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ABSTRACT

Community Level Effects of Vegetation Architecture and Prey Avaitgbi\ Study of

Ground-dwelling Arthropods in a Shrub-steppe Ecosystem

by

Mary E. Pendergast, Doctor of Philosophy
Utah State University, 2011
Major Professor: Dr. James A. MacMahon
Department: Biology
Changes to vegetation architecture within a natural habitat can have profound
impacts upon ecological community function, but the relative influence of viegetat
architecture itself and potential indirect influences of associated feodrmaes are often
difficult to disentangle. | present the results of a three-year studynedsig address the
community level impacts of changes in big sagebrasterthisia tridentata) architecture
and associated prey availability upon the ground-dwelling arthropod communitye Thre
experimental sagebrush architecture treatments (low, intermediate, arfdlisige
density) and two levels of prey insect availability treatment (natunelbaited/increased
prey availability) were imposed in a sage-steppe ecosystem. The groehiskglapider
(top predators) and insect (prey) response to all combinations of the sixetmeatmere
assessed through abundances in pitfall traps. Chapter 2 demonstrates thatinoteange

single shrub’s architecture did not markedly impact prey arthropod avaylailihe



iii
ground, though an overall increase in arthropod abundance was detected within baited

shrubs. This indicates changes to vegetation architecture do not impact prey insect
availability for ground-dwelling spiders. Thus, changes in shrub architectdneoa the
associated prey base directly alter the ground-dwelling spider communtigpteC 3

shows that architectural manipulation of a single sagebrush directlyriofis¢he ability

of certain ground-dwelling spider guilds to persist beneath the shrub. Data withi
Chapters 2 and 3 support the conclusion that vegetation architecture directly affe
ground-dwelling spider community structure and composition. Finally, Chapter 4
explores how the relative impacts of vegetation architecture and preybditgilgoon
ecological communities can shift depending upon the spatial context in which the
manipulations take place, given the differences in mobility of species whikhiground-
dwelling spider and insect prey communities. Within this study, Diurnal actuihal
Wanderers responded to manipulations in prey availability at a largeal spatext

(patches of 15 shrubs) while more stationary Trappers and Ambushers did not. Through
simultaneous manipulation of vegetation architectArée(nisia tridentata, big

sagebrush) and associated insect prey base in different spatial contextsséntatihn
demonstrates that vegetation architecture directly affects groundraynsgdider

community organization at the species and guild levels of diversity. Shiftder spi
(predator) functional diversity can ultimately impact arthropod decompodédraabivore
populations, influencing fundamental ecosystem processes such as decomposition and
productivity.

(94 pages)
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CHAPTER 1

INTRODUCTION

Patterns in species abundance and distribution have informed understanding of
ecological system processes (Andrewartha and Birch 1954), with theoagticptactical
applications. A variety of biotic and abiotic variables explain patterns in the cdiaposi
and organization of species within an ecosystem. Because species opevateety af
spatial scales, incorporation of spatial contexts reveals the complexatgtorfs
responsible for observed patterns in ecological communities (Whittaker 1956, Wiens
1989, Putman 1994, Belovsky et al. 2004).

Ecological patterns are observed at several levels of biological patjani
ranging from individuals to the biospherénteractions that occur among different
groups of species form community level patterns of organization. Often, redyradanc
species within functional groups maintains ecosystem stability (Smith 19wg:hee
and Wise 2004, Shultz et al. 2006, Schmitz 2009). Thus, diversity and abundance at the
functional group level is frequently more reflective of primary factolsénicing a
community organization than species level diversity alone. Recognizings e
functional group distribution patterns and the factors behind them will help explain
underlying processes of community organization and stability.

Habitat structure is one factor known to influence community-level divexsdy
organization (MacArthur and MacArthur 1961, Pianka 1961, Uetz 1977, Scheidler 1990,
Weeks and Holtzer 2000, Cardoso et al. 2008). Community composition (presence and
absence of species or groups) and structure (abundances within species or ggoups) a

closely tied to habitat structure, diversity and complexity. Abundance antutisin of
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resources, including food, is also linked to habitat structure as are variogobabitat

variables, including light, moisture, and temperature, that determine trg abgpecies
to persist and reproduce in a given area. As a result, habitat structura péagsal role
in understanding species composition (presence/absence) and structues (speci
abundances) in communities.

Vegetation architecture, a primary form of habitat structure, influences
microhabitat and structural attributes that differentially affect gigemymposition within
a community. Community-level responses to architectural change asenegay
diversity, abundance and richness of species and functional guilds. Guilds, groups of
organisms exploiting the same resources in a similar manner, are commonly used t
describe community organization (Whittaker 1956, MacArthur and Wilson 1967, Root
1973, Hatley and MacMahon 1980, Holt 1984, Wing 1984, Hawkins and MacMahon
1989, Benke and Wallace 1997, Heino et al. 2003).

Altering the foliage density, volume and heterogeneity of architecture
considerably impact guild, functional group and species diversity as well as overall
ecological community composition (Pianka 1973, Allen 1975, Cardoza et al. 2008).
Measuring arthropod community response is a practical means of assessglogical
impacts of vegetation architectural manipulation, as arthropods are edigitfed,
represent a variety of trophic levels and functional groups and are incrediblyssp€o
date, most of these studies analyzed the influence of vegetation architectirage f
dwelling arthropod communities or the influence of ground surface-litter on ground-

dwelling communities (Hatley and MacMahon 1980, Brandt 1998, Halaj et al. 2000,
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Halaj et al. 2008, Sanders et al. 2008his study investigates the influence of the

vegetation canopy architecture on the ground-dwelling spider community. Ground-
dwelling spiders, in particular, are the dominant arthropod predators in maniriedrres
ecosystems (Uetz 1977, Weeks and Holtzer 2000, Cardoso 2008). These top predators
affect the diversity and abundance of other arthropods in a range of experimental
systems, including sage-steppe, agricultural, old-field, and forest bit@manities

(Wing 1984, Hurd 1990, Riechert and Lawrence 1997, Wise 2004). The relevance of
spiders has been established in managing insect communities and as usefalsnafica
habitat change (Sanders et al. 2008, Maleque et al. 2009, Woodcock et al. 2009, Petillon
et al. 2010). Shifts in spider guild composition often change predator functional diversity
impacting arthropod decomposer and herbivore populations, subsequently influencing
fundamental ecosystem processes such as decomposition and productivity (Schmitz
2009). The insect prey base and ground-dwelling spiders represent a broad range of
trophic levels and functional groups, or guilds, within a community and are readily
sampled across terrestrial habitats.

Guilds have been described in various ways for the spider communities based on
prey-capture methods (Turnbull 1973, Uetz 1977, Wing 1984, Ehmann and MacMahon
1996). A spider guild classification similar to that used by Abraham (1980)duascal
for this study. The classification includes ‘Diurnal Wanderers,” ‘Noctuienderers,’
‘Ambushers,” and web-spinners, referred to as ‘Trapgengin Ground-dwelling insect
communities utilizing habitat similar to their spider predators are orgguhiy trophic

levels in community studies rather than guilds as they represent a broadfréeeping
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types (Parmenter and MacMahon 1984, Didham et al. 1996, Brussard et al. 1998).

Some of these trophic groups or functional feeding groups include ‘Predators,’
‘Herbivores,” ‘Omnivores,’ and ‘Detritivores.’

The direct mechanism(s) that links vegetation architecture to grountrdyvel
spider community organization is seldom explored. It has been suggested that iafluence
of vegetation architecture on spider communities result from spiders, as predators
responding to the suitability of the physical structure of the plant in or under whych the
live. By sheltering from wind, improving microclimate variables or protedtiegn from
other predators, vegetation architecture has a profound impact on spider cogsnuniti
(Enders 1975, Bultman and Dewitt 2008). This concept implies the nature of the
vegetation architecture directly influences the spider community réidueriny biotic
characteristics of the plant itself. In addition, the insect prey base stageapond to the
difference in vegetation architecture. Thus, spiders may respond indirectlftg¢arshi
prey base rather than directly to changes in vegetation architecture. pbkitiye
relationships between vegetation heterogeneity, complexity and dersitysact
abundance and diversity have been documented (Root and Chaplin 1976, Brown 1984,
Wright et al. 1998)Often vegetation architecture also provides associated insects with a
food resource (Strong 1979) and refugia from predators (Price et al. 1980, Evans 1997, de
Souza and Martins 2005). Insect prey abundance is influenced by a variety of
microhabitat variables. Despite the cause, change in abundance and distributioct of inse
prey influences the presence of spider species and guilds within a community in

conjunction with habitat structure (Smith 1972, Crowley 1978, Crowder and Cooper
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1982, Wing 1984, de Souza and Martins 2005). When investigating the possible effects

of vegetation architecture on the ground-dwelling spider community, the dedqmiay
base must also be considered. Thus, simultaneous manipulation of both vegetation
architecture and prey availability is required. The potential indiréattedf vegetation
architecture on the spider prey base must be evaluated before the exibgedoect
effect of vegetation architecture on the ground-dwelling spider community can be
determined.

Given the differences in mobility within the ground-dwelling spider and insect
prey communities the spatial context in which experimental manipulation occurbenust
considered when determining the influence of vegetation architedbres,a spatial
context approach is required to adequately understand the impacts of habitatralbera
an ecological community, because the surrounding matrix may impact theerelati
importance of an architectural change to community organization (Levins aver Cul
1971, Crowley 1978, Perry 1995, Law 2000, Hewitt et al. 2002, Belovsky et al. 2004,
Murphy and Lovett-Doust 2004, Galle 2008, Kapoor 2008, Horvath et al. 2009, Oberg
2009, Siira-Pietikainen and Haimi 2009, Magura et al. 2010, Opatovsky et al. 2010).
Habitat structure and other environmental variables also differentidigide
community functional diversity and organization depending upon spatial context
(Pearman 2002, Chust et al. 2003, De Mas et al. 2009). Given that members of a
community utilize variable spatial scales of habitat, a multiple spatikxt approach to

studies of habitat change broadens the generality and applicability of thisvexyar
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fieldwork (Levins and Culver 1971, Crowley 1978, Perry 1995, Law 2000, Hewitt et al.

2002, Belovsky et al. 2004).

