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ABSTRACT

SPIDERS AS POTENTIAL APHID PREDATORS IN EASTERN COLORADO

AGROECOSYSTEMS

Spiders are indigenous, ubiquitous natural enemies that have been associated with
reduced pest densities and may be particularly useful in reducing aphitgedensi
Therefore, it is critical to determine the spider fauna within thgseeaosystems, spiders
that may be key biological control agents for conservation, and determirexniiile
cropping systems can enhance or maintain these particular spider species.

The inclusion of sustainable agricultural systems is an important component of
integrated pest management. The faunal composition of spiders in easterddolora
agroecosystems was described and analyzed to determine whether derrsified
system resulted in greater spider density and biodiversity than a convenggiaal.s
Three sites in eastern Colorado-Akron, Briggsdale, and Lamar-were stlaad 2002-
2007, 11,207 spiders from 17 families and 119 species were collected from pitfall,
vacuum, and lookdown sampling techniques. Crop intensification had little effect on
spider density or biodiversity. Spider mean densities/activity densitids@aidersity
were low for all years and sites, with the exception of 2005 and 2006. At all sites, the

fauna was dominated by hunting spiders in the Lycosidae and Gnaphosidae families
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(72%), which differs from the dominance of web-building spiders in western Europe
agroecosystems.

Before establishing whether predators can contribute to the biological cordrol of
pest, it is important to determine the availability of the pest for pbeyraphis noxia is
an important economic pest in wheat agroecosystems in Colorado. Tha#ljnbeate
of D. noxia from wheat infested at 1x and 10x aphid infestation levels and resistant and
susceptible varieties was measured. Falling rates ranged from 0.7% to 6%660 i
Collins, CO, and from 1.4% to 59.5% in Akron, CO. The falling ratie.aofoxia was
more influenced by plant growth stage than aphid densities, with the highestraiéng
occurring prior to wheat senescence. Resistant wheat plants did not heasedcaphid
falling rates. The falling rate @. noxia was highest at lower aphid densities, thus
epigeal predator consumptiondf noxia can occur at lower aphid densities.
Nevertheless, the falling rate Bf noxia clearly indicates that these prey can represent an
important food source for ground predators.

It is the conservation of key species and not necessarily the conservairedatbrs
per se that is important for effective biological control. Thereforecittisal to identify
which predators are consuming pests in the field. Species-specific paimaktise
polymerase chain reaction were used to determine if two dominant spieteagnatha
laboriosa andPardosa sternalis, were consuming. noxia DNA in the field. A partial
1146 bp sequence from the mitochondrial cytochrome oxidase | (COIl) gene was used and
aligned with other non-target sequences to create two primer pairs thdieahap227 bp

fragment ofD. noxia DNA. A total of 64 and 7T. laboriosa andP. sternalis,
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respectivelywere collected from within thre®. noxia infestation levels-0x, 1x, and 10x-
in Fort Collins, CO, from May-July at the following wheat stages: boot, irstermce,
anthesis, milk, and dough. Of the spiders collected in the field, 32% and 4B8% of
laboriosa andP. sternalis tested positive foD. noxia DNA. Additionally, 92% ofT.
laboriosa were collected at the 1x or 10x noxia infestation levels combined, which
indicated thafl. laboriosa responded to increas&d noxia densities.Pardosa sternalis,

however, was more evenly distributed within aphid infestation levels.
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CHAPTER 1- INTRODUCTION

The percentage of natural ecosystems converted to agriculture has increased
substantially for decades within the United States (Matson et al. 1997 culugyial
systems are characterized by frequent disturbances such as sdlagey, gesticide and
herbicide applications, and crop harvest. These disruptions present chdtemgtgral
enemies, particularly by causing mortality or forcing emigrati&tmner and House
1990, Haugton et al. 2001, Thorbek and Bilde 2004). The adoption of sustainable
agricultural practices could help to maintain predator diversity within agsystems

and alleviate pest pressure (Pimentel 1961, Matson et al. 1997, Tilman 2001).

The Pestbiuraphis noxia (Kurdjumov)

Biology

The Russian wheat aphidiuraphis noxia (Kurdjumov) (Hemiptera: Aphididae), in
its native range utilizes both anholocyclic and holocyclic life cyclesq&et al. 1990).
The anholocyclic life cycle is parthenogenetic, an asexual form of repradudiere
fertilization and embryo development both occur in the absence of males. The holocyclic
cycle includes the sexual stages, which occur in the fall and produce ovengieiggs.

In the United State®). noxia utilizes an anholocyclic cycle (Kiriac et al. 1990), and



males are yet to be reported (Burd et al. 1988)raphis noxia also exhibits telescoping
generations, where aphids give birth to viviparae that are pregnant withssueces
generations of viviparaeDiuraphis noxia produces both winged and wingless forms

with the winged populations produced in accordance with declining host quality (Baugh
and Phillips 1991). Additionally, in western Canada and the United Statesia can
maintain overwintering populations when soil temperatures are between 0% @rudt -

higher (Butts 1992, Butts and Schaalje 1997). Eight biotypBs mdxia have been

discovered in the United States with five unique to Colorado (Puterka et al. 1992, Shufran
et al. 1997, Haley et al. 2004, Burd et al. 2006, Weiland et al. 2008). A biotype is a
distinctive genetic population of aphids that differs in how it damages aareagéint

(Puterka and Peters 1990).

Life History

Diuraphis noxiais a common pest of whedt,iticum aestivum L. (Poales: Poaceae),
and other susceptible small grains in all major wheat growing countriepteXastralia
(Elliott et al. 1998).Diuraphisnoxia is native to the southern USSR, Iran, Afghanistan,
and countries that border the Mediterranean Sea (Hewitt et al. 1984) and acscied
to the United States in Texas in 1986 (Stoetzel 1987). It has since spread throughout the
western United States (Hein et al. 1990).
AlthoughD. noxia is one of the most economically important pests of wheat in the
United States (Burd et al. 1998), other aphids also cause economic lossdégnasma
crops. The bird cherry oat aphiRhopal osiphum padi L. (Hemiptera: Aphididaejgnd
the greenbugschizaphis graminum (Rondani) (Hemiptera: Aphididae) are prevalent in

early fall and winter whild®. noxia tends to dominate wheat fields from early spring until
2



harvest in dryland wheat agroecosystems in western Texas (Michels and 8&9)e
Densities oD. noxia tend to be greatest between the jointing stage of wheat (Zadoks 30)
(based on Zadoks scale, a widely used cereal development scale in agriZaltoles et

al. 1974) and wheat heading (Zadoks 50) (Girma et al. 1990)D Fadkia infestations

in wheat reduce yield while spring infestations reduce the number ofsereplant, seed

weight, and dry weight of the wheat (Archer et al. 1998).

Damage

The damage to wheat plantsDynoxia is distinct from other cereal aphids. A
protein elicitor produced b. noxia induces susceptible symptoms in plants (Lapitan et
al. 2007). Susceptible symptoms include leaves that fail to unfurl, purple or white
streaking, plant stunting, and prostrate growth (Bush et al. 1989, Archer et al. 1998, Burd
and Burton 1992, Walters et al. 1984, Hewitt et al. 1984). Disturbances to the
osmoregulatory processes of the wheat also occur with incrBasegia densities
(Riedell 1989). Winter wheat appears to be most sensitive vegetatively and
reproductively td. noxia when plants are infested after vernalization (Gray 1990).
However, yield losses from wheat can occur from fall, spring or both ihtestgGirma
1993). Infestation bip. noxia can further harm the wheat plant by reducing cold-
hardiness, predisposing the plant to winterkill, and reducing yield (Thomas and Butts
1990, Girma et al. 1993). D. noxia infestations occur earlier (i.e., before stem
elongation, Zadoks 30), wheat can typically recover (Kriel et al. 1986, Butts1l&97).

Diuraphis noxia is well adapted to feeding on its wheat host and surviving the
summer on non-cultivated grasses (Armstrong et al. 199Mjilizes approximately 40

grass host plants (Poales: Poaceae) (Kindler et al. 189@)aphis noxia colonizes
3



these alternate hosts, in addition to volunteer wheat and barley, between whestt harv
and fall planting (Kindler and Springer 1989, Feng et al. 1992, Archer and Bynum 1993).
In South Africa, after the wheat emergBsnoxia colonizes the wheat from nearby
volunteer wheat or oth@romus spp. (Poales: Poaecae) (Hewitt et al. 1984, Kriel at al.
1986). The migration dD. noxia from grasses on volunteer wheat can occur around a
month after the wheat has emerged (Kriel et al. 1986). With the ability to sorvivi-
season grasses and at colder temperatures, and to disperse effl@ientka can

sustain densities during and between wheat growing seasons.

Management

Because of its successful survival traits and the extensive damage itisan ca
management dD. noxia has been challenging. Management techniques have included
chemical, cultural, and biological controls and host plant resistance. Coriraoh@fia
historically has relied on pesticides. For chemical control to be ecoriyneitfactive,
treatment should be timed according to pest-specific economic injury levete véheat
typically has a low profit margin, insecticide treatments can repafgs by
approximately 20% (Peairs 1998).

The incorporation of plant resistance into wheat varieties has become a major focus
of D. noxia management. Until recently, planting resistant wheat varieties helped to
avoid chemical applications. Furthermore, wheat varieties possessirentieng
showed promise for management of biotype Russian wheat aphid 1 (RWA1) (Randolph
et al. 2003), and wheat cultivars containing this gene were recommendedésra

management as they successfully maintained densities below econ@simmits.



However, management has been complicated in the United States due to the
discovery of a new biotype @f. noxia in 2003, biotype RWA2 (Haley et al. 2004).
Biotype RWA2 emerged based on its virulence to cultivars containing the grfesd
Dny, which also confer resistance to biotype RWA1 (Haley et al. 2004, Collins et al
2005, Jyoti and Michaud 2005, Qureshi et al. 2006, Peng et al. 2007). Several biotypes
have since been discovered (Burd et al. 2006, Weiland et al. 2008), which has currently
precipitated the need for other tactics to mariageoxia.

An additional component &. noxia management is the use of cultural controls.
Cultural control is defined as the manipulation of the cropping ecosystem through the
modification of farming practices to discourage target pests or encahmpgeesence of
natural enemies (Peairs 1998). Some of these techniques include modjbied cr
biodiversity, crop intensification, sanitation, grazing, fertilization, iti@g row spacing,
crop intensification, and planting dates. Sanitation consists of removing vohuhiestr
plants from adjacent fields and controlling weeds, residue, and other hDstsoafa.
Diuraphis noxia infestations have increased in areas where volunteer wheat host plants
are present (Hewitt et al. 1984, Halbert et al. 1988). Grazing with catttechased.
noxia densities by 75% in southeastern Colorado (Walker and Peairs 1998). Proper
fertilization, reduction of drought stress through irrigation, early plantimg)parrow
row spacing have been beneficial for redudnguoxia densities (Peairs 1998). Thus,
the inclusion of cultural techniques can be economicdbfamoxia management.

Biological control also can be an important component of the integrated pest
management dD. noxia. An extensive classical biological control effort was conducted

in the United States fdd. noxia management. Around 85,000 predator and parasitoid



individuals were collected from their native ranges and shipped to the Unitedf&tates
release, includingphelinus spp. parasitoids (Hymenoptera: Aphelinidae) and
parasitoids within the subfamily Aphidiinae (Hymenoptera: Braconidaepé#nasitize
D. noxia (Pike et al. 1997, Hopper et al. 1998). Further, it has been estimated that over
2.5 million natural enemies have been released in the state of Colorado by several
organizations (Prokrym et al. 1998), which include over 90% hymenopteran parasitoids, a
small percentage of ladybeetles (Coleoptera: Coccinellidae), and diptedators.
Despite this substantial release, only four hymenopteran species oereresl or
established (Prokrym et al. 1998). A mass-release study utilipppdamia
convergens Guérin-Ménevilleg(Coleoptera: Coccinellida@ndChrysoperla rufilabris
(Burmeister)Neuroptera: Chrysopidagjas implemented with exclusion cages, and
exclusion did not redud®@. noxia densities or improve wheat yields (Randolph et al.
2002). Augmentation has not been an effective contributi@n toxia management.
Conservation biological control has been suggested as an important compdhent of
noxia pest management. In France, peak densitiBs wdxia were measured as 40-100
times lower than in the United States, which may be partially attribuialihe presence
of indigenous predators and parasitoids (Chen and Hopper 1997). The absence of
indigenous natural enemies resulted in an 11-fold incred3enaixia in wheat fields in
northeastern Colorado (Mohamed et al. 2000). Similarly, recent results from an
exclusion study appear to show that the natural enemy complex reduces fieltipopul

of D. noxia in Colorado (Peairs et al., unpublished data).



Biological control

Biological control can be utilized as an effective pest managememtaditer for
pesticides. There are three basic biological control strategiesealagnundative, and
conservation. Classical biological control involves the introduction and estalfisbfne
exotic natural enemies to decrease exotic pest densities below leveletimgurious to
crops (Elliott et al. 1996). When classical biological control has been succassiy, i
be due to the efficient dispersal and reproductive capabilities of these psdtiaior
Lenteren et al. 2003). However, some biological control agents often have ndn-targe
effects and may displace native organisms (Howarth 1991, Hadfield et al. 190 &Elli
al. 1996). Inundative biological control involves a mass release of either natkatior e
natural enemies to control pest populations. Establishment with inundative biblogica
control has not always been successful due to undesirable conditions for the introduced
predator, emigration, timing and method of release, and predation/cannif@tsier
and VanSteenwyk 2004, Crowder 2007). Conservation biological control is the
implementation of techniques that enhance or maintain indigenous natural enemy
populations (Barbosa 2003). Native natural enemies are an important component of
integrated pest management. For example, the exclusion of indigenousigeneral
predators from cropping systems, such as carabid and staphylinid beettegp{€ral:
Carabidae and Staphylinidae) and spiders (Araneae) has been associatednerttaae
in aphids in wheat fields in the United Kingdom (Holland and Thomas 1997) and in
northeastern Colorado (Mohamed et al. 2000). Furthermore, generalist predators (i.e.
predators that feed on a variety of prey) can be enhanced or sustained with donservat

biological control techniques, significantly reducing pest densities by ri8%nereasing
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yield or reduced crop damage in 71% of reviewed biological control studies (Symondson
et al. 2002). Conservation biological control has received further attentiausbkdittde
disruption to the ecosystem occurs with its implementation, and many techniquiés use
conserve natural enemies are practical from an agronomic standpoint (Patérson a

Westfall 2004).

Conservation biological control techniques

From an agronomic perspective, the physical, chemical, and biological ctiorposi
of the soil can be negatively impacted by conventional tillage (Hendrix E2&6,
Stinner and House 1990, Symondson et al. 1996, Baguette and Hance 1997, Krooss and
Schaefer 1998, Kladivko 2001). Conservation biological control techniques within
agroecosystems might include conservation tillage or no tillage, reduced mekhanica
disturbances, mulching, strip-cropping, reduced pesticide use, increasxdratror
vegetational diversity, and crop diversification (Riechert and Bishop 1990, Stirther a
House 1990, McNett and Rypstra 2000, Samu 2003, Schmidt et al. 2004, Thorbek and
Bilde 2004). No tillage or reduced/conservation tillage mechanisms can pgsitivel
impact agronomic properties and arthropod communities by reducing mechapitabi
the system. Conservation or reduced tillage produces minimal disturbamg duri
planting which can increase the activity density of predators (Blumbdr@assley
1983, Heimbach and Garbe 1996, Schmidt et al. 2005). Conservation tillage has been
associated with reduced pest densities. Wheat and sorghum in the Greatifiains
reduced or no tillage had lower greenbug densities than areas with conveiitayeal
(Burton and Krenzer 1985, Burton et al. 1987).

Mechanical disturbances in agroecosystems include planting, coltivetted



control, and crop harvest. These disturbances can affect the natural enitnnmethev
system. Spiders demonstrated reduced densities and direct mortalityrigllowi
mechanical weed control, grass cutting, soil loosening, plowing, and conventiagal til
(Everts et al. 1989, Thorbek and Bilde 2004).

Mulching within an agroecosystem can provide refuges for predators (Riander
Bishop 1990, Schmidt et al. 2004) and relieve intraguild predation (Finke and Denno
2003), which occurs when predators within the same guild feed on one another (Polis and
Holt 1992). Spider densities increased in response to the addition of mulch and mulch
and buckwheat treatments in vegetable gardens in the US (Riechert and Bishop 1990).
The addition of thatch to $oartina marsh system provided refuges Rardosa
(Araneae: Lycosidae) artsrammonota (Araneae: Linyphiidae) spiders aimgthus
(Hemiptera: Miridaejmirid bugs (Finke and Denno 2006), reducing intraguild predation
and enhancing primary productivity within the marshes.

Pesticides are used to manage crop pests and weeds. The reduction of herbicide and
insecticide inputs can benefit natural enemy populations both indirectly andydirect
Insecticide applications reduced linyphiid spider populations by 56% (Thomas and
Jepson 1997). Herbicides, however, mostly have indirect effects on spider dégsities
reducing vegetation and, hence, web-attachment sites (Baines et al. 1998, Haugjhton e
2001). The loss of plant structural complexity and biodiversity disturbs spiderthabita
When a high rate of glyphosate was applied, web-building spider densitiesedeced
(Everts et al. 1989, Haugton et al. 1999).

An increase in vegetational diversity can influence natural enemy pomsldRisch

et al. 1983, Andow 1991, Riechert 1999, Oberg 2007). Additional vegetation can provide



a variety of additional prey (Feber et al. 1998). A meta-analysis of ibvat@enatural
enemies in complex habitats found that spiders, in particular, preferred stityictur
enhanced habitats (Langellotto and Denno 2004), which also has been demonstrated with
modeling (Topping and Sunderland 1994; Topping 1997, 1999). One management
technique to structurally enhance habitats is the use of strip-harvesting,albws a
portion of the crop to remain uncut or unharvested adjacent to a recently harvested are
providing a refuge for natural enemies. For instance, spider densitysedreaer 50%
in strip-harvested portions of an alfalfa/grass meadow cropping sySt&mu 2003), and
predator densities increased in grass-sown banks in wheat fields (Thomd9e1 al
Sunderland and Samu (2000) reviewed literature on the effect of agricultural
diversification on spider populations, and 63% of these studies reported an increase in
spider densities in reponse to habitat diversification.

The addition of non-crop vegetation or more diverse crops to an agricultural
landscape can facilitate predator dispersal, provide alternative preyn@ndage
predator residence (Sunderland and Samu 2000, Schmidt and Tschartnke 2005, Schmidt
et al. 2005, Tschartnke et al. 2008). For example, parasitism with the rape pollen beetl
Meligethes aeneus (Fabricius) (Coleoptera: Nitidulidae) increased while damage of the
rape crop decreased as the agroecosystem landscape increased in cofiplegignd
Tscharntke 1999). Similarly, spider diversity increased when additional oprirabitat
surrounded several winter wheat organic and conventional fields (Schmidt et al. 2005).
Linyphiid spider densities increased within winter wheat agroecosystemminded by

non-crop habitat (Schmidt and Tscharntke 2005).
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Crop intensification in a dryland agriculture is a production system and gahear
biological control technique that consists of more crops and a shorter oveoall fall
period (Farahani et al. 1998). By introducing a summer crop such as corn, millet
sorghum, or sunflower in late spring, the fallow period can be reduced from 14 months to
10 months. Consequently, this may be beneficial for natural enemies, as ciopsotat
can be synchronized so other prey sources and habitat for predators are clynsistent
available (Altieri 1994). Additionally, crop intensification offers sevegabaomic
benefits, such as improved water use efficiency (Peterson et al. 1996), improved soill
aggregate stability (Shaver et al. 2003), an increase in soil carbon sequet8hatirrod
et al. 2003), and increased grain yield (Dhuyvetter 1996, Peterson and Westfall 2004).
These agronomic advantages are attractive to farmers, and this crebtgritetest in

understanding the natural enemy complex in crop-intensified systems.

Spiders as biological control agents

Spiders are prime candidates for biological control within agroecosystéhey are
indigenous, generalist predators that can function as biological congrakagithin
agroecosystems (Moulder and Reichle 1972, Nyffeler and Benz 1987, Riechert and
Bishop 1990, Young and Edwards 1990, Kajak et al. 1991, Kajak 1997). Spiders can
colonize fields early, feed on alternative prey until pest populations arrive, getl tar
pests before they reach peak densities (Settle et al. 1996, Landis and Vamfd&¥9®e
Chang and Kareiva 1999, Symondson et al. 2002). Additionally, they have low
metabolic rates that enables them to survive periods of starvation (Greeastl

Bennett 1980).
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Spiders also may indirectly aid in pest management. The spider familigshlidae,
Dictynidae, Theridiidae, and Agelenidae consistently keep their websrgjaadd their
webs can contribute to additional pest mortality (Nentwig 1987, Sunderland et al. 1986).
Grasshoppers exhibited reduced feeding on grass with the mere prestecepider
Pisurina mira (Walckenaer) (Araneae: Pisauridae) in spite of its chelicerag kied
together to prevent predation (Schmitz et al. 1997). Similarly, the presenmdests
deterred Japanese beetlegpilliae japonica (Newman) (Coleoptera: Scarabaeidae),
from feeding on soybean leaves while simultaneously preventing the Iplssof
biomass (Hlivko and Rypstra 2003).

Spiders have effectively reduced pest populations in agroecosystentsefRi€99,
Johnson et al. 2000, Whitehouse and Lawrence 2001). Predation is most effective when
spiders are present early in the growing season when the predator ttatjorés/high
(Edwards et al. 1979, Ekbom and Wiktelius 1985, Chiverton 1986, Birkhofer et al. 2008).
Halaj and Wise (2001) performed a meta-analysis of terrestrial food wetpsaunlt@ral
systems and discovered that arthropod predators exhibited strong top-down effects on
plants. Spider populations have reduced larval populations of theSpuokbptera
littoralis (Boisduval) (Lepidoptera: Noctuidae) and decreased populations of
Cicadellidae (Hemiptera), Thripidae (Thysanoptera), as well as dedrpapulations of
Aphididae (Hemiptera) in southern Bavaria (Lang et al. 1999). Riechert and Bishop
(1990) found prey densities and plant damage to be lower in garden test systems with
augmented spider densitieAraneus quadratus Clerck (Araneae: Araneidae) indirectly
reduced plant damage by preying on grasshoppers (Andrzejewska et al. 1963 apBea

leaf damage was significantly reduced when spiders preyed upon gall midges ¢Sl
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Schoener 1990). Spiders fed on herbivores, increasing the dry biomass of the plant
speciesolidago rugosa Mill. (Asterales: Asteraceae) (Schmitz 2003). The spider
Anyphaena celer (Hentz) (Araneae: Anyphaenidae) increased mortality of the herbivore
Sephanitis pyrioides (Scott) (Hemiptera: Tingidae) (Shrewsbury and Raupp 2006). In
soybean, herbivore damage was reduced where spiders were added (RypSaden
1995). Additionally, composted plots had less soybean leaf and pod damage when more
spiders were present, and non-crop plants had reduced damagargilope trifasciata
(Forskal)(Araneae: Araneidae) had eaten more leaf-chewing insects (Rypdtra a
Marshall 2005). Spider predation on pests has been further demonstrated in several other
agroecosystem experiments (Riechert and Lockley 1984).

Spiders may be especially useful for reducing aphid densities (SunderkndlS86,
Collins et al. 2002). Based on a review of common spiders in agroecosystems, aphids
(Hemiptera: Aphididae) represented approximately 14% of the prey edftyispiders
(Nyffeler et al. 1994). Linyphiid spiders (Araneae: Linyphiidae) killecd53dbion
avenae (F.) (Hemiptera: Aphididae) hday™ in winter wheat (Sunderland et al. 1986).

In Europe, experimentally manipulated increases in ground predator derestiéted in
aphid reduction in maize (Lang et al. 1999), barley (Chiverton 1986, Ekbom et al. 1992,
Ostman et al. 2003), and wheat (Edwards et al. 1979, Chiverton 1986, Mansour and
Heimbach 1993, Collins et al. 2002, Lang 2003, Schmidt et al. 2004, von Berg et al.
2009). In addition, spider populations also have decreased damage by the greenbug,
Schizaphis graminum (Rondani) (Hemiptera: Aphididae) (Muniappan and Chada 1970,

Mansour et al. 1981).
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Predator biodiversity and biological control theory

The effect of increased biodiversity on the biological control of pests can range f
positive to negative and is case-dependent. Therefore, it is important to have an
assessment of the biodiversity of predators within an agroecosystem. Amséncrea
predator biodiversity is not necessarily advantageous for pest management.ingollow
the principles of the “redundancy hypothesis”, species that share functiouial canl
disrupt pest regulation through increased competition, potential cannibalism, auildtrag
predation (Rosenheim et al. 1993, 1995; Sunderland and Vickerman 1980). Cannibalism
often can be substantial, which was found among lycosid spiderlings (Wagneissend W
1996). When densities of two intraguild predators, the lycosid spidetosa littoralis
Emerton (Araneae: Lycosidae), and the mirid Biytthus vagus Knight (Hemiptera:
Miridae), increased, densities of the pest planthopekelisia actually increased in salt
marshes (Finke and Denno 2003). Similarly, when the predateagus, Grammonota
trivitatta Banks (Araneae: Linyphiidae) increasBdlittoralis, andHogna modesta
(Thorell) (Araneae: Lycosidad}rokelisia densities increased due to intraguild
interference (Finke and Denno 2004).

Conversely, an increase in biodiversity can benefit pest management. Pest
suppression has been successful when several spider species were presaneeumslyt
(Riechert 1999). A meta-analysis showed that prey suppression by arthropeddgen
strengthens when natural enemy biodiversity increases (Cardinale et@l. 200
Specifically, increased predator diversity can be effective for pestesgiqn through
resource partioning or the “species complementarity model”, which suggestpehees

utilize resources in various ways and the combination of these species hderaeffiexz
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on pest control than any species alone (Finke and Snyder 2008). For example, thre
predator species, a damsel bNgbissp. (Hempitera: Nabidae), a parasitic wasp,
Aphidius ervi Haliday (Hymenoptera: Braconidae), and a lady beddemonia axyridis
Pallas(Coleoptera: Coccinellidae), had a synergistic effect on the suppression ad the pe
aphid,Acyrthosiphon pisum (Harris) (Hemiptera: Hemiptera) (Cardinale et al. 2003).
Similarly, the combination of flying predators and parasitoids worked gigtieally to

reduce densities of the cereal apltdavenae, Metopolophium dirhodum (Walker)
(Hemiptera: Aphididae), arféghopalosiphum padi (L.) (Hemiptera: Aphididae)

(Schmidt et al. 2003). The combination of the predaforsinella septempunctata (L.)
(Coleoptera: Coccinellidae) amthrpalus pennsylvanicus Dej. (Coleoptera: Carabidae)
increased herbivore suppression more than each species alone (Losey and Denno 1998).
Carabid beetles (Coleoptera: Carabidae), lycosid spiders (Araneassidag), and

linyphiid spiders (Araneae: Linyphiidae) worked synergisticallyheat fields in

Bavaria to reduce aphid densities (Lang 2003). Furthermore, other prirstighpsst

benefits of increased biodiversity. For instance, the “diversity-stabippthesis” states
that, as the local diversity of organisms strengthens, the communitytgtabdrganisms
increases (Pimentel 1961). The “insurance hypothesis of biodiversity” ales gtat
increased species may functionally overlap under certain conditions, but changin
environmental conditions may allow for complementarity among species. Aasacin
predator biodiversity and subsequent suppression of pest populations has been suggested
with the “enemies hypothesis” (Root 1973). In summary, an increase in the biddiversi
of predators can be advantageous in many instances or detrimental in otheesnstanc

which may be highly dependent on the natural enemy complex involved.
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Molecular techniques to study predator-prey interactions

To make appropriate assessments of the effectiveness of biological ,abrgrol
important to measure the consumption of prey by predators in their natural@onditi
Because spiders feed on pre-digested prey, analyses of predator-pezyiors are
difficult. Indirect methods, such as addition/exclusion caged experiments, can be
implemented to test the effects of predator presence/absence on prey populations.
Additionally, direct observations can be performed. However, several confounding
variables exist, such as time of feeding, dense vegetation and leaf litesrqareand
disturbance to the study system (Symondson 2002). Dissection for visible preysremai
is another technique that can be implemented with many taxa, although sonterpreda
such as spiders, have no discernible trace of prey within their guts. Bet#use
challenges faced with examining predator-prey dynamics, gut-cartalysis through
either serological or molecular methodology is an efficient way @sore consumption
with minimal disturbance to the study system.

