et al., 2005). The spatial distribution of spider species is determined by biotic and 

abiotic features of the environment that influence survival, reproduction and dispersal (Burel 

and Baudry, 1995; Samu et al., 1999; Schmidt & Tscharntke 2005a). At a regional scale, 

climate, landscape complexity, the amount of non-crop habitat and the local species pool impact 

on spider communities (Dondale and Binns, 1977; Tscharntke et al., 2005). At smaller spatial 

scales, the structure of the crop itself and surrounding non-crop habitat areas may influence the 

resident spider community (Hatley and MacMahon, 1980; Greenstone, 1984; Rypstra et al., 

1999; Whitehouse et al., 2002). On a farm scale, management practices such as tillage and 

pesticide use also impact on spiders (Stinner et al., 1986; Ishijima et al., 2004). However, the 

effects of these features may differ for each species, depending on their biological 

characteristics, such as dispersal ability. 

 

At a landscape scale, dispersal capabilities of species strongly influence the distribution of 

spiders across these landscapes. The same forces may also exist on a finer scale, for example, a 

species’ dispersal abilities dictate its patterns of migration across large fields. Members of 

spider families often travel in a similar manner and so distribution patterns may be common 

across species of the same family. For example, higher densities of lycosids have been recorded 

near the edges of fields, while higher densities of linyphiids are found in the centre (Duffield 

and Aebischer, 1994; Nyffeler and Sunderland, 2003; Clough et al., 2005; Öberg and Ekbom, 

2006). This pattern is thought to be related to the different dispersal modes, lycosids diffusing 

into fields from the edges by cursorial dispersal, while linyphiids aerially disperse from further 

away into the centre of fields (Thomas and Jepson, 1997; Pearce and Zalucki, 2002; Thomas et 

al., 2003; Thorbek and Bilde, 2004). However juvenile lycosids can also travel aerially at 

certain times of the year, so the extent of aggregation may be seasonally dynamic (Juen and 

Traugott, 2004).  

 

The spatial distribution of spiders across agricultural landscapes may influence their efficiency 

as biological control agents of pests. Patchy distributions of spiders, or of certain spider species, 

across a regional area may make them less effective in some areas than others, or on some farms 

but not others (Clough et al., 2005; Nicholson and Horne, 2006). Similarly, the distribution of 

species at a habitat or field scale may influence how they synchronise with potentially patchy 
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pest populations (Harwood et al., 2001; Winder et al., 2005). Understanding spatial patterns in 

spider distribution may therefore improve the ability to incorporate them into biological control 

programs (Samu et al., 1999; Birkhofer et al., 2007). 

 

The aim of this study was to describe how spiders are distributed across an agricultural 

landscape at various spatial scales including regional, habitat and field scale. Several farms 

across a regional area were surveyed to determine the degree of similarity in spider communities 

between spatially distant wheat fields. In addition, wheat fields and adjacent shelterbelts were 

sampled to examine the importance of surrounding non-crop habitat for spiders throughout the 

year. Further, spider distribution was assessed across large monoculture wheat fields to 

determine the small scale dispersion of common species.  

 

 

Methods 

Study Sites 

 
In 2006 spiders were sampled in wheat crops at seven farms in the Corangamite Catchment 

Management region in southern Victoria, Australia. The sites were within 112 km of each other 

and were near the towns of: Drysdale (Lat: -38º 10'; Long 144º 34')(CONV 1); Shelford (Lat: -

38º 0'; Long 143º 58') (CONV 3); Cressy (Lat: -38º 1'; Long 143º 38')(CONV 2); Learmonth 

(Lat: -37º 25'; Long 143º 43')(IPM 4); Teesdale (Lat: -38º 1'; Long 144º 3')(IPM 2); Inverleigh 

(Lat: -38º 8'; Long 143º 59')(IPM 1); and, Skipton (Lat: -37º 41'; Long 143º 21')(IPM 3) (Figure 

1). The seven sites had differing management regimes, with three farms using conventional 

chemical measures (identified as CONV in figures below), and four sites using integrated pest 

management (IPM). Conventional farming in the area is based on calendar sprays of broad 

spectrum insecticides, particularly just before and after planting (such as with a synthetic 

pyrethroid), then for aphids on pre-determined dates, and again for lepidopteran larvae if they 

are present (Horne and Page, 2008). The seven sites were unusual in that they had not been 

mowed for hay, as had many other crops in the area, due to extremely low rainfall in that 

season. For more information on this region, see Chapter 4. 
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Figure 1. Locations of the seven sampling sites (three conventional and four IPM) across the 
Corangamite Catchment Management region in southern Victoria (inset), Australia. 

 

 

 

 

Regional distribution 

 

In mid-December 2006, one field from each site was sampled for spiders. Ten pitfall traps were 

laid twenty metres apart along transects toward the centre of each field. Pitfalls were 11cm in 

diameter, filled with two centimetre of propylene glycol and collected after seven days. Due to 

time restraints, data from these regional sites were not collected across the whole year. 

 

Crop and adjacent habitat 

 

Between March and January, monthly sampling was carried out on one farm in Inverleigh (site 

IPM 1), during 2005. Four winter wheat fields and five adjacent Eucalyptus tree belts were 

30kms 
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sampled for spiders. Wheat fields were approximately 8 hectares in size and were bordered on 

two sides by tree belts. Tree belts were ten metres wide, 150 metres apart, ran the full length of 

the wheat field, and had little ground cover such as grass or litter. Pitfall trapping was carried 

out each month, five pitfall traps placed in random locations within each field and three random 

locations along each tree belt.  

 

In-field distribution 

 

These data were collected across two crop seasons (2005 and 2006) at the Inverleigh site (IPM 

1). Different fields were sampled in each year due to crop rotation, four small (8 ha.) wheat 

fields were sampled monthly in 2005 adjacent to narrow Eucalyptus shelterbelts, while in 2006 

two large (~30 ha.) wheat fields were sampled from edges bordering grassy fence lines and 

narrow roadside verges. At each sampling date, five pitfall traps were placed in each field, in 

2005 in randomly allocated positions and in 2006 placed twenty metres apart along transects 

from the edge toward the centre of each field.  

 

In addition to these on-going monitoring regimes, in-field distribution of spiders was also 

analysed from a one-off sampling effort in December of 2006 at six sites across the region (see 

Regional distribution). At each site, one wheat field was sampled, with ten pitfall traps placed 

twenty metres apart along transects from the edge of the field toward the centre (200 metres).  

 

Characterising samples and identification 

 
Sorting was carried out in the laboratory; all invertebrates visible at forty times magnification 

were identified to order, counted and measured. Spiders were identified to family and species 

where possible, and also size, sex and maturity were recorded.  

 

Characterising samples and identification 

 
Variation in the total number of specimens was examined using conventional analysis of 

variance. Proportional data were analysed using general linear models with a Poisson 

distribution and logit link function.  Statistical analyses were carried out using JMP7® Statistics 

and Graphics guide (Release 7, SAS Inc. North Carolina) and SPSS® (version 15.0, SPSS Inc., 

Illinois).  
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Results 

Regional distribution 

 
Nested analysis of variance revealed that the mean number of insects per sample differed 

significantly between the sites (F1,6=5.0, p=0.002), but this was not due to farm management 

(conventional versus IPM) (F1,6=0.06, p=0.8)(Figure 2). The mean proportion of spiders in the 

invertebrate community across the seven sites was 9.6% of the total number of individuals (not 

including super-abundant springtails). A generalised linear model revealed that the proportion 

of spiders in the invertebrate community did not differ between the sites (χ²=0.9, p=0.9) or farm 

management (χ²=0.2, p=0.6) (Figure 2).  

 

There was a significant site effect on the overall number of spiders collected (F1,6=3.4, 

p=0.014), but this variation was not due to farm management (F1,5=0.007, p=0.93) (Figure 3). 

There appeared to be a moderately significant effect of farm management on Miturga severa 

(F5,54=3.7, p=0.06) (Figure 4); which was more abundant in IPM than conventional fields. 

Species richness varied from fourteen to five spider species at each site, but the brief duration of 

the survey means that these numbers are not definitive. 
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Figure 2.  The average number of insects and spiders (mature and immature) collected per pitfall 
sample at seven sites across the Corangamite region (error bars ± 1 s.e.). 
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Figure 3.  The average number of mature spiders collected per pitfall sample at seven sites across 
the Corangamite region (error bars ± 1 s.e.).  
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Figure 4. The average number of spiders from the three most common species collected per pitfall 
sample at seven sites across the Corangamite region (error bars ± 1 s.e.).  
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Crop and adjacent habitat 

 
Nested analysis of variance revealed a significant interaction between the number of spiders 

collected in each habitat type and season (F1,2=4.4, p=0.014), suggesting that spiders utilised the 

habitats differently between seasons (Figure 5). In particular, spiders were collected in higher 

numbers from shelterbelts early in the crop season (during winter) but in higher numbers from 

wheat fields during spring and summer (Figure 5). There was also an interaction effect between 

spider species and habitat type (F1,5=5.4, p=0.0008). Thus, separate analyses were conducted for 

each species and these revealed that most species were captured in significantly higher numbers 

in the crop overall, but this effect varied according to season (Table 1). In particular, most of the 

common species were collected in higher numbers in the crop area than shelterbelts (Figure 6). 

The only exception was Artoria victoriensis, which was consistently caught in significantly 

higher numbers in the tree habitat, irrespective of season (Figure 6).  

 

Species richness was only slightly higher in the crop, with twenty-nine species and fifteen 

families, compared with twenty-seven species and eleven families in tree belts, although fewer 

samples were taken in the tree area (crop n=20 pitfall traps monthly, trees n=15 pitfall traps 

monthly). Of all species collected, twenty-seven were found in both habitats, four species were 

only collected from the crop area, and one species was only collected in the tree belts. The 

biological significance of these differences is likely to be small, since these species were 

collected in very small numbers (between one and eleven individuals). 

 

 

 
Table 1.  Nested analysis of variance of the difference in activity-density of the five most common 
species in wheat fields and adjacent shelterbelts in 2005. 

 

Species Source df F p 

V. pseudospeciosa Habitat 1 4.2 0.05 

Season (Habitat) 2 6.5 <0.001 

M. severa Habitat 1 16.9 <0.001 

Season (Habitat) 2 10.5 <0.001 

A. expolita Habitat 1 66.4 <0.001 

Season (Habitat) 2 40.6 <0.001 

A. victoriensis Habitat 1 7.4 0.01 

Season (Habitat) 2 0.1 0.9 

Gnaphosid sp.A Habitat 1 4.4 0.05 

Season (Habitat) 2 8.3 <0.001 
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Figure 5. The mean number of mature spiders caught in pitfall traps in wheat crops and adjacent 
tree belts across the crop season, in the winter, spring and summer of 2005 (error bars ± 1 s.e.). 
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Figure 6.  The average number of individuals of the five most common species collected in pitfall 
samples in wheat crops and adjacent tree belts over the 2005 (July – January) crop season (error bars ± 1 
s.e.). 
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In-field distribution 

 

Nested analysis of covariance, with distance from the edge as the covariate, revealed that the 

common spider species were evenly distributed across four 8-hectare wheat fields in all seasons 

throughout the 2005 (Table 2). Similarly, throughout the 2006 crop season, the distribution of 

individual species did not vary with distance from the edge of two 30-hectare wheat fields 

(Table 2). The even distributions are illustrated with specific examples in Figure 7 and 8 of 

Venatrix pseudospeciosa and M. severa. 

 

 

 

 

 

 

 

  

Table 2.  Nested analysis of variance of the distribution of the five most commonly collected spider 
species from the edge of wheat fields during 2005 and 2006. 

 

Species Year df F p 

V. pseudospeciosa 2005 3 0.5 0.5 

2006 1 0.1 0.8 

M. severa 2005 3 0.2 0.7 

2006 1 0.2 0.6 

A. expolita 2005 3 0.02 0.9 

2006 1 1.1 0.3 

A. victoriensis 2005 3 0.1 0.6 

2006 1 0.2 0.7 

Gnaphosid sp.A 2005 3 0.02 0.9 

L. gilberta 2006 1 0.7 0.4 
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Figure 7. The mean number of V. pseudospeciosa spiders collected per pitfall sample in winter 
and spring, the seasons in which they are active, at increasing distance into wheat fields during the 2005 
and 2006 cropping seasons.  
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Figure 8. Mean number of M. severa spiders per pitfall sample in spring and summer, the seasons 
in which they are active, at increasing distances into wheat fields during the 2005 and 2006 cropping 
seasons.  
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Discussion  

Landscape scale distribution 

 
On a landscape scale, in wheat fields across the Corangamite region, spiders consistently 

comprised about 10% of individuals in the ground active invertebrate community at all sites 

surveyed across the region. All sites had similar activity-densities of mature individuals and 

were dominated by the same three spider species. This suggests that communities are affected 

by similar forces across the region, and that spiders may have a similar predatory role in all 

invertebrate communities in wheat fields across the region. The sites, however, did differ in the 

proportion of each species in the resident community, for example, the large lycosid Lycosa 

gilberta dominated at two sites. Variation in the numbers of each species could be attributed to 

insecticide use in the two most commonly occurring species, M. severa and L. gilberta, both 

more abundant in IPM fields.  

 

This study aimed to look at a range of farms across a regional area with different conditions, one 

of which was pesticide use, not to definitively compare the effects of IPM and conventional 

chemical regimes on spiders. Lab and field testing of pesticide effects on spiders are severely 

lacking, but of those tested on spiders, negative impacts have been reported for several different 

chemicals (Levi and Spielman, 1964; Bishop and Blood, 1980; Everts et al., 1989; Haughton et 

al., 1999; Freuler et al., 2001; Cunningham et al., 2002). Pesticide testing on lycosids has 

uncovered toxicity causing increased mortality and changed behaviours. Residues of 

insecticides deltamethrin and chlorpyrifos with cypermethrin caused high mortality rates in the 

lycosid Pardosa palustris, but the herbicide clomazone did not (Pekár and Beneš, 2008). These 

insecticides also altered locomotion behaviour in P. palustris, causing reduced activity and 

avoidance behaviour (Pekár and Beneš, 2008). Similarly, two lycosids exposed to malathion 

exhibited altered amount, duration and patterns of their activity (Tietjen and Cady, 2007). 

Exposure to a synthetic pyrethroid (cypermethrin) also altered consumption rates in a lycosid 

species (Pardosa amentata) (Shaw et al., 2006).  

 

In addition to tests on specific chemicals, many studies have compared the spider communities 

of conventional and organic or low input wheat farming systems (Basedow, 1998; Feber et al., 

1998; Pfiffner and Luka, 2003). Across these studies, spiders have shown huge variation in their 

responses to insecticide treatment, and changes to the community are often inconsistent 

(Haughton et al., 1999; Freuler et al., 2001). This study did not find an overwhelming benefit of 
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IPM farming to spider communities in wheat systems – except possibly increasing numbers of 

the miturgid M. severa – although the study was only conducted at one point of one year. 

Regardless, the negligible differences found in this study between conventional and IPM fields 

late in the crop cycle suggest that insecticides may be less involved in determining resident 

spider populations than other landscape or habitat features.  

 

Lycosidae and Miturgidae were the most commonly collected families in wheat fields across the 

region. The most abundant species were Lycosa gilberta, Miturga severa and Artoriopsis 

expolita, and this similarity in the dominant species across a regional area is common (Draney, 

1997; Samu and Szinetar, 2002). The major difference was in the proportion of each species, for 

example, L. gilberta was much more abundant at some sites than others. There may be 

numerous features of a site that make it more or less suitable to certain spider species, including 

the presence of suitable prey or the density of predators. Sites with high numbers of L. gilberta 

appear to have lower numbers of other spiders, perhaps because the very large lycosid preys on 

co-existing spider species. This potentially illustrates the complicated nature of attempting to 

utilise spiders in biological pest control, as some species may prey largely on pests or neutral 

taxa, while others may reduce the overall density or diversity of spiders or natural enemies in 

the community.  

 

The composition of species found is influenced to some degree by the timing of the study. At 

this late stage of the year (December), many spider species have completed their reproductive 

period. The exception to this would be L. gilberta, which has a particularly late mate-searching 

period (see Chapter 7), which explains why it was collected in such high numbers during this 

study. Conversely, low activity-densities of the other species may have been due to earlier 

reproduction, particularly Venatrix pseudospeciosa. Had this study been carried out earlier in 

the year, numbers of this and other species may have been higher. December is normally the 

time of peak vegetative height and density. However due to the severe drought in 2006, most of 

the crops in the region had been prematurely cut at this time, and conditions in the remaining 

crops were poor. Due to the conditions created by a record dry year and eleven previous years of 

drought, spiders found here may be somewhat depleted. In addition, remaining species may be 

particularly successful at tolerating dry conditions (see Chapter 3 and Chapter 4). Drought may 

be the defining feature of this community, and the populations detected may be atypical. In 

years with more favourable rainfall conditions, spider communities may show more 

differentiation across the region or across chemical use regimes. 
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The similarities seen in the spider communities of wheat fields across the Corangamite region 

suggest that landscape scale features may be more important than farm scale features in 

determining the spider populations (Whitehouse et al., 2002). This has been found in other 

studies, where the diversity of spiders increased with landscape complexity, but not farming 

system (Schmidt et al. 2005a). Regional similarities exist because biotic and abiotic features are 

comparable and the species collected are well suited to the conditions. There may be many 

reasons why these species are more successful than others, based on their habitat requirements, 

dispersal capabilities, dominance in the regional species pool or other advantageous traits (see 

Chapters 4 and 7) (Edwards, 1988; Mallis and Hurd, 2005; Tscharntke et al., 2005). 

Biogeographical history may also play a role in determining populations. For example, the 

distribution of spider species that originally inhabited the native grasslands across the 

Corangamite region may be similar to their current broad distribution in grass like wheat crops 

that now dominate the landscape (Willis, 1964; Duffey, 1993).  

 

Habitat scale distribution  

 

Spider species often specialise in particular habitat types, and as a consequence, field crops have 

been found to support different assemblages of spiders than adjacent habitats with dissimilar 

structure (Bedford and Usher, 1994; Downie et al., 1996; Baldissera et al., 2004). There are no 

barriers, however, between crop fields and adjacent non-crop habitat, and most species will 

cross over the edge of fields (Duelli et al., 1990; Kajak and Lukasiewicz, 1994; Rand et al., 

2006). In this study, spiders were frequently collected in both wheat fields and adjacent 

Eucalyptus shelterbelts throughout the 2005 wheat cropping season. Indeed, spiders were 

collected in higher numbers in shelterbelts than wheat fields early in the crop cycle. In contrast, 

later in the year, during spring and summer, significantly higher numbers of spiders were 

collected from wheat fields. Over the duration of the crop cycle, all of the common species 

except A. victoriensis were collected in higher numbers in wheat fields than shelterbelts. In 

particular, A. expolita was rarely collected from shelterbelts. Thus, the wheat crop must be 

recognised as a suitable, if not desirable, habitat for a number of common spider species in this 

system. This finding is in contrast to many studies that report higher spider abundances, 

particularly lycosids, in adjacent non-crop habitats than crops (Pfiffner and Luka, 2000; Öberg 

et al., 2007).  

 

The habitat preferences of ground spiders may be based on features such as microclimate, 

available prey, shelter, soil or vegetation structure (Harwood et al., 2001; Jime´nez-Valverde 
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and Lobo, 2007), and structural similarity between crop systems and adjacent non-crop habitat 

determines exchange of individuals between them (Kajak and Oleszczuk, 2004). In this study, 

the structural incongruity between wheat fields and tree habitats may explain the limited use by 

the common species. In particular, ground cover is a strong determinant of ground spiders in 

non-crop habitat adjacent to pasture (Major et al., 2006; Tsitsilas et al., 2006), and the ground 

cover of shelterbelts in this study was minimal. Spiders that live on the ground may prefer 

habitats with complex ground cover because it increases the number of niches, habitat diversity, 

shelter from enemies, soil moisture and microclimate stability (Edgar and Loenen, 1974; 

Frampton et al., 2000). Thus, if spider populations are to be encouraged, development of a 

complex understorey should be promoted in border plantings adjacent to crops (Tsitsilas et al., 

2006). In the case of wheat, strips of undisturbed grassland may be more readily utilised by 

ground spiders than tree shelterbelts (Pywell et al., 2005; Tsitsilas et al., 2006). 