Both ground-dwelling spider and insect responses to vegetation architectural
change will aid in disentangling the influences of habitat structure ancypaédgbility
on community structure. This study examines the relative impacts of vegetat
architecture, prey availability and spatial context alterations on cornty¥iaael
organization in a natural system. A community of ground-dwelling arthropods in a

shrub-steppe system was used to address four ecological questions:

uestions

1.) Does manipulation of vegetation architecture affect ground-dwelling spider
diversity and guild structure?
2.) Does manipulation of vegetation architecture affect ground-dwelling arthropod
diversity and trophic structure?
3.) Do changes in prey availability influence spider guilds and species
diversity?
4.) Do impacts of vegetation architecture and prey availability manipulations on
ground-dwelling spider community organization differ among spatial cofitexts
To address these questions, a 3 x 2 x 2 factorial design was employed. The three
experimental factors included: three levels of vegetation architectur@utetions, two
levels of prey availability amendments and two levels of spatial context.i€lthasite
was a continuous landscape of shrub-steppe habitat managed by the Utah Division of

Wildlife Resources, Hardware Ranch, Cache County, Affemisia tridentata,
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hereafter, big sagebrush, is dominant in the shrub-steppe area and was used for

experimental manipulations.

In the second chapter of this dissertation, a detailed explanation of the
experimental design, implementation of shrub manipulations and pitfall-trappthgase
is given. The second chapter primarily investigates the influences of vegetati
architecture and prey availability manipulations on the ground-dweltilnigis’ potential
prey base. The central hypothesis within Chapter 2 states that increasadaiedylity
due to baiting treatments within the shrub canopy architecture would increase the
abundance of potential spider prey on the ground. Further, | investigate whether
manipulating shrub canopy architecture impacts the overall ground prey abundance or
diversity through correlated change in foliage density or biomass. The ingpacts
vegetation architecture, or lack thereof, will suggest the presence or absance of
indirect effect of change in foliage density or biomass and a subsequéem sigéct
prey base. Without evidence of a shift in ground prey abundance, vegetation arehitectur
impacts on the ground-dwelling spider community are likely a result of et éiffect, as
documented in the third chapter.

In the third chapter, the ground-dwelling spider community response to vegetation
architecture, prey availability and spatial context treatments ¢sided. | hypothesized
that some ground-dwelling spider guilds would respond to the vegetation architecture
manipulations as well as the prey availability alterations and that the cotyrawal

response would vary between the different levels of spatial context.
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The fourth chapter explores the importance of spatial context with regéuel to t

previous manipulations to vegetation architecture and prey availability. The mai
hypothesis in this chapter states that spider guilds will have differenthsespto
architectural and prey manipulations depending upon spatial context given theigvaryi
levels of mobility. | also expected any general impacts of vegetatibiteattire on
community organization to be magnified as the spatial context of manipulation was
increased.

To conclude, the fifth chapter synthesizes the results of the three daerslaaok
provides perspective upon the implications of the findings, reviewing my original

ecological questions.
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Figure 1.1. A flow diagram representing the potential direct and indirect effects of
vegetation architecture, prey arthropods and spatial context on the ground-dwelling
spider community.
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CHAPTER 2

ARTHROPOD COMMUNITY INFLUENCES OF VEGETATION ARCHITECTRE:

AN EXPERIMENTAL STUDY IN A SHRUB-STEPPE ECOSYSTEM

Abstract

Many studies demonstrate the influence of vegetation architecture on eablogic
community organization. Chapter 3 illustrates an example of a ground-dwelling spider
community responding to the canopy architecture change to single shrubs. Whether
spider communities are directly altered by architecture change adatidimfluenced
through a shift in prey base due to a change in foliage density or biomass is unknown. To
determine if shrub architecture affects the spider community direcihgiwectly, varied
levels of vegetation architecture (low, intermediate and high foliage deastyprey
availability (baited and un-baited) on big sagebruste(Misia tridentata) were created
within a shrub-steppe ecosystem. This study investigates the influertbes®f
manipulations on the insect prey base of the shrub-steppe ground-dwelling spider
community. The majority of insect Orders and arthropod subclasses as veeitisxg f
guilds responded to prey availability treatments but not to changes in vegetation
architecture, with few exceptions. These data support findings that the ghoefithg
spider community responds directly to changes in vegetation architecture and not

indirectly through a shift in prey base with a change in foliage biomass.
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Introduction

Habitat structure and prey availability are among the important §actor
determining ecological community structure and composition (Turnbull 1973phawt
1983, Gardner et al. 1995, Tews et al. 2004). This study sought to distinguish the relative
influences of habitat structure and prey availability on ground-dweltihgogod
community composition both at the functional group and species level and whether these
factors directly affect the community.

The potential response of the ground-dwelling arthropod community to changes in
vegetation architecture and prey availability also informs other work ewvajube
influence of these factors upon the ground-dwelling spider community. As described i
Chapter 3, changes in vegetation architecture influenced ground-dwelliteg spi
community composition and structure. To determine whether vegetation architectur
directly affects the spider community, as these observations suggesttiegakieat
influence vegetation architecture has upon the insect community is warrantesl. If t
ground-dwelling spiders’ potential prey base was not influenced by the vegetati
architecture manipulations, then an indirect effect of changes to plant bionfabage
density upon prey abundance or diversity was unlikely to exist. Therefore, the-ground
dwelling spider community was directly affected by changes in vegetatchitecture.

Literature describing the relationships between vegetation atcinéeod

arthropod abundance and diversity often focuses on foliage-dwelling specigge(Lea
1986, Andow and Prokrym 1990, Bell et al. 2000, Goncalves-Alvim and Fernandes 2001,

Garcia et al. 2010)Most foliage-dwelling arthropods are not considered the ground-
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dwelling spider ‘prey bas€Fagan and Denno 2004Jhis would suggest that a

ground-dwelling spider community responses are a direct effect of vegetation
architectural attributes and are not indirectly affected through changesyiavailability
due to change in foliage density or biomass.

Ground-dwelling prey insects are exposed to the same abiotic microhabitat
conditions as ground-dwelling spiders. Consequently, the response of some arthropod
functional groups to vegetation architecture manipulations may mimic responses
observed within some ground-dwelling spider guilds (Geiger 1965). Given the wandering
nature of many ground-dwelling arthropods, whether single shrub vegetation &nchitec
changes impact the arthropod prey base may be varied across the functional groups.
Considering the diversity of potential prey arthropods for the ground-dwellingpothr
community this study assumes an increase in arthropod abundance across different
functional groups and insect Orders increases prey available to ground-dwetiexs spi
and other predatory arthropods.

To further separate the relative influences of habitat structure andyaigbility
upon the ground-dwelling arthropod community, the abundance of potential prey was
altered within each architectural treatment (Hatley and MacMahon 1980, Lawton 1983,
Wing 1984, Schowalter et al. 2005, Pearson 2009). The ground-dwelling arthropod
community was monitored by pitfall-trapping to assess possible responsdsitiectucal

changes that address two ecological hypotheses:
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Hi: Ground-dwelling arthropod Order and functional group (classification by

food source) abundance, diversity and richness will not be influenced by the wegetati
architecture changes to the sagebrestopy.
H,: Ground-dwelling arthropod abundance, diversity and richness within Order

and functional group will increase in the baiting treatments.

Methods

Field experiment

Hardware Ranch, a Wildlife Management area in Cache County, Utah (41.61 N,
111.57 W) contains a continuous landscape of shrub-steppe habitat managed by the Utah
Division of Wildlife Resources. At an elevation of 1,694.7 meters and mean annual
precipitation of 3.6 cm, sagebrush dominates this shrub-steppe and was used for
experimental manipulations of habitat structure.

Simultaneous manipulations of vegetation architecture, and prey avajlabilit
the spider community were represented using a 3 x 2 factorial design. Theadefafe
shrub architecture on ground dwelling arthropods was addressed by manipulating 150
individual sagebrush shrubs. Experimental shrubs were chosen at random in an
approximately 2 ha area of sagebrush habitat. The distance between expksinnebsa
was always at least 10 m and the physical measurements of shrub height, lbraxisidt
and the perpendicular axis to it were between 0.4 and 1.0 m. Shrub architecture was
varied at three levels: 1) removing 50% of the shrub canopy by cutting branches
produced the ‘low’ foliage density treatment group, 2) tying the shrub branches and

binding the entire canopy together with jute, without removing any canopy, eéafeds
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the *high’ foliage density treatment group, and 3) reference or unaltered serubd

as controls or the ‘intermediate’ foliage density treatment group (HatléWlacMahon
1980, Lawton 1983, Schowalter et al. 2005).

The second experimental factor, altering potential prey abundance, edrafist
two levels: insect-attractant baited and un-baited shrubs. The bait consistg@blipi
and honey to attract a variety of arthropod groups (Wing 1984). Four bait cups were
suspended in each shrub, two pig offal and two honey-filled cups, with hole punched lids.
Bait was in place two weeks before arthropod sampling to allow time for detectairt of
and for colonization by predators (spiders) (Ehmann and MacMahon 1996). Containers
were replenished with fresh bait before each sample period to ensure seshaess or
levels of attractant. During the prey attracting experiment, the same nahdepty
bait containers was suspended from the un-baited shrubs to control for adding containers
to the system (Robinson 1981, Wing 1984). Baited and un-baited levels of prey
treatments were evenly distributed across all three levels of vegetathitecture,

creating six treatment combinations.

Pitfall Trapping Methods

To sample the ground-dwelling arthropod community, two 7.4 cm diameter x
11.2 cm deep pitfall traps were installed, flush with the ground, beneath each
experimental shrub. One pitfall was placed on the north side of the shrub and the other
on the south to be sure that the orientation of each trap was condierto the lack of
significant differences, North and South pitfall catches were later comioittzedne

sample for each shruBach pitfall trap was covered with a slightly elevated wooden tile
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to prevent surface litter from entering the trap and flooding while traps astive

(Clayton 2001). Traps were filled to a 2 cm depth with a propylene glycol and water
solution (1:1 diluted antifreeze) for a five day sampling period once a month in June,
July, and August of 2007 and 2008. Arthropods caught in pitfall traps were sorted to
Order and counted. Insect Orders represented in pitfall traps included Archthapgna
Dermaptera, Orthoptera, Hemiptera, Coleoptera, Diptera, Lepidoptekyarehoptera,
in addition to non-insect arthropod members of the subclagsesaand Collembola

All arthropods were identified to the taxonomic level necessary to sort them into
functional feeding groups (classified by food tyf®and 1978). Herbivores consisted
of Orthoptera, Hemiptera, and the Coleoptera families: Chrysomelidae, @udad,
Cerambycidae and Elateridae. Acarina, mites, were the predominant menthers of
Predator feeding group along with Coleoptera families: Cantharidae, Caraipida
Coccinelidae. The vast majority of the Omnivores were comprised of Hymemopte
more specifically Formicidae (ants), with far fewer Dermaptera apiad. The
Detritivore feeding group included beetle families: Scarabaeidae arabrienidae, but

was mostly represented by subclass Collembola and Order Archaeodxmibadix 3).