To achieve high specificity in predator-prey observations when targetshdppe,
serological techniques, such as the use of monoclonal antibodies, are ideal (Sheppard a
Harwood 2005). Monoclonal antibodies have been used to detect predator-prey
interactions with several hundred linyphiid spiders and the pest Spbliton avenae
(F.) (Harwood et al. 2004). Similarly, monoclonal antibodies were used to 8etect
avenae within the guts of predaceous coccinellid beetles (Gao et al. 2009). Order-level
specificity was performed with linyphiid spiders and dipteran prey (Haaved al.

2007a). Despite the level of specificity and the ability to screen sevedatqre for one
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target prey, the development of monoclonal antibodies is time-consuming and often
prohibitively expensive.

Because of the challenges with monoclonal antibody development, the use of DNA-
based techniques may be more practical for studying food web ecology. Since man
predators, such as spiders, consume pre-digested food and further digestion of prey DNA
ensues, it is necessary to amplify very small amounts of degraded and frabbidAte
Species-specific or group-specific primers are commonly used @ihdhd can be
created either through sequences retrieved from the GenBank databalée;tion of all
available DNA sequences, or through the use of general primers, amplificatimsef
primers through PCR, and subsequent sequencing of these products. The sequences can
then be aligned, compared with other non-target species, and prey-spatificspran be
created. DNA was not properly amplified in past predator-prey studies bguaungrs
were typically created from single-copy genes (Zaidi et al. 1999). Asuld,neaultiple
copy genes, such as ribosomal or mitochondrial genes, have since been targeted. Most
studies now concentrate on amplifying fragments from within these ¢€hes et al.

2000, Agusti et al. 2003a,b; de Leon et al. 2006, Harwood et al. 2007, Kuusk et al. 2008,
Monzo et al. 2010). The number of possible prey species present in the field can range
from 1 to 40 species (Harper et al. 2005), making the use of species-specific primers
exhaustive when multiple prey species are of interest for understanding food web
dynamics.

Several field studies have tested invertebrate predation in the field thrGékgh P
Linyphiid spiders were collected from the field in Wellesbourne, UK, and testeaefor t

presence of three common species of Collembola using primers createtidrom
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cytochrome oxidase | (COI) mitochondrial gene, and spiders prefelgntasumed the
least dominant species of Collembola (Agusti et al. 2003a). Species-spgaaifcs and
PCR were used to detefyphis glycines Matsumura (Hemiptera: Aphididae) from the
guts ofOriusinsidiosus (Say) (Hempitera: Anthocoridae), and 32% of the predators
tested positive, with most of this predation occurring early in the season when aphid
densities were low (Harwood et al. 2007b). With these same species-gpaaiécs,O.
insidiosus was tested for the presencefoflycines DNA from within the guts of both
immature and adult life stages, and results showed a greater proportion of i@smatur
tested positive foA. glycinesin the gut (Harwood et al. 2009). When screeiitoegcilus
(Coleoptera: Carabidae), Geophilidae (Geophilomorpha), and Lithobiidae
(Lithobiomorpha) predators, 18.6%, 4.1%, and 4.4%, respectively, screened positive for
the presence of garden chaRwyllopertha horticola L. (Coleoptera: Scarabaeidae)
DNA (Juen and Traugott 2007). Using both ELISA and species-specific primbrs wit
PCR, 15.5% of 1229 arthropod predators tested positive for the presence o$she gla
winged sharpshootétomal odisca vitripennis (Germar) (Hemiptera: Cicadellidae) DNA
(Lundgren et al. 2009). Species-specific primersfgadi from the cytochrome
oxidase Il gene (COIl) were previously created (Chen et al. 2000) and fieskesd from
the guts of field-collecteBardosa spiders (Araneae: Lycosidae) (Kuusk et al. 2008).
Presence of the Mediterranean fruit fly DN@er atitis capitata (Wiedemann) (Diptera:
Tephritidae), was tested from within the gut$?afdosa cribata Simon (Araneae:
Lycosidae) using primers created from the internal transcribed spdd&1) (ibosomal
gene, and 5% of field-collected predators tested positive for the fly DNohZ®et al.

2010).
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This chapter provided a description of the pest, its management, biological,contr
biodiversity, the role of spiders in agroecosystems, and a description of molecular
approaches to determine food web dynamics. The overall goals of this tmseveae
to describe the eastern Colorado spider fauna, determine if crop-intensstiechs affect
spider biodiversity and density, to determine if aphids represent a validoomeg $or
epigeal predators, and to determine if two dominant spider species [diey@ha in
the field. Results from these studies will provide further understanding as toewhet
spiders might have a role in the biological control of pests in Colorado agroecosyst
The following hypotheses were tested:

e Spider density and biodiversity will be higher in crop-intensified agricultura
systems compared with conventional systems. This is because the intensified
rotation will have increased structural diversity, will provide more consistent
habitat for both predators and prey, and will provide food for predators during and
after wheat harvest.

e A D. noxia-resistant line will have a higher aphid falling rate than its paired
susceptible sister line. This is because the resistant line should haveeidtter
architecture, making it difficult for aphids to reside within the leaf.

e Tetragnatha laboriosa (Araneae: Tetragnathidae) aRardosa sternalis
(Araneae: Lycosidae) will consurie noxia in the field and represent important
predators oD. noxia in wheat agroecosystems. These spider species are
dominant in northern Colorado agroecosystems and are likely to feed on aphids.
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CHAPTER 2-EFFECTS OF CROP INTENSIFICATION ON THE
FAUNISTIC COMPOSITION OF SPIDERS IN EASTERN
COLORADO AGROECOSYSTEMS

Abstract

Crop intensification in a dryland agriculture production system includes mups ¢
and fewer fallows per unit time. Dryland crop intensification offers seagrainomic
benefits and can also provide refugia and alternative prey for natural srdaumirgy
agricultural disturbances. This study examined whether a crop-inéehsystem
resulted in greater spider density and biodiversity than a conventional systestify t
the following hypothesis: An intensified crop rotation will have greatelesmlensity
and biodiversity than a conventional rotation. Three sites in eastern Coloramn-Akr
Briggsdale, and Lamar-were the study sites. Spiders were sangptedd02-2007
using pitfall, vacuum, and lookdown sampling. Data were analyzed as a randomized
complete block design. Biodiversity analyses were performed with the Shannon index
rarefaction, and species accumulation curves. Crop intensification hadffgteon
spider density or biodiversity. Spider mean activity densities and biodivesesigylow
for all years and sites, with the exception of 2005 and 2006. These years may have
higher densities and biodiversity due to increased precipitation and weed.gi®pitier
activity densities were higher from April-July in almost all years sites, suggesting

that the spiders’ phenology coincided with frequent agricultural disturbances,ssuch a
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crop harvest. A total of 11,207 spiders in 17 families and 119 species weresdollect
from all sites from 2002-2007. The number of spiders collected from Akron, Briggsdale,
and Lamar were 3255, 3381, and 4571, respectively. For all sites, Lycosidae and
Gnaphosidae were the dominant families, representing over 72% of the fauoidolle
Other families commonly represented were Thomisidae, Philodromidaghlicae, and
Salticidae. Cumulatively from 2002-2007, 77, 78, and 67 species were collected in
Akron, Briggsdale, Lamar, respectively. The dominant species were tbwifajl at

each site: Akrorgchizocosa mccooki, Gnaphosa clara, andDrassyllus nannellus;
Briggsdale6. clara, S mccooki, andHaplodrassus chamberlini; LamarGnaphosa

saxosa, S. meccooki, andHogna coloradensis. Species accumulation curves and the high
percentage of singletons within the collection were indicative of undersanaplatig

sites. Therefore, biodiversity might have been underestimated. The dersgigteot in
eastern Colorado dryland agroecosystems differs from densities repoegtern

Europe. The spider biodiversity in this study was dominated by spiders in the hunting
guild, which differs from the over 90% Linyphiidae-dominated wheat fields irnékfes
Europe. Moreover, this has implications for the biological control potential of spider
Colorado agroecosystems, i.e., the dominance of hunting spiders may preclud# efficie

biological control of pests.

Introduction

In agroecosystems, the establishment of an environment that augmentsslehsitie
indigenous predators can be important for the effective conservation biological cbnt

pests (Cardinale et al. 2003, Snyder et al. 2006). Crop management practicesctgn di
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influence predator density as many agricultural systems incor@ocatesistent cycle of
disturbances, including tillage, planting, harvest, and crop rotation (Luff 1987h Wit
monocultures, growers often till their fields and eliminate any vegetdtainst present
(Nyffeler and Benz 1979), which can result in increased pest outbreaks (Pitr8&1itgl
Conventional farming can negatively affect the density and biodiversity okeimolig

fauna (Benton et al. 2003). Arthropod biodiversity and biomass can increase in
heterogeneous agricultural landscapes, coinciding with the availabitéyugfes,

improved environments, and reduced competition (Ryszkowski et al. 1993, Sunderland
and Samu 2000). Thus, often pest populations are lower in more heterogeneous
landscapes (Altieri 1994).

An adjacent undisturbed non-agricultural area can be ideal for enhanaiadopre
densities (Landis et al. 2000, Tscharntke et al. 2008) and promoting effective pest
management (Tscharntke et al. 2005, 2008; Bianchi et al. 2006, Gavesh-Regev et al.
2008). However, assigning land to permanently undisturbed habitats is rarddjea via
option for farmers (Tscharntke et al. 2008, Landis et al. 2000). Consequently,at is vit
to explore whether more economically practical changes to current agricptactces
can be used to enhance predator establishment.

Dryland agriculture in the Great Plains has been dominated by the wheat-fal
rotation. The fallow in the Great Plains area represents an opportunity to dtoratepi
and increase the chances for a successful crop (Peterson et al. 1996). Addiatetly
storage is maximized during the fallow period if fields are weed free §@atand
Westfall 2004). Hence, the fallow fields remain barren of vegetation, warchreate

an unsuitable residence for natural enemies and limit the amount of prey available
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addition of crops to this rotation may be a practical conservation biologicablcont
technique to enhance landscape heterogeneity and, thus, increase natyadensities.
For example, crop intensification in a dryland agriculture system includescrops and
fewer fallows per unit time (Farahani et al. 1998). Following this systemaltbesf
period is reduced from 14 months to approximately 10 months, by incorporating a
summer crop such as corn, millet, sorghum, or sunflower in late spring folldvarigt
month fallow period.

Dryland crop intensification offers several agronomic benefits. For geacrop
intensification has resulted in a 28% increase in water use efficiencyarakesstern
Colorado sites when compared with wheat-fallow (Peterson et al. 1996). Addytianall
has resulted in decreased soil bulk density (Shaver et al. 2002) and increased soil
aggregation and soil aggregate stability (Shaver et al. 2003). Coupled with re-tillag
practices, crop intensification can increase soil carbon sequestrdtemad@®et al. 2003).
Intensification also reduces the economic reliance on one crop. Adding a scromer
also increased annualized grain yield in dryland agroecosystems (Dtieuyh396,
Peterson and Westfall 2004). Potential yield increases and economic profitedmh
crop intensification promotes adoption by growers.

From a natural enemy perspective, crop intensification may offer ayafietops at
different phases, which can provide refugia during agricultural disturbar@@®ps can
be synchronized so they senesce at different times throughout the yeaingrovid
alternative prey sources and habitat for predators (Altieri 1994). Additionallgathe

arrival of natural enemies into a crop has resulted in effective biolagiotrol, due to
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effective predator to prey ratios (Chiverton 1986, Holland and Thomas 1997, Landis and
van der Werf 1997, Birkhofer et al. 2008).

Spiders are dominant natural enemies in agroecosystems, and their lifeshestorie
coincide with the predicted seasonality and disturbances associated vattaug
habitats. In the temperate zone, most spiders live for only a year, and lge losee
been described for just a few species (Foelix 1996). For spiders in central Europe,
reproduction mainly occurs in May with spiderlings hatching in the summer €l retz
1954). Such species have been defined as “agrobionts” (Luczak 1979). Agrobionts can
participate in “cyclic colonization”, which involves dispersal to fields during cobipity
and dispersal out of fields into undisturbed habitats for post-harvest overwintering
(Wissinger 1997). For cyclic colonization to effectively maintain naemainy
densities, it is important for reproduction to be timed appropriately withrdestces
(i.e., crop harvest, cultivation) (Samu and Szinetar 2002). Furthermore, spiders need t
reproduce early in the crop growing season and prior to planned disturbances tapersist i
agricultural habitats (Thorbek et al. 2004).

To exploit conservation biological control, it is also important to have an assgssme
of the biodiversity within the agroecosystem. An increase in predator biatlivers
through an increased assemblage of spider species can reduce pest diéasitvetye
(Losey and Denno 1998, Riechert 1999, Schmidt et al. 2003, Snyder et al. 2006, Straub
and Snyder 2008). This can be explained by the niche complementarity hypothesis, i
single pest introduces a variety of feeding niches exploitable by spvedator species.

For example, in an orchard study in western France, several spider spesszgqul
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different prey-capturing strategies and increased overall pest ssjgoréMarc and
Canard 1997).

The influence of dryland crop intensification in the Great Plains on the dansity
biodiversity of spiders is poorly understood. From a temporal perspective, testcur
crop and the crop that follows in the rotation may be important for spider populations.
Spiders may be more likely to remain in the system when a summer crop is introduced
into the rotation and the fallow period is reduced, introducing an important refuge
between crop harvest and other disturbances. From an ecological standpoirggdhcrea
structural diversity by the addition of more crops to the rotation could indfease
biodiversity of the predator fauna (Landis et al. 2000). Because spiders arerdomina
predators in agroecosystems, it is important to address whether changes in ¢iogsprac
such as crop intensification, can affect spider biodiversity and density stlilystested
the following hypothesis: An intensified crop rotation will have greatelesmlensity
and biodiversity than a conventional rotation. This hypothesis is supported by the
expectation that the intensified rotation will (1) have increased structueakiy; (2)
will provide more consistent habitat for both predators and prey; and (3) wilbprovi

food for predators during and after wheat harvest.

Materials and Methods

Field Sites

The eastern Colorado dryland agroecosystem study sites were: Akroed lioca
Washington Co. (40.26l, 103.22W; elevation=1420 m); Briggsdale, located in Weld

Co. (40.60N, 104.34W; elevation=1475 m); and Lamatr, located in Prowers Co.
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(38.09N, 102.62W; 1104 m) (Figure 2.1). These sites are semi-arid, receiving an

average of 350-400 mm of annual precipitation.

FIGURE 2.1. FIELD SITE LOCATIONS IN AKRON, BRIGGSD ALE, AND LAMAR, CO, 2002-2007.
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The study sites were part of a dryland agroecosystem study comparimgtédians.
Spiders were collected from 8 plots in a conventional winter wheat/falloviormtand
12 plots in a winter wheat/summer crop/fallow rotation (Figure 2.2). The sumoper ¢
varied with location and plot size (Table 2.1). There were five treatmentsdatudy
(Table 2.2). All crop phases of both rotations were present in each replidatgeaac
Additionally, sunflower was sampled at each location from a differentoatsdiprovide

additional data for local biodiversity assessments.

TABLE 2.1. DESCRIPTION OF FIELD SITES, PLOT SIZES, AND ROTATIONS AT AKRON, BRIGGSDALE, AND
LAMAR, CO, 2002-2007.

Site Annual Plot length Conventional Rotation Crop-Intensifiedtation
Precipitatiori
(mm)
Akron 405 27.4mx54.9m Winter wheat-fallow Winteheat-corn-fallovd
Briggsdale 350 274 mx125.0 m Winter wheat-fallow Winter wheat-millet-fallow
Lamar 375 30.5mx97.5m Winter wheat-fallow Wintéheat-sorghum-falloiv

11961-1990 mean.
2Summer crop changed to millet in 2005-2006, 200672&rop year.
3Summer crop changed from grain sorghum to fielgtsam in 2005-2006, 2006-2007 crop year.
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TABLE 2.2. TREATMENTS FOR THE CONVENTIONAL AND CROP -INTENSIFIED ROTATIONS AT AKRON,
BRIGGSDALE, AND LAMAR, CO, 2002-2007.

Treatment Rotation Crop
1 Conventional Wheat
2 Conventional Fallow
3 Crop-intensified Wheat
4 Crop-intensified Millet, Corn or Sorghum
5 Crop-intensified Fallow

Site Management

All sites were dryland, receiving no supplemental irrigation. At all figkss
Russian wheat aphi@®jiuraphis noxia (Kurdjumov) (Hemiptera: Aphidiidae), densities,
residue amounts, spiders, and soil properties were measured. Limited datalfal c
beetles (Miller 2008) and other insects were also measured from 2002-200&faith pi

samples.

Agronomic inputs

Wheat

Winter wheat Triticum aestivum L. (Poales: Poaceae), was planted in the fall from
2001 through 2006. Well-adapted cultivars were chosen for each site. Wheat pdots we
split. From 2001-2004, half of each wheat plot was planted with a cultivar susceptible
Russian wheat aphid biotype RWAL, and the other half was planted with a cultivar
resistant to biotype RWAL. Beginning in 2005, only biotype RWA1 resistantadlti

were planted at the study sites. In Akron, the herbicide glyphosateplédagprior to
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planting in all wheat plots. In Briggsdale and Lamar, glyphosate was appb#iorheat
plots prior to planting, during post-emergence of wheat in the spring, and again to the
wheat stubble following harvest in mid-late summer (Peterson et al. 2084l 2.3

lists the wheat cultivars, planting dates and rates, and fertilizecatpmhs for all sites

from 2002-2007.

TABLE 2.3. WHEAT CULTIVARS, PLANTING DATE, SEEDING RATE, AND FERTILIZER APPLICATION DATES
FOR AKRON, BRIGGSDALE, AND LAMAR, CO, 2001-2007.

Crop Year Site Cultivars® Planting Date Seeding Rate Fertilizer
2001-2002 Akron TAM107 (S)/Prairie Red (R) 29 S@pP 60 Ibs/A N, 32 Ibs/A
Briggsdale Yuma (S)/Yumar (R) 20 Sep 2001 60 Ibs/A N, 49 Ibs/A
Lamar TAM107 (S)/Prairie Red (R) 16 Sep 2001 40Ab N, 6 Ibs/A
2002-2003  Akron TAM107 (S)/Prairie Red (R) 29 S€p2 60 Ibs/A N, 32 Ibs/A
Briggsdale Yuma (S)/Yumar (R) 19 Sep 2002 60Ibs/A N, 49 Ibs/A
Lamar TAM107 (S)/Prairie Red (R) 7 Sep 2003 4%Abs N, 6 Ibs/A
2003-2004 Akron TAM107 (S)/Prairie Red (R) 5 Ocb20Q 60 Ibs/A N, 61 Ibs/A
Briggsdale Akron (S)/Ankor (R) 17 Sep 2003 43 Abs/ N, 48 Ibs/A
Lamar TAM107 (S)/Prairie Red (R) 7 Sep 2003 4%Abs N, 6 Ibs/A
2004-2005 Akron TAM107 (S)/Prairie Red (R) 12 0062 60 Ibs/A N, 62 Ibs/A
Briggsdale Akron (S)/Ankor (R) 20 Sep 2004 604bs/ N, 39 Ibs/A
Lamar Akron (S)/Ankor (R) 9 Sep 2004 45 Ibs/A Nb&/A
2005-2006 Akron Prairie Red (R) 2 Oct 2005 76 Ibs/A N, 62 Ibs/A
Briggsdale Hatcher (R) 26 Sep 2005 67 Ibs/A NIb&DA
Lamar Stanton (R)/Jagalene 15 Sep 2005 45 Ibs/A N, 21 Ibs/A
2006-2007 Akron Ankor (R) 1 Oct 2006 60 Ibs/A N,IB6/A
Briggsdale Hatcher (R) 26 Sep 2006 60 Ibs/A NIb&DA
Lamar Hatcher (R)/Jagalene 14 Sep 2006 45 Ibs/A 21Nbs/A

'R=wheat variety resistant to biotype RWA1, S=wheatety susceptible to biotype RWAL.

2N=Nitrogen.

%Jagalene replanted on 28 Oct 2005 due to poor emeeg
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Fallow

At Akron, the fallow plots in the conventional rotation were tilled once with a tandem
disc in the spring and swept twice prior to planting. Fallow plots were not tilled at
Briggsdale. Herbicides were applied monthly during the spring and sumrherfalow
plots (Peterson et al. 2004). At Lamar, the fallow in the crop-intensifietibrotaas

swept once during mid-summer.

Summer crops

Locally-adapted summer crop varieties were planted from May to July from 2002
2007 (Table 2.4). At all sites, glyphosate was applied pre-plant, and anothedkerbici
was applied post crop emergence (Peterson et al. 2004). Sorghum was not planted in
2002 in Lamar due to drought conditions. Sunflower was planted in Akron and

Briggsdale in 2002-2004.

TABLE 2.4. CROPS, PLANTING DATES, SEEDING RATES, AND FERTILIZER APPLICATIONS FOR SUMMER
CROPS AT AKRON, BRIGGSDALE, AND LAMAR, CO, 2001-2007.

Crop Site Crop Variety Planting Planting Fertilizer
Year Date Rate
2001- Akron Corn Dekalb DK520RR 20 May 2002 17.2K N, 90 Ibs/A; P, 15
2002 seeds/A Ibs/A
Akron Sunflower  Triumph 765 10 June 2002 17.2K N, 56 Ibs/A
seeds/A
Briggsdale Millet Huntsman 15 June 2002 15 Ibs/A onbl

Briggsdale Sunflower Mycogen SF187 7 June 2002 K $Beds/A None

Lamar Sorghun  NA NA NA NA
2002- Akron Corn DK46-28RR 20 May 2003  14.0K seeds/A  RIJIs/A
2003

Akron Sunflower  Triumph 765 10 June 2002 16.6Bds#A N, 47 Ibs/A
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Crop Site Crop Variety Planting Planting Fertilizer
Year Date Rate
Briggsdale Millet Golden German 21 June 2003  1Blbs None
Briggsdale Sunflower Mycogen SF187 21 June 2003  15lbs/A None
Lamar Sorghum  DeKalb DK636-00 28 May 2003 24 Kdsé& N, 60 Ibs/A
2003- Akron Corn DK46-28RR 23 May 2004 14 K seeds/A NJZA
2004
Akron Sunflower  Triumph 765 29 May 2004 175K N, 69 Ibs/A
seeds/A
Briggsdale Millet Huntsman 2 June 2004 15 lbs/A 4B |bs/A
Briggsdale Sunflower Mycogen SF187 27 May 2004  &8Kds/A N, 69 Ibs/A
Lamar Sorghum  DeKalb DK636-00 18 May 2004 24 Kdsék N, 73 Ibs/A
2004- Akron Corn DK40-08RR/YG 20 May 2005 14 Kseeds/A  @68,lbs/A
2005
Akron Sunflower  Triumph 565 9 June 2005 17.5 K N, 69 Ibs/A
seeds/A
Briggsdale Millet Golden German, 14 May 2005 14 Ibs/A N, 30 Ibs/A
and Grazex
Lamar Sorghum  Northrup KS310 6 June 2005 34.7K N, 7.5 Ibs/A
seeds/A
2005- Akron Millet Huntsman 19 June 2006 15 Ibs/A N, B6/A
2006
Briggsdale Millet Huntsman 13 July 2006 15 Ibs/A , A0 lbs/A
Lamar Sorghum  Sucrosorgo 405 20 June 2006 10®dstd None
2006- Akron Millet Huntsman 2 July 2007 15 Ibs/A N, 1518
2007
Briggsdale Millet Huntsman 21 June 2006 15 Ibs/A , 4D Ibs/A
Lamar Sorghum  Canex BMR 208 2 July 2007 15 Ibs/A , 1Bllbs/A

Sorghum did not produce grain due to drought caprt
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Spider Sampling

Three sampling methods were combined to maximize the number of spidessspeci
collected. Pitfall traps alone do not provide an accurate representation délocall
composition (Halsall and Wratten 1988) but instead measure activity dengity onl
(Greenslade 1964, Topping and Sunderland 1992, Sunderland et al. 1995). Some
families like Salticidae remain in silken retreats on crops when thé@raatunfavorable
(Canard 1981) and, thus, require a more active sampling technique like vacuum
sampling.

Sampling was conducted from 2002-2007 using the following methods: pitfall
(April-October, 2002-2006), vacuum (May-August, 2006-2007), and lookdown sampling
(May-August, 2004-2006). Lookdown sampling was used only for biodiversity agalyse
because there was significant variation between collectors, regaofleeir level of
experience. Therefore, results from lookdown sampling were not included incsthtist
analyses. Pitfall samples were not collected in Lamar in September, 2004 adue t
collector accident and in May, 2006, due to excessive rain. Vacuum samples were not

collected in Lamar in May and June, 2007, due to rainfall.

Pitfall sampling

Two pitfall traps (10 cm in diameter) were placed within the center ¢f glat
approximately 5m from one another. The traps consisted of a 2-L bottle with thaftop
cut and inverted to form a 5 cm funnel at the mouth of the trap with the bottom half
holding a collection cup (Miller 2000). A solder gun was used to burn holes at the

bottom of the bottle for drainage. A 500 mL plastic collection cup was placed in the

46



bottom of the trap and filled with approximately 165 mL of a 70:30 mixture of propylene
glycol: water, which served as a killing agent for any ground-acttixeogods. The 2-L
bottles were placed in the ground such that the lip of the 2-L bottle was flush with the
surface.

Pitfall trap contents were collected seven days after they wergechiax the field
during the months of April through October at all three sites from 2002-2006. Traps
were temporarily removed prior to field operations and replaced afterwahdstraps
were covered with a 15 x 20 cm ceramic tile when not in use, and new traps were used
each year.

When collecting the traps, the 500 mL plastic cup was removed. The contents were
poured through a strainer lined with a paper towel. After the propylene glgtet-w
mixture drained, the insects and spiders on the paper towel were carefudly widtun a
sealed plastic bag. The bags were transferred to the laboratory in aacabfdaced in

the freezer for subsequent identification.

Suction sampling/hand search

Ground spiders are captured most efficiently by hand search, while spidenstpne
the foliage are collected most efficiently with a D-vac suction sampsemmgler that
was designed to specifically capture arthropods (Sunderland and Topping 1995). For this
study, a modified Stihl BG 55 leaf vacuum (Stihl HomeScaper Series; 4) elrused
in lieu of a D-vac due to affordability and ease of transport. Vacuum sampkesaken
monthly at all sites from May through August in 2006 and 2007. Two areas were chosen
at random within each plot (Southwood 1978), and a circular toothed sheet-metal frame

with an area of 0.55 fiwas placed over the area to be sampled. The frame served as a
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barrier to prevent the spiders from escaping. The vacuum was placed withiamtled f

area and operated for five seconds for each area covered by the vacuune apét the

entire framed area had been sampled. Following the suction samplingntieel farea

was collected by hand until no remaining spiders were found. The contentsottioa

sleeve from the vacuum were sifted for spiders. All spiders capturedewsatied into

4.4-L bags. These bags were sealed, placed on ice, and transferred back to theylaborator
for subsequent processing and identification. Upon return to the lab, the bags were
emptied into trays and searched for spiders. Spiders were suctioned with atorapad

placed individually into labeled vials with 75% ethanol.

Look down sampling

Lookdown sampling was conducted from May through August, 2004-2006. This
technique involved the collection of spiders found below knee level in the crop or at the
soil surface. Collections were made between the hours of 20:00-24:00 for 30 min per
plot within 3 repetitions, using headlamps as a light source. Spiders were haotkdolle
and placed in 125 mL Nalgene cups filled with 75% ethanol and transferred to the

laboratory for identification.

Spider Identification

Spiders collected from all techniques were placed in individual vials Witdd75%
ethanol and labeled appropriately. Adult spiders were identified to genus under a
microscope at 40-60x with an identification manual for North American spideragener
(Ubick et al. 2005) and subsequently identified to species using species-speritiare

from the Denver Museum of Nature and Science. Immature spiders werentified e
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past the family level. All spiders from the family Salticidae weratifled by Dr. Fran

X. Haas. Similarly, Dr. Michael Draney (University of Wisconsin) idesdifall

Linyphiidae. Several individuals of each species were sent to spsdatispecies-level
verification. Spiders from the family Dictynidae were sent to Dr. Robb Bgnne
Thomisidae and Philodromidae were sent to Dr. Charles Dondale, and representatives of
the Theridiidae family were sent to Dr. Herbert Levi. Voucher speciaendeposited

at the Denver Museum of Nature and Science in Denver, CO.

Aphid Sampling

Aphids were sampled within the wheat during various wheat stages at allitbsee s
from 2002-2007. The density Bt noxia was estimated by collecting 400 tillers at
random from each wheat plot at several times each year. Tillers \aeesl ph coolers,
transported to Colorado State’s Agricultural, Research, Development andi&ducat
Center (ARDEC), and placed in Berlese funnels for 24h to extract the aphids into the

alcohol for subsequent counting under a dissecting microscope.