 

Many studies examine surrounding non-crop habitat for sources of colonising spiders, and their 

preservation is often championed to achieve higher spider densities (Schmidt & Tscharntke, 

2005b). Habitat adjacent to crops is generally assumed to be either a sink or source of spiders 

(Kemp and Barrett, 1989). In theory, adjacent habitat will act like a sink if it is more attractive 

than the crop (Corbett and Plant, 1993; Hossain et al., 2001), however, if a species prefers one 

habitat over the other, the adjacent habitat may act as neither a sink nor source (Samu, 1993). In 

this study, spiders were found in wheat fields all season, never exclusively using one or the 

other. This suggests that crop area provides suitable habitat, and adjacent shelterbelts did not act 

as either a sink or a source of spiders for the crop area. Higher numbers of some species in 

shelterbelts during winter suggest that the crop area could be improved for spiders during this 

time, perhaps by maintaining ground cover. Non-crop habitats are thought to be necessary for 

over-wintering or hibernation of spiders in agricultural systems in Europe (Öberg et al., 2008). 

This may not be the case for spiders experiencing mild Australian winters, perhaps minimising 

the importance of adjacent non-crop habitat for spiders here. 

 

Whether or not shelterbelts provide alternative habitat for spiders in agroecosystems, fields with 

shelterbelts may harbour higher densities of spiders or other taxa than those without, due to 

improved wind flow, moisture levels, salinity, hydrology, erosion or nutrient richness (Stirzaker 

and Lefroy, 1997; Lyons and Majer, 1999). Indeed spiders are found in higher numbers in fields 

with surrounding tree belts than those without (Kajak and Oleszczuk, 2004). In addition, 

shelterbelts can improve crop productivity by protecting them from physical damage, 
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conserving soil and augmenting soil moisture (Nuberg, 1998). These improvements to 

microhabitat conditions may be more relevant to spiders than the habitat itself. 

 

Field scale distribution 

 
The likelihood that adjacent shelterbelts do not act as a source of spiders may explain the 

apparently even distribution of spiders across wheat fields. Aggregations of spiders were not 

detected near the edge of any field, of any common species, or in any year or season. However, 

this apparent lack of spatial aggregation must be treated cautiously in light of the low 

populations numbers and high variability observed. Indeed, even distribution would contrast 

with a number of studies showing that spider distributions often differ across fields 

(Alderweireldt, 1989; Harwood et al., 2001). In particular, lycosids are generally found in 

higher numbers near the edges of fields, and linyphiids near the centre (Holland et al., 1999; 

Clough et al., 2005; Öberg and Ekbom, 2006). Interestingly, several studies that also detected 

limited signs of edge effects in agroecosystem spiders were conducted in Australia (Bishop, 

1981; Martin and Major, 2001). It remains to be seen if this is coincidental, or that Australian 

spiders are more evenly dispersed across large areas because the quality of adjacent habitat is 

poor, or the common spider species prefer pasture or crop habitats to forest or shelterbelt 

habitats. Alternatively, Australian spiders may not require over-wintering sites, and wheat fields 

or pasture may largely meet the habitat requirements of spiders throughout the year.  

 

Many of the studies that found uneven distributions of spiders across fields were carried out in 

relatively small fields, for example, 1.5-12 ha in Sweden (Öberg et al., 2007), 3 ha in Germany 

(Schmidt et al., 2005a) and 1 ha in Canada (Doane and Dondale, 1979). In comparison, the size 

of Australian wheat fields (8-30 ha) are relatively large, and may be expected to have a less 

evenly spread spider distribution. The human construct of a ‘field’ may be irrelevant to spiders, 

which experience their surroundings in smaller scales (Sunderland and Greenstone, 1999; 

Whitehouse et al., 2002). Spider distribution may rely more heavily on habitat quality than 

distance to an edge (Duelli et al., 1990; Halaj et al., 2000; Whitehouse et al., 2002; Juen and 

Traugott, 2004). If so, the even distribution of spiders in this study may reflect the widespread 

suitability of wheat fields as habitat for the common species. Major et al. (2006) considered that 

“habitat fragmentation associated with current agricultural practices may not present a threat to 

generalist ground predators such as wolf spiders” in the New South Wales wheat belt of eastern 

Australia. 
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Implications and applications for pest control 

 
The distribution of spiders is expected to play an important role in their interaction with pest 

populations, in relation to the degree of spatial synchronicity and consistency of species 

dispersion at all scales (Ferguson, 2004). Regional distribution has implications on the potential 

effectiveness of spiders in biological pest control (Clough et al., 2005; Nicholson and Horne, 

2006); for example, 40% of cropping and pasture sites across the Western Plains (in which the 

Corangamite region is found) had few or no beneficial carabids or predatory earwigs (Nicholson 

and Horne, 2006). This study found spiders at all sites, in similar proportions of the invertebrate 

community, and similar activity-densities of mature individuals. This suggests that the resident 

spider complex may have a consistent capacity to suppress pest populations across the region. 

Further, knowledge of existing resident beneficial populations in crops may ease the transition 

into IPM farming (Nicholson and Horne, 2006). For example, farms setting up IPM in this 

region may expect to have a resident spider population, regardless of prior chemical use 

(Nicholson and Horne, 2006). 

 

In terms of biological control, and the spatial synchronicity between natural enemies and pests, 

spiders would ideally reside in the crop area year-round, and across the whole expanse of crop 

fields, available to attack pests in any location. For instance, if spiders were only found in the 

first twenty metres of a field, they would not be effective biological control agents of pests that 

occur throughout fields. In this study, spiders were collected in the field area on all sampling 

dates, and were evenly spread across large fields throughout the season. The consistency of their 

presence may be the greatest asset to the biological control potential of spiders in these systems 

(Bishop, 1980). 

 

Wheat crops in this region appear to be suitable habitat for several spider species, and spiders 

are capable of achieving an even distribution across large wheat fields throughout the year. 

They rarely utilised adjacent tree habitats more than wheat fields and, subsequently, these 

surrounding non-crop tree belts are not considered to be an important source of spiders for the 

crop. Farmers is Australia have been encouraged to maintain native grassland patches and 

shelterbelts on their properties, which have multiple potential benefits to farm productivity 

(Nuberg, 1998). In terms of enhancing spider populations, creating complex ground cover in 

shelterbelts or maintaining adjacent habitat areas with complex ground cover may provide 

useful refuges for active ground spiders during fallow periods and early in the crop cycle. 
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However, rather than over emphasising the importance of border plantings, in these systems 

conditions should be optimised for spiders within the field area. For example, practising 

minimum tillage, mulching, weed retention and reduced grazing may enhance resident spider 

populations.  
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Chapter Six  

            

 

Feeding behaviour of a common wolf spider  

 

 

 

 

 

 

 

 

“‘You mean you eat flies?’ Gasped Wilbur. 

‘Certainly. Flies, bugs, grasshoppers, choice beetles, moths, butterflies, 

tasty cockroaches, gnats, midgets, daddy-long-legs, centipedes, mosquitoes, 

crickets…’”    

     Charlotte’s Web, E.B. White (1952) 
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Summary 

 
As potential biological control agents in agroecosystems, the most important questions about 

spiders relate to their predation behaviour. Lycosids are the most common spider group in 

south-east Australian wheat fields. They are generalist predators, with a broad and varied diet, 

making it difficult to identify their predatory role in the community. The feeding behaviour of 

the most commonly collected species in these agroecosystems, the lycosid Venatrix 

pseudospeciosa, is observed in this laboratory-based study. Male V. pseudospeciosa accepted 

numerous prey items, but also refused others, such as ladybirds, beetles, earwigs, mites and 

slaters. They killed significantly more prey items when starved, and often did not completely 

consume killed prey, suggesting that superfluous killing may be exhibited by this species when 

prey densities are high. Satiated spiders continued to kill prey, suggesting that their tendency to 

capture prey may not be halted by a full stomach. Newly collected field individuals behaved in a 

similar manner to laboratory manipulated starved spiders, suggesting that they are food limited 

in the field. However, the foraging behaviour of mature males may be heavily influenced by 

their reproductive priorities.   

 

 

Introduction  

 

Spiders are ubiquitous in terrestrial ecosystems and are a major source of insect mortality, 

substantially affecting the densities of their prey (Clarke and Grant, 1968; Hagstrum, 1970). 

Spiders are also one of the most common predators in agroecosystems, and experimental field 

manipulations have revealed reductions in pest numbers and subsequent improvement in 

primary production in various crops, including soybean (Riechert and Bishop, 1990; Carter and 

Rypstra, 1995), squash (Snyder and Wise, 1999), pasture (De Barro, 1992), rice (Oraze and 

Grigarick, 1989), apple orchards (Mansour and Whitecomb, 1986) and vegetable crops 

(Riechert, 1990). Nevertheless, controversy still surrounds the extent of the impact that spiders 

have on pest insects (Jmhasly and Nentwig, 1995; Nienstedt and Poehling, 2004). This 

difficulty in consistently defining the role of spiders in pest regulation is in part due to the sheer 

diversity of spider species and their foraging strategies. 

 

Diet is a key component of understanding the role of spiders in agroecosystems. However, the 

diet of most spiders is typically broad, with the few prey specialists targeting social insects such 

as ants, bees or termites (Nentwig, 1986). Although spiders are typically considered prey 
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generalists, not all prey types are suitable. The size, shape, structure or defensive mechanisms of 

a prey item influence the likelihood of detection and capture. For instance, spiders have 

difficulty handling prey that are relatively small or large (Nentwig, 1986; Nentwig and Wissel, 

1986). In addition to what they can physically capture and feed on, spiders also exhibit active 

choice of prey (Howell and Pienkowski, 1971; Bardwell and Averill, 1996; Roltsch et al., 

1998). Spiders have consistent preferences for certain taxa, and are capable of ‘choosing’ prey 

(by sequential acceptance or rejection) to maximise their nutrient balance, energy intake or 

amino acid composition (Greenstone, 1979; Toft, 1995).  

 

In this study, members of the Lycosidae family were the dominant spiders in winter wheat 

fields, and the lycosid Venatrix pseudospeciosa was the most commonly collected species. 

Little is known of the foraging behaviour of this species, which is a significant issue because 

understanding the foraging behaviour of natural enemies is a crucial step in evaluating their 

potential for biological control. In particular, it is necessary to establish whether they eat pests, 

or avoid other beneficials, and how much they consume. Ground hunting spiders that do not 

build webs, such as lycosids, adopt mobile foraging tactics and consequently have a broad 

dietary range (Nyffeler, 1999). Without webs, and with cryptic and often nocturnal habits, 

ground hunters are difficult to observe and study in the field. In addition, ground hunters leave 

no prey remains or evidence of predation, so it can be difficult to determine their diet 

(Humphreys, 1988; Rosenheim et al., 2004).  

 

The diet of lycosids has been evaluated in a variety of ways, including field observation 

(Nyffeler, 1982), manipulative cage exclusions (Snyder et al., 2006), laboratory feeding assays 

(Nentwig and Wissel, 1986), serological antibody based methods, polymerase chain reaction 

and stable isotope analysis (Greenstone et al., 2005; Ma et al., 2005; Rickers et al., 2006). A 

range of studies reveal that lycosids feed on diverse prey types, including springtails, mirid 

bugs, aphids, cicadas, psyllids, centipedes, moths, caterpillars, moth eggs, earthworms, wasps, 

flies, crickets and other spiders (Bailey and Chada, 1968; Oraze and Grigarick, 1989; Hayes and 

Lockley, 1990; Nyffeler et al., 1992; Nyffeler and Symondson, 2001; Pearce and Zalucki, 

2002). Taxa consistently unpopular with lycosid spiders include beetles, predators (such as 

nabid bugs, ants, lacewings and harvestmen), caterpillars exhibiting cryptic characteristics, 

defensive behaviour or spines, and distasteful Pentatomidae (‘stink bugs’) (Aitchison, 1984; 

Nentwig, 1986; Roltsch et al., 1998). Essentially, lycosids prefer prey items that are not too 

heavily chitinised and not too aggressive, toxic, difficult or otherwise protected (Wise, 1993). 
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Studies of invertebrate diet are typically qualitative in nature. Diet analysis is often hindered by 

artificial or simplified conditions, such as in laboratories or caged field experiments. Field 

observations probably provide the best information on dietary range, but also have trouble 

quantifying predation (Greenstone, 1999). Interpretation of qualitative data is limited; they 

provide information about what the spider eats, but the presence of prey does not indicate 

whether it is a preferred prey, or the quantities consumed (Greenstone, 1999). Another potential 

problem with gut content analyses is secondary predation (Harwood et al., 2001). Spiders are 

highly likely to feed on other predators which may have earlier fed on a pest organism. This 

trophic complication makes it difficult to know whether a spider has fed on, for example, a pest 

aphid species first hand, or by secondary predation (Sunderland et al., 1987; Rosenheim, 1998). 

More detailed analysis of the foraging behaviour of key species and individual behaviour may 

be more illustrative. In addition, commonly utilised population wide methods of predation 

analysis do not necessarily provide sufficient detail to determine processes and inform 

management applications.  

 

The objectives of this chapter are to gain insight into the feeding behaviour of the most common 

spider species in winter wheat fields, the lycosid Venatrix pseudospeciosa. Nothing is known of 

the foraging behaviour of this species, so the initial aim was to examine prey acceptance and 

refusal under laboratory conditions, in order to determine which commonly occurring prey types 

may be suitable in field populations. In addition, the consumption rate of individuals, and the 

effects of starvation and satiation on capture rate, were investigated. These laboratory 

observations are compared with the level of starvation exhibited by freshly collected field 

specimens to determine hunger levels in the field. In addition to laboratory trials, the spatial and 

temporal synchronisation is examined between spiders and their potential prey, by examining 

diel and seasonal activity and habitat use. 

 

 

Methods  

 

Live Colony  

 

Individuals of several species were collected from wheat fields by dry pitfall trapping, from 14 

July 2006, and maintained in the laboratory in individual plastic housing containers provided 

with moist cotton wool, and fed Lucilia blowflies twice a week (approximately six flies per 

week). The only group to be collected in sufficient numbers for analysis was male Venatrix 
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pseudospeciosa, the most commonly collected species in winter wheat fields at the sampling 

site in Inverleigh, Victoria (see Chapter 4). This large lycosid measures between 9 and 13 mm 

from chelicerae to spinnerets and weighed an average of 0.1123g ± 0.04 (n=141).  

 

Prey types 

 

Prey items were collected directly from wheat fields in Inverleigh, except for blowflies (Lucilia 

sp.), Heliothis caterpillars (Heliothis sp.; Lepidoptera), brown lacewings (Micromus tasmaniae; 

Neuroptera) and ladybirds (Coccinella transversalis; Coleoptera), all of which were laboratory 

reared. The taxa most commonly collected in pitfall traps (ground active) in wheat fields were 

Collembola, Diptera, Hymenoptera, Dermaptera, Coleoptera, Acari, Orthoptera, Isopoda, 

Lepidoptera, Hemiptera and Neuroptera (see Chapter 4). These groups were all represented in 

prey trials, including: red-legged earth mites (Halotydeus destructor; Acari); lucerne flea 

(Sminthurus viridis; Collembola); cereal aphid (Rhopalosiphum padi; Hemiptera); predatory 

earwigs (Labidura truncata; Dermaptera); unidentified slaters (Isopoda); unidentified wasps 

(Hymenoptera); unidentified tenebrionid beetles (Tenebrionidae; Coleoptera); and, field crickets 

(Gryllinae; Orthoptera). In addition, freshly killed (by carbon dioxide) blowflies and predatory 

L. truncata earwigs were provided to spiders. Details of the size of the prey items are given in 

Table 1. 

 

Prey acceptance  

 

Feeding trials comprised sequential introduction of a single type of prey into containers with an 

individual male V. pseudospeciosa. Individuals were re-used for each prey type, which were 

generally introduced in the same order, in accordance with field availability of specimens. A 

minimum of one week lapsed between each trial. The number of prey items differed according 

to the relative size of the prey, one large prey, three medium, or more than fifty small (see Table 

1). Spider foraging behaviour was then observed continually for fifteen minutes. Observations 

included the time until first capture, occurrence of multiple handling and number of prey killed. 

Prey items were considered ‘killed’ only if they were dead with signs of fang puncture (usually 

very clear), were partially consumed, or fully consumed. The spiders and prey were then left 

undisturbed for a further twenty-four hours and the fate of the prey was then recorded. 
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Table 1.  Proportion of V. pseudospeciosa individuals that captured prey items offered to them in 
no-choice feeding trials. 
 

  
N 
 

 
% 

 
Given 

 
Size 

 
Stage 

 
Description 

Flies 30 100 3 small mature 

 

blowflies 

Lucilia cuprina 

Caterpillars 25 92 1 large juvenile Heliothis sp. 

Ladybird adult 12 0 1 large mature 

 

transverse 

Coccinella transversalis 

Ladybird larvae 10 20 1 medium juvenile C. transversalis 

Lacewings 15 93 1 medium mature 

 

Brown lacewing 

Micromus tasmanicae 

Beetles 25 8 1 large mature 

 

Tenebrionid 

unidentified 

Crickets 10 100 5 medium mature 

 

Field cricket 

Gryllus sp. 

Springtails 35 100 ~50 small mature 

 

Lucerne flea 

Sminthurus viridis 

Mites 5 0 5 tiny mature 

 

Red-legged earth mite 

Halotydeus destructor 

Aphids 8 100 ~50 small mature Cereal Spp. 

Wasps 11 82 5 Small Mature unidentified 

Slaters 16 25 1 large mature unidentified 

Earwigs 21 5  large mature 

 

predatory 

Labidura truncata 

Dead earwigs 23 9 1 large mature Labidura truncata 

Dead flies 27 85 3 medium mature L. cuprina blowflies 

 



   

 84 

Feeding behaviour 

 

Male V. pseudospeciosa were randomly assigned to the ‘day’ (n=20) or ‘night’ (n=20) treatment 

group and not starved prior to the trial. Daytime feeding trials were carried out between noon 

and 2 pm in ambient sunlight, and night-time trials were carried out between midnight and 2 am 

in the light of a red lamp. Five blowflies were introduced into the spider’s housing and observed 

continuously for fifteen minutes. Prey mortality was then assessed after twenty-four hours. 

 

Male V. pseudospeciosa were randomly assigned to either the ‘starved’ (n=20) or ‘satiated’ 

(n=20) treatment group. Starved spiders were deprived of food for fourteen days, while satiated 

spiders were fed ad libitum during the two weeks prior to the trial and were then fed five flies 

on the day before the trial. Spiders were weighed before and after the trial.  

 

In addition, male V. pseudospeciosa specimens were collected from wheat fields during 

September (n=35), and then similarly provided with prey and their behaviour recorded within 

twenty-four hours of collection. 

 

 

Results 

 

Prey acceptance 

 
The majority of individual V. pseudospeciosa provided with a single prey type captured flies, 

crickets, springtails, aphids, lacewings, wasps and caterpillars (Figure 1 and Table 1). Spiders 

rarely or never captured ladybirds, tenebrionid beetles, adult earwigs, mites or slaters (Figure 1 

and Table 1). Surprisingly, spiders also scavenged on prey items recently killed by carbon 

dioxide; in particular, 9% of spiders fed on dead adult earwigs and 85% fed on dead blowflies 

provided.  
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Figure 1. Percentage of male V. pseudospeciosa individuals that killed prey items offered to them 
in no-choice feeding trials in the laboratory. 

 

 

 

 

Day and night 

 
The foraging behaviour of spiders was not influenced by the time of day. Male V. 

pseudospeciosa caught the same number of prey in fifteen minutes during ‘day’ and ‘night’ 

feeding trials (t 1,38 = 1.58, p=0.123) (Figure 2). The time until first capture was also the same 

for day and night treatments (t 1,13 = 0.44, p= 0.664). However, spiders in the ‘day’ treatment 

caught significantly more prey over twelve hours between noon and midnight than ‘night’ 

spiders between midnight and noon (t 2,38 = 2.22, p=0.033) (Figure 2).  

 

Starved and satiated spiders 

 
Starved male V. pseudospeciosa appeared to capture more prey items than satiated spiders in the 

first fifteen minutes (t 1,34 = 1.9, p = 0.062), the subsequent twenty-four hours (t 1,34 = 2.5, p = 

0.019) and total over the twenty-four-hour period (t 1,34 = 4.7, p<0.0001)(Figure 3).  
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Figure 2. Average number of prey items captured by male V. pseudospeciosa individuals over 
fifteen minutes, the subsequent twelve hours and in total during the day and night. 