Quantifying prey availability

The prey availability treatment was quantified based on the non-spider arthropods
captured in pitfall traps beneath experimental shrubs. The arthropod communisytyliver
and abundance was calculated to confirm an increase in prey availabilitpdodgr

dwelling spiders under baited shrubs compared to un-baited shrubs.
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Quantifying shrub foliage density

Foliage density and shrub volume were quantified based on physical
measurements of height, width and length for each shrub and digital photographs taken
before and after architecture treatments were implemented in June of 2007. Each
photograph was taken 1.5m distant from each shrub with a portable white backdrop
behind the shrub. A black and white image of each photograph was created using
Photoshop 7.0 (Adobe Systems Incorporated, San Jose, California, USA). Shadows that
interfered with the contrast of the shrub canopy against the white background were
removed using the ‘select color range’ option and ‘eyedropper’ tool. Using theticagn
lasso tool with the ‘threshold’ option, the shrub canopy was selected. Next, the
‘histogram’ option was used to find the percentage of black (vs. white) pixels withi
selected area to quantify foliage density. To obtain the area of foliage covemthe sa
photo manipulations were conducted but instead of using the magnetic lasso around the
shrub canopy, the lasso was used to select the entire photo area. This aregeof folia
metric provides a measure of cover or shade cast on the ground by the three different
shrub architecture forms. The measured area of cover as well as the amount of cove
within the canopy area should suggest potential differences in quality of shade

experienced by ground-dwelling arthropods under each architecture type.

Statistical analyses

To test for effects of vegetation architecture, prey availability, vegeta
architecture x prey availability and sample date on the ground-dgeltthropod

community,permutational multivariate analyses of variance (MANOVA) were
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performed using the Adonis function in the Vegan package in Program R (Anderson

2001, McArdle and Anderson 2001, Oksanen et al. 2008). The MANOVA analyses
included two forms of community level data: a presence/absence matridoohgscr
community composition and a matrix incorporating abundance of arthropod Orders and
functional groups describing community structuwsing the Bray-Curtis index, distance
matrices were createthd 1,000 permutations of the raw data credthtgsts used to

give P-values. The MANOVA was conducted for each sample month separately as well
as across samples to ensure there were no false significances due to jpermutat
constraints when combining sample periods in the Adonis function. The MANOVA only
denoted community differences among experimental treatments, not theodicécny
differences in community measures of diversity and abundance.

To determine the direction of differences in common community measures due to
experimental treatments, arthropod Order and functional group data were used te produc
three diversity metrics: the Shannon-Weiner diversity index based on ricimgess a
evenness of functional groups and Order diversggmple date explained the greatest
amount of the data. As a result each sample date was analyzed separatetifersity
metrics. To analyze each month separatetyo-factor ANOVA was conducted using
Program R to test for any fixed effects of vegetation architeceméntents, prey
availability treatments and the architecture x prey treatmenaatien. Functional
group analyses were conducted for each of the four feeding grmipg,the two-factor
ANOVA model. The relationship between vegetation architecture and ground-dwelling

arthropods was further examined by conducting repeated ANOVAs adrosstmhent
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groups to detect differences in Order and functional group diversity and overall

arthropod abundancdresponse variables were square root transformed to meet the
assumption of normality when requireH.values less than 0.05 were considered

statistically significant.

Results

Shrub foliage density

Cut shrubs had the lowest canopy density with a mean of 50.95% black pixels
within the shrub canopy. Reference shrubs had 66.59% mean of black pixels and tied
had 82.04% mean. Tied shrubs had the highest canopy density but covered the least
amount of area in the total photo space with 17.31% black pixels followed by cut with
26.37% and reference with 27.64% (average t-statistic = -142340.001).

Effects of vegetation architecture on ground-dwelling
arthropod Orders and functional groups

A single shrub manipulation of vegetation architecture had a significant effect
upon arthropod community composition and structure at the functional group level (Table
2.2). Atthe Order level, vegetation architecture significantly affectbdopod
community structure but not composition.

Univariate analysis of community measures across all sampleatdyeshowed
significant effects of vegetation architecture in August of 2007 for functgroalb
diversity, functional richness and for Order diversity (Table 2.3). Of the ftuopod
functional groups, only the Predators significantly responded to vegetation architectur

treatments (Table 2.4 a). Significantly fewer arthropods within the Prefdatctional
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group were found in low density shrubs compared to both reference and high density

shrubs in July and August of 2007. Of the eight arthropod Orders only Hymenoptera,
mostly ants, were significantly influenced by vegetation architeatutane of 2007.

More ants were captured beneath low density shrubs compared to reference and high
density shrubs (Table 2.4 b).

Effects of prey availability on ground-dwelling
insect Orders and functional groups

Single shrub prey availability treatments significantly alteréarapod
community composition at the insect Order level but not at the functional group level.
Insect community structure was significantly affected by preyrnrewat at both the
arthropod Order and functional level (Table 2.2).

Univariate analysis of arthropod abundance, functional diversity, functional
richness, Order diversity and Order richness results across all sangseeleealed that
prey availability significantly affected all of these measurespbfcactional richness
and diversity (Table 2.3). Baited shrubs had significantly higher arthropod @rder
functional group diversity, richness and abundance values (Table 2.3).

Prey availability treatments most significantly affected thelBtor functional
group (Table 2.4 a). Within reference shrubs, significantly more Predatorsaptoeed
beneath baited shrubs than un-baited shrubs. Of the eight arthropod Orders Coleoptera,
Archaeognatha and Acarina were all significantly increased in the bagthent group
(Table 2.4 b). Overall arthropod abundance was increased by 26 % beneath baited shrubs

compared to un-baited shrubs<£ 3.917,P = 0.008).
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Interactive effects of prey availability on
ground-dwelling arthropod Orders and
functional groups

Community structure results showed a significant interaction of baigagrnents
and vegetation architecture both at the arthropod functional group and Order level (Tabl
2.2). Univariate analysis of community measures of arthropod abundance, functional
diversity, functional richness, Order diversity and Order richnesdseaatoss all
sample dates, showed no significant interactive effects of prey avigylalidl vegetation
architecture treatments with the exception of August 2008 for arthropod abuntiarece a
(Table 2.3). In both sample months arthropod abundance was significantly greater
beneath baited shrubs within the low foliage density architecture treatments

Of the four arthropod functional feeding groups Predators and Detritivores wer
significantly influenced by the prey availability x vegetation architecinteraction
(Table 2.4 a). Within baited shrubs, Predator abundance was signifiesstlyeneath
low density shrubs compared to high density and reference shrubs. Detritivore abundance
was significantly greater beneath reference than low and high densibgshithin the
baited treatment group. Of the eight arthropod Orders, Archaeognatha, Colembol
(subclass Entognatha) and Acarina (subclass Arachnidae) responded tovaitabifity
X vegetation architecture interactive effect (Table 2.4 b). Only Acarda
Archaeognatha responded to shrub architecture, with reference and baited shngbs ha

higher abundances over un-baited, low or high density shrubs.
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Discussion

This study evaluated how changes in vegetation architecture and pitajpiata
alter the ground-dwelling arthropod community organization. | first predioted t
beneath a single experimental shrub, ground-dwelling arthropod abundance, daretsity
richness at the Order and functional level would not be influenced by changes to
vegetation architecture within the sagebrush shrub canopy given the preaaknef |
change to the ground-surface litter. However, changes to vegetattecroe did
influence two specific groups within ground-dwelling arthropod community — Predator
(consisting primarily of mites) and some Detritivores (specificAlishaeognatha). Both
affected groups are found almost exclusively in leaf-litter, which stgjtjest the
decrease in their numbers is a result of decrease in leaf-litter under lagefdensity
treatments where 50% of the canopy had been removed. Vegetation architectyee chan
significantly altered both community composition and structure at the arthropod
functional group level. Community structure was altered by vegetation archatectur
manipulations at the arthropod Order level (Table 2.2). The significant resulig for t
influence of vegetation architecture on the non-spider ground-dwelling arthropods may
also be explained by an anomaly in the single sample month out of the six sample months
where the single shrub spatial context was addressed. Community measunesaridl
diversity, richness and Order diversity were only significantly impactedigust 2007
(Table 2.3) and it is unclear as to why this sample month was the exception. However,
none of the eight arthropod Orders responded to changes in vegetation architecture with

the exclusion of Acarina (mites) and Archaeognatha (bristletailb)é a4 b). Predators,
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primarily consisting of mites, were the only arthropod functional group to respond to

changes in vegetation architecture (Table 2.4 a). Mites, although potentiapadiprey
for the ground-dwelling spiders, are likely to be responding to changes in abiotic ground
surface variables much like their spider predators and not shifts in foliageyd®nsi
biomass from architecture manipulation. The same explanation holds for thedasstle
in this study as they are found in the leaf-litter and are responding only to thielrage
density treatments and likely its decrease in canopy cover on the ground notiameduct
in biomass in the low-foliage density treatments. Thus, both the mite and blistleta
responses to vegetation architecture change do not support the concept of an indirect
effect of change in arthropod prey base resulting from change in shrub fidiagiey or
biomass.

My second hypothesis stating that ground-dwelling arthropod abundances within
Order and functional groups as well as diversity and richness will be indrieasee
arthropod baiting treatments was largely supported. Although an interactivati@myet
architecture x prey availability effect was present, prey treatsrhad a significant
impact on community structure both at the arthropod functional group and Order level as
well as community composition at the Order level (Table 2.2). Prey avaiabilit
treatments were also responsible for the vast majority of the signiéitfants on
community measures of functional diversity, richness and Order diversity andsg
(Table 2.3). This suggests that the ground-dwelling arthropod community’s response in
this experiment is principally governed by the prey treatments in the ity than

changes in the shrub canopy architecture.
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Three of the eight arthropod groups: (Coleoptera, Archaeognatha and subclass:

Acarina) that are considered potential ground-dwelling spider prey hadcagtlif
higher abundances beneath baited experimental shrubs. Again, the ground-dwelling
arthropod community general responses to changes in prey availability and noiaegetat
architecture support the concept that changes in foliage density or biomass a
governing arthropod prey abundances on the ground. Therefore, any ground-dwelling
spider community response to vegetation architecture change described in the next
chapter is likely a direct effect of the architecture itself and nbaage in prey base
(Chapter 3).