Analyses

Spoider density

Crop rotations were randomly assigned to plots within blocks at each sées(Pett
al. 2004). Data were analyzed as a randomized complete block design with @ate a
repeated measure. The effects of treatment, date, and their interaatooanalyzed
with the response variable of spider density for both pitfall and vacuum sarSjgies.

and years were analyzed separately because sites differatiadihg, and years were
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substantially different from one another. Pitfall trap and vacuum samplesawenaged

by dividing the total catch by two to avoid pseudoreplication (Hulbert 1984). Analyses
were performed with the total of immature and adult spiders. Repeatedreseamdels
with autoregressive errors and unequal variances across dates wered\aidaised
when justified by AIC values (Burnham and Anderson 2002). Statistical computations
were performed using the “Mixed” procedure in SAS (SAS Institute 2008)tiat

REML estimation method and the Kenward-Roger approximation for degrees of freedom
(Kenward 1997). Spider densities were square-root transforme@.b) to homogenize
the variances. If any fixed effects within the model were signifidant(.05), least
squares means were separated and compared with t-tests. Untransformedmmea
presented in tables and figures. Since the means are pooled, the standaadectiiers
same and, therefore, will not be included in the results or tables presented.

Additionally, spider densities for pitfalls for 2002-2006 were compared for months
prior to wheat harvest (April-July) and post wheat harvest (August-Octoberaged
over treatments, using the “contrast” statement in SAS (SAS lesB0@8). The
purpose of these contrasts was to determine if spiders were coordinating#heir
densities with the active wheat growing season.

It was also of interest to compare spider densities between the conventionapand cr
intensified rotations. Because there were an unequal number of treatmemsaadthi
rotation, this rotational comparison was performed using the “contrast” staten$k
(SAS Institute 2008). When a treatment by date interaction did not occur, thestontra
was averaged over dates, and when there was a treatment by date intehactiontrast

was computed separately for each date.
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Spider biodiversity

Biodiversity analyses were performed with adult spiders as only adults can be
identified to species with accuracy. Species accumulation curves, or plotsaibthe
number of species represented as a function of the number of individuals sampled
(Colwell and Coddington 1994), were calculated for all sites to address whetlpdéingam
effort was adequate for species determination. If a sampling inventgniglete, then
the number of species should form an asymptote over time as the number of individuals
increases. This rarely is achieved with a smaller number of individualsnoaléer
sampling inventory, thus the need for species richness estimators (@&laleR004).

The species richness estimators Chao | (Chao 1987) and ACE | (Chazdon et al. 1998,
Chao et al. 2000) were calculated with Estimate S (Colwell 2005) to estimataeethe
number of species present at each site. The number of individuals collected varies
between samples, creating another complication when assessing speties ty.
Rarefaction curves standardize the number of individuals between samplefipthing a
differences between samples or sites to be compared accuratelyi @wtellolwell

2001). Rarefaction curves were calculated using the Cole Rarefaction function of
Estimate S (Coleman 1981, Coleman et al. 1982) and were used to compare differences

among treatments at each site, averaged over months and years.

The Shannon Index

The Shannon Index can be used to estimate the biodiversity of organisimsawit

system (Krebs 1989) and can be calculated with the following formula:

Sr
H= -3 plogep;
i=1
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where p= the proportion of individuals in théh species and;S the total number of
species. The Shannon index was calculated for each repetition and treatnmaggdcave
over months, for each year and site. Shannon index values were low per treathent e
month, which precipitated the need to pool index values by repetition each year. The H
index values were converted to the actual number of spefjesaifieer than using the
logarithmic values derived from the index calculations to facilitategrgéation of the
data (Ricklefs 2007). Higher values of “H” indicate greater biodiversitgtisgtal
computations using the calculated Shannon indices were performed using thd™Mix
procedure in SAS (SAS Institute 2008) with the REML estimation method and the
Kenward-Roger approximation for degrees of freedom (Kenward 1997). If &y fix
effects within the model were significant€F.05), least squares means were separated
and compared with t-tests.

Similar to the density contrasts, spider diversity between the converdimhalop-
intensified rotations was performed using contrasts of treatments withlthaated

Shannon index values per year, averaged over months.

Results
Spider density

Yearly density summaries, family distribution, and species collected

A total of 11,207 spiders in 17 families and 119 species were collected. The number
of spiders collected from Akron, Briggsdale, and Lamar were 3255, 3381, and 4571,
respectively (Table 2.5). Of this, 14.9% were female, 26.7% male, and 58.4% isnmatur

Spider densities were greatest in 2005 and 2006.
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TABLE 2.5. SPIDERS COLLECTED AT AKRON, BRIGGSDALE, AND LAMAR, CO, 2002-2007.%?

Year
Site 2002 2003 2004 2005 2006 2007
Akron 312 369 525 899 1013 137
Briggsdale 371 284 436 1045 1077 168
Lamar 320 292 438 1384 1846 291

* From pitfall, vacuum, and lookdown sampling tecjugs.
2 No Sep. pitfalls, Lamar 2004 and May 2006; no Bug-lookdown, Lamar 2004; no vacuum samples, LaMas-June, 2007.

Pitfall activity densities by site and year

Akron

With the exception of 2005, spider activity densities gradually increased fraim Apr
July and subsequently declined thereafter (Figure 2.2). In 2002, few spideyeset
in June. Densities declined again in August-October. Similarly, in 2003, spideretensiti
increased and declined in August-October. In 2004, activity densities wereweoyr |
June-October. In 2005, activity densities were high in all months except for a slight
decline in May and October. The highest activity densities for each month were
maintained in 2005, except for June where 2006 had higher total activity densities. In
May 2006, Akron received 10.2 cm of precipitation, which could be correlated with peak
spider densities in June. Spider activity densities were higher in June, August, and

September in 2005 and 2006.
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FIGURE 2.2. TOTAL SPIDER ACTIVITY DENSITIES FROM P ITFALL SAMPLES AT AKRON, CO, APRIL-
OCTOBER, 2002-2006.

200 -

180 [ 12005
12006

160
140 -
120 - —
100 -

80 - o

60 -

Total No. Individual Spiders
|

40

20 —‘
0 -
Apr May Jun Jul Aug Sep Oct
Akron

Briggsdale

Similar to Akron, spider activity densities peaked in April-July and declined from
August-October (Figure 2.3). In 2005, the increased activity densities wertaimed
for each month except June and October, where the highest spider densitiesioncurr

2006.
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FIGURE 2.3. SPIDER ACTIVITY DENSITIES FROM PITFALL SAMPLES AT BRIGGSDALE, CO, APRIL-OCTOBER,
2002-2006.
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Resembling the other two sites, peak activity densities occurred fromJapyil
(Figure 2.4). However, activity densities rose from September-OctoR606 and also
rose from August-October in 2006. There was a large peak in spider activity density
May 2004, June and October (actual sampling month was November) 2006. Above-
average precipitation was also received at these times (10.2 cm of precipitéfian i

2004 and June 2006 and 30.5 cm of precipitation from July-September 2006). Aside
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from April 2003 and May 2004, total spider activity densities were low for 2003 and

2004 seasons.

FIGURE 2.4. SPIDER ACTIVITY DENSITIES FROM PITFALL SAMPLES AT LAMAR, CO, APRIL-OCTOBER, 2002-
2006."
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Spiders were sampled in November instead of Octialpe?006; no May 2006 samples.

Vacuum densities by site and year

In general, mostly immature spiders (87.3%) were captured with vacuum sampling.

Akron

Spiders densities were highest in June 2006 and August 2007(Figure 2.5). May and

July densities were similar between years.
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FIGURE 2.5. SPIDER DENSITIES FROM VACUUM SAMPLES AT AKRON, CO, MAY-AUGUST, 2006-2007.
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Densities were highest in July-August for 2006 and 2007 (Figure 2.6). Bensiti
were twice as high in May 2006 than in May 2007. Densities were slightly highdyin J
2007 compared with July 2006. June and August maintained similar densities between

years.
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FIGURE 2.6. SPIDER DENSITIES FROM VACUUM SAMPLES AT BRIGGSDALE, CO, MAY-AUGUST, 2006-2007.
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Spider densities were low. A high density of spiders was collected in A2@QQi5

(Figure 2.7). May and June were not sampled in 2007 due to excessive rain.
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FIGURE 2.7. SPIDER DENSITIES FROM VACUUM SAMPLES AT LAMAR, CO, MAY-AUGUST, 2006-2007.*
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'No samples July and August 2007.

Activity densities pre versus post wheat harvest

Male, female, and immature spider individuals collected per month in pitfall sampl
are displayed in Figures 2.8a-0. The adult male and female activity denstie
highest during April through July, and activity densities declined theredftdramar
2006, adults demonstrated a peak of spider activity-densities in April through July;
however, there was a second peak in the number of adults present in pitfalls from October

through November (Figure 2.80). In Akron 2006, immatures were present in May
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through August (Figure 2.8m). Immatures were present consistently throughgeéathe

at all sites.
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FIGURE 2.8. A-O. IMMATURE, FEMALE, AND MALE SPIDER S CAPTURED IN PITFALLS AT AKRON,

BRIGGSDALE, AND LAMAR, CO, 2002-2006.
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Contrasts showed that spider densities decreased after wheat hanlestest ahd

years (Tables 2.6-2.8), except Lamar 2006, where densities were high in baiibroc

November and April-July.

TABLE 2.6. CONTRAST OF DATES COMPARING SPIDER ADULT ACTIVITY DENSITIES PRE AND POST WHEAT
HARVEST, AKRON, CO, PITFALLS, 2002-2006.*

Year Effect df t P-value

2002 Pre (April-July) vs. Post Harvest (August-October) 105 4.46 <0.0001
2003 Pre (April-July) vs. Post Harvest (August-October) 110 5.30 <0.0001
2004 Pre (April-July) vs. Post Harvest (August-October) 90 2.16 0.0337
2005 Pre (April-July) vs. Post Harvest (August-October) 90 5.01 <0.0001
2006 Pre (April-July) vs. Post Harvest (August-October) 90 5.59 <0.0001

Dates averaged over treatments.

TABLE 2.7. CONTRAST OF DATES COMPARING SPIDER ADULT ACTIVITY DENSITIES PRE AND POST WHEAT
HARVEST, BRIGGSDALE, CO, PITFALLS, 2002-2006.*

Year Effect df t P-value
2002 Pre (April-July) vs. Post Harvest (August-October) 95  3.27 0.0015
2003 Pre (April-July) vs. Post Harvest (August-October) 90 6.77 <0.0001
2004 Pre (April-July) vs. Post Harvest (August-October) 90 2.84 0.0055
2005 Pre (April-July) vs. Post Harvest (August-October) 90 8.80 <0.0001
2006 Pre (April-July) vs. Post Harvest (August-October) 90 6.13 <0.0001

Dates averaged over treatments.
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TABLE 2.8. CONTRAST OF DATES COMPARING SPIDER ADUL T ACTIVITY DENSITIES PRE AND POST WHEAT
HARVEST, LAMAR, CO, PITFALLS, 2002-2006. *?

Year Effect df t P-value

2002 Pre (April-July) vs. Post Harvest (August-October) 920 4.80 <0.0001
2003 Pre (April-July) vs. Post Harvest (August-October) 89 7.26 <0.0001
2004 Pre (April-July) vs. Post Harvest (August-October) 75 5.47 <0.0001
2005 Pre (April-July) vs. Post Harvest (August-October) 20 5.96 <0.0001
2006 Pre (April-July) vs. Post Harvest (August-October) 75 -0.19 0.8505

Dates averaged over treatments.
°No September data, 2004; no May data, 2006.

Family distribution and species list-all sampling techniques

For Akron from 2002-2007, Lycosidae represented 41% of all spiders collected,
followed by Gnaphosidae (31%), Thomisidae (9%), Philodromidae (5%), Linyphiidae
(5%), and Salticidae (4%) (Table 2.9). Agelenidae, Araneidae, ClubionidaeniGae,
Dictynidae, Tetragnathidae, Theridiidae, and Titanoecidae were cdllestefrequently.
At Briggsdale, Gnaphosidae (36%), Lycosidae (30%), Linyphiidae (10%), Thizmaisi
(9%), Salticidae (6%), Philodromidae (5%) were the most abundant familigle (Ta
2.10). Agelenidae, Araneidae, Clubionidae, Corinnidae, Dictynidae, Pholcidae,
Tetragnathidae, Theridiidae, and Titanoecidae were less common. Lasndomwiaated
by Lycosidae (61%) and Gnaphosidae (25%) (Table 2.11). The familiemnktzee
Araneidae, Clubionidae, Corinnidae, Dictynidae, Linyphiidae, Philodromidae, Phglcidae
Salticidae, Tetragnathidae, Theridiidae, Thomisidae, and Titanoecidaeoliected less

frequently.
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TABLE 2.9. MONTHLY SPIDER COLLECTIONS BY FAMILY AT  AKRON, CO, APRIL-OCTOBER, 2002-2007.2

Month Family
Age Ara Clu Cor Dic Gna Lin Lyc Phi Sal Tet The Tho Tt
April 1 8 107 15 65 20 4 6 49
May 4 13 195 21 190 24 5 3 6 73
June 1 5 5 1 29 323 54 321 42 29 9 45 2
July 2 24 5 9 9 124 29 291 44 46 8 50 23
August 3 6 3 18 154 43 365 46 34 9 30
September 2 1 1 100 11 95 4 17 3 56
October 1 1 3 28 5 89 1 3 18
Total 5 37 17 15 81 1031 178 1416 181 138 3 41 321 25
Percentage (%) O 1 0 0 2 30 5 41 5 4 0 1 9 1

'Age=Agelenidae, Ara=Araneidae, Clu=Clubionidae,€@wrinnidae, Dic=Dictynidae, Gna=Gnaphosidae, Limyphiidae, Lyc=Lycosidae, Phi=Philodromidae, SalitiSidae, Tet=Tetragnathidae,
The=Theridiidae, Tho=Thomisidae, Tit=Titanoecidae.

2Adults and immatures collected from all samplinghtéques.
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TABLE 2.10. MONTHLY SPIDER COLLECTIONS BY FAMILY AT

BRIGGSDALE, CO, APRIL-OCTOBER, 2002-2007.%?

Month Family
Age Ara Clu Cor Dic Gna Lin Lyc Phi Pho Sal Tet The T  Tit
April 1 115 65 41 30 9 1 2 30
May 1 25 258 61 90 27 37 1 2 55
June 1 4 1 29 306 60 152 34 1 44 5 4 20
July 2 7 1 2 17 212 53 317 32 3 61 4 84
August 1 1 17 108 68 245 22 19 5 30
September 1 2 86 10 52 4 1 6 7 42
October 1 3 2 1 79 4 50 2 2 2 1 26
Total 5 14 6 4 91 1164 321 947 151 178 8 24 287
Percentage (%) O 0 0 0 3 36 10 30 5 0 6 0 1 9

'Age=Agelenidae, Ara=Araneidae, Clu=Clubionidae,€@wrinnidae, Dic=Dictynidae, Gna=Gnaphosidae, Liimyphiidae, Lyc=Lycosidae, Phi=Philodromidae, PhbeRidae, Sal=Salticidae,

Tet=Tetragnathidae, The=Theridiidae, Tho=ThomisidéeTitanoecidae.
2Adults and immatures collected from all samplinghtéques.
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TABLE 2.11. MONTHLY SPIDER COLLECTIONS BY FAMILY AT LAMAR, CO, APRIL-OCTOBER, 2002-2007. *2

Month Family
Age Ara Clu Cor Dic Gna Lin Lyc Phi Pho Sal The Tho Ti
April 16 168 21 78 11 11 9 28
May 2 6 251 18 105 8 2 9 46
June 2 6 2 19 257 23 676 17 1 24 11 31
July 2 16 168 18 1131 36 25 17 16
August 2 3 16 85 31 572 35 24 10 10
September 4 1 1 1 66 7 109 4 6 1 29
October 5 157 2 132 6 1 1 8
Total 8 10 3 4 79 1152 120 2803 117 1 93 58 168
Percentage (%) O 0 0 0 2 25 3 61 3 0 2 1 4

'Age=Agelenidae, Ara=Araneidae, Clu=Clubionidae,@wrinnidae, Dic=Dictynidae, Gna=Gnaphosidae, Liimyphiidae, Lyc=Lycosidae, Phi=Philodromidae, PhbeRidae, Sal=Salticidae,
Tet=Tetragnathidae, The=Theridiidae, Tho=ThomisidéeTitanoecidae.
Adults and immatures collected from all samplinghtdques.
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Cumulatively from 2002-2007, 77, 78, and 67 species were collected in Akron,
Briggsdale, Lamar, respectively (Table 2.12). Thirty-two species ezenenon to all
sites, and 16, 12, and 19 species were unique to Akron, Briggsdale, and Lamar,
respectively. Twenty-four species were common to Akron and Briggsdale butmat,La
five were common to Akron and Lamar but not Briggsdale, and ten were common to
Briggsdale and Lamar but not Akron. The geographic proximity and agroecological
similarity of Briggsdale and Akron may explain why more specieg wemmon
between these two sites. Overall, Lycosidae and Gnaphosidae dominated the number of
individuals collected (Lycosidae 45.0%, Gnaphosidae 29.0%), with the families
Thomisidae (6.9%), Linyphiidae (6.1%), Philodromidae (4.3%), and Salticidae (3.7%)
representing most of the remaining individuals collected. The number of species
contained within a family was dominated by Gnaphosidae (20.2%) and Linyphiidae
(14.2%), with Dictynidae (12.6%), Salticidae (10.1%), Lycosidae (9.2%), Thomisidae
(8.4%), Philodromidae (8.4%), and Theridiidae (7.6%) representing some of the
remaining species. Six families-Lycosidae, Gnaphosidae, Thomisiadgphiidae,

Philodromidae, and Salticidae-represented over 75% of the total specid¢sitesal

TABLE 2.12. SPIDERS COLLECTED AT AKRON (A), BRIGGS DALE (B), AND LAMAR (L), CO, 2002-2007.}

Family Species A B L

Agelenidae Agelenopsis aleenae Chamberlin & Ivie 4
Agelenopsis oklahoma (Gertsch) 2 2

Araneidae Larinia borealis Banks 2 4

Clubionidae Clubiona pikei Gertsch 1

Corinnidae Cadtianeira alteranda Gertsch 2
Cagtianeira amoena (Koch) 1
Castianeira descripta (Hentz) 23 2
Phurotimpus certus Gertsch 4

Dictynidae Cicurinasp. 1 94
Cicurina sp. 2 5 7 3
Cicurinasp. 3 1
Cicurina sp. 4 2
Dictyna coloradensis Chamberlin 2 3
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Family Species A B L
Dictyna personata Gertsch & Mulaik 9 18
Dictyna terrestris Emerton 10 33 1
Dictyna sp. 1 2
Emblyna consulta (Gertsch & Ivie) 5 2
Emblyna reticulata (Gertsch & Ivie) 4 10
Emblyna scotta Chamberlin 1
Iviellasp. 1 16 1 9
Iviella sp. 2 8
Phantyna bicornis (Emerton) 1 13
Tricholathys sp. 1

Gnaphosidae Drassodes gosiutus Chamberlin 1 12
Drassodes neglectus (Keyserling) 1
Drassodes saccatus (Emerton) 1 5
Drassyllus depressus (Emerton) 14 3
Drassyllus lamprus (Chamberlin) 2 3
Drassyllus lepidus (Banks) 5 13
Drassyllus nannellus Chamberlin & Gertsch 137 92 8
Drassyllus notonus Chamberlin 22 25 65
Gnhaphosa clara (Keyserling) 155 322
Ghaphosa parvula Banks 1
Ghaphosa saxosa Platnick & Shadab 399
Ghaphosa sericata (L. Koch) 30 23
Haplodrassus chamberlini Platnick & Shadab 61 93 44
Haplodrassus signifer (C. L. Koch) 8 21 7
Micaria gertschi Barrows & Ivie 1
Micaria gosiuta Gertsch 1
Micaria longipes Emerton 2
Micaria medica Platnick & Shadab 3
Zelotes anglo Gertsch & Riechert 59 36 9
Zelotes gertschi Platnick & Shadab 33 39 1
Zelotes hentzi Barrows 4
Zelotes lasalanus Chamberlin 23 57 1
Zelotes nannodes Chamberlin 2
Zelotes puritanus Chamberlin 18 41 17

Linyphiidae Agyneta cf. unimaculata (Banks) 3
Agyneta uta (Chamberlin) 1
Agyneta/Meioneta sp. 1 26 15 41
Agyneta/Meioneta sp. 2 1 1
Agyneta sp. 3 6
Ceratinella brunnea Emerton 28 1 2
Ceratinops latus (Emerton) 1
Coloncus siou Chamberlin 19 2
Erigone aletris Crosby & Bishop 1 40
Erigone barrows Crosby & Bishop 2
Grammonota suspiciosa Gertsch & Mulaik 1
Islandiana flaveola (Banks) 27 10 1
Islandiana princeps Braendegaard 2 1
Mythoplastoides exiguus (Banks) 14 1
Tennesseellum formicum (Emerton) 38 75 21
Wal ckenaeria maesta Millidge 1
Wal ckenaeria spiralis (Emerton) 1

Lycosidae Alopecosa kochi (Keyserling) 50 18 7
Arctosa rubicunda (Keyserling) 34 2
Geolycosa missouriensis (Banks) 1 4
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Family Species A B L
Geolycosa rafaelana (Chamberlin) 2
Hogna antelucana (Montgomery) 31
Hogna coloradensis (Banks) 28 180
Hogna frondicola (Emerton) 1
Schizocosa crassipalpata Roewer 10
Schizocosa mecooki (Montgomery) 324 165 186
Schizocosa minnesotensis (Gertsch) 15 4
Varacosa gosiuta (Chamberlin) 2 6
Philodromidae Eboiviei Sauer & Platnick 1
Ebo parabolis Schick 1 4
Ebo pepinensis Gertsch 2 10
Thanatus altimontis Gertsch 1 10 1
Thanatus coloradensis Keyserling 1 6
Thanatus formicinus (Clerck) 21 39 7
Thanatus rubicellus Mello-Leitdo 1
Tibellus chamberlini Gertsch 2 1
Tibellus duttoni (Hentz) 33 11 2
Tibellus oblongus (Walckenaer) 3 1
Pholcidae Psilochorus imitatus Gertsch & Mulaik 1 6 3
Salticidae Habronattus altanus (Gertsch) 49 31 16
Habronattus conjunctus (Banks) 15
Habronattus cuspidatus Griswold 19 2 1
Habronattus klauseri (Peckham & Peckham) 53 20
Pellenes crandalli Lowrie & Gertsch 12
Pelleneslevii Lowrie & Gertsch 2
Phidippus apacheanus Chamberlin & Gertsch 4 1
Phidippus ardens Peckham & Peckham 1 2
Sassacus papenhoei Peckham & Peckham 2
Sitticus dorsatus (Banks) 3 4
Synageles occidentalis Cutler 2
Talavera minuta (Banks) 9 4
Tetragnathidae Tetragnatha laboriosa Hentz 1 1 1
Theridiidae Enoplognatha joshua Chamberlin & lvie 1 6 9
Euryopis texana Banks 3 45
Latrodectus hesperus Chamberlin & lvie 2 3
Robertus sp. 2
Seatoda albomaculata (De Geer) 19 8 24
Seatoda americana (Emerton) 7 1
Seatoda medialis (Banks) 1
Theridion petraeum Koch 1
Theridion rabuni Chamberlin & Ivie 6 14 8
Thomisidae Misumenops celer (Hentz) 3
Xysticus auctificus Keyserling 2
Xysticus coloradensis Bryant 7
Xysticus cunctator Thorell 5 14 3
Xysticus ferox (Hentz) 1
Xysticus lassanus Chamberlin 9 20 6
Xysticus nigromaculatus Keyserling 1
Xysticus orizaba Banks 114 26 22
Xysticus pellax O.P.-Cambridge 47 65 6
Xysticus texanus Banks 17 29 13
Titanoecidae Titanoeca nigrella (Chamberlin) 42 4 7

10nly 15 of 17 families are shown because two families, &fitae and Miturgidae, were collected in the immaturgestand could not be identified

further than family.
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Mean Spider Densities-Akron, Briggsdale, and Lamar 2002-2007

Akron Pitfall Captures 2002-2006

2002

Mean spider activity densities for pitfall captures were low for alideng months in
Akron 2002 (Table 2.13). Spider activity density was affected by mogth=4-62,
P<0.0001). There was a treatment by month interaction for mean number of spiders
captured in pitfalls (2,87/1.79, P=0.0310). In April and October, spider activity
densities were highest in wheat in the crop-intensified rotation. In May/ sty
densities were highest in fallow grown in the crop-intensified rotation. In June-
September, spider activity densities were highest in corn grown in thenteogified

rotations.

TABLE 2.13. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T AKRON, CO, 2002, 2345

Month

Crop  Rotation Apr May Jun Jul Aug Sep’ Oct’

Wheat Conv. 0.ABab 0.8Bb 2.3ABa 1.1Aab 0.3Ab 0.9ABab 0.4Ab

Fallow Conv. 1.ABab 3.1Aa 1.3ABb 1.5Aab 0.3Ab 0.0Bc

Wheat Intens. 1Rab 2.4Aa 1.1Bab 1.8Aab 0.6Ab 1.1ABab 1.3Aab
Corn Intens. 0.ABb 0.9b 2.9Aa 3.0Aa 1.1Aab 1.5ABab 0.5Ab
Fallow Intens. 0.Bb 1.9ABa 1.5ABa 1.3Aab 0.8Aab

ISignificant differences have been determined through sgaatéransformation of the data- raw means are repiesém this table.

2Means within a column followed by the same capital Istege not significantly different= 0.05; PROC MIXED) and represent differences between
treatments at each date. Means within rows (monttis)fed by the same lower case letters are not signtficdifferent ¢ = 0.05; PROC MIXED).

and represent differences between treatments at eath.mo

3pitfall means represent seven days of total spidersatedl, averaged over repetitions.

“No spiders collected.

5Conv. =conventional, intens. =crop intensified.
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2003

Month (Fs 105=9.20, P<0.0001) and treatmenj ((£3.71, P=0.0346) affected spider
activity density (Table 2.14). Spider activity densities were highest ih May, and
September and lower in June, August, and October. Activity densities wersthighe
the wheat in the crop-intensified treatment all months except April andrSlegt where
wheat in the conventional rotation treatment and fallow in the crop-intensifiegbmnotat

treatment were highest in April and September, respectively.

TABLE 2.14. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T AKRON, CO, 2003.*%3

Month
Crop Rotation Apr May Jun Jul Aug Sep* Oct
Wheat Conv. 1.6 14 0.4 15 0.5 0.8 0.4
Fallow Conv. 1.0 1.3 0.4 0.4 0.3 0.1
Wheat Intens. 1.1 25 0.4 31 0.5 1.0 1.3
Corn Intens. 0.4 1.1 0.0 1.4 0.4 1.0 0.3
Fallow Intens. 15 15 0.1 1.8 0.1 1.9 0.3

*Pitfall means represent seven days of total spidersctedleaveraged over repetitions.
No spiders collected in fallow in September.
3Conv. =conventional, intens. =crop intensified.

2004

There was no treatment effect, (i=2.79, P=0.0754) for spider activity density in the
2004 Akron pitfall captures (Table 2.15). Spider activity density was affectetbbth
(Fs,1148.37, P<0.0001). Activity densities were highest in April and May and declined

thereatfter.
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TABLE 2.15. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T AKRON, CO, 2004.*%?

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 1.3 1.3 1.3 0.4 0.4 0.1 0.8
Fallow Conv. 1.4 1.4 0.9 0.2 0.6 0.6 1.4
Wheat Intens. 1.0 25 0.5 0.1 0.5 1.1 0.5
Corn Intens. 1.8 2.3 0.1 15 0.6 0.9 0.6
Fallow Intens. 0.6 1.9 0.4 0.1 0.1 0.3 0.3

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2005

Spider activity density was affected by month {#=4.51, P=0.0004) and treatment
(F41=7.73, P=0.0025) (Table 2.16). Spider activity densities were relatively high each
month. Spider activity density was lowest in May and October for alhtezds and
higher in the remaining months. Activity densities were highestmwitte wheat in the
conventional rotation treatment, with the exception of May, July, and October where

activity densities were highest within the wheat in the crop-intensigadinrent.

TABLE 2.16. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T AKRON, CO, 2005.*%?

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 3.0 1.0 6.0 2.0 4.5 3.8 1.3
Fallow Conv. 2.1 1.0 2.1 2.0 0.3 0.5 1.0
Wheat Intens. 25 14 3.8 3.4 2.8 3.6 1.8
Millet Intens. 25 1.0 2.1 3.0 1.6 3.3 0.5
Fallow Intens. 13 11 1.0 15 15 1.9 11

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.
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2006

There was no treatment effect, (i=0.97, P=0.4578) for spider activity density in the
2006 Akron pitfall captures (Table 2.17). Spider activity density was affectedihm
for Akron pitfall traps in 2006 §14+/12.28, P<0.0001). Densities were higher compared
to previous years each month. Activity densities were greatest in Jualketfeatments,
except for fallow in the crop-intensified treatment where densities gvesgest in July.
The densities were lowest for the two wheat and two fallow treatments in Agril a

October, respectively, and for millet in July.