 

 

 

 

 

 

 

Total24 hours15 mins

N
um

be
r 

of
 p

re
y 

ca
pt

ur
ed

4

3

2

1

0

Satiated

Starved

 

Figure 3. Average number of prey items captured by starved and satiated male V. 
pseudospeciosa individuals over fifteen minutes, twenty-four hours, and the total after twenty-four hours. 
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Consumption 

 

Starved spiders gained an average of 0.007 g (± 0.001g) in twenty-four hours, while satiated 

spiders actually experienced an average net loss of body weight 0.003 g (± 0.001g) (Figure 4). 

On average, starved spiders killed prey weighing 51.5% (± 4.9) of the spider’s initial body 

weight and satiated spiders killed on average 16.6% (± 2.7) of their own body weight. If overall 

weight gain is assumed to relate to the amount of prey consumed, then starved spiders 

consumed an average of 6.9% (± 0.87) (this is a minimum, excretion would add to this figure) 

of their initial body weight. Although satiated spiders may have consumed some of the prey 

they killed, the net weight loss overall means that consumption cannot be analysed.  

 

An analysis of covariance, with treatment as the main effect and initial weight as a covariate, 

revealed that the variation in the change in weight of male V. pseudospeciosa was explained by 

the interaction between treatment and initial weight (F1,77 = 9.0705, p = 0.0036).  In particular, 

the change in weight increased with initial weight for starved but not satiated spiders.  Further, 

there is a strong treatment effect (F1,77 = 29.2027, p < 0.0001), with starved spiders gaining 

more weight than satiated spiders (Figure 4).  
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Figure 4. The initial weight of male V. pseudospeciosa individuals plotted against their total 
weight loss or gain during the feeding trial. 
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New spiders from the field 

 

Newly collected V. pseudospeciosa specimens from the field behaved in a similar way to 

starved individuals. In the first fifteen minutes there was a significant difference in the number 

of prey captured by spiders (F2,114=14.2, p=0.0001), with newly collected field individuals 

catching a similar number of prey items as starved spiders, but significantly more than satiated 

spiders. The effect was even stronger after twenty-four hours (F2,114=15.9, p=0.0001), with field 

specimens having caught the same number of prey items as starved spiders and significantly 

more than satiated spiders. The total number of prey items captured over twenty-four hours 

(including the initial fifteen minutes) by newly collected field individuals was similar to the 

number captured by starved spiders, and significantly higher than satiated spiders (F2,114=50.4, 

p=0.0001)(Figure 5).  

 

The average time individuals took to make their first capture did not differ significantly between 

starved, satiated or field spiders (F2,73=1.8, p=0.18)(Figure 6). 

 

Superfluous killing and multiple handling 

 

Individual male V. pseudospeciosa commonly failed to completely consume prey items they had 

killed. Indeed, spiders that mostly consumed prey items left a small ball of macerated but not 

digested prey exoskeleton. In addition, excluding spiders that had a net weight loss during the 

trial, and assuming weight gain correlates with the amount consumed, the average weight of 

prey killed but not consumed by starved spiders was 86% and in satiated spiders 90% of prey 

was not consumed.  

 

During feeding behaviour trials, 19% (n=75) of individuals exhibited multiple handling of prey; 

five starved, two satiated and seven field spiders repeatedly caught up to four prey items and 

simultaneously held them in their chelicerae.  
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Figure 5. The average number of prey items captured by field, starved and satiated male V. 
pseudospeciosa individuals over fifteen minutes, between fifteen minutes and 24 hours, and then the 
twenty-four-hour total. 
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Figure 6. The time taken (in minutes) by starved, satiated and newly collected V. pseudospeciosa 
males to make their first prey capture. 
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Discussion  

 

Diet 

 

The majority of male Venatrix pseudospeciosa spiders captured, killed and at least partially 

consumed numerous prey types, including flies, crickets, springtails, aphids, lacewings, wasps 

and caterpillars. In contrast, individuals rarely accepted ladybirds, beetles, earwigs, mites or 

slaters. The laboratory conditions may have introduced unknown effects on prey preference, but 

these results are comparable with field studies of lycosid diets (Edgar, 1969; Nyffeler and Benz, 

1988; Ishijima et al., 2006). In addition, a small amount of spot-lighting detected two individual 

lycosids holding a moth and a juvenile European earwig in their chelicerae (unpublished data). 

Even though spiders were not provided with a choice of prey items in the laboratory, these data 

may reflect patterns in the field, where simultaneous choice of prey is likely to be rare. In this 

study, spiders readily accepted pest aphids and caterpillars, but generally did not feed on pest 

red-legged earth mites (too small) or pest adult earwigs (too aggressive, armoured or large). 

Individuals did feed on beneficial wasps and lacewings, but rarely fed on beneficial ladybirds, 

which are presumed to be distasteful or toxic as adults and larvae have aposematic red and 

yellow colouration and defensive spines. These data suggest that adult male V. pseudospeciosa 

may be more likely to attack soft bodied pests than more challenging beneficial species (such as 

ladybirds, predatory earwigs and carabids). 

 

Of course, another food resource often suitable for spiders, but not tested in these trials, is other 

spiders (Nyffeler, 1999). Given that Araneae was the fourth most common order to be collected 

in these Australian wheat systems, V. pseudospeciosa individuals are highly likely to encounter 

and prey on other spiders. They may also prey on conspecific spiders, as the two-year life-cycle 

of V. pseudospeciosa means that they co-exist with juveniles of their own species (see Chapter 

7). In addition, V. pseudospeciosa spiders mature relatively early in the year, and so are more 

likely to prey on juvenile or penultimate stages of other species that mature later. Hyper-

predation or intraguild predation occurs when individuals from the same ecological functional 

group prey on each other; for instance, between spiders and spiders or other natural enemies 

(Rosenheim et al., 1995). Intraguild predation may reduce biological control, since it decreases 

predation on pests and reduces population sizes of natural enemies (Oraze and Grigarick, 1989). 

Alternatively, intraguild predation may provide an advantage to spiders by helping them survive 

periods of low prey availability (Riechert and Lockley, 1984; Oraze and Grigarick, 1989).  
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Another way spiders may maximise their survival in times of low prey abundance is by 

scavenging on dead organisms. In this study, male V. pseudospeciosa detected and fed on dead 

organisms. This may seem surprising, given the general view of spiders as hunters of active 

prey, but has been reported before in lycosids (Knost and Rovner, 1975; Barrantes and Weng, 

2008). While scavenging may only occur in the laboratory, it does indicate that spiders can 

detect an item as potential prey without it moving. This behaviour has implications for spiders 

in the field, as they may be involved in secondary pesticide ingestion and accumulation, if they 

consume prey recently killed by insecticides. This behaviour may be particularly pertinent when 

prey availability is low, which is precisely what happens when broad spectrum insecticides kill 

large numbers of invertebrates. Conversely, if spiders in the field do not scavenge, or 

preferentially choose active prey, they may be protected from the secondary effects of 

insecticides. 

 

While male V. pseudospeciosa spiders are capable of feeding on a variety of prey species, their 

body size may define which prey are preferred (Nentwig and Wissel, 1986). These large adult 

male V. pseudospeciosa are most likely to prey on medium to large prey items that, in this 

system, includes flies, crickets, caterpillars, moths, earwigs and spiders. This contrasts with the 

dominant small sized linyphiids in European wheat systems, whose diet mostly comprises small 

prey, such as aphids and Collembola (Sunderland et al., 1986). Small Collembola were the most 

abundant invertebrate in the wheat fields of this study, but V. pseudospeciosa spiders would 

have difficulty capturing such tiny prey items. In these systems, the more numerous, smaller 

juvenile spiders may be significant predators of the small prey types, such as aphids, lucerne 

fleas, mites, small flies and Collembola. Juvenile stages of spiders are found throughout the 

year, sometimes in great numbers, and may have value as predators of small prey (Polis, 1983; 

Juen and Traugott, 2004).  

 

In a species with a potentially broad diet, such as V. pseudospeciosa, prey capture in the field is 

based largely on the rate of encounter, which depends on spatial and temporal synchronisation 

(Downie et al., 2000). Given their predominantly ground dwelling lifestyle, V. pseudospeciosa 

are likely to encounter ground prey. Of the most damaging pests in wheat, aphids, caterpillars, 

earwigs, and slugs, the latter two are mostly found on the ground (Horne and Page, 2008). 

Spiders can consume earthworms, but mucous covered slugs may be more difficult to handle 

(Nyffeler and Symondson, 2001). Adult earwigs are unsuitable prey for male V. 

pseudospeciosa, although juvenile earwigs may be more likely to be captured. The value of 

ground foraging predators as predators of vegetation dwelling aphid and caterpillar pests is 
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unclear and may depend on the dropping behaviour of pests (Mansour et al., 1981; Winder et 

al., 1994; Losey and Denno, 1999; Kunert et al., 2005). Perhaps the most likely time that ground 

spiders may attack vegetation pests is during the crop establishment phase, when the plants are 

still small.  

 

Spiders need to be synchronised with pests in time as well as space if they are to encounter 

them. On a small scale, diel activity patterns may influence the predatory impact spiders have 

on pests (Alderweireldt, 1994b). In this study, diel activity was not examined in the field, but 

laboratory data revealed that male V. pseudospeciosa captured significantly more prey between 

noon and midnight. This pattern is consistent with the view that general arthropod activity peaks 

in the first hour of darkness (Hayes and Lockley, 1990). A study on two co-occurring Australian 

lycosid species revealed both were nocturnal, but had very different activity peaks during the 

night (pers. comm. Volker Framenau). In addition to field data on the diel activity of common 

spider species (and their different developmental stages), activity patterns of prey, especially 

pest taxa, are needed. 

 

Another temporal factor that may influence the predatory impact spiders have on pests is 

seasonal presence and activity. In contrast to many beneficial insects, spiders generally have a 

continual presence in fields throughout the year, as is the case in this system (Bishop, 1980; 

Humphreys, 1988). Nevertheless, seasonal activity caused by variation in the phenology and 

migration of each species creates a fluctuating community structure (Bishop, 1980; Thorbek et 

al., 2004; Morse, 2008). Theoretically, members of V. pseudospeciosa are present at all times in 

the crop cycle, including early flights of aphids (April) and later flights of aphids and moths 

(November). However, not enough is known about the predatory behaviour of mature spiders in 

the field. As spiders are predatory throughout their life-time, information on the predatory 

behaviour of each developmental stage would be useful. This could then be used in conjunction 

with data on phenological patterns to determine the predatory impact of a species throughout a 

crop season. Field data on the activity density of juveniles would also be useful, but difficult to 

attain, as identification of immature individuals to species is very difficult (Greenstone et al., 

2005).  
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Feeding behaviour 

 

In addition to synchronicity between spiders and suitable prey in time and space, other 

characteristics may influence the predatory impact of spiders on insect populations. For 

example, voraciousness or feeding rate is a critical determinant of the quantity of prey killed. 

Parasitoid biological control agents have high rates of parasitism, in contrast with predatory 

biological control agents, who generally only kill what they can consume (Snyder and Ives, 

2003). Important predatory biological control agents, like syrphid and ladybird larvae often 

have high consumption rates (Freier et al., 2007; Rand and Tscharntke, 2007). In this study, the 

consumption rate of non-satiated male V. pseudospeciosa was approximately 7% of their own 

body weight in twenty-four hours. This corresponds with another study of an Australian lycosid, 

Geolycosa godeffroyi5, which consumed 9.5% of its own body weight per day (Humphreys, 

1988). The estimated consumption of G. godeffroyi in the field, however, was only 2 – 3% of its 

own body weight (Humphreys, 1988). In this study, the amount consumed by spiders in one day 

was equal to about seven fruit flies.  

 

In terms of the biological control potential of spiders, it is the number of prey killed 

(irrespective of whether they are consumed) that contributes to pest reduction in agroecosystems 

(Sunderland, 1999). The consumption rate of spiders may be increased if they kill more prey 

than they consume, a behaviour known as superfluous killing (Maupin and Riechert, 2001). In 

web building spiders, a prey item that is trapped in the web is killed whether the spider 

consumes it or not (Champion de Crespigny et al., 2001; Riechert and Maupin, 1998). Like V. 

pseudospeciosa, hunting spiders may also exhibit superfluous killing by failing to fully consume 

prey items (Samu and Biro, 1993). In this study, male V. pseudospeciosa killed prey weighing 

up to half of their own body weight in one day. However, based on weight gain, spiders were 

estimated to consume only 14% of prey they had killed. Another behaviour that increases the 

likelihood of superfluous killing is multiple handling, when spiders attack subsequent prey 

whilst still holding a previously caught item (Framenau et al., 2000). In this study, about one 

fifth of V. pseudospeciosa males exhibited multiple handling. The impact of spider predators on 

pest populations may be higher based on these behaviours, particularly when prey density is 

high, such as during a pest outbreak (Riechert and Lockley, 1984; Sunderland, 1999; Maupin 

and Riechert, 2001).  

 

                                                 
5 Currently Lycosa godeffroyi, a congeneric of Lycosa gilberta, pending generic transfer to Tasmanicosa godeffroyi 

(pers. comm. V.W. Framenau) 
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Superfluous killing in spiders is thought to be an adaptation to living in a food limited 

environments (Maupin and Riechert, 2001). In high densities of prey, the killing of more prey 

than an individual spider can physically consume may be due to selection for aggressiveness 

toward prey (Maupin and Riechert, 2001). Food abundance fluctuates dramatically in 

agroecosystems, largely due to the high number of transient pests (Nakamura, 1987; 

Humphreys, 1988; De Barro, 1992). Spiders are well adapted to variations in food availability, 

and are capable of surviving long periods of starvation (for example, 208 days in a lycosid), and 

have highly distensible abdomens allowing them to eat large amounts of food when it is 

abundant (Nakamura, 1987; Humphreys, 1988). Spiders in the field, including lycosids, are 

thought to experience limited prey availability, and this may be the case in agroecosystems 

where farming practices reduce overall arthropod abundance (Hagstrum, 1970; Wise, 1975; 

Oedekoven and Joern, 2000). Indeed, this study found that male V. pseudospeciosa spiders from 

wheat fields appeared to be in a state of starvation during September, and may experience 

limited food availability. Alternatively, the limited availability of prey may be related to 

accessibility of suitable prey, for instance, suitable sized prey for these large predators. 

 

Perhaps the most likely reason for the apparent food deprived state of male V. pseudospeciosa is 

that mate-searching is prioritised over foraging. Indeed, the reproductive period in this species is 

thought to start in September (see Chapter 7), and males were caught in high numbers precisely 

because they were reproductively active, seeking mates. Adult male spiders are erratic in their 

food consumption (Riechert, 1978), and their searching behaviour uses up a lot of energy. 

However, sexually mature V. pseudospeciosa males readily fed on prey in the laboratory, even 

after contact with a conspecific female pheromone-initiated courtship behaviour (unpublished 

data). Juvenile and female spiders of this species are likely to have different nutrient 

requirements – they may have few requirements for mate searching, but more requirements for 

the formation of eggs – and may not be equally food deprived in the field. It is therefore unclear 

whether food availability of prey is naturally sufficient for spiders, or somehow limited. 

 

The degree of ‘hunger’ is a strong determinant of consumption rate (Nakamura, 1987) and can 

influence foraging behaviour (Spiller, 1984; Humphreys, 1988; Bilde and Toft, 1998; Riechert 

and Maupin, 2001). Feeding rates in spiders typically increase with increasing starvation (Toft, 

1995; Walker and Rypstra, 2003). If spiders in this system are food deprived in the field at 

certain times of the season, they may have an elevated motivational state that increases their 

feeding capacity when pest numbers increase, such as during a pest outbreak. Potential 

implications of food limitation are increased emigration, reduced reproductive fitness, increased 
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competition and, ultimately, decreased population size (Rypstra, 1983; Wise, 1993). Therefore, 

alternative non-pest food sources may be important for the maintenance of resident spider 

populations (McNett and Rypstra, 1997), including Collembola and Diptera (Bilde et al., 2000; 

Agusti et al., 2003). Despite the potential increased capture rate of ‘hungry’ spiders in this 

study, satiated spiders continued to kill prey. 

 

The broad and changeable diet of V. pseudospeciosa lycosids may be detrimental to their 

biological control potential (Toft, 1995; Riechert, 1999). However, they may be more likely to 

feed on soft bodied prey than more difficult natural enemies and largely ignore tiny, super 

abundant Collembola. However, dietary flexibility also allows them to survive in fields during 

times of low prey availability and, consequently, can persist in crops year round (Riechert and 

Lockley, 1984; Symondson et al., 2006; Wise, 2006). The constant presence of spiders in wheat 

systems may be their greatest asset as biological control agents. Other traits of V. 

pseudospeciosa that may enhance their biocontrol impact on prey are their readiness to kill prey, 

potential superfluous killing capacity and large size, causing them to eat large numbers (or 

mass) of prey.  

 

Although a single species was studied here, as a starting point, spiders are more likely to impact 

on prey as a predatory complex. This community effort of juveniles and mature individuals of 

numerous species is considered to provide a stabilising effect on pest populations and reduce 

outbreaks (Clarke and Grant, 1968; Riechert and Lockley, 1984). Also, spiders are not the sole 

biological control agents in wheat fields, they co-exist with numerous other natural enemies of 

pests. These trials are only a starting point, not a comprehensive description of foraging 

behaviour and predatory role of this commonly occurring species. More questions than answers 

are raised here, not least, what the feeding behaviour of this species may be in the field. It is, 

however, clearly worth knowing more about them and the community of natural enemies in 

these systems.  
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Summary 

 

This chapter describes the characteristics of the six most common spider species in winter wheat 

fields of south-eastern Australia. The life-cycles of these species show that they mostly 

synchronise with the crop cycle – maturing, mating and ovipositing during the vegetative peak 

of the crop, and before harvest. The most frequently collected species, Venatrix pseudospeciosa, 

began reproduction almost two months earlier than the other species. Relatively early and 

extended reproductive periods may maximise success in an annually cyclic agroecosystem. A 

potential adaptive response of species phenology to the selective pressures of agricultural 

disturbance is discussed. The historical ecology of the region prior to agricultural expansion is 

also considered as a reason why some species have characteristics that make them well adapted 

to agroecosystems.  

 

 

Introduction  

 

In order to make maximum use of naturally occurring biological control agents, a thorough 

knowledge of their biology and ecology is required. Part of the reason spiders have been largely 

ignored as biological control agents of pests may derive from limited understanding of their 

general ecology (Riechert and Lockley, 1984). Pest reduction by spiders is considered to be at 

the community scale, with different spider species and stages creating a complex of predators 

(Riechert and Lockley, 1984). Studying the overall effect of spiders on pest populations is 

clearly necessary, but teasing apart the role of relatively more abundant species may be a more 

practical first step. Until recently, few studies have examined the role of specific spider species 

in agroecosystems (Horton et al., 2001; Marshall et al., 2002; Hendrickx and Maelfait, 2003; 

Thorbek et al., 2004; Bolduc et al., 2005). Where a small number of species dominate the 

community, they may be expected to have a more substantial predatory role than relatively rare 

species (Bishop, 1980; Toft, 1989). 

 

In agroecosystems, the correlation between spider phenology and crop phenology may illustrate 

why certain species may be suited to agricultural habitats, and what adaptations make them 

more successful in these disturbed environments (Bishop, 1980; Marshall et al., 2002). For 

example, species that reach high dominance in agroecosystems often have life history 
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characteristics adapting them for life in disturbed agricultural landscapes. These factors include 

early initiation of breeding, extended breeding seasons, high egg sac production, or strong 

dispersal (Pickavance, 2001; Samu and Szinetar, 2002; Thorbek et al., 2004; Bolduc et al., 

2005). Other habits or physical characteristics of spider species, stages, families, or guilds may 

also influence how well suited they are to agroecosystem habitats (Bolduc et al., 2005). For 

example, orb weaving spiders require vegetation to build webs, and so are more vulnerable to 

crop harvest than ground species (Howell and Pienkowski, 1971). Similarly, small spiders are 

thought to be less vulnerable to disturbance, due to their strong dispersal abilities (Kajak and 

Oleszczuk, 2004). However, not all abundant species gain success through the same ecological 

strategies (Marshall et al., 2002).  

 

Historically, the life-cycles of spiders were thought to be predominantly annual, breeding in 

either spring or summer (Pickavance, 2001). Now, spider life-cycles are recognised as diverse, 

synchronising in various ways with the seasons. However, less is known about southern 

hemisphere spiders, and there have been few life-cycle studies of Australian species (Framenau, 

1999). Most temperate spiders complete their life cycle in approximately one year, maturing and 

mating in spring (Dondale, 1977). However, temperature or body size can influence the duration 

of life-cycles. For example, spiders in cooler climates, or medium to large sized species often 

take several years to complete their life-cycle (Humphreys, 1976; Dondale, 1977). Single 

species can also have geographically divergent life-cycles; for instance, cooler climates 

prolonging the duration of the life-cycle or warmer climates resulting in earlier reproduction 

(Aitchison, 1984b; Framenau, 1999). In agroecosystems, the life-cycles of abundant spiders 

often synchronise with the crop growing season, usually by reproducing during the main crop 

vegetation period (Samu and Szinetar, 2002).  