After analyzing the ground-dwelling arthropod community responses to
simultaneous manipulation of vegetation architecture and prey availabilityy¢na|
impact of change in biomass or foliage density does not directly impact arthropod
abundance, diversity or richness. This is not usually the case for shrub or foliage-
dwelling arthropod communities whose food is associated with the plant biomass of the
vegetation architecture they live in. Generally, an increase or deangalaati biomass
results in a corresponding increase or decrease in the associated arthropaditgsnm
abundancéLawton 1983, Gardner et al. 1995, Johnston and Holberton 2009, Siira-
Pietikainen and Haimi 2009)nstead, the ground-dwelling arthropod response to
changes in the above canopy architecture is probably due to abiotic variables on the
ground and possible interactions with the arthropod baiting treatments.

Although some interactive effects of vegetation architecture and prégtany

impacted the captured arthropod community, most members of the ground-dwelling
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community considered to be part of the spider prey base, were weakly influenced by

changes in the above shrub canopy architecture. This supports the claim thaibvegeta
architecture directly influences the ground-dwelling spider communitypt€ha). Both
the ground-dwelling spider and arthropod community responses to vegetation
architecture manipulations in this sage-steppe ecosystem support taptdbat shrub
canopy changes influence the ground-dwelling community organization leesviieé
importance of considering spatial context. This concept may also demoristrate i
importance in studies that aim to use spiders and other arthropods as indicators for

ecological change when assessing impacts of habitat manageratgiss:.
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Table 2.1. Standard deviation, standard error of mean and mean percent of black
pixels in the shrub canopy portion of each experimental shrub photo for the effects
shrub architectural treatments.

Shrub Treatment Std Dev S.E.M. Mean %
black black
pixels in pixels in
(px) (px) canopy  photo area

CUT = low density 6.341 0.978 50.954 17.310

REFERENCE 5.348 0.806 66.589  27.645

TIED = high density 3.749 0.696 82.042 26.371

Comparison df t statistic P

CUT vs

REFERENCE 84 -12.382 <0.001***

CUT vs TIED 84 -16.531 <0.001***

TIED vs

REFERENCE 84 -13.511 <0.0071***
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Table 2.2. F andP-values from MANOVA analysis of vegetation architectural and
baiting treatments upon arthropod community composition (based on presence/absence)
and community structure (incorporating abundance) at the arthropod functional group and
Order levels.

Community Community
Composition Structure
Community Treatment F P F P
Level
Functional Architecture 2519 0.040 3.667 0.005
Prey 1.270 0.267 4.859 0.011
ArchitecturexPrey 0.278 0.851 2.899 0.023
Order Architecture 1.557 0.149 4.285 0.019

Prey 5.756 0.009 4.595 0.019
ArchitecturexPrey 0.943 0.416 2.905 0.009
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Table 2.3. Degrees of freedonfs-statistics andP-values from ANOVAs for
statistically significant effects of vegetation architectural antinggireatments on
arthropod abundance, Order diversity and richness; as well as functional diaedsity
richness. Values were reported only wi®.05.

Dependent Variable Treatment df F P Date
Abundance Prey Baiting 1 4817 0.029 July-08
ArchitecturexPrey 2 7.081 <0.001 August-08
Functional Diversity Architecture 2 0.263 0.006 August-07
Functional Richness Architecture 2 3.213 0.042 August-07
Order Diversity Prey Baiting 1 0.001 August-08
Architecture 2 3.141 0.045 August-07

Order Richness Prey Baiting 1 8.778 0.003 August-08
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Table 2.4. Degrees of freedonfk-statistics andP-values from ANOVAs for effects of
vegetation architectural and baiting treatments and interactions on arthropodnaieunda
within a: functional groups anld: arthropod Orders.

a Shrub Prey Architecture x
Architecture Baiting Prey
df F P df F P df F P
Herbivores 2 1658 0.191 1 1.35@.246 2 0.752 0.472
Predators 2 11.071<0.001 1 6.939 0.009 2 9.122 <0.001
Omnivores 2 1805 0.165 1 0.919.339 2 1.045 0.352
Detritivores 2 1.090 0.337 1 3.3510.068 2 8.788 <0.001
b Shrub Prey Architecture x
Architecture Baiting Prey

df F P df F P daf F P
Coleoptera 2 1.0280.358 1 56.328<0.001 2 0.591 0.554
Orthoptera 2 3.1900.061 1 0.962 0322 2 2.0980.123
Hymenoptera 2 05410582 1 0.001 0972 2 0.1270.881
Hemiptera 2 02560774 1 1626 0.201 2 1.1670.311
Diptera 2 0.051 0950 1 0.148 0.701 2 3.2390.059
Acarina 2 9.219<0.001 1 5.107 0.024 2 8.217<0.001
Collembola 2 1939 0.144 1 2111 0.146 2 8.6660.001

Archaeognatha 2 14.18 <0.001 1 2552 <0.001 2 9.685 <0.001
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30
Single Shrub Context
(June/July/August 2007, 2008)

Reference Tied Cut
‘Intermediate Foliage Density’ ‘High Foliage Density’ ‘Low Foliage Density’

© g ;

O

x

©

e

[ =

"

B8

3 ° =2
= g B

©

0 S =

\ \7

Appendix 1. Experimental design for single shrub vegetation architecture and prey
availability manipulations of sagebrush.
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Appendix 2. Experimental shrub photos of three levels of vegetation architecture and a
baited shrub.
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Appendix 3. Insect Order and family composition of 5 functional feeding groups
(defined by food source) collected from pitfall traps in the sage-steppgstaosof
Hardware Ranch of Cache County, Utah.

Functional
Group Order Family
(food source) (when needed for functional classification)

HERBIVORE Coleoptera Cerambycidae

Chrysomelidae
Curculiondae
Elateridae

Hemiptera Aphidae
Cicadellidae
Coreidae
Fulgoridae
Lygaeidae
Membracidae
Pentatomidae

Rhopalidae
Thyrecoridae
Tingidae
Lepidoptera
Orthoptera

PREDATOR *Acarina (subclass of Arachnidae)
Coleoptera Cantharidae
Cleridae
Coccinellidae
Hymenoptera Chalcidoidaea
Pompiliidae
Sceliphronidae

OMNIVORE Dermaptera
Diptera Bibionidae
Chironomidae
Hymenoptera Formicidae

DETRITIVORE Archaeogntha
Coleoptera Scarabaeidae
Tenebrionidae

*Collembola  (subclass of Entognatha)

PARASITOID Hymenoptera Vespidae
* subclass
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CHAPTER 3

SPIDER COMMUNITY INFLUENCES OF HABITAT STRUCTURE AND PRE
AVAILABILITY: AN EXPERIMENTAL STUDY IN A SHRUB-STEPPE

ECOSYSTEM

Abstract

Vegetation architecture plays a central role in determining shrubiugvepider
community organization. This concept, however, is less thoroughly investigated for
ground-dwelling spider communities nor in different spatial contexts. Whetlukar spi
communities are directly altered by architecture change or indiiafitignced through a
shift in prey base is also undefined for shrub-steppe communities. To detdnmmine s
architecture effects on the spider community, levels of vegetation archet@ciuy
intermediate and high foliage density) and prey availability (baited and ted)aiere
simultaneously varied on big sagebrushtémisia tridentata) within a shrub-steppe
ecosystem. The ground-dwelling spider community response to treatnants w
determined from abundance and diversity values calculated from spidersecbitec
pitfall traps. Experimental shrub results showed vegetation architectunglgtr
influenced the spider community richness and evenness at the guild and spelsies leve
while prey availability had no effect on the spider community. These resultsstulygt
the ground-dwelling spider community is directly influenced by vegetatmntacture

changes to a single shrub.
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Introduction

Habitat structure plays a central role in determining species pecgghmn
ecological communities through microhabitat variables, such as light, moistire a
temperature. These microhabitat variables directly influence thenpeeaad abundance
of some species within a community (Smith 1972, Crowley 1978, Crowder and Cooper
1982). Thus, direct mechanisms underlying species community organization and
structure may be determined through alteration of vegetation architedtltd 984,
Wing 1984, Ehmann and MacMahon 1996, de Souza and Martins 2005, Loeser et al.
2006, Sackett et al. 2008, Bridle et al. 2009, De Mas et al. 2009, Petillon et al. 2010).

Spiders are potential indicators of shifts in ecosystem processes refolting
vegetation architecture change (Churchill 1997, Cardoso et al. 2008, Cristofoli et al.
2010) as they are common, taxonomically diverse and play major ecological rides (W
1993). These top predators are classified into specialized feeding guildsebty and
indirectly impact other arthropods (Fagan and Hurd 1991, Wise 1993, Lawrence and
Wise 2004, Shultz et al. 2006, Sanders et al. 2008, Schmitz 2009), making them an
integral part of the ground-dwelling community (Chen and Wise 1999, Wise et al. 1999,
Wise 2004, Schmitz 2009ppecies-rich spider communities influence prey arthropod
abundance and indirectly impact ecosystem processes by stimulating oridgpress
abundances within insect functional groups, such as detritivores and subsequently
altering decomposition rates (Kajak 1995, Lawrence and Wise 2004, Wise 2004, Lensing

and Wise 2006, Chatterjee et al. 2009, Gontijo et al. 2010). Likewise, spider communities
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are constrained by the population densities of their prey (Chen and Wise 1999, Wise et

al. 1999, Marko et al. 2009).

Due to the differences in mobility across feeding guilds, ground-dwelling spider
occupy a wide variety of microhabitats at several spatial scales¢0at al. 2004,
Langellotto and Denno 2004, Mallis and Hurd 2005). Changes in habitat structure, such
as above ground vegetation architecture or ground surface litter, alterctiobabitats in
which the ground-dwelling spiders reside (Bultman and Dewitt 2008). Consequently,
spiders are effective responders to abiotic variables that are tied td babrtt quality
at many spatial scales and contexts (Cardoso et al. 2008, Kapoor 2008, Smith et al. 2008,
Maleque et al. 2009, Uetz et al. 2009).