TABLE 2.17. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T AKRON, CO, 2006.*%3

Month
Crop  Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 0.3 0.5 6.0 1.9 0.9 2.0 0.6
Fallow Conv. 1.0 1.0 4.0 2.8 14 1.0 0.8
Wheat Intens. 0.3 1.8 3.6 1.3 1.1 0.8 0.8
Millet Intens. 1.5 1.5 3.5 1.0 24 14 1.3
Fallow Intens. 0.9 2.1 25 29 2.3 1.9 0.4

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctetieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

Akron Vacuum Captures 2006-2007
2006

Densities were low each month in 2006 for Akron vacuum samples (Table 2.18).
There was no treatment effect, g€0.60, P=0.6751). Spider density was affected by

month (F 4=4.35, P=0.0093). Densities were highest in May and June for all treatments.
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TABLE 2.18. MEAN NO. SPIDERS CAPTURED WITH VACUUM S AMPLES AT AKRON, CO, 2006. %3

Month
Crop Rotation May Jun Jul Aug
Wheat Conv. 0.3 2.8 0.2 0.8
Fallow Conv. 15 1.2 0.3 0.5
Wheat Intens. 0.7 1.8 0.5 0.8
Millet Intens. 1.7 0.7 0.3 0.3
Fallow Intens. 0.8 0.3 0.3 0.5

'Raw means are represented in this table.
2Vacuum means represent an average of two samplesopeaygraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2007

Spider density was affected by month {E3.65, P=0.0199) and treatment
(F4,5=4.86, P=0.0277) (Table 2.19). Densities were highest in August for the two wheat
treatments and millet in a crop-intensified rotation and highest in May fathlee two
treatments. Densities were highest in wheat in the conventional rotationemeat

May and July and wheat in the crop-intensified treatment in June and August.

TABLE 2.19. MEAN NO. SPIDERS CAPTURED WITH VACUUM SAMPLES AT AKRON, CO, 2007.%%2

Month
Crop Rotation May Jun Jul Aug
Wheat Conv. 2.2 1.3 0.7 4.5
Fallow Conv. 0.3 0.0 0.2 0.2
Wheat Intens. 0.8 15 0.7 5.2
Millet Intens. 0.8 0.8 0.2 15
Fallow Intens. 1.0 0.2 0.2 0.7

'Raw means are represented in this table.
2Vacuum means represent an average of two samplesopeayeraged over repetitions
3Conv. =conventional, intens. =crop intensified.
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Briggsdale Pitfall Captures 2002-2006

2002

Mean activity density was low all months for pitfall captures for Briglgsoa2002
(Table 2.20). There was no treatment effect on spider activity dengitr822,
P=0.0515). Spider activity density was affected by mongh,{9.03, P<0.0001).

Activity densities were highest from April through July and declined tfterea

TABLE 2.20. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T BRIGGSDALE, CO, 2002.%%3

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 15 1.3 11 2.6 0.1 14 0.5
Fallow Conv. 2.0 0.4 11 14 0.0 0.6 0.3
Wheat Intens. 0.9 1.0 0.4 1.1 0.1 0.8 0.5
Millet Intens. 2.3 1.8 0.9 2.0 0.0 1.1 0.3
Fallow Intens. 0.8 1.0 0.4 0.6 0.0 0.4 0.3

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2003

Similar to 2002, activity densities were low for all months in 2003 for pitfaliicas
(Table 2.21). There was no treatment effect on spider activity dengitrQR31,
P=0.8669). Spider activity density was affected by morgm§F14.41, P<0.0001).
Activity densities were highest for all treatments in June and weralépril, August,

and October.
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TABLE 2.21. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T BRIGGSDALE, CO, 2003.%23

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 0.4 11 2.3 1.8 0.6 1.0 0.4
Fallow Conv. 0.0 0.8 21 1.5 0.6 1.3 0.3
Wheat Intens. 0.8 0.9 19 1.5 0.3 1.4 0.6
Millet Intens. 0.5 0.5 23 1.9 0.0 0.9 15
Fallow Intens. 0.5 0.9 3.4 1.8 0.9 11 0.4

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2004

Activity densities were low each month in 2004 for pitfall captures (Table 2.22).

There was no treatment effect, (i=0.41, P=0.8000). Spider activity density was

affected by month @143.40, P=0.0040).

TABLE 2.22. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T BRIGGSDALE, CO, 2004.% 23

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat  Conv. 0.3 0.8 0.5 5.1 0.1 0.3 0.3
Fallow  Conv. 11 2.0 0.8 0.1 0.4 0.1 0.8
Wheat Intens. 1.0 1.3 0.4 1.1 0.5 0.3 0.8
Millet Intens. 0.9 1.5 0.3 0.3 0.1 0.3 0.5
Fallow Intens. 0.0 15 0.3 0.3 0.3 0.4 0.4

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctetieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.
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2005

Spider activity densities were higher than the previous 2002-2004 years in 2005 for
pitfall captures (Table 2.23). Spider activity density was affectecehynient
(F4,176.00, P=0.0069) and months(fr=11.85, P<0.0001). Activity densities were
highest in July for all treatments except for millet and fallow in the-intensified
rotation treatments and lowest in October. Activity densities were hightist wheat in
the crop-intensified rotation treatment during the months of August through @ctobe
Spider activity densities were highest in wheat in the conventional rotegetment in

April, June, and July, which is during the wheat-growing season.

TABLE 2.23. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T BRIGGSDALE, CO, 2005.%%3

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 4.4 3.1 3.6 7.3 2.4 25 11
Fallow Conv. 3.0 2.9 1.0 3.3 1.3 11 1.0
Wheat Intens. 2.9 4.1 2.3 51 2.9 2.8 1.6
Millet Intens. 4.1 3.6 0.8 2.6 2.3 1.6 0.6
Fallow Intens. 4.0 3.8 1.6 11 1.0 0.8 0.9

1Raw means are represented in this table.
2Pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2006

Spider activity density was affected by treatmeni ££9.52, P=0.0011) for pitfall
captures in 2006 (Table 2.24). Spider activity density was affected by month
(Fs11411.92, P<0.0001). Activity densities were highest in May and June for all

treatments and lowest in August through October. Activity densities wgtredtiin the
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fallow in a conventional rotation in April, June, and July and highest in millet in the crop-

intensified rotation treatment during May, August, September, and October.

TABLE 2.24. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T BRIGGSDALE, CO, 2006." %3

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 0.6 2.8 2.9 1.8 0.8 1.3 1.4
Fallow Conv. 25 4.1 4.6 2.6 0.9 1.3 1.4
Wheat Intens. 0.9 1.9 2.9 1.6 1.0 1.3 15
Millet Intens. 1.3 6.5 3.6 1.6 2.1 1.5 2.0
Fallow Intens. 0.9 2.6 11 0.8 0.1 0.4 0.6

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

Briggsdale Vacuum Captures 2006-2007

2006
There was no treatment,(&3.68, P=0.0551) or month effect;(/=1.77, P=0.1675)

for spider densities (Table 2.25).

TABLE 2.25. MEAN NO. SPIDERS CAPTURED WITH VACUUM S AMPLES AT BRIGGSDALE, CO, 2006. *2°

Month
Crop Rotation May Jun Jul Aug
Wheat Conv. 2.0 0.7 35 25
Fallow Conv. 0.5 1.2 15 2.2
Wheat Intens. 1.2 15 2.0 2.3
Millet Intens. 1.7 0.7 1.8 1.3
Fallow Intens. 15 0.3 0.0 0.2

'Raw means are represented in this table.
2Vacuum means represent an average of two samplesopeayeraged over repetitions
3Conv. =conventional, intens. =crop intensified.
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2007

There was a treatment by month interaction ££0.80, P=0.6479) and a month
effect (k5 3=3.65, P=0.0236) for 2007 Briggsdale vacuum samples (Table 2.26);
however, spider density was not affected by treatmqrt@60, P=0.0515). Densities
were highest for the two wheat treatments in July, the two fallow treatnmektay, and
millet densities were highest in August. Wheat in the conventional and cropfiatens
treatments had the highest spider densities in July, and these treatmersigniicantly
different from the others. Similarly, in August, the highest densities imehe wheat in

the conventional treatment and in millet.

TABLE 2.26. MEAN NO. SPIDERS CAPTURED WITH VACUUM S AMPLES AT BRIGGSDALE, CO, 2007. *#3#

Month
Crop Rotation May Jun Jul Aug
Wheat Conv. 0Ac 1.0Ab 4.7Aa 2.8Bab
Fallow Conv. 1.2a 1.2Aa 0.7Aa 0.3Ba
Wheat Intens. 0A&Db 0.5Ab 5.0Aa 0.7Ab
Millet Intens. 1.\b 0.8Ab 0.8Ab 4.2Ba
Fallow Intens. 1.2a 0.8Aa 0.0Aa 0.3Ba

1Significant differences have been determined through sqaatéransformation of the data- raw means are repiedémthis table.

2Means within a column followed by the same capital Istege not significantly different.(= 0.05; PROC MIXED) and represent differences between
treatments at each date. Means within rows (montfisiffed by the same lower case letters are not significdifferent ¢ = 0.05; PROC MIXED).

and represent differences between treatments at eatth.mo

3vacuum means represent an average of two samplesopeayeraged over repetitions

“Conv. =conventional, intens. =crop intensified.

Lamar Pitfall Captures 2002-2006

2002

With the exception of April, activity densities were low in 2002 (Table 2.27). There

was no treatment effect on spider activity densitigs£2.51, P=0.2617); however,
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spider activity density was affected by month {##=19.57, P<0.0001). Activity

densities were highest in April for all treatments and were low thereaft

TABLE 2.27. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T LAMAR, CO, 2002, %*

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 5.0 0.4 1.5 0.9 1.0 0.2 1.1
Fallow Conv. 2.3 1.3 0.5 0.8 0.3 0.3 0.4
Wheat Intens. 3.9 0.8 1.9 0.9 0.9 0.6 0.6
Sorghum Intens. 1.8 0.0 1.1 1.0 0.2 0.0 1.3
Fallow Intens. 3.5 0.1 1.9 0.9 0.7 0.1 0.8

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedleaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2003

There was no treatment effect on spider activity densitigs<E.78, P=0.1972);
however, spider activity density was affected by mongh:6£22.06, P<0.0001) (Table
2.28). Spider activity densities were highest in June and lowest in April @oded for

all treatments.

TABLE 2.28. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T LAMAR, CO, 2003. %*

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 0.3 2.0 3.6 3.0 0.5 0.1 0.3
Fallow Conv. 0.3 1.6 3.8 15 1.0 0.4 0.1
Wheat Intens. 0.4 1.3 2.8 2.0 0.9 0.9 0.3
Sorghum Intens. 0.3 0.6 21 1.8 0.8 0.5 0.3
Fallow Intens. 0.0 0.9 3.3 11 0.4 0.1 0.0

'Raw means are represented in this table.
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2pitfall means represent seven days of total spidersctedieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2004

Spider activity density was affected by montp4&20.12, P<0.0001) and treatment
(Fs17=4.27, P=0.0223) in pitfall captures in 2004 (Table 2.29). There was a treatment by
month interaction with mean number of spiders captured in pitfais£2.60,

P=0.0015). Activity densities were highest in the fallow in the crop-irftedsotation
treatment in April and May, wheat in the conventional rotation in June, July, and

October, and wheat in the crop-intensified rotation treatment in August.

TABLE 2.29. MEAN NO. SPIDERS CAPTURED IN PITFALLS A T LAMAR, CO, 2004, 12345

Month

Crop Rotation Apr May Jun Jul Aug Oct

Wheat Conv. 1ABbc 2.3Bab 2.8Aab 3.9Aa 0.6Ac 1.0Abc

Fallow Conv. 0.8Bab 2.0Bab 1.1ABCab 1.1Bab OAb 0.9Aab

Wheat Intens. 0Bb 5.5Aa 1.0BCb 1.4Bb 1.4Ab 1.0Ab
Sorghum Intens. 14Bab 2.98Ba 0.Xc 0.8Bc 0.9Ac 0.4Ac
Fallow Intens. 2.Ab 8.0Aa 1.5ABbc 2.JABc  0.3Ac 0.9A4c

1Significant differences have been determined through sqaatéransformation of the data- raw means are repiedémthis table.

2Means within a column followed by the same capital Istege not significantly different.(= 0.05; PROC MIXED) and represent differences between
treatments at each date. Means within rows (monttis)fed by the same lower case letters are not signtficdifferent ¢ = 0.05; PROC MIXED).

and represent differences between treatments at eath.mo

3pitfall means represent seven days of total spidersctetieaveraged over repetitions.

“Conv. =conventional, intens. =crop intensified.

*No September pitfalls collected.

2005
Spider activity density was affected by month in pitfall captures in 2005
(Fs,11410.87, P<0.0001) (Table 2.30); however, there was no effect of treatment

(F417=1.45, P=0.2767). Activity densities were highest in April through July for all
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treatments and lowest in August. Activity densities were highest irfaiutyost

treatments.

TABLE 2.30. MEAN NO. SPIDERS CAPTURED IN PITFALLS AT LAMAR, CO, 2005, *?3

Month
Crop Rotation Apr May Jun Jul Aug Sep Oct
Wheat Conv. 21 1.4 25 3.6 0.6 2.6 1.0
Fallow Conv. 2.0 3.1 0.3 24 0.6 1.8 0.9
Wheat Intens. 2.8 23 3.0 3.0 0.1 2.9 23
Sorghum Intens. 2.8 1.3 1.1 2.0 0.0 2.6 19
Fallow Intens. 15 2.3 2.9 3.4 11 3.3 1.8

'Raw means are represented in this table.
2pitfall means represent seven days of total spidersctedleaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

2006

Spider activity density was affected by montpdfE21.24, P<0.0001) and treatment
(F417=7.36, P=0.0031) (Table 2.31). Activity densities were highest during June and
November. Treatment affected spider activity density £+.50, P=0.0029). Sorghum
in the crop-intensified rotation treatment had the highest activity densitgrih vheat
in the crop-intensified rotation treatment had the highest density in June, July, and
October, and wheat in the conventional rotation had the highest activity danSitgust

and November.

TABLE 2.31. MEAN NO. SPIDERS CAPTURED IN PITFALLS AT LAMAR, CO, 2006, *234

Month
Crop Rotation Apr Jun Jul Aug Oct Nov
Wheat Conv. 1.6 5.3 2.9 2.4 1.9 6.1
Fallow Conv. 14 3.1 2.4 0.6 1.0 3.8
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Month

Crop Rotation Apr Jun Jul Aug Oct Nov
Wheat Intens. 1.6 6.0 4.4 2.0 4.3 55
Sorghum Intens. 1.9 4.8 1.4 1.3 1.1 3.0
Fallow Intens. 14 4.8 3.4 0.8 3.0 4.1

'Raw means are represented in this table.

2pitfall means represent seven days of total spidersctetieaveraged over repetitions.
3Conv. =conventional, intens. =crop intensified.

“No May pitfalls collected.

Lamar Vacuum Captures 2006-2007

2006

There was no treatment effect, g€3.43, P=0.0649) on spider densities for vacuum
samples in 2006; however, spider activity density was affected by mantk1B84,
P=0.1549) (Table 2.32). Densities were highest in July for the two wheatdreatamd

highest in June for the other three treatments.

TABLE 2.32. MEAN NO. SPIDERS CAPTURED WITH VACUUM S AMPLES AT LAMAR, CO, 2006. *?3

Month
Crop Rotation May Jun Jul Aug
Wheat Conv. 2.8 1.2 3.0 1.0
Fallow Conv. 0.8 1.0 0.8 0.2
Wheat Intens. 1.2 1.3 3.2 1.8
Sorghum Intens. 0.7 1.3 0.7 0.7
Fallow Intens. 0.7 2.5 1.0 0.3

'Raw means are represented in this table.
2Vacuum means represent an average of two samplesopeayeraged over repetitions.
3Conv. =conventional, intens. =crop intensified.
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2007

Spider density was affected by month {E14.39, P=0.0020) and treatment
(F4,5=4.82, P=0.0283) for samples in 2007 (Table 2.33). Densities were not measured in
May and June, and densities were high for the month of August for all treatezyps e
fallow in the crop-intensified rotation, where densities were highest in Julyhighest
densities were present in the wheat in the conventional rotation treatmentgndsor

the crop-intensified rotation.

TABLE 2.33. MEAN NO. SPIDERS CAPTURED WITH VACUUM S AMPLES AT LAMAR, CO, 2007. *?3#

Month
Crop Rotation Jul Aug
Wheat Conv. 25 14.7
Fallow Conv. 15 3.8
Wheat Intens. 15 3.8
Sorghum Intens. 1.0 14.5
Fallow Intens. 4.8 1.7

'Raw means are represented in this table.

2Vacuum means represent an average of two samplesopeaygraged over repetitions
3Conv. =conventional, intens. =crop intensified.

“No May or June samples.

Comparison of activity densities and densities between cropping systems

Pitfalls
Akron

With the exception of 2002, spider activity densities in the conventional versus crop-
intensified rotations in Akron were similar (Table 2.34). In 2002, because acsghif
treatment by month interaction occurred (Table 2.13), contrasts of treatmere

compared separately for each month-(montl,%;1.01, P=0.3130; month 2,£0.19,
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P=0.8477; month 3g4=-0.17, P=0.8667; month 4,£1.07, P=0.2869; month S,t-

1.57, P=0.1196; month &,+1.06, P=0.2910; month %,+3.38, P<0.0011).

TABLE 2.34. CONTRAST OF TREATMENTS FROM PITFALL SAM PLES COMPARING SPIDER ACTIVITY
DENSITIES FROM PITFALLS IN CONVENTIONAL AND CROP-IN TENSIFIED TREATMENTS, AKRON, CO, 2002-
2006.12

Year Effect df t P-value
2007 Conventional vs. Crop-Intensified Treatments  seetext see text see text
2003 Conventional vs. Crop-Intensified Treatments 12 551. 0.1464
2004 Conventional vs. Crop-Intensified Treatments 12 060. 0.9508
2005 Conventional vs. Crop-Intensified Treatments 12 60.0 0.9521
2006 Conventional vs. Crop-Intensified Treatments 12 370. 0.7279

Treatments were averaged over months.
“Rotations were compared separately for each month.

Briggsdale
Spider activity densities in the conventional versus crop-intensified rotatenes w

similar in Briggsdale (Table 2.35).

TABLE 2.35. CONTRAST OF TREATMENTS COMPARING SPIDER ACTIVITY DENSITIES FROM PITFALLS IN
CONVENTIONAL AND CROP-INTENSIFIED TREATMENTS, BRIGG SDALE, CO, 2002-20086.

Year Effect df t P-value
2002 Conventional vs. Crop-Intensified Treatments 12 616 0.1221
2003 Conventional vs. Crop-Intensified Treatments 12 690. 0.5045
2004 Conventional vs. Crop-Intensified Treatments 12 20.6 0.5445
2005 Conventional vs. Crop-Intensified Treatments 12 11.0 0.3346
2006 Conventional vs. Crop-Intensified Treatments 12 716 0.1200

Treatments were averaged over months.

Lamar

With the exception of 2004, spider activity densities in the conventional versus crop-
intensified rotations in Lamar were similar (Table 2.36). In 2004, because of the
significant treatment by month interaction (Table 2.29), contrast ofrtezdis were
compared separately for each monthefpth 1, $5=2.16, P=0.0339, month 25£1.71,
P=0.0910, month 374=4.85, P<0.0001, month 45t2.27, P=0.0261, month 5gt-1.97,

P=0.0527, month 674=0.48, P=0.6300, month 7%t5.75, P<0.0001). A significant
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difference between rotations occurred on month 1 (April), month 3 (June), month 4

(July), and month 7 (October).

TABLE 2.36. CONTRAST OF TREATMENTS COMPARING SPIDER ACTIVITY DENSITIES FROM PITFALLS IN
CONVENTIONAL AND CROP-INTENSIFIED TREATMENTS, LAMAR , CO, 2002-2008:

Year Effect df T P-value
2002 Conventional vs. Crop-Intensified Treatments 12 070. 0.9419
2003 Conventional vs. Crop-Intensified Treatments 12 61.9 0.0731
2004 Conventional vs. Crop-Intensified Treatments  seetext see text see text
2005 Conventional vs. Crop-Intensified Treatments 12 161. 0.2695
2006 Conventional vs. Crop-Intensified Treatments 12 221. 0.2451

Treatments were averaged over months.
“Rotations were compared separately for each month.

Vacuum
Akron
Spider densities in the conventional versus crop-intensified rotations in Akron were

similar (Table 2.37).

TABLE 2.37. CONTRAST OF TREATMENTS FROM VACUUM SAMP LES COMPARING SPIDER ACTIVITY
DENSITIES IN CONVENTIONAL AND CROP-INTENSIFIED TREA TMENTS, AKRON, CO, 2002-2006.

Year Effect df T P-value

2006 Conventional vs. Crop-Intensified Treatments 8 0.76 0.4676

2007 Conventional vs. Crop-Intensified Treatments 8 70.1  0.8700
Briggsdale

In 2006, spider densities in the conventional versus crop-intensified rotations in
Briggsdale were similar (Table 2.38). In 2007, because of the treatmermnibly m
interactions (Table 2.26), contrast of treatments were compared sgptaeach
month-(month 1,4=2.16, P=0.0339, month Z2st1.71, P=0.0910, month 3st0.48,
P=0.6330, month 4;4=5.75, P<0.0001). Thus, in months 1 and 4 (May and August),

spider densities differed between the conventional versus the crop-interssigohs.
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TABLE 2.38. CONTRAST OF TREATMENTS FROM VACUUM SAMP LES COMPARING SPIDER DENSITIES IN
CONVENTIONAL AND CROP-INTENSIFIED TREATMENTS, BRIGG SDALE, CO, 2006-2007*

Year Effect df T P-value
2006 Conventional vs. Crop-Intensified Treatments 8 1.63 0.1409
2007 Conventional vs. Crop-Intensified Treatments see text see text see text

! Rotations were compared separately for each month.

Lamar

There were no significant differences between spider densities in thentionaé
versus crop-intensified rotations in Akron when using contrasts of treatmehts (Ta

2.39).

TABLE 2.39. CONTRAST OF TREATMENTS FROM VACUUM SAMP LES COMPARING SPIDER ACTIVITY IN
CONVENTIONAL AND CROP-INTENSIFIED TREATMENTS, LAMAR , CO, 2006-2007.

Year Effect df T P-value
2006 Conventional vs. Crop-Intensified Treatments 8 0.20 0.8491
2007 Conventional vs. Crop-Intensified Treatments 8 0.79 0.4507

Species Biodiversity

Inventory completion, sampling intensity, and species accumulation curves

An “inventory completion” calculation was performed by dividing the observed
species richness (total number of species collected) by the ChandtestCoddington
et al. 2009). This can provide an indication of undersampling, which may affect the
interpretation of the biodiversity of the area (Coddington et al. 2009). The inventory
completion for all sites was as follows: Akron=61.1%, Briggsdale=82.7%,
Lamar=85.2%.

Additionally, the sampling intensity within a system provides an estinfidibe o
number of species retrieved compared to the number of individuals cumulatively sampled
(Coddington et al. 2009). The intensities for Akron, Briggsdale, and Lamar were 18.6%,

21.8%, and 20.7%, respectively. The number of singletons (a species represented by only
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one individual) in a collection can indicate whether a survey was undersampled. T
percentage of singletons for the Akron, Briggsdale, and Lamar sites for 2608Hhr

2007 was 32.7%, 28.9%, and 34.0% respectively. For comparison, a 10-day extensive
survey and collection of over 6000 spiders in Guyana resulted in 29% singletons
(Coddington et al. 2009).

The species accumulation curves for all sites for the years 2002-2007 combined ar
displayed in Figures 2.9-2.11. The observed richness curves are stillwikiol,is
indicative of incomplete sampling overall (Coddington et al. 2009). The richness
estimators (Chao | and Ace) show that the estimated true number of spasieiger

than the actual observed number of species.

FIGURE 2.9. SPECIES ACCUMULATION CURVE, AKRON, CO, 2002-2007*
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*Adult spiders sampled from all treatments from lookdowtfalhiand vacuum techniques.
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FIGURE 2.10. SPECIES ACCUMULATION CURVE, BRIGGSDAL E, CO, 2002-2007*
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1Adult spiders sampled from all treatments from lookdowtfalhiand vacuum techniques.
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FIGURE 2.11. SPECIES ACCUMULATION CURVE, LAMAR, CO , 2002-2007*
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1Adult spiders sampled from all treatments from lookdowtfalhiand vacuum techniques.

Rarefaction curves to assess differences between diversity and treatments

Rarefaction curves for treatments in Akron suggest that more spexziesollected
in wheat in the crop-intensified rotation, followed by fallow in the conventiatation
treatment, and then by wheat in the conventional rotation treatment (Figure 2.12). The
summer crops corn and millet hosted the fewest species. For Briggataie,r the
crop-intensified rotation treatment possessed the greatest number e $pkowed by
wheat in the conventional rotation treatment (Figure 2.13). In Lamar, theshigimaber

of species was represented by fallow in the conventional rotation tredotented by
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fallow in the crop-intensified rotation treatment. Wheat in the conventiotalan

treatment contained the least number of species (Figure 2.14).

FIGURE 2.12. SPECIES RAREFACTION CURVES AKRON, CO, 2002-2007.
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—o— corn/millet-crop-intensified
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1Adult spiders sampled from all treatments from lookdowtfalhiand vacuum techniques.
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FIGURE 2.13. SPECIES RAREFACTION CURVES BRIGGSDALE, CO, 2002-2007-
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1Adult spiders sampled from all treatments from lookdowtfalyiand vacuum techniques.
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FIGURE 2.14. SPECIES RAREFACTION CURVES LAMAR, CO, 2002-2007*
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*Adult spiders sampled from all treatments from lookdowtfalhiand vacuum techniques.

Shannon diversity indices
Akron

Spider biodiversity was highest in corn in all years, with the exception of 200 (Ta
2.40). In 2005, biodiversity was highest in wheat in the crop-intensified treatments.
With the exception of corn in 2006, spider biodiversity was highest for all treainent
2005. Biodiversity was lowest in 2007, which is likely because only one sampling

method, vacuuming, was conducted during this year. Biodiversity was similar among
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treatments for all years except 2004-(20Q25F0.03, P=0.9756), (2003;F=0.85,
P=0.5194), (2004-£/=12.69, P=0.0003), (2005:=0.24, P=0.9109), (20064fr~=1.18,

P=0.3669), (2007-=0.34, P=0.8379).

TABLE 2.40. SHANNON DIVERSITY INDEX (H) FOR AKRON, CO, 2002-2007%2°

Conventional Crop-Intensified
Year Wheat Fallow Wheat Corrf Fallow
2002 5.6G 4.3C 5.2( 6.17a 3.4%
2003 6.08 5.1 4.95 6.17 3.83
2004 4.88 5.8 597 8.6 57b
2005 10.14a 8.1 10.3% 9.41a 9.41a
2006 6.92 5.52 8.9& 9.71a 5.5
2007 1.6a 1.31a 1.67a 2.0(n 1.0t

IFrom pitfall, lookdown, and vacuum sampling.
2Means within rows (months) followed by the same lowezdatiers are not significantly different € 0.05; PROC MIXED).
3Corn changed to millet in 2005-2006 crop year.

Briggsdale

Spider biodiversity varied between treatments each year (Table 2.4 tjveBsity
was highest in 2005 and 2006, with the exception of high spider biodiversity in fallow in
the crop-intensified treatment in 2003. Similar to Akron, biodiversity wassiowwe
2007. Treatments differed in 2002 (= 3.61, P=0.0375) and 20034(f=4.48,
P=0.0191), respectively, but not during 2004-2007 (2004=0.87, P=0.5115), (2005-

F41=0.60, P=0.6703), (2006;F=1.84, P=0.1853), (2007sF=2.04, P=0.2535).
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TABLE 2.41. SHANNON DIVERSITY INDEX (H) FOR BRIGGSD ALE, CO, 2002-2007+*

Conventional Crop-Intensified
Year Wheat Fallow Wheat Millet Fallow
2002 5.3 4.64b 343 5.8 3.7%
2003 5.48 3.5%9 5.0 41D 8.43
2004 3.2G 2.82a 3.84 4.04 4.57a
2005 12.34 10.9Ga 9.61a 12.1&a 12.3%4
2006 9.44 9.87a 11.64 14.0% 6.11a
2007 2.82 3.4 2.0(n 2.7 1.25

IFrom pitfall, lookdown, and vacuum sampling.
2Means within rows (months) followed by the same lowee detiers are not significantly different £ 0.05; PROC MIXED).