 

While these characteristics of spider species may suit them to agroecosystems, they may not 

necessarily make them suitable as biological control agents. Trophic food webs are complex, 

and predatory relationships fluctuate through time (Fagan and Hurd, 1994; Morse, 2008). The 

availability of prey items depends on synchronisation that is both temporal (e.g. diel or 

seasonal) and spatial (e.g. habitat use, regional) (Alderweireldt, 1994b; Losey and Denno, 

1999). Although many species may consume pests, their value as a predator may depend on 

their synchronicity with critical periods in cycles of pest abundance (Sunderland, 1975; Jmhasly 

and Nentwig, 1995; Thorbek et al., 2004). A lack of basic knowledge of the biology of different 

spiders and particularly their life history stages limits our capacity to predict their biological 

control impact (Sunderland, 1975; Alderweireldt, 1994a). 
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Chapters 2 and 4 outlined the composition of spider species in winter wheat fields in Australia. 

The next step is to obtain more information about the common species. In winter wheat fields in 

south-eastern Australia, five species appear to numerically dominate the spider community. 

Despite a substantial between year difference in spider density, four of the five most common 

species were the same in both years, comprising up to 80% of mature spiders. These common 

species are the lycosids Venatrix pseudospeciosa (Framenau and Vink, 2001), Lycosa gilberta 

(pers. comm. Dr. V. Framenau), Artoriopsis expolita (Framenau, 2007), and Artoria victoriensis 

(Framenau, 2002), the miturgid Miturga severa (pers. comm. Dr. R. Raven) and an unidentified 

gnaphosid. There is virtually nothing known about the life history or ecology of these species 

(Raven, 2002), however their relative abundance suggests that they have an important predatory 

presence in these agroecosystems. In addition, these six species were collected in high enough 

numbers to determine life history characteristics. 

 

Here, the life-cycles of these most commonly collected spider species are described. 

Characteristics of the families, species and functional guilds are examined to ascertain why 

these species may be more abundant than others found in these habitats. These features are then 

used to discern the impact these common species may have on the biological control of pest 

species.  

 

 

Methodology 

 

Study sites and sampling 

 

 
The study site was a farm in Inverleigh, in the Corangamite region on the Western Basalt Plains 

of Victoria, Australia. For more details, see Chapters 2 and 4. Two complementary sampling 

techniques were used, including pitfall trapping and vacuum sampling, but only pitfall trap data 

are discussed here, as all species examined are from the ground strata, and so are rarely captured 

by vacuum sampling. Five samples were taken each month from four fields. Sampling was 

carried out in wheat fields over two years, however only 2005 data are utilised here to determine 

life-cycles, as the record drought in 2006 substantially reduced numbers and may have altered 

elements of the life-cycles of the spider species. However, the percentage each species 
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comprised in 2006 sampling is given, and dry pitfall trapping for a laboratory culture was 

conducted in 2006.  

 

Sorting, measuring and identification  

 

Spider size is often determined by carapace width (Hagstrum, 1971), but ecological or 

behavioural studies of spiders typically use body length (chelicerae to spinnerets) or volume 

(biomass) as measures of size (Remmert, 1981; Nentwig and Wissel, 1986; Framenau, 1999; 

Durrant, 2004). In general, spiders longer than 8mm are considered to be large, 4-8mm medium 

and <4mm small (Nyffeler, 1999). Here, all spiders collected were assigned to a size category 

(small, medium or large) according to their total body length.   

 

Determination of life-cycles 

 
As it is difficult to replicate field conditions in a laboratory, the best way to evaluate the life-

cycle of a species is through field sampling. In the case of ground dwelling spiders, pitfall 

trapping is often the best way to collect individuals. However, different life stages of spiders 

may be more or less active than other stages, and so this kind of sampling introduces bias 

(Topping and Sunderland, 1992). Here, the timing of maturation was based on the earliest 

appearance of mature individuals, although activity levels of adults relates more closely to mate-

searching than initial maturation (Aitchison, 1984b). Peaks in activity-density of adults 

indicated the timing of mate-searching and therefore reproductive activities. In addition, 

observations of egg sacs and spiderlings were used to indicate oviposition and hatching.  

 

Ecological field studies are often hindered by the difficulty in identifying immature specimens 

(Hosseini et al., 2007). Without being able to identify juvenile specimens, the total life-cycle 

duration is difficult to determine for individual species (Aitchison, 1984b). However, duration 

of the life-cycle can sometimes be correlated with the size of adults. Spiders with medium and 

large body size commonly require two years to reach maturity, and very large spiders, such as 

the Australian lycosid Geolycosa godeffroyi, a close relative of L. gilberta, can have a three year 

life-cycle (Humphreys, 1976; Dondale, 1977). Although winter in south-eastern Australia is not 

excessively cold, the combination of cooler weather and reduced prey availability may depress 

growth rates enough for larger spiders to require more than one season to grow to sexual 
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maturity (Edgar and Loenen, 1974). Here, generalised diagrams are drawn of the estimated life-

cycle of each species (seen in Framenau, 2005; Pickavance, 2001). Life-cycles are commonly 

inferred from pitfall sample data, although, ultimately, these are interpretations of the life 

history features of these species (Dondale, 1977; Aitchison, 1984b; Draney, 1997). 

 

In addition to field sampling, a small culture of individuals collected from the field was kept in 

the laboratory where individuals were placed in soil-filled arenas and burrowing behaviour was 

observed. 
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Venatrix pseudospeciosa       Lycosidae  
 

V. pseudospeciosa was the most frequently collected species, comprising 24% of all adults in 

2005 and 34% in 2006. Adults are large (9-13 mm from chelicerae to spinnerets). This species 

appears to have a two-year life-cycle. Mature spiders were present at all times throughout the 

year, but more were collected from June (estimated maturation) and mate-searching activity 

occurred between September and November (Figure 1a and 1b). Egg sacs were found from late 

September and females carrying spiderlings were collected in pitfall traps in early November. 

Data collected on this species correspond with taxonomic accounts of this species, which 

suggest maturation in late autumn (before winter), reproduction in spring and oviposition 

between September and December (Framenau and Vink, 2001). In the laboratory, most female 

and juvenile V. pseudospeciosa built shallow burrows but males did not. 
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Figure 1a. The total number of V. pseudospeciosa spiders collected in pitfall traps each month in 
2005.   

 
 

 

 

 
Figure 1b. A diagrammatic estimation of the life-cycle of V. pseudospeciosa in Victorian winter 
wheat systems.  
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Miturga severa         Miturgidae 

 

M. severa was the second most commonly collected species, comprising 14.9% in 2005 and 

23% of adult spiders in 2006. Adults are large (~15mm). This species appears to have a two-

year life-cycle. Mature individuals were collected from early August, and mate-searching 

occurred across November and December (Figure 2a and 2b). Although species of this family 

typically do not carry egg sacs, oviposition is estimated to be in late November, based on the 

onset of mate-searching. Captive females oviposited from late November to early February 

(four from six collected as adults) and two laid a second viable egg sac. In the laboratory, 

female and juvenile M. severa were observed building silk-lined retreats, but not burrows, in the 

laboratory, but males were not.               
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Figure 2.  The total number of M. severa spiders collected in pitfall traps each month in 2005. 

 

 

 

 
 
Figure 2b. A diagrammatic estimation of the life-cycle of M. severa in Victorian winter wheat 
systems. 
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Artoriopsis expolita        Lycosidae 
 

A. expolita was the second most common lycosid, comprising 9.8% in 2005 and 7.6% in 2006. 

Adults are medium sized (~5mm). This species appears to have a one-year life-cycle. Mature 

individuals first appeared from mid-August, but most were recorded in September, which 

suggests that this species over-winter as juveniles and matures in spring (Figure 3a and 3b). 

Mate-searching started in October. Oviposition is thought to be in late December as hatched 

spiderlings were observed from mid-January to mid-February. Taxonomic records of this 

species correspond with the proposed life-cycle here, with adults maturating in spring, females 

producing egg sacs in November and December, and spiderlings hatching in December and 

January (Framenau, 2007). In the laboratory, juvenile, male and female A. expolita commonly 

built shallow burrows.  
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Figure 3.  The total number of A. expolita spiders collected in pitfall traps each month in 2005. 

 

 

 

 
Figure 3b. A diagrammatic estimation of the life-cycle of A. expolita in Victorian winter wheat 
systems. 

J     F    M     A    M    J      J     A    S     O    N     D    J    

F 

Juvenile 

Mate-search 

Adult 

Crop season Crop season 



  

 105 

Artoria victoriensis        Lycosidae 

 

A. victoriensis was the fifth most common species overall, comprising 4.8% in 2005 and 7.3% 

in 2006. Adults are medium in size (~5mm). This species appears to have a one-year life-cycle. 

Mature spiders were present from June, suggesting that this species over-winter as adults, 

however mate-searching did not start until December (Figure 4a and 4b). No egg sacs were 

observed in the field, but were assumed to be produced in December, as spiderlings were 

observed between mid-December and late January. In the laboratory oviposition was between 

late December and early February; spiderlings hatched in late February. In the field, females 

carrying spiderlings were collected from late January to early February. 
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Figure 4.  The total number of A. victoriensis spiders collected in pitfall traps each month in 2005. 

 

 

 

 
Figure 4b. A diagrammatic estimation of the life-cycle of A. victoriensis in Victorian winter wheat 
systems. 
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Gnaphosidae sp. A        Gnaphosidae 

 

Gnaphosidae sp. A was the third most commonly collected species in 2005, comprising 14.7%, 

but was fairly uncommon in 2006, comprising only 1.4% of adult spiders. Adults of this species 

are small (2-3mm), and no specimens were collected before October. This species appears to 

have a one-year life cycle. The peak in activity, assumed to be mate-searching and reproducing, 

occurred during November and December (Figure 5).  
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Figure 5.     The total number of Gnaphosidae sp. A spiders collected in pitfall traps each month in 2005. 

 

 

 

 

 
Figure 5b. A diagrammatic estimation of the life-cycle of Gnaphosid sp.A in Victorian winter wheat 
systems. 
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Lycosa gilberta         Lycosidae 

 

L. gilberta was the 9th most common species in 2005 (1.3%), but the 3rd most common species 

in 2006 (8.1%). Adults are very large in body size (<25mm). Its very large size suggests that it 

may have a two or three year life-cycle (Humphreys, 1976). This species matured in spring, 

carried out mate-searching in summer, oviposited from mid-January and spiderlings hatched in 

February (Figure 6). Spiderlings were found in late February, and oviposition was accordingly 

assumed to occur during January. Although no male or female L. gilberta were observed 

building burrows or retreats in the laboratory, females were commonly seen in burrows several 

centimetres deep in the field. 
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Figure 6. The total number of L. gilberta spiders collected in pitfall traps each month in 2005. 

 

 

 

 

 
Figure 6b. A diagrammatic estimation of the life-cycle of L. gilberta in Victorian winter wheat 
systems. 
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General trends 

 
The six most commonly collected spider species in winter wheat fields in Victoria were all 

ground hunters, and four of the six were lycosids. Three species were large in body size, two 

were medium and only one was small. Estimated life-cycles show that the three most abundant 

of the six species – V. pseudospeciosa, M. severa and Gnaphosid sp. A – synchronised with the 

crop cycle, maturing, mating and completing oviposition during the main vegetative growth 

period and before harvest. The three less abundant species – the medium lycosids A. expolita 

and A. victoriensis, and the very large lycosid L. gilberta – appeared to carry spiderlings until as 

late as February, so their breeding season coincided with the time of harvest. The most 

frequently collected species, V. pseudospeciosa, appeared to mature before any other species 

except for A. victoriensis, which may also mature before winter. In addition, V. pseudospeciosa 

appeared to become reproductively active almost two months earlier than the other common 

species, and for an extended duration (Figure 7). In this species, oviposition occurred in early 

spring, much earlier than the other species. The second most common species, M. severa, had 

the second earliest peak of reproductive activity (Figure 7). It is proposed that an early and 

extended reproductive period maximises success in these cyclic and disturbed agroecosystems.  
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Figure 7. The mean number of the five most commonly collected spider species per pitfall sample 
per month in 2005. 
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Discussion 

 

Six species from three families comprising a single hunting guild dominated the spider 

community in winter wheat fields of south-eastern Australia. The common families in this 

system – Lycosidae, Miturgidae and Gnaphosidae – have traits potentially advantageous in an 

ephemeral and disturbed wheat agroecosystem, including burrowing habits, nocturnal activity, 

flexible foraging strategies and strong mobility. In addition, the two most common species may 

maximise their reproductive output by carrying out reproductive processes early in the year and 

for an extended duration compared with less abundant species. The correlation between the 

phenology of the most common spider species and the crop phenology are discussed as a 

potentially adaptive response to selective pressures of crop disturbance and difficult summer 

conditions. The structure and phenology of wheat crops are also compared with the native 

grassland habitats that originally dominated the region. 

 

Common characteristics 

 

In general, members of the Lycosidae (wolf spiders) occupy a wide range of habitat types. As 

they are thought to have co-evolved with grasslands, and may therefore be considered grassland 

specialists, lycosids are particularly abundant in open, grassland habitats (Main, 1976; Main, 

1981; Jocque and Dippenaar-Schoeman, 2006). The family is taxonomically diverse and 

abundant in Australian ecosystems (Main, 1981), so it is perhaps not surprising that some 

lycosid species have adapted to living in agricultural habitats. In particular, V. pseudospeciosa, 

A. expolita and L. gilberta are common in artificial grassland habitats such as suburban lawns 

and pasture, and thus appear to be tolerant to anthropocentric disturbance (Main, 1976; 

Framenau and Vink, 2001; Framenau, 2007).  

 

Worldwide, lycosids are the second most commonly detected spider family in wheat crops, after 

linyphiids, so their occurrence here is not unexpected (Nyffeler and Sunderland, 2003). The 

Gnaphosids are free-living and found mostly on the ground (Jocque and Dippenaar-Schoeman, 

2006). This family is common in wheat systems in Israel (Gavish-Regev et al., 2008) and the 

United States (Greenstone, 2001). The Miturgids are mobile, nocturnal and cryptic spiders that 

often hide in sac like retreats under logs (Raven, 2002; Jocque and Dippenaar-Schoeman, 2006). 

This family is less commonly found in wheat agroecosystems, but the fact that they have similar 

characteristics to lycosids may explain their co-dominance in these wheat systems.  
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All six common species in this system are in the active ground hunting guild, and so share 

certain characteristics, such as foraging strategies and habitat use (Uetz, 1992), characteristics 

that make them well adapted to agroecosystems. As they predominantly live on the ground, are 

often nocturnal, and burrow or form retreats, this guild may be less vulnerable to above ground 

agricultural disturbances, such as pesticide application, harvest and reduced ground cover after 

harvest. Their mobile life style may give them more flexibility in ephemeral annual 

agroecosystems than other taxa (Main, 1976; Main, 1981; Durrant and Guthrie, 2004). The 

dominance of the ground hunting guild means that the range of functional groups in this system 

is not diverse. Consequently, the impact of the spider complex on pests may be somewhat 

limited to prey that frequent the ground surface. This includes other spiders, and the potential 

for intraguild competition or predation between co-existing species in this system is high 

(Hodge, 1999). Nevertheless, it is also likely that there is some form of niche partitioning 

between these species, such as habitat use or daily activity patterns, to permit their co-existence 

(Wise, 1993). 

 

Another common trend among the common species in this system is larger body sizes. In 

theory, small spiders with short life-cycles are better suited to agricultural habitats than large 

spiders with longer life-cycle (Cole et al., 2005). Indeed, European wheat fields are dominated 

by small sized linyphiid spiders (Nyffeler and Sunderland, 2003). In contrast, medium and large 

species dominate Australian wheat fields. Large species often require multiple years to complete 

the growth required for maturation, which results in biennial or triennial life-cycles 

(Humphreys, 1976), as may be the case in several of the species reported here. As annual crops, 

such as wheat, are annually replanted in different fields, spiders with multiple year life-cycles 

will need to survive consecutive seasons and a variety of crop types. Another potential 

disadvantage of larger size is that aerial dispersal (i.e. ballooning) is only possible in very young 

juvenile stages (Pearce et al., 2005). Larger spiders must rely on localised cursorial travel, 

making them more vulnerable to in-field conditions. Given the potential disadvantages of large 

body size in agroecosystems, the success of these species in these wheat fields suggests 

substantial advantages of being large; one obvious benefit is tolerance against desiccation 

(Nentwig and Wissel, 1986; DeVito et al., 2003).  

 

Given the potentially important influence of rainfall on spiders, and the variability of Australia’s 

rainfall, the common species in wheat fields may be particularly well suited to unpredictable 

weather conditions. Firstly, the skew toward larger body size in the common species may be 
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because water loss is influenced by size (Humphreys, 1975). Similarly, ground dwelling life-

styles, nocturnal activity and burrowing or retreat building would all benefit reducing water loss 

(Pulz, 1987). Further, V. pseudospeciosa and A. victoriensis are considered to have relatively 

less requirement for moisture than other lycosids (Ballinger et al., 2005). Similarly, a 

congeneric species of L. gilberta, Geolycosa godeffroyi6, was more tolerant to desiccation than 

European lycosid species tested (Humphreys, 1975). Members of the Miturga genus also 

generally occur in drier parts of Australia (Raven, 2002). These analogous traits of the most 

common spider species strengthen the idea that wheat fields in this region are somewhat 

characterised by their lack of moisture. 

 

Phenology and life-cycles 

 

In spiders, maturation, mating, and oviposition mostly occur in spring, although breeding can 

range from early spring through summer to autumn (Dondale, 1977). In temperate southern 

Australia spider populations are expected to reproduce in spring when mild temperatures and 

high rainfall provide optimal conditions (Bolger et al., 2000). If spring is the best time for spider 

reproduction in southern Australia, then summer is the worst. High temperatures and short term 

drought during summer may be the greatest challenge for spiders, arguably similar in severity to 

the difficult over-winter conditions in many systems in the northern hemisphere (Edgar and 

Loenen, 1974; Horne and Page, 2008). Summer is a particularly treacherous time of year for 

spiders in wheat agroecosystems, which are harvested by mid-summer, leaving the ground layer 

relatively unsheltered. Thus, the earlier spiders reproduce, the greater their avoidance of 

difficult summer and harvest conditions during vulnerable breeding processes. Indeed, spiders 

that are successful in other agroecosystems invariably reach adulthood and reproduced during 

the main vegetation period of the crop cycle (Samu and Szinetar, 2002).  

 

It may be important, then, that reproduction is initiated early, persists over a lengthy duration, 

but is completed before harvest. In the most commonly collected species, V. pseudospeciosa, 

heightened activity, suggestive of mate-searching, lasted throughout September, October and 

November, perhaps facilitated by maturation during winter and the capacity of females to lay 

multiple egg sacs (Bishop, 1980). The second most common species, M. severa, also had a 

relatively early and extended reproductive period and the capacity to lay multiple egg sacs. The 

other four species appeared to breed later, much closer to harvest, in December or January. It 

                                                 
6 Currently Lycosa godeffroyi, pending generic transfer to Tasmanicosa godeffroyi (pers. comm. V.W. Framenau)  
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appears, therefore, that the life-cycles of these common spider species, and in particular, the 

timing of reproduction, may influence their relative success in these wheat agroecosystems. 

Indeed, the most common linyphiid species in European agroecosystems have notably early and 

extended breeding seasons (Thorbek et al., 2004). In addition, the separation of peak mating 

times by these coexisting species may minimise intraguild interaction and maximise the 

reproductive output of each species (Dondale, 1977).  

 

Have the life-cycles of these indigenous spider species changed within the history of cultivation 

in the region? Or did they possess characteristics well suited to the crop phenology? There is 

potentially strong selection on individuals in these highly cyclic annual systems. Despite crop 

rotation providing a shifting mosaic of different crop conditions across the landscape, relatively 

early and extended reproductive periods may mitigate disturbance in any crop or pasture. A 

congeneric Australian Venatrix species that lives in riparian habitats has a diplochronous (that 

is, two cohorts) life-cycle to minimise the consequences of major flood events on reproduction 

(Framenau, 1999). This genus is also commonly found in soybean crops in Queensland, 

Northern Australia (Pearce et al., 2002). The life history plasticity displayed in this genus may 

occur in V. pseudospeciosa to similarly minimise the consequences of agricultural disturbance 

(Framenau and Elgar, 2005). Species with complex flexible life-cycles may be more suited to 

agricultural systems (Thiele, 1977). 