Natural variation, experimental manipulation and artificial models of vigeta
architecture significantly impact shrub-dwelling spider commurotygosition
(presence and absence of species or guilds) and structure (abundances widsrospec
guilds) (Wing 1984, Ehmann and MacMahon 1996, Halaj et al. 2000, Heikkinen and
MacMahon 2004, Corcuera et al. 2008). However, the potential direct and indirect
mechanisms that link vegetation architecture to ground-dwelling spider congmunit
organization have not been determined. Recent studies have looked at how the
vegetation architecture influences forest leaf-litter habitatijldaal. 1998, Wise 2004,
Uetz et al. 2009). Whether changes in above ground vegetation architecture and prey
availability affect the shrub-steppe ground-dwelling spider communitgkaown
(Enders 1975, Halaj et al. 2000, Galle 2008, Halaj et al. 2008, Pinto-Leite et al. 2008,

Schuldt et al. 2008). Specifically, the ground-dwelling spider community maydozigi
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affected by architectural change, or architectural change maytatassociated insect

prey, thus indirectly affecting the spider community.

To determine the direct and indirect influences of vegetation architecture upon the
spider community, simultaneous manipulation of both architecture and prey aitgilabil
is necessary. An ecological community that rapidly responds to experirciesmges in
prey base and habitat structure is required to observe the relative impacts faicsar.

In shrub-steppe ecosystems dominateditigmisia tridentata, hereafter, big sagebrush,
vegetation architecture can be altered to create varying levels deatale and prey
availability. The ground-dwelling arthropod response can be monitored to assess the
community-level impacts of architectural and prey availability.

To separate the influences of habitat structure and prey availability upon ground
dwelling spider community composition, shrub-steppe habitat structure \&eedabty
manipulating sagebrush architecture while simultaneously amending piiap#ita
(Hatley and MacMahon 1980, Lawton 1983, Wing 1984, Schowalter et al. 2005, Pearson
2009). When evaluated in a natural shrub-steppe habitat, these experimental
manipulations allow us to address two ecological hypotheses. First, chausggebrush
architecture directly affect ground-dwelling spider community orgéiniza Second,
changes in prey availability within sagebrush canopies will not impact groueliradyv

spider community organization given their ground-based hunting strategies.
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Methods

Field experiment

Hardware Ranch, a Wildlife Management area in Cache County, Utah (41.61 N,
111.57 W) contains a continuous landscape of shrub-steppe habitat managed by the Utah
Division of Wildlife Resources. At an elevation of 1,694.7 meters and mean annual
precipitation of 3.6 cm, sagebrush dominates this shrub-steppe and was used for
experimental manipulations of habitat structure.

Simultaneous manipulations of vegetation architecture and prey availabthiy
spider community were represented in a 3 x 2 factorial design. The influencalof shr
architecture on ground dwelling spiders was addressed by manipulating 150uabivi
sagebrush shrubs. Experimental shrubs were chosen at random in an approximately 2 ha
area of homogeneous sagebrush habitat. The distance between experimental shrubs was
always at least 10 m and the physical measurements of shrub height, the |braxisidt
and the perpendicular axis to it were between 0.4 and 1.0 m. Shrub architecture was
varied at three levels: 1) removing 50% of the shrub canopy by cutting branches
produced the ‘low’ foliage density treatment, 2) tying the shrub branches and binding the
entire canopy together with jute, without removing any canopy, represented ttie ‘hig
foliage density treatment, and 3) reference or unaltered shrubs served als cortkre
‘intermediate’ foliage density treatment (Hatley and MacMahon 1980, Lawton 1983,
Schowalter et al. 2005).

The second experimental factor, altering potential prey abundance, edrafist

two levels: insect-attractant baited and un-baited shrubs. The bait consigigdibl
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and honey in Order to attract a variety of insect groups (Wing 1984). Two plgssic ¢

with holes in the lids containing pig offal and two with honey were suspended uniformly
in each experimental shrub canopy. Bait was in place two weeks before arthropod
sampling to allow time for insects to detect the bait and for colonization by tetqne
(spiders) (Ehmann and MacMahon 1996). Containers were replenished with fresh bait
before each sample period to ensure similar freshness or levels of mitirddta same
number of empty bait containers was suspended in un-baited shrubs to control for adding
containers to the system (Robinson 1981, Wing 1984). Baited and un-baited levels of
prey treatments were evenly distributed across all three levels of Megetahitecture,
creating six treatment combinations (Appendix 1) to augment a possibla [o&yi
available when tying shrubs or removing foliage from the shrub canopy. All baitthg
architecture shrub treatment combinations were randomly distributed dwadgub-

steppe landscape.

Pitfall trapping methods

To sample the ground-dwelling arthropod community, two 7.4 cm diameter x
11.2 cm deep pitfall traps were installed, flush with the ground, beneath each single
shrub. One pitfall trap was placed on the north side of the shrub and the other on the
south to be sure that the trap orientation was consistent. Due to the lack of significant
differences, north and south pitfall catches were later combined into one sanmgaet
shrub. Each pitfall trap was covered with a slightly elevated wooden tile to prevent
surface litter from entering the trap or flooding while traps were acdfila/fon 2001).

Traps were filled to a 2 cm depth with a propylene glycol and water solution @téddil
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antifreeze) for a five-day sampling period once a month in June, July,usustfof

2007 and 2008. Arthropods caught in pitfall traps were sorted to Order and counted.
Spiders were identified to species and classified into one of four feeding lgasled on
similarities in hunting strategies: Ambushers, Diurnal Wanderers, NocWyaadierers

and Trappers (sensu Abraham 1980). Ambushers included members of the families
Thomisidae, Philodromidae and Mimetidae as they are sit-and-wait pedator
Lycosidae, Salticidae, and Oxyopidae, which have good vision and are active runners
during the day, were included in the Diurnal Wanderer guild. Nocturnal Wanderers
consisted of the families Clubionidae, Gnaphosidae and Anyphaenidae. These spiders
are active runners who hunt at night and retreat under foliage and litter during.the da
The families Theridiidae, Dictynidae, Agelenidae, Amaurobiidae, Linglphij
Tetragnathidae and Araneidae were all considered Trappers, as thikyatelzuilding
spiders Immature spiders were only included in the study if species and gender were

identifiable.

Quantifying prey availability

Prey availability was quantified based on the non-spider arthropods captured in
pitfall traps beneath experimental shrubs. Insect community diversitgtamdiance was
calculated to confirm an increase in potential prey availability for grouvelling
spiders under baited shrubs compared to un-baited shrubs. Given that insect abundance
and diversity are not the only measures of prey availability, furthestigetion into the
insect community response to both prey availability and vegetation architecture

treatments was warranted (see Chapter 2). Given the diversity of pgbeeyial
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arthropods for the ground-dwelling spider community this study assumes asacre

in arthropod abundance across different functional groups and insect Orderseisicrea

prey available to ground-dwelling spiders and other predatory arthropods.

Quantifying shrub foliage density

Foliage density and shrub volume were quantified based on physical
measurements of height, width and length for each shrub and digital photographs taken
before and after architecture treatments were implemented in June of 2007. Each
photograph was taken 1.5m distant from each shrub with a portable white backdrop
behind the shrub. A black and white image of each photograph was created using
Photoshop 7.0 (Adobe Systems Incorporated, San Jose, California, USA). Shadows that
interfered with the contrast of the shrub canopy against the white background were
removed using the ‘select color range’ option and ‘eyedropper’ tool. Using theticagn
lasso tool with the ‘threshold’ option, the shrub canopy was selected. Next, the
‘histogram’ option was used to find the percentage of black (vs. white) pixels withi
selected area to quantify foliage density. To obtain the area of foliage covemthe sa
photo manipulations were conducted but instead of using the magnetic lasso around the
shrub canopy, the lasso was used to select the entire photo area. This aregeof folia

metric provides a measure of cover or shade experienced by ground-dwelling.spider

Statistical analyses

To test for effects of vegetation architecture, prey availability, vegeta

architecture x prey availability and sample date on the ground-dgvejiler
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community,permutational multivariate analyses of variance (MANOVA) were

performed using the Adonis function in the vegan package in Program R (Anderson
2001, McArdle and Anderson 2001, Oksanen et al. 2008). MANOVA analyses included
two forms of community level data: a presence/absence matrix describinguodm
composition and a matrix incorporating abundance of spider species and guilds
describing community structurgsing the Bray-Curtis index, distance matrices were
createdand 1,000 permutations of the raw data credtitgsts used to givie-values.

The MANOVA was conducted for each sample month separately, as well as acros
samples using mean relative abundances, to ensure there were no falsarsigsifitie

to permutation constraints when combining sample periods in the Adonis function. The
MANOVA only denoted community differences among experimental treatmentfienot t
direction (i.e. increase or decrease) of any differences in commueasures of

diversity and abundance.

To determine the direction of differences in community measures due to
experimental treatments, spider species and guild data were used to prodtsitydi
metrics: the Shannon-Wiener diversity index based on richness and evenness of spider
guilds(referred to as “guild diversity”) and species diversity. Sample dalaieed the
most variance in the data in a series of ANOVAs. As a result each sangleagat
analyzed separately for all diversity metrics. To analyze each monthhiryearc
separatelyatwo-factor ANOVA was conducted using Program R to test for any fixed
effects of vegetation architecture treatments, prey availabil@yntrents and the

architecture x prey treatment interactidpider guild analyses were conducted for each
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of the four feeding guildsjsing the two-factor ANOVA model (Table 2.3)further

examined the relationship between vegetation architecture and ground-dwetiers spi
by conducting repeated ANOVAs across all treatment groups to deteotnitiés in
species and guild diversity, richness, evenness and overall spider aburiResgense
variables were square root transformed to meet the assumption of novhality

required.P values less than 0.05 were considered statistically significant.

Results

7, 618 individual spiders were identified, representing 38 species, 14 families and
four guilds (Appendix 4). Insect Orders represented in pitfall traps includeeniulla,
Archaeognatha, Dermaptera, Orthoptera, Hemiptera, Coleoptera, Diptfeidgptera
andHymenoptera, in addition to non-insect arthropod members of the suAckrssa
(see Chapter 2). These arthropod groups are all potential prey items for dveeihidg

spiders (Nyffeler 1999).