Lamar

Similar to Briggsdale, spider biodiversity varied between treatmantsyear in
Lamar (Table 2.42). Biodiversity was highest in 2006, with the exception that spider
biodiversity was highest in wheat in the conventional treatment in 2005. Biodiversit
was again lowest in 2007 and similar among all treatments each ye2+rH2360.10,
P=0.9790), (2003-F=1.43, P=0.1787), (2004:F=1.78, P=0.1980), (2005:F=0.87,

P=0.5078), (2006-=2.33, P=0.1150), (2007sF=3.19, P=0.1054).

TABLE 2.42. SHANNON DIVERSITY INDEX (H) FOR LAMAR, CO, 2002-2007%2°

Conventional Crop-Intensified
Year Wheat Fallow Wheat Sorghum Fallow
2002 4.08 3.50 3.45 3.90 3.92
2003 4.47 3.19 3.83 2.07 3.05
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Conventional Crop-Intensified

Year Wheat Fallow Wheat Sorghum Fallow
2004 2.44 4.58 3.56 2.73 4.31
2005 7.40 6.54 6.84 5.59 6.41
2006 6.87 6.84 8.87 6.75 10.29
2007 0.33 2.27 ? 1.82 0.67

IFrom pitfall, lookdown, and vacuum sampling.
No spiders in wheat in the crop-intensified treatme0@7.
3Means within rows (months) followed by the same loweedesiers are not significantly different £ 0.05; PROC MIXED).

Comparison of diversity between cropping systems
Akron

Spider biodiversity in the conventional versus crop-intensified rotations méarsi
among treatments, with the exception of 2004 (Table 2.43). This may be because the
biodiversity of the corn treatment within the crop-intensified rotation wansfisigntly
higher than the biodiversity for all other treatments (Table 2.40), and this high
biodiversity index value might have contributed to a higher mean index valuésfor th

crop-intensified rotation.

TABLE 2.43. CONTRAST OF TREATMENTS FROM PITFALL SAM PLES COMPARING SPIDER DIVERSITY IN
CONVENTIONAL AND CROP-INTENSIFIED TREATMENTS, AKRON , CO, 2002-2007

Year Effect df t P-value
2002 Conventional vs. Crop-Intensified Treatments 12 30.0 0.9756
2003 Conventional vs. Crop-Intensified Treatments 12 70.6 0.5162
2004 Conventional vs. Crop-Intensified Treatments 12 933. 0.0020
2005 Conventional vs. Crop-Intensified Treatments 12 360. 0.7254
2006 Conventional vs. Crop-Intensified Treatments 12 131. 0.2795
2007 Conventional vs. Crop-Intensified Treatments 12 100. 0.9269

*From pitfall, lookdown, and vacuum samples.
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Briggsdale
Spider biodiversity was similar among all treatments in the conventiorsalsserop-

intensified rotations each year (Table 2.44).

TABLE 2.44. CONTRAST OF TREATMENTS COMPARING SPIDER DIVERSTIY IN CONVENTIONAL AND CROP-
INTENSIFIED TREATMENTS, BRIGGSDALE, CO, 2002-2007."

Year Effect df t P-value
2002 Conventional vs. Crop-Intensified Treatments 12 61.3 0.1981
2003 Conventional vs. Crop-Intensified Treatments 12 631. 0.1295
2004 Conventional vs. Crop-Intensified Treatments 12 761. 0.1067
2005 Conventional vs. Crop-Intensified Treatments 12 10.2 0.8387
2006 Conventional vs. Crop-Intensified Treatments 12 490. 0.6352
2007 Conventional vs. Crop-Intensified Treatments 12 21.8 0.1423

*From pitfall, lookdown, and vacuum samples.
Lamar
Spider biodiversity was similar in the conventional versus crop-intensdtations

in Briggsdale for all years (Table 2.45).

TABLE 2.45. CONTRAST OF TREATMENTS COMPARING SPIDER DIVERSITY IN CONVENTIONAL AND CROP-
INTENSIFIED TREATMENTS, LAMAR, CO, 2002-2007. *?

Year Effect df t P-value
2002 Conventional vs. Crop-Intensified Treatments 12 40.0 0.9679
2003 Conventional vs. Crop-Intensified Treatments 12 314 0.1787
2004 Conventional vs. Crop-Intensified Treatments 12 040. 0.9702
2005 Conventional vs. Crop-Intensified Treatments 12 71.0 0.3604
2006 Conventional vs. Crop-Intensified Treatments 12 871. 0.0858
2007 see text see text see text

*From pitfall, lookdown, and vacuum samples.
No adult spiders collected in Lamar in 2007.

Aphids

At Akron, in 2002, nd. noxia were observed during Zadoks (based on Zadoks scale,
a widely used cereal development scale in agriculture (Zadoks et al. 1974)) 20, 30, or 50
in either the conventional or crop-intensified plots (Table 2.46). Similarly, in 2003, no
aphids were present at Zadoks 20, 30, or 50, with the exception d M0gia sampled

per tiller at Zadoks 50 in the conventional rotation. Densities measured 0-0.02 aphids pe
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tiller during 2002-2003 and 2007. In 2004, the number of aphids per tiller was highest at
Zadoks 80-87 in both rotations. In 2005, the number of aphids per tiller was highest
during Zadoks 50-59 and Zadoks 80-87. In 2006, the number of aphids per tiller was
highest at Zadoks 70-79. N noxia were present in 2007 in Akron.

At Briggsdale, in 2002-2003 and 2005-2006 haoxia were present during
sampling (Table 2.47). In 2008, noxia densities were highest at Zadoks 50-59 in both
rotations. In 2007). noxia were present at Zadoks 30 in low densities.

At Lamar, noD. noxia were present during sampling in 2002 and 2007 (Table 2.48).
In 2003,D. noxia was present at Zadoks 40. Aphid densities were not recorded in 2004.
In 2005,D. noxia densities were highest at Zadoks 30, Bndoxia were present at
Zadoks 40 in 2006. In 2007, the number of aphids per tiller measured 0-0.02 at all sites,

and no measurements were made past Zadoks 40.

TABLE 2.46. NO. OFD. NOXIA PER TILLER IN WHEAT IN THE CONVENTIONAL AND CROP-I NTENSIFIED
ROTATIONS IN AKRON, CO, 2002-2007.

Year Wheat Stage (Zadoks) Rotation
Conventional Crop-Intensified
2002 20 0 0
30 0 0
50 0 0
2003 20 0 0
30 0 0
50 0.01 0
2004 20 0 0
30 0 0.03

104



Year Wheat Stage (Zadoks) Rotation

Conventional Crop-Intensified
50 0.08 0.10
2005 30 0.01 0
50 0.02 0.08
80 0.15 0.13
2006 30 0 0
50 0.03 0
70 0.03 0.07
2007 30 0 0
50 0 0

TABLE 2.47. NO. OFD. NOXIA PER TILLER IN WHEAT IN THE CONVENTIONAL AND CROP-I NTENSIFIED
ROTATIONS IN BRIGGSDALE, CO, 2002-2007.

Year Wheat Stage (Zadoks) Rotation
Conventional Crop-Intensified
2002 20 0 0
2003 20 0 0
30 0 0
2004 20 0 0
30 0 0.03
50 0.07 0.15
2005 20 0 0
2006 20 0 0
2007 30 0.02 0.01
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TABLE 2.48. NO. OFD. NOXIA PER TILLER IN WHEAT IN THE CONVENTIONAL AND CROP-I NTENSIFIED
ROTATIONS IN LAMAR, CO, 2002-2007.

Year Wheat Stage (Zadoks) Rotation
Conventional Crop-Intensified

2002 20 0 0

40 0 0
2003 40 0.05 0.05
2004
2005 20 0 0

30 0.02 0.04
2006 40 0.03 0.01
2007 40 0 0

No aphid data collected for 2004.

Discussion

This study assessed spider density and biodiversity in a multi-year, reultiep-
intensified farming system with potential economic and environmental kenBicause
much available land is dedicated to agriculture, it is logical to adopt sustgmabliees
for optimal agronomic, environmental, and biological properties. It also was imprtant
determine whether the spider fauna, a potential source of biological contrefitieel
from a crop-intensified system. Overall, crop intensification had Eflect on spider
density or biodiversity. If spider densities were affected, then theneass within the
crop-intensified rotations should maintain higher densities or Shannon index thalnes
those treatments within the conventional rotation, which was not the case. Thet contras

of treatments also verified that no differences were apparent between tlotations
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for spider density. If spiders are preferentially residing within the icrtemsified

rotation, densities should also gradually increase in these treatments oyantintigs

was not evident. Aside from 2005 and 2006, mean spider densities and activity densities
were low. Furthermore, treatment effects may not be apparent with sushittev

densities.

Sustainable crop management practices often have no effect on spider dehsity a
diversity. For example, there were no differences in spider density andssctvhen
comparing conventional, integrated, and organic farming systems in the betserl
(Booij and Noorland 1992) and no differences in spider density and biodiversity between
conventional and organic cropping systems in Germany (Clough et al. 2005, Schmidt et
al. 2005, Diekotter et al. 2010).

Because undisturbed habitats adjacent to cropping systems in Colorado are not
typically available or economically justifiable, an adjacent sunurgg could provide a
suitable alternative to maintain and enhance spider densities in wheat production.
Additional crops within the rotation provide a level of connectivity between hsbita
which is crucial for maintaining natural enemy populations (Duelli 1988). Buhamer
crops (corn, millet, and sorghum) provide a source of connectivity or dispersaj duri
agricultural disturbances, activity densities should increase within titeegments
following wheat harvest in June and July at all sites. With the exceptiokrof Avitfalls
in 2002 (Table 2.13) and 2006 (Table 2.17), there was no indication that total activity
densities were higher in wheat fields prior to harvest and summer cropsradggeheat

after harvest. Treatment effects were affected by date fatlpith Akron, 2002, Lamar,
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2004, and vacuum samples for Briggsdale, 2007; however, these effects were
unpredictably associated with crop rotation and date, providing no suggestion that spide
were dispersing to summer crops.

The lack of treatment effects between the crop-intensified and conventionan®otat
might be explained by several factors. The experimental plots might havenbeen a
unrealistic size for predator studies. In eastern Colorado farming Systeips are
typically planted into 51 hectare fields or larger. Plots in this studgsepted only a
small portion of these normal sizes (Table 2.1). Thus, it may be that expelipletsta
were too small, and predators could easily move between the different tresatment
regardless of what crop was present. If the study was conducted on a typifaireiat
is possible that differences might have been seen between the different ithapshe
two rotations. Also, tillage operations differed at each site. Only heelsievere used to
control weeds at Briggsdale. At Akron, only the conventional rotation was tilke
Lamatr, tillage was performed on all treatments. For future studies, it woulthbetant
to include residue measurements within treatments and also to include vegetatibn heig
and structure measurements to understand how these factors might be corrthated wi
spider density and biodiversity.

Mean spider activity density was higher in 2005 and 2006 at all sites. Premipitat
might have been a factor with increased density. In 2005 at Akron, severaraeavy
occurred in late May. Briggsdale and Lamar precipitation was also abovegeapeia
to wheat harvest in 2005. Similarly, for 2006, precipitation was above average,

particularly in Lamar. Increased precipitation can improve microhalmtancrease
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humidity below crop canopies, having a positive effect on spider densities (Sandderla
and Samu 2000). The increased precipitation for May 2004 in Lamar and all sites for
2005 and 2006 also allowed for enhanced weed growth (Kerzicnik, pers. obs). Weeds
dominated the cropping systems in Lamar in 2004. Weeds and increased weediness can
be a source of insect diversity (van Emden and Wearing 1965), providing more prey for
generalist predators. Similarly, increased weed density has beeateal wgith

increased spider densities (Altieri et al. 1985, Carter and Rypstra 1995, Jarthsly
Nentwig 1995, Balfour and Rypstra 1998, Wardle et al. 1999) and also can provide more
web-building spider attachment sites (McNett and Rypstra 2000). Aphid dengdre
highest at Zadoks 80 in Akron in 2005, which also might have attracted additional
Linyphiidae. Linyphiid spiders non-randomly located their webs where preytidensi

were highest in winter wheat fields in the United Kingdom (Harwood et al. 2001,
Harwood et al. 2003).

Spider biodiversity was also highest at all sites from 2005-2006, particul&005
(Tables 2.40-2.42). Increased spider richness and biodiversity in the northviestger
desert in Israel was associated with increased precipitation (Opatetvak 2010).
Linyphiidae activity densities were higher in Briggsdale and Akron in 2005 (18% and
21% of pitfall collections, respectively), which may be correlated with tbeitation.
Linyphiids prefer increased humidity for establishment (Nyffeler and Slamde?2003).

In Akron, 2005, Linyphiidae densities and species richness were higher than otker yea
In particular, the speciedgyneta/Meioneta sp. 1,Ceratinella brunnea Emerton,

Coloncus siou Chamberlin)slandiana flaveola (Banks),Mythoplastoides exiguus
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(Banks),Tennesseel lum formicum (Emerton) Agyneta cf. unimaculata (Banks),Agyneta

uta (Chamberlin) Erigone aletris Crosby & Bishop]slandiana princeps Braendegaard,
andWalckenaeria spiralis (Emerton) were present in 2005 in higher densities than other
years with the latter five species present in 2005 only. At Briggsdale, 2005, themum
of adult Linyphiidae was over triple the number present in other yearsivivekiguus
andE. aletrisdominating. In Lamar, 2005, biodiversity may have been higher due to
several species present within the families Theridiidae, Thomisidae, Phiiddegm
Lycosidae, Salticidae, Linyphiidae, and Gnaphosidae. In Lamar, 2€fiéocosa

mccooki (Araneae: Lycosidael]. coloradensis (Araneae: Lycosidaefznaphosa

saxosa (Araneae: Gnaphosidae), a@aturinasp. 1 (Araneae: Dictynidae) densities
were relatively high. Furthermore, the only other tiGheurina sp. 1 was sampled was in
April pitfalls in 2002 with just four specimens collected. Although the natural history
Cicurina sp. 1 is not knowrCicurina bryantae Exline (Araneae: Dictynidae) has been
exclusively associated with retreats within rotting wood (Bennett 1985). Xtlessve
rain in November may have created optimal condition€faurina sp. 1, such as those
described foC. bryantae.

Predicted disturbances within the agroecosystem, particularly crop hhamnees
important for identifying spider density patterns. It is important to knowfthaiktories
of the dominant spider fauna to comprehend survival strategies of spiders within
agroecosystems (Thorbek et al. 2004). Month of sampling affected spider densitie
pitfalls and vacuum samples. Furthermore, with the dominant fauna in this study, adult

densities were highest in April-July prior to harvest, and activity dessiereased
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thereafter at all sites. This phenology pattern associated with freqsembdnces is

typical of agrobiont spiders; the first generation of the most common agratultur
Hungarian spiders coincided with the vegetation period of the crops (Samu and Szinetar
2002). One exception to the high density of spiders pre-wheat harvest versus post-wheat
harvest occurred in Lamar in 2006, which can be explained by the unusually high density
of Cicurina sp. 1 in November. In a 10-year survey of spiders in arable habitats in
Hungary, the phenology curves of the dominant agrobionts revealed that the spgters’ fir
generation coincided with the main vegetative period of the crop (Samu and Szinetar
2002). Pardosa agrestris (Westring) (Araneae: Lycosidae) is a dominant European
species that exemplifies adaptability to periodic disturbances, reprodacinge to

avoid the temporary and predictable flooded marshes in its habitat (Richter 1970).
Likewise, the dominant spider fauna in New Mexico adapt to periodic flood iomati

and several cuttings of alfalfa (Richman et al. 1990). In Sweden, Lycosidaderatet
agricultural disturbances, as both adults and juveniles were not affected by the
disturbance of wheat planting and immediately recolonized fields post harvert (Obe

and Ekbom 2006).

Over 72% of the spiders from all collection methods from 2002-2007 were
represented by the families Gnaphosidae and Lycosidae. The dominant spbeies at
three sites were the following: Akrdschizocosa mccooki (Araneae: Lycosidae),

Gnaphosa clara (Araneae: Gnaphosidae), abdassyllus nannellus (Araneae:
Gnaphosidae); Briggsdafe-clara, S mccooki, andHaplodrassus chamberlini (Araneae:

Gnaphosidae),amarGnaphosa saxosa (Araneae: Gnaphosida&,mccooki, and
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Hogna coloradensis (Araneae: Lycosidae). Two spider families, Gnaphosidae and
Lycosidae, represented over 85% of the spider fauna collected from a slscstgpge
ecosystem in Weld County, CO (Weeks and Holtzer 2000). Five families contained 61%
of the species identified in a field crop survey of spiders in North America (vamh
Edwards 1990). In Hungary, 10% of the spider species made up 60-90% of the entire
community in a 10-year spider survey (Samu and Szinetar 2002). In a New Mexico
biodiversity study of spiders in alfalfa, four speciear,dosa sternalis (Thorell)

(Araneae: LycosidaeMisumenopsspp. (Araneae: Thomisida&jrammonota cf.

pictilis (O.P.-Cambridge) (Araneae: Linyphiidae), aratragnatha laboriosa Hentz
(Araneae: Tetragnathidaeymprised 95% of the collection (Richman et al. 1990). As a
result of the domination of a few individuals representing the majority of the tomtiec

the remaining individuals can cause drastic differences between specisgydunadues
(Samu and Szinetar 2002).

The species accumulation curves and the high percentage of singletons present
indicate that the biodiversity of spiders was underestimated. This may be dee to t
sampling methods utilized. Each sampling method has limitations, thus, itasltifs
capture the entire species composition within an area. For example, vacuumgampl
can vary based on the site, climate, and degree of weed cover (Sunderland and Topping
1995). Vacuum sampling for all sites also was dominated by immature spideds (83%
which could not be identified to species. Additionally, immature spiders acalypi
more active within the vegetation during the daytime, and adult activity igtimit

(Sunderland and Topping 1995). Although three sampling techniques were employed,
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lookdown and vacuum techniques were only utilized for four months of the two years.
Some dispersing spiders from neighboring fields might have been missed ispeed).
Many of the singletons sampled could have drifted in from adjacent fields andemmy
sampled occasionally.

In Lamar, the increased biodiversity in fallow indicated in the rarefactiores may
be due to cracks and holes throughout the soil, which spiders could reside. Holes (10 cm
deep) were created in a study in Belgian maize fields, which resultedginifecaint
increase in the linyphiid spideBathyphantes gracilis (Blackwall) andLepthyphantes
tenuis (Blackwall). Similarly,L. tenuis densities were enhanced when additional holes
were created in soils within a wheat crop (Samu et al. 1996). In Briggsdaligge t
was conducted, which allowed for more residue in the fallow. Crop residue, mulch, and
thatch can increase habitat availability for spiders, providing protectionextmame
climatic conditions and predation (Riechert and Bishop 1990, Schmidt et al. 2004,
Langellotto and Denno 2004, Finke and Denno 2006). It may be that the soil cracks and
crop residues within the fallow provided suitable habitat for colonization, and crop type
was not important for establishment. Spider density and biodiversity may be mor
dependent upon areas for colonization and not particularly associated with garticul
crops.

The composition of spiders in eastern Colorado agroecosystems is drastically
different from that reported in Western Europe. Spider densities in Europesah
agroecosystems can potentially reach up to 600 pelmowever, in the United States,

densities average a maximum of 2 périmcropping systems (Nyffeler and Sunderland
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2003). In a study of spider biodiversity and density in Lamar, CO, during one-wheat
growing season using a D-vac suction sampler and hand search, spidersiesstie
estimated at 0.7 spiders pef with 14 species collected within 11 families (Greenstone
2001).

Similarly, the faunal composition of spiders differs between the UnitedsSaad
Europe. Spiders in western European agroecosystems are generallgtddrin
Linyphiidae, which can comprise over 90% of the total spider fauna (Nyffeler and
Sunderland 2003). In contrast, in the United States cropping systems, the spider fauna
generally more diverse with hunters (spiders that catch prey without acambpyising
over 50% of the total spiders (Nyffeler and Sunderland 2003). This study compliments
previous literature from cropping systems in the United States (Young anddsdwa
1990, Nyffeler 1999); the number of spider individuals within the families Gnaphosidae
and Lycosidae families combined dominated the majority of the spider catlettall
sites for this study (71% at Akron, 66% in Briggsdale, and 85% in Lamar).

The difference in faunal composition suggests important implications for bidlogica
control of pests in Colorado agroecosystems. In European cropping systems, the
Linyphiidae are not only aggregating to patches with high aphid densitiesdéthet al.
2001) and consuming aphids (Nyffeler and Benz 1988), they also are killing numerous
aphids within their webs, regardless of whether or not they are consuming them
(Sunderland et al. 1986). The fraction of web-building spiders compared to hunting
spiders may be suggestive of the functional biological control within the agroesuosys

(Nyffeler and Sunderland 2003). As this ratio was low for this study, spiders nady be
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limited value for the biological control of crop pests in eastern Colorado dryland
production systems. Because spider density and biodiversity was not enhanaed withi
these systems and the percentage of hunting spiders was high in comparison to web
building spiders with a greater biological control function, it could be thgidtential of
the indigenous spider community for cereal aphid management in easteradGasor

limited.

Conclusions

1. Atotal of 11,207 spiders were collected from Akron, Briggsdale, and Lamar, CO.
Of these spiders, 119 species from 17 families were represented; 3 spe@
common to all sites, 16, 12, and 19 unique to Akron, Briggsdale, and Lamar,
respectively.

2. Activity density of spiders was consistently affected by date but rayeiiye
conventional or crop-intensified treatments.

3. The spider fauna in eastern Colorado agroecosystems were predominately hunting
species, suggesting that the biological control function of these fauna may not be
as important as the dominant web-building fauna in western European
agroecosystems.
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APPENDIX A. PLOT MAP FOR AKRON, CO, 2002-2007.

Rep 4

401 : 402 403 404 405 406 407 408 409 410 411 412
2002 Wheat Corn Sunfl Fallow Wheat Fallow
2003 Fallow Fallow Wheat Corn Sunfl Wheat
2004 Wheat Sunfl Wheat Fallow Fallow Corn
2005 Sunfl Fallow Corn Wheat Wheat Fallow
2006 Wheat Fallow Sunfl Fallow Millet Wheat
2007 Fallow Wheat Wheat Fallow Millet

Rep 3

301 302 303 304 305 306 307 308 309 310 311 312
2002 Fallow Corn Wheat Fallow Sunfl Wheat
2003 Wheat Fallow Sunfl Corn Wheat Fallow
2004 Fallow Wheat Fallow Corn Wheat Sunfl
2005 Sunfl Wheat Corn Wheat Fallow Fallow
2006 Fallow Fallow Millet Wheat Wheat
2007 Wheat Wheat Fallow Millet Fallow

Rep 2

201 202 203 204 205 206 207 208 209 210 211 212
2002 Fallow Wheat Fallow Wheat Sunfl Corn
2003 Wheat Sunfl Corn Wheat Fallow Fallow
2004 Fallow Fallow® Corn Wheat Wheat Sunfl
2005 Wheat Wheat Fallow Fallow Corn Sunfl
2006 Fallow Millet Wheat Wheat Sunfl Fallow
2007 Wheat Sunfl Fallow Millet Fallow Sunfl Wheat Sunfl Sunfl

Rep 1

101 102 103 104 105 106 107 108 109 110 111 112
2002 Wheat Fallow Corn Fallow Wheat Sunfl
2003 Corn Wheat Sunfl Fallow Wheat Fallow
2004 Sunfl Fallow Corn Wheat Fallow Wheat
2005 Wheat Fallow Corn Sunfl Wheat Fallow
2006 Millet Wheat Fallow Fallow Wheat Sunfl
2007 Sunfl Fallow Millet Sunf Wheat Sunfl Wheat Fallow Sunfl
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APPENDIX B. PLOT MAP FOR BRIGGSDALE, CO, 2002-2010.

Insects & Dryland Cropping Systems Experiment

Briggsdale, CO

Rep 3 Rep 4

Plat 25 26 7 28 29 30 Kl 32 33 34 35 36 37 35 39 40 4 42 43 44 45 46 47 48
Rat. 3 4 4 2 4 2 4 3 4 1 4 3 3 3 2 4 4 4 2 4 3 4 4 1
Trimt. 3 B 7 2 11 1 9 a 10 12 i 4 4 5 1 7 9 a] 2 B 3 10 11 12
Var. |RSE |RS | SR SR|SR|RE|RS|RS|RE|SE|S5R|SR|RS|RFRSE|RE|SR|SFR|SR|SR|SR|ES|RS|5SR| RS
2002 | W © St W W F C F W2 | G5 F L F F 5 C F W © WO W2 W | GE
2003 || M* | Sf F Folw2 | w C W C Y E E W F C | W E Sf LM T W

2004 F F W1 Wy C F Sf ™ C WYL WY WY F F Wi S W2 [ W F F C C

2005 | W] W | W2 F C Wy ™ F Sf C [ F WY W2 F C F W1 WY St C

2006 || MT | W2 c WY Sf F W1 WY F c F F Wy F c W1 c WO W2 | T F Sf

2007 F G C F F WO W2 MW Sf WY WY W* W C W2 Sf F © F W1 F

2008 | W © SO W[ W F C Fo| W2 F hi* | M| F E S| C F Wy © W] WE ] WA

2009 | M Sf F F W2 W C W C W1 F F W W F C W1 F Sf hf™ C W2

200 F F W1 Wy C F Sf h™ C WY | WY Wy F F il SE] W2 [ W F F C C

County Road 84 on north edge of plots
mb | Plot 1 starts at first REA pole west of the trees.
Rep 1 Rep 2
Plat 1 2 3 4 5 5 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Rat. 4 2 4 3 2 4 4 1 3 4 4 3 3 4 3 2 1 4 3 2 4 4 4 4
Trimt. 9 2 10 3 1 7 5 12 4 3 11 =] =] =1 4 1 12 10 3 2 7 9 11 =]
Var, | 3R | SR| SR |SR|SR|RSE|RS|R3|3SR|FS|SR|SR|SR|RS|RS|SR|SR|RE|SR|SR|RS|SR|SR| SR
2002 [ WY W2 W F Sf G GS | M* F Wil F F G ™ F GS | W2 | W WY St C W1 F
2003 c F c MW F Sf F WY W2 WY WY =i F ! C i F F C W2 [ W1
2004 Sf Wy C F F Wil F WY | W2 C I F WY F C F W WA Sf C W2
2005 F F St W WO W2 | WY W™ C C F F W1 MW Sf W F W2 F C C
2008 || W1 W F M F G| W2 F C S W W | W2 | F F F i C | Wi | sff c
2007 w2 F W1 F Wy C G Wy Sf F [ G WY W' W1 F F Sho| W2 F Sf
2008 [ WY W2 W F Sf C ™ F Wil F F C ™ F W2 W WY St C W1 F
2009 c F c MW F Sf F WY W2 WY WY Sf F ! c i F F c W2 [ W1
2m0 St Wy C F F W1 F WY W2 C L F WY F C F W W Sf C W2
County Road 84 on north edge of plots

Rotations

1 = Dpportunity

2 = Wheat/Fallow
3 = Wheat/Millet*/F allow
4 = Wheat'Wheat/Corn/CorndSunflower/F allow (Changed from Wheat/\Wheat/Com/RRS oybean/Sunflower/Austrian Winter Pea in 2002)
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S = Susceptible Variety
R = Resistant “ariety

55 = Grain Sorghurm




APPENDIX C. PLOT MAP FOR LAMAR, CO, 2002-2008.

1 |2 3 4 5 6 7 8 9 10 11 12 13 14 1 16 17 (18 (19 PO
W-F W-S-F W-S-F W-F W-S-F W-F W-S-F W1F
2002 | W| F | S F| W| W| F S FI W S| W F Fl W S w kE W F
200 | F | W|F | W| S S| W F| W F F S| W W F H S Ww B W
2004 | W|F | W| S F F S| W FI W W F S FI W W H S W F
2005 | F | W | S F| W| W| F S| W F| S| W F W F S W K F W
2006 | W| F F | W| S S| W| F FI W F S| W F V H S W W F
2000 |F | W | W| S F F S| W W F|l W F S| W F W H 3 W
2008 | W| F | S F| W| W| F S FI W S| W F Fl W S W R N F
REP 1 REP 2 REP 3 REP 4

W-F=Wheat-fallow rotation
W-S-F=Wheat-sorghum-fallow rotation
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CHAPTER 3-IMPLICATIONS OF RUSSIAN WHEAT APHID,
DIURAPHIS NOXIA, FALLING RATES FOR BIOLOGICAL
CONTROL IN RESISTANT AND SUSCEPTIBLE WHEAT

Abstract

The restriction of aphid reestablishment onto plants by epigeal predatorenépies
critical component of integrated pest management. To further realize theg)dbextt
these predators might have in control programs, it is necessary to quarityebiawior
as aphid falling rate to reveal the number of aphids that are available risappiey.