 

Disparate populations of the same species have adapted variations in life history characteristics 

according to local conditions. For example, populations in cooler climates can have longer life-

cycles than their counterparts in warmer locations (Aitchison, 1984b; Framenau, 1999). There is 

limited information on the life-cycles of these species across Australia, and taxonomic papers 

refer to specimens collected from a broad range of geographic locations. Roughly, descriptions 

of life history of V. pseudospeciosa and A. expolita in the taxonomic literature correspond with 

those found in this population (Framenau and Vink, 2001; Framenau, 2007). Therefore, it may 

be assumed that they are acting within the natural range of their phenology. More fine scale 

studies of populations in different locations or habitats may well discover divergent strategies. 

 



  

 113 

Historical ecology 

 

If the phenology exhibited by these species is within their natural range, and has not evolved as 

a result of cultivation, why do they suit life in artificial wheat crop habitats? Wheat cultivation 

started in the 1830s, and so is relatively recent in the Australian landscape (Willis, 1964). 

However, the wide-spread cereal and pasture fields present today are structurally similar to 

original native grasslands that dominated the region prior to agricultural development, of which 

only 0.1% remains (Willis, 1964). In addition, the timing of wheat harvest corresponds with 

natural summer drought in native grasslands, which cause reductions in plant productivity and 

moisture. This suggests that these local spider species may already have characteristics that 

allow them to avoid difficult summer conditions, cyclic vegetative growth patterns and plant 

architecture that mirror winter wheat farming.  

 

The spiders found in wheat fields in the Corangamite region correlate with those found in native 

grassland remnants. In remaining patches of native grassland, spiders were the fifth most 

common invertebrate order and comprised about 8.6% of individuals. The most common spider 

families were Lycosidae (53%), Zodariidae and Miturgidae, again, all from the ground hunting 

guild. There were also higher numbers of Salticidae and Thomisidae spiders in native grassland 

habitats, suggesting that frequent disturbance to the wheat vegetation reduces numbers of 

vegetation hunters more than ground dwelling spiders. Interestingly, there were no linyphiid 

species collected in native grasslands across the region. The Linyphiidae family is not generally 

dominant in Australian ecosystems, and there are few native species (Main, 1976). The small 

numbers of linyphiids found in Australian wheat fields were generally introduced species and 

are perhaps not well suited to the climate of southern Australia, where “seasonal extremes of 

heat or dryness or a combination of both would spell death to small spiders such as the 

introduced midgets [linyphiids]” (Main, 1976). In contrast, introduced linyphiid species 

dominate New Zealand wheat fields, probably due to the climate correlating closely with that of 

western Europe (Topping and Lovei, 1997). New Zealand also has species of the (largely 

Australian endemic) Miturga genera (Meads and Fitzgerald, 2001; Raven, 2002), but they were 

not found in wheat fields (Vink et al., 2004). Thus, geography, historical ecology and climate 

appear to influence spider community composition in wheat agroecosystems. 
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Implications of phenology on pest control impact 

 

Although many species may consume pests, their value as predators depends on their kill rate, 

prey choice, and synchronisation with pest species in time and space (Sunderland, 1975; 

Nentwig and Wissel, 1986; Wisniewska and Prokopy, 1997; Marshall et al., 2002). Prey choice 

is influenced by body size, and, in particular, spiders tend to feed on prey that is 50-80% of their 

own body size (Nentwig and Wissel, 1986). Given the relatively large size of common species 

in this system, larger taxa may be expected to be preyed upon more frequently than small prey. 

More abundant large taxa in this system (see Chapter 4) include some flies, wasps, bees, 

spiders, beetles, pest caterpillars and pest earwigs. Although the size spectrum of prey is 

dynamic, with many species varying seasonally, small prey expected to be preyed upon less 

frequently include springtails, flies, wasps, spiders, mites, aphids and lucerne fleas. In contrast, 

small sized linyphiid spiders that dominate European wheat fields largely feed on small prey, 

including pest aphids and super abundant springtails and small flies. In Australian wheat fields, 

common species may be less likely to feed on pest aphids, but they are also less likely to have 

their diet inundated by springtails. This study focussed on the most common species (adults 

only), yet at many times of the year juveniles account for over 50% of the spider population. 

These comprise the majority of small sized spiders and so may prove to be especially important 

as predators of small sized prey. 

 

Are the common spider species in these wheat agroecosystems present where pests dwell? In 

this system, based on their guild allocation as ground runners, common spider species are most 

likely to encounter prey living near the ground surface or those likely to drop from the 

vegetation. This includes taxa also collected by pitfall trapping, of which the common groups 

included springtails, flies, wasps, ants, beetles, earwigs, mites and spiders. Of these, only 

earwigs and mites are pests in wheat. However, juveniles and small less common species dwell 

more in the vegetation than on the ground surface, and may prey on different pests (Polis, 

1983). Further, early in the crop season, when the plants are still small, ground-based spiders 

may be capable of preying on pests that live on the vegetation, due to the close proximity with 

the ground. Thus, during the establishment phase (autumn and winter) spiders may be an 

important predator of phytophagous pests.  

 

Are the common spider species in these wheat agroecosystems present when pests are active 

and damaging? On a small scale, diel activity patterns of each species influence their rate of 

encounter. The common spider species in this system are likely to be nocturnal, although this 
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was not directly determined. The diel activity of prey was also not determined, so more 

information is needed about nocturnal versus diurnal activity of spider species and pest species. 

However, the importance of prey activity on predation by spiders is also not clear. At a larger 

scale, seasonal activity may influence the pest control capacity of each spider species. There are 

spiders present all year in these wheat systems, some species appear to be more persistent than 

others, or may be more active throughout the whole year. However, presence or activity does 

not equal predatory effect. In this study, pitfall traps measured the activity and density of 

spiders, not predatory activity. Therefore, more information is needed about the foraging 

behaviour of different stages of each species in the field (Kronk and Riechert, 1979; Polis, 

1983). For instance, do mature spiders prioritise reproduction over feeding, or do juveniles feed 

more than adults?  

 

If it is assumed that reproductive periods are the most vulnerable to spiders (Main, 1981), then 

life-cycle information can be used to help minimise the negative impact of farm management at 

important times. Here, it is assumed that harvest, and ensuing reduced vegetation density, are 

the most difficult conditions for spiders. However, other events may be worse, such as pesticide 

application, machinery (‘traffic’) or grazing during summer/autumn fallow. In this system, in 

order to enhance populations of the most common species, insecticide application should be 

avoided between September and December.  
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Chapter Eight  

            

 

Summary and conclusions 

 

 

 

 

“…do you realize that if I didn’t catch bugs and eat them, bugs would increase and 

multiply and get so numerous that they’d destroy the earth, wipe out everything?” 

    Charlotte the spider, Charlotte’s Web, E.B White (1952)  
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Project rationale 

 
 

Around the world, spiders provide a considerable service to humans by feeding on insects and 

contributing to their control. The extent of biological control that spiders provide in 

agroecosystems has been difficult to quantify, largely due to their generalist foraging habits and 

great diversity. Consequently, they have often been neglected as pest control agents. This 

project was initiated in response to a lack of scientific knowledge about spiders in Australian 

broadacre cereal crops, at a time when integrated pest management is starting to be considered 

as a serious alternative in farm management. The main aim of the project was to describe the 

composition and ecology of the spider populations. Here some of the major findings of this 

research are outlined in the context of the potential uses of spiders in biological control, 

stressing that the actual impact of spiders on pest populations was not directly examined during 

the course of this study.  

 

In addition to the biological control aspect of utilising spider predators for pest control, 

investigating populations in agroecosystems is also beneficial in terms of biodiversity and 

conservation (Horne et al., 1998). Land clearing and the associated fragmentation of natural 

habitats are considered to be the greatest threat to terrestrial biodiversity (Major et al., 2006). As 

increasingly larger areas of the planet become dominated by agricultural and other human 

influenced forces, recognition of the biodiversity harboured by agroecosystems is vital (Shochat 

et al., 2004). In the wheat fields of southern Victoria native spider species are relatively 

abundant, despite the difficulties of living in frequently disturbed and ephemeral annual crops 

and pasture. The diversity supported by crops is of particular interest in this region, as the native 

grassland habitat has been reduced to 0.1% of the original area, and agroecosystems now 

dominate the landscape (Craigie, 1999). 
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Describing the population 

 

 
“Strategic research aimed at gaining a full understanding of the functioning of natural enemy 

communities will pay great dividends in the long run by improving the efficiency of biological 

control in practice.”  

        (Symondson et al., 2002) 

 

This study found that Araneae was the fourth most commonly collected invertebrate order and 

was the most numerous predatory arthropod group in these Australian wheat systems. The first 

notable characteristic of spiders in Australian wheat fields was the rarity of linyphiids. In this 

respect, the composition of spiders in Australian wheat fields differs greatly from its nearest 

neighbour New Zealand, and also from Europe, where linyphiids dominate. The Australian 

composition also differed from the United States of America, where vegetation hunting spiders 

make up a large proportion of the community in wheat agroecosystems. In contrast, this study 

found that Australian wheat field spider communities were dominated by the Lycosidae family, 

and thus were most comparable with Canada and Hungary (Chapter 2). Reasons for these global 

variations in spider composition are not well understood, however a worldwide meta-analysis 

(Chapter 3) suggested that rainfall may influence spider community composition. These 

differently composed communities may have differing predatory effects on local pest 

populations. Thus, detailed research carried out on Linyphiidae dominated systems across 

Europe may be less applicable in Australian wheat systems (Alderweireldt, 1994; Bell et al., 

2002; Halley et al., 1996; Sunderland et al., 1986). However, studies of lycosids in various types 

of crop are emerging (Kim and Lee, 1994; Lang et al., 1999; Marshall and Rypstra, 1999; 

Balfour et al., 2003; Buddle and Rypstra, 2003).   

 

In these wheat agroecosystems, the families Lycosidae, Gnaphosidae and Miturgidae dominated 

the spider community, with only five species comprising the majority of mature individuals 

collected each year (Chapter 4). The six most common species were all mobile ground dwellers, 

and were thus considered to belong to the same guild; four of the most common species were 

medium and large lycosids; one was a large miturgid; and, one a small gnaphosid. There was 

clearly a skew toward larger adult body sizes in the common species, although smaller juveniles 

made up approximately half of individuals collected at some times of the year. In comparison 

with other studies in wheat systems, the species richness of forty-nine spider species detected 
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here was an intermediate species richness between studies that detected more than one hundred 

species and those that found less than thirty.  

 

Spiders were present across the entire winter wheat cropping cycle, although the proportion of 

each species sampled changed throughout the year. Temporal variation in the activity-density of 

spider species was largely attributed to the mate-searching activity of males, although 

immigration and hatching spiderlings also influence the community composition (Chapters 4 

and 7). In general, the life-cycles of the common spider species synchronised well with the crop, 

with spiders maturing in spring and reproducing in early summer, well before harvest. Some of 

the more common species completed reproduction earlier than others. In particular, the most 

common species, Venatrix pseudospeciosa (Lycosidae), may maximise its success in this 

disturbed ecosystem by starting reproductive activity earlier than other species and continuing 

for an extended period of time. The phenology of native spider species in this system may have 

changed in response to the selective pressures associated with cyclic cropping practices. 

Alternatively, the species may have been pre-adapted to the structure, frequent aridity and 

phenology of cereal crops, which are somewhat analogous to the original native grasslands of 

the region. 

  

In 2006, the combination of unusually low rainfall and early crop cutting presumably caused the 

significantly lower activity density and species richness of spiders in wheat fields (Chapter 4). 

Australia is a large and very dry continent, with highly variable rainfall and frequent drought 

events (Malcolm et al., 1996). The effects of drought permeated this project. The short term, 

record breaking low rainfall of 2006, was thought to decimate spider numbers in that year. But 

also, the spider community may have been influenced by the longer-term drought conditions 

over the past eleven years, although recently this reduced rainfall has been considered to be the 

“new reality” of rainfall across south-eastern Australia (Ker and Millar, 2008). If this is true, 

then reductions natural enemy numbers observed in 2006 may become the reality of the future.  

 

Spiders in wheat fields across the Corangamite region were similar in the number of mature 

individuals and the most common species, suggesting that they may be more broadly 

representative of the whole region (Chapter 5). Spiders at one site were collected in higher 

numbers in shelterbelts adjacent to wheat fields during winter, but not during spring or summer. 

In fact, many of the common species in these systems showed an affinity for wheat fields during 

latter stages of the crop cycle, suggesting that the crop provides suitable habitat for these 

species. Thus, adjacent habitat may not be as important for spiders here as it is in Europe, 

perhaps due to the relatively poor quality of adjacent non-crop habitat in this system, or because 
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Australian spiders may not require over-wintering refuges outside the crop. The limited 

importance of adjacent habitat is further illustrated by the even distribution of spiders across 

large fields of wheat throughout the year, in contrast with other studies that describe higher 

activity densities of lycosids near the edges of wheat fields.  

 

 

Potential application in biological control 

 

 
“In order to maximise yields by using an integrative approach to pest control it is desirable to 

formulate strategies based on as full a knowledge of the crop’s ecology as possible.”  

        (Bishop and Blood, 1980) 

 

Ultimately, the main aim of studying spiders in agroecosystems is to assess their utility as 

biological control agents. Although this project did not intend to outline the actual impact of 

spiders on pests in fields, certain aspects of their biology, ecology and phenology may be used 

to estimate possible consequences of their presence in these systems. Spiders were by far the 

dominant generalist predator in these wheat systems. However, they were only one of a number 

of natural enemies, including carabid and staphylinid beetles, lacewings, predatory earwigs and 

predatory mites. Indeed, one of the most remarkable features of these systems is the abundance 

of predators, leading to the assumption that there must be an abundance of food. Significantly, 

however, very few pests were observed in the insecticide free wheat fields. Therefore, the 

complex of generalist and specialist predators, along with beneficial parasitoids, may already be 

assisting in the suppression of pest populations. Removal of these predators might lead to 

substantial increases in the number of pests. Indeed, in 2006, when several predator groups did 

decrease, several other taxa also increased, including aphids and flies, suggesting that predators, 

including spiders, may normally prey on these groups.  

 

In this system, the majority of adult spiders were ground dwelling, suggesting that the majority 

of predation by spiders may occur on the ground. Ground pests include earwigs, slugs and 

mites, which are not ideal prey items for spiders. The common ground dwelling spider species 

may prey on juvenile earwigs and also vegetation dwelling pests that exhibit dropping 

behaviour, such as aphids and caterpillars. Smaller and juvenile spiders that dwell in the 

vegetation may also feed on aphids and small lepidopteran larvae. Given the ground-based 

habits of the common species and their continual presence in the crop, spiders in this system 
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may be of most benefit protecting young and vulnerable plants during the establishment phase, 

within the first ten weeks of planting, or even prior to planting.  

 

Although spiders may already be providing considerable ecosystem services, the next question 

is how could their predatory potential for pest control purposes be maximised? Given the 

predatory nature of all developmental stages of spiders, it may be assumed that increased 

density will enhance their overall impact on insects, including pests. Augmentation by mass 

release of spiders into crop areas is not viable, as density dependent, self-limiting mechanisms 

cause an enhanced population to rapidly shrink back to its original size (Riechert and Lockley, 

1984). Instead, manipulation of the habitat or resources of naturally occurring spiders is more 

likely to sustainably increase population sizes (Gurr et al., 1998). Actions may be taken to 

increase the suitability of the crop and surrounding habitats for spiders, such as using minimum 

tillage and retaining stubble to provide ground cover and retain moisture. This may be 

especially important during fallow and early crop periods, when conditions are often dry and 

exposed. In addition, minimising grazing and insecticide application may benefit spiders 

directly by increasing mortality or emigration, or indirectly, by increasing available prey. 

Measures like these may be particularly pertinent for maintaining populations of the common 

spider species in these systems, many of which have multiple year life-cycles. 

 

It is unclear whether increasing spider numbers would necessarily increase their impact on pest 

numbers. Instead, the aim should perhaps be to maximise positive interactions, rather than 

simply overall biodiversity or abundance. For example, the large lycosid L. gilberta may reduce 

the number of other spiders and have an overall negative impact on biological control. However, 

untangling the complicated interactions occurring within agroecosystem food webs is 

overwhelming. Clearly, there is still much to understand about the function of spiders in 

agroecosystems.  

 

Further research 

 

 
Prior to this study, the spider populations in broadacre crops of Victoria had not been studied. 

This was the first step in analysing the potential role of spiders in biological pest control. 

Spiders were one of the most numerically abundant orders and the most commonly collected 

predator, and are therefore clearly a promising group for further research. On the merits of their 

relative abundance and consistent presence and distribution, spiders in these wheat 
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agroecosystems appear to be the generalist predator most likely to have undiscovered benefit for 

biological pest control. Studies from overseas have determined that spiders are capable of 

suppressing pest populations, and this is likely to also be the case in Australia. However, in 

order to assess the actual impact of spiders in these systems, more needs to be known about the 

predatory behaviour of mature and immature stages in the field. Similarly, quantitative 

assessment of their predation on pests and co-existing natural enemies in the field is needed 

before the predatory role of spiders in these systems can be understood. So, there are clearly 

numerous avenues for future work.  

 

Assuming that larger populations of spiders will have a greater impact on prey populations, 

including pests, means of optimising conditions for spiders in fields would be beneficial. Given 

the apparent importance of moisture for these crop dwelling spiders, exploration into means of 

providing maximum shelter and moisture for ground dwelling spiders in fields during fallow 

periods or early in the crop cycle would be valuable. Practices such as creating shelterbelts, 

mulching and retaining stubble may be used to maintain resident populations over consecutive 

years and subsequently enhance population sizes. Similarly, a detailed examination of the 

effects of farm management – such as grazing, tillage, sowing, crop rotation, harvest and 

pesticide application – on spiders would also be useful in learning how to best manage the 

population. 

 

In addition to determining the actual impact of spiders on pest populations and means of 

managing communities, surveys of spiders across different regions of Victoria and Australia 

would give a better picture of the broad scale variation in community composition. Also, an 

exploration of spider populations in different broadacre crops is needed to assess the potential 

use of spiders in different situations. In particular, lucerne and pasture are often retained in the 

same field for several years, have a more complex structure and denser ground cover than 

annual cereal crops, and thus may provide suitable habitat for spiders. Knowledge of spider 

composition in different crop types may also elucidate the effects of crop rotation on spider 

species with multiple year life-cycles. The fact that native spiders manage to survive in these 

disturbed and constantly shifting agroecosystem habitats illustrates their remarkable resilience 

and augurs well for further consideration of their beneficial contribution to biological pest 

control. 

 

 



  

 123 

 

 

References 

            

Agusti N, Shayler SP, Harwood JD, Vaughan IP, Sunderland KD, Symondson WOC. 2003. 

 Collembola as alternative prey sustaining spiders in arable ecosystems: Prey detection 

 within predators using molecular markers. Molecular Ecology 12(12): 3467-3475. 

Aitchison CW. 1984. Low temperature feeding by winter active spiders. Journal of Arachnology 

12:297-305. 

Aitchison CW. 1984b. The phenology of winter-active spiders. Journal of Arachnology 12: 249-

271. 

Alderweireldt M. 1989. An ecological analysis of the spider fauna (Araneae) occurring in maize 

fields, Italian ryegrass fields and their edge zones, by means of different multivariate 

techniques. Agriculture Ecosystems & Environment 27(1-4):293-306. 

Alderweireldt M. 1994. Prey selection and prey capture strategies of Linyphiid spiders in high-

input agricultural fields. Bulletin of British Arachnological Society 9:300-308. 

Alderweireldt M. 1994b. Day/night activity rhythms of spiders occurring in crop-rotated fields. 

European Journal of Soil Biology 30(2):55-61. 

Almquist S. 1971. Resistance to desiccation in some dune-living spiders. Oikos 22:225-229. 

Altieri MA, Wilson RC, Schmidt LL. 1985. The effects of living mulches and weed cover on 

the dynamics of foliage- and soil-arthropod communities in three crop systems. Crop 

Protection 4(2):201-213. 
Bailey CL, Chada HL. 1968. Spider populations in grain sorghums. Annals of the 

Entomological Society of America 61:567-571. 