Shrub foliage density

Each of the vegetation architecture treatment groups had significefehei
percentages of black pixels in the photographed canopy based on simple paired T-tests
(see Chapter 2).

Effects of vegetation architecture and prey
availability treatments

Multivariate analyses of shrub architecture demonstrated that changesgtea

shrub altered the associated ground-dwelling spider community compaosition (detérmi
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using a presence/absence matrix) and structure (determined using an abundanc

matrix) at species level (Table 3.1). Community structure and evennesdsveatiexed
at the species level. These results were consistent across individual and aogled s
months.

Univariate results for 2007 revealed that ground-dwelling spiders had lower
abundance in June and lower species diversity in August within high foliage density
treatments. In 2008, high foliage density treatments also yielded congisterdt spider
abundance and richness in both June and August (Figure 3.2). At the guild level, high
foliage density shrubs had consistently lower spider diversity and richness int Atigus
both 2007 and 2008. High foliage density shrubs also had significantly lower
abundances within guilds in June 2007. Diurnal Wandering and Trapper guilds had
significantly lower abundances in the high foliage density shrub treatment grahip (T
3.3). There were no significant interactions for shrub architecture andyaiébdity
across all analyses. Low and reference foliage density arcinggceatments were not
statistically significantly different from each other for ground-ilivwg spider diversity or
richness at the guild or species levels. No significant influences of thevaiggbdity
treatment were detected in the single shrub manipulations. This was coraisent

spider species and guild level (Table 3.1).
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Table 3.1. F andP-values from MANOVA analysis of the effects of vegetation
architecture manipulations on ground-dwelling spider community compositiord(base
presence/absence) and community structure (incorporating abundancedi®fgdil
species.

Community Community
Composition Structure
Community
Level Treatment F P F P
Guild Architecture 2.507 0.039 2.038 0.121
Prey 0.837 0.453 0.169 0.691
Arch x Prey 1.46 0.218 0.933 0.341
Species Architecture 34.419 <0.001 22.02 <0.001
Prey 2.437 0.098 1.021 0.303
Arch x Prey 1.953 0.13 0.212 0.643

Table 3.2. Degrees of freedonfs-statistics andP-values for statistically significant
ANOVA results of vegetation architectural and prey availability treatsion spider
abundance, species diversity and guild diversity. Values were reported arly wh
P<0.05.

Dependent Variable Treatment df F P Date
Guild Diversity Architecture 2 3.968 0.021  August-07
Architecture 2 3.555 0.031  August-08
Spider Abundance Architecture 2 3.8810.023 June-07
Architecture 2 4.929 0.009 June-08
Species Diversity Architecture 2 4.1170.018  August-07

Architecture 2 4.294 0.016 June-08
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Figure 3.1. Mean Guild abundance compared across vegetation architectural treatments
for each sample date. Error bars represent 1 SE.
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Table 3.3. Results from ANOVA (degrees of freedoRastatistics andP-values) for
statistically significant effects of vegetation architectural ang pvailability treatments
on abundance in each spider guild. Values were only reportedRwied5.

Architecture

Guild Abundance Treatment df F P Date
Diurnal Wanderers High density 2 3.4480.039 June-07
High density 2 3.562 0.032 June-08
Trappers High density 2 3.599 0.029 June-07
High density 2 3.708 0.024 June-08
Discussion

Altering vegetation architecture and prey availability produced two censist
patterns in ground-dwelling spider community organization. First, shrub archétectur
primarily influenced ground-dwelling spider community composition and struaiitine
single shrub manipulations. Second, prey availability had no detectable impact on
ground-dwelling spider community composition and structure within single shrub
manipulations. The ground-dwelling spider response to single shrub architectural
manipulation and not to prey base manipulation indicates a direct effect of vegetation
architecture on the community, supporting the second hypothesis that, prey awailabili
changes in the shrub canopy will not impact the ground-dwelling spider community

Tied experimental shrubs with increased foliage density resulted in aessigur
of the shrub canopy and a decrease in canopy cover area on the ground. These shrubs had
significantly reduced spider abundance and diversity at the species and gusld The

Diurnal Wanderer guild population was also significantly reduced in the higlgéoli
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density architectural treatments (Table 3.3). Since Diurnal Wandererdtiaee a

during the day they are subject to higher temperatures and increased vapor pressure
deficit on the ground compared to members of other guilds who are nocturnal or less
mobile during the day (Huey 1991, Schmitz et al. 1997, Joern et al. 2006). It follows that
fewer Diurnal Wanders would be captured under tied or high foliage density shrubs,
given the high foliage density architecture treatments have a decreasetifaliege
cover, resulting in a decrease in area of shade and potentially higher surragrodimdy
temperature. Thus, shrub architecture with greater area of canopy ceaéngcooler
and more humid microhabitat conditions, may support more Diurnal Wanderers.
Trapper guild abundance was also significantly lower in the high foliage ylensit
treatments compared to the reference and low foliage density treatmeafsgersr
collected within this study, primarily scattered-line weavers, depend upon the
construction of various webs within leaf-litter to ensnare prey items (Turnbull.1973)
Thus, Trappers are likely subject to the similar ground surface microhagjtatements
as the Diurnal Wanderers and share the same need for increased canopy colveés, whi
not afforded by the high foliage density architecture treatment. Both the Diurna
Wanderer and Trapper guild responses support the first hypothesis statingescinan
sagebrush architecture directly impact ground-dwelling spider commuggpiaation.
Warmer temperatures may also explain the lack of significant inflsesfce
vegetation architecture and prey availability in July and August of both. yieareased
radiant energy and resulting ground surface temperatures likely governed-ground

dwelling spider behavior within this period (Joern et al. 20@)ategies to avoid
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desiccation may take precedence over food acquisition, decreasing movement and

feeding time during the warmer months.

Two years of study across six sample periods support the observation that
vegetation architecture is a primary factor, and likely a direct effetérmining
ecological community structure (MacArthur and MacArthur1961, Scheidler 1998, Uet
and Hodge 1990, Weeks and Holtzer 2000). If the ground-dwelling spider community
was impacted indirectly through a change in foliage density or biomass frole singb
architecture manipulations, resulting in a shift in insect prey, then simule prey
availability treatments should have impacted the community similarly hitectural
manipulations. The lack of spider community response to altered prey avgiiatdit
single shrub suggests a direct effect of vegetation architecture is presevdvet, to
rule out the indirect influence of architectural changes upon insect prey and the
subsequent spider community, detailed analysis of the ground-dwelling insect community
was warranted (Chapter 2).

The relative importance of vegetation architecture was found to be much greater
than that of prey availability from a ground-dwelling perspective and sahgid spatial
context. A multiple spatial context approach may be helpful in understanding the
influences of habitat alteration on ground-dwelling arthropod communities, because
functional diversity and community organization are differentially influencetthdy
spatial context in which habitat structure changes occur (Pearman 2002, Gtust et
2003, De Mas et al. 2009). Whether this same observation occurs at a largercaatial s

in a shrub-steppe ecosystem is investigated in the next chapter.
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Appendix 4. Family and species composition of four spider guilds (defined by
hunting strategy) collected from pitfall traps in the sage-steppe eensg$tHardware

Ranch of Cache County, Utah.

Guild
(hunting strategy)

Family

Species

DIURNAL
WANDERER

(diurnal, active)

NOCTURNAL
WANDERER

(nocturnal, active)

AMBUSHER
(sit-and-wait)

Gnaphosidae
Lycosidae

Oxyopidae

Salticidae

Clubionidae

Gnaphosidae

Mimetidae

Micarsp.

Pardogtahensis
Alopecosaochii

Oxyopescalaris

Habronattus
americanus
Phidippugohnsoni
Salticuspeckhamae

Chiracanthium
inclusum

Castianeidescripta
Castianeirap.
Callilepesremella
Drassodeseglectus
Drassodesp.
Drassylludamprus
D. nannellus
D. notous
Gnaphosaericata
Haplodrassubicornis
Zelotespuritanus
Z. subterraneus

Mimetusp.

PhilodromidaeEbo sp.

Thomisidae

Philodromushistrio

Thanatugoloradensis

T. formicinus
Misumenopsp.

Xysticusgulosus

X. montanensis

X. locuples




TRAPPER
(web building)
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Amaurobiidae Titanoecanigrella
Agelenidae Teganasp.
Araneidae Metepeirxi
Dictynidae Dictynasp.
Linyphiidae Spirembolusmundus
Spirembolusp.
Erigonesp.
Theridiidae Theridiompetraeum
Theridionsp.
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CHAPTER 4

SPATIAL CONTEXT ALTERS COMMUNITY INFLUENCES OF VEGETATIO
ARCHITECTURE VS. PREY AVAILABILITY: AN EXPERIMENTAL STUDY IN A

SHRUB-STEPPE ECOSYSTEM

Introduction

A spatial context approach is required to adequately understand the impacts of
vegetation architecture manipulation on an ecological community, because the
surrounding matrix may impact the relative importance of an architecturajetgon
different functional groups (Pearman 2002, Chust et al. 2003, De Mas et al. 2009).
Vegetation architecture and other habitat variables differentially ideieammunity
functional diversity and organization depending upon spatial context (Cady 1983).

Here, the influences of spatial context, vegetation architecture and prey
availability are investigated using the same ground-dwelling spider cortynmutihe
same shrub-steppe ecosystem with the same set of experimental fighdlataons as in
the previous chapter (see Chapter 3). The additional experimental factot,cspaéat,
has two levels: 1) a single manipulated shrub within a patch of untreated shruldftetherea
‘single shrub context’ and 2) a manipulated shrub surrounded by a patch of similarly
treated shrubs, hereafter ‘shrub patch context.’

By simultaneously manipulating vegetation architecture, prey availaddy

spatial context, three hypotheses were examined:
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Hi: Ground-dwelling spider abundance and diversity will be altered by changes

to vegetation architecture within the sagebrush shrub canopy in single shrub and shrub
patch context and the ground-dwelling prey will be unaffected.

Ho: Arthropod-baiting treatments withgagebrush canopies will increase the
ground-dwelling spider abundance and diversity by increasing potentialyaigbdity
in both spatial contexts.