This study calculated the falling rate of the Russian wheat dphidgaphis noxia
(Kurdjumov) (Hemiptera: Aphididae), and tested whether this aphid more likely fe
from wheat plants that differed between flat leaf architecture versuswitbserrled

leaves. Specifically, the hypothesis was tested that a resistant inbg#lat leaves) will
have a higher aphid falling rate than a susceptible closely-related litezl (leaves).

The experiment was performed at Fort Collins and Akron, Colorado, USA, from May
through July, 2008. Aphids were sampled from infested wheat rows to estimate aphid
density, and sticky traps were used to capture falling aphids and to measuye dd!.
Falling rates ranged from 0.7% to 69.5% in Fort Collins and from 1.4% to 59.5% in
Akron. The falling rate oD. noxia was more influenced by plant growth stage than

aphid densities, with the highest falling rate occurring after wheat ssmoesc
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Wheat plants with flat leaf architecture did not significantly increase dalhith rate.
Diuraphis noxia falls at a higher rate at lower aphid densities, which is when epigeal

predators could have their greatest biological control impact.

Introduction

The high diversity of natural enemies frequenting agroecosystemsemepafported
to translate into improved regulation of pest species (Straub and Snyder 2006, Straub et
al. 2008) through mechanisms of niche partitioning in space (Finke and Snyder 2008) and
time (Lundgren et al. 2009). Such diverse foraging within a complex community of
natural enemies can therefore allow for co-existence of species mpsaagdest
suppression. Those species that inhabit different strata within the crop therellyéna
capacity to impact pests at multiple levels, and it is the community of naberaies
that act in synchrony with one another, rather than individual species actiegthlain
provide greatest value in biological control (Sunderland et al. 1997). The epigean fauna
that consist of, amongst others, ground beetles (Coleoptera: Carabidae), r@ge beetl
(Coleoptera: Staphylinidae), and spiders (Araneae) should therefore meoetsvhen
developing a robust integrated pest management strategy for aphids, given oh@@%p t
of falling aphids will successfully recolonize the plant if not preyed upon (Sopp et al
1987, Winder et al. 1994). This is further highlighted by the abundance of such predators
in agricultural systems (Luff 1983, Riechert and Lockley 1984, Booij and Noorlander
1992, Fan et al. 1993, Lévei and Sunderland 1996, Kromp 18@®@)example,
infestation of wheat tillers by English grain aphifisobion avenae (F.) (Hemiptera:

Aphididae), has been negatively related to the activity density of linyphaderspi
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carabids, and staphylinids (Winder 1990, Duffield et al. 1996). Ground beetles can also
aggregate to areas with high aphid densities (Bryan and Wratten 1984), and post-mortem
analysis of predator feeding behavior has revealed that many groivelspecies
consume large numbers of aphids (e.g., Sunderland et al. 1987, Harwood et al. 2004,
Winder et al. 2005). In Europe, experimentally manipulated ground predator densities
resulted in aphid reduction in maize (Lang et al. 1999), barley (Chiverton 1986, Ekbom et
al. 1992, Ostman et al. 2003), and wheat (Collins et al. 2002, Lang 2003, Schmidt et al.
2004). In addition, early season activity by generalist predators can alsodwdpta
rapid increase in pest numbers, a time of year when generalists feed agdelatest
impact on pest population dynamics (Chiverton 1987, Landis and van der Werf 1997,
Harwood et al. 2004, 2007).

In order to examine the potential role of ground-active predators on aphid population
dynamics, it is first necessary to quantify the availability (i.e., numbexplots that fall
to the ground and, thus, become potential prey. Many aphids exhibit a dropping defense
mechanism triggered by disturbance from natural enemies, by the releasalafm
pheromone, or by weather (Hughes 1963, Cannon 1986, Sunderland et al. 1986, Winder
1990, Ferran and Deconchat 1992, Gowling and van Emden 1994, Winder et al. 1994,
Mann et al. 1995, Clark and Messina 1998, Shah et al. 1999). Falling rates have, for
example, been studied in species such asenae, where daily dropping rates in the
United Kingdom ranged from 95% (growth stage: Zadoks 30; based on Zadoks scale, a
widely used cereal development scale in agriculture (Zadoks et al. 1974)) to 20% and
below (growth stage: Zadoks 71-94) and the following year from 15% (growth stage:

Zadoks 69) to 35% (growth stage: Zadoks 90) (Sunderland et al. 1986). In another study,
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falling rates of this same aphid (and in the same country) ranged from 18@Q¥hout
the wheat growing season (Winder 1990), and the density of f8llenggnae peaked at
348 m? per day (Winder et al. 1994). Similarly, other aphids also fall from the crop with
high frequency; the rose grain aphidigtopol ophium dirhodum (Walker) (Hemiptera:
Aphididae), can fall at a rate from approximately 40% (growth stage: 2&f)ko
100% (growth stage: Zadoks 90) (Sunderland et al. 1986); while the pea aphid,
Acyrthosiphon pisum (Harris) (Hemiptera: Aphididae), has been documented as falling at
a rate of 7% (over 24 h) from alfalfa in the presence of the hemipteran psddaticy
americoferus Carayon (Heteroptera: Nabida&gocoris punctipes (Say) (Heteroptera:
Geocoridae), anO@riusinsidiosus (Say) (Heteroptera: Anthocoridae) and 60% in the
presence of the coccinelli@poccinella septempunctata L. (Coleoptera: Coccinellidae)
(Losey and Denno 1998)siven such high dropping rates in aphid populations, ground-
active predators are likely exposed to significant numbers of aphids and may
subsequently feed on these prey, thereby preventing them from reestablishing on crop
plants. Such suppression could delay or, at least, limit the rapid increase in aphid
populations that afflict many agroecosystems, possibly reducing taeaelon pesticide
applications for aphid control.

Accurate quantification of the falling rate of aphids is therefore eakemprovide
an insight into the role of epigeal predators in the biological control of the Ruaseat
aphid,Diuraphis noxia (Kurdjumov) (Hemiptera: AphididaeDiuraphis noxiais a
common pest of wheafyiticumaestivum L. (Poales: Poaceae), and other susceptible
small grains in all major wheat growing countries except Austf&llatt et al. 1998).

To dateD. noxia damage has been managed by aphid-resistant wheat cultivars and
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pesticides. Further complicating management issues in the United States,rhbagve
been the discovery of a new biotypelbfnoxia in 2003, (RWA2) (Haley et al. 2004).
Biotype RWA2 emerged based on its virulence to cultivars containing the gefesd
Dny, which confer resistance to biotype RWAL (Haley et al. 2004, Collins et al. 2005,
Jyoti and Michaud 2005, Qureshi et al. 2006, Peng et al. 2007). In addition, several
biotypes have since been identified (Burd et al. 2006, Weiland et al. 2008), and further
studies quantifying the efficacy of biological control agents are theredqrered.

Architectural traits may enhance the falling rate of aphids. Plant datmaige
induced byD. noxia feeding prevents the wheat leaf from unfurling (Webster et al.
1987a, Burd and Burton 1992, Archer et al. 1998), which presents challenges for natural
enemies and insecticides to reach the apHsraphis noxia-resistant cultivars are
characterized by having unfurled leaves and no leaf streaking (Havade\2603,

Lapitan et al. 2007), anld. noxia tends to feed within the rolls of furled immature wheat
leaves or within the sheath of mature leaves (Burd and Burton 1992). Therefore, leaf
unfurling may allow for increased exposurelfnoxia to chemical and biological
controls (Hawley et al. 2003). Additionally, aphids might have difficulty remaiomg

the leaf or increase their exposure to external disturbances, possiblyingggaigher
falling rate than in a susceptible cultivar.

The resistant wheat line used for this study (STARS 02RWA2414-11/5*CO00554)
contains the genen7, which has demonstrated resistance to RWA2 (Haley et al. 2004,
Collins et al. 2005, Jyoti and Michaud 2005, Qureshi et al. 2006, Peng et al. 2007).
Wheat plants from this line expressed approximately 50% resistance to RWA2 (J

Rudolph, Colorado State University, unpublished data). Wheat lines with a similar 50%
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resistance expression in a study with biotype RWAL yielded more and supfeovesr
aphids per tiller than populations that were 100% susceptible (Randolph et al. 2007).
Therefore, 50% resistance should be sufficient to reduce aphid densities anuhsymipt
D. noxiainfestations, i.e., chlorosis and leaf rolling, and the lower level of leaigoll
should lead to greater falling rates than the susceptible line.

Architectural traits may also influence aphid-predator interactions giece
combination of natural enemies and plant resistance may have an additivergisigne
effect on aphid suppression. Selection of wheat plants that allow unfurling is plefera
so that natural enemies and parasitoids can easily decegda (Webster et al. 1987b,
Burd et al. 1993, Kauffman and Laroche 1994) given that several species of diokscinel
have difficulty accessinB. noxia within furled leaves (Kauffman and Laroche 1994).
For example, contact and capture efficiencipohoxia by the fourteen-spotted
ladybeetle Propylea quatuordecimpunctata (L.) (Coleoptera: Coccinellidae), (Messina
et al. 1997, Clark and Messina 1998) and the larvae of the green lac€hnyspperia
plorabunda (Fitch) (Neuroptera: Chrysopidae), (Messina et al. 1997), increased on Indian
ricegrassQryzopsis hymenoides (Roemer and Schultes) Ricker (Poales: Poaceae), with
narrow, tightly-rolled leaves with fewer areas for shelter in compargsorested
wheatgrassigropyron cristatum L. Gaertn. (Cyperales: Poaecae), with wide, flat leaves.
A synergistic effect was also observed betweBn @oxia-resistant wheat line and
predation byC. plorabunda, resulting in the reduction @. noxia densities on wheat
(Messina and Sorenson 2001). Furthermore, a positive synergism in reducing aphid
densities was demonstrated with parasitoids and resistant wheat linesrtsetggain

aphid,M. dirhodum (Gowling and van Emden 1994) and the greenBdgjzaphis
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graminum (Rondani) (Hemiptera: Aphididae) (Starks et al. 1972). Parasitoids@nd a
noxia-resistant line of slender wheatgraSlyymus trachycaulus ssp. trachycaulus (Link)
Gould ex Shinners, had the effect of redudingioxia densities (Reed et al. 1992). Itis
therefore apparent that resistant cultivars may increase thereffi@é biological control
and the overall reduction of aphid densities.

Consequently, there is a clear need to understand mechanisms associatghiavith a
dropping rates in order to fully realize the potential of epigeal natural enemies in
biological control. The prevention of plant re-establishment by aphids formsial cruc
component of integrated pest management programs given the likelihood for successful
recolonization of the plant if the fallen aphids are not preyed upon. This study was
designed to determine the likelihood f@rnoxia to fall from resistant and susceptible
wheat plants with flat leaves and rolled leaves, respectively. We hypothéstra
resistant wheat line will have a higher aphid falling rate than a susceptbéty-related
line because resistant wheat lines have flat leaf architecturengnagifficult for D.

noxia to remain on the tiller.

Methods

Study site and planting regime

Research was conducted in winter wheat fields at Fort Collins (40.65099°N, -
104.99671°W; 1534 m) and Akron (40.16033°N, -103.14161°W; 1421 m), Colorado,
USA, throughout the wheat growing season (May-July) in 2008. The wheat lines used
for this study consisted of two closely-related lines from the Colorado Staterkity

wheat breeding program. One of these, CO00554, (TAM 302/Akron//Halt pedigree) is
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susceptible to biotype RWA2, but carries b gene from Halt for biotype RWA1
resistance. The other line (STARS 02RWA2414-11/5*C0O00554) carri@nthgene
effective against both biotype RWAL and biotype RWA2 from STARS 02RWA2414-11
and was derived through backcrossing with CO00554 as the recurrent parent.

The Fort Collins site was irrigated once prior to planting on 3 September 2007 to
insure uniform plant emergence, and wheat was grown according to standard agronomic
practices for the region. Plots were 3.24with six wheat rows in Fort Collins and 4.56
m? with seven wheat rows each in Akron due to differences in local production practices.
The wheat was planted on 11 September 2007 in Fort Collins and on 23 September 2007
in Akron. “Hatcher” wheat (Haley et al. 2005) was planted as a buffer between and
outside of the plots at Fort Collins, and “Prairie Red” wheat (Quick et al. 2001) was
planted in Akron. On 6 May 2008, plots at Akron were treated with 430 g (Al)/ha 2,4-D
(2,4-D Lo-V 6E, Universal Crop Protection Alliance, Eagan, MN), 12.7 g (Al)/ha
triasulfuron + 79.2 g (Al)/ha dicamba (Rave, Syngenta Crop Protection, Greensboro,
NC), and 0.25% v/v non-ionic surfactant (Activator 90, Loveland Industries, Greeley,

CO) for weed control. No herbicides were applied at the Fort Collins site.

Insect sampling protocols

Within each plot, winter wheat plants were infested with greenhouse-réér8d_(D
cycle, 24°C, 65% humidity) biotype RWA2 using a Davis inoculator (Davis and Oswalt
1979). Three, one-meter rows in the center of each plot were infested with a 1x and 10x

aphid infestation level at both Akron and Fort Collins, which corresponded to
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approximately 246 and 2,460 aphids at the Fort Collins site on 7 March 2008 and 210 and
2,100 aphids on 20 March 2008 at Akron. Past experience with establishrdent of
noxia infestations has shown that these levels are adequate for initiating a rapgelof
densities sufficient for regression analysis (Randolph et al. 2005a, 2005b; Randdlph et a
2006, Randolph et al. 2007). Infestation numbers to be applied in the field were
estimated by using the Davis inoculator to deliver aphids to 10 Petri dishes. The number
of D. noxia delivered per inoculator delivery unit was averaged, providing an estimate of
the number of aphids delivered to wheat in the field. The three infested rows were used
to estimate absolute aphid densities and to quantify the frequency of aphid dropping
behavior using ground-based sticky traps that also simulate web-siteejstion
frequencies of epigeal linyphiid spiders (Harwood et al. 2001, 2003;Harwood and
Obrycki 2007), major predators of falling aphids in the field (Sunderland et al. 1987,
Harwood et al. 2004). At Fort Collins, experimental plots were sampled at Zadoks
growth stages 33, 42, 59, 77 and 87, and the Akron research site was sampled at Zadoks
growth stages 37, 66, and 87.

The mean density of aphids on wheat tillers was estimated by removing b4 cm
wheat tillers randomly from one of the three infested rows every two weeksdiim e
plot. Tillers were cut and removed at ground level, placed into a 3.8 L plastic bag, and
held on ice until they were transferred into Berlese funnels for 24 h. Aphids were
extracted into 75% ethanol for long-term storage and subsequent counting.

Fallen aphids were sampled using acrylic sheeting (surface area of 1482acmf
at Fort Collins and Akron, respectively) coated with a thin film of Tangletrsgct Trap

Coatind® (Tanglefoot Co., Grand Rapids, Michigan, USA) using a medium-consistency
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brush-on formulation. Surface area of the squares differed by location becdtse/as
determined by row spacing. The sticky traps were placed on the ground in betwsgn r
taking care not to disturb aphids on adjacent tillers. Sticky traps are hifbigrefat
catching falling, rather than crawling, aphids (Fraser 1982) and, thus paop@agte to
measure aphid dropping rate and possible spider web-site interception fregjuencie
(Harwood et al. 2001, 2003). The sticky traps weremeditu for 24 h on each sample
date at each site, collected, and transported to the laboratory in a cooler farg-oihti
invertebrates (includin®. noxia) were counted and identified under a dissecting
microscope. Aphids that were on the sides of the traps were ignored to avoid counting
crawling aphids. In total, 32 sticky traps were set at each samplirgl @eéreach

location (two wheat lines, two infestation levels, and eight repetitions).

Aphid falling rate, as a percentage of total aphid population, was calcatatkd
number of aphids per ha intercepted by sticky traps divided by the total adaugity of
aphids per ha estimated from both the sticky trap and wheat tiller samplesl cAphts
from the wheat tiller samples and sticky traps were converted to aphid dengigy per
The falling rate percentage was calculated as ST/(WT+ST) v@¥ere the calculated
sticky trap density per ha and WT is the wheat tiller density per ha.

Given that setting traps might dislodge some aphids, thus leading to an
overestimation of aphid falling rates (Sunderland et al. 1986), additional trapsetvere s
out at each date in one repetition of each treatment, removed immediately after
placement, and the number of aphids counted. The percentage of dislodged aphids,

averaged over date, at Fort Collins and Akron was extremely low, signifying the
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negligible likelihood for overestimating falling rates of aphids using grdnased
interception traps.

Data Analysis

The data were analyzed as a split-plot design with repeated measurésewihole-
plot factor as infestation level and the subplot factor as level of resistaheeeffécts of
date, infestation level, and level of resistance were analyzed with dspmeanse
variables: (1) density d?. noxia on wheat tillers; (2) density @. noxia on sticky traps;
and (3) falling rate. Sites were analyzed separately because sanapiiayaried
between sites. For the densitytafnoxia on both wheat tillers and sticky traps, mixed
models with autoregressive errors and unequal variances across datesnsglered. A
model was selected based on the lowest Akaike’s Information Criterion (Al@3,v
which is used to measure the best fit model, and restricted maximum likelihood JREM
was used as a method for estimating the parameters of the model (SAGel26M2-
2003). A mixed model with an autoregressive order 1 covariance structure with
heterogeneous variances across dates (ARH(1)) was chosen as thaaippruqutel for
the density of aphids on wheat tillers at the Fort Collins site. A mixed madttiel w
unstructured covariance with heterogeneous variances across dates \{tas @)psen
for the density of aphids on wheat tillers at Akron and the density of aphids on sticky
traps at both Fort Collins and Akron. For the falling rate response variable, a igederal
linear mixed model (GLMM) with an autoregressive order 1 covariance strudthre
heterogeneous variances across datesschosen, which fits models to data with
correlations (SAS Institute 2002-2003). Degrees of freedom for comparisons we

estimated using the Kenward-Roger method (Kenward and Roger 1997) for all eespons

137



variables. Aphid densities were lggransformed for the number of aphids on the wheat
tillers and log X + 1) for the number of aphids on the sticky traps to homogenize the
variances. Aphid densities were not transformed for the falling rate respoiadxevalf

any fixed effects within the model were significaRt<{0.05), means were separated and
compared with t-tests using the “Ismeans” procedure, which controlled for
comparisonwise erron(= 0.05) (SAS Institute 2002-2003). Untransformed means + one

standard error are presented in tables and figures.

Results

Diuraphis noxia was the most abundant aphid present in this study. Other aphids that
were present included the bird cherry-oat apRiebpal osiphum padi L. (Hemiptera:
Aphididae) (mean 176 + 34 ¢hin Fort Collins and 27 + 7 cfin Akron, averaged over
date, resistance, and infestation level), and the English grain &paignae (mean 1.3 +
0.03 cn in Fort Collins and 0.07 + 0.07 ¢hin Akron, averaged over date, resistance,

and infestation level). These aphids were not included in any of the analyses.

Fort Collins Research Site

Aphid densities on wheat tillers differed between the two original infestkei@Is
(F18642.03, P=0.0001), and there was a interaction between date and infestation level
for aphid density (Is4.=9.83, P< 0.0001). The 10x infestation level was higher than the
1x level, averaged over the level of resistance on May §(6.43, P< 0.0001), May 21
(t10..=-6.29, P<0.0001), and June 4 (-4.80, P< 0.0001). The density of aphids on

wheat tillers at Fort Collins varied with sample dates¢=386.08, P< 0.0001), peaking
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on June 4, and then declining in both the resistant and susceptible lines, and at both
infestation levels (Table 3.1). Aphid densities varied with the level of reststanc
(F1207=31.92, P< 0.0001), with densities in susceptible treatments at least double those in
the resistant treatments, although there was also a interaction betweandligsistance

for aphid density (Fs4.+=3.55, P=0.0121). Additionally, there was a difference between

the resistant and susceptible treatments, averaged over infestation ieWwts; 21

(t24.5=-4.59, P=0.0001), June 44=-5.18, P<0.0001), and June 1§ (-6.59,

P<0.0001).

TABLE 3.1 MEAN DENSITY (M-2 D-1) OF BIOTYPE RWA2 D. NOXIA ON WHEAT TILLERS AT TWO INFESTATION
LEVELS FOR RESISTANT (R) AND SUSCEPTIBLE (S) WHEAT LINES | N FORT COLLINS, CO, 2008"2.

IxXR 1xS 10xR 10xS
Date
4 May 19 38 86 116
21 May 189 394 504 1227
4 June 835 1686 1764 5974
18 June 749 1405 635 1987
2 July 19 23 20 22
F4,54,1date 386.08
P > F date < 0.0001
F1.29.1 resistance 31.92
P > F resistance < 0.0001

Three, one-meter rows in the center of each plot wéested with a 1x and 10x aphid infestation level on 7a0M&008, which corresponded to
approximately 246 and 2,460 aphids.

2Means within a column followed by the same capital Isttee not significantly different(= 0.05; PROC MIXED). Means within

rows within each infestation level followed by the sdoweer case letters are not significantly differant=(0.05; PROC MIXED).

Similarly, aphid activity density on sticky traps differed between tafem levels
(F1, 26.7=53.04, P<0.0001), and there was an interaction between date and infestation level
for aphid activity density (F4s.~=35.17, P<0.0001). The 10x infestation level
maintained a higher activity density of aphids on May##£t3.49, P<0.0018), May 21
(t27.5=-8.98, P<0.0001) and June 4 ¢-9.62, P<0.0001), averaged over resistance. The

number of aphids changed over timeg 4&5=269.56, P<0.0001) (Table 3.2), and a further
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interaction occurred between date and resistancg £2.55, P=0.0508). Interestingly,
the interactions occurred on JuneA4 £-3.05, P=0.0060) and June 1% ¢-4.63,

P<0.0001), where aphid activity-densities were at their highest on the traps.

TABLE 3.2. MEAN DENSITY (M-2 D-1) OF BIOTYPE RWA2 D. NOXIA ON STICKY TRAPS AT TWO INFESTATION
LEVELS FOR RESISTANT (R) AND SUSCEPTIBLE (S) WHEAT LINES IN FORT COLLINS, CO, 20082,

IxR 1xS 10xR 10xS
Date
4 May 0.4 0.4 2.7 2.0
21 May 9.3 12.4 84.8 147.6
4 June 120.9 149.5 474.9 1207.7
18 June 275.0 730.9 320.8 612.2
2 July 40.9 45.8 45.0 61.4
F4,4g,1date 269.56
P > F date < 0.0001
F132. resistance 2.69
P > F resistance 0.1105

Three, one-meter rows in the center of each plot wéested with a 1x and 10x aphid infestation level on 7dM&008, which corresponded to
approximately 246 and 2,460 aphids.

2Means within a column followed by the same capital Isttee not significantly different= 0.05; PROC MIXED). Means within

rows within each infestation level followed by the sdoweer case letters are not significantly differant=(0.05; PROC MIXED).

Falling rates at Fort Collins ranged from 0.7% on May 4 to 69.5% on July 2 (Figure
3.1). For both the resistant and susceptible line and at each infestation lengl réads
increased over time {fr35=384.76, P<0.0001). Falling rates were higher at the 10x
infestation level (16.9% + 1.38) versus the 1x infestation level (10.4% * 1.4), averaged
over resistance (f15¢9.51, P=0.0026), and a further interaction occurred between
resistance and date4($3=2.84, P=0.0267). Additionally, there was an interaction that
occurred between the factors date, resistance, and infestation level hoy riaié
(F4,135=4.88, P=0.0010), as falling rates differed between the susceptible and resistant

treatments on May 21,{,=2.20, P=0.0403) and on June 18 {=2.81, P=0.0081).
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FIGURE 3.1. MEAN FALLING RATE (= SE) OF BIOTYPE RW A2 D. NOXIA IN RESISTANT AND SUSCEPTIBLE
WHEATS AT FORT COLLINS, CO, 2008.
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Akron Research Site

As with the Fort Collins site, aphid densities on wheat tillers differed between
infestation levels (F73.=22.32, P <0.0001), and a further interaction occurred between
infestation level and date {5~=10.45, P=0.0002), which was apparent on May 13
(t26=6.09, P<0.0001) and June 1%%t2.21, P=0.0353). The density of aphids on wheat

tillers at Akron varied over time §:=96.48, P<0.0001) (Table 3.3), peaking on June 11
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for all treatments and declining thereafter. Aphid densities varied withanlese at both

the 1x and 10x infestation levels, (5 =54.28, P<0.0001).

TABLE 3.3. MEAN DENSITY (M-2 D-1) OF BIOTYPE RWA2 D. NOXIA ON WHEAT TILLERS AT TWO
INFESTATION LEVELS FOR RESISTANT (R) AND SUSCEPTIBLE (S) WHEAT LINES | N AKRON, CO, 2008

IxR 1xS 10xR 10xS
Date
13 May 35 89 137 441
10 June 351 984 424 1790
25 June 99 193 121 228
F2,52date 96.48
P > F date < 0.0001
F173; resistance 54.28
P > F resistance < 0.0001

Three, one-meter rows in the center of each plot wéested with a 1x and 10x aphid infestation level on 26cM2008, which corresponded
to approximately 210 and 2,100 aphids.

2Means within a column followed by the same capital Isteee not significantly different(= 0.05; PROC MIXED). Means within

rows within each infestation level followed by the sdoweer case letters are not significantly differant=(0.05; PROC MIXED).

As with the aphid densities on wheat tillers, more aphids were caught on kiye stic
traps at the 10x infestation level than the 1x infestation leygh F23.76, P<0.0001),
and there was an interaction between date and infestation leyeiHE5.73, P<0.0001),
specifically on May 13 §¢ ~-4.19, P=0.0003) and June 1% {-3.84, P=0.0006),
averaged over resistance. Similar to the Fort Collins site, an interactiomestc
between date and level of resistances;§=6.06, P=0.0055) when the sticky traps
contained the highest aphid-activity densities (Table 4) on Jung;13-%.32, P<0.0001)
and June 25 {§ ~-4.59, P=0.0003). Additionally, aphid densities changed significantly

over time (k35799.99, P<0.0001) (Table 3.4).

TABLE 3.4. MEAN DENSITY (M-2 D-1) OF BIOTYPE RWA2 D. NOXIA ON STICKY TRAPS AT TWO INFESTATION
LEVELS FOR RESISTANT (R) AND SUSCEPTIBLE (S) WHEAT LINES I N AKRON, CO, 2008".

IxR 1xS 10xR 10xS
Date
13 May 2.3 1.4 8.0 9.9
10 June 86.3 165.9 131.9 605.1
25 June 140.4 190.4 131.9 202.6
F235.1date 99.99
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1xR 1xS 10xR 10xS

Date
P > F date < 0.0001
F130.z resistance 1.94
P > F resistance 0.1743

Three, one-meter rows in the center of each plot wéested with a 1x and 10x aphid infestation level on 26ck2008, which corresponded
to approximately 210 and 2,100 aphids.

2Means within a column followed by the same capital Istege not significantly different= 0.05; PROC MIXED). Means within

rows within each infestation level followed by the sdowveer case letters are not significantly differemnt=(0.05; PROC MIXED).

The falling rates at Akron ranged from 1.4% on May 13 to 59.5% on June 25 (Figure
3.2) with falling rates changing over time for all treatmenigd[E99.13, P<0.0001). As
anticipated, the falling rates were higher in the resistant treatn22n@&/4 + 2.0) versus
the susceptible treatments (14.3% * 1.6)s(=10.49, P=0.0019). Similar to the Fort
Collins site, there was an interaction between resistance and ggte3(67, P=0.0518),
which was apparent at the 1x infestation level resistant treatment comptréts
paired susceptible treatment on May k3=2.00, P=0.0487) and the 10x susceptible and

resistant treatments on May 1g£2.95, P=0.0041).
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FIGURE 3.2. MEAN FALLING RATE (= SE) OF BIOTYPE RW A2 D. NOXIA IN RESISTANT AND SUSCEPTIBLE
WHEATS AT AKRON, CO, 2008.
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Discussion

The ability of epigeal natural enemies to contribute to valuable regulation sf pest
that dwell, for the most part, in the higher strata of the plant relies on the vdielat
those prey fall from the crop and thus become “potential” prey for ground-based fauna

In recent years, considerable attention has focused on the role of managenteespra
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and landscape diversity that promote ecosystem services provided by natumal ene

communities (e.g., Fiedler et al. 2008, Gardiner et al. 2009), but understanding the role of

these communities in biological control programs relies on our fundamental kiggwle

of the ecology and behavior of the prey, i.e. the pests. It is acknowledged that the

community of natural enemies in agroecosystems contributes to pest suppression

(Sunderland et al. 1997) by impacting prey though the partitioning of their resources.