Baldissera R, Ganade G, Fontoura SB. 2004. Web spider community response along 
an edge between pasture and Araucaria forest. Biological Conservation 
118:403-409. 

Balfour R, Buddle CM, Rypstra A, Walker S, Marshall SD. 2003. Ontogenetic shifts in 

competitive interactions and intraguild predation between two wolf spider species. 

Ecological Entomology 28:25-30. 

Balfour RA, Rypstra AL. 1998. The influence of habitat structure on spider density in a no-till 

soybean agroecosystem. Journal of Arachnology 26:221-226. 

Ballinger A, McNally R, Lake PS. 2005. Immediate and longer-term effects of managed 

flooding on floodplain invertebrate assemblages in south-eastern Australia: generation 

and maintenance of a mosaic landscape. Freshwater Biology 50:1190-1205. 

Bardwell CJ, Averill AL. 1996. Effectiveness of larval defences against spider predation in 

cranberry ecosystems. Environmental Entomology 25(5):1083-1091. 

Barrantes G, Weng J. 2008. Carrion feeding by spiderlings of the cob-web spider Theridion 

evexum (Araneae: Theridiidae). Journal of Arachnology 35:557-560. 

Basedow T. 1998. The species composition and frequency of spiders in fields of winter wheat 

grown under different conditions in Germany. Journal of Applied Entomology 122:585-

590. 

Batra S. 1982. Biological control in agroecosystems. Science 215:134-139. 



   

 124 

Bedford S, Usher M. 1994. Distribution of arthropod species across the margins of farm 

woodlands. Agriculture Ecosystems & Environment 48:295-305. 

Bell J, Johnson  P, Hambler  C, Haughton A, Smith H, Feber R, Tattersall F, Hart B, Manley W, 

Macdonald D. 2002. Manipulating the abundance of Lepthyphantes tenuis (Araneae: 

Linyphiidae) by field margin management. Agriculture Ecosystems and Environment 

93:295-304. 

Bilde T, Axelsen JA, Toft S. 2000. The value of Collembola from agricultural soils as food for a 

generalist predator. Journal of Applied Ecology 37(4):672-683. 

Bilde T, Toft S. 1998. Quantifying food limitation of arthropod predators in the field. Oecologia 

115:54-58. 

Birkhofer K, Scheu PDS, Wise DH. 2007. Small-scale spatial pattern of web-building spiders in 

alfalfa: relationship to disturbance from cutting, prey availability and intraguild 

interactions. Environmental Entomology 36(4):801-810. 

Bishop A. 1980. The composition and abundance of the spider fauna of South-East Queensland 

cotton. Australian Journal of Zoology 28:699-708. 

Bishop A. 1981. The spatial dispersion of spiders in a cotton ecosystem. Australian Journal of 

Zoology 29: 15-24. 

Bishop A, Blood P. 1980. Arthropod ground strata composition of the cotton ecosystem 

in South-Eastern Queensland, and the effect of some control strategies. 

Australian Journal of Zoology 28:693-697. 

Bishop A, Milne W. 1986. The impact of predators on lucerne aphids and the seasonal 

production of lucerne in the Hunter Valley, NSW. Australian Journal of 

Entomology 25:333-337. 

Bishop A, Riechert S. 1990. Spider colonization of agroecosystems: mode and source. 

Environmental Entomology 19:1738-1745. 
Bolduc E, Buddle C, Bostanian NJ, Vincent C. 2005. Ground-dwelling spider fauna (Araneae) 

of two vineyards in southern Quebec. Environmental Entomology 34(3):635-645. 

Bolger D, Suarcz A, Crooks K, Morrison S, Case T. 2000. Arthropods in urban habitat 

fragments in southern California: area, age and edge effects. Ecological Applications 

10:1230-1248. 

Booij CJH, Noorlander J. 1992. Farming systems and insect predators. Agriculture Ecosystems 

& Environment 40(1-4):125-135. 

Brennan KEC, Majer JD, Reygaert N. 1999. Determination of an optimal pitfall trap 

size for sampling spiders in a Western Australian Jarrah forest. Journal of Insect 

Conservation 3(4):297-307. 

Brennan K, Moir ML, Majer J. 2004. Conservation and biodiversity of spiders in 

Western Australian jarrah forest: untangling multiple disturbance effects from 

burning and mining. Conservation of Australia's forest fauna. Mosman, NSW: 

Royal Zoological Society of New South Wales.  

Brennan K, Moir ML, Majer JD. 2005. Refining sampling protocols for inventorying 

spider biodiversity: influence of drift-fence length and pitfall trap diameter. 

Journal of Arachnology 33:681-702. 
Buddle CM, Rypstra AL. 2003. Factors initiating emigration of two wolf spider species 

(Araneae: Lycosidae) in an agroecosystem. Environmental Entomology 32(1):88-95. 

Buffington ML, Redak RA. 1998. A comparison of vacuum sampling versus sweep-
netting for arthropod biodiversity measurements in California coastal sage 
scrub. Journal of Insect Conservation 2(2):99-106. 

Burel F, Baudry J. 1995. Species biodiversity in changing agricultural landscapes: A case study 

in the Pays d'Auge, France. Agriculture Ecosystems & Environment 55(3):193-200. 

Cady A. 1984. Microhabitat selection and locomotor activity of Schizocosa ocreata. Journal of 

Arachnology 11:297-307. 



  

 125 

Carter P, Rypstra A. 1995. Top-down effects in soybean agroecosystems: Spider density affects 

herbivore damage. Oikos 72:433-439. 

Castanera P, Estal Pd. 1985. Study of the soil fauna in winter wheat in central Spain, 1980-83. 

Bulletin West Palearctic Region Sect IOBC 8(3):140-141. 

Champion de Crespigny F, Herberstein ME, Elgar MA. 2001. Food caching in orb-web spiders. 

Naturwissenschaften 88:42-45. 

Cherrett J. 1964. The distribution of spiders on the Moor House National Nature Reserve, 

Westmorland. Journal of Animal Ecology 33:27-48. 

Chew R. 1961. Ecology of spiders of a desert community. Journal of New York Entomological 

Society 69:5-41. 

Chiverton PA. 1986. Predator density manipulations and its effects on population of 

Rhopalosiphum padi (Homoptera; Aphididae) in spring barley. Annals of Applied 

Biology 109(1):49-60. 

Churchill T, Arthur J. 1999. Measuring spider richness: effects of different sampling methods 

and spatial and temporal scales. Journal of Insect Conservation 3:287-295. 

Clarke R, Grant P. 1968. An experimental study of the role of spiders as predators in a forest 

litter community. Ecology 49:1152-1154. 

Clausen CP. 1936. Insect parasitism and biological control. Annals of the Entomological 

Society of America 29(2):201-. 

Cloudsley-Thompson JL. Desert adaptations in Arachnids. In: Eberhard WG, Lubin Y, 

Robinson BC, editors; 1983; Panama. Smithsonian Institution Press. p 29-32. 

Clough Y, Kruess A, Kleijn D, Tscharntke T. 2005. Spider diversity in cereal fields: comparing 

factors at local, landscape and regional scales. Journal of Biogeography 32:2007-2014. 

Cocquempot C, Chambon JP. 1989. Faunustic inventory of cereal biocenosis spiders in Paris 

basin (France). Boll Zool Agraria Bachicoltura 21:27-44. 

Cole LJ, McCracken DI, Downie I, Dennis P, Foster G, Waterhouse T, Murphy K, Griffin A, 

Kennedy M. 2005. Comparing the effects of farming practices on ground beetle 

(Coleoptera: Carabidae) and spider (Araneae) assemblages of Scottish farmland. 

Biodiversity and Conservation 14:441–460. 

Coll M. 2004. Precision agriculture approaches in support of ecological engineering for 
pest management. In: Gurr GM, Wratten SD, Altieri MA, editors. Ecological 
engineering for pest management: advances in habitat manipulation for 
arthropods. Collingwood: CSIRO Publishing. 

Coppell HC, Mertins JW. 1977. Biological insect pest suppression. Springer-Verlag, Berlin.  

Corbett A, Plant R. 1993. Role of movement in the response of natural enemies to 

agroecosystem diversification: a theoretical evaluation. Environmental Entomology 

22:519-531. 

Craigie V. 1999. Overview of south-east temperate grassy ecosystems and roles of key 

organisations. In: Craigie V, Hocking C, (eds.) Down to grass roots: management 

of grassy ecosystems; Victoria University. 
Cunningham M, Garcia C, Gonzlez-Bar M, Garda H, Pollero R. 2002. Organophosphorous 

insecticide fenitrothion alters the lipid dynamics in the spider Polybetes pythagoricus 

high density lipoproteins. Pesticide Biochemistry and Physiology 73(1):37-47. 

Curtis D. 1980. Pitfalls in spider community studies. Journal of Arachnology 8:271-280. 

Daily G, Dasgupta P, Bolin B, Crosson P, Du Guerny J, Ehrlich D, Folke C, Jansson A, Owe 

Jansson B, Kautsky N, Kinzig A, Levin S, Maler G, Pinstrup-Andersen P, Siniscalco D, 

Walker B. 1998. Food production, population growth, and the environment. Science 

281:1291-1292. 

Davies M, Edney E. 1952. The evaporation of water from spiders. Journal of Experimental 

Biology 29:571-582. 



   

 126 

D'Costa DM, Kershaw AP. 1995. A late Pleistocene and Holocene pollen record from 

Lake Terang, Western Plains of Victoria, Australia. Paleogeography, 

Paleoclimatology, Paleoecology 113:57-67. 
De Barro PJ. 1992. The impact of spiders and high temperatures on cereal aphid 

(Rhopalosiphum padi) numbers in an irrigated perennial grass pasture in South 

Australia. Annals of Applied Biology 121(1):19-26. 

DeVito J, R. D, Formanowicz J. 2003. The effects of size, sex and reproductive condition on 

thermal and desiccation stress in a riparian spider (Pirata sedentarzus, Lycosidae). The 

Journal of Arachnology 31: 278-284. 

Dinter A. 1995. Estimation of epigeic spider population densities using an intensive D-vac 

sampling technique and comparison with pitfall catches in winter wheat. In: Toft S, 

Riedel W, editors. Arthropod Natural Enemies in Arable Land 1. Denmark: Aarhus 

University Press. p 23-32. 

Doane JF, Dondale CD. 1979. Seasonal captures of spiders (Araneae) in a wheat field and its 

grassy borders in central Saskatchewan Canada. Canadian Entomologist 111(4):439-

446. 

Dondale C. 1966. The spider fauna of deciduous orchards in the ACT. Australian Journal of 

Zoology 14:1157-1192. 

Dondale CD. 1977. Life histories and distribution patterns of hunting spiders (Araneida) in an 

Ontario meadow. Journal of Arachnology 4:73-93. 

Dondale C, Binns MR. 1977. Effect of weather factors on spiders in an Ontario meadow. 

Canadian Journal of Zoology 55:1336-1341. 

Downie I, Coulson J, Butterfield J. 1996. Distribution and dynamics of surface-dwelling spiders 

across a pasture-plantation ecotone. Ecography 19:29-40. 

Downie I, Ribera I, McCracken D, Wilson W, Foster G, Waterhouse A, Abernethy V, Murphy 

K. 2000. Modelling populations of Erigone atra and E. dentipalpis (Araneae: 

Linyphiidae) across an agricultural gradient in Scotland. Agriculture, Ecosystems & 

Environment 80(1-2):15-28. 

Draney ML. 1997. Ground-layer spiders (Araneae) of a Georgia Piedmont floodplain 

agroecosystem: Species list, phenology and habitat selection. Journal of Arachnology 

25(3):333-351. 

Duelli P, Studer M, Marchand I, Jakob S. 1990. Population movements of arthropods between 

natural and cultivated areas. Biological Conservation 54:193-207. 

Duffey E. 1972. Ecological survey and the arachnologist. Bulletin of the British Arachnology 

Society 2:69-82. 

Duffey E. 1993. A review of the factors influencing the distribution of spiders with reference to 

Britain. Memoirs of the Queensland Museum 33:497-502. 

Duffield S, Aebischer N. 1994. The effect of spatial scale of treatment with dimethoate on 

invertebrate population recovery in winter wheat. Journal of Applied Ecology 31:263-

281. 

Durrant BJ. 2004. Biogeographical patterns of zodariid spiders in the wheatbelt region, WA. 

Records of the Western Australian Museum Supplement 67:217-230. 

Durrant BJ, Guthrie NA. 2004. Faunas of unflooded saline wetland floors of the Western 

Australian wheatbelt. Records of the Western Australian Museum Supplement 67:231-

256. 

Edgar W. 1969. Prey and predators of the wolf spider Lycosa lugubris. Journal of zoology 

159:405-411. 

Edgar W, Loenen M. 1974. Aspects of the over-wintering habitat of the wolf spider Pardosa 

lagubris. Journal of Zoology 172:383-388. 

Edwards JS. 1988. Life in the allobiosphere. Trends in Ecology & Evolution 3:111-114. 

Ehler L. 1998. Conservation biological control: past, present, and future. In: Barbosa P, editor. 

Conservation biological control: Academic Press. 



  

 127 

Ekbom BS, Wiktelius S. 1985. Polyphagous arthropod predators in cereal crops in central 

Sweden 1979-1982. Zeitschrift Fuer Angewandte Entomologie 99(5):433-442. 

Enders F. 1975. The influence of hunting manner on prey size, particularly in spiders with long 

attack distances (Araneidae, Linyphiidae and Salticidae). American Naturalist 109:737-

763. 

Everts J, Aukema B, Hengeveld R, Koeman J. 1989. Side-effects of pesticides on ground-

dwelling predatory arthropods in arable ecosystems. Environmental Pollution 59:203-

225. 

Fagan WF, Hakim AL, Ariawan H, Yuliyantiningsih S. 1998. Interactions between biological 

control efforts and insecticide applications in tropical rice agroecosystems: the potential 

role of intraguild predation. Biological Control 13(2):121-126. 

Fagan WF, Hurd LE. 1994. Hatch density variation of a generalist arthropod predator: 

Population consequences and community impact. Ecology 75(7):2022-2032. 

Feber RE, Bell J, Johnson PJ, Firbank L, Macdonald DW. 1998. The effects of organic farming 

on surface-active spider (Araneae) assemblages in wheat in southern England, UK. 

Journal of Arachnology 26(2):190-202. 

Ferguson SH. 2004. Influence of edge on predator-prey distribution and abundance. Acta 

Oecologia 25(1-2):111-117. 

Finke D, Denno R. 2003. Intra-guild predation relaxes natural enemy impacts on herbivore 

populations. Ecological Entomology 28:67-73. 

Foelix R. 1996. Biology of spiders. Oxford University Press. 

Framenau V. 1999. Life cycles of Lycosa lapidosa McKay, 1974, and Lycosa arenaris (Hogg, 

1905), two riparian wolf spiders from south-eastern Australia. Journal of Arachnology 

27:227-234. 

Framenau V. 2002. Review of the wolf spider genus Artoria Thorell (Araneae: Lycosidae). 

Invertebrate Systematics 16:209-235. 

Framenau V. 2005. Gender specific differences in activity and home range reflect 

morphological dimorphism in wolf spiders. The Journal of Arachnology 33:334-246. 

Framenau V. 2007. Revision of the new Australian genus Artoriopsis in a new subfamily of 

wolf spiders, Artoriinae (Araneae: Lycosidae). Zootaxa 1391:1–34. 

Framenau V, Elgar MA. 2005. Cohort dependent life-history traits in a wolf spider (Araneae: 

Lycosidae) with a bimodal life cycle. Journal of Zoology 265:179-188. 

Framenau V, Finley L, Allan K, Love M, Shirley D, Elgar MA. 2000. Multiple feeding in wolf 

spiders: the effect of starvation on handling time, ingestion rate, and intercatch intervals 

in Lycosa lapidosa. Australian Journal of Zoology 48:59-65. 

Framenau V, Vink CJ. 2001. Revision of the wolf spider genus Venatrix Roewer (Araneae: 

Lycosidae). Invertebrate Taxonomy 15:927-970. 

Frampton G, Van Den Brink P, Gould P. 2000. Effects of spring drought and irrigation on 

farmland arthropods in southern Britain. Journal of applied ecology 37:865-883. 

France RL. 1998. Refining latitudinal gradient analyses: do we live in a climatically 

symmetrical world? Global Ecology and Biogeography Letters 7:295-296. 

Franzmann B. 1994. Controlling Insect Pests. In: Lowe F, editor. Lucerne Management 

Handbook. Queensland DPI. 

Freier B, Triltsch H, Mowes M, Moll E. 2007. The potential of predators in natural control of 

aphids in wheat: results of a ten-year field study in two German landscapes. Biocontrol 

52:775-788. 

Freuler J, Blandenier G, Meyer H, Pignon P. 2001. Epigeal fauna in a vegetable agroecosystem. 

Mitteilungen der Schweizerischen Entomologischen Gesellschaft 74(1-2):17-42. 

Gavish-Regev E, Lubin Y, Coll M. 2008. Migration patterns and functional groups of spiders in 

a desert agroecosystem. Ecological Entomology 33:202–212. 

Green J. 1999. Sampling method and time determines composition of spider collections. 

Journal of Arachnology 27:176-182. 



   

 128 

Greenstone MH. 1979. Spider feeding behaviour optimises dietary essential amino acid 

composition. Nature 282:501-503. 

Greenstone MH. 1984. Determinants of web spider species diversity: vegetation structural 

diversity vs. prey availability. Oecologia 62:299-304. 

Greenstone MH. 1999. Spider predation: how and why we study it. Journal of Arachnology 

27:333-342. 

Greenstone MH. 2001. Spiders in wheat: first quantitative data for North America. Biocontrol 

46:439-454. 

Greenstone MH, Rowley D, Heimbach U, Lungren J, Pfannenstiel R, Rehner S. 2005. 

Barcoding generalist predators by polymerase chain reaction: carabids and spiders. 

Molecular Ecology 14:3247–3266. 

Gurr G, Van Emden H, Wratten S. 1998. Habitat manipulation and natural enemy efficiency: 

implications for the control of pests. In: Basbosa P, editor. Conservation Biological 

Control. California: California Academic Press. p 155-183. 

Gurr GM, Wratten SD, editors. 2000. Biological control: measures of success. Dordrecht: 

Kluwer. 

Gurr GM, Wratten SD, Altieri  MA, editors. 2004. Ecological engineering for pest management: 

advances in habitat manipulation for arthropods. Collingwood: CSIRO Publishing. 

Hagstrum DW. 1970. Ecological energetics of the spider Tarentula kochi (Araneae; Lycosidae). 

Annals of the Entomological Society of America 63:1297-1304. 

Hagstrum D. 1971. Carapace width as tool for evaluating the rate of development of spiders in 

the laboratory and the field. Annals of the Entomological Society of America 64:757–

760. 

Halaj J, Cady A, Uetz G. 2000. Modular habitat refugia enhance generalist predators and lower 

plant damage in soybeans. Environmental Entomology 29:383-393. 

Halley J, Thomas C, Jepson P. 1996. A model for the spatial dynamics of linyphiid spiders in 

farmland. Journal of applied ecology 33:471-492. 

Harvey M, Walcock JM, Guthrie NA, Durrant BJ, McKenzie N. 2004. Patterns in the 

composition of ground-dwelling araneaomorph spider communities in the 

Western Australia wheatbelt. Records of the Western Australian Museum 

Supplement 67:257-291. 
Harwood J, Phillips SW, Sunderland KD, Symondson WOC. 2001. Secondary predation: 

quantification of food chain errors in an aphid-spider-carabid system using monoclonal 

antibodies. Molecular Ecology 10:2049–2057. 

Harwood J, Sunderland K, Symondson W. 2001. Living where the food is: web location by 

linyphiid spiders in relation to prey availability in winter wheat. Journal of Applied 

Ecology 38:88-99. 

Harwood J, Sunderland K, Symondson W. 2003. Web-location by linyphiid spiders: prey-

specific aggregation and foraging strategies. Journal of animal ecology 72:745-756. 

Hatley C, MacMahon J. 1980. Spider community organization: seasonal variation and the role 

of vegetation architecture. Environmental Entomology 9:632-639. 

Haughton A, Bell J, Boatman N, Wilcox A. 1999. The effects of different rates of the herbicide 

glyphosphate on spiders in arable field margins. Journal of Arachnology 27:249-254. 

Hayes J, Lockley T. 1990. Prey and nocturnal activity of wolf spiders in cotton fields in the 

delta region of the Mississippi. Environmental Entomology 19:1512-1518. 