Hs: The relative influences of vegetation architecture and prey availanility

ground-dwelling spider community organization will differ between spatiabztsit

Methods

Field experiment

In the Hardware Ranch, Wildlife Management area in Cache County, Utah (41.61
N, 111.57 W), a sage-steppe ecosystem dominatédtbyisia tridentata (hereafter big
sagebrush), vegetation architecture was altered to create two spagatsahy ‘single
shrub context’ and 2) ‘shrub patch context’. Single shrub context consisted of a center or
focal shrub that was experimentally manipulated and was surrounded by reference
shrubs. Shrub patch context patches contained a focal experimental shrub surrounded by
a patch of similarly manipulated shrubs. Each patch consisted of approximatelydi$ sh
in a 2.5 m radius from a focal shrub. Patch size was chosen to account for the average
daily distance traveled by spiders, approximately 2 meters, althoughgramd-
dwelling spiders can cover much more area throughout the day (Clayton Ratthes
were also selected to be at least ten meters apart. Fifteeateepldches of each of the

combinations of vegetation architecture and prey availability levels egtablished
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(Appendix 5). Within these spatial contexts, the ground-dwelling spider community

was monitored to assess the community response to architectural changes.

Pitfall Trapping Methods

To sample the ground-dwelling arthropod community, two 7.4 cm diameter x
11.2 cm deep pitfall traps were installed, flush with the ground, beneath each
experimental shrub and the focal shrub of the experimental patches. One p#fall w
placed on the north side of the shrub and the other on the south to be sure that the
orientation of each trap was consistent and any influence of direction veas et for.
North and South pitfalls were later combined into one sample for each Elacibpitfall
trap was covered with a slightly elevated wooden tile to prevent surfiacerim
entering the trap and flooding while traps were active (Anderson 2001, McArdle and
Anderson 2001, Oksanen et al. 2008). Traps were filled to a 2 cm depth with a propylene
glycol and water solution (1:1 diluted antifreeze) for a five-day sampkmngd once a

month in July of 200@ind in a shrub patch context in July of 2009.

Statistical analyses

To test for effects of vegetation architecture, prey availability, vegeta
architecture x prey availability and sample date on the ground-dgvaliihropod
community,permutational multivariate analyses of variance (MANOVA) were
performed using the Adonis function in the Vegan package in Program R (Joern et al.
2006). The MANOVA analyses included two forms of community level data: a

presence/absence matrix describing community composition and a matrparating
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abundance of insect functional groups and Orders; spider species and guilds,

describing community structurgsing Bray-Curtis index, distance matrices were created
and 1,000 permutations of the raw data credtitgsts used to givie-values.The
MANOVA only denoted community differences among experimental treatmentfienot t
direction of any differences in community measures of diversity and abundance.

To determine the direction of differences in common community measures due to
experimental treatments, arthropod functional group and Order as well as sjidler g
and species data were used to produce three diversity metrics: the Shannon-Weiner
diversity index based on richness and evenness of functional groups/guild, Ordes/specie
diversity and total arthropod abundan&@ample date explained the greatest amount of
the data. As a result each sample date was analyzed separately farsitydmetrics.
A two-factor ANOVA was conducted using Program R to test for any fixedteftéc
vegetation architecture treatments, prey availability treatment$araichitecture x prey
treatment interactionFunctional group and guild analyses were conducted for each of
the arthropod groupsising the two-factor ANOVA modelThe relationship between
vegetation architecture and ground-dwelling arthropods was further examined by
conducting ANOVASs across all treatment groups to detect differencesdiesjearder
and guild/functional group diversity and overall spider/insect abunddhegponse
variables were square root transformed to meet the assumption of novhality

required.
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Results

Insect community response

Vegetation architecture treatments (reference, low and high foliaggglens
showed no significant differences in insect community composition based on a
presence/absence data of insect functional groups and Orders in a shrub patth lcontex
addition, vegetation architecture in the shrub patch context had no significahtuipfiac
insect community structure, based on abundance data for insect functional groups and
Orders. Prey availability treatments in the shrub patch contexts sagnilfi altered insect
community composition at the insect Order level but not at the functional group level.
Insect community structure, however, was significantly affected bytpraiment at both
the insect Order and functional level within the shrub patch contexts (Table 4.1 a).

Of the four insect functional groups, Predators were the only group influenced by
vegetation architecture (Table 4.2 a). Both Predators and Detritivoreswygaretéd by
the prey availability treatments. Predators and Detritivores were lgoificantly
impacted by the vegetation architecture x prey availability interactietnitivore
abundance was increased by 19% under baited reference shrubs compared todaited tie
shrubs F = 5.002,P = 0.032) Predator abundance was 27% greater under baited

reference shrubs compared to baited tied shitilbs24.40,P < 0.001)

Spider community response

Multivariate analyses of prey availability treatments revealedespéevel
differences in ground-dwelling spider community structure (abundancexjraatid

composition (presence/absence matrix) in the shrub patch context. No significant
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vegetation architecture x prey availability interaction or vegetation aothre main

effect was present at the spider species or guild level for communityosdrp or
structure (Table 4.1 b).

Prey availability treatments significantly impacted both Nocturnal anchBi
Wanderer abundances at the patch spatial context (Table 4.2 b). Diurnal Wanderer
abundance increased by 65% under baited patEhe$.388,P = 0.023) and Nocturnal
Wanderer abundance increased by 108% 6.802,P = 0.011). Ambushers and
Trappers had no detectable impact of prey availability treatments inquattgxt. Baited
shrub patches had significantly greater spider abundance within both cursideal s
guilds: Nocturnal and Diurnal Wanderers (Figure 4.1). None of the four spider guilds
had a statistically significant response to the vegetation architectat@érs in the
patch sample month of July. Warmer temperatures may explain the lack 6€aigni
influences of vegetation architecture as in the single shrub context studidg of 2007
and 2008 (Chapter 3)ncreased radiant energy and resulting ground surface
temperatures likely governed ground-dwelling spider behavior within this period.
Strategies to avoid desiccation may take precedence, resulting in a tdadeofed

habitat preference within the month of July.
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Table 4.1 a, b.F andP-values from MANOVA analysis of arthropod community
composition (based on presence/absence) and community structure (incorporating
abundance) foa: arthropods ant: spiders at the patch spatial context.

a Community Community
Composition Structure

Community Treatment F P F P

Level

Functional Architecture 0.563 0.633 1.007 0.425
Prey 2.889 0.082 5.055 0.005
ArchitecturexPrey 0.838 0.433 1.344 0.239

Order Architecture 1.124  0.346 2.092 0.431
Prey 3.890 0.011 9.984  <0.001

ArchitecturexPrey 1.252 0.255 1.166 0.302

b Community Community
Composition Structure

Community Treatment F P F P

Level

Guild Architecture 1.047 0.378 0.544 0.586
Prey 14.896 <0.001 2.865 0.041
ArchitecturexPrey 3.487 0.066 0.517 0.823

Species Architecture 0.936 0.384 1.735 0.191
Prey 9.922 0.002 7.735 0.007

ArchitecturexPrey 2.876  0.075 1.349 0.693
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Table 4.2 a, b. Degrees of freedonf-statistics andP-values of ANOVAs for effects
of experimental patch treatments and interactions on the abundanceawitirthropod
functional groups and: spider guilds.

a Shrub Prey Architecture x
Architecture Avalilability Prey
df F P df F P df F P
Herbivores 2 0.782 0459 1 0.070 0.792 2 1.194 0.306
Omnivores 2 0.361 0.697 1 1586 0.210 2 2,014 0.137
Predators 2 4942 0.008 1 2440 <0.001 2 6.520 0.002
Detritivores 2 0.054 0947 1 5.002 0.032 2 4268 0.016
b Shrub Prey Architecture x
Architecture Availability Prey
df F P df F P df F P
Diurnal W. 2 0382 0684 1 5388 0.023 2 1.238 0.297
NocturnalW. 2 1.362 0.263 1 6.802 0.011 2 1556 0.218
Ambushers 2 1146 0324 1 0.006 0.939 2 0.097 0.908
Trappers 2 0647 0527 1 0.224 0638 2 0591 0.556
é July 2009 Patch July 2009 Patch Spider Guilds
S 4 mmm Ambushers
g * 1 Diurnal Wanderers
o % mmm Nocturnal Wanderers
= 2 2 1 Trappers
cg * Significant Increase
é 0 0 ==

high low

Shrub Architecture Treatment

baited
Shrub Prey Treatment

ref unbaited

Figure 4.1. Mean guild abundance compared across vegetation architectural treatments
and prey availability treatments of shrub patches. Error bars represent 1 SE.
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Discussion

How changes in vegetation architecture and prey availability altgroled-
dwelling arthropod community organization in two different spatial contexts was
evaluated in this chapter. The first hypothesis stated that within both the sindleaad
patch context, ground-potential spider prey abundance, diversity would be influenced by
vegetation architecture treatments but prey arthropod richness at the Order #nddlinc
level would not be influenced by changes to vegetation architecture withirgeierssh
shrub canopy. In support of the second portion of this hypothesis, changes to vegetation
architecture did influence the overall ground-dwelling arthropod community imthk s
patch context. At the single shrub spatial context, however, vegetation atshkitect
change significantly altered both community composition and structure athhepad
functional group level and community structure alone at the insect Order levptéCha
2). Predators, primarily consisting of mites, were the only functional group ajuhéof
respond to changes in vegetation architecture changes. Consistently, mites tesponde
only to the tied or increased foliage density vegetation architecture treattieartthan
the foliage removal treatments. Therefore, mites are likely to be respoodingrtges in
abiotic ground surface variables much like their spider predators and notrsfofiage
density or biomass from architecture manipulation. The same explanation hdtus for
Detritivores in this study as they are found in the leaf-litter and goemdsng only to the
high-foliage density treatments and likely its decrease in canopy cover grothne not
a reduction in biomass in the low-foliage density treatments. Thus, both the Pagdiator

Detritivore response to vegetation architecture change does not support the concept an
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indirect effect of change in insect prey base resulting from change infehage

density or biomass. Also, in support of this hypothesis, insect community composition
and structure at the insect Order and functional group level were not influgnced b
changes to vegetation architecture at the shrub patch spatial context.

In the shrub patch context, the prey treatments had the only significans effie
community structure both at the arthropod functional group and Order level as well as
community composition at the insect Order level. Thus, any influences of tiegeta
architecture on the ground-dwelling spider community are unlikely to bellh oéan
indirect effect insect prey base change.