Additionally, many ground-based predators are generalists (e.g., castbpsy/linids

and spiders) and thereby impact pest communities early during the cotomizagise of

population growth by subsisting on alternative, non-pest prey when pests aee scar
Understanding the falling rates of aphids, therefore, not only quantifies the hgriabi

that exists between resistant and susceptible wheat lines, but potentialiepreaiuable

information for pest management programs. Falling ratés ndxia ranged from less

than 5% early in the season to over 60% for all treatments at the Fort Collingdsite a

from 5% to over 50% in Akron. The falling rates of other aphid species also demonstrate

a wide range of variabilityStobion avenae falling rates ranged from 20-95% in one

study (Sunderland et al. 1986) and 18-30% in another study (Winder 1990);

Metopol ophium dirhodum varied from 40-100% throughout the wheat-growing season;

andAcyrthosiphon pisum falling rates varied from 7-60%, depending on which predator

species was present (Losey and Denno 1998). Such variation has a profound implication

for the ability of ground-based predators in biological control; generalistskely to

regulate pest populations during exponential phases of population growth, but early in the

season when densities are low. However, at this time of year, the proportranffalin

the crop was low, and, relative to the total population of aphids, few were likely to
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become “potential” prey. If generalists preferentially forage osetlsearce falling prey
items as a means of diversifying their diet and optimizing the intake of ie¢sentients
and amino acids (Greenstone 1979, Mayntz et al. 2005), a greater level of biological
control may result, as fewer would be likely to recolonize the plant. Indeed, ground-
based predators often forage at disproportionately high levels on scarcedpHidg
(Harwood et al. 2004), suggesting such mechanisms operate under open-field conditions.
Interestingly, the falling rate @. noxia was influenced more by plant growth stage
than by abundance as the highest falling rate coincided with plant senescenke at bot
sites. Following senescend®,noxia utilizes alternate hosts in between wheat harvest
and fall planting (Kriel et al. 1986, Kindler and Springer 1989), thus aphids are most
likely fleeing wheat plants in search of new hosts. This behavior was evndgmtand
wheat in Texas, where the highest dispersél.afoxia followed wheat senescence
(Archer and Bynum 1993). Furthermore, the utilization of alternate hosts mealatssir
to a decline in host quality. For examplepisumwas more likely to drop from the
broad bean planticia faba L. (Fabales: Leguminosae) when food quality decreased
(Dill et al. 1990). Consequently, host quality may be a cue for initiati@n nbxia
dispersal to new hosts since falling rate appears to increase with degtezst quality.
Diuraphis noxia falling rates were highest when aphid densities were lower in all
treatments at both sites. Mean aphid densities on wheat tillers wersgetdtort
Collins on June 4 (growth stage: Zadoks 59), but the greatest falling ratecdcat the
last growth stage with the lowest aphid densities sampled on July 2 (growth stage:
Zadoks 87). In Akron, the greatest density of aphids was recorded on June 10 (growth

stage: Zadoks 56) with the greatest falling rate occurring on June 25 (grayeth sta
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Zadoks 87) when aphid densities were lower. BoHvenae (Sopp et al. 1987, Winder
1990) andM. dirhodum (Walker) (Sopp et al. 1987) fell at a higher rate at lower aphid
densities. Similarly, Losey and Denno (1998) reportedAhgitsum falling rate did not
increase with increasing aphid densities. The fact that higher faltegyoecur at lower
aphid densities profoundly impacts the role of generalist predators in bailogirol
because pressure is only likely to be exerted when pest densities are low.

The number of falled. noxia available as potential prey for ground predators was
substantial for all treatments at all sampling dates. This ranged fserthin 1 Md™
early in the season to >1200 aphidédit at wheat senescence at Fort Collins and from 2
m?d* to >600 aphids rd™ at senescence in Akron for all treatmeritsBritish
agricultural systems, the number of falravenae during natural infestations ranged
from approximately 10 aphidshd™ at stem elongation of wheat (growth stage: Zadoks
30) and peaked at approximately 158 dt during flowering (growth stage: Zadoks
62), and the following year the number of fallen aphids ranged from ¥&#'rat stem
elongation and increased to 348 " during late heading/flowering (growth stage:
Zadoks 50-62) (Sunderland et al. 1986). When measuring the recolonizationSate of
avenae, 90% of the aphids returned to the wheat canopy after release on the soil surface
(Sopp et al. 1987, Winder et al. 1994). Although recolonization onto wheat tillers is
likely for D. noxia after falling, many fall to the ground and represent a likely food source
for epigeal predators.

Diuraphis noxia-resistant wheat lines did not influence falling rate. A wheat line

conferring close to 100% biotype RWA2 resistance might enhance the unfurthrey of
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wheat leaf, further complicating shelter areas and colonizatidd. fasxia. This may
increase the likelihood of aphids falling from the leaf.

Ultimately, the establishment BX. noxia falling rates is essential to understanding its
management by generalist predators. The availabilib. obxia as potential prey for
the epigeal fauna suggests that these abundant natural enemies may be an important
component of biological control. Although the falling ratddohoxia is highest at the
senescence of the wheat, the greatest impact of generalist predatmne ikkely to be
during colonization when aphid densities are low, preventing recolonizatidmokia
on wheat tillers and subsequent increases to economic injury levels. Thishédsesar
clearly demonstrated the potential role of the epigeal community in the bidlogiteol
of the Russian wheat aphid, and further research is now required to identify, in a
guantitative manner, the impact of predator communities on pest population dynamics in

the field.
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CHAPTER 4-MOLECULAR ELUCIDATION OF FOOD WEB
PROCESSES EXHIBITED BY SPIDERS IN EASTERN COLORADO
WINTER WHEAT

Abstract

The Russian wheat aphijuraphis noxia (Hemiptera: Aphididae) is a major pest of
wheat and has caused over $893 million in losses in the United States from 1987 to 1993.
Determining effective predators of pests can allow for the conservatlayapecies.

The goal of this study was to track the predation of two dominant spider species in
northern Colorado wheat agroecosystem®onoxia using PCR and species-specific
primers. A partial 1146 bp sequence from the mitochondrial cytochrome oxidzo# | (
gene was used and aligned with other non-target sequences to create two printleatpai
amplified a 227 bp fragment &f. noxia DNA. ThreeD. noxia infestation levels, 0x, 1x
and 10x, were established within winter wheat, &rldboriosa andP. sternalis were
collected from May-July within these plots. Of fhdaboriosa andP. sternalis

collected, 32% and 48% screened positive for the presermzenokia DNA,
respectively.Over 92% ofT. laboriosa were collected at the 1x or 1@x noxia
infestation levels combined, demonstrating thdaboriosa was preferentially residing
in plots with highD. noxia densities.Pardosa sternalis was more evenly distributed
between aphid infestation levels. This study confirms the rolelaboriosa andP.

sternalis as predators dD. noxia in Colorado agroecosystems.
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Introduction

Understanding the interactions between predators and prey in the field is complex.
Observations of predator-prey interactions are often disruptive to the study.syste
predator’s dietary composition is difficult to quantify or describe atelyran the
laboratory, as prey preferences often do not relate to the prey compositioniéfdthe f
(Nyffeler and Benz 1987). Using molecular tools to analyze predation camai@lthese
concerns and contribute to the understanding of food webs and the biological control
potential of specific predators. Furthermore, the identification of eféeptedators can
allow for the conservation of key species for pest management.

Molecular techniques, particularly the polymerase chain reaction (PCR)bbene
used to study invertebrate predator-prey systems (Hoogendoorn and Heimpel 2001,
Agusti et al. 2003a,b, Harwood et al. 2007, 2009; Juen and Traugott 2007, Kuusk et al.
2008, Monzo et al. 2010). Field sampling followed by gut-content analysis is aargffici
way of measuring naturally-occurring predation (Sunderland 1988, Sheppard and
Harwood 2005). Few studies using PCR have been performed with predation in the field
(Agusti et al. 2003a, Harwood et al. 2007, 2009; Juen and Traugott 2007, Kuusk et al.
2008, Monzo et al. 2010).

Successful detection of prey contents through PCR has been performed using primers
created from genes comprising several copies per cell, such as rideidaet al. 1999,
Hoogendoorn and Heimpel 2001) or mitochondrial (Chen et al. 2000, Agusti et al. 2003a,
2003b, Harwood et al. 2007) genes. These provide numerous target areas for primer

attachment (Hoy 1994). This is of particular importance when working wittalpart
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degraded DNA, allowing for more successful detection of target prey (Aejedt

2003b). DNA breaks down into smaller fragments during digestion, which is a garticul
concern with predators such as spiders that predigest their prey (Kin@@2&). Thus,
target DNA detection has been successful with primers that amplify éragraf 300 bp

or less (Zaidi et al. 1999, Hoogendoorn and Heimpel 2001, Juen and Traugott 2005,
Monzo et al. 2010).

Little is known about the role of generalist predators in reducing densitiles of
Russian wheat aphi@®juraphis noxia (Kurdjumov) (Hemiptera: Aphididae). This pest
has caused over $893 million in losses in the United States from 1987 to 1993 (Morrison
and Peairs 1998) and continues to be a common pest in Colorado. Spiders are a major
part of the generalist predator community in agroecosystems (Riechérekidy
1984) and feed on crop pests, including aphids (Chiverton 1987, Sunderland et al. 1987,
Winder et al. 1994; Harwood et al. 2004, 2005).

Ideal candidates for biological control should show preference for thappsty
and the ability to aggregate to high pest density areas (Monsrud and Toft 1999). For
example, linyphiid spiders (Araneae: Linyphiidae) (Harwood et al. 2001,ddaret al.
2003) and carabid and staphylinid beetles (Coleoptera: Carabidae and Staphylinidae
(Bryan and Wratten 1984, Monsrud and Toft 1999) can aggregate to areas of high prey
density. The web-building spidéchaearanea tepidariorum (Koch) (Araneae:
Theridiidae) relocates web sites frequently until finding areas witin rigy densities
(Turnbull 1964), and\rgiope trifasciata Simon (Araneae: Araneidae) leaves its web less

frequently in old-field habitats when prey availability was sugfit (McNett and Rypstra
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1997). Additionally, spiders may need to prey on a variety of prey, including aphids, to
optimize their intake of essential amino acids (Greenstone 1979).

Tetragnatha laboriosa Hentz (Araneae: Tetragnathidae) is a dominant predator
within several agroecosystems (Young and Edwards 1990, Nyffeler and Sterling 1994
can tolerate agricultural disturbances such as alfalfa cutting, arréadily reestablish
within the agroecosystem (Howell and Pienkowski 1971). For successibi@ys,
dominant species within agroecosystems (Luczak 1979), it is important teffiaient
dispersal capabilities. While many spider families are only capallisérsing by
ballooning as spiderlings or immatures, Tetragnathidae can disperse througihout it
lifetime (Bell et al. 2005).Tetragnatha laboriosa builds small webs, capturing mainly
aphids and small flies (Provencher and Coderre 1987) and has a narrow host range (Culi
and Yeargan 1982). Far laboriosa, aphids represent 78% of the prey captured within
their webs in cotton during predatory visual observations (Nyffeler and St2€i),

12% of its prey during observations in soybean (Culin and Yeargan 1982), and 12% of its
prey in winter wheat (Jmhasly and Nentwig 1995). The sjdenygnatha degeeri
Sundeval(Araneae: Tetragnathidae) preferentially consumed aphids desatteaigl

low associated aphid densities reported from the field (Harwood et al. 20853lso

likely that spiders will migrate and remain in areas where a pasise&gs a consistent

food source (Nyffeler and Sunderland 2003)T. lfaboriosa is a dominant predator in

these systems and is associated with aphids and other small prey, Iy ihbké.

laboriosa is feeding orD. noxia and contributing to the integrated pest management of

aphids in wheat fields.
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Spiders in the genuRardosa also are commonly found in agroecosystems (Marshall
and Rypstra 1999, Samu and Szinetar 2002, Oberg and Ekbom 2008y dosh
sternalis (Thorell) (Araneae: Lycosidae) is a common spider in northern Colorado
agroecosystemsPardosa spp. spiders are not negatively affected by mechanical
disturbances, such as sowing, which is an important attribute for an agrobions specie
(Oberg and Ekbom 2006Pardosa spp. are active hunters that do not build a web to
capture prey and have a broad feeding niche (Bailey and Chada 1968).

SinceT. laboriosa is a known aphid predator and both spider species are dominant in
wheat agroecosystems, it is hypothesized that these two spider spddesdahD.
noxia. Using PCR and species-specific primers, the goal of this study was tarconfir

their predation o. noxia.

Materials and Methods

Study Site and Planting Regime

Research was conducted in winter wheat at Colorado State Universitycsiltural,
Research, Development and Education Center (ARDEC) four miles north of Hars Col
Colorado, USA, (40.65099°N, -104.99671°W; 1534 m), May-July, 2008. The wheat
lines used for this study consisted of two closely-related lines from the Coldeatdo S
University wheat breeding program. One of these, CO00554, (TAM 302/Akron/Halt
pedigree) is susceptible to biotype RWAZ2, but carriePiiregene from Halt for biotype
RWAI1 resistance. The other line (STARS 02RWA2414-11/5*CO00554) carri@nithe

gene effective against both biotype RWA1 and biotype RWA2 from STARS
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02RWA2414-11 and was derived through backcrossing with CO00554 as the recurrent
parent.

The site was irrigated once prior to planting on 3 September 2007 to insure uniform
plant emergence, and wheat was grown according to standard agronarticepifar the
region. The wheat was planted on 11 September 2007. Plots were*3va# six
wheat rows. “Hatcher” wheat (Haley et al. 2005) was planted as a bufferdmeand

outside of the plots. No herbicides were applied.

Preliminary Research

Prior to the experiment, live pitfall traps were placed within four repetitbbsth
the susceptible and resistant wheat lines. The traps were two-litier ptaties with the
top cut, inverted, and placed flush with the soil surface to form a funnel. A 500 mL cup
was placed inside the bottom half of the plastic bottle. An inch of soil was placed in the
bottom of the traps to help maintain live spiddPsrdosa sternalis (the cursorial hunter)
was the dominant spider present within the live pitfall trapsTataboriosa (the web-

building spider) did not appear until early June.

Aphid Field Infestation

Within each plot, winter wheat plants were infested with greenhouse-reare®@L16:
cycle, 24°C, 65% humidity) biotype RWA2 using a Davis inoculator (Davis and Oswalt
1979). Itis important to understand predation rates at several infestation erassa
are frequently underestimated at low prey levels (Nyffeler et al. 1984hisl study,
three infestation levels, 0x, 1x and 10x were established. Three, one-ometen the

center of the 1x and 10x plots were infested with approximately 246 and 2,460 biotype
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RWAZ2 aphids, respectively, on 7 March 2008. Infestation numbers to be applied in the
field were estimated by using the Davis inoculator to deliver aphids to 10 Ragsdi
The number oD. noxia per inoculator delivery per Petri dish was averaged, providing an

estimate of the number of aphids delivered to wheat in the field.

Spider Feeding Experiment

Feeding experimentre necessary to determine how long DNA survives within the
predator gut following digestion. A laboratory feeding study was perforaeerify
thatD. noxia could be detected within the guts of the spiders after feeding. Spiders were
collected daily from live pitfall traps set in wheat adjacent to the.ploiger 50 spiders
were collected for each species to conduct positive controls.

The spiders for positive controls were maintained in 100 x 15 mm Petri dishes with
Plaster of Paris as a substrate on the bottom of the dish for humidity within a plant
growth chamber (Lab-Line Biotronette Plant Growth Chamber, Lab-isteument,

Inc.) on a L16:D8 cycle with day and night temperatures at 24°C and 20°C, redpgecti
mimicking natural field conditions. Moisture was provided by spraying the insithe of
dish twice daily with water. The spiders were fed two to tBrexsophila melanogaster
Meigen (Diptera: Drosophilidae) every other day for approximately twésveereduce
stress and maintain the health of the spider prior to the start of the experirhegt

were starved for seven to ten days, and then fed one biotype RWA2 aphid. The spiders
were individually observed under a microscope at 10x to assure that the aphid was
captured within the spiders’ chelicerae. If the spider dropped the aphid driéaiked

within 20 minutes, it was returned to the plant growth chamber. Spiders that fed on an

aphid were then frozen at the following post-feeding times to represent paosititvels
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(inh): 0, 4,8, 12, 16, and 24, with eight individuals represented for each time period.
Spiders were maintained in the plant growth chamber during their digestiod pefore
freezing. Spiders were identified in chilled 100% ethanol under the microscop&yand a
visible aphid remains found within the spiders’ chelicerae or surroundingveeeas
removed. Eight spiders from both species were also starved for ten days to serve as

negative controls.

Spider Field Collection

Spiders were collected from May-July 2008 from within the designated 0x, 1x, and
10x aphid density treatments (Appendix A) during five main wheat stages (Zadoks 40,
50, 60, 70, and 80, respectively) (Zadoks et al. 1974) . Bao#boriosa andP. sternalis
were collected within wheat rows, within plants, webs within plants, and around the
plots. Tetragnatha laboriosa was sampled between the hours of 07:30-09:00, where dew
allowed for easy web detection. It was also observed to feed more frequendy in t
morning (07:50 to 11:00 h) compared with evening observations (20:00 to 23:50 h)
(Culin and Yeargan 1982Pardosa sternalis spiders were also sampled at this time and
additionally as time allowed between the hours of 09:00 and 15:00. Spiders were
sampled by hand or with an aspirator to reduce the risk of false positives withgtte ta
prey (King et al. 2008). The spiders were then transferred live individually into
microcentrifuge tubes filled with chilled 100% ethanol, and transferred to the tiatyora
in a cooler, maintained at 4°C or below. The spiders were identified in ethanol on ice,
placed in sterilized Eppendorf tubes with 100% ethanol, and stored at -80°C until further

processing.Tetragnatha laboriosa spiders were not present past 19 June 2008, so
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collection of both spider species was discontinued after this date. A totallof 64

laboriosa and 71P. sternalis were collected from the field.
Aphid Sampling

The mean density @. noxia on wheat tillers was estimated by removing wheat
tillers from a 14 crharea every two weeks from each 0x, 1x and 10x plot. Tillers were
cut and removed at ground level, placed into a 3.8 L plastic bag, and held on ice until
they were transferred into Berlese funnels for 24 h. Aphids were extrataetbPo

ethanol for long-term storage and subsequent counting.

DNA Extraction

Spider and aphid individuals were smashed along the edge of a tube with sterile
pipette tips, and extraction of DNA from field-collected and control spidess wa
performed with Qiagen DNeasy Animal Tissue kits (Qiagen) followieg th
manufacturer’s protocol. DNA extraction using DNeasy Tissue kits waessful with
the detection of Collembola and aphid DNA from inside the guts of field-callecte
spiders (Agusti et al. 2003a, Kuusk et al. 2008).

The DNA concentration from the extractions was quantified with a NanoDrep ND
1000 Spectrophotometer using 1 pL of template. The ratio of sample absorbance at 260
and 280 nm was used to assess the purity of the DNA. DNA concentrations from the
spiders ranged from 50 ng/uL-450 ng/pL. DNA concentrations from sippgldsa
ranged from 1-6 ng/uL. After measurement, total spider DNA extresctivere diluted to

50 ng/uL for standardization and subsequently stored at -20°C.
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Primer Design

A partial 1146 bp sequence from the mitochondrial cytochrome oxidase | (COI) gene
was retrieved from the GenBank database (Accession #FJ2326%8ja) (to see
previous molecular work/troubleshooting, see Appendix B). This sequence, sequences
from P. sternalis andT. laboriosa (sequenced from general COIl primers), and those of
the following aphid species derived from GenBabiuraphis frequens (Walker)
(Hemiptera: Aphididae]. tritici (Gillette) (Hemiptera: AphididaeRhopal osiphum
padi L. (Hemiptera: AphididaeR. maidis (Fitch) (Hemiptera: Aphididae), arfipha
elegans del Guercio (Hemiptera: Aphididae) were aligned using ClustalW (Latkih e
2007) within the BioEdit sequence alignment editor (Version 7.0.5, Tom Hall, Ibis
Therapeutics). The goal of the alignment of these sequences wastcpetees-
specificD. noxia primers and to prevent the primers from amplifying the spider species.
Several pairs of primers were created and tested. A pair of primeselgated and
optimized by performing a gradient PCR and by adjusting reagent concenfrations

number of cycles, and the denaturation, annealing, and extension times (Table 4.1).

TABLE 4.1. PRIMER SEQUENCE, AMPLICON SIZE (BP) OF A MPLIFIED FRAGMENT, AND ANNEALING
TEMPERATURE (°C) OF PRIMERS (T ») FOR D. NOXIA.

Primer Forward Sequence Reverse Sequence Size o T

RWACOI CACTTATTATGTAGTAGCACATTTTCAT  TTAGGATAATCTGTATATCGTCGTGGT 227 60

PCR Amplification and Purification

PCR reactions were conducted in a total volume of 25 pL, which included the

following reagents: 2.5uL of Takara 10x Buffer (100 mM Tris-HCI (pH 8.3), 500 mM
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KCI, 15 mM MgCh) 1.0 pL of each primer (0.4 uM), 2 pL of Takara dNTP mixture
(dATP, dGTP, dTTP) (2.5 mM each dNTP), 5 units/uL of Taka@HS DNA
polymerase, and 5 pL of template DNA (250 ng/uL). The PCR protocol included the
following: an initial denaturation step of 3 min at 94°C; followed by 35 cycles of
denaturing for 30s at 94°C, annealing for 30s at 45°C, and extension for 60s at 72°C; and
a final extension step of 72°C for 5 min. PCR products were separated by elecsisphore
in 2% agarose gels for 35 min at 100 volts, post-stained with ethidium bromide for 30
min to 1hr, and photographed under UV light. Each PCR was run with a positive control
(D. noxia) and a negative control (all reagents except the template DNA) to ensure the
PCR was contamination-free.

The PCR product from one positive contidl noxia was purified with a Mo Bio
Ultraclean Purification Kit following the manufacturer’s protocol and segad
following the dideoxychain-termination method at University of Washingtorgh-H
Throughput Sequencing Solutions. The nucleotide identity for both primer paifsashatc

100% withD. noxia, indicating that the correct region was amplified for PCR.

Cross-Reactivity Testing

Primer specificity testing is necessary to reduce the occurrefas@®positives due
to the cross-reactivity of primers (Harper et al. 2005, Admassu et al. 2006¢. Fal
positives are of particular concern when it comes to generalist predattrgssspiders,
that feed on a variety of prey (Sheppard and Harwood 2005, Gariepy et al. 2007). Other
prey were collected by sweepnet or by hand, placed in 100% EtOH, and texh&eire

laboratory on ice (Table 4.2). DNA from these individuals were extracted vatgeQ

166



kits, and PCRs were conducted with Bvenoxia-specific primers to ensure that these

other prey were not amplified with these particular primers.

TABLE 4.2. ARTHROPODS TESTED AGAINST PRIMER PAIRS.

Order Family Species

Acari Tetranychidae Oligonychus pratensis (Banks),Petrobia latens (Mdiller)

Araneae Gnaphosidae Drassyllus nannellus Chamberlin & Gertsch
Lycosidae Schizocosa mecooki (Montgomery)

Thomisidae  Xysticus pellax O.P.-Cambridge
Coleoptera Carabidae = Bembidion quadramaculatum sp.,Poecilus sp.

Coccinellidae Coccinella septempunctata L., Hippodamia convergens Guérin-
Méneville, Hippodamia parenthesis Say,Coccinella
transversoguttata FaldermannScymnus sp.

Collembola  Isotomidae
Diptera Culcidae Culex pipiens L., Culex tarsalis Coquillett
Tachinidae Phasia sp.
Hemiptera Anthocoridae Oriussp.
Lygaeidae Nysius cf. raphanus Howard
Miridae Lygus sp.
Nabidae
Pentatomidae
Rhopalidae  Arhyssus lateralis (Say)

Homoptera Aphididae  Acyrthosiphon pisum Harris, Diuraphis frequens Walker,
Diuraphistritici (Gillette), Rhopal osiphum padi (L.), Schizaphis
graminum (Rondani),Stobion avenae (F.), Spha elegans del
Guercio,Rhopal osiphum maidis Fitch

Thysanoptera Thripidae Anaphothrips obscurus (Muller)

Analyses

Satistical Analysis

Data were analyzed for both spider species for the effects of whgatist@station
level, and levels of resistance using the “Mixed” procedure in SAS (SAfle2002-
2008) with the REML estimation method and the Kenward-Roger approximation for
degrees of freedom (Kenward 1997). Repeated measures models with autgesgress
errors and unequal variances across dates were evaluated and used wheshljusAiliC
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values (Burnham and Anderson 2002). Statistical computations were performed using
the “Mixed” procedure in SAS (SAS Institute 2002-2008) with the REML estimation
method and the Kenward-Roger approximation for degrees of freedom (Kenward 1997).
Because spider densities were low, spiders were pooled into the following fiae whe
stages: Zadoks 40, 50, 60, 70, and 80. Spider densities were square-root trangformed (
+ 0.5) to homogenize the variances. When significant effects were obderv€dos),

least squares means were separated using t-tests. Untransformedrmpesgseated in
tables and figures.

Molecular half-lives, the amount of time post-feeding where half of the preda®ors
positively identified with prey DNA (Greenstone and Hunt 1993), were calculaitegl us
the “probit” procedure in SAS (SAS Institute 2002-2008) for each species e ca
used to compare results from positive control feeding studies. Fisherestactére
performed using the “PROC FREQ” procedure in SAS (SAS Institute 2003) to
determine whether the percent of positive field spiders was codeldteincreasing
aphid densities.

For the density oD. noxia on both wheat tillers, mixed models with autoregressive
errors and unequal variances across dates were considered. A modelotes baked
on the lowest Akaike’s Information Criterion (AIC) value, which is used to medseire t
best fit model, and restricted maximum likelihood (REML) was used as a method f
estimating the parameters of the model (SAS Institute 2002-2008). A mixed mtdel wi
an autoregressive order 1 covariance structure with heterogeneousesaaruss dates

(ARH(1)) was chosen as the appropriate model.
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Results

Feeding trials

Results of the spider feeding experiment show that 1004l alboriosa tested
positive forD. noxia zero hours after feeding. At 4 hours, 62.5% of the spiders tested
positive forD. noxia after feeding. At 12, 16, and 24 hours post-feeding, 0% of the
spiders tested positive f@r. noxia. The molecular half-life fof. laboriosa was 4.2 +
1.1 hrs. Starved. laboriosa did not amplifyD. noxia-specific primers (negative
controls).
For the spider feeding experiment, 100%osternalis tested positive foD. noxia
zero hours after feeding. At 4, 12, 16, and 24 hours post-feeding, 0% of the spiders tested
positive forD. noxia. The molecular half-life foP. sternaliswas 2.0 £ 0.4 hrs. Starved

P. sternalis did not amplifyD. noxia-specific primers (negative controls).

Field collected spiders

Tetragnatha laboriosa

Sixty-four totalT. laboriosa were collected in 2008. Of these, 3% were male, 53%
were immature (22% penultimate males), and 44% were either immafieraale.
SinceT. laboriosa is a haplogyne spider, the identification of females requires epigynal
dissection for accuracy (Ubick et al. 2005). This dissection could contaminate the
abdomen and result in DNA degradation. Because of this, these spiders were grouped
into an “immature or female” category. The immatures collected ags@med to bé.

laboriosa as no othefetragnatha spp. are present at this site.
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Wheat stage and level of resistance did not affeletboriosa densities (k21=0.47,
P=0.7572). Spider densities also were not affected by the combination oheesestal
infestation level (F21=0.42, P=0.6555). Level of aphid resistance within the wheat did
not affectT. laboriosa densities (F21=1.67, P=0.1974)Tetragnatha laboriosa densities
were affected by wheat stage and infestation level combinegsfF.07, P<0.0001).

The highest mean spider density occurred during Zadoks 60 at the 10x aphid infestation
level and subsequently declined after this stage, and mean denslti¢égbofiosa were
greatest at Zadoks 60 at all aphid infestation levels (Table fieBagnatha laboriosa

was not present within any of the aphid infestation levels at Zadoks 40 oCat|thes|

during inflorescence. Spider densities were lower at the 1x and 10x infestaéisnale
Zadoks 50, peaked at Zadoks 60, and declined at Zadoks 70 and@@natha

laboriosa densities were highest at the 10x infestation level for all wheat stagelse Of t
total T. laboriosa collected, 8%, 39%, and 53% were present at the 0x, 1x, and 10x aphid

infestation levels, respectively.