Helsdingen PJv. 1983. World distribution of Linyphiidae. In: Eberhard WG, Lubin Y, Robinson 

BC, editors, The ninth international congress of arachnology; Panama. Smithsonian 

Institute Press. 

Hendrickx F, Maelfait J-P. 2003. Life cycle, reproductive patterns and their year-to-year 

variation in a field population of the wolf spider Pirata Piraticus (Araneae; Lycosidae). 

Journal of Arachnology 31:331-339. 



  

 129 

Heong K, Aquino G, Barrion A. 1992. Population dynamics of plant-leafhoppers and their 

natural enemies in rice ecosystems in the Philippines. Crop Protection 11(4):371-379. 

Heong KL. 2003. Communication of resource management to farmers: Experience from insect 

pest management. Phytopathology 93(6 Supplement):S116. 

Hirzel AH, Hausser J, Chessel D, Perrin N. 2002. Ecological-Niche Factor Analysis: How to 

Compute Habitat-Suitability Maps without Absence Data? Ecology 83(7):2027-2036. 

Hodge M. 1999. The implications of intraguild predation for the role of spiders in biological 

control. Journal of Arachnology 27:351-362. 

Holland JM, Perry JN, Winder L. 1999. The within-field spatial and temporal distribution of 

arthropods in winter wheat. Bulletin of Entomological Research 89(6):499-513. 

Horne P. 1993. Sampling for the potato moth (Phthorimaea operculella) and its parasitoids. 

Australian Journal of Experimental Agriculture 33:91-96. 

Horne P, Page J. 2008. Integrated Pest Management for crops and pastures. 1 ed. Collingwood: 

Landlinks Press, CSIRO Publishing. 

Horne P, Short M, Van Praagh B, Yen A. 1998. Invertebrate conservation and management on 

private land. Wildlife Conservation and management on private land. 

Horton DR, Miliczky ER, Broers DA, Lewis RR, Calkins CO. 2001. Numbers, diversity, and 

phenology of spiders (Araneae) overwintering in cardboard bands placed in pear and 

apple orchards of central Washington. Annals of the Entomological Society of America 

94(3):405-414. 

Hossain Z, Gurr G, Wratten S. 1999. Capture efficiency of natural enemies from tall and 

short vegetation using vacuum sampling. Annals of Applied Biology 35:463-

467. 
Hossain Z, Gurr G, Wratten S. 2001. Habitat manipulation in lucerne (Medicago sativa L.): strip 

harvesting to enhance biological control of insect pests. International journal of pest 

management 47(2):81-88. 

Hosseini R, Keller MA, Schmidt O, Framenau VW. 2007. Molecular identification of wolf 

spiders (Lycosidae) by Multiplex Polymerase Chain Reaction. Biological Control 

40:128-135. 

Howell J, Pienkowski R. 1971. Spider populations in alfalfa, with notes on spider prey and 

effect on harvest. Journal of Economic Entomology 64:163-168. 

Hoy M. 1999. Myths, models and mitigation of resistance to pesticides. In: Denlidun I, Pickett 

J, Devonshire A, editors. Insecticide resistance: from mechanisms to management. 

Wallingford, UK: CABI Publishing. p 111-119. 

Humphreys W. 1975. The influence of burrowing and thermoregulatory behaviour on the water 

relations of Geolycosa godeffroyi an Australian wolf spider. Oecologia 21: 291-311. 

Humphreys W. 1976. The population dynamics of an Australian wolf spider Geolycosa 

godeffroyi. Journal of animal ecology 45:59-80. 

Humphreys. 1988. The ecology of spiders with special reference to Australia. In: Austin A, 

Heather N, editors. Australian Arachnology: Australian Entomological Society. p 1-22. 

Hurd L, Fagan W. 1992. Cursorial spiders and succession: age or habitat structure? Oecologia 

92:215-221. 

Ishijima C, Motobayashi T, Nakai M, Kunimi Y. 2004. Impacts of tillage practices on hoppers 

and predatory wolf spiders (Araneae: Lycosidae) in rice paddies. Applied Entomology 

& Zoology 39(1):155-162. 

Ishijima C, Taguchi A, Takagi M, Motobayashi T, Nakai M, Kunimi Y. 2006. Observational 

evidence that the diet of wolf spiders (Araneae: Lycosidae) in paddies temporarily 

depends on dipterous insects. Applied Entomology & Zoology 41(2):195-200. 

Jackson W, Piper J. 1989. The necessary marriage between ecology and agriculture. Ecology 

70:1591-1593. 



   

 130 

Jime´nez-Valverde A, Lobo JM. 2007. Determinants of local spider (Araneidae and 

Thomisidae) species richness on a regional scale: climate and altitude vs. habitat 

structure. Ecological Entomology 32:113-122. 

Jmhasly P, Nentwig W. 1995. Habitat management in winter wheat and evaluation of 

subsequent spider predation on insect pests. Acta Oecologia 16:389-403. 

Jocque R, Dippenaar-Schoeman AS. 2006. Spider families of the world. Royal Museum for 

Central Africa. 

Jones MG. 1976. The arthropod fauna of a winter wheat field. The Journal of Applied Ecology 

13(1):61-85. 

Juen A, Traugott M. 2004. Spatial distribution of epigaeic predators in a small field in relation 

to season and surrounding crops. Agriculture Ecosystems and Environment 103(3):613-

620. 

Kagawa Y, Maeto K. 2007. Laboratory-based study on the predatory ability of Carabus 

yaconinus (Coleoptera : Carabidae) on larvae of Spodoptera litura (Lepidoptera : 

Noctuidae). Applied Entomology and Zoology 42(1):49-53. 

Kajak A, Lukasiewicz J. 1994. Do semi-natural patches enrich crop fields with predatory 

epigean arthropods? Agriculture Ecosystems & Environment 49(2):149-161. 

Kajak A, Oleszczuk M. 2004. Effect of shelterbelts on adjoining cultivated fields: patrolling 

intensity of carabid beetles and spiders. Polish Journal of Ecology 52(2):155-172. 

Kampichler C, Barthel J, Wieland R. 2000. Species density of foliage-dwelling spiders 
in field margins: a simple, fuzzy rule-based model. Ecological Modelling 
129(1):87-99. 

Kemp J, Barrett G. 1989. Spatial patterning: impact of uncultivated corridors on arthropod 

populations within soybean agroecosystems. Ecology 70:114-128. 

Ker P, Millar R. 2008. Drier 'new reality' to cost nation $30 billion to hydrate. The Age; p.2, 

September 4. 

Kennedy G, Storer N. 2000. Life systems of polyphagous arthropod pests in temporally 
unstable cropping systems. Annual Review of Entomology 45:467-493. 

Khan N, Masroor JI, Khalid, S. 2001. Species composition, distribution of cursorial 

 spiders, and its abundance, diversity and habitat in wheat field. Biological 

 Sciences 1(4): 275-277. 

Kim H-S, Lee H-P. 1994. Ecological aspects of the wolf spider, Pirata subpiraticus (Araneae: 

Lycosidae). RDA Journal of Agricultural Science Crop Protection 36(1):326-331. 

Knight A, Norton G. 1989. Economics of agricultural pesticide resistance in arthropods. Annual 

Review of Entomology 34:293-313. 

Knost SJ, Rovner JS. 1975. Scavenging by wolf spiders (Araneae: Lycosidae). American 

Midland Naturalist 93:239-244. 

Kogan M. 1998. Integrated pest management: historical perspectives and contemporary 

developments. Annual Review of Entomology 43:243-270. 

Koss AM, Jensen AS, Schreiber A, Pike KS, Snyder WE. 2005. Comparison of predator 

and pest communities in Washington potato fields treated with broad-spectrum, 

selective, or organic insecticides. Environmental Entomology 34(1):87-95. 
Kothava Z. 1999. The duration and severity of drought over eastern Australia simulated by a 

coupled ocean-atmosphere GCM with a transient increase in CO2. Environmental 

Modelling and Software 14:243-252. 

Kromp B. 1999. Carabid beetles in sustainable agriculture: a review on pest control efficacy, 

cultivation impacts and enhancement. Agriculture Ecosystems & Environment 74:187-

228. 

Kronk A, Riechert S. 1979. Parameters affecting habitat choice of Lycosa santrita. Journal of 

Arachnology 7:155-166. 

Kunert G, Otto S, Röse USR, Gershenzon J, Weisser WW. 2005. Alarm pheromone mediates 

production of winged dispersal morphs in aphids. Ecology Letters 8(6):596. 



  

 131 

Landis D, Wratten S, Gurr G. 2000. Habitat management to conserve natural enemies of 

arthropod pests in agriculture. Annual Review of Entomology 45:175-201. 

Lang A. 2003. Intraguild interference and biocontrol effects of generalist predators in a winter 

wheat field. Oecologia 134:144-153. 

Lang A, Filser J, Henschel J. 1999. Predation by ground beetles and wolf spiders on herbivorous 

insects in a maize crop. Agriculture Ecosystems & Environment 72(2):189-199. 

Lang A, Gsodl S. 2003. ‘Superfluous killing’ of aphids: a potentially beneficial behaviour of the 

predator Poecilus cupreus (L.) (Coleoptera: Carabidae). Journal of Plant Diseases and 

Protection 110(6):583-590. 

Langlands P, Brennan K, Pearson D. 2006. Spiders, Spinifex, rainfall and fire: Long-term 

changes in an arid spider assemblage. Journal of Arid Environments. 67(1):36-59. 

Levi HW. 1967. Adaptations of respiratory systems of spiders. Evolution 21(3):571-583. 

Levi H, Spielman A. 1964. The biology and control of the South American brown spider, 

Loxosceles laeta in a North American focus. American Journal of Tropical Medical 

Hygiene 13(1):132-136. 

Losey J, Denno R. 1999. Factors facilitating synergistic predation: the central role of synchrony. 

Ecological Applications 9:378-386. 

Ludy C, Lang A. 2004. How to catch foliage-dwelling spiders (Araneae) in maize fields 

and their margins: a comparison of two sampling methods. Journal of applied 

entomology 128(7):501-509. 
Lyons A, Majer J. 1999. The value of farm alleys as refugia for beneficial arthropods. 

Proceedings of the 7th Australasian Conference on Grassland Invertebrate Ecology. p 

165-176. 

Ma J, Li D, Keller M, Schmidt O, Feng X. 2005. A DNA marker to identify predation of 

Plutella xylostella (Lep., Plutellidae) by Nabis kinbergii (Hem., Nabidae) and Lycosa 

sp. (Aranaea, Lycosidae). Journal of Applied Entomology 129(6):330. 

Ma XM, Liu XX, Zhang QW, Zhao JZ, Cai QN, Ma YA, Chen DM. 2006. Assessment of 

cotton aphids, Aphis gossypii, and their natural enemies on aphid-resistant and aphid-

susceptible wheat varieties in a wheat–cotton relay intercropping system. Entomologia 

Experimentalis et Applicata 121:235–241. 

Mahr DL. 1996. From researcher to farmer: The use of extension programs to transfer biological 

control technology in developed countries. Entomophaga 41(3-4):387-404. 

Main B. 1976. Spiders. Sydney: Collins. 

Main B. 1981. Australian spiders: diversity, distribution and ecology. In: Keast A, editor. 

Ecological biogeography of Australia. The Hague: Dr W Junk Publishers. p 809-852. 

Main B. 2001. Historical ecology, responses to current ecological changes and conservation of 

Australian spiders. Journal of Insect Conservation 5(1):9-25. 

Major RE, Gowinga G, Christie FJ, Graya M, Colgana D. 2006. Variation in wolf spider 

(Araneae: Lycosidae) distribution and abundance in response to the size and shape of 

woodland fragments. Biological Conservation 132(1):98-108. 

Malcolm B, Sale P, Egan A. 1996. Agriculture in Australia: an introduction. Melbourne: Oxford 

University Press. 

Mallis RE, Hurd LE. 2005. Diversity among ground dwelling spider assemblages: habitat 

generalists and specialists. Journal of Arachnology 33:101-109. 

Mansour F, Heimbach J. 1993. Evaluation of lycosid, micryphantid and linyphiid spiders as 

predators of Rhopalosiphum padi (Homoptera: Aphididae) and their functional response 

to prey density - laboratory experiments. Entomophaga 38:79-87. 

Mansour F, Rosen D, Shulov A. 1981. Disturbing effect of a spider on larval aggregations of 

Spodoptera littorialis. Entomologia Experimentalis et Applicata 29:234-237. 

Mansour F, Rosen D, Shulov A, Plaut H. 1980. Evaluation of spiders as biological control 

agents of Spodoptera littoralis larvae on apple in Israel. Acta Oecologica Applicata 

1(225-32). 



   

 132 

Mansour F, Whitecomb WH. 1986. The spiders of a citrus grove in Israel and their role as 

biocontrol agents of Ceroplastes-Floridensis Homoptera Coccidae. Entomophaga 

31(3):269-276. 

Marshall S, Pavuk D, Rypstra A. 2002. A comparative study of phenology and daily activity 

patterns in the wolf spiders Pardosa milvina and Hogna helluo in soybean 

agroecosystems in southwestern Ohio (Araneae, Lycosidae). Journal of Arachnology 

30:503-510. 

Marshall SD, Rypstra AL. 1999. Patterns in the distribution of two wolf spiders (Araneae: 

Lycosidae) in two soybean agroecosystems. Environmental Entomology 28(6):1052-

1059. 

Martin TJ, Major RE. 2001. Changes in wolf spider (Araneae) assemblages across woodland-

pasture boundaries in the central wheat-belt of New South Wales, Australia. Austral 

Ecology 26: 264-274. 

Maupin JL, Riechert SE. 2001. Superfluous killing in spiders: a consequence of adaptation to 

food-limited environments? Behavioral Ecology 12(5):569-576. 

McIver JD. 1984. Spiders from a Colorado grassland. The South-western Naturalist 29(2):230-

232. 

McNett B, Rypstra A. 1997. Effects of prey supplementation on survival and web site tenacity 

of Argiope trifasciata (Araneae, Araneidae): A field experiment. Journal of 

Arachnology 25:352-360. 

Meads MJ, Fitzgerald BM. 2001. List of invertebrates on Mokoia Island, Lake Rotorua. 

Wellington: Department of Conservation. 

Moran M, Hurd L. 1994. Short-term responses to elevated predator densities: non-competitive 

intraguild interactions and behaviour. Oecologia 98:269-273. 

Morse D. 2008. Hunting the hunters: spatial and temporal relationships of predators that hunt at 

the same sites. Journal of Arachnology 35:475-480. 

Nakamura K. 1987. Hunger and starvation. In: Nentwig W, editor. Ecophysiology of spiders. 

Berlin: Springer-Verlag. 

Nash MA, Thomson LJ, Hoffmann AA. 2008. Effect of remnant vegetation, pesticides, and 

farm management on abundance of the beneficial predator Notonomus gravis 

(Chaudoir) (Coleoptera: Carabidae). Biological Control 46(2):83-93. 

Nentwig W. 1986. Non-web building spiders: prey specialists or generalists? Oecologia 69:571-

576. 

Nentwig W, Wissel C. 1986. A comparison of prey lengths among spiders. Oecologia 68:595-

600. 

New T. 2007. Are arthropods useful indicators in Australian agroecosystems? Australian 

Journal of Agricultural Research 47:450-454. 

Nicholson C, Horne P. 2006 The abundance and distribution of beneficial predators to achieve 

integrated pest management (IPM) in crops and pasture, Victoria. Southern Farming 

Systems. 

Nienstedt KM, Poehling H-M. 2004. Invertebrate predation of 15N-marked prey in semi-field 

wheat enclosures. Entomologia Experimentalis et Applicata 112(3):191-200. 

Nørgaard E. 1951. On the Ecology of Two Lycosid Spiders (Pirata piraticus and Lycosa 

pullata) from a Danish Sphagnum bog. Oikos 3:1-21. 

Nuberg I. 1998. Effect of shelter on temperate crops: a review to define research for Australian 

conditions. Agroforestry Systems 41:3–34. 

Nyffeler M. 1982. Field studies on the ecological role of the spiders as insect predators in 

agroecosystems (abandoned grassland, meadows, cereal fields) [PhD]. Zurich: Swiss 

Federal Institute of Technology, Zurich. 174 p. 

Nyffeler M. 1999. Prey selection of spiders in the field. Journal of Arachnology 27(1):317-324. 

Nyffeler M, Benz G. 1988. Feeding ecology and predatory importance of wolf spiders (Pardosa 

spp) in winter wheat. Journal of applied entomology 106:123-134. 



  

 133 

Nyffeler M, Dean DA, Sterling WL. 1992. Diets, feeding specialization, and predatory role of 

two lynx spiders, Oxyopes salticus and Peucetia viridans (Araneae: Oxyopidae), in a 

Texas cotton agroecosystem. Environmental Entomology 21(6):1457-1465. 

Nyffeler M, Sterling WL. 1994. Comparison of the feeding niche of polyphagous 
insectivores (Araneae) in a Texas cotton plantation: Estimates of niche breadth 
and overlap. Environmental Entomology 23(5):1294-1303. 

Nyffeler M, Sunderland KD. 2003. Composition, abundance and pest control potential of spider 

communities in agroecosystems: A comparison of European and US studies. 

Agriculture Ecosystems & Environment 95(2-3):579-612. 

Nyffeler M, Symondson W. 2001. Spiders and harvestmen as gastropod predators. Ecological 

Entomology 26:617-628. 

Öberg S, Ekbom B. 2006. Recolonization and distribution of spiders and carabids in cereal 

fields after spring sowing. Annals of Applied Biology 149(2):203. 

Öberg S, Ekbom B, Bommarco R. 2007. Influence of habitat type and surrounding landscape on 

spider diversity in Swedish agroecosystems. Agriculture Ecosystems & Environment 

122(2):211-219. 

Öberg S, Mayr S, Dauber J. 2008. Landscape effects on recolonization patterns of spiders in 

 arable fields. Agriculture, Ecosystems and Environment. 123: 211-218. 

Oedekoven MA, Joern A. 2000. Plant quality and spider predation affects grasshoppers 

(Acrididae): Food-quality-dependent compensatory mortality. Ecology 81(1):66-77. 

O'Neal M. 2005. Ground predator abundance affects prey removal in highbush blueberry fields 

and can be altered by aisle ground covers. Biocontrol 50:205-222. 

Oraze M, Grigarick A. 1989. Biological control of aster leafhopper (Hemiptera: Ciccadellidae) 

and midges (Diptera: Chironomidae) by Pardosa ramulosa (Araneae: Lycsidae) in 

Californian rice fields. Journal of Economic Entomology 82:745-749. 

Ormerod SJ, Marshall EJP, Kerby G, Rushton SP. 2003. Meeting the ecological challenges of 

 agricultural change: editors' introduction. Journal of Applied Ecology 40(6):939-946. 

Pearce S, Hebron W, Raven R, Zalucki M, Hasson E. 2002. Spider fauna of soybean crops in 

south-east Queensland and their potential as predators of Helicoverpa spp (Lepidoptera: 

Noctuidae). Australian Journal of Entomology 43(1):57-67. 

Pearce S, Zalucki M. 2002. Spider ballooning in crops: a web of intrigue. Australian Grain 

12(4):6-7. 

Pearce S, Zalucki MP, Hassan E. 2005. Spider ballooning in soybean and non-crop areas of 

southeast Queensland. Agriculture Ecosystems and Environment 105:273-281. 

Pekár S and Beneš J. 2008. Aged pesticide residues are detrimental to agrobiont spiders. Journal 

of Applied Entomology 132: 614-622. 

Perner J, Malt S. 2003. Assessment of changing agricultural land use: Response of vegetation, 

ground-dwelling spiders and beetles to the conversion of arable land into grassland. 

Agriculture Ecosystems & Environment 98(1-3):169-181. 

Pfiffner L, Luka H. 2000. Overwintering of arthropods in soils of arable fields and adjacent 

semi-natural habitats. Agriculture, Ecosystems & Environment 78(3):215-222. 

Pfiffner L, Luka H. 2003. Effects of low-input farming systems on carabids and epigeal spiders 

- a paired farm approach. Basic and Applied Ecology 4(2):117-127. 

Phillips BL, Brown GP, Webb JK, Shine R. 2006. Invasion and the evolution of speed in toads. 

Nature 439(16):803. 

Pickavance JR. 2001. Life-cycles of four species of Pardosa (Araneae, Lycosidae) from the 

island of Newfoundland, Canada. The Journal of Arachnology 29:367-377. 

Platnick N. 2000. A relimitation and revision of the Australian ground spider family 

Lamponidae (Gnaphosidae). Bulletin of the American Museum of Natural 

History 245:1-330. 