An entirely different spider community response to architectural and prey
availability manipulations was found at the shrub patch spatial context compahned to t
single shrub spatial context results in Chapter 3. The Diurnal and Nocturnal Mfande
guilds had higher abundance and diversity in the baited patches compared to un-baited
patches. These results support the second hypothesis that changes in preytgvailabili
within sagebrush canopies will increase abundance and diversity in the ground-dwelling
spider community. This increase was only detected when the prey treatmergdacurr
a multiple shrub context. Due to the greater mobility of the two Wanderer guilds, as
compared to Ambushers and Trappers, it follows that Wanderers would be markedly
impacted by an increase in prey availability occurring within a largeraspatitext.

These results support the third hypothesis stating that impacts of vegetetibecture
and prey availability on ground-dwelling spider community organization differdmsat

spatial contexts. Bait treatments within the patch context may have @&y
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availability to a large degree, negating any detectable influence ofeatciné

treatment upon spider community organization. However, vegetation architecture did not
detectably alter the spider community within un-baited patches.

A single manipulated shrub in the context of reference shrubs yielded a
community-level response to architectural and not prey availability mangulat
(Chapter 3). In contrast, an experimental shrub in the context of similamipuheted
shrubs yielded a community-level response to prey availability and notegtang.
Thus, considering different spatial contexts is critical when evaluativiggical
communities containing members with varied levels of mobility. One spah&xt is
not sufficient when assessing community level impacts of habitat change.

Spatial context may be particularly important when considering the {stssbed
ground-dwelling spider community as well as other ecological communiiles
wandering members. This concept may also prove its relevance in studemtt@ause
spiders and other arthropods as indicators for ecological change whemgsstssts of

management strategies.
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CHAPTER 5

CONCLUSIONS

The importance of habitat structure has been studied extensively acrossya varie
of ecological communities. Whether in rainforests or desert scrub habitetsise plays
a significant role in community organization and functioning (MacArthur and MagA
1961, Pianka 1966, Uetz 1977, Hatley and MacMahon 1980, Scheidler 1990, Weeks and
Holtzer 2000, Halaj and Wise 2002, Cardoso et al. 2008). Much of the historic literature
has investigated the influence of habitat structure in the context of vegetahdedcure
and the species living within the architecture of interest. These studiedeafte
guestions as to whether the observed influences of vegetation architecture gicaicolo
communities are a result of the architecture itself or traits of the vegeti@d to food or
prey resources. Difficulties in disentangling the relative influentésbitat structure
and associated food or prey base impede the ability to make practicaicefesdout the
factors behind community organization. Given the increased call for rapid lasawEsd
methods and standards for measuring habitat change (Mallis and Hurd 2005t Hlalaj e
2008, Schmitz 2009}t is necessary to determine the direct and indirect mechanisms
linking vegetation architecture to ecological community organization and dancti

As the literature addressing the connections between community organization and
vegetation architecture expands, many studies with examples at the spguies and
guild levels are discovering direct impacts of vegetation architecture chahges
complicated patterns suggest multiple indirect effects are linked to foodend pr

associated with vegetation and the spatial context in which the vegetation changes occu
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have also been documented (Whitehouse et al. 2002, Wiser and Buxton 2008).

Through simultaneous manipulation of vegetation architecArten(isia tridentata, big
sagebrush) and associated insect prey base in different spatial contextsséntatihn
demonstrates that vegetation architecture directly affects groundraynsgdider
community organization at the species and guild levels of diversity.

A common theme within the data chapters is the importance of spatial context
when evaluating the ground-dwelling arthropod community responses to changes in
vegetation architecture. Depending upon the natural history traits of a givengapide
or insect functional group, responses to experimental manipulations differeegbetwe
spatial contexts. For instance, in Chapter 3, Diurnal Wanderers were impacted by
vegetation architecture manipulations in a single shrub context but not in single shrub
prey availability treatments until they occurred in the shrub patch contexitéZHa.

This response pattern was also observed in overall community measures of abundance,
diversity and richness both for spider species and guilds. In contrast, in Chapter 2, the
ground-dwelling insect community responded to prey availability manipulationshn bot
the single shrub and shrub patch contexts. Architecture treatments yietdgubase in

the single shrub context for only one insect functional group, Predators. The ground-
dwelling arthropod community consists of a variety of different guilds and funttiona
feeding groups, which utilize resources and space differently. Therefisrbeneficial

to include spatial context as a factor when assessing an arthropod commasjigisse

to habitat changes.
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Chapters 3 and 4 Conclusions

Although previous studies have determined that foliage-dwelling spider
communities respond to changes in vegetation architecture (Hatley and MacMahon 1980,
Brandt 1998, Halaj et al. 2008, Sanders et al. 2008), whether manipulations of shrub
canopy architecture would influence the ground-dwelling spider community in the
context of a single shrub or shrub patch manipulation was unknown. | hypothesized that
there would be changes in the ground-dwelling spider community composition
(presence/absence) and structure (abundances) across the differesttarahireatment
groups and spatial contexts. The hypothesis that single shrub architectipallateons
influence ground-dwelling spider community composition and structure was supported
both at the species and guild levels (Chapter 3). Any effects of vegetatidectohbi
manipulations would be expected to increase in the shrub patch context as compared to
the single shrub context. There were no main effects or interactive effegigetation
architecture detected in the shrub patch context. Instead, prey avaiklbgligtions
seemed to govern ground-dwelling spider community composition and structure at the
shrub patch context. These results support the main hypothesis of Chapter 4, that
impacts of vegetation architecture and prey availability on ground-dgseitiider
community organization differ among spatial contexts. Baiting treatnaetiiis the
patch context may have increased prey availability to a large degreengegst
detectable influence of architecture treatment upon spider community @tyamizThis
was only observed in one sample month, July 2009. Warmer temperatures in that sample

month may also explain the lack of significant influences of vegetation atcinge



66
Strategies to avoid desiccation may take precedence over food acquisitieasohegr

spider movement and resulting in a lack of observed patterns in habitat preferenge durin
the month of July.

Still, across two field seasons and six sample periods, single shrub archlitectur
manipulations influenced relative abundance, diversity and richness both at ppues s
and guild levels with no significant effects of prey availability. Th& kacspider
community response to altered prey availability in a single shrub consexswggests a
direct effect of vegetation architecture is present. If the groundidgvepider
community were impacted indirectly through a shift in prey base, resultingd change
in foliage density or biomass due to single shrub architecture manipulatiensimgle
shrub prey availability and architectural treatments should have impaetedrtimunity
similarly.

The significant reduction in Diurnal Wanderer and Trapper guild abundance
within the ‘high foliage density’ or tied single shrub treatment group also ssgher
concept of a direct effect of vegetation architecture on the ground-dwegdliohey s
community. Due to a similar ground-surface temperature and vapor pressute defici
thresholds, both guilds may share the same requirements for canopy cover amatint, whi
is not afforded by the tied architecture treatment. Thus, a single shrub’scanop
architecture directly influences the ability of certain ground-dagkpider guilds to
persist beneath it. The Chapter 3 data support the observation that vegetatioctarehite
has a direct effect on ground-dwelling spider community structure and caiDipOosi

However, to rule out the possible indirect influences of architectural changes upzin inse
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prey and the subsequent spider community, it was important to assess the ground-

dwelling insect community available as spider prey in the differentriexpetal

treatments.

Chapter 2 Conclusions

In Chapter 2, | quantified the ground-dwelling arthropod response to changes in
vegetation architecture and arthropod baiting treatments. Given that grounagwelli
spiders and their prey base are likely exposed to the same abiotic microtwaiditions,
the response of some of the potential prey functional groups might mimic responses
observed within certain spider guilds in Chapter 2. However, the hypothesis was that
overall ground-dwelling arthropod community measures would be relativelieatesf
by vegetation architecture manipulations. | did not predict insects to be overndgimi
reduced in abundance or diversity resulting from changes in plant biomass or foliage
density with respect to the different architectural treatmdrdgd hypothesize that
arthropod abundance and diversity would increase with the baiting prey availabilit
treatment. Although significant responses to vegetation architecture \@ssnpin two
specific arthropod groups, both expectations that 1) no marked reduction in prey
arthropods would result from architectural manipulations and yet 2) the spider
community would respond to changes in vegetation architecture; were lardely me
Insect community measures of abundance, diversity and richness wereangiyifi
increased by the baiting prey availability treatment. Overall commsimitgture both at
the insect functional group and Order level as well as community composition at the

Order level were significantly impacted by the prey availabilggtment. Across all six
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sample periods single shrub architecture manipulations only influenced arthropod

community measures in August of 2007. Of the four arthropod functional groups,
predators, mainly consisting of mites, were the only group to respond to changes in
vegetation architecture. This is consistent with the earlier suggesti@p#ufic groups
might be responding to changes in abiotic microhabitat conditions much like their
ground-dwelling spider predators and not shifts in foliage density or biomasshrom s

architecture manipulations.

Synthesis

After simultaneous consideration of the ground-dwelling spider and arthropod
communities’ responses, the direct community organization-vegetatioreatahat
mechanism has been refinedllthough some interactive effects of vegetation
architecture and prey availability impacted the ground-dwelling@rbds, members of
the community considered to be part of the spider prey base were not largelycedlue
by changes in the shrub canopy architecture (Chaptérti®refore, it is a reasonable
conclusion that the ground-dwelling spider community is responding directly to
vegetation architecture manipulations (Chapter 3) and not indirectly through ia shift
prey base.This research also suggests the importance of the spatial context in which a
habitat change occursThe relative influences of vegetation architecture and prey
availability manipulations shifted depending on the spatial context for both the ground
dwelling spider and insect communitie&s in other spatial context studies, this study
supports the concept that the role of the surrounding matrix needs to be better understood.

By establishing the importance of colonization and dispersal processes as el
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environmental differences in each spatial context determining the pecasif

different species in a given ecological community, the role of the maitnixe clarified
(Whitehouse et al. 2002, Wiser and Buxton 2008). This study may have implications for
management of arthropod communities in shrub-steppe habitats as well as otlaér natur
or agricultural ecosystems by demonstrating the relevance of spatiektand the

relative impacts of vegetation architecture and prey availability srgtbund-dwelling

spider community.
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