TABLE 4.3. MEAN NO. OF T. LABORIOSA PER WHEAT STAGE AND INFESTATION LEVEL, FORT COLLIN S, CO,
200812

Wheat Stage (Zadoks) Infestation level
0x 1x 10x
40 0.00Aa 0.00Ba 0.00Ba
50 0.00Aa 0.06Ba 0.06Ba
60 0.13Ab 1.19Ab 1.69Aa
70 0.06Aa 0.31Ba 0.13Ba
80 0.00Aa 0.00Ba 0.00Aa

Means within a column followed by the same capéttibrs are not significantly different and represdifferences between wheat
stages within each infestation level=£ 0.05; PROC MIXED). Means within rows within éaafestation level followed by the same
lower case letters are not significantly differant represent differences between infestationdeatetach wheat stage.< 0.05;
PROC MIXED).

2Means averaged over resistance; 0x,1x, and 10xtrefee respective aphid infestation levels.

Of the 64 totall. laboriosa collected from all wheat stages and infestation levels,

32.8% were positive for the presencebohoxia. The number of spiders testing positive
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for the presence d@. noxia DNA was highest at Zadoks 60 (Figure 4.1). However, this
was not significantly different from the other wheat stages (FishegstEest,

P=0.2998).

FIGURE 4.1. TOTAL T.LABORIOSA COLLECTED PER WHEAT STAGE AND NO. POSITIVE FOR D. NOXIA DNA,
FORT COLLINS, CO, 2008.
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At Zadoks 40, 50, 60, 70, and 80 crop stages, 0%, 0%, 44%, 50%, and 50% were
positive for the presence D noxia DNA, respectively. The number of laboriosa
testing positive foD. noxia DNA was not significantly related to infestation level

(Fisher's Exact Test, P=0.5542) (Figure 4.2).

171



FIGURE 4.2. TOTAL T. LABORIOSA COLLECTED PER APHID INFESTATION LEVEL AND NO. POSI TIVE FOR D.
NOXIA DNA, FORT COLLINS, CO, 2008.
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Although the number of spiders testing positive increased with increasing aphid
infestation level, this relationship was not significant (Mantel-Haendzaebquare,
DF=1,0Q=2.31, P=0.1287). At the 0x, 1x, and 10x aphid infestation levels, 20%, 28%,
and 41% were positive for the presenc®ohoxia DNA, respectively (Figure 4.2). The
percentage of. laboriosa testing positive foD. noxia DNA was not significantly
different between the susceptible and resistant wheat varieties (35%%nd 30

respectively) (Fisher’'s Exact Test, P=0.0788) (Figure 4.3).
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FIGURE 4.3. TOTAL T.LABORIOSA COLLECTED PER CROP RESISTANCE LEVEL AND NO. POSITI VE FOR D.
NOXIA DNA, FORT COLLINS, CO, 2008.

No. positive for D. noxia DNA
[ 1 No. negative for D. noxia DNA

40

35

30

25+

20

15

10 H

Total No. of Tetragnatha individuals

0 T T
Resistant Susceptible

Resistance

Pardosa sternalis

Seventy-one totdP. sternaliswere collected in 2008. Of these, 28% were male, 51%
were immature, and 21% were female. The immatures collected weneeast bd>.
sternalis, as no othePardosa spp. were present in the field.

Wheat stage, infestation level, and level of aphid resistance did not inteadfetct
P. sternalis densities (E203=1.45, P=0.1770)Pardosa sternalis densities were not
affected by wheat stage and infestation level combinggh£0.77, P=0.6335), wheat
stage and level of resistance §f5=1.41, P=0.2329), or resistance and infestation level
combined (E205=0.81, P=0.4473). Infestation level also did not affecternalis
densities (kF205=1.96, P=0.1433). Wheat stage affected the densRysérnalis

173



collected (& 27=7.43, P<0.0001). Mean densities were highest at the Zadoks 40 (Table
4.4). Level of aphid resistance affectedsternalis densities (F22,=5.83, P=0.0165)
(Table 4.5).Pardosa sternalis densities were higher in the resistant treatments, averaged

over infestation level and wheat stage.

TABLE 4.4. MEAN P. STERNALIS PER WHEAT STAGE, FORT COLLINS, CO, 2008.1?

Wheat Stage (Zadoks) P. sternalis
40 0.582
50 0.27b
60 0.16Dc
70 0.39®
80 0.042

Means within a column followed by the same lowercaserettes not significantly different.= 0.05; PROC MIXED).
2Significant differences have been determined through sqaatéransformation of the data- raw means are reptesém this table.

TABLE 4.5. MEAN P. STERNALIS PER RESISTANCE LEVEL, FORT COLLINS, CO, 2008.%2

Resistance Level #P. sternalis
Resistant 0.38
Susceptible 0.4

Unlike T. laboriosa, P. sternalis was more uniformly distributed until Zadoks 80
(Figure 4.4). For alP. sternalis collected, 39%, 18%, 11%, 30%, and 28% were
collected at Zadoks 40, 50, 60, 70, and 80 wheat growth stages, respectively.

Of the 71 totaP. sternalis collected, 47.9% were positive for the presendd.of
noxia. The number of. sternalis found within each infestation level are shown in
Figure 4.5. At the Ox aphid infestation level, 29 individuals were collected (40% of the
total collection) of which 21% were positive for noxia DNA. At the 1x infestation
level, 26 individuals were collected (23.6% of the total collection) of which 27% were
positive for the presence Bf noxia DNA. At the 10x infestation level, 17 individuals
were collected (36% of the total collection), and 65% were positive for teerpre oD.
noxia DNA. The number of spiders testing positive for the presenBe imdxia DNA
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was highest at Zadoks 40 (Figure 4.4); however, this was not significarésediffrom
other wheat stages (Fisher's Exact Test, P=0.1809). At Zadoks 40, 50, 60, 70, and 80,
36%, 39%, 0%, 75%, and 0% were positive for the presernderaixia DNA,

respectively (Figure 4.4).

FIGURE 4.4. TOTAL P. STERNALIS COLLECTED PER WHEAT STAGE AND NO. POSITIVE FOR D. NOXIA DNA,
FORT COLLINS, CO, 2008.
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As aphid density increased, the percentage of spiders testing posifventxia
increased (Mantel-Haenszel Chi Square, DE38.169, P=0.0043). At the 0x, 1x, and
10x aphid infestation levels, 21%, 27%, and 65% were positive for the presdhce of
noxia DNA, respectively (Figure 4.5). The percentage of spiders testingvedsitD.
noxia DNA was similar between resistance levels (Fisher’'s Exact Te8t3[P00)

(Figure 4.6).
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FIGURE 4.5. TOTAL P. STERNALIS PER INFESTATION LEVEL AND NO. POSITIVE FOR D. NOXIA DNA, FORT
COLLINS, CO, 2008.
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FIGURE 4.6. TOTAL P. STERNALIS PER CROP RESISTANCE LEVEL AND NO. POSITIVE FOR D. NOXIA DNA,
FORT COLLINS, CO, 2008.
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Aphids

A date by resistance by infestation level interaction occurred for aphidydensi
(Fs,85.54.04, P=0.0004) (Table 4.5). The highest aphid densities occurred at the 10x
susceptible treatment at Zadoks 50, followed by the 10x resistant, 1x suscaptible
resistant treatments at Zadoks 50. Aphid densities within the Ox resistant eeytibles
treatments remained close to or at zero for all dates. Aphid densitieemwaverage
twice as high at each date in the susceptible treatments versus thetresatiaents
within the same infestation level for the 1x and 10x infestation level treatments
Similarly, the aphid densities were approximately two times higher oagedetween

infestation levels within the same resistance for the 1x and 10x infestatbn le
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treatments. Aphid densities gradually increased from stem elongatiomtlatéscence,

peaked at inflorescence, and subsequently declined at milk and dough.

TABLE 4.6. MEAN DENSITY D. NOXIA ON WHEAT TILLERS PER CM 2 DAT THE 1X AND 10X INFESTATION
LEVELS FOR RESISTANT (R) AND SUSCEPTIBLE (S) WHEAT LINES IN FORT COLLINS, CO, 2008 *2

Date Wheat Stage OxR 0xS 1xR 1xS 10xR 10xS
(Zadoks)

4 May 30 0.08c 0.00Cc 0.1Ch 0.3&b 0.86Ca 1.16Ca

21 May 40 0.08d 0.01Cd 1.8Bc 3.98b 5.08Bb 12.2’Ba

4 June 50 0.1&d 0.228d 8.3%Ac 16.86Ab 17.64Ab 59.74a

18 June 70 0.Ec 0.4%c 7.49b 14.0%7a 6.33Bb 19.8Ba

2 July 80 0.0Bb 0.2(Ba 0.1%Ca 0.23Ca 0.20Ca 0.2Da

1Significant differences have been determined through sqaatéransformation of the data- raw means are repiesdémthis table.

2Means within a column followed by the same capital Istege not significantly different.(= 0.05; PROC MIXED) and represent differences between
treatments at each date. Means within rows followethéysame lower case letters are not significantly miffe@ = 0.05; PROC MIXED) and

represent differences between treatments at each date.

Discussion

The determination of key natural enemies is an important component of the integrated
pest management Bf. noxia. In particular, it is important to establish whetBemoxia
is consumed by common predators, such as spiders, in theDielcaphis noxia
densities reached economically damaging levels in this study, andv#els of aphid
infestation were tested in the field. Of thdaboriosa andP. sternalis collected, 33%
and 48% screened positive for the presend2. obxia DNA, confirming these species as
D. noxia predators.

Tetragnatha laboriosa appeared to respond to aphid densities. These spiders peaked
during Zadoks 60 and within the 10x and 1x aphid infestation level treatments, which
corresponded with the highest densitypohoxia. Over 92%f. laboriosa were collected
at the 1x or 10x infestation levels combined, and over half of theTtd&boriosa
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collected were collected within the 10x infestation level, indicatingar preference for
treatments containing. noxia densities.Diuraphis noxia densities decreased over 97%
from Zadoks 70-80 wheat stages within each infestation level. Intetgsfintpboriosa
collections were close to zero by this time. THus$aboriosa arrived in wheat fields at
peak aphid densities and dispersed to an adjacent corn diop@sa densities declined
(Kerzicnik, pers. obs.)Pardosa sternalis did not respond to aphid densities; over 40% of
P. sternaliswere collected within the Ox infestation levels, suggesting that the spiders
were not preferentially residing within the aphid-infested plots.

ForT. laboriosa, the highest percentage of spideniected at peak aphid densities
also corresponded with the highest number of spiders screening positentxra
DNA. Over 41% of the spiders collected at the 10x infestation level tested pémitive
noxia. Using ELISA tests, 95-100% Bterostichus cupreus L. (Coleoptera: Carabidae)
individuals were positively identified witR. padi remains during peak aphid densities
(Chiverton 1987). With gut dissection, 11% of staphylinid and carabid beetles were
positively identified with aphid remains with the percentage of positivesasioig with
increasing aphid densities (Sunderland and Vickerman 1980).

Biological control is most efficient when generalist predators arritl@mihe crop
early before pests reach peak densities (Edwards et al. 1979, Ekbom and Wik&hius
Chiverton et al. 1986, Birkhofer et al. 200®ardosa sternalis was most abundant at
Zadoks 40, prior to peak aphid densities, and demonstrated a very high aphid
consumption rate. Furthermofe,sternalismay have been present even earlier in the
season, as sampling did not commence until early May. On the cofitriatyoriosa

arrived after aphid densities were at economically damaging leMel&ever, spiders
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can occasionally increase predation rates when pest densities are high, ggimgrstr
type lll functional response (Riechert and Lockley 1984). The spritedgopus audax
(Hentz)(Araneae: Salticidaef)xyopes salticus Hentz (Araneae: Oxyopidae), and
Misumenops celer Hentz (Araneae: Thomisidae) increased predation rates when
densities of the leafhoppBseudatomoscelis seriatus (Reuter) increased incrementally
(Breene et al. 1990).

The retention times for the detection of target DNA post-feeding, asrdeéel by
the feeding trials, were low for both species-4.0 and 2.0 h.1aboriosa andP.
sternalis, respectively. The predator to prey size relationship might have affeeted t
molecular half-life. Using monoclonal antibodies and ELISA, pink bollworm eggs,
Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae), were detected for a
longer period of time from inside the guts of a minute pirate Ouigis insidiosus (Say)
(Hemiptera: Anthocoridae), compared with a ladybeektippodamia convergens
Guérin-Méneville (Coleoptera: Coccinellidae) (Hagler and Naranjo 1%5th P.
sternalisandT. laboriosa were substantially larger than a sinBlenoxia prey. Other
studies that indicate longer retention times with prey DNA in feeding wiale more
representative of a smaller predator-prey ratio (Agusti et al. 2003a, Moalz@@10).
As a result, the implications of spider consumption rates in the field must be
appropriately assessed. For this study, molecular half-lives of around four hocaseindi
that the spiders that screened positiveCfonoxia DNA fed on an aphid within just a few
hours of collection.

Because predation rates were high for both spiders, it is possible thatestes w

overestimated due to secondary predation. Through PCR, DNA as a result of secondar
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predation could be detected for up to eight hours with the carabid Bestistichus
melanarius llliger (Coloeptera: Carabidae) feeding on a spidauiphantes tenuis
(Blackwall) (Araneae: Linyphiidae) that had just fed on an English grain aghid,
avenae (Sheppard et al. 2005). Becalkeioxia densities were so high, sevelal
noxia-specific and other generalgtedators might have been attracted to the treatments
to consume aphids. Subsequently, Biottaboriosa andP. sternalis might have fed on
these predators, resulting in an inaccurate determination of a trophic link vidixia.
Scavenging also can contribute to false positives (Juen and Traugott 2005). However
because retention times of DNA were low with the primers used, it is lyniiied either
secondary predation or scavenging is a major source of overestimation.
Tetragnatha laboriosa andP. sternalis had high predation rates @ noxia,

indicating a contribution to its biological control. The presende efernalis earlier in
the season suggests that this species may be a more effective phedtokaboriosa.
The latter species responded to densities vithemxia had already reached
economically damaging levels. Although its consumptioD.afoxia was noteworthyT.
laboriosa also might have been attracted to very high-density aphid treatmettis for
alternative prey present, i.e., other predators that were attracted to high aphiesdens
At lower aphid densities, it is possible tAataboriosa would not be attracted to the
aphid-infested treatments.

This study confirmd. laboriosa andP. sternalis predation orD. noxia in Colorado
agroecosystems. Understanding how spiders function as consumers can allow for more
sustainable integrated management and can provide further insight as to howddiologic

control contributes to the ecology of the food web.
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APPENDIX A. PLOT MAP AT ARDEC, FORT COLLINS, CO, 2 008.
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APPENDIX B. PREVIOUS MOLECULAR WORK AND TROUBLESHO OTING

In January, 2009, | traveled to the University of Kentucky to work in James
Harwood’s lab and learn molecular techniques from him and his postdoctoratinesea
associate, Eric Chapman. | shipped all of my samples to Kentucky priordotmxty
and | performed the extractions of my field and control spiders with Qiagenlkitas
there for two weeks and learned the extraction technique thoroughly using both aphids
and spiders.

Following the extractions, with Eric’s assistance, | performed a Pi@Rgeneral
primers with my eighD. noxia extractions to ensure that the extractions worked. Since
the extractions were successful, the RWACOIIF2 and RWACOIIR1 psimere used
for PCRs (see below).

Primer Pair I: RWACOIIF2 and RWACOIIR1, gene=mitochondrial, Cytochro me
Oxidase Il (COll)

RWACOIIF2 and RWACOIIR1 were originally targeted to begin the moleguéar
content analysis work (Chen et al. 2000). Since the extractions were sucdessful, t
RWACOIIF2 and RWACOIIR1 primers were further optimized at the Unityecs
Kentucky by running gradient PCRs, testing different concentrations of dIgfiPers,
andTag. | then used spiders fed an aphid and frozen immediately (O hr positive gontrols
in PCRs to see if aphids were successfully amplified within spider ghesseTPCRs

were successful. Both spider spediekaboriosa andP. sternalis were tested; however,

189



P. sternalis bands were very weak and showed early signs of DNA degradation. This
may be because of the hairsRrsternalis. Jan Stephens found that the hairs of
mosquitoes degraded their DNA during extractions (personal observation)atdoat
10 PCRs, trying to optimize the PCRs with the Ohr positive controls. | ran into a
contamination problem where | had streaking in the negative control. | tried a new
kit/new reagents, and | continued to have the same problem. | decided to ship my
extractions back to CSU and continue there.

| continued with these primers at CSU in the Leach lab. | ordered a new kit (sam
reagents as | used in Kentucky) and proceeded with PCRs using the sagdenarod
had some operator error issues. For example, it took some practice learning hawpto set
reactions properly, using a new thermal cycler, and the running and staining.of gel
Regardless, even after some trial-and-error and using the same preced{erntucky
and new equipment, | was unable to get these primers to work for even total aphid
extractions after about 20 PCRs. | corresponded with Eric describing the prodoteins
he suggested that | try a new pair of primers. | didn’t with new primexsyoother

molecular work until winter, 2009, as | had to finish the identification of my spiders.

Primer Pair 2: cytbF_1 and cytbR_1 (342bp), gene=mitochondrial, Cytochrome B
(cytb)

Per Eric’s advice, | tried a new pair of primers. | met with Myron Btacgearch for
availableD. noxia sequences on GenBank. We found a large sequence from the cytb
gene (Thao et al. 2004) and created candidate primers with ITDNA sotinatlis
sequence. The primers created amplified a fragment of 342bp. This primer wes blas

against spiders and other aphid species.
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(Forward=CCATCACCCATTGGTTGTAAAGCACC, Reverse =
TGAGTTCAAACCGGTGTAAGCCAG). When blasting these individually and just
alone, the selected primers came up with a 100% hid.faoxia, and no other species of
interest were close to a match.

| went down to the Denver Museum of Nature and Science to try these new primers
with aphid extractions, working with Kayce Bell, a Research Associate kdgedble
about PCR. | used her kit/reagents and my kit/reagents to test out the new pinmer pa
(Primer Pair 2) and the previous primer pair (Primer Pair I). Kayadesd the new
primers amplifieD. noxia DNA. The £ primer pair also amplifie®. noxia DNA
successfully; however, these bands were weak. | decided to continue optiiméziag t
primers down at the museum. | optimized these primers by adjusting the agneali
temperature and concentrations of reagents. However, after about 10 PCRs, | was
successful amplifying pure aphid DNA and was unsuccessful amplifgimg ®NA
from spider guts. After talking with James Harwood and further researchmerpri
used for other gut-content studies, | found that target DNA detection has beessfuicc
with primers that amplify fragments of 300 bp or less (Zaidi et al. 1999, Hoogendoorn
and Heimpel 2001, Juen and Traugott 2005, Monz6 et al. 2010). These primers were
designed to amplify a much larger fragment, 342bp. Thus, this might have been the
problem.

Additionally, | spoke with Jan Stephens, and she indicated that | try several things.

1. It was a necessity to quantify my DNA to make sure | was putting the appeopriat

amount of DNA template within my PCR reactions. Thus, using the NanoDrop in

the Leach lab, | measured all of my aphid and spider extractions.
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2. lalso ran gels on my genomic DNA to see if my DNA was degraded (Fgtire
For quality DNA, the gel will ideally show one bright band at the top and should
be clear from that band down. Otherwise, smearing is indicative of DNA
degradation. Because the aphid DNA measured less than 10ng/ul, the total DNA
was not apparent on the gel. Thesternalis DNA shows bright bands at the
bottom but also shows considerable smearing throughout the rest of the lane.
With T. laboriosa, bright bands were apparent at the top of the gel and looked
clear throughout the rest of the lanes. Although | saw degradation fronelthis g

with P. sternalis, | still had bright enough bands and decent-quality DNA.

12 3 45 6 7 8 9 1011 12 13
-.r [

FIGURE 4.7. AGAROSE GEL OF TOTAL GENOMIC DNA.

Lane 1=100bp ladder, Lanes 2E¥-noxia total DNA, Lanes 8-10B. sternalis Ohr positive controls, Lanes 11-IB=4aboriosa Ohr
positive controls.

3. Also, my gels were showing lots of streaking at the Denver Museum, which was
indicative of using too much DNA in my PCRs. | diluted all of my spider extractions
to 50 pg/ul to standardize the amount of template | used in each reaction and tried

amounts from 50-400pug/ul within the reactions. In particular, | used starved spider
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DNA mixed with aphid DNA to determine optimal concentrations of spider DNA to

use in PCRs (Figure 4.8).

2 8344 5 6.7 8 9 AQuMEIOMESSIA15 16
=
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FIGURE 4.8. TESTING DIFFERENT CONCENTRATIONS OF D. NOXIA DNA MIXED WITH STARVED SPIDER P.
STERNALISAND T. LABORIOSA DNA.

4. We also tried shearing the DNA to make sure that degraded DNA could beedetec
with these primers (Figure 4.9). We sheared DNA with a 25 gauge needletimxtrac

and expelling the DNA several times.

FIGURE 4.9. TEST OF DNA SHEARING

Lane 1=100bp ladder, Lanes 2=non-she&reabxia DNA, Lane 3-D.noxia DNA sheared 40 times, Lane @=noxia DNA sheared
100 times.

193



5. I tried to work with these primers again with Jan, but | was still unable to get any
spiders fed aphids to amplify any DNA. | decided to try another pair of [wiamer

continue working at CSU.

Primer Pair 3: cytbF_2 and cytbR_2 (228bp), gene=mitochondrial, Cytochrome B
(cytb)

| decided to use another pair of primers that | had created with Myron BoumcéHe
same gene (cytb), but amplified a smaller fragment (228 bp) (F=cgaadaagagjcca,
R=tgatttttctgagggagaatctg). | used a new kit (TaKacp, and | found these primers to

amplify bothD. noxia DNA andD. noxia DNA from spider guts (Figure 4.10).

FIGURE 4.10. SUCCESSFUL PCR WITH NEW 228 CYTB PRIMERS (LAST FOUR LANES).

| continued to optimize these primers for several PCRs by doing gradiBst PC
testing different concentrations of primers and reagents, and trying tasaensitivity.
Since | tested several positive control spiders fedmexia and frozen 0-24 hours
post-feeding, | wanted to try to increase the sensitivity of these grupaio as many

hours as possible.

194



| ran into a contamination issue after about 10 PCRs, which caused me to switch
reagents, water, purchase new primers, and do a major clean-up. The contamination
issue was off and on for several PCRs. | reduced the number of cycles alongyeiti s
of the troubleshooting methods above, which appeared to help.

| continued to try to make the primers more sensitive, so | tried severalMAtbRs
gradient magnesium chloride concentrations. | was able to deteaxia DNA from
spider guts up to 12 hours post-feeding with additional Mg@ilitions. | encountered a
problem with multiple bands with all the spider positive controls (not as much with just
D. noxia DNA), and it would not disappear (Figure 4.11). | tried gradient PCRs,
reducing magnesium chloride concentrations, and cleaning. As | tried to use thes
primers again later, it may be that the DNA was very degraded, and thresesprere

amplifying fragmented DNA.
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FIGURE 4.11. EXAMPLE OF PCR WITH MULTIPLE BANDS.

Primer Pair 4: COIl_144F and COI_329R, gene=mitochondrial, cytochrome oxidase
| (COI)

The ideal way to create primers for gut-content analysis is to seqhentzedget
aphid and other non-targets that you specifically do not want to amplify with genera
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primers, align these sequences, and choose unique primer pairs (King et al. 2008).
Therefore, | proceeded with this method. The universal primers C1-J-1718 ahd C1-
2191 were used to amplify a partial fragment of the cytochrome oxidase IG@he (
(Simon et al. 1994) (Figure 4.12). The extractions of tBra®xia and extractions of

the following species were used for PCR desiDmuraphis frequens, Diuraphistritici,
Stobion avenae, Rhopal osiphum padi, Schizaphis graminum, Acyrthosi phum pisum,

Spha elegans, Pardosa sternalis, Tetragnatha laboriosa. Sequences were aligned using
Bioedit and CLUSTAL W (Thompson et al. 1997). Several pairs of primers were chosen
using the primer design software Primer 3 (Rozen and Skaletsky 1998) andgesigr-
guidelines, and one pair of primers was selected and optimized (COI_144F-
TCCATGATCAATTCTAATTACAGCTATTC, COI_329R-
AAATATAAACTTCAGGATGTCCAAAAA). The primers produced foD. noxia were
species-specific, which indicated that they did not amplify other non-target arthropods

typically present with the agroecosystems sampled.

O =10 el 314

FIGURE 4.12. AMPLIFICATION OF D. NOXIA DNA AND OTHER NON-TARGET SPECIES USING GENERAL COI
PRIMERS.

These primers were further optimized by testing them against otheéanmyeat-aphid
species and raising the annealing temperature to 60°C (Figure 4.13). Téu¥es plichnot

amplify any non-target aphids at this temperature.
196



9 @ 2e ] S T4 15 - 16

FIGURE 4.13. TESTING OF PRIMERS AGAINST NON-TARGET APHIDS

The primers effectively amplifieD. noxia DNA from spider guts up to 16 hours

post-digestion (Figure 4.14).

FIGURE 4.14. 16 HOUR POSITIVET. LABORIOSA CONTROLS.

However, this was not repeatable. The negative control was inconsistently icat¢aim
but had a very bright, clear band (Figure 4.15-last lane). After severald@Rsking

it was my mistake (many cleanings, reevaluating pipetting technigudsadmg, glove
use, etc.), | found a paper that indicated that somefliamghas impurities, and, thus,
bacterial contaminations, suchEsherichia coli can be amplified in PCRs (Tonduer et
al. 2004). Taq is often manufactured iB. coli as a recombinant protein, and bacterial
contaminants can be common. | tried several different high fidelity DNA mybses,
but | still had the band in my negative control. | decided to try one last pair of primser

this was beyond my control.
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FIGURE 4.15. PCR INDICATING CONTAMINATED NEGATIVE CONTROL (LAST LANE).

Primer Pair 5: COI_809F and COI_1036R, gene=mitochondrial, cytochrome
oxidase | (COI)

A partial 1146 bp sequence from the mitochondrial cytochrome oxidase | (COI) gene
was retrieved from the GenBank database (Accession #FJ2326R%%ja). See

Chapter 4 for the remaining discussion with these primers.
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CHAPTER 5-CONCLUSION

A crop-intensified agricultural system had little effect on spideritdeos
biodiversity when compared with a conventional system. The mean density of spiders f
vacuum and pitfall sampling was low at all sites and years, with the excep200®f
and 2006. When densities of spiders are low, the biological control potential generally is
limited (Greenstone 2001). The years 2005 and 2006 showed increased mean spider
densities and biodiversity, which can mainly be attributed to increased pitamipita
weed, and vegetatative growth. Specifically, the density and biodiversityphiid
spiders increased during these years. Spider densities did not increassumiher
crop following wheat harvest, suggesting that this alternative crop did not actfage
for spiders following wheat harvest at any of the sites.

The faunal composition of spiders also can be suggestive of the biological control
potential of pests. The number of spider individuals in this study was regesgnver
70% of the cursorial hunting spider families, Gnaphosidae and Lycosidae, asall si
with the majority of the fauna dominated by three or fewer species. Sormsidye,
such agrardosa hortensis Thorell, can contribute to reduced pest densities by both
killing pests with and without consumption (Samu and Bir6 1993); however, the
additional killing of pests through webs alone is not possible. The low density of spiders
and the lack of predominately web-building spiders suggest that the biolcgmnted!

potential of eastern Colorado spiders is likely limited.
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Because the spider composition was dominated by cursorial hunters, it waangeces
to establish that pest prey were available for the dominant fauna prBsergphis
noxia falling rates were greatest later in the wheat-growing seasdreliyrte of
senescence. Falling rates were highest vihenxia densities were lowest. When the
predator-to-prey ratio is highest, this is when spiders can have a griéatéion
suppressing pest densities (Edwards et al. 1979, Ekbom and Wiktelius 1985, Chiverton et
al. 1986, Birkhofer et al. 2008). As this suggests that spiders will be moreveffiadtr
in the season, this is aftBr noxia has reached peak densities.

Increased biodiversity and biological control efficiency is typicedlge dependent
(Straub et al. 2008). Furthermore, maintaining spider species that are conswstsng pe
the field is important.Tetragnatha laboriosa andP. sternalis consumed. noxia DNA
in the field, with a high percentage testing positive for the presence of aNdvihin
the gut, 32% and 48%, respectively. Interestinglyaboriosa appeared to track aphid
densities, as 92% @f. |laboriosa were collected at the 1x or 10X noxia infestation
levels combined. AlthougR. sternalis did not appear to track aphid densities, it was
present early in the wheat-growing season.

The hunting guild spp. and low mean density of spiders overall suggest a limited
potential of spiders as biological control agents in these agroecosysiawever, the
high percentage 4. laboriosa andP. sternalis testing positive for aphid consumption
indicate that, when infestations Df noxia are high, feeding on pest species is likely. It
is, therefore, important to identify the dominant predators within an agricultstahsy
and directly ascertain through molecular analyses whether these natumade are

feeding on the target pest species.
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