   

 134 

Polis G. 1983. Sexual variation in the feeding ecology of the scorpion Paruroctonus mesaenis 

Stahnke. In: Eberhard WG, Lubin Y, Robinson BC, editors; Panama. Smithsonian 

Institute Press. p 193-196. 

Polis G, Hurd S, Jackson C, Sanchez-Pinero F. 1998. Multifactor population limitation: 

variable spatial and temporal control of spiders on Gulf of California islands. 

Ecology 79:490-502. 
Polis G, Yamashita T. 1991. The ecology and importance of predaceous arthropods in desert 

communities. In: Polis G, editor. Ecology of desert communities: Uni. of Arizona Press. 

p 180-222. 

Pritchard S, Amthor J. 2005. Crops and environmental change. Food Products Press. New York. 

Pultz R. 1987. Thermal and water relations. In: Ecophysiology of spiders, W. Nentwig, 

Springer-Verlag, Berlin. 

Pywell R, James K, Herbert I, Meek W, Carvell C, Bell D, Sparks T. 2005. Determinants of 

overwintering habitat quality for beetles and spiders on arable farmland. Biological 

Conservation 123:79-90. 

Rand TA, Tscharntke T. 2007. Contrasting effects of natural habitat loss on generalist and 

specialist aphid natural enemies. Oikos 116:1353-1362. 

Rand TA, Tylianakis JM, Tscharntke T. 2006. Spill-over edge effects: the dispersal of 

agriculturally subsidized insect natural enemies into adjacent natural habitats. Ecology 

Letters 9(5):603. 

Rasmussen PE, Goulding KWT, Brown JR, Grace PR, Janzen HH, Korshens M. 1998. 

Long-term agroecosystem experiments: assessing agricultural sustainability and 

global change. Science 282:893-896. 
Raven R. 2002. Untangling the Australian Miturgidae: Gordian Knots, Bananas or Onions? 

Environment Australia. 

Remmert H. 1981. Body size of terrestrial arthropods and biomass in relation to the abiotic 

parameters of their milieu. Oecologia 50:12-13. 

Rickers S, Langel R, Scheu S. 2006. Stable isotope analyses document intraguild predation in 

wolf spiders (Araneae : Lycosidae) and underline beneficial effects of alternative prey 

and microhabitat structure on intraguild prey survival. Oikos 114(3):471. 

Riechert S. 1978. Energy-based territoriality in populations of the desert spider Agelenopsis 

aperta (Gertsch). Symposium of the Zoological Society of London 42:211-222. 

Riechert S. 1990. Habitat manipulations augment spider control of insect pests. Acta Zoologica 

Fennica 190:321-325. 

Riechert S. 1998. The role of spiders and their conservation in the agroecosystem. In: Bugg P, 

editor. Enhancing Biological Control. London: University of California Press. p 211-

238. 

Riechert S. 1999. The hows and whys of successful pest suppression by spiders: Insights from 

case studies. Journal of Arachnology 27:387-396. 

Riechert S, Bishop L. 1990. Prey control by an assemblage of generalist predators: spiders in 

garden test systems. Ecology 71(4):1441-1450. 

Riechert S, Lockley T. 1984. Spiders as biological control agents. Annual Review of 

Entomology 29:299-320. 

Riechert S, Maupin. 1998. Spider effects on prey: tests for superfluous killing in five web-

builders. Proceedings of the British Arachnological Society. 

Riechert S, Maupin J. 2001. Superfluous killing in spiders: a consequence of adaptation to food-

limited environments? Behavioural Ecology 12(5):569–576. 

Riechert S, Provencher L, Lawrence K. 1999. The potential of spiders to exhibit stable 

equilibrium point control of prey: tests of two criteria. Ecological Applications 

9(2):365-377. 



  

 135 

Rimmington G, Nicholls N. 1993. Forecasting Wheat Yields in Australia with the 

Southern Oscillation Index. Australian Journal of Agricultural Research 44:625-

632. 
Rohde K. 1992. Latitudinal gradients in species diversity: the search for the primary cause. 

Oikos 65:514-527. 

Roltsch WJ, Hanna R, Zalom FG, Shorey H, Mayse M. 1998. Spiders and vineyard habitat 

relationships in central California. In: Bugg P, editor. Enhancing Biological Control. 

London: University of California Press. 

Rosenheim JA. 1998. Higher-order predators and the regulation of insect herbivore populations. 

Annual Review of Entomology 43:421-447. 

Rosenheim JA, Kaya H, Ehler L, Merois J, Jaffee B. 1995. Intraguild predation among 

biological control agents: theory and evidence. Biological Control 5:303-335. 

Rosenheim JA, Limburg DD, Colfer RG, Fournier V, Hsu CL, Leonardo TE, Nelson EH. 2004. 

Herbivore population suppression by an intermediate predator, Phytoseiulus macropilis, 

is insensitive to the presence of an intraguild predator: an advantage of small body size? 

Oecologia 140(4):577-585. 

Rypstra A. 1983. The importance of food and space in limiting web-spider densities: a test using 

field enclosures. Oecologia 59:312-316. 

Rypstra A, Carter N. 1995. The web-spider community of soybean agroecosystems in 

southwestern Ohio. Journal of Arachnology 23:135-144. 

Rypstra A, Carter P, Balfour R, Marshall S. 1999. Architectural features of agricultural habitats 

and their impact on the spider inhabitants. Journal of Arachnology 27:371-377. 

Salehi L, Keller MA. 2002. Investigation on host finding behavior of the two parasitoids of 

potato tuber moth in a flight tunnel. Journal of Agricultural Science and Technology. 

Samu F. 1993. Wolf spider feeding strategies: optimality of prey consumption in Pardosa 

hortensis. Oecologia 94:139-145. 

Samu F, Biro Z. 1993. Functional response, multiple feeding and wasteful killing in a wolf 

spider (Araneae: Lycosidae). European Journal of Entomology 90:471-476. 

Samu F, Sunderland KD, Szinet C. 1999. Scale-dependent dispersal and distribution patterns of 

spiders in agricultural systems: a review. Journal of Arachnology 27:325-332. 

Samu F, Sunderland K, Topping C, Fenlon J. 1996. A spider population in flux: selection and 

abandonment of artificial web-sites and the importance of intraspecific interactions in 

Lepthyphantes tenuis (Araneae: Linyphiidae) in wheat. Oecologia 106:228-239. 

Samu F, Szinetar C. 2002. On the nature of agrobiont spiders. The Journal of Arachnology 

30:389-402. 

Schmidt MH, Roschewitz I, Thies C, Tscharntke T. 2005a. Differential effects of 

landscape and management on diversity and density of ground-dwelling 

farmland spiders. Journal of Applied Ecology 42(2):281. 

Schmidt MH, Roschewitz I, Thies C, Tscharntke T, Nentwig W. 2005b. Spiders in 

space: how landscape-wide movement of generalist predators influences local 

density, species richness, and biocontrol. In: Hoddle MS, (ed) Second 

International Symposium on Biological Control of Arthropods, Switzerland. 
Schmidt MH, Tscharntke T. 2005a. Landscape context of sheetweb spider Linyphiid abundance 

in cereal fields. Journal of Biogeography 32:467-473. 

Schmidt MH, Tscharntke T. 2005b. The role of perennial habitats for central European farmland 

spiders. Agriculture, Ecosystems & Environment 105:235-242. 

Schmidt MH, Ulrich T, Thies C, Tscharntke T. 2004. Aphid suppression by natural enemies in 

 mulched cereals. Entomologia Experimenta et Applicata 113(2):87-93. 

Settle W, Ariawan H, Astuti E, Cahyana W, Hakim A, Hindayana D, Lestari A, Pajarningsih. 

1996. Managing tropical rice pests through conservation of generalist natural enemies 

and alternative prey. Ecology 77:1975-1988. 



   

 136 

Sevacherian V, Lowrie D. 1972. Preferred temperatures of two species of lycosid spiders, 

Pardosa sierra and P. ramulosa. Annals of the Entomological Society of America 

65:111-114. 

Seyfulina RR, Chernyshev VB. 2001. Spiders (Arachnida, Araneae) inhabiting agroecosystem 

grass-level in Moscow region (species composition, spatial distribution, and seasonal 

dynamics). Zoologicheskii Zhurnal 80(10):1178-1188. 

Shaw EM, Waddicor M, Langan, AM. 2006. Impact of cypermethrin on a feeding behaviour 

 and mortality of the spider Pardosa amentata in arenas with artificial 'vegetation'. Pest 

 Management Science 62: 64-68. 

Shochat E, Stefanov W, Whitehouse MEA, Faeth S. 2004. Urbanization and spider diversity: 

influences of human modification of habitat structure and productivity. Ecological 

Applications 14:268-280. 

Shultz BJ, Lensing JR, Wise DH. 2006. Effects of altered precipitation and wolf spiders on the 

density and activity of forest-floor Collembola. Pedobiologia 50:43. 

Slafer GA, Satorre EH. 1999. An introduction to the physiological-ecological analysis of wheat 

yield. In: Satorre EH, Slafer GA (eds.). Wheat: ecology and physiology of yield 

determination. Food Production Press, New York. 

Smith H. 1919. On some phrases of insect control by the biological method. Journal of 

Economic Entomology 12:288-292. 

Smith R, Hagen K. 1959. Integrated control programs in the future of biological control. Journal 

of Economic Entomology 52(6):1106-1108. 

Snyder WE, Ives AR. 2001a. Are specialist natural enemies more effective biocontrol agents 

than generalists? Ecological Society of America Annual Meeting Abstracts 86:208. 

Snyder WE, Ives AR. 2001b. Generalist predators disrupt biological control by a specialist 

parasitoid. Ecology 82(3):705-716. 

Snyder WE, Ives AR. 2003. Interactions between specialist and generalist natural enemies: 

Parasitoids, predators, and pea aphid biocontrol. Ecology 84(1):91-107. 

Snyder WE, Snyder GB, Finke DL, Straub C. 2006. Predator biodiversity strengthens herbivore 

suppression. Ecology Letters 9:789-796. 

Snyder WE, Wise DH. 1999. Predator interference and the establishment of generalist predator 

populations for biocontrol. Biological Control 15(3):283-292. 

Snyder WE, Wise DH. 2001. Contrasting trophic cascades generated by a community of 

generalist predators. Ecology 82(6):1571-1583. 

Spiller D. 1984. Competition between two spider species: experimental field study. Ecology 

65:909-919. 

Springett B. 1972. On ecosystem strategies. In: Geier P, Clark L, Anderson D, Nix H, editors. 

Insects: studies in population management. Canberra. 

Standen V. 2000. The adequacy of collecting techniques for estimating species richness of 

grassland invertebrates. Journal of Applied Ecology 37(5):884-893. 

Stern V, Smith R, van den Bosch R, Hagen K. 1959. The integration of chemical and biological 

control of the spotted alfalfa aphid. The integrated control concept. Hilgardia 29:81-

101. 

Stinner BR, Krueger HR, McCartney DA. 1986. Insecticide and tillage effects on pest and non-

pest arthropods in corn agroecosystems. Agriculture Ecosystems & Environment 

15(1):11-22. 

Stinner BR, Tonhasca AJ. 1991. Influences of shelterbelts and other alternate 
vegetation in agricultural landscapes on invertebrate ecology. US Forest 
Service General Technical Report 204:17-23. 

Stirzaker R, Lefroy E. 1997. Alley farming in Australia: current research and future directions. 

Barton, ACT: Rural Industries research and development corporation. 8-57 p. 

Stuwe J. 1986. An assessment of the conservation status of native grasslands on the 
Western Plains, Victoria and sites of botanical significance. Victoria: Arthur 
Rylah Institute. 



  

 137 

Sunderland KD. 1975. The diet of some predatory arthropods in cereal crops. Journal of applied 

ecology 12:507-515. 

Sunderland KD. 1987. Spiders and cereal aphids in Europe. Bull West Palearctic Region Sect 

IOBC 10(1):82-102. 

Sunderland K. 1999. Mechanisms underlying the effects of spiders on pest populations. Journal 

of Arachnology 27:308-316. 

Sunderland KD, Crook N, Stacey D, Fuller B. 1987. A study of feeding by polyphagous 

predators on cereal aphids using ELISA and gut dissection. Journal of applied ecology 

24:907-933. 

Sunderland K, Fraser A, Dixon A. 1986. Distribution of linyphiid spiders in relation to capture 

of prey in cereal fields. Pedobiologia 29:367-375. 

Sunderland KD, Greenstone MH. 1999. Summary and future directions for research on spiders 

in agroecosystems. Journal of Arachnology 27(1):397-400. 

Sunderland KD, Topping CJ. 1993. The spatial dynamics of Linyphiid spiders in winter wheat. 

Memoirs of the Queensland Museum 33:639-644. 

Symondson WOC, Cesarini S, Dodd PW, Harper GL, Bruford MW, Glen DM, Wiltshire CW, 

Harwood JD. 2006. Biodiversity vs. biocontrol: positive and negative effects of 

alternative prey on control of slugs by carabid beetles. Bulletin of Entomological 

Research 96:637-645. 

Symondson W, Sunderland KD, Greenstone M. 2002. Can generalist predators be effective 

control agents? Annual Review of Entomology 47:561-594. 

Thiele. 1977. Carabid beetles in their environment. Berlin: Springer-Verlag. 

Thomas C, Brain P, Jepson P. 2003. Aerial activity of linyphiid spiders: modelling 

dispersal distances from meteorology and behaviour. Journal of Applied 

Ecology 40(5):912-927. 

Thomas C, Jepson P. 1997. Field-scale effects of farming practices on linyphiid spider 

populations in grass and cereals. Entomologia Experimentalis et Applicata 

84:59-69. 
Thorbek P, Bilde T. 2004. Reduced numbers of generalist arthropod predators after crop 

management. Journal of applied ecology 41:526-538. 

Thorbek P, Sunderland K, Topping CJ. 2004. Reproductive biology of agrobiont linyphiid 

spiders in relation to habitat, season and biocontrol potential. Biological Control 

30(2):193-202. 

Tietjen .J and Cady AB. 2007. Sublethal exposure to a neurotoxic pesticide affects activity 

rhythms and patterns of four spider species. The Journal of Arachnology 35: 396-406.   

Toft S. 1989. Aspects of the ground-living spider fauna of two barley fields in Denmark: species 

richness and phenological synchronization. Entomologiske Meddelelser 57:157-168. 

Toft S. 1995. Value of the aphid Rhopalosiphum padi as food for cereal spiders. Journal of 

Applied Ecology 32:552-560. 

Topping CJ, Lovei GL. 1997. Spider density and diversity in relation to disturbance in 

agroecosystems in New Zealand, with a comparison to England. New Zealand Journal 

of Ecology 21(2):121-128. 

Topping CJ, Sunderland KD. 1992. Limitations to the use of pitfall traps in ecological studies 

exemplified by a study of spiders in a field of winter wheat. Journal of Applied Ecology 

29(2):485-491. 

Toth F, Kiss J. 1999. Comparative analyses of epigeic spider assemblages in Northern 

Hungarian winter wheat fields and their adjacent margins. Journal of Arachnology 

27:241-248. 

Tscharntke T, Steffan-Dewenter I, Kruess A, Thies C. 2002. Contribution of small habitat 

fragments to conservation of insect communities of grassland-cropland landscapes. 

Ecological Applications 12:354-363. 



   

 138 

Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C. 2005. Landscape perspectives 

on agricultural intensification and biodiversity ecosystem service management. Ecology 

Letters 8(8):857. 

Tsitsilas A, Stuckey B, Hoffmann A, Weeks A, Thomson L. 2006. Shelterbelts in agricultural 

landscapes suppress invertebrate pests. Australian Journal of Experimental Agriculture 

46:1379–1388. 

Turnbull A. 1973. Ecology of the true spiders (Araneaomorphae). Annual Review of 

Entomology 18:305-348. 

Uetz GW. 1992. Foraging strategies of spiders. Trends in Ecology & Evolution 7(5):155-159. 

Uetz G, Halaj, J, Cady A. 1999. Guild structure of spiders in major crops. Journal of 

Arachnology 27:270-280. 

Uetz G, Unzicker J. 1976. Pitfall trapping in ecological studies of wandering spiders. Journal of 

Arachnology 3:101-111. 

Vargas A. 2000. Effects of fertilizer addition and debris removal on leaf-litter spider 
communities at two elevations. Journal of Arachnology 28:79-89. 

Vink CJ, Teulon DAJ, McLachlan ARG, Stufkens, Marlon AW. 2004. Spiders (Araneae) and 

harvestmen (Opiliones) in arable crops and grasses in Canterbury, New Zealand. New 

Zealand Journal of Zoology 31(2):149-159. 

Walker S, Rypstra A. 2003. Hungry spiders aren't afraid of the big bad wolf spider. Journal of 

Arachnology 31:425-427. 

White EB. 1952. Charlotte's Web. Puffin Books. 

Whitehouse ME, Lawrence L. 2001. Are spiders the perfect predator? The Australian Cotton 

Grower 22:30-33. 

Whitehouse ME, Shochat E, Shachak M, Lubin Y. 2002. The influence of scale and patchiness 

on spider diversity in a semi-arid environment. Ecography 25:395-404. 

Willis JH. 1964. Vegetation of the Basalt Plains in Western Victoria. The Proceedings of the 

Royal Society of Victoria 77(2). 

Winder L, Alexander CJ, Holland JM, Symondson WOC, Perry JN, Woolley C. 2005. 

Predatory activity and spatial pattern: the response of generalist carabids to their aphid 

prey. Journal of Animal Ecology 74:443–454. 

Winder L, Hirst D, Carter N, Wratten SD, Sopp P. 1994. Estimating predation of the grain aphid 

Sitobion avenae by polyphagous predators. Journal of applied ecology 31:1-12. 

Wise DH. 1975. Food limitation in the spider Linyphia marginata. Ecology 56:637-646. 

Wise DH. 1993. Spiders in ecological webs. Cambridge: Cambridge University Press. 

Wise D, H. 2006. Cannibalism, food limitation, intraspecific competition and the regulation of 

spider populations. Annual Review of Entomology 51:441-466. 

Wisniewska J, Prokopy RJ. 1997. Pesticide effect on faunal composition, abundance, and body 

length of spiders (Araneae) in apple orchards. Environmental Entomology 26(4):763-

776. 

Wissinger S. 1997. Cyclic colonization in predictably ephemeral habitats: a template for 
biological control in annual crop systems. Biological Control 10:4-15. 

Witmer JE, Hough-Goldstein JA, Pesek JD. 2003. Ground-dwelling and foliar arthropods in 

four cropping systems. Environmental Entomology 32(2):366-376. 

Wood B. 1972. Integrated control: critical assessment of case histories in developing 

economies. In: Geier P, Andersen AN, Nix H, Clark L, editors. Insects: studies in 

population management. Canberra. 

Work TT, Buddle CM, Korinus LM, Spence JR. 2002. Pitfall trap size and capture of three taxa 

of litter-dwelling arthropods: Implications for biodiversity studies. Environmental 

Entomology 31(3):438-448. 

Xing YM, Feng GE, Erdal NY, Megha NP.2004. Evaluation of winter wheat as a potential relay 

crop for enhancing biological control of cotton aphids in seedling cotton. Biocontrol 49: 

701-714. 



  

 139 

Yen A, Horne P, Kay R, Kobelt A. 1994. The use of terrestrial invertebrates to rank 

sites of the remnant western Victorian basalt plains grasslands. Australian 

Nature Conservation Agency. 
Young O, Edwards G. 1990. Spiders in United States field crops and their potential effect on 

crop pests. Journal of Arachnology 18(2):1-27. 

Zhu Z-R, Cheng J, Jiang M-X, Zhang X-X. 2004. Complex influence of rice variety, 

fertilization timing and insecticide on population dynamics of Sogatella furcifera 

(Horvath), Nilaparvata lugens (Stal) (Homoptera: Delphacidae) and their natural 

enemies in rice in Hangzhou, China. Journal of Pest Science 77(2):65-74. 

 

 



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Cutler, Anna

Title:
Spiders of wheat agroecosystems of southern Victoria, Australia

Date:
2008

Persistent Link:
http://hdl.handle.net/11343/219267

Terms and Conditions:
Terms and Conditions: Copyright in works deposited in Minerva Access is retained by the
copyright owner. The work may not be altered without permission from the copyright owner.
Readers may only download, print and save electronic copies of whole works for their own
personal non-commercial use. Any use that exceeds these limits requires permission from
the copyright owner. Attribution is essential when quoting or paraphrasing from these works.

http://hdl.handle.net/11343/219